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Attached are Kerr McGee cot:ments on the " Disposal or Onsite Sto she '+k '
'

ofThoriumorUraniumWastesfromPastOperations"publishedinthk '

e
Federal Register October 23, 1981. As you can see from the Os
attachment, we have many reservations as to the technical and legal ;
positions stated in this Branch Technical Position.

We appreciate the extension of time for submitting these comments
granted by your office.
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January 21, 1982

Comments on Branch Technical Position
on Disposal or Onsite Storage of Thorium or

Uranium Wastes from Past Operations

I j 6 Federal Register 52601 (Oct. 23, 1981)

These comments, submitted on behalf of Kerr-McGee

Corporation, Kerr-McGee Nuclear Corporation, and Kerr-McGee

Chemical Corporation (Kerr-McGee), a r.e in response to the

Branch Technical Position on Disposal or Onsite Storage of
,

Thorium or Uranium Wastes from Past Operations. The Branch

Technical Position is described in a notice published at 46

Fed. Reg. 52061 (Oct. 23, 1981). The Branch Technical Position

establishes five options for disposal of thorium and uranium

wastes.

I The first four options are in the form of numerical

limits on concentrations of radionuclides which : ray be disposed

under certain conditions. The limits as applied to uranium

wastes are purportedly based or an EPA 5 pC1/gm radium-226

standard. The limits as applied to thorium wastes are repre-

sented to be based on certain EPA exposure standards for the

lung and bone and on an external gamma standard. Under the

fifth option, NRC !.roposes a position that ur ar.ium and thorium

wastes may not be disposed except in accordance with options

one through four or at a liceised disposal facility. Option

five envisions indefinite interim storage of uranium and thorium

I.
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wastes not qualified for disposal under options one through four

if a licensed repository is unav tilable.

The Branch Technical Position astensibly is directed

at sites formerly used for processing thorium and uranium and,

in many cases, the quantities are large but the activity con-

centrations low. Since some of these sites are still licened,

while others are not, different legal requirements apply.

Specifically, currently licensed former mill sites and their

mill tailings are subject to Title II of the Uranium Mill

Tailings Radiation Control Act of 1978, as amended (GMTRC

Act) and, accordingly, are not subject u the Board Technical

Positionc. These comments do not address whether the NRC has,

or could assert, jurisdiction over foriaer processing sites

which are not currently 15 censed.

The Branch Technical Position should be withdrawn.

All the standards purportedly embodied in Options One through

! Four are beyond the agency's at.thority, premature, and un-

supported. Option Five is flatly contrary to the Uranium Mill

Tailings Radiation Control Act, 10 C.F.R. 5 20.302, and the

public interest.

Interest of Commenter

Kerr-McGee Nuclear owns and operates a uranium mill

located at Ambrosia Lake, New Mexico. The Company also owns

and operates a uranium conversion facility at Sequoyah, Okla-

homa. NRC may seek to apply the Branch Technical Position to

uranium wastes at these facilities. Kerr-McGee Chemical owns

-
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a thorium mill located at West Chicago, Illinois. NRC staff

in fact already has sought to apply a portion cf the Branch

Technical Position to thorium wastes allegedly associated with

that facility. The Branch Technical Position may also impact

other facilities owned or planned by Kerr-McGee.

Summary

NRC lacks authority under the Atomic Energy Act, as

amended by the Uranium Mill Tailings Radiation Control Act, to

establish standards su:.h as those embodied in options one

through Four in the absence of valid standards issued by EPA.

EPA has not yet promulgated any applicable standards on which

NRC may base generic standards such as those ccntained in che

Branch Technical Position. MRC's Options One through Four are

thus beycnd the agency's authority and are premature.

Options One through Four are also unsupported.

Although the underlying documents are unclear, the four options

are evidently based upon an assumption. known as the linear

non-threshold mcdel, which purports to project the effects of

low-level radiation. The linear non-thres;.old model is con-

trary to much of the evidence and is unduly stri ngent. The

various " standards" on wN ch options one through Four purport

to be Nsed are inapposite to the situations to which these

four options are applicable. Moreover, NRC's calculations

which purport to link the underlying siandards to the various

concentration limits are based upon a variety of unrealistic

I
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assumptions which render the whole exercise invalid. Correc-

tion of these various deficiencies will lead to a substantial

I increase in the maximum concentrations allowed under each

cisposal option.

NRC's Cption Five envisions interim storage of

licensed concentrations of uranium and thorium on-site pendina

the availability of a licensed disposal site. This option is

contrary to the Uranium Mill Tailings Radiation Control Act

which envisions on-site disposal. The option also contravenes

10 C.F.R. 5 20.302 and the agency's past practice pursuant to

it. Furthermore, temporary or inter.m storage is contrary to

the public policy favoring prompt decommissioning of facilities

and permanent disposal of associated waste. As a general

policy, the NRC ;hould treat onsite disposal as the preferred

option for uranium or thorium mill tailings. On-site disposal

may be so designed as to satisfy all reasonable health or safety

concerns. It is fully justified by cost-benefit analyses.

Kerr-McGee is particularly troubled with the sug-

gestion, embodied in a memorandum from Mr. Dircks to the

Commi.ssion, that Option Five may apply to the Company's West

Chicago Facility. That facility is a thorium mill and is

clearly regulated under the UMTRC Act. The UMTRC Act provides

for permanent on-site disposal of thorium mill wastes. Upon con-

clusion of the proposed on-site stabilization plan, the disposal

site, in accordance with the Act, will be transferred to the l

i

G
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Department of Energy (DOE) or to the State government. The

Facility does not, and cannot, #all under Option Five.

The Branch Technical Position falls within the

definition of " rule" for purposes of the Administrative Proce-

dure Act (APA) and the Atomic Energy Act. It must be proposed

and ultimately issued as a rule should the Commission decide

to go forward with it. When promulgated in final form, it

will be subject to judicial review. The technical justifica-

tion supplied for the Branch Technical Position contains

serious flaws and gaps. It is insufficient to support the

proposed rule under applicable standards of judicial review.

Consistent with these comments, NRC should:

(1) eliminate sites subject to UMTRC Act

I from its proposed Branch Technical
Position

(2) defer republication of a revised Branch
Technical Position applicable to non-
UMTRC Act sites until EPA has issued
governing standards

(3) reprepose the revised Branch Technical
Position only following publication of

I final EPA standards and in a marmer
consistent with the APA; and

(4) provide sufficient data to disclose the
NRC's calculations and rationale.

COMMENTS

I. NEC Lacks Authority to Issue Standards

'

The Commission lacks authority '.o establish the

minimum standards and requirements specified in the Branch

|1
II
I
.



-6- -
*

.

2Technical Position. Reorganization Plan No. 3 of 1970 trans-

ferred to EPA all authority under the Atomic Energy Act to

issue generally applicable standards for the protection of

public health and the environment. NRC's authority was con-

fined to enforcing and to implementing standards adopted by

EPA.2 NRC thus lacks authority to issue standards such as

those on which the Branch Technical Position is grounded.

The Branch Technical Position is thus invalid as beyond the

agency's authority.

NRC's lack of authority is especially clear with

respect to " byproduct material" as defined by Section 11(e).2

of the Act, 42 U.S.C. 5 2014/e)(2). This type of byproduct

material includes uranium or thorium waste resulting from

" extraction or concentration of uranium or thorium from any

ore processed primarily for its source material content." It

thus specifically covers uranium and thorium wastes generated

at Kerr-McGee's Ambrosia Lake and West Chicago facilities,

I L EPA was established by Reorganization Plan No. 3 of 1970,
15 Fed. Reg. 15623, 84 Stat. 2086, 42 U.S.C.A. 5 4321

i nota. Section 2(a)(6) of the Plan transferred to EPA all
authority to set generally applicable standards for the pro-
tection of public health and the environment under the Atomic

g Energy Act. ihe p anium milling industry is challenging the
g validity of the pertinent provisions of Reorganization Plan

No. 3 in a separate preceeCing. See Kerr-McGee Nuclear Corp.,
et al. v. EPA, No. 81-1630 (10th Cir.). This portion ofi Kerr-McGee's comments assume arguendo the validity of the
Reorganization Plan.

I
2 This arrangement has been confirmed in a Memorandum of

Understanding between the AEC (NRC's predecessor) and EPA.
38 Fed. Reg. 24936 (September 14, 1973).

I
. ~



I
-7-

and, we believe, the See;;oyah f acility as well. With respect

to these wastes, Section 206(b)(1) of the Uranium Mill Tailings

i Radiation Control Act, 42 U.S.C. 2022(b)(1), specifically pro-

vides that the Environmental Protection Agency (EPA), not NRC,
'

is to exercise the standard: setting function. That provision

specifically requires EPA to issue standards for

" hazards associated with the processing and
with the possession, transfer, and disposal
of [the uranium and thorium wastes in ques-I "
tion] .

':'he legislative history confirms that Congress intended EPA,I not NRC, to set the pertinent standards. Indeed, NRC specifi-

- cally requested Congress to preserve the split in authority

established by Reorganizatien Plan No. 3 in enacting the UMTRC

Act. NRC Cha raan Hendrie actually testified in opposition to

legislation assigning the " standard-setting task to the NRC

| with EPA in the consulting role," characterizing this as an

"undesi rable reversal cf the present regulatory roles of the

two agencies."' Congress in fact evinced no interest in

reversing the roles of the t'.co agencies. Section 206 of the

UMTRC Act was adopted to clarify that intent."

'

5
Hearings on H.R. 13382, 12938, 12535 and 13049, before
the Subc orc:n . on Energy and Environment of the House Comm.

on Interior and Insular Affairs, 95th Cong., 2d Sess. 78
(1978); Hearings on S. 3008, 3078 and 3257 before the Subcomm.

' I on Energy Production and Supply of the Senate Comm. on Energy
and Natural Resources, 95th Cong., 2d Sess. 48 (1978) (same).

I ' See, e.g., Hearings on H.R. 11698, 12229 12938, 12535,
13049 and 13650 before the Subcomm. on Energy and Power of

| the House Comm. on Interstate and Foreign Commerce, 95th
| Cong., 2d Sess. 343, 366, 296 (1978); H.R. Rep. No. 1480, ot.

1, 95th Cong., 2d Sess. 25 (letter, Administrator Costle to
| Cennittee on Interior and Insular Affairs).

,
i
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The legislative history also specifically demon-

strates that Congress did not intend NRC to interlope in EPA's

standard-setting authority. Senator McClure admonished against

"duplicative regulatory procedures. We do not want to see NRC

out there doing exactl'/ what EPA is recuired to do and is

doing."' Other legislators similarly indicated that industry

was not to be whipsawed by first one set and then another set

of regulations. Congressman Dingell pointedly charged EPA to

"come up with one set of standards . so that the rules

won't change on operators."'

.

This construction of the UMTRC Act has recently

been confirmed by Congress. On July 24, 1981, the House of

Representatives adopted an amendment to the Energy and Water

Appropriations Bill (H.R. 4144) precluding NRC from expending

funds to implement its new Uranium Mill Licensing requirements,

promulgated at 45 Fed. Reg. 65521 (Oct 3, 1980). The House

amendment specifically provides that

"no funds appropriated to the Nuclear Regula-I tory Commission in this Act may be used.to
implement or enforce any portion of the
Uranium Mill Licensing Requirements published

.I as final rules at 45 Federal Register 65521
to 65538 on October 3, 1980."

Congressman Stratton, the sponsor of this languuge, explained

that the amendment was offered because the NRC regulations in;

|

|
-,

!

' 124 Cong. Rec. S. 15324 (daily ed. Sept. 18, 1978) (em-,

! phasis added)

' See Hearings on H.R. 11698, 12229, 12938, 1235, 13049 and
13650, supra, at 393,

1

l
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question were unlawfully i ssued in advance ef EPA standards.

The Uranium Mill Tailings Radiation Control Act ("UMTRC Act"),

the Congressman explained,

" required the Nuclear Regulatory Commission
to promulgate rules which would implement and
enforce the EPA final standards. There are:

no EPA final standards; and there should not
be NRC rules." 127 Cong. Rec. H 4873 (daily
ed. July 24, 1981).

The Senate Appropriations Committee adopted similar

language in the Senate mark-up of the relevant bill.7 The

1
7 The language adopted by the Senate Appropriations Commit-

tee provided that:

"no funds appropriated to the Nuclear Regula-
tory Commission in this Act may be used to
implement or enforce any portion of the
Uranium Mill Licensing Requirements published
as final rules at 45 Federal Register 65521
to 65538 on October 3, 1980, or to require
any State to adopt such requirements in order
for the State to continue to exercise author-
ity under State law for uranium mill and mill
tailings licensing, or to reinstate NRC
regulatory authority for uranium mill and
mill tailings licensing in any State that has
acted to exercise such authority under State
law; provided, however, that the Commission
may use such funds to continue to regulate
byproduct material, as defined in section 11
e.(2) of the Atomic Energy Act of 1954, as

} amended, in the manner and to the extent
) permitted prior to October 3, 1980."

The additional language was added to deai with concerns raised+

by NRC with respect to the effect of the suspension and to
clarify the intent of Congress that Agreement States not be
compelled to adopt NRC's regulations in contravention of local
conditions. See 127 Cong. Rec. 5 12982 (daily ed. Nov. 5, 1981).

I

1
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Committee's Report makes clear that the Committee agreed that

NRC acted in violation of section 275 in adopting its regula-

tions in advance of EPA standards. "The Committee agrees with

le House that the Commission should not have adopted these

technical requirements for uranium mill tailings prior .o

EPA's promulgation of final environmental standards." S. Rep.

No. 97-256, at 154 (Oct. 22, 1981).

The full Senate adopted the cuspension language on

November 5. Senator Simpson, Chairman of the Nuclear Regula-

tory Subcommittee, cogently explained that NRC acted unlawfully

and improperly in adopting its regulations prior to action by

EPA. "The issuance of these regulations," the Senator said,

" violates the careful division of regulatoryI responsibilities for mill tailings in the
[A]ct and creates the pctential for future
shifts and conflicts in regulatory require-
ments affecting present and new uranium
milling operations." 127 Cong. Rec. S 12982
(daily ed. Nov. 3, 1 Sci).

Similarly, Senator Domenici, a sponsor of the UMTRC Act which

added section 275 to the Atomic Energy Act, explained that

'

NRC's action in advance of EPA standards violated the Act.

Senator Domenici incisively declared that:

"Under section 275 of the Atomic Energy Act,
|g EPA must issue the standards, not NRC. EPA

|5 has act yet issued standards. NRC erred in
issuing standards and more detailed require-'

ments in advance of EPA's standards. NRC's
action is not only contrary to the statute

1 but also subjects [A]greement States ard
regulated industry to shifting and conflicting
regulatory requirements." 127 Cong. Rec. S'

| 12984 (daily ed. Nov. 5, 1981).

|I
|
< - -
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The Conference Committee adopted the Senate language. The

- Energy and Water Development Appropriation Act, which contains
|

the pertinent suspension amendment, was signed into law by the

President on December 4.

It is well established that "[s]ubsequent legislation

declaring the intent of an earlier statute is entitled to

great weight in statutory construction." Red Lion Broadcasting

Co. v. FCC, 395 U.S. 367, 380-81 (1969). See also Seatrain

Shipbuilding Corp. v. Snell Oil Co., 444 U.S. 646, (1980)

(subsequent legislation entitled to "significant weight");

NLRB v. Bell. Aerospace Co., 416 U.S. 267, 275 (1974) (same).

The suspension language adopted by both Houses and signed into

law by the President (and the legislative history supporting

it) concisely and undeniably declares Congress' earlier intent

and compels NRC obedience to it. This action by Congress

fully confirms that NRC may not issue standards, as it purporto

to do in the Branch Technical Position, in lieu of EPA under

section 275 of the Act.' The standards proposed in the Branch

Technical Position are accordingly invalid.

II. NRC, Through its Purported Reliance on
Proposed EPA Standards, Has Overestimated
the Risk from Exposure to Radiation from
Natural Uranium and Natural Thorium

The supporting documents for the Branch Technical

Position do not reveal the bacsis for NRC's apparent belief

* Pertinent legislative history is collected in Attachment A.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ ____ N
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that natural uranium and natural thorium pose a significant

health hazard on disposal. .'udging from the documents, it

appears that MRC utterly failed to analyse the health risks

against which its Branch Technical Position is presumably

directed. The only health risk analysis asssciated with the

Brar.ch Technical Position is that which was undertaken by EPA

in proposing the various standards on which NRC purportedly

relies. The various EPA analyses, insofar as they exist at

all, are not part of the record for the Branch Technical

Position. The Position is thus manifestly deficient in terms

of supporting rationale. Even if health risks were analyzed,

hcwever, the Position would be deficient for lack of consider-

ation of other relevant factors, such as costs of compliance,

effect on energy supplies, and so forth. Given the lack of

any express risk analysis on the part of NRC, Kerr-McGee's

remarks on that subject must necessarily be directed at the

generic approach to risk assessment ordinarily employed by NRC

and EPA in standard setting. As shown below, the approach

employed by EPA in issuing its proposed standards (on which

'

NRC purportedly relies) and the approach used elsewhere by

NRC in setting standards are fatally deficient in several

| respects.
|

|3 A. NRC'a Analysis of Risk with Respect to
|g Uranium Wastes Is Overly Conservative
! and Otherwise Defective
|

| There is no data estabilshing that exposure to

low-level radiation is harmful. In the absence of data, NRC

I
I I
|
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and EPA assume that some health effects may occur on the basis

of the " linear non-threshold model." This model was in fact

employed by EPA in devising the proposed standards on which

NRC purports to rely. The linear non-threshold model has been

aptly criticized by numerous authorities. For example, the

model is based on the assumption that tumor induction is a

straightforward "one-hit" process in which any unit of exposure

|
will result in some carcinogenic activity. But "the bulk of

|
the evidence" argues against the hypothesis that neoclastic

transformation is a linear function of dose.' Additionally,

| many prom;.nent health phystrists and other axperts believe

that the body is capable of repair:.ng damage caused by low-
|

level radiation. ' Moreover, other authorities have pointedly

observed that the linear non-threshold model is contrary

to recent evidence that " ecologically realistic, low-level

| radiation is biologically stimulatory, and presumably bene-

ficial."11 This effect, known as " radiation hormesis," is a

|

I ' Anderson, Pathology 347 (7th ed. 1977).

1' See, e.g., Robbins & Cotran, Pathologic Basis of Disease
552 (2d ed. 1979); Transcript of New Mexico EIB hearing at;

| 495-96 (testimony of Dr. Evans) reprinted in Uranium Ore Resi-

I dues: Potential Hazards and Disposition, Hearings before the
Procurement and Military Nuclear Systems Subcomm of the House

( Armed Services Comm., 97th Cong., 1st Sess (June, 1981); In
E the Matter oi Duke Power Co. (Perkins Muclear Station, Units

5 2 ^nd 3)- 8 NRC 87- : 975-78 Tr^nsfer oinderl Nucle r Re9--

| Rep. (CCH) 9 30,312 at p. 28,669 (1978)
t

** See, e.g., Hickey, Lettar: Cancer and Concensas, Chemical
& Enginee-ing News 65 & 75 ; Sept. 14, 1981) (Attachment B).

l
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restatement of the Arndt-Schul law that small deses of sub-

stances are stimulatory (i.e., beneficial) even if large doses

are harmful. As one biochemist recently explained,

"(r]adiation hormesis denies the validity of
straight line extrapolation from known harmful
doses to zero. The argument that low doses
give harmful effects in proportion to dosage
is invalid."t2

Finally, pertinent epidemiological studies are consistent with

the proposition that low-level radiation is no?. harmful.,I
Indeed, those studies indicate that people in high background

radiation areas enjoy better health t...n people in low back-

ground radiat_ ion areas.L' For example, people living on the

2 T. Luckey, Radiation Hormesis 162 (CRC 1980). See alsoI Luckey, Letter: Hormesis, Nuclear News 48 (Dec. 1961)
(Attachment C); Hickey, Letter: Hormesis, Nuclear News, at p.
54 (Dec. 1981) (Attachment D). In any event, even if carcin-
ogenesis is linearly related to dose, there may also be a
second beneficial effect at low doses, and these benefits may
outweigh the risks. Such a relationship would appear graph-
ically as follows:

harmful effect (hypotbesized
under linear non-threshold model)I Effect

beneficial effect (harmesis),

Dose

I See Sagan, Some Thoughts on Dose-Respanne, Hormesis and All
That, Nuclear News, at p. 82 (Oct. 19d1).

22 See, e.g., Hickey, et al, Les Level Ionizing RadiationI and Human Mortalitv- Multi-Pegional Epidemiological
Studies, 40 Health Physics 625 (1921) (Attachment E); Frigerio,
et al, The Argonne Radiological Impact Program (AGIP)-1. Car-

I
cinogenic Hazard from Low-level, Low-rate Radiation (Argonne
Nat'l Lab. Report ANL/ES-26, Part 1) (1973) (Attachment F);
High Background Radiation Research Grot. ' (China), Health Survey

.

(footnote cont'd)

I
-
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Colorado olateau in the United States have significantly lower

death rates from cancer and chronic disease that people in the

eastern coastal plains where natural ionizing radiation is much

lower. Another striking example involves the people of Kerala,

India.

"The people of Kerala are reported to have

I
the highest literary rate and the best nealth
status in India; yet their expenditure on
health care is not appreciably above average,

I and they have the lowest food intake and the
least adequate diets of people of all states
of India. A partial explanation for this
paradox is that radiation from the unusually
high radium and thorium in coastal and river
rocks exposes many residents to 10 times more
terrestrial radiation than the U.S. average.'"

NRC admits that the linear nonthreshold model may be

erroneous.15 In fact, as one statistician has charged, the

purported general regulatory " acceptance" of the model is "in

large part [a] misuse of statistics . "l' Exclusive or even

primary reliance on the linear non-threshold model is an

over-m.mplication and may result in an over-investment in

I
(footnote cont'd)
in High Background Radiation A eas in Chlna, 209 Science 977
(1980) (Attachm3nt G); Gopal-Ayengar, et al, Evaluation of
Long-Term Effects of High Background 3adiation on Selected

i
Population Groups on the Kerala Coast in Peaceful Uses of
Atomic Energy, Vcl. II, Proc. 45th Int. Conf. Peaceful Uses of
Atomic Energy, pp. 31-51 (1971) (Attachment H); Cullen, et al.,
Dosimetric and Cytogenetic Studies in Brazilian Areas of HighI Natural Activity, 19 Health Physics 165 (1970) (Attachment I).

2" Luckey, Letter: Hormesis, Nuclear News 52 & 54 (Dec.
1981) (emphasis added).

2' GEIS U-4.

'' Hickey, supra note 15.

I
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controls to avert hypothetical risks. " This translates into

an unwarranted burden on atomic energy activities and a waste

of society's resources.

In view of these considerations, EPA and NRC should

re-ev aluate and modulate their reliance on the linear non-

threshold model for purposes of assessing the risk from expo-

sure to low-level radiation. In particular, the agencies

In the words of Professor David Okrent of UCLA, " Resourcesl'

for the reduction of risks to the public are not infinite.
At some point, a greater improvement in health and safety is
to be expected from a more stable and viable economy than from
a reduction in pollution or the rate of accidents." Okrent,

2, 208 Science 372, 374 (1980). NRCComment on Societal F k
should also recognize that stringent controls aimed at reducing

( exposure to radiation from atomic energy activities can easily
have a reverse affect. For example, new and costly NRC con-
trols will result in increased energy costs to consumers.
This will induce increased reliance on insulation. This means
fewer air changes in residences and businesses. This in turn
leads to increased exposure te naturally occuring indoor
radon. EPA estimates (under the linear non-threshold model)
that the risk posed by indoor radon is about 1 in 300 lifetime
(approximately 1 in 21,000 per year). EPA, Draft EIS for
Remedial Action Standards for Inactive Uranium Processing
Sites at pp. 4-20 & 21. This means that, under government
estimates, about 10,000 people perish per year from natural
indoor radon exposure in this country alone. This is far more
than the maximum number of deaths (6) projected by NRC from
radon emanating from three times the amount of uranium mill
tailings now in existence. Increased insulation, prompted by
rising energy costs, already is leading to about 1,000 addi-
tional hypothetical deaths from indoor radon per year and will
eventually lead to abotit 10,000 additiont.1 hypothetical deaths.
Cohen, Health Effects of Radon from Insulation of Buildings,
39 Health Physics 937, 940 (1980). Less costly uranium fuel
cycle regulatory requirements can make a major contribution in
decreasing hypothetical radiation fatalities in this country
because less costly regulation will result in less expensive
elec icity. This in turn will lead to less reliance on
conservation measures which are 100 to 1000 times more hazard-
ous, radiologically speaking, than radon releases from the
uranium fuel cycle.

. _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _
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should give greater weight to the possibility that ionizing

radiation, particularly from naturally occurring concentrations

of radionuclides such as are involved here, is not harmful and

may in fact be beneficial.

B. NRC's Analysis of Risk with Respect
to Thorium Wastes Ic Deficient.

NDC's risk analysis for low-level gamma radiation,

the primary hazard the agency identifies with respect to

thorium, is even more suspect than NRC's risk estimates for

exposure to uranium and its decay products. NRC's estimates

(through EPA) are again traceable to exclusive .eliance on a

linear aon- chreshold model. All the criticisms already made

with respect to the linear non-thresholc model apply with

equal or greater force. Indeed, the objections are even more

telling, because the epidemiological studies in India, Brazil

and China on high-backgreur.d radiation were in thorium-rich

areas. None of these epidemiological stt. dies detected adverse

effects. They are instead consistent with the view that

higher exposure to natural radiation may be beneficial.''

Moreover, various advisery groups have acknowledged the lower

likelihoed of gamma radiation to result in harm. The ICRP has

indicated that gamma and beta radiation (termed " low-LET") is

an order of magnitude less effective in doing biological

damage than high-LET radiation. " The BEIR-III Committee have

I l' See text and notes at paces 14-15 supra.

I " International Commission on Radiologica_ Protection,
Report of Ccmmittee II on Permissible Dose for Internal

Radiation (1959).

I



- 18 -

also admitted that the linear nonthreshold model "probably

leads to overestimates of the risk of most cancer for. . .

exposure to low-LET radiation at low doses."zo The BEIR-IIIi

report in fact recommends the use of a range of estimates for

the risk of such radiation, and notes that the risk may be

zero.21 NRC and EPA have improperly relied exclusively on a
1

linear nonthreshold nodel for projecting the risk from gamma

radiation from thorium wastes.

III. NRC Has Employed Additional Unduly Conservative
~

Assumptions in Calculating the Limits Specified
in Options One through Four

'

The staff's de facto total reliance on the linear

non-threshold model results in overly stringent limits with

respect to each of the first four disposal options described

in the Branch Technical Position. The limits are also unduly

conservative due to methodological deficiencies employed in

their calculation. Some of these deficiencies are explored

below.

Option 1. Option one permits unrestricted disposal

of natural uranium and natural thorium, with daughters in

equilibrium, so long as the concentrations are less than 10d

,

2e See National Academy of Science, The Effects on Population
of Exposure to Low Levels of Ionizing Radiation 4 (1980)

,3IER III Report).

** BEIR-III Report at p. 226.
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pCi/gm.22 This section of Kerr-McGee's comments will first

analyze deficiencies in the calculations with respect to

uranium wastes. It will then discuss deficiencies with respect

"
to thorium wastes.

The Position makes only a single argument for the 10

pCi/gm figure as applied to natural uranium and its daughters.22

Specifically, it indicates that the 10 pCi/gm figure for

uranium is based on the 5 pCi/gm radium-226 limit contained in

EPA's proposed inactive uranium processing site regulations.

Even assuming the EPA proposal were final, it is designed for,

and should be applicable only to, inactive uranium processing

sites. NRC's extension of the standard is totally unwarrante'J.

It overlooks the myriad of other factors, including costs and

impact on the policies and purposes of the Atomic Energy Act,

which must be considered before a standard may be extended

into a new area.

The NRC standard is also unreasonably low for a

variety of reasons. EPA suggests that the 5 pCi/gm limit vill

result in no more than 80 mrem exposure per year.2" This

amount is conside-rably less than natural background radiation,

22 See 46 Fed. Reg. 52062 (Oct. 23, 1981). Kerr-McGee under-
stands that NRC intends to pe:.mit disposal if the concen-

trations average less than 10 pCi/gm.

23 See 46 Fed. Reg. 52C62.

2' EPA, Draft EIS for Remedial Action Standards for Uranium
Processing Sites at 4-33.
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I
particularly in western mining areas. 2s It is undu.y strin-

gent in terms of the exposure limit which it prescribes.

However, even assuming that 80 mrea exposure is a sound stan-

dard, it clearly warrants much higher radium-226 concentrations

than 5 pCi/gm. EPA's calculations linking 5 pCi/gm ra-226 to

80 mrem are based on numerous improper assumptions which

overstate exposure. For example, EPA made a 100); occupancy

assumption. This is totally unrealistic. A person working

outdoors could be expected to occupy a site no more than

20-307; of the time -- not 1007;. EPA also did not take into

account shielding for a person residing at the site. A con-

crete house slab would reduce the dose rate by at least a

factor of two to three. The 5 pCi/gm radium-226 standard will

result in a dose of about mrem assuming realistic outdoor

occupancy, or 15 mrem per year based on continuous outdoor

occupancy. The radium-226 standard may accordingly be raised

by at least a factor of 5 and still not result in exposures

exceeding 80 mrem per year.I
2s Average natural background radiation (cosmic, terrestrial

and internal body radiation) varies from State to State
between approximately 90 mrem and 180 mrem exposure per year.

I Variation is caused primarily by different altitudes above sea
level and by natural rock formations. Living near a granite
rock formation, for example, may result in 25 to 100 mrem
additional exposure per year. See Low-Level Ionicing Radia-I tion, Hearings before the Subcomms. on Energy Research and
Production and Natura Resources and Environment of the H.
Comm. on Science and Technology, 96th Cong., 1st Sess. at S-9

I (1979)- Biological Effects of Radiation, 15 Encyclopedia
Britannica 362 (1979). Epidemiological studies indicate that
background radiation has not resulted in any statistically
detectible harm and may in fact be significantly beneficial.

I
. ~
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DOE has specifically criticized the 5 pCi/gm radium-

226 standard in comments filed with EPA.2s The Department,

among other things, has aptly explained that the standard is

in fact so low that it will be difficult, if not impossible,

to achieve as an engineering matter.

The Position purports to apply two diffe. rent stan-

dards to exposure to radiation from natural thorium and its

daughters. The first standard provides that no person may

~ receive a 50 year dose commitment in excess of 1 mrad /yr to

the lung or 3 mrad /yr to the bone from inhalation or ingestion

under an7 foreseeable use from such disposal. The Position

suggests that these limits were proposed by EPA ..s dose limits

resulting fron unplanned contamination.27 The two limits are

deficient and inappropriate for several reasons.

First, they were proposed only in the form of guid-

ance, not as binding standards. Moreover, they related only

to transuranics, not naturally occurring radionuclides such as

thorium and its decay products. Significantly, the proposed

transuranic guidance embodying the stanclards was rejected by

President Carter in October 1979 because of numerous objec-

tions lodged by other agencies. It is totally inappropriate

to generalize standards designed for a particular class of

radionuclides to another class of radionuclides in a totally

2' See, Letter, Mr. Greenleigh (DOE) to Ms. Selander (EPA)
(July 15, 1981) (Exhibit J).

27 M., citing 42 Fed. Reg. 60956-59.

l ____ _ _ -
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I
different context. The factors pertinent to standard-setting --

costs, population at risk, chemistry, and so forth -- may be,

and in this case are, significantly different.

Second, the proposed guidance on transuranics was

designed for the protection of workers who were assumed to be

chronically exposed to transuranics. The guidance limits are

accordingly in the form of dose commitments. The dose commit-

ment approach is far too stringent as applied to the general

population. " Radiation dose commitment" means, for a radio-

nuclide with a very long half life such as thorium-232, that

an actual physical dose of less than 0.02 mrad per year is

" counted" for regulatory purposes as a dose of 1 mrad. As a

result, a standard specifying a 1 mrad dose commitment is

extremely conservative, and rather deceptive, for the doses

which it permits are in fact far less.

The dose-commitment approach is reasonable only if

one assumes that all exposed people will be exposed every year

for a lifetime to the same level of dose. This obviously icI not the case, particularly in our highly mobile society.

| Moreover, even if the dose is received every year, people over

age 25 will never receive part of the dose which the " dose-

commitment" assumes. Additionally, assuming a 10 year latency

period for most common cancer, people over 13 years old will

I never suffer some of the risks which the dose-ccmmit.ent

approach assigns to them.

'

I
I

--
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Third, the EPA limits were derived .tnder a wholly

different set of assumptions than those employed by NRC. For
i

| example, EPA used a quality factor of 10 for alpha radiation,

NRC employs a quality factor of 20. EPA employed a seventy

year dose commitment; NRC employs a fifty. Given the signifi-

cant differences in assumptions underlying the calculations,

the whole exercise must be redone.

NRC next argues that no person will receive an

external exposure rate in excess of 10 uR per hour above back-

ground under these standards. Staff asserts that th is

compatible with EPA's proposed clean-up standards for inactive

uranium processing sites. It is not. NRC employs the 10 uR/hr

standard as an unshielded outdoor rate. However, the EPA

proposed standard is an indoor exposure rate of 20 uR/hr. The

comparable outdoor value is 40 uR/hr (assuming a 0.5 shielding

factor for calculation of the indoor dose).

The underlying documentation for the Branch Technical

Position indicates several additional deficiencies in the

calculations purportedly supporting the 10 pCi/gm natural

thorium limit specified in Option One. For example, NRC

appears to assume that 100% of the 31-212 in the thorium decay

chain decays to T1-208. In actuality, decay of Bi-212 is

branched with only 35.93% decaying to T1-208 and the remainder

to Po-212. This results in an important overestimate of

external exposure since T1-208 is the most important gamma

emitter contributing to external dose in the thorium chain.

- _ __
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To take another example, NRC appears to assume that all radia-

tion is from the top 1 cm of soil. Calculations should instead

be based on a volume radiation source.2:'

' Kerr-McGae has an additional objection to Option
s

One. The option was evidently developed and proposed by NRC

( in the Branch Technical Position in order to govern certain

disposals. However, Kerr-McGee now understands that NRC intends

to apply it as a clean-up and decontamination standard. The'

10 pCi/gm standard is totally inconsistent with NRC's previous

approach cn cleam up and decontamination. NRC previously

( employed the exposure standards for unrestricted areas con-

-
tained in 10 CFR Part 20 for these purposes. These exposure

standards would permit concentrations at least an order of mag--

nitude higher than those set forth in option One even where

people were actually being exposed. The 10 pCi/gm standard

-

is also inconsistent with NRC's various decontamination guide-

lines. For example, the November 1976 Guidelines for Decon-

taminEdion of Facilities and Ecuicment Prior to Release for

Unrestricted Use or Termination of Licenses for Byproduct,
s

Source, or Special Nuclear Material indicates that 1,000
-

2dpm/100cm of thorium-natural is "acceptible" upon decontamina-

tion. This is equivalent to over 400 pCi/gm of thorium-natural.

NRC's radical departure from its prior standards and requirements

(
2' It is difficult to specify the effect of this latter

deficiency because numerous assumptions must be made con-
cerning the nature (e.g., density) of a volume radiation
source.

. . . .
- _ _ - _ - _ _ _ _ _ _ .
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To take another example, NRC appears to assume that all radia-

tion is from the top 1 cm of soil. Calculations should instead

be based on a volume radiation source.2.I Kerr-McGee has an additional objection to Option

One. The option was evidently developed and proposed by NRC

in the Branch Technical Position in order to govern certain

disposals. However, Kerr-McGee now understands that NRC intends

to apply it as a clean-up and decontamination standard. The

10 pCi/gm standard is totally inconsistent with MRC's previous

approach on cleam up and decontamination. NRC previously

employed the exposure standards for unrestricted areas con-

tained in 10 CFR Part 20 for these purposes. These exposure

standards would permit concentrations at least an order of mag-

nitude higher than those set forth in option One even where

people were actually being exposed. The 10 pCi/gm standard

is also inconsistent with NRC's various decontamination guide-

lines. For example, the November 1976 Guidelines for Decon-

tamination of Facilities and Ecuipment Prior to Release for

Unrestricted Use or Termination of Licenses for Simroduct,

Source, or Special Nuclear Material indicates that 1,000

2dpn/100cm of tborium-natural is "acceptible" upon decontamina-

tion. This is equivalent to over 400 pCi/gm of thorium-natural.

NRC's radical departure from its prior standards and requirements

I 2' It is difficult to specify the effect of this latter
deficiency because numerous assumptions must be made con-

cerning the nature (e.g., density) of a volume radiation

I source.

I
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I
is totally unexplained. NRC has utterly failed to establish ;

I l
that a disposal standard may so readily be transfigured :nto ;

i
l

a standard governing clean-up and decontamination. Moreover,

many of the factors relevant to standard-setting, such as costs,

are entirely different, and much greater, in the clean-up or

decontamination context than in the disposal context. This

suggests that clean-up standards should be different, and higher.

Finally, cl.ean-up concerns are extremely site-specific. For

ex a: .a le , tnt: hazard posed by radionuclides in stream sediment

may be much less than radionuclides in fill used under houses.

The clean-up costs may also vary enormously. NRC (and EPA)

accordingly should not issue generic clean-up standards but

instead devise requirements appropriate for each site on its

own merits. Finally, DOE has specifically criticized the pur-

ported foundation of Option One -- the proposed 5 pCi/gm Ra-226

standard -- as an undesirable clean-up standard in comments

filed with EPA. See Exhibit J. NRC obviously should not

employ Option One as a clean-up standard in the face of these

criticisms by DOE.

Ootion 2. Option Two permits disposal of natural

thorium with daughters in amounts up to 50 pCi/gm by burial

under at least four feet of eartn. 2' The Position states that

* hat the NRC calculates that such a disposal will not result'

E
Ig

in exposures greater than in Option One. Option Two, which is
|

1 g _

2' 46 Fed. Reg. 52062.

I
I |

. .
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I
based on an extrapolation from Cption One, is defective in

that the Option one limits on which it is based ar2 too low.

The limit in Option Two also purports to be set such that no

member of the public will likely receive doses in excess of

170 mrem to any organ on account of intrusion. This approach

is far too conservative. 10 C.F.R. Part 20 calls for a 170

mrem Jimitation only with respect to whole body exposure of

the general population, not with respect to exposure to any

given organ of a maxims.lly exposed individual. In any event,

the underlying documentation available fcr our review was not

adequate to evaluate whether NRC's assumptions with respect to

this calculation are supportable. However, Kerr--McGee surmises

that NRC made its intruder calculation on the basis of occupancy,I
shielding, and other assumptions similar to those in Option

,

One and thot the agency's exposure estimates are therefore

averly conservative by a substantial factor.

I Ootion 3. Option Three permits disposal of natural
1

uranium, with daughters in equilibrium, in amounts up to 40'

' pCi/gm by burial under at least four feet of earth in areas

zoned for industrial use, provided that deed cavenants also

restrict the disposal area to non-residential use.'' The

limit specified in Option Three is derived from EPA's proposed

5 pCi/gm radium-226 standard on which Option One is based. It

is accordingly deficient for the reasons noted in the discussion

of Option One. In addition, NRC made numerous assumptions

'' 46 Fed. Reg. 52062.

I
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I
which further invalidate the 40 pCi/gm limit. For example,

NRC assumed a 50% occupancy factor in an industrial building

atop the site. The occupancy factor is too high (30% is con-

servative). NRC also assumed a dirt floor. Buildings are no

longer constructed with dirt floors. NRC further assumed one

air change per hour. This assumption is unduly conservative; dirt

floored industrial buildings would likely require three to four

air changes per hour under OSHA regulations. NRC should either

assume a dirt floor and four air changes, or a slab floor and one

air change, but not the worst case (and probably unlawful) combi-

nation of the two. Correction of NRC's assumptions will lead to

much lower radon concentrations in the building. This will

translate into a far less stringent limit on the natural uranium

concentration which may be disposed under the specified conditions.

In any event, even if NRC's assumptions were adopted, the result-

ing radon daughter concentrations would amount to only 0.04 WL.

This is far less than naturally occurring radon concentrations

in dwellings.'' NRC also may be resting Option 3 on a 170 mrem

exposure limit for intruders. NRC's proposed 10 C.F.R. Part 61

(" Licensing Requirements for Land Disposal of Radioactive Waste'')

employs an inadvertent intruder limit of 500 mrem whole body.'2

NRC offers no rationale for its diffe cent approach here.

I '1 Indeed, a recent study indicated that indoor radon con-
centrations may commonly be in the range of 12 to 33 pCi/1

(0.13 WL to 1 WL using the conversion factor set forth in 10
C.F.R. Part 20, App. B, footnote 3). See Rund7, et al.,
Observation of High Concentrations of Radon in Certain Homes,
36 Health Physics 729 (1979).

22 46 Fed. Reg. 38095 (July 24, 1981) proposed S 61.42.

I
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Ootion 4 Option Four permits disposal of up to 500

- pCi/gm natural thorium (and daughters) and up to 200 pCi/gm

natural uranium (and daughters) by burial in areas noned for^

industrial itse provided (1) that title documents specify that
-

the land contains radioactive material and (2) that the docu-

ments are conditioned by a covenant. The covenant must provide

that the land (1) may not be excavated below stated depths
,

unless excavation is cleared by appropriate health authorities;

(2) may not be used for residential or industrial structures;

and (3) may not be used for agricultural purposes.''

The limits specified in Option Four are derived from

the limits scecified in option one and are defective for

similar reasons. However, the limits specified in Option Four

are unduly conservative for an additional reason. Under the

conditions specified in Option Four, there can be no buildings

erected or agricultura' activities conducted at the burial

site. Under these conditions, the only significant radiologi-
|

cal concern would be radon-222 emanating through the soil.

However, significant exposure to radon would be impossible.
|

Radon-222 emanation from uranium wastes does not

pose a significant risk to persons living outside the near-

vicinity of the wastes in question. The amount of radon

likely to result from the wastes, particularly in the low'

concentrations specified by the Branch Technical Position, is

'' 46 fed. Reg. 52062.

1
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miniscule compared to the amount of radon released naturally

from soils in the United States and from such accepted economic

activities as agriculture.'' Moreover, increased radon from

uranium wastes cannot be detected more than a short distance

from cuch wastes, even in a downwind direction.'' The effect

of the wastes is vastly overborne by natural discharges.

Stringent controls for raden emanation similcrly

cannot be justified on the basis of risk to nea by residents.

MRC acknowledges that there are no discernible adverse health

effects from exposure to radon from uranium wastes. '' NRC

assumes that health effects will occur on the basis of the

linear non-threshold model. Hcwever, this model is subject to

the criticisms described earlier in these Comments.

Even assuming that the linear non-threshold model is

appropriate, the risk which it projects in the situations

involved here is insubstantial. NRC calculates that the

'' See, e.g., Transcript of Hearing before the New MexicoI EIB at 461-62 & 470 (testimony of Dr. Evans) reprinted in
Uranium Ore Residues, Hearings, supra, at 453.

'' See, e.g., Shearer & Sill, Evaluation of Atmoseheric
Radiation in the Vicinity of Uranium Mill Tallings, 17

Health Physics 77 (1969) (Attachment K); Letter, Greenleigh

I (DOE) to Selander (EPA), dated July 15, 1981, at 2 (DOE ccm-
ments on EPA inactive site standards); Uranium Ore ReN dues
Hearings, supra, at 457; 12 7 Cong. Rec. S 12984 (daily ed.
Nov. 5, 1981).

NRC, Generic EIS on Uranium Milling (GEIS) at A-35 ("We''

[NRC] know of no data or studies which indicate defini-
tively that health effects do or do not occur at the low
levels of exposure that are anticipated to result from cpera-
tion of uranium mills")

I
I
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maximum risk posed by radon-222 from even totally unregulated

mills is 1 in 70,000,000 for thrae times the number of mills

now in existence.'' This maximum risk, which is only hypothe-

sized to exist anyway, is insignificant and de minimis. NRC

has admitted that even if it actually eventuates, it is "about

equal" only to the risks posed by "a few puffs on a cigarette,

a few sips of wine, driving the family car about 6 blocks,

flying about 2 miles, canoeing for 3 seconds, or being a man

aged 60 for 11 seconds."'' Indeed, the risk perceived by NRC

is far less than many risks commonly and ordinarily acceptec!

in our society. '

I
'' See, e.c., GEIS at 19.

'' 46 Fed. Reg. 15167 (March 4, 1981). See also 127 Cong.
Rec. S 12984 (daily ed. Nov. 5, 1981).

'' The following table sets forth many commonly and ordin-
arily accepted risks in our society.

Cacse Individual risk / year

smoker 1/300
agricult. ural employment 1/1,700
motor vehicle - Total (1975) 1/4,500
air pollution - sulphates 1/6,700

I government employment 1/9,100
truck driving employment 1/10,000
falls 1/13,000
alcohol 1/20,000
living for one year dowastream from a dam 1/20,000
motor vehicle - pedestrian (1975) 1/25,000
drowning (from recreational activities) 1/53,000I inhalation and ingestion of objects 1/71,000
hcme accidents (1975) 1/83,000
bicycling 1/100,000
person in room with smoker 1/100,000
one pint of milk per day (aflatoxin) 1/100,000
accidental poisoning - solids and liquids 1/170,000

(footnote cont'd)

I
* O
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Kerr-McGee understands that NRC staff may take the

position that this de minimis risk is not dispositive because

the risk to people livin; next to, or on top of, uranium

wastes, .3 greater. To Kerr-McGee's knowledge, NRC has not

provided a <ietailed quantification of this alleged risk for
-

public review. However, the risk -- which is purely hypothet-

ical to begin with -- cannot be large in comparison to many

customarily accepted risks. This view is strongly supported

by the Commission's admission that radon exposures at Ge edge

of uranium wastes stabilized in accordance with the agency's

now suspended Uranium Mill Licensing Requirements will result

in exposures which are only "a small fraction of any reasonable

health protection 1:.mit. ""' Moreover, purported fears for

persons living atop tailings are groundless in view of the

requirement in the Uranium Mill Tailings Radiation Co:c.rol Act f

that ownership of the disposal site generally be transferred

(footnote cont'd)
Cause Individual risk / year

electrocution 1/200,000
vaccination for small pox (per occasion) 1/330,000
air travel - one transcontinental flight /yr 1/330,000

Source: OSHA Testimony of Professor Richard Wilson
(Exhibit L) reprinted In Hutt, Unresolved Issues in Conflict
Between Individual Freedom and Government Control of Ecod
Safe /, 33 FDC L.J. 558, 5d4-66 and 568 (1978).

GEIS at p. 12-15 explains that "[e]xposures as close in**

as a fencepost near the edge of the pile would be about
which is a small1.1 x 10-4 WL above background levels. . ,

fraction of any reasonable individual health protection limit
( 1*' of the Surgeon General's guidelines)."
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to the government for actual tailings."* Obviously, Congress

presumed that the government can and will keep people 'om

occupying the disposal area. NRC's deed restrictions and

covenants will accomplish the same purpose here.

NRC's risk estimates under the linear non-threshold

model, which already predict insabstantial hazards, are in

fact excessive because the agency has relied on erroneously

high risk estimators. The latest study by a panel of eminent

scientists from EPA, the Department of Energy (DOE), Germany

.

England and Canada indicates that the maximum hypothetical

risk from radon-222 can be no greater than 1/3 that employed

by NRC per unit exposure and may in fact be ze ro . "2 Moreover

Professor Cohen, after analysis of risk estimates for radon-

induced lung cancer employed in the BEIR-III report, concluded

that the risk estimators advocated in that report overstated

tne risk from low-level exposure by a factor of twenty to

forty.'' To the extent that NRC purports to rely on a risk oi

exposure through an ingestion pathway, that risk estimete

.I is similarly excessive. Professor Evans has specifically

I
'' 42 U.S.C. 5 2113(b).
'' Evans, et al., Estimate of Risk from Environmental Expo-

sure to Raden-222 and its Decav Products, 390 Nature 98
(March 12, 1981) (Attachment M). Significantly, DOE has

.
expressly endorsed reliance on the study by Evans, et al., for
standard-setting purposes. Utanium Ore Residues Hearings,
supra, at 176.

'' See also Cohen, Failures and Criticue of the SEIR-III
Luna Cancer Risk Estimate, Health Physics (in

publication) (Attachment N).
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I
criticized risk estimates for inges ion of low-levels of

radium as unduly conservative and as unsupported by the evi-

dence."'

Occupancy of an Option Fcur disposal site would be

of limited duration (certainly no more than the 10% assumed by

NRC). The radon directly over the site would be " fresh,"

containing few radon daughters. Since the radon daughters,

not the radon, pose the purported health risk, the site itself

would accordingly not be hazardous. There would be no sig-
.

nificant off-site exposure because radon from a volume source

disperses readily and the amount of raden released is de

minimis compared to natural releases. In any event, burial

under even a nominal amount of soil will attenuate radon

emanation by a substantial amount. In cum, under the specified

restrictions, the site could be used for disposal of cre-grade

material without danger of posing a health hazard. This

conclusion is amply supported by prominent nealth physics

experts. See, e.g., Testimony of Dr. Evans before the N.M.

|I
| EIB reprinted in Uranium Ore Residues: Potential Haze:.ds and

Discositien, Hearings before the Procurement and Military

Nuclear Systems Subcomm. of the House Comm. on Armed Services,

97 th ;ong . , 1st Sess. at 461 (June 1981)

"' R. Evans, et al., in Radiobiology of Plutonium (Stover &
Jee, eds. 1972) at pp. 431-68 (practical threshold for

humans); haube, et al., Bone Cancer from Radium: Canine Dose
: Respense Explains Data for Mice an.1 Humans, 208 Sc:.ence 61

| (1980)

1
|

|

I
[ - -
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| A similar conclusion holds with respect to thorium

wastes. Thorium wastes do not pose a significant radon prob-

lem. The radan decay product (known as thoron) in the thorium
a

decay chain has a much shorter half life (only 55.6 seconds)

in comparison to radon-222 and accordingly cannot be expected

to diffuse in significant amounts through even nominal cover.

It furthermore cannot be expected to travel any significant

distance off-site. Moreover, the decay products of thoron,

with one exception, are short-lived in comparison to decay

products cf radon-222.'' Since an Option Four sit-a cannot be

used even for agricultural purposes, there obviously will be

i no hazard posed by ingestion of thorium or thorium daughters,

*Thus, disposal of ore-grade thorium-bearing material should

also be permitted in the context of Option Four.

b IV. Option Five Is Inconsistent with the Public
Interest in Prompt Decommissioning, Is Contrary
to Applicable Statutes and Regulations, andi

Should Not be Applied to Kerr-McGee's West
Chicago Facility

Option Five authorizes storage of licensed concen-
,

trations of uranium and thorium wastes on-site pending the

availability of a licensed disposal site . '' As drafted, it

i

I

I '' The properties of the thorium decay series are described
I in Rundo, The Radioactive Prcperties and Biological Behav-

ior of :2'Ra (Th X) and its Daughters, 35 Health Physics 13
I (1978).
I

'' 46 Fed. Reg. 52063.

- . _ _ _ __ i
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suggests that such wastes may be stored on-site for an indefi-

I nite period of time on ground that a licensed disposal.

site is uiavailable.'' This option is thus directly concrary

to the public interest which requires prompt decommissioning

of nuclear facilities af ter completion of useful activities."'
/

Option Five is also contrary to applicable statutes

and regulations. The UMTRC Act specifically contemplates

on-site disposal of byproduct material as defined in section

11(e).2 of the Atomic Energy Act, 42 U.S.C. 5 2114(e)(2).

Indeed, NRC personnel have repeatedly repreaented that on-site

disposed is the norm contemplated under the UMTRC Act. "' Option

'' As NRC is aware, space at the three current low-level
waste disposal facilities is limited. Moreover, all three

facilities are one to two thcosand miles from the Chicago
area. Transporting substantial volumes of uranium or thorium
residues to these sites raises risks of traffic accidents and
fatalities, is extremely costly, and will unduly strain the
capacity of these sites. The Low-Level Radioactive Waste
Policy Act, which calls on states to locate sites for the
establishment of new low-level repositories, does not apply to c

byproduct material as defined in section 11(e) .2 of the Atomic
Energy Act. Moreover, the availability of a low-level radio-
active waste repository in the Midwest is at this time totally
speculative even for material which is not covered by section
11(e).2.

&

See, e.g., NRC, Draft Generic EIS on Decommissioning of''

Nuclear Facilities at p. V & vii (Jan. 1981).

For example, NRC recently explained to Congress that''

" Moving an entire talings pile is an extreme
worst case in that all other options would
have to have been evaluated and found to be
unsatisfactory. A great deal of flexibility
exists in terms of options to stabilize the1

tailings pile in place. Our licensing exper-

( ience indicates that through recentouring and

(footnote cont'd);

7

-

O
_ - _ _ .h-_.- -_.. _ _ _ . _ _ _ - _ _ .--___



,
_ - - - - - - - - - - - - -

|

-36-

-

Fite is inconsistent with the UMTRC Act and these representa-

tions insofar as it projects indefinite interim storage of

byproduct material pending availability of an off-site licensed'

repository.

Option Five also contravenes 10 C.F.R. 5 20.302.
,

Under that regulation, the Commission has long authorized

disposal of uranium and thorium wastes in concentrations much

higher than that in option Five by on-site burial. Option Five

appears to preclude such disposal unless it can be accomplished

in accordance with Cptionc One through Four. This prevents

disposal of higher concentration uranium or thorium wastes

I except in licensed disposal facilities. This marked change
.

f in NRC's construction of section 20.302 is without foundation.
/

It is a significant curtailment of that regulation and imposes

substantial additional costs upon the regulated public without

! (footnote cont'd)
co"ering and hardening the tailings pi]e in

i place, the necessary level of assurance con-
cerning long term stability can be achieved
at most, if not all, existing sites."

I Uranium Ore Residue Hearings, supra, at 543 (letter, Mr. Kammerer
(NRC) to Chairman Stratton). Mr. Martin of NRC also testified
that " frankly . . we [NRC] have some s acerns that perhaps
the Department [of Energy] is conterplating excessive movement
of those piles. We share EPA's view that they should not be
moved except as a last resort, and even then they shouldn't beI "moved very far Uranium Ore Residue Hearings, supra,
at 155-56. See also 47 Fed. Reg. 1820, 1824 (Jan. 13, 1982)
(EPA statement that "we believe perhaps only one [ inactive
uranium mill tailings] pile might have to be moved once all

fully analyzed.").-pertinent site-specific factors are

I
I

_ -
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commensurate bencfits. It is extremely prejudicial and must

be deleted entirely from the regulation.

Mr. Dircks' Memorandum to the Commission dated

October 30, 1981, which conveyed the Branch Technical Position

to the Commissioners, suggests that NRC staff may seek to
i

apply Option 5 to Kerr-McGee's West Chicago Facility. This

j| implies that staff contemplates possible indefinite interim

storage of waste st the West Chicago Facility. Kerr-McGee

'
objects strongly to any such indefinite interim storage. The

' West Chicago Facility is regulated under the UMTRC Act. The
I

wastes at that Facility are byproduct material as defined in

section 11(e).2 of the Atomic Energy Act. The UMTRC Act

envisions prompt, permanent on-site disposal of the wastes in

l question. Indefinite interim disposal is patently contrary to

the Act.

Kerr-McGee understands that the Office of the Attor-

[
ney General (OAG) of the State of Illinois has already filed

comments objecting to interim storage of uranium and thorium

I residues at Kerr-McGee Chemical's West Chicago f acility. ''

Kerr-McGee joins in this aspect of OAG's comments. Interim

storage of the material in question contravenes not only the

public interest in prompt decommissicning but also the UMTRC

Act. It additionally is uneconomic and wasteful of society's

reserves. GAG also observes that the residues in question are

" Letter, Ms. Rapkin (OAG) to Mr. Page (NRC) (Dec. 23, 1981).

_ - - _ _ _ _ _ _ _ - _ _ _
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I
regulated under the UMTRC Act, another point in which Kerr-

McGee concurs.

VI. Leg 11 Status of Branch Technical Positions

The Administrative Procedure Act (APA) specifically

defines " rules" to include any "ager.cy statement of general

applicabilit'; and future effect designed tc implement,.

. . ." 5 U.S.C. S 551(4).interpret or prescribe law or policy .

Che APA is applicable to actions taken by the NRC.51 Its

definition of rule encompasses the Branch Technical Position

I issued here. In particular, it is clear that the Branch

Technical Position is intended to be an agency statement of

general applic<b..lity and future effect. The cover memorandum

from Mr. Dircks to the Commission dated October 30, 1981

indicates that the standards are intended to be prescriptive.

Indeed, NRC has already sought to apply Option One to Kerr-

McGee in West Chicago as a clean-up standard. NRC must ac-

cordingly conform to the APA in issuing the Branch Technical

Position in final form. Moreover, the Branch Technical Posi-

tion, when so issued, will be subject to judicial review.

Kerr-McGee has noted a number of objections to the

the Branch Technical Position including NRC's lack of authority

to issue it, its prematurity, its inconsistency with applicable

statutes and regulations and its lack of basis. Kerr-McGee

t '* 42 U.S.C. 5 2231; Siegel v. Atomic Energy Commission,
400 F.2d 778, 785 (D.C. Cir. 1968).

I
I
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alse notes that NRC made insufficient information available

to permit the Company to review all of the agency's rationale

M r some of the options. The APA specifically guarantees

interested parties "an opportunity to participate in the

rule-making." 5 U.S.C. s 553(c). As a corollary of this

| right, agencies must " disclose in detail . . . the data upon

which [a] rule is based."s2 This is particularly true with
|

respect to mathematical, statistical, and scientific analyses

|
such as those which must underlie calculation of standards for

disposal of radionuclides. '' Assuming that NRC wishes to go

forward with the Branch Technical Position, the agency as a

minimum should

|g (1) eliminate sites subject to UMTRC Act
y from its proposed Branch Technical

Position
|

(2) defer republication of a revised Branch
Technical Position' applicable to non-

|
! UMTRC Act sites until EPA has issued

governing standards

| (3) repropose the revised Branch Technical
'

Position only following publication of
final EPA standards and in a manner
consistent with the APA; and

(4) provide sufficient data to disclose the
NRC's calculations and rationale.=

|
~

.

52 Home Box Office, Inc. v. FCC, 567 F.2d 9, 35 (D.C. Cir.),
cert. denied. 434 U.S. 829 (1977). See also Portland

Cement Ass'n v. /ackelshaus, 486 F.2d 375, 393 n.67 (D.C. Cir.
1973), cert. denied, 417 U.S. 921 (1974).

53e United States v. Nova Scotia Food Products Corp., 568''

E.Td 240, 252 (2d Cir. 1977).

t
|
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Conclusion
.

For the reasons stated above, the Branch Technical

Position must be withdrawn.

Kerr-McGee Corporation
Kerr-McGee Nuclear Corporation
Kerr-McGee Chemical Corporation
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$ July 24,1981 CONGRESSIONAL RECORD-HOUSE E4373
,

sent that tha remainder of tit!* IV be of hearings on tha remedial acti:n Mr. MYERS. Mr. Nrman, vill theJ

considered as res4 and open to amend- programs for the decontamination and gentleman ytrid?
ment at any point. decornzr.hsioning of sites formerly as- Mr. STRA'ITON. I yield to the gen-

'

Tha CHAIRMAN. Is there objection sociated with nuclear defense pro.- tieman from Indiana,
to the request of the gentleman from grams and for sites which contain ura- Mr. MYERS. Mr. Chairman, we cer.

{ AM= m d nium mill tailings or other uranium tainly do not want to get into a situs-
[, There was no objection. ore residues. These remedial action tion where we would needlessly spend

The CHAIRMAN. Are there anF programs are being developed to meet hundreds of mi!Hcn. or biluons of dol-
points of order against the provisions the requirements of Public Law 95- lars to modify areas that pose little. if g

- of title IV7 604, the Uranium Mill Tailings Radi- any, hs+1rd to the public. We accept
aamronasarr orreso av um. sraatTom ation Control Act of 1978. the amendment on this side.

Mr. STRA'ITON. Mr. Chairman. I The act assumes that uranium mill The CHAIRMAN. The question is o
offtr an amennment. taillnr pose a potential and signifi- the amendment offered by the gentle- >

(The portion og the bill to which the cant radiation health ha'ard to the man from New York (Mr. StaaTToto.
}. amendment relates is as follows:). public. Without any evidence that ura. The amendment was agreed to.

nium mill tsilings are a hazard. Public C 1430 .I' Nom.saa Rasm.arcarca==a"
sas.aassa ano sxruzusa Law 95-604 requires EPA and NRC to

Por pare-ary erunnes of the Cneamwan develop standards and regulations Mr. DECKARD. Mr. Chairman. I ,
- In carrytna out the ourocess of the Eners7 that have been interpreted. for in- move to strike the last word.

Reorvn==23aa Act of 19'f4. as amended, stance, to require dirt piled 10 to 30 (Mr. DErTARD asked and was
and the Atomic Energy Act, as amuded, to. feet on tne :,:Ges because our future given permission to revise and e:ttend

,

cauding the employment of aliens: services Government . night not continue for his remarks.)

a' ' ofYm another 1.000 years. Without any evi- Mr. DECKARD. Mr. Chairman, itD#
an o dcnce of hazard. EPA proposed the was at this point that I intended to in-

}.. chase repair. and cleanms of umforms: re-
imbur==.ats to the Generst Serrices Ad. promulgation of 5;.andards that could troduce an amendment affecting thei' menimmuon for security suard services: hire require cleanups at certain sites that Columbia Dam. For teen * reasons,
of passenser motor vehicles and aircraft; would place those sites at or below the I am unable *.o do so.
84Tf.s34.o M of which cot to exceed background levels for radon and Last December, the Government Op-
Ltss000 snau le r u e ofnce radium that occur naturally in ndsh* erations Committee, of 1rhich I am a

gg
boring anas. . mam*. nnanimously approved a

seo.sto.oco anau be aradable for t;:e ornce The act directed EPA to issue final report criticizing the Columbia Dam
! of Nuclear Reactor Regulacon and og cleanup and disposal standards by No- project in Tennessee as a waste of

' ) which ss2.se7.oco shall be avanante for theoface of Inspecuan and Enforcemenc Pm- vember 8.1979. This deadline was not money. Completion of the project
i otded. That from this appreortanon, trane. met, but interim standards were pro- would cost. taxpayers an additional

fer of sums may be made te, other as=* posed on April 22, 1980, and Januar7 $100 million simply to create the
ci the Government for the performance of 19.1981. A comment period was estab- eighth recreational reservoir withm a.

I use wora for which this ac.woortanon is 11shed which ended on July 15. 1981. short radius. To that end. T7A pro-.

ooroort,' The Deputy Administrstor of EPA tes- poses to destroy a river, condemn 440m *""d tn cases*

.,y g tified ar. hearmss on June 24. 1981. farms, and frace- 1.500 people from
l suon to watch trannared: Pmehind /ar,

' tAer; That moneys reenved by the commas that EPA would take 2 to 3 years to es- their homes-
stan for the coopersure nur: tear safety re- tablish anal staMards because thef' The T7A appropriation in this 41I11s

)i search prosrams may be reta.ned and used wtshed to consider very carefully all of- $15.8 mD11on--the amount of Ltoney
1 for salaries and expenses -aud with the pubile comments avntf ahle to this for the Columbia Dam protect for

those crosrsma, notwithamading the prov1- agency. fiscal year 1982. These funds were de-
,

N.Nti Nis Public I.aw 95-604 required the Nu- Terred in the fiscal 1981 supplemental
o em Pm clear Regulatory Commiaion to pro- appropriation and rescission bill which;

/krrAer. That funds aradable for nuclear r mulgate rules which would imp!enent we adopted a short time ago pendingactor researth shall remam avadable until
9 September 30, 1983: Peosdai ArtAer. That and enforce the EPA final standards, acquisition by TVA of the necessary

transfers between accounts may be made There are no EPA final standards; and permits. These have now been ob-
J only with the accrovst of the committees there should not be NRC rules. tained, and only by cutting these

|
cn Aporeortauccs of the House of Repre. The cost to the private sector EDd to funds can the project be halted. A vote

I
,, Qtau s and ej, the U.S. Coverrrtent to follow tse to 30 so would save $15.8 million im.e

NRC Unal rules could be in the bil- mediately and more than $100 571111onp tn

{
thia Act may be used to implement secuan lions of dollars without providing any in downstream costs.

jj llo of Pubue Law 96-:35.
The C:erk read as follows: real improvements in the health and The committee found that-

safety of the American public. Until First, this project would not produce
Amendment offered by Mr. Staarrow:

? 'Pase 30. Une 3. strtke out the period and such time as epidemiological studies a sing!e benefit that could not be
Insert in lieu thereof the fonowins:": Pm- are done, until such time as EPA pub- achieved by a less costly alternative.

/ mded furtAer. That no funds approortated lishes its standar'is and until we know Indeed, the Columbia Dam 's the
to the Nuclear Regulatory Commtsstori in what hazards actually exist. the Nucle- highest cost alternative for addressing

. $^#" "*F $"'*g g3, $',l["'"ty { ar Regulatory Commiuton should be the problems noted by project spon-d '*

prohibited from enforcing the arbi- sors.,, , ,

'I censma Requirements pubushed as f!nal trary, capricious and expensive-to- Second, the primary justif! cation of
rules at 45 Federal Resister 65m to 65538j}' apply rules they have promulgated. the project-fully 60 perce*tt ofI

on October 3.1980.". Mr. BEVILL. Mr. Chairman, will the t !simed bencfits--is for flat water rw-
I Mr. STRA~ITON (during the read.
I his). Mr. Chairman. I ask unammous gentleman yield? reation in an ares which already has

! consent that the amendment be con. Mr. SIRA" TON. I yield to the seven reservoirs within a short dnve of
> sidered as read and printed in the gent! man from Alabama. the project site.

Mr. BEVILL Mr. Chair- sn. I agree Third. 440 farms would be destroyed
Rzcono.

The CHAIRaiAN. Is there object *on with the gentleman from New York and 1.500 people would be forced from
to the request of the gentleman from that in this era of budget stringency their homes to make way for this rec-
New York? there should be careful controis on reational reservoir.>

[ There was no oblection. the expenditure of funds which pro- Fourth, over $100 million remains to
Mr. STRATTON Mr. Chairman, my vide marginal benefits to the public. I be spent on this project, but all the

{> Subcommittee on Procurement and thank the gentleman for bringing this claimed benefits-aside from those as-
Military Nuclear Systems of the serious deficiency to our attention. We sociated with a speedboating lake--.'

1 - Armed Servtces Committee held 2 days accept this amendment on this side. could be realir.ed by spenritng between
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i ENERGY AND WATER DEVELOPMENT APPROPRIATION
O BILI,1981
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wL
iE

Oc=m 3 Oes:.tacvc cay, Oc=m 14),193L-Crde.ed to t:e pn=ted gF_
-- 5: y: yy Mr. HA Ard. [ Tem the CoCOittee on Appropriadons, {r submitted de following Es
T .ew;
F REPORT_- .

B
F;- iro acaxnpany H.R.Ma

#
The Cnmmittee on Appropriadeus, to whic!: was referred the bill

t (H.R. 4144) maHng appropriadens for energy and water develep=ent {i
:3 for the fiscal year ending September 30,1982, and for other purposes, @
T repons de same to de Senate wid various. amend =ents and prese::s 3-~
=

herewid informatica relative to the changes reco== ended R:

AMcCNr IN NEW SUCCEI (03UCAI!CNAL) AttrHol!!Y, F SCAL YEAR 195::
7

-5 A=ount of billas passed by Ecuse S13.139,674,000~ v
w.

.r x.; Budget esumates cc:^idered by How 13,410,'T7,000 y
[ Budget esd=ates ec:sidered by Senate 12,096,547,000

[ Amount of billas reported to Smare 12,418,611,000 (f ccm.i= Ac.ccAT!cN
E
$ .

Amount aIIocated from ist sudset Resolution 13,500,000,000 f
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dation proposes a $35,000.000 general reduction from de March budget
request. However, the recommended appropriation is still S10.100.000
over the revised request for 1982, and more than S23.000.000 over de
funding levc! for 1981.

Nuclear data link.-The Cor:unittee recommendation restores the
House reduction and includes the requested funding for de nuclear
data link system. This prototype system is designed to improve emer-
gency responsc and enhance the qualief and quantity of technical data
available to NRC headcuaners emergency response perznnel.

He Committee believes that de Commission should proceed with a
prototype system to funner detennine feassility and cost erTectiveness
of this project. Aldough me full budget request is acproved. the Com-
mission is directed to spend no more than 51.000.000 until such time as
it ha submitted a report to the Congress and has received the approval,

of the Committees on Appropriations.
Licensing recovery.-As noted in the House report, the Commission

has shown improvement in de handling of operating license requests
and construction permits. The Commission has initiated a program to
recover from the delays in issuing operating licenses that resulted from
the accident at Three Mile Island. This effort to reduce licensing delays

.

was accelerated by de reprograming of 54.300,000 in 5 scal year 1981 to
supportlicensing activities.

I

During fiscc! year 1982, de Commission should pay particular atten-
tion to plants scheduled for completion and licensing in 1983. The
Ow=i" ion should identify early those clants that are likely to be

, strongly contested and allow sufdcient sta!T and hearing time for dose*

crentested pl.u:ts to be licensed without unnecessary delay.
Lass o)C 7uid test program.-Widin de funds appropriated to the/

f Nuclear Regulatory Commi" ion, the Comminee notes that S4a.000.000-

is recommended to be allocated to de less-of fluid test (LOFT) pro-;

gram at Idaho National Engineering Laboratory. The Ccmmittee ender-
lines its support for this program which is designed to conduct experi-,

ments to deu:::nine de results of the loss of reactor coc! ant water.
De Committee notes furder that the LOFT Special Review Group

(LSRG) was established to review me LOFT program and report its
findings to the Nuclear Regulatory Commission. The primary purpose

; of the group was to consider whemer LOFT should be decommissioned
'

in fis:al year 1983, as recommended by the Advisory Committee for
Reactor Safeguards. On February 11. 1981 de NRC Commissioners

) met to hear the report of te LSRG and the response of te Of! Ice of
Nuclear Regulatory Research (RES).

[. RES developed a testing scheme which drew from tests suggested by
( LSRO. He RES testing scheme proposed a pamcular sequence which
)

would provide, in their view, an optimum feedback and sc'entide
> remrn. The views presented by RES were consistent wie dose pre-

sented by the LSRG. The proposed RES testing matrix and schedule es-
timates would put the final LOFT test in January 1983. He Ccmmitteee

'

'
. specifies that the 544.000.000 are acpropnated for the conduct of those

tests identified in de proposed RES tesang mamx.
Uranium mill licensmg requirements.-he House of Representatives

P

adopted a provi:, ion that.would prohibit the use of appropriated funds,

:
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by the NRC to implement or enfant any portica of de uranium mill
| licensing regulations prcmulgated by the Commissica on October 3.
B 1980.

The Commiwien has advised de Ccmmittee that de House provi-
sion would have several detnmental etTects on de uranium mill licens-
ing programs of the NRC and dose Agrec=ent States dat have elected
to regulate uranium mills uncer State law. In pardcular, de NRC lus
expressed de concem dat the House provision would prevent de

g c'om-i" ion frcm imposing on a case-by-ccse basis license conditions

| on uranium milling needed to protect de pubf.- health and safety, as it
did prior to de promulgatica of the NRC uranium mdl licensing reguln-
tions.De Ccmmission has also excressed de concem dat the House

|' provision would force de Ccmm:ssion to te=inate all Agreement State
E uranium mill licensing programs after November 3.1931-the present

statutory dMline for Agreement State compliance wid certain require-'

ments of de Uranium , Mill Tailings Rr.diadon Centrol Act of 1973
'

(UMTRCA).
He Ccmmince .grees with de House that de Ccmmission should' i

'

not have adepsd uese technical requirements for uranium mdl tailings
. prior to EPA's promulptica of 5:21 environmental sundards.

I. ,I Neverdeless. de Cec =ittee believes dat de House provision is
broader dan necessarf to carry out the purpose of prevennng de !=-
piementation and enforc=nent of de NRC techrJeal recui=ents. In
addition. the Ccmminee believes dat de de n= ental etTects idendfedI by the NRC. as descnbed above, should be elimimted. For dese
reasone, de Com=ine has modined de House provision.

. As modined by de Cen=tinee. de provision would prevent the

I,
. Cnmmi" ion from implementing or enforcing de tednical requirements

in unniuta mill licensing regulanons promulpted by de NRC on
Octcher 11980, or from adopting by regulatica similar technical re-
quutments during Escal year 1982 unt! EPA prcmulgates its 5:21 en-

I._, vironmental standards for unnium mil. tallings at acuve ur2 mum mill
sites. However, de NRC would retain its authority to regulate unnium
mill tailings on a case-by-case basis in tne manner and to de extent per-

E mitted pnct to the promulgatica of its umnium mill licensing regula-
gi tions. Thus, de Commidon would retain de authonty to impose

through license conditions those requirements for the management of-

uramum mill tailings dat the Ccm:mssion can demonstrate in each case

[ are necessary to protect de public health, safety, and the environment.

3" His preserves de situation in effect prict to de promulgatica of de
NRC uranium mill licensing regulations. He provision as modined by

,
the Committee, is intended to pe=1t de Ccmmission also to retain its

I.__:; authonty under UMTRCA to promulgate by regulanon techmcal re-
quirements for uranium m:11 tnilings after EPA prcmulgates its Snal en-
vironmental stanJards for uranium mill tailines at active sites.

ne House provision has also been medined by the Ccemittee to
I,> prevent the Commission frem te=inating any Agreement State

program for uranium mill licensing. and frem reinstating NRC
regulatyy authenty in such a State, if de State fails to adept technical
requirements that are comparable to de NRC technics requirementsI suspended by the provision. Under de provision as modi 5ed by de

.
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Committ:c, the NRC would retain de autority to enter into an
' amended State agreement if the revised State uranium mall licensing

program meets all other requirements of UMTRCA. Howes ?r, during,

. the period in which NRC is prohibited from enforcing the technical'

requirements in its regulations. it would tact tM autenty to require
any State to adopt ecmparacle requirements in order for de State to.,

continue to exert:se auberity under State law for uranium mill,,

licensing. Tne provision would not preclude, however, any Agreement
State from adopting techmcal requirements for uranium : mil tailings ash permitted under State law.

I In its comments en de House provision, the Commiston noted dat
'

dere is de peur.nal for renewed liogation cr. de issue of de fuel
cycle health e:Tetts of radon in some incividual reactors license p:oceed-r ings if de House prevision is enacted. Tne Committee exm:ts de

I

Commission and its A6:.mic Safety and Licensing and Appeal Boards to
review these ongoing reacto-licensing proceecings on the health effects

[, of radon and to take appropriate action to "iaimi~ de potennal for
disruption from bis prov:sion.

The following ta'le shows de allocation of de funds reccmmendedc.

by de Committee.
> e=s=== * a==i,

i>

inez
.

Acuro- cc===c
anature Ekasoot Wmase e

3 'ssi n esm=. me-arce - -=,. -

'' Nuclear reactor requtation $73.590 575.610 $80.610 $75.610
Standarcs devetcoment 18.650 17.350 17.350 17.350 '

trtsoecuon anc enforcement 57.500 67.S80 62.567 67.Sc7
Nuclear matenal safety and safeguarts 2.cGO 46.700 46.700 46.700Nuefear regulatcry researen 215.750 231.340 222.340 231.S40

,

Program technical succort 13.990 19.140 19.137 19.140
,

Program directaon and acmmrs:ratien_ 2.346 41.S80 41.230 41.680
,

Total 459.515 500.700 490.684 SCO.700
''' Travel - 1,092

Personnel ecsts -3.c77
g' Cansultants __ - 500

h
SLUC charges -432
Conso6dation - 500
General reducton - 45.100 -5.000 - 35.000

-

Cther - 2.249
-,

Total 459.516 455.600 477.534 465.700
I N $11391LCo2 e prur year urustrapassus basences.
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1
parucular interest or to demean the im- by an amount greater than the general Subcommittee. I have directed consider- i"

portance of the questions they are raismg reduction? able attention to the implementation of ,

. here, but from a nscal poet of view. we Mr. HATFIEI.D. I agree that the ano- the Uramum Min ~%1ings Rad;ation
are resisting an amendments. as I have cat:en of any general reduccoa by COE Control Act of 1978 CfTRCA). Cn A.ca .

just tr:ed to resist the Tower amend- shobid be performed in a vay that is 16. 1981. the Nuclear Regulanon Sub. t

ment and faned. We are resistmg au cost eCecuve and every efort should '.c com=:ttee held a heanng to revtew cer.~
.

amendments to th:s b1H because we are made by DOE to avoid signancanu/ tam prooleins that have ceveloped in tne
" 3350 million above the President's level. greater costs for DOE pregrams in the implementation of ULITECA. I beneve 1

future. that e.e heanns need disch a nun. *

Now, with the Tower niendment, w2 are Mr. Mr.wnAM I haw one Wt ber d sems pems in the implemen.
1 to the $700 mdion

_

II th d requested levelEsg question. Mr. Prestcent. We are awwe tation ,of the act. These include the fol-
of the fact that we are $90 million below lowing,puts us in real jeopardy of getting the bin t e House biH In this area. I also respect ?!rst. the Environmental Protection

signed. Nowhere does this recart refect and I know that my couengue from Ohio Agency has failed to adopt anal environ-
at an a the proMet itself. equaHy well respects the pcstcon of the mental standards for urantum mtU tail-

-- Mr. G'.ENN. Mr. President. I appre. char =sa of the Appropriations. Com- Legs at acuve sites, even though the act
ciste very much the remarks of the dis- m:ttee in resisting any edort to Ro be- imposed a statutory dead!!ne of May 8.g
Caguished com manager of the blH. As yond the excesses that are in the blH. 1980, for such sts'*dards. These environ-

.he has panted out the langw in the excesses over the amount. My question is, mental s'nmtsrcs were an essenc&1 eleL,

cannunee nport sam Can we who have a major concern about ment in the integrated regulatory pro.
P The 394.000.000 eeneral reduction 5 rep %d this subject be reasonably wen aasured gram involymt EPA and NRC estab!!shed

thai when W3 matter is mnsMead by W ce act. And wm to sm as ce basis
t r ty e ao t'' the conference commit *.ee. tas Senator for NRC's subsequent development of
to the estens ponatete. tnere La naicnalIm-

pact on producuon capan13ty. from Oregon, the chairman of the ;1n- spec 1Sc tect.nical requiremerm for mill
mitteson Appropriations (Mr.Harrica). tailings disoc Al at active miti ;1tes.

' 'So we can spen this cut. Mr. President. .r:H give every posuble considerat:en to Second. NRC has proceedes to adopt
is it the view of the appropriati;rs com* brmgmg the $30 million bacit into it? its anal technical requirements for ura- 3

- mittee that "~ed impact on prod;:c* Can ile, hopef any. and ways to do that. nium m:11 licensing without the benent
tion capabdity" could be achieved by al* as is provided in the House b1H and, rath- of the EPA standards. These NRC regu.
locating the general reduction in such a er than make the issue on the door of lacons, wnich became efective on Au-,
way that planned incrasses in the ef* the Senate. can we hope that the matter gust 5.1381. include general environmen-i i

a

a ac:ency of produccon are anowed to can be resolved at the conference com. *=1 standards such as spec Sed reduc-
.

'
'

J move forward on presently projected mittee level? cms in rodoit releases trom m:H tail- '

Emo frames? M.r. HATFIEI.D. I shan make sure this ings disposaisites, and terhmeni require. ;

Mr. HATFIELD. Yes. Mr. President, fu* Senator will put a double s.attrist on th:s ments for earth and rock cover to achieve *
.'q ture increases in ef!!ciency as e means item in conference to resmd us to be these standards. The issuance of these e

of maintaining or incresting produccon very sympathetic to the request of both NRC regulations violates the careful di- '
-- capab1Hty would be hiehiv desirable, and Senators from tte State of Ohio. vision of regulatory responsibtuties for !

should be taken into account by DCE Mr. hD*I::ENBAUM. Both of the See, min taiHngs m the act and creates the t
in allocating any general reduccon. ators from Ohio will be doubly apprecia= potential for future shifts and conf! cts

F Mr. ME!ZENBAUM. Mr. President. I tive of the double aster:st and be ersn in regulatory requirements a1Tecung
inquire GI the manager of the bt:!. the more gratefulif they put the 390 minion present and new uranium mming opera-

' distinguished Senator from Oregon. is it back in. tions.
the view of the Appropriacons Commit. I yield to the senior Senator from Third, there appears to be st.bstantial
tee that. in drafting the passage refetred Ohio. disagreement withm the scientiac com-- .

I to by the semor Senator from Ohio. the Mr. GI.ENN. Mr. President. I thanJc munity regarding the basis for certain I
.

'

[ committee did not wtsh to sugptst that the distingu:shed door manager of the of the technical requirements adopted by |
DOE should maze a dec:slen in this area bill for his cons:deration in ttus =atter. NRC. In particular, there appears t:< be ,

that could cause delays in bringing en. I think this colloquy very well spens considerable disagreement over whether sI
richment capacity on une that would out what we hope will take place. It ts the NRC's stringent raven release limits. Ir

be needed for competing for new con- an important project. It is cce of the and the cover requirements to achteve 'l

tracts for enriched nuclear fuel? very few fae:Uties in the v orld Tike this: these limits. are actuaHy needed to pro. I
~ Mr. HATN. It !s definitely the in fact it is the only one like this exact- tect the puttle health, safety and the en- i

intent of the committee that DOE should ly. It is energy ef!!cient, as I pointed oug vtronment. This is one of the questions
Ovoid any delays at all. In my eari!er statement. If m cut tact the EPA environmental standards were^

Mr. GI.ENN. Mr. President. I so- now. it will have some very re.icus im- !ntended to resolve.
', preciate that statement by the distin- p11 cations in interhational markets as Fourth, certain of the 'A:hnical re.

guished chairman. I want further to ask. weH as domestic. quirements adopted by NRC-most i
does the chairman of the Cnmmittee on I point out once again this fac1Hty is notably, the radon release 11:21:3.and the

O Appropriations egree with the assess * a moneymaker for the country. It is cour requirements to achieve 6tte
ment that the gas '%tnfuge enr:ch- not a drain on the budget. We are par. limits-are cast as absolute requirem ts.
ment project wt3 be an impcrtant tool ticulaziy grateful for the support in. and NRC has prowied no fexibinty in)L for easing UA balance-of M /.ents dicated by the !!oor manager of the btH. applymt these requ.rements at existing

i problems. for prCmoting elect 1 '" en* Mr. MET 7.ENBAUM. Mr. President. in sites where large quantities of mill tail-

} {. ergy ef:icienew vaile increasing our nu. view of the double astertst assurances ings already exist. In adopting these ab- gclear fuel product:en capabauty, and for given by the chairman of the Ccmmittee solute requirennts. particularly for, ,

U aiding the U.S. nuclear nonproliferation on ADDropriations. On behalf of th, existing s tes. NRC does not appear to e

effort by Sting the Uruted States a senior Senator from Chio and myself. I have given suf::cient attention to con. i
reliable supplier of Io v-cost nuclene fuel now withdraw tha amend =ent. siderations of practicabthty such as the

O So forefen as well as domestic ut:11 ties? The amendment (UP No. 531) was economic and environmental cost of'

Mr. HATTIEI.D. Absolutely: I believe withdrawn. meecng the reqdrements..

' U GCEP can help very defimtely in these Mr. SLIPSON. Mr. President. I want P.naHy. frem the date of enactment of
areas. as 'vell c3 all other areas where to express my support for the limitation the act until the hearing held by the
it has alrendv roven its worth. ncw in th!.s blH on NRC's implementa- Nucicar Regulation Subcomnuttee on

P Mr. MEM*UAUM. \fr. President, tion of its uranium mill Heensing regu- June 16. the NRC appears to have in-
does the chairman of the Approprt.Lttons !stions. I beileve that the 11mitat on is sisted that an ag eement States must

, V, Committee aeree that the anocation of an sporopriate and necessary step in re- adopt the NRC regu;ations a.s an absolute
the general reduct!on by DOE should not storms a rstional and workable regula- minimum without ressrd to difering

3 create a situnuon in wtuch costs to the tory program for uranium m:lis and miH local or regional conditions. If the St. ate
!, Covernment for enhanctne uranium en- ta111nsa. is to ret.atn its author ty for uranium min

richment capacity in the future wt3 rise Aschairtaanof theNuclearRegulation Heeg This position,whichwas modi-g

P
.

.
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5- Sed in testunony before tts subec==at. to develop the more detaded Iegislative Several arg*a=ents have been made

tee, stands in c arted contrast to the and ad==:strative chan: s neaded to for suspending NRC's authont7 under
words of the act. which provide that a correct the proble=ts in implemenung the the Md1 Tadings Act. I do not and any
State must adopt stand.trds that are 1:111 Talungs Act. Ounng this 1-year of these persuasive.
dequivalent, to t4.e extent practicable, or pened. NRC vould be protub;ted frc= Tirst. :t has been argued that Agree-

I- more stnngent than." the NRC stand- =piementin: or enforc:nc tue:r uranium ment States ennnot meet the No. t.rar
ards. This postuen may siso have demed man ucensing re;ulations: those States 8 deacune for eCor== their sund-
some ag eement Shtes the opportumt7 that hava acted to exere:se uramum mill arcs to the NRt! regulanons. This so-
until recently to desefoo and propose 21 and cul talungs re:uistory authonty parently is the prtniar7 stated reason for
ternatives to thofe NRC requ:rements under State law would not be required to suspending NRC's re;uistor7 authonty.

5- that a State believes are not pracucable. adopt require:nents ccmparable to the Yet. three of the four agreement States-
Lit. President. It is clear to me that the suspended NRC regulations; and NRC Texas. Washington. and Colorado-wtil

technitri requirements contamed in would be prohibited from exere:stng any come very close to meeung the Novc==,~

NRC's uzanium m13 'icensing reg'dati. 3s reguistory authonty for ursmum mids ber 8. cendline. In fact. only New LIex:co
are a :gnJdcant contnbutor to c any 4 and min tadings in any State that has has appealed to the Environment and

Br-1 the problems expertecced in the t=cle- acted to exere:se regalatory autnertty f or PutHe Works Cc=mittee for an exten.
|, mentation of the act. New th% the NRC uran:um mius and min tauin ;s under sica of the deadline-for up to 2 years.

tecumcal requirements are in efect and State law. I stC2 gly support tne provi- Thus, the prons: ens in the Ener::7 and
the desdune for 2= ended agre-ment sien in the b111 as an essential arst stcp Water Apprcpriations Act const:tute a
State progr:ms is soproachinit, the ad. in restonn; a rational and wormanie re:- pnvate blu for New Siexico. In tranting

5- verse impact of these technic 21 := quire- uistory pro; ram for ur: mum maus 2nd New Liex co relief, however, thu provt-
,

ments is htciv to increasr suustantially. =111 *MMgs. sion disrupts efort.s in three otner

For these reasons. I believe that a prompt * Sir. HART. Sir. President, the Energ7 States to comply w:th Lini Tanings Act.
suspension of NRC's !=p'e=entation a=d and Water Appropriaticns A:t ( H3. Indeed, the suspenaica of the NEC's reg-
enforcement of the-e technical require. 4144). under ccustderation by the Sen- ulatcry authorit7 could cause all the

I. -'
ments is an essential ."rst step in ccrrect. ate today, coatal=s a pronnon tnat sta:I resources and funds spent by the
1:g the problems described above. En- would dras*1cany restnct the authenty cther agree =ent States in est;.onemg
actment of the provision in this bdl of the Nuclear Regu12 tor 7 C0""""cn adequate progre".s for re:Ulst.cg ura-,

would acomplish this obiective and would to carr7 cut its responsitauties under the n:um om"g to go for naugnt.
prode the titna te*ded to secompush Cranium 11H1 Ta111:ss Radiauon Control Second. those supporting a suspens:on

5(i.
more detatled changes to the regu'stcry Act of 1373 (PJ 95-604). This provtsacs of the NRC's regulatcry author't7 main.

O prtgram through subsequent legislaticzl prohabits the NRC from spend:ng appro- tain that because tne afin TaA:gs Act
and administrat:7e action. priated funds to imple :ent and enforce assumes the EPA would issue its mdl

air. Prestdent the Commissica has re. the anal regulauc 3. wnich it promu1= ""gs standards p tor to promulgation

cently advised me that enact =ent of the gaud 1 year ago. far =anaging and of the NRC's cual regulations. the x;scIp House provtston might have several detri- c!mtrg up piles of uramum cmitM"n regulaticus should not go into efeet be.
i mental efacts. In particular, the Cc=s- scattered around the country. fore the EPA has acted. Ad=uttecly, the

mhMca notes that the House provision I understand that the chairman of EPA has =issed by al=ost yasts the
would prevent the Co"-"sion from i=- the Senate Appropriations Ccc=1ttee desd11:e in the afill Tsuings Act for is-
posing on a case-by-case basis !! cense accepted this prortsten on the advtco su=g its standards. I have repeatedly''

conditions on ur2mu= =111!ng needed to that these restricu ns enjoyed the sup- entic:ced the EPA's chrcnic mabinty to

I. protect the pubile health and safet7. as 15 port of the Enyt:en=ent and Puhuc =tet desdH es for issuing its v2rtou rs=

did prior to adooting its uranium =111 Worns Cc==1ttee, on which I sit. Al- diation standards.1:clud!=g those for
licensing regulations. In addition, the thougn I will not press today fcr a vote =dl tadings. Af ter Torr.ng closely with

T_ Corrmtufon notes that the House provi- opoes=2 this provtsion. I cast the rec. EPA sta: to anticipate the EPA stand-
i

ston would fcree the C0mmission to ter- ord to show that I do nct suppcri eforts ards. the NRC properif decided to go

Ele mt mte an agreement State uran um =dl to rtalay =ple=entataan of tue L!lliT.ul- auesd anr. promulgate its anal rarula- ,

!! censing programs after November S. 1:gs Act, t ocs. Ncce of the testi=ocy taken by

1331-the present deadline for amended The 11111 TaiHngs Act has two pur- the EPA standa-ds. Then $32117 issued,
agreements, poses. First, it establistes s remedial ac- wr,ald sigmacantly alter the NRC r-ra-,

Str. President. I believe that the tion program to cienn us aver 25 :n1Hica laucas. If EP A is stul unsole to issue its

'Id changes made to the House provisten tons of tailings ct tTo dozen asandoned stancbrds, the proper solution is not to
fully address the NRC concer is. Specia- uranium = dis in seve.21 Western States disrupt the entre Federni regulatory
cany, the provtsion in the bin makes it and Pennsylvan:2. Se afected States progra:n by suspending the NRC's au-
efear that NRC retains tue authenty to and the Federal Government wil! share thent7 under the iflu Tainngs Act, but,

regulate mdl talhngs in tue ma .ner and the ;3st of the cleanup pro: ram. cur- rather to discharge the EPA from fur-

B', to the extent pere.ud prior to the adop- rently estimated at around $405 mmion. ther resucns:b111ty under the act. Indeed,
tion of the NRC 3 tehnical regulacoc.s. Second. and just as !=pcriant, the given the ae"*'"trauen's apparent in-
and that ame-mena, States may conusue act provides a new Federal progrs=2 for tent to dismantie the agency enrougn

,3 to re;ulate uranium mtHs dunng the regulatist :nanagement and disposal of unprecedented budget cuts over the next
pertu.iin which NRC's tecaet require- uranium tainngs to protect public health fev years. it seema highly unlikely that
tnents are suspended. and safety from the radiologics! and EPA win issue its standards soon.I (s,

The Commission his also !nd!c3ted nonradiological hasards of these *gs. Finally it has been argued that the

that the House proviston mt:ht lesd to M part of tius regulatory scue=e. the NRC has not given agreement States
I' renewed 311gation on the queston of the NRC has prc=ulgated health and safety the Mexibihty provided under the Stul,-

fuel cycle menith cfects of mcon in sc=e standards. The four States that have re- TalHngs Act to adoDC standards "equ:vs.

8'', individus1 reactor license proceed. cgs. cetted authority, delegated from the lent. to the extent practicable'* to the
On further study, however, it appears NRC through tae agreement States pro- NRC's anal regulations. If i= deed this
that the NRC's Atomic Safety and Li- grs=. to regulate uranium nuvigs is tte case, then it is more apprognate

'q censing Appeal Board has also calculated with their bound:nes must adops, by for authori=ng legislation to make c! care

j radon source terms assuming that the Nove=ber S.1331, standards "which are that the NRC should gtve agree =ent
NRC techntent recutrements do not take equivalent, to the extent pract:cacle. or States the dex:bthey pro-1ded under the

I" efect. Including these radon source terms more str:n=ent than" the NRC's stand- An.1 Tallings Act to adopt standards that
in the on:cing NRC proceedings to de* ards. The NRC wdl cont =ue to regulate deviate from the NRC's anal rec:Istions.
termine the health elects of radon should directly urante=1 =11: tadings in tacse It is h!ghly inappropr: ate however, to
mimtre the potential for future casrup. States that do not paruc:pate in the u:e an a:oroprtatiens bdl to suspend the

,

tion of these recctor license proceedings. agreement States program. entire NRC mtU tadings reg':! anon pro-

Ir" Str. President. the provision in the bdl *he 1:111 Tadings Ar.t. in essence, es- gram. particularly for those acreement
would simply preserve the sittauon in tab! shed a uniform system for protect. States that have already adocted their

~ eSect prior to the c0ective date of the 1:g the puenc from the dangers of urs- own standards tlc 4 on the NRC regula.

L NRC regulacons, thereby anowi=g ::=o nium muling and tte resuinns *" ss. t!Ons.
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air. !Wident. I strongly object to the of EPA standards. Unde * section 275 cf cladinz Colorsdo. Texas, and New afex.
19 parent attempt at end.rucung the the Atomic Enercy Act, f ?A must is.iue aco-wail be unable to meet this date."

authori:suon process to daruct the the 1:.andards, not NRC. i.PA has not yet Termo. stion of these State progrs=s will
urnmum mall t:111nc1 r*gulation pro. 1ssued standards. NRC erred in inu=g cause totally unnecessaty rerJJatory con.
gram. Uranium min tsthngs pose a A13 s .ndards and more detailed res.uire. fusic 1 and will ce an unwarranted blow
niScans ha:ard to pticue health and ments in sdy:nce of EPNs sta-dstds. to Feder21. State ecoberation in the reg.

~
safety. ney Contain 35 percent of the NRC's sc::ca is not only contrary to the uint:en of atcmic energy as orovided in
original r2do1ct1Vity ol the ur3nium ore. statute but 315 o sub;cets sqrcement section ".74 of the Atorr.!C Ener:Ty Act.
Moreover. 2ccord;ng to the UJ5. Ceclogi. States and regulated industry to shaf ting ne suspen.i.Jn language, as mod:ded by*

cal Survey: and cenaictmg re;uistory requirements. the Ancrept:stions Committee. makes

winablown tautwa frem tnac*1w. un. NRC's ursruum mill heersmg ragtre. clear that Congress did not inmid any
I. stanutzec pues in toe Wester *a states are ments will te extremely egensive. SOC autcrnntic term =2 tion of a p?c=e=t
I responmese for metations cose rares greater estimates that they tull cost the dcmestic State progrs=s en Nove=cer 8. Because
i. than :s mu11rees per your at castances up to industry $1 balllen or more. Industry te. cf this im:ninent date. it is essential that

one mue from tne pile. 11 eves that the cost is far grester. Store. we act t==ediately to suspend NRC's

J ;I-.
his dose rate equals the rate EPA over. NRC has itciestad to COE that it ura:Aum mill I!censtng rettuarements. I

permits per persor 8? h year fcr the en. intends to apply its reralations to inac. tuelefere suppcrt the Apprepnatiocs et'!
tire nuc%r fuel citia tive sites for which DOE is respoitstole. as reported Dy the comm2ttee or. tuta

Attercts to disrupt the urantum mg1 DCE estimates that comparable require- subject.
tm.itings regulation program. or to r*!ax ments i= osed on inactive sites wt11 cost er m e'DMENT NO. set

r the restrictions on manag:ng and discos. the tax;ayer almost 5500.000.C00. even air. PRYCR. WUI the Senatcr from
ing of mill tatlings, places the pub!!c before :ndat:on. The burden to the tax- Cregen yteld tb me?'

'
health and safety at cont =ued nsx. payer will be far more tf the standards Lit. HAT!" N Dces the Senator wish

'
We should reali:e that it is tiot -he ad. are r3ched to other sites for Thich DCE to offer an amend =ent?

ditional cost of properly contros!! g mill ts responsible or to that porth;n of the air. PRYOR. I say to the d!: ting =sted
- tallings that has cr*2ted the allancial tallings 25 active sites which was pro- foor =snsger. Sir. Prc::: dent. I should

problems the urantu=t inct;stry now duced under Government contract. like to ast "-aa"~ms con =ent to = ke
' faces. Rather. these Snancial difilculties This is a tremendous cost fcr tax. s correction to an 1=e'id=ent that Sep

result from pure econo = c--frem the payers and domestic industry to 'etr. ator BUMFY1ts and Iintroduced yesterd3)
decreased demand for tiramum to fuel This is espec:any true in vtew of the iset tM the Senator frem Oref:n and the

f '' commeretal power resctors. which in that NRC ad=:ts that there is no evt. Umatcr frem Louis:2na so grac:cusly sc.
/ turn stems from a deeressed de=2nd fer desce that establisnes that ecosure to cepted. It is a cue-word correctics. Oct'j nuclear. generated e!ectncity. r2 don at low levels associated with tail. an ame=d=ent.

Efr. President. this prov:sinn dces not i=gs is hs:srdcus and the fact that Mr. EAT.C. Str. P-esident. Te
foreclose further debnte on the Federal NRC's esti= ate for the average typo. have discus:ed tt:s =stter. I yie!d to the

G program for reeulating uranium r:111 thetical nst under the unear sonthrest. Senator to desente it. It is ;er ectly
Nif ngs. I hope the full Senate will care. old model from ta211c;s is only 1 in satisfactory to t2:e ~~a ers of the bt:1.

[s; ft:lly review this issue, when it comes up 70.000.000. air. PRYOR. Mr. Pres: dent. this
sgain in the nent few Te*Ks as par * of Incident 3Uy. '. tis nsk. even if it oC. 2=endment b* M *r relates to the
Senate consider % tion of tte NRC Au. curs. !s eculvalent cnly to the n:k from Cuachita River cartgation project. UP
thort:stion Act Lr S cal years 1382 and 2. few pufs en a c2:2rette. a few dnngs a=*~" e=t 581. accepted by the Senate

"', 1383 (S.10U. Ttst is the only proper of wtne. or driving the fa=:!y car 2 few yesterdsy afternoon. I ask unaa"~ousi
forum for debating sn issue that em;d ticcis. And NRC re; resents that t?ns re. cente=t that one word te changed from
seriously afect the health and safety of mote nst is for three ti=es the cu=cers " author::2 tion" to "2;;ropriaticts" in

'
people llvimt in many States throustout of =ulls Pew tn et:tence even if the ts:1 the a=c dment. I understand both sides
the Nation.e - ings from aH those =:11s are totally un. of the afsle are in agree =ent with tte

W. DOLIENICI. Mr. P*estdent. NRC's rect!atet It Is dif".Mult to eclam to un. amend =cet.'

IJ *:rsntum m2H !!cen;mg require =ents e=;1oyed uramum =: ers way c u:. re. "he PRESICOTO CFI"CZR. Is there
have been roundly entic::ed by Govern. =ote and h1;ottetical risk warr23:s obmtion? Without cbjection. it is so
ment agencies and by respons:ble repre. these tre=endous costs. And there are a crdered.

I sentattves of the urantum :ndustry. The lot of unemployed uramum miners. Half So the ame=dme:S (UP No. $31) reads
J,I Cepartment of Erergy has scec g;;117 the u.2m=n =:ncrs in Wyc*"% Cclo. as fonow3:

declined to support the 2 pteo curte per rado. and New Mexico are alresdy out of er aurynwr:re ra

meter squared per second radon ernac2 worit. New c!csings and cutbacks are (Purpose: To proetde that no funds may be
tion standard vruct is a key element of being announced on an almost weetly used to construct ch.unet resug=mesty

NRC's rect 12tions. DOE has stated: bas:s. wort on the cuacatta and 3:aca Riversi

II Beesume rudon etspersten from unstabt!. The provtsion adested by the Approp. cangstion project until a restudy is
d tred pues does not produce mensurmelo er. riations C0==1ttee Ls respons1ve to these ~*E*8"

fects ewn at snors distances from their concer"J. It has the efect of suspending Cn page a fouowing 11.$ :s add tte fot.
, wing new section:aboundartes. we cannot suppart tte prensed the NRC rert.!sticcs until EPA issues

G rpC1/mJ.eee tsdon Sux su ndsed, wates *.s ot interfere 1Mtt
di appwated in thison

s,tandards. It does n,ste ursmum milis Act may be used to constr=ct marmet re.
. cery close to or tower than bacsground Ln JRC's ability to re m sti n: cent worm on the cuacasta and stacJc~1 many puts of tha nscon.

33 it did pncr to the ac Jct en of the reg. alvers navtesuos protect in Arnnm sed
The Ne"7 Sfexico Enitronmental I.n. utstions. In far*. 211 ; rob!erv: raised by I.au.saana unut suca u=e sa the chiar of

provement Otytston has explatned that NRC wita rescen to the 2=e=dmerc aste Engin rs has ecmoteted a restudy or the~.,

if NRC's r2 don limit is " based on ht:aly bean e2refully cons 2dered s=d addressed esitc.as >puona for =artcsuen above cros.
| Uncertam ar:d speculative estimates of by tte Serate Approcnac!cns Cc==1ttee. 5* *3- * '""a inetuc1=g tae two targe

samat conSguracon. was a nw towmshealta efects and on unfounced as. as indicated in the detailed discussion
N$ s**hus" red o bu

'sumptions that adverse health efects of the ec== t* e's versten of the 2=end.
rn14tt oCC'Jr in Certain hypottettcal ment in the cor"=tttee's repCrt. study slaould be reported to the respective. .) 12tust: ens. Soma =27 ask why the sus;ensten accreertattoes com.=1ttees of botn nouses

Strnilarly, the New Metteo Enytron. should be included in this bi!!. Tr.e f2ct is et tse concess for renew. and saould sc.*

J mental Improvement Board, af ter taring that NRC has =dicated that it intends to curstety receet tse ecocemte and envirca.
Q2 tens 2Te testimony and put!!c etm trent au State reralstory prem per. := ental tradeces of prona:.ng grester than f
:nents, found ttst NRC's ''standarcs tatning to uranium =tu *"""cs as auto. two-barts songsuon.g

; are urrupported, unreasonable. anrt mat:cally ter=msted on November 8. vp aurwnwtwrwo. sos

y imerscticable." 1081. unless the States adopt regn!stio s Mr. CC'.fENICI. Mr. President. I have
NRC's uranium m!H I! censing requir=. patterned on NRC's standards and re. a tect tent a=endment with reference i

ments are treublesome for an lade:end. quirements Dcfere ttst date. to the Nuclesr Regn!atcry Cca"*cn
q eut resson: They were issued in advance It now appears that = cst States-tn. :.anguage in this 01:1. It A ges two

;
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Notuber 5,1981 CONGRESSIONAL RECORD-SENATE $13933
-- words in the a:ne=d=cnt whic 2 are !=2 ne PRESCUtG OFI'ICEIt. The Str. CANNCN. I thanic the Senatcr.proper. I have enecred with me aoor amend =ent will be stated. It :s my u=ders:and=g fic= read q

manager 2nd the mmo.ity =ansger. : d ne b:11 ciert read as fo110ws: the committee's report on the pend =g
they are wtInng to accept it. I send the ne senacer from cutanoma sur. scarm legislation that s .; =:111on was included
amendment to the dess. presoses an tsprinted amenen:ent sum. in the cc==tttee amendment fer the- The PRESCING CmCE*t. 00 the cared s33. two re====g geother=:1 caer:ry pres.
=anagers cf the bin set aside the ec=* Str. ECREN. Lit. President. I asic ects under the Ce: rt=ect of Energy's
:mttee amendment for the pur;cce of um cus c0:sent that reading of the usu-coupW cc:annanon d :111:g ;ro.
consider:ng ce amend =ent of "to Sen. amendment te dispensed mth. p2m.
ator from New Metteo? ne PRESCING CFFICER. Withoug fr. HA~FM The Senator is ccr.T' ' Lir. JCRNSTON.lasku m."-nus cen* cbjection. It La so cr:ered. M Some WJ =1H!cs was included inI sent thst that be done. Oc amend =ent :s as f0 Hows: var a=endment for reservoir cerya.

- The PRESCCiG CmCER. Without ca page 17. tine :3. des er wita ap- 2n Ming m for me anal two user. *

ohicction.1% !s so Crdered. propriations* str te all that fottows througn Cou;lCd projects-4 space herting and
The amend =ent wul be:tated. -Pro |ect on page 18. line 7. and insert :n coon:g project in Re=o. Nev, and an al.I' The btu ciert read as follows; !!au enemot tae tonowing: conal fuel plant at Vale Hot Spri &s 1:2

I ne senator trom new wre, atr. no. ~^oproorau=> in ci, une saan e. Cregen.
wrmes: proposee an unprintea amendment stauanle for acquistuon et :ans f:e tne Me* Str. CANNCN. Cca!d. the Senator ex.

s

C"as tana'Enaum's for ts'e cam. me'18'd01313. for te beneat of our cullecanes.
C#' Prol *t- Ckl #028; Sf0summered sm

II' c andors pace 24.11ces 11 and 12. strize - e.

i.nstate NRC" and insert in lieu taereof any other autaart:va permanent featuns ho.w the user.ccu;1ed progrs= " torts?,g^ ~ ^ ,7 ^773 Py gn'd t'
''4"'o" viced furtter. tant" A*

I'* "' * ""#
'''m e'ra"l h-m"inerais):eurdse ant''. 8

pr w
Sir. DCh!Em"'I. Str. President. 21s and sussurface interesta saa:1 bo cinq ne use*. coupled con r:iation dnII!:g"

amendment would make a tee::= cal cor. y sumarcination :n ste cor. servat:od poet pregr== is an 1:novatre ;:ti!c. private

I-
rect: ort to the provutsn now 1 the bin ma of tse nser r. natural scense ncna. sec!0r cooperative eScrt. It was starudto redect that any ac.cn by NRC to a.s. .uon ans and tse wuame =anagement ana by the CCE to encourage gec:her=al de.
sert regulatcry auc:ority over ur ium '* '"'" * *****' ** ** "" ' "* P'"*"8 YelC;ers to si:2 weH3 1:00 ;rc=tsl:3
mi;is and =d!tallings in a State that MNthe r$t o'e$pto$ gaother*.sl aress in order to verify the

,. " '

aehas acted to esercise regulatory auther*
ity over thea activities under State law =:nerais unser restncuona required to pro. E#'*'UC' CI 'CCUCCIC2N7 *CN2Dl'I"-

tect the project: praetcea fursuer. taas onar geother=al resources for nocelectr: cal
would be & =ew exeretse of authonty the surface estate to acquirea for any ottar 1;;lICat!C 3.
rather ihm a ret: state =e:S of any pre. lanas required ter tse McGee crees Project.- To cbtain 5: ding.a geother. al devel.vtous autacrity exc cised by the Co=- 3g,. SCREN. lir. Preside =t. tMs b a per must cc duct appro;rtito ex;lors-rtssion. nus, the arndment st= ply .

. tien activities and pay for d tuing the
3,.cccetrevers:a1 tec* * M amendme,g,Thich I understand Naa *:een cM * ccr r=atica wells. Once completed 2.dI rtrtdes the core. ter==cic;y to =2ke+

it Qsr thit NRC will rce assert any reg. se.d e 3 are 23 succM1 as
with the =ajonty and tae =:nority'!as.tlatory authonty om urantus = dis

-ly ciardes 1:t capated. DCE wtH ret =bitise tM de-
ne a=end=ent s =N amendment to| and militagings in a State that has

;32g,13 3, cono.mt o;erfo d purentcf a d:W and
I elected to exere:se regulatory authent7

over uranium mins and =:lltadings dur* =ake it clest that the =1:er21 develop. asgted costs.I!e
-e wens sre !ess man a co=;!ete1:g the pertod in which the NRC regitta* ment wt11 ;rcued in a =2 er that we.l success. the Federal cocunit=ent in.also protect the w1:d e,,

area as wed as ce b"*e manage =5 .#resses on a silding scale. Se n.ax:=u=
L, cons are suspended. During th:2 period.

evauonthe State's authortty under State law to e c2 e: .but:cn for a umny &g

and the wtIde$2te the ~eral *U
ess ares. De ~ essure

II-
regulate these scur: ties wt3 remain in "# '33 I E*C8 *8D""3*I35 N E'#'woul.d subercieffect and tfie State w S not be required tere ts

would ancy s e. cent in the past., .. ses. n. to adopt recutre=ents compar2ble to the ' ' s e ,, p# ~, L r. CANNCN. The Se:stor said that,

L. C** .,, ,,,t[us
suspended NRC requiations :n order to "o * = "#' ' CC *

and dev,at"%, , :itment was 30 ::ercent cf the costs asso-
ccontinue to exercue enu authenty.

| Str. H.L : 2 D. S!r. Prestec t this is .~* ",ge
"-"*

e Omens :en of ,f c:isted with a completely unsuccessful
ds ,-"""

a tech: cal amendment. It has be*n ' **# # **/ e

BJ
project. Oces de present legtsir.a3C3 CI ~ 8 "# 33-

checked by the stad. and we have no *iir. "HAa u.a.'.D. 'ir. President, the change that u.J.ncer 11=ut?
.

object:cn to it. 3rf, g37; .I.D. It would u: der cer-ne PRESIDING CFFICE t. ne ques. Senator has stated the situ 2uen conect- ;3:3 c re.3=3:2ng,3, 3,c3 3, eg egne7t!on is en ag ee::: to the amend =ent. ly. We have checked this. 2nd it is a Iccal
=atter relating to the S* te of Ckla* pressmg budgetory ::r:cnties. the total

I[F'
- ne amendment a CP No. 592) was a

Federal contnbution for the two re=22n-agreed to. homa. e a;; roach me Senatcr has ing projects is limited to $2.7 =1tlien.d Str. DCSIENICI. Str. President. I move made in this amend =ent is satisfactory. Dat = cans that the maximu= av211arie
to reconsteer the tete by which the W. JCHNSTCN. W. Pmids we ars
amendment was 3: reed to. wuling to sece;t the amend =ent. for eiber pretect. in the un1!kely situs-

Con where both fad. would be 2;;rox!-fI Str. HAM I =cve to lay that ne PRESIDINO CFFIC ne =2tely 73 percent. In other situnicns.

5Le
. motion on the tstle. quescen is on agreeing to the a=end- the u;;er bound would still be :et at

ne =ran *o lay ott the table was =CC- 90 percent,
agreed to. De amendment (UP No. 593) was I saculd emphast:e. however. that te

f
*'.. ifr. DCitENICI. I thank the distin- E erg 7 De;2rtment has carefuny li=tted

guished manacm of me bil! # NA--ew ,-
- 8:t *,0078

5tr. HA .<u.I.D. Str. Prd: dent. I te- to reects':c'e'r"'me vote 57 which ce :srt'.ctostien in the preg tm to expe-I"t :enced ecm:2=es with p.cmising ;*o-'

lleve we have one more amendment. to a.mmns was and c. Icgic sites. The *.n21 Federa. expenditure
be of*ered by the Senator fro = Ckla- 2 BCRm I =cre m lay M =o- for thece two pro ects shou!d be slot less.

hoc 1. tion on the table. than de $2.7 mt111on a= cunt.! the We wasSe PRESIDING CFFICE t Does the Afr. CANNCN. I te!! eve 22: the user-

Ij a
Senatcr ask unani: otts consent to set ecupied pro: ram is a good way to sv::u-
aside the pending amend =eng? emocu commmew camo late the direct. hest utui:2nca cf 'eo-

Str. JCHNSTCN. I a.x n-emous ther-::1 r*swees vtm a :nni=21 a-r7 consent. * Sir. CANNCN. Str. President. I wc - penditure of y*de- 1 funds.
ne " ## * ** ** * **'

"

objectio'd ESIDINO C"*C'''t. ''V!the t cf t e tin would 7: eld f'or a quest:cn ater. 'I :ock fcrwa'rd to scetn; the ad-IU
.

t ts so orderQ -
ortvo." '"""Y ' A s es =101stration =cve ahead premptly with

97. HAa u.Q. I am ha;;7 to 7teld the remaining two projects.*
Str. DCRCf. Str. P eside=t I send an to =v good friend. the se uor Senator Str. N!cCI.GO. Str. P-es: dent. I Tas

m

amendment to the dest. from Nevada. pleased to Octe ce .nclusica en page 70
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CONGRESSIONAL RECORD--ENATE
Notemher 5,1981

S12094
The PRESIDING OFFICER. Is there -r

will the Sent. tor from Crezca tives felt was more worthwhile than an a suf.cient second? Cere is a su:*c:er.tf' 6ent, addJtional $50.000 for cone.rucucn as re-
\ yield? Quested by the administrat:on. A study second.

Mr. HATFIT' D. I 7! eld. w!uch dces not do violence to the orninal
The yens and nays were ordered. I

Mr. HARRY P. BYRD. JR. As I under. The PRESIDUiG CTFICER. ne bC ,'
stand it, the bill t.s at now suna La sp. bud::et request.Mr. Presdent. I =ske these points be. having been read the thirc time. the
proximatcir $700 mdlion- cause I want to encourage the Senate quesnon is. Shall it pass? On this ques-

;
'

Mr. HATI ELD. Mr. President. may centerees to ccept the House f.gure in tion the yess and nays have been or-
we have order, so that I can hear the conference.The conierees a % ! ace rnin7. dered. and the c!eric will call the roll.The assistant legislative ciera csued

The PREEING OFFICEH no Sen. more di:hcult. and much more costlySenator?-

issues unen they reach the conference the rell.t
i OM wul be tn order. with the House. I would hcDe that ther Mr. BAC I announce that the

Mr. HARRY P. BYLD. JR. As Iunder. wul see the:r way clear to accept this Senator from New Yort dir. D'AMAros.
relattrely minor item and restore s the Senator from Artzena (Mr. Got.o.stand it. the bin is tt now stands is ap.

warta) and the Senator from Ctah cit.proximately $700 miluon over the Prest. badly needed study that was consciously'- Gent's request. funded. in a responsible manner, by the HArcui are necessardy absent.
Mr. HATFIEI.D. The precise fL-ure is I also announce that the Senator from

House.
$832 md!!on over the President's re suestt mommvmmeamw Alaska Gir. Srtvexs) is absent due to
$309 million of that is the amendment * Mr. SCIIMITT. Mr. President, this bin death in the fam:17.I further announce that. if present and

-, cdopted by the Senate, by a vote. ne contains languste wtuca I soon.sorea bar. voting. the Senator from New Yorr. Otr.
other was that adopted by the commut. ftng NRC from impirmenunpts urnmust D'AMArol would vote "ye2."I tee. mul 11 censing requirements unul EPA Mr. CRANSTON. I announce that the

( Mr. HARRY P. BYUD. JR. So that the issues perunent standards. hts lan:uage Senator frons Nevada f Mr. Cn: rom, the
total exceeds 5600 m1Hlort. is well-explained in the conference re. Senator frem New Yorz Gir. MOrNT*Mr. HATFEI.D. It is 3332 m1Hlon. Dort. One point, however, merits some HAN) the Senator {fom New Jer.,gy (Mg,'

'Jr. HARRY P. BYRD. JR. I t'unk the amp!M* Mon. Because of the necessary Estet.zT) are necessardy absent.Senator. delays between dnsi passage of this bdl. I further announce that.t! :: resent andMr. DCI.D. Mr. President. I rtst today the House-denate canterence and signs. vocat. the Senator from Nevada (Mr.
In support of the committee's recom. ture by the President. It is uni:2ely that
mendations for energy and water appro. CmNoN) would vote "yes."

f" priations in f. scal year 1382. This but the Novemcer 8 descline wd1 be met. De PRESIDING OFFICER (Mr.
Advocates of neadless and minnless S ecrtal. Are there any other Senators

does an excellent job of allocating our regulanon should not take advantage of in the Chamber wishing to votet
scarce Faderal resources and I applaud the necessar7 delay to thwart the wul of te result was announ& yens 7I.

-

-

the members of the committee for the
maar d1F.cun,dectstons they mace to re. Congress. Amenced agreement.s wd1 nothave been entered by New Mexico. Colo.nays 22. as follows:

.

duce Federst spending. rado. Tezns, and several other uramu:n. taodcan vote No. 3eo fag.g !
^

,

Mr. President. it is not my fntent to yns7g '
attempt to alter the numbers in the Sen, producmg States by Noumber 3.The Senate does not wtsh the NRC to

'
Abanoe otana trurtowiat
wme cema Nunaata bul. I do. however, want to express resssert jurisdicucn on Noncher t uis

my concern that an unintsnuon21inJus= not only wul disrupt State regulatory g g agoty ,

i
I tice may occur as a result of eferts DF smc=== n2=9'r * **=* of me=2- ac - mm. mc !

bom Houses to reeuce spend 1=e ed sp- State coopenncu enmed under sec- nosenints maam cuane
-

Be Haars hmoa
propriate money in a resoonsible man. tion 274 of the Atomic Energy Act, and
ner. Spec 1*c2117 I am reft g to the muse unwarranted Matory confusion. Q,fW gg,, g,m,,,
SSP.000 accroprtated in . U IIouse. 18 2 30 U CCCCMf7 CO 8 13183% Of m Huaciestom w .us,

cccrasa Inoure sessan
j 02&1 version of H.R. 4144 fer rtude at Congrest Cohen Jac ts=3 spector

the El Dorado Reservoir in El Dorado. Neither the MH1 Tallings Act nor its cmuten Jessam stacors

Kans an accrocriatica which is nct in- tr2''.stuon21 ptovisions conier authority wcrts .on=stos stec:us '

neo-netna n.mosuem srm.ms
cluded in the Senate bill. on NRC to automauc2117 ter==ste all or Dectc s m es nurmand-3

I do not believe that it was anvene's any part of a discontinuance agree =ent. CC" Iann Tome

) intention to e1Lminate funding for th:s A d.scontu-nmce agreement may only be
.

%d!v needed study of alternauve access terminated s.s provided under section $,,1eg $"a NY
routes to the reservoir. The sporopr:2* 274W of the Atot=Io Energy Act. Durenrereur 1.ucsr wsmse

EA85 Mawm w ucaer
'fou included in the House bill was That section provides that NRC may DOS NC1T F*N i,'

terminste an agreement only upon re. ""*"
account for the El Dorado Reservoir b7 quest of the Governor of the State or Ea7a Ne*,r*| achjeved by reducing the construction .

1
.i $50.000 and transferring those funds to after reasonable notice and an opportn- " '

# **a general invesugation account for study mt7 !cr a hearing. Y' *#
*7 at the El Dorado Reservoir. In so dotnr. De language acceted by the Appro* e 2[ * s $ arer PN

the House did not exceed the President's ort 2 cons Com=1ttee and now the full
at '

umnpers Kennect Franstre
1.1 budget request for the El Corado Reser* Senate and the comparable House prohl- UFrs. I#say Riece

I5ctr as a whole..The tnnsfer of funds bition rem tais intent and thus pre. ni[ ~ NIn''z.amawas, la my m!nd, a very responsible ac* vents NRC from unnecessaruy te.mt.
(,i t!an on the part of the other body, satis- ing valid sad successful State reguistory acuna

susc=ma
'myr vorcro-.7

' fytng the concerns of the area's residents crotrams.e
Mr. HAN Mr. President. I know s mnev ootawatae stavans

.

and the ahnistngCA. Esten 4

of no other amendments. Derefore. I camanDh* WY""""^ )Unfortunately. the Appropr!sttons
Committee in the Senate correctiv noted request third '.*2dmg.

Mr. COMCWI. Mr. President. I have
So the bill (H.R. 4144b as amended, i

that the $50.000 soprcortsuon for study no amend =ents. but will the Senator was passed.
n

: was not requested bv the administratton
(; and consequently deleted at Irom the bt1 yteld 00 seconds? Mr.HATFIELD Mr. President.Imove

Mr. IIATFIELD. I yteld. to reconsider the vote by which this bul
In almost au instances. I would support The PRESIDING OF"tCER. The ques- was ph |that action. Ilowever. In this case, the tion is on the en;;ossmat of the amend- Mr. HAY.NNA. I move to lay thatg'
deleted approortat on w3.s actucved by ments and the th:rd reading of the bill. =totion ca the table. (-

an earlier reduction in a companien ac. De ausnd=ents were ordered to te 'he motion to !ay on the table was !g count by the House. engrossed and tas bill to be read a third |Dy acceptine the administration's rero agreed to.
time.approortation we have in this btll ettml. The bi!! was resd the third time. Mr. HA*1" FIELD. Mr. President. I move

nated a very valuable study. A study that Mr. HATFM. Mr. President. I ash that the Senate insist on its amend =ents
|

r'

the residents of the ares. the Corps of and request a conference with the House ,

Engineers and the House of Representa- for the yens and ays,_

r
*

m
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Try tertiary- kContinu,e front acge ss =as c onnceie of stat ocs mat ,uncuena ca.

I roast beao, ecien breastus smo =ty c=aom n'ena fmnut**"** *"*

Butuldiethan0iamine. eper person. includin; tax and gratui, caen acre. P-sosty used, stansucs can re scr y
ties. T:ckets and further =ictmation a "Yoce"'8 to '#* "''"t eat to econ cate= 7;

- ' are Ovallable fr0m E.Neen 3ellley at em ocsened cata N msucs can me- ;
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AN..W Washington. D C. 20036. Make 2 2 2 2 =checks payable to AC,3. (1935h see aiso Mickey. A. J., and ccaleaq:.es.
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same table wtth friends should send q ---

ticket orders together or provice , con,%.ausuem =are = m., in an eo. N
Ii'

, c
1J names of those to oc seated together.

,oem, g,cas s:ue recuires semng form test- :-
,o,e an mauve 'uncuans (bioo icas e o.-'

Table cracity is 10. C
g , Ecnemica0 nyootn.ses for expenments conte. CH -C-CH =

'

menon er re,ecoon. Some ocouar causas e==ts 3 3 2I|, Leiters * * * * " * * * * * " " " " ~ ' " " ' * " *
s =~subiecuve judgment. we aateganons :nat tne-

\concrued' mmc *9*'
r=ones emn na r,een moeauaiety " retained." -

An exanoeof an <es w m CH, _

5 cI
=for we=:n fmenonas causamy nas :een cem-1'

u.S. interagency Iozic Suostances Casa Com- =
.instrated invotved numan occucanonas esco-'

.rmee irtSoCt and at meeungs of a Csm and 1-
st,e to cwta, crocromemy, ee-s. camcuia"r Another new =Pwine Lassan Secorrrnrcess. To scooe out me cistcruaromethy0 etner (Figueroa. W. G., Aaa.

comote try of ta= associated we eenefyeg =
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y, se, son. N., '"nnalanon Carcinogen cny of I-f '. ic:ettes 'or Expent ental Bloegy *.o escussI't Alona Mac Emers. !1. Ufetime and Lvited Pe- E* proc * ems associaae wrm estaoinneg me cuauty ned innata9en Sttases we SistChiaromethy0 in synthesis of industnal and
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of crmrmcal and moeogicas cata we me CS:N Emer at 0.1 PDM." Arch. hvron. healm 30,73 pnarmaceut: cal com0cuncs. it is a -Secorrymtteen A saminar d*""en La panned (1975)\ demonstrated mat btsichlorometnyi)
for ne next ITSOC rneennq m Cctooer Versatile S0urce Cf DCth hydrCXyla

etner !s n fact a racacty actng care: regen tnat

I .i
Even mese prenmmary of* arts nave made it and amine groucs. T' can anxe lung cancer. In :nis case, requiatory 2accarent met idemtfyeg me quaiity of cata is a accan aooarentry was warramed. Hnwever, It has also proved usefulin ='rrie<onstmng. casuy. and como.ex coernoon. mere are cw4oons of t.,c:aar, oose o. and these acclicatices; ""----nrougn its evervene'' on issues .--.v, unaroven ecosoq=s.
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is no eveence mat me vast maienty of tumort alpha.defin cocolymeraqq me use or ensung "mecnanisms of re-

' . _ , _v=w." as wed as emuryng :ne rieed tw new er (cancers 71 are rotated to offuse e wmical solutfcM. =
,..s% reaiew acuvmes and, as ao- .

ponunon n me amoinnt erwonment. * *Ns * improving compatibility and,,
Iproertate. seenmg tne acvice of owners of m-

If';. 4 me same ern of fact encototered t'y an A. solubility of polyester and =,
formauon resources ectn irgtne puosic and M. Tocni.svar c his :etter (C&EN. Feo. 23. : age 4k alkyd resins.
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'hrougn joint or enneranvegefforts of many 22. save 4). Cmer stucies also nave recor ed e co-curing agent for epoxy C

=(t evvnunstws- \ stausucasty sa;nificant. mururegional ecoemi- resin s.

5 )L!
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sources. Pollucan & Sac:ety " W. W. Wroocn'
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lett.srs in 1945 with the dietary antibiouc surna.
1980), which documents information tation of .nimal growth; the generai

.

c.filities, architect-engineers, and other that allowed the prediction that results thesis of normesis was prcpesed in 1956
-

.2dvocates of more resctors who std) from ionizing radiation would both

I, '5'"8.'me nam- !>ormongms frcm the* I * *'''''r''ure##i '* ***'IIinsist they are a chesper buy than new conform to and confirm the thesis of C'" ^ ## " d #
amounts. 'A1969 lite st review iscoal plants, hormesis. availab!c in ' Antibiotics in Nutruion,"I Charles Komanod //ormesir, s term coined by Sout, ham

sind (*.hrlish in 1943, is the surnuladun p p. 179-321, in II. S. Guidberg ed.,

A ntihiuiks, Thcif Chc;, entry and Non.
Hormosis of any system by muhliarmful .aruuunts Medical uses (D. Vnn NuMrand Co.,

Unlike the rainbow, which can be of any agent. This was expressed as the
viewed from only one side, ioniz2ng 1888 Arndt Schultz 'aw and dropped Inc., PHnceton). In order to test the

.

radintion is harmful in largc doses, but from U.S. pharmacology texts in the late
validity of the thesis, the results of s,

series of experiments was piedited, l.
l'Hos. My perception of hormesis began '

appears to bc beneficist when adminis.
newd in ininute stom, tf rmlintion were
iound to tao essential, the usvh ur she
rainbow would resemble the complete , ' , ,*

dose rcsponse c1 rve for ionizing radis- m.
,, ,

L...tion, as it does for other essential ele.
ments of our environment: light, heat, *

, .

oxygen, water, cr nutrient. Too much
is harmful; too little leads to a defic- {

, , , , ,

.. . i. un
;

'
L**iency; only the optimum amount allows '* '

I
full development and health. I * **-*' * ' ~ 'a

Sagan (NN. Oct. 1931, pp. 80-82) .

* *7' \ tapparently prefers either the thresh- I
'

* ' Nhold or the no-threshhold concept of * ' .\_
~~

-

the dose response curve to rnresent
the etTects of low doses of ioW.ing - *. . . .a ,

'; - = o

tsdiation extrapolated from high do es - -
w

(Fig. I A) and chooses to ignore the Fig.1 A cett). Visecelastic ar atysis of the molecular weight of ONA taken from controlat 15: 233-237,1975). The cataparadoxically opposite data taken and irradiated 9 ice (Uhlennoo, E. L. Bloohysics Journal,
low doses (Fig.13). The following fit either a .nr-shold or a no-thresriold concept. Fg.1B (right). More complete
paragraph summarizes Chapter 2 of examination ct the cose-response curve of Fig.1 A snowed a distinct reversal of the
my wor k, Normesis with lonizing j

effect w9en nign and low cosas were used. .

Radiation (CRC Press, Boc: Raton,
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Vingar cels grew fastir (p = 0.00li)
~

in tha presence of each of four anti- '
e

-

biotics. 2. Five difTerent antibiotics great-
ly improved the survival of vine;ar ceis
subjected to severe heat stress (p = 0.01-I 0.001), sometimes 100 ;creent of the
treated eels survived while only 60 pct-
cent of the controls survived.This experi-

#p ment was performed with a spccics never.

I . before used experimentally .inti involves,j
a pununcter, I cne marc ==. whis h luul nuvcA

before been studicd with antibiotics. 3.
Antibiotics in bacterial medium :aused
superinduction of enzym: synthesis. 4.

I -

when 12 insectici?cs were fed individual-
Increased growth of crickets was noted

ly at different concentrations; the data
/ reached statistical signif.cance (p =

0.001) with 10 of these. 5. Chick growthI 7 was increased (p = 0.01I when euher

j |
germanium oxide or rutin was fed at
appropriate concentrations. 6. Bacterial
ve;;etation was incre. sed by re!stively

I growth increment nctt.d in mice exposed
tow doses of ionizing radiation. 7. The

to minute daily doses of x rays was-

g/ confirmed (p = 0.01). The suc:ess of

I [
these predictions, combined with the ex.

jj p tensive literature, was convmang evi-
dence that the hormesis thesis was valid
generally.

HAVE YOU discovered the cost of m decontaminating Hormesis with lonizin g Radiation
your re1Ctor systems? What 50es 1 mast rem red |y cost you?F .*'. des much evidence that low-ievel

HJrgh levels of radioactivity prevent economical iontz:ng radiation conforms to the
mainterunce 2nd repair work. thesis. Experiments with plants wereI most numerous, about sco references,

Applica .un of the CAN-DECON* dilute chemical with many showing statistical si;nifi-
decontamination process will save you man-rems, cance and excellent reproducibility-
minimizing radiation expcsure in an inexpensive way. experiments with c!cned straw-I 3esides being economical and proven, the CAN-DECON* [er.,ry plants by the group at Hannnver.

e

e

f The animal data are less extensive,process isjst, too. A typical decontamination takes 24
hours. Our total time on a reactor site, including about :co references were summar; zed.

Few investigators knew of the work ofI installation and remGval of equit. ment, is less than a week. others; there was litt:e systematic work:

Inc. we can'gh an association witi. Chem-Nuclear SystemsAnd throu and fragmented or little support was

offer a complete tumity decontaminaticn available. The frequency of the ob-
2ervice-including USte Sohdification, handling and served bendcial ac' ion of ionizing

I radistica for any physiologic parsmeter
disposal. measurev in a great diversity or phyla

We're staffed by experts 21 all areas of decontamination, must be considered when interest cen-
corrosion angineering and man-rem control. For the full ters upcn a singie species or fu,ncticn

5 I.ondon Nuclear decontam: nation story, ask us about our for wh;ch there is little or no objective
,

j-
evaluation and apph. ation pro}.ects in tne Unite. states, data--e.g., maa. sagan s question,

. c
about the e:Tects of low deses or ioniz.

-

Canada, Japan and Sweden.
And ask us about the red ccst of wt decontaminating. ing radiation shcuid be themghly

I examined with funds from bo, ;ublic

and private sources.
Results from published animal ex.

" e d """~ ~d i!!ittit a London *= dtst on is beneficist for growth
ing r:

.:-ti:: +;;;;;;;k 4I and deve!cpment, fecundi.y. resistance

.'::: C :':::::::::= Nuc ear ,o suesesuent harmfui ecss r=em.
.

- ::::: tilt.

:::::h!!:**:::] tien, resistance to infection, resistancee:*:~~ to canc=, induction. and ine,e=s d a cr.I ii!!!=iiiiiEii: Services age lifespan for a variety of species.
-::** F ' " - :': \Vithout usin g unusual numbers of
5 :::::::::: * f p{* animals, one should program sever:I

. .

'

", doses in the range of 10 to 1C00 timesuunuI .tmbient radiation. Realistic ex peri-
mental design might include the erTect

2 Bulfalo Asenue Niagara Fatts N.Y. t 4303 Te e:v!ane i716) 2a2-6912
*['[/N,It,$e72[,'f,[.*'ms'u 'd'a'".

d
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o e-mens
1,

g of ionizing radiation upon an.imals sub-;
; y . asm a sequently challenged with carcinogens
E

( $
j - | or bacteria. Different types of experi-[

- ments suggest the value of tow shnn of
iuniting radiation in delaying and/orimumme

~
- j j decreasing cancer induction. In 1915x a

I ' " ' " 0 Murphy and Morten (Journal of Q-R :
* 1f perimental Medicine, 22:2C0) excised

spontaneous tumors frorn mic: and
irradiated snimsis of one ;roup before.. --

P inserting each tumor into its original
, .

host. Tumor resorption occurred in 50
percent of the irradiated animals and

|;,,3;;;; 3.4 percent of the controls. Subsequent.

|~q' I .
l ly, fourfold fewer new s pontsncous'Air handlers, fans,

' ' . tumors were palpsted in the experi-"} E D; liquid chillers, ,-
~ ent an nas .an wm found b We#

..":+ unirrsdiated controls. Several reports-acka9ed air 00ncitioners,
-- g ; b

t"' l ,,- v.'t
] t-$; - | ~

fluid tr'ansfer units. L '[ indicate that methylcholanthrcne in.i

s

.
I. Cil punfiers, y;3 il t. duced tumors were delayed in appuar-k %'Nc',./p demineralizers,%g g%''

,

a,ce and/or were fewer in number inX4 ,,

I heati.':g units, ? ( irradisted mice than in controls. These.
' ' 4[ and epidemiologic studies on humans

-
heat exchanger systems, are included in my review titled " Phys-.

dehumidifiers, iologic BeneSts from Ionizing Radia-'

heat pumps, tion" (Hes/th Physics, in press).
test stands, ~ 5 17% A number of recent epidemictogic,

$ pressunzed dehydralCrs. . .i '- D/-)t'If,' between human cancer and cancer
3 studies sug;est a negative correhtson

h !

.

. F .y&---N. For 30 years (,..hp.- r "' .I deaths with ambient levels of ionizing
i s-
'

-

fh we have eng:neered . " D'
- / 'rU raciation. The investigators could iot/ t.'.',

b i " ' h. and manufactured .y 5 - f Snd vslid correlations to other environ-n

L '.'j j gi [y;, d. . . '.
h mental factors or social or economic. ..equipment to meet p, .Q I., status. Compatible with the correla-,. ,.

'3r. L the most sinngent . f. s-

]'l technical and y'..r ~

tions noted in both epidemiologic and..

experimental studies is the. suggestion
environmental that higher levels of ambient radiation
requirements, contribute positively to health.

,% Background ionizing radistion levels'' Y7 T ',', T,j ,,_li j could help to explain enigmas andA 125 ton,4 Circuit.. ?

Qgg frecn Cocling unit for p ,% ,h9
1- aaradoxes ,in epidemiology. ror exam-t,

. . .g S
. r p.;g.Mk pie, the high death rates in the e:tstern

.

a

Space Shuttle h1 g*r [gk[ f.i g ~ UQg
U.S. coasts! pisins correlate well with

t!._ E.nW ru "Columbin" | i |s.
r an onic une inn no (<na nn kom,

8,h been identified to explain "the enigma.
'. ig s Cne Cf Our 4 ,7 , g , Jg,4 [' ) of the Southeast." The average terres.

i

g,,,, ' I, p,",J.i[,Wy c-t. ,

,' . L$.N A. mcst recent * M / i1N- tris! ionizing radistion of the SoutheastW~f* gh '. $ k' 7'* accamplisnments. M coastal area is 23 mrem /yr, an amount
'

,
W- which is about one-half of the average

We effer a very tread for the United States and only about
engineenng capabildy one. fourth of that received in the Co|o.

to the pCwer plant rado plateau, where cancer deaths and

7C i. .g7g@l' death rates from chronic diseases areindustry, backed uo Pie 4
.

fower than the average for the country.. r. e .

} This negative correlation is particularlywith approved cuality p y,ag'
J. _ ._, .

assurance programs, WW a vajid for areas of the low, average, andD :i;; h j ,*~'7. 9 j ] qualificat:cn and j high terrestrial radiation compared

; 6 @h;Qyh IH'' I I with the desth rates for cardiovssculard ' f.' afM ' : I h. o cceraticnal testing, po . diseases for white males, 35-74 years'h N k h' h 'h I as well as CCmplete

b k P.cd. 9D ;' N hg]T W, help ene to understand th,Im(s M
age. on g radadondocumentation.

b Q< 'N! 'h' a ,
is emgma.P7,q " ,:H.s.

-

d p- t Another example is thea from the- 014M,dy ._f opposite end of the dosage spectrum,, , . . -

the " paradox of Kersla." The people ofa

' y 7 Kersia are reported to have the hig%t5-
.

i

/pf' ' f literacy rate and the best hes!!h st:tas.

bd '

5 in India; yet their expenditure on.

,? 4 health care is not appree:acly above -" ~ " " " " " "
,

T CMSICN CF CYNAMICS CCRFCRATICN CF AMERICA ave ste, and they h2*e the lowe:t food
!. tntake and the least adequate diets of
I' - P.O.SCX 44010 | C:NC:NNATI, CHIO 45244 | (513) 752.c000 people of all sutes of India. A partial
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,cxp' nation for this cradox. is that ments that were substantially lower in both endogenous and exogenous ioniz.
.

radisuon from the t.cusually high ionizing radiation than we presently ing radiation is substantial!y reduced.
radium and thorium in coastal and enjoy? We need to know. Viability was !f the results from such c.veriments

river rocks exposes many residents of poor in "radiction dc."cient" Artemia int.:cated that a radiation dtSciency i>
Kera!a to 10 times mt e terrestrial barley and algae (Acrospace Medicine produced, t'en radiation she !d be con-I radiation than the U.S. aurage. Similar. 35:524, 1964). Pioneering ex peri. sidered to be essential fer life. De d.na

!
ly, the health spas of Europe and ments of -!r.ncl and his sroup over the reviewed as radiation here esis would
3ra:il are fornd to be, and openiv ad- past decade (I AEA Report 134/17, then provide evidence inat mmt .anbi.

vnii e, high rndiametive arcus. Viemin, 197'n suggesi ilun lowen in g ens levels of ionkiny, nulina ... .u r ui.i The real meaning of data showing radiation below ambient levels reduccd optimal. If !aniang radi.aion me

l that ionizing radiation stimuistes phys- the rate of growth (reprodue: ion) in essential and if our :nvironments were
iologic functions or cc-r:lates with protozoa. Our laboratory has veriSed ddicient, as indicated by present in.
certain parameters of health can be. this result. Rigorous experiments must formation, then appropriate supple-
come evident only when the sub- be performed with human cell cultures, mentation would allow mankind to
ambient component of the dose.re- insect colonics. and a mammalian r:sch a new plateau of health,
sponse curve is denned. Might a species through se a.ral generations 7. D. M'y

.

dramatic dedciency develop ,in environ. mamtsined in an environment where Professor of 3iochemi si-
University of Mismon
Columbia Mo.-

M*.. . , .cg~.;* t , g 3 - W,b . . /.:< A'5pf:' n '. -rr q.,yG -fi f c '
l .. \. :? .3 s: j. p?- W.w - ir
g> - QMW[. ( -p un.: a-rc. ran .

.

1 ctH.7 4 ar L - - r u

_ rf 3 h. ~~d'h $$.N b M.h k. * My !:tter, " Hormesis," pub! 3hed in
Ncettaa News, Nov.,1931, p. IS, is

%- - - [h.; perhaps rather terse for so complexbn,$ hN h.$
[r,.k,.i.. $ . . $,y<.:., % p:4 el".J.v.

2N2' Q'm.MRbWl I h,d e..<.,.,M,r. it . .
'

.M. ' / .P. . gWe . and controversial a topic. Also, another
2.

A 3 . . ,.h ."
L - S

t mw y . >,~--
g$:'i,{- [. 4_@d

mrre

i ,y. G ., M E;.i Sh publ: cation has appear:d that 9ertains
cw, 4. f.y ~n ub W.L. MIr T~~M. 42.j[LWfys.7;',iM M. C:.

.l. .,[f,
. -Mb to *o.e ,, r- H ... v- f est:... ..' c a. d b....-1th..i. s,

-

f - - m .1. W .

f ,'. D .' m .c y
T:C

.. w .
1 % t-p . .w.: .

E.'~ . e.*ects of ecologically r eal;stic !cw-

2 j ka Y'.Yp: p~ ~' $ ~/b. ,[c y;[M ,m;
- '

I w M
! levels cf ioninng radiation.

I '

1,'.# 10..C. N -.U.?. 'M. .. .*1-.M $.~. d I4 -h.:e --QF-M.f .
2M

j - t:,. , The fol!cwing report h.s been pub.- ,(. .ej
lished: Ur:nium Ore Residues: Pcren.-f D0 .. J.,,c-N.,) f .,| b.J _7.p tial Hazards and Disposition, Hearingsae _

g. -

f .' % | '
_}

e i
\'

iah
.- before the Procurement and Mditary. . , .

k |fd. :W'.@'''[M.-% iL[W,'M[8hft"t+NN$^[$M;$
. [',N pI, . . S i,

't
23 /. W J 9: Nuc! car systems subc=mmittee of the"

W/'#.'fM.QQ.tyW 9d,NE.M.3 ';W;..Committee on Armed Services, u.S.8,M [ g;.;;ig.y.% % Q
h[i '" 3.rc.,q,.

W'pdih.9L1 te hJ jC M M h!M_M y House of Representatives, 97th Con-
|

h . ' ;- yM.',p/;s.4 %hg'#M|.1.3.p;g;j..g :;yg-c@d@- r49 y-h 1 ;g gress, 1st Sessica, June 2!. and 25,

I h..P2Wp .W lH.b 6 C ,a 2 ;'

- 19St. Washington, D.C. (H.A.S r,gs: ;p :.

I M E Nc. 9714), 550 pages.

Ydk-d;Nd(- Mhj@'M!b . d. .hQ* y$@jg.f involved are Ie;21 actions or law.
ME'.6.' t .

4'UM'g . g p'g'7 Dese pertain to re@ests for re.
,~i h N,d @ 'E f W ' W Eh,p.

W
5"U3, rom what

'

-

-- -- 3 *pMM'"*%.irN. !ED '4 i'.oLAck1 lief . some consider over-- .g
' regulation or unjustiSed Ngulation and

b[*- M .'d. M b. -
, handling of uranium ore residues. The

restriction regarding :h - safety and
{ h; ' }.ihj.tg a.E J. a I

.

$.Y.gpF }Y , PP :?...';.
- - g :ZW. . h '

'

I hyww. m
* American Mining Congreu ( AMC)'

.b ri. gd ~ seeks relief from certain actions of the."

'q.M3h :.db. } [M.%M[Il+-
a U.S. Environmental Prctection Agency

#/. I, 9. wg

I M hM@j?, .!Mg ,p!)@}j~
" M/.Nr C (EPA) (pp. 25.:.-238 ) and of thegH WS"fM," 7 1ii

.

U.S. Nuc! ear Regulatory Ccmmissior-
(NRC) (e.g., pp. 5'.7-545) . On p.t

hg
wMNreN Our bolts, nuts, studs, 5:7, an NRC tetter refers to a .

I *$$8 and rods meet the most rigid I *'"I' ^!,*d bY th' ^**ric " "ini"S
Congress.

Q.A. testing standards. The mate- AMC is a consortium of about to
t

! rial is fully traceable, in accordance commercial organi:stiens th:t includes
Unitee states steel Corp., aethiehem

with A5ME Section Ill. Southern Bolt was steel Corp., Internatienai Minerais and
i the first f astaner manufacturer to be awarded Chemical Corp., Westmoreland Casi

f
ASME Quality Systems Certificates for manu- Co., Ingerson. Rand Co., Union Car.

.

i facturing and supplying quality fasteners, if bide Corp., Chies Service Co., ne
Ansecnea Co., Con:co, Inc., Home.

ls you need fasteners of carbon, alloy, stainless "* * ','U "i" 8 C w"d2 th*r5 id'"ti6*d
$ 'or other metals quickly, and quality is critica', on p. .S9 of the .. ear ngs.

Contact usy A number of tech .ical papers are, a

reproduced in the Hear 4. including
.

5 5cm th2t *'r' Fuh!!5''d '" If'al'i'!

I G?-3 --ga SOUTHERN BOLT 'f. //c4'Jo? hysics, such as t.,.at ncted in my letter"

q y f~~g smcvepaar, tc:vs:Aru ?~ac7 .in NcCLEAR News, Nov.,1951, p.13.'

L a i we,..,v a ., r.r :2uasi That very high levels of ionizing
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explanation for .his paradox is that ments that ccre substar.tisily lowe? In both endoger,cus end exogenous ioniz-I
.

radiation from the unusually high ionizing r16stica than we presently ing radiation is substantially reduced.if the results from such experimens
. dium and thorium in coastal and enjoy? We need to know. Viability was indicated that a radia: ion deficiency is

f
,

poor in " radiation dc6cient" Artemia

I .
river rocks exposes many residents of
Kc ala to 10 times more terrestrial barley and algae (. lee: pace Medicine produc'd then radiation should be con.
radiation than the U.S. average. Similar. 35:524, 1964). Pioneering e.s peri. sidered to be essential for life. The d.ua

ly, the health spas of Europe and ments of P!anel and his group over the reviewed as radiation hermesis wc.u'dRe, ort 134/17, then provide evidence that most .nnbi.
3r.uil are found 'o be, and openly ad. past decade (f,^ 5A c

vei he, high rmlionetive nrcus. Viermn. P>79) su n ews ihat Inweims
ent levelii of hmiemn inal;.itism .nc .nl.

The real meaning of data showing radiation below ambient levels reduced
optimal. If ioniong r di.aiun wel

that icnizing radiation stimulates phys. the rate of growth (reproduction) in essential and if our environments were
iologic functions or correlates with pretczca. Our laboratory has veri 5cd deficient, as indicated by present in.
certam parameters of health can be- this resuh. Rigorous experimuts must formation. then appropriate supple-

mentation would allow mankind to
come evident only when the sub- be performed with human cell cultu-es,
ambient component of the dose-re- insect colonics, and a mammalian r:ach a new plateau V health.

w eral gener:tions T. D. Lackeysponse curve is defined. Might a species th* 2 ugh v

dramatic deficiency de..elop in environ. maintained in an envircnment where Professor of Biochemi .ii .
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~ University cf Min.mre

Columbia, Mo.
c .g - , u.. .r, ; v ill

f I : ,;*c... A c -e- Q ,% j p ~,y n 6 ,i;.;.gj; :.n,% (~ ; t.- . ji:. :2,4% ,. ,7 a .
i1 s-

.?t*---
- .'*

_ t n .-- j
* My letter. "Hermesis," published in
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NUCt.aAR News, Nov.,1931, p. IS, is

bO 't.v. t -.S[.*M : r: t.9.s,
perhaps rather. l a topic. Also, another
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sures are hazardous to health is not in detrimental effects, comparabia low-
findings, considering the various re-

, = cuestion. The problem and coatroversy !cvel dets for populations have been
ports showing negative associations,

U-shaped dose. response
,nertams /o bmicgical elTects of low- reportc. to be neuntively correlated necessit ate a

ceologienity wofi def omental cacen, un;h n. cun- model .

kie b.Wround radiation which i:, cer .nortality rates (NN, Nov. 1981,
Rep rding those who claim that be-

-

in u n, h u.

I re.rl onh.uinn, cause radiation is damaging at high ex-
and presumably has been, ubiquitous p. IS). Further evidence is given by posure levels it is damaging at all leve!s
over the millenia of biological evolu- B. S. Sanders, " Low-Level Radiation (a version of the extrapoianon posi-and Otncer Deaths," Henhh Phys. 34:-

I m:en. Satural low-level radiation arisescstly from radioactive isotopes, or 521-538 (1978L Negative correlations
tion), it scens necessary that theyt

i ep,n ied. Ad.himnut inao,nnahm jn ory and valianic runipulation as an

frein easm e rays. Some additional de- may be found in: High Sack;round acceptable and valid cientinc method.. .n:i,.m.chan, or polosieni viigin und wer u

;: sits have ori;inated from human Radiation R esearch Group, Chma,
,his is a statistical problem concerning
which caveats exist. Extrapolation to

explo- " Aspects of Environmental Radist:en
sions. There is also diagnostic X irradi- and Dosimetry Concerning the High

yic!d " data" estimates might be desig-
'I activities such as military test nated as a method of " creative statis-

.a.on. Al>o, traces of radionuclides are Gackground Radiation Arca in China,"
rhscrbed from natural food ar.d drink, I. Rad. Res. 22: 88100 (1931). Some tics /

Richard 1. Ilic4cy
negative anociations are reported. Such

. | r.,d contr;bute to total radiation expo-
ure. However, DN A-repair and otherg
repair mechanisms exist and therefore,
eu&at!y, evolved.

I Dr. T. D. Luckey, 'ong a student ofM''horm ,"'n" O'hE.Frorn 245 at LosNamos""

tien of biological organisms -by sub- in 1946 the U.S. Government retamed Black 8 Veatch to help develop '
quannties or levels of any Los Alamos into a permanent R&D center. We designed all utilityI harmfulto any biological systern (Nor-

systems and many of the technical facilities-including the Contam-
>

gent
mir mh loni:ing Radiation, CRC
? r:ss, Ucca Raton, Fla.,1930). Acti- inated Waste P' ant and Lacoratory.

I m.anca of natural physiological homeo-Active in the nuclear industry for 25 years, we now have over 300
;

;a mechanisms is |ike!y partly in-
nuclear power plant prof essionals among a total Power staf f of 1,600.

solved. Since life forms evolved in the We have provided professional assistance for over a dozen ru. clear
i

presence of environmental chemicals facilities operating or under construction, and our nuctear staff has

I and other potential hazards, as in ses-
experi:nce, including service gior to Blacx L'Veatch, on more than

wa ter, the hfe forms presumably
..dapted io ecolegically realistic levels 100 nuclear plants.We have crevided licensing, design, procurement,
of the hazards. The scienunc problem, and operating technical assistance, decommissioned one facility, are

repanng a standard nuclear plant design, and are providing full

I
cucountered by some, is the assump
t:an or belief that because some vari- service design for a two umt 2,300 MW nuclear station.
" i e, such as ioni:ing radiation, is

.

70 fS8|f post [/Mbhazardous at high levels, it must be
hazardous at all levels. This is theI extrapolation :rror cr fallacy. High

Today Black * Vesten and its Southern Science Applications sub-ec!s of insulin and copper are tom
'aut low !cvels are essential to optim^ sidiary are helping clients deal with post Three Mile Island changes,

NRC bulleuns and orders, and cther requirements. Current amphasis
5cMth and to survival. *

I of "essentiality" of radiation, Luckey
R ;arding the controversial question is on:

* Wl modifications
and colleagues [see (Lu?S), cited in

* Rad waste manage.raent .
* Risk assessment* Emergency planningmy tetter, NN, Nov.1981, p. I S] in- * Standardization* Radiation protectionI t:an on survival and multiplication ofsesogated effects of subambient radia-

,

P"'""'"""n bun ria. They found th ' 66 Years in Business . 35 Years in Nuclear.
of cells /mf were much

I ' populationsower under lead shielded, subambient Black & Veatch nas been growing with the power industry since 1915.

radiahon conditions than under normal Today we are the eignth targest consulting engmeermg firm in the U.S.
We have a large, ext:erienced, flexible staff-ready to assist clients
in stucy, desiga aN M engineemg assgnmems. 6 mee e-a le e perimen I evi e ce re

I mg health and survival of small am- mation, pNase comacn
mais, such as mice, raised for their

Or. M. .,'onn Roo nson. 3sttr er, 3f ack & Vestch, Consultmg Engineerslifetimes under suhambient, radiation
sond:nons, as compared with normal 1500 Meacow Lane Parkway. Kansas Cay Missouri $4114 (912136MOOO

would be of great valueI centrels,
toward resolvmg the :cntrover*y of
benenctal c!Tects of low-!cvel icnizing gg g{ ygg[{hdianon. Such studies, which Luckey =

A
colleagues wish to perform, had M- Consulting EngineersI nd

not 'ed to nectsury funding as of last i
,

Apol (Lc! conics Week, Apnl 30, s :. :.o , m w c., st w. so n. +. wm
'

'

M 1,p.9).
<

While high.ievel radiation data areI generally posiuvely correlated with Reader Sernce No. 37 SS
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uurrscs--Acasyses of relationships involvmg environmental chemicals, background h,
-

rndianon, and mortality rates for dimm of tbc heart and several cancer categones are 1~

; resented. Bivanate correlation coeScients between rsdur.nn and mortality rate were y ,

sign:ficantly neganve for cancer of the lung and resptratory organs. cancer of the buccal -

y cavity and pearynx. cancer of the digestne organs and peritoneum, total cancer and 4ks
'

[,., dimics of the heart. Ocly the correlauen coeScient between background radhrinn and W
i

-

leuke:..2a-alenkemra was pesnive, and that not signi5cantly postave. Imtial mutuvartate "7 -~

stausucal st:: dies support the bivanate results in that all sigm5 cant regression terms that -

represent background r#mnnu have been neganve. Background ridinhon level %s not a *

f"'
,stgruficant predictor for lenkmMukm= mortality rate when exacuned ithout

,

regard to age. This prrirmmary wort suggests that any health efects of background . - - - -
radiano.: on the atmm studied do not ew-ad in magmtude those of env:ronmental - I

"

chemesis. It also suggests that models implyms importact long4erm deictenous etYects "
r' of low levels of ionz=ng raarsnan on hurrtam may be invalid.

. }
p g

- b
e INTRODUCTION adaptive mechanisms have evolved which i
'

F A uMon controversy exists regarding the cope with ambient radiation. It proposes fur- .d - 5
health etfects of low levels of iom ing radia- rter that, although ionizing radiation is W

.' tion. At least two kinds of expbnntnry damaging at elevated levels and rates of -
-

:____l models have been prorcsed. One class of exposure, there is a level of radiation
-F models assumes that all levels of ictuzmg exposure below which health effec:s at the i

L'i radiation, no matter bow low, are harmrdous level of the organism are negligible or ' -r
-

to health and that the detrzmental etfects tend bene 6cial (Car $7: Car 59: Cas68: Cr50: CI70: u
to be an mcreasing func: ion of dose or FnT3: Jan65: Jac76: Lor 50: LuSO: Va68). '

I' exposure (Ad79, Ba73: BEIRT4 BEDtTI: Dese two ch"" of models ave very -

IL BEIR79: Bow 80. Gaso: GofT4 Ke79: Mo78: di:ferent implications for public health policy. E - - -

Na79: SterT.). De other class of models Particularly important in influencing policy in
[

*

proposes that hnman popnfarens have been, this area have been reports produced by (r.
and continue to be, subjected to low leveis of committees of the National Research Council

-; l' environmental iont:ms redrarwn so that of the U.S. National Academy of Sciences. - - C 5

| | EE=
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6:6 LOW LEVEL IONIZING RADI.WION AND HUMAN MORTALITY

-

', m These committees on the " Biological Efects leukemogenesis, e.g. socioeconomic factors. - nu

n% of Icnizing Radiscons" (BEIR) have pub- mobility and ethnic variations in suscep- R'
.

I,7 M
,

lished reports BEIR-I (BEIR?_) and BEIR-II obility. Ilus position was reinfereed by trii*
(BEIR 7). The report of a third committee Neyman (Ney77: Ney79) who cautioned that an.

(BEIR 9) is in tne process of being revised air pollutant chemicals are among the multi- :oi
j

for publication (Bow 80). BEIR.III was to have p!icity of environmental variables of epide- th:,

been published in 1979, but serious factional miological significance that cannot be the,

theconflict has resulted in delay of issuance. A ignored. ~

toF; y press report (Bow 80) regarding BEIR-III Of critical irr.cortance in the elucidation of
desenbed NAS President Dr. Philip Handler information from epidemiological studies Th' g as being surprised to learn that "...there aimed at etiological understanding is the ne:

I"m - were two groups so bitterly opposed to one problem of competitive mortality. His cor'8

!
- | another on the committee" Handler also phenomenon was pointed out clearly by me

l ooserved that "when the voting comes out so Neyman (Ney77: Ney79). He (Ney77) ad. ap;~

I r- '
close, it tells me that the evidence being vised that if. for example, one wishes to .

vio

f' -
considered doesn't compel any conclusion" identify the causes of an "... increase in the j Hit
(Bow 80, p. 3B). frequency of cancer,[and if] one omits from

~

Epidemiological investigations on human an observational study a renlly important for
populations from a number of loca!ines in agent, then the cHects of this agent will be Arc

,

I b.,: diferent ecological restons, such as a number asenbed to some other ageet, possibly quite Art

[i of metropolitan areas of the U.S., should be innocent" (pp. 754, 7551 Numerous epide- var

useful in disunguishing between these classes miological studies, however, have concen- - the
of models. If ionizing rad.ariot contributes to trated on a sing!e environmental pollutant, tra:

=c-rabry from chronic disene as an incress- such as radioacdvity (Gof72: Ster 7 ). or sul- of

If ing funedon of desage, men background fur dioxide (AIT.), or carbon monoxide ave
..'

.
levels of ionizing radiation should show posi- (Lon?7), while neglecting the synergistic in- bio

Iy
.

uve statistical associations with mortality teractions of, for example, atmospheric twe
'

- rates for cancars and perhaps cardiovasetJar chemicais, or socioeconomic factors, or both. - ens

a diseases in these populanons. Recently we have expanded our data base (Hi::

For a number of years we have been con- for the period 1957-64 by obtaining da:a for .
nat

dveting studies thv have examhed the reia. 43 urban regions rather than 38 and by in- .
f

Ic-
a
" tien,htps of mortality from t variety of clusion of the additional air pollutant chem- Cd.'

chronic diseases to the prevalence of various ical, nitrate. Following Neyman's advice. .' SOu
chemical pollutants in the atmosphere. A background radiation data were located har"

% car:
~ measure of water hardness and several- (Oa72) and incorporated. The present report _

l 01

I |".'
' I socioeconomic predictors have been included is a prelimmary description of early findings -

( R.3in some of the analyses. Data were collected in the analysis of relationships among back-
.". ably

-
'

and anaPred for 38 Standard Metropolitan ground radiation levelt., environmental chem-
talei,

p Statistical Areas (SkSAs) as is described icals, and chronic disease mortality rates. ,

: Porj elsewhere (Hic 70s: Hic 70b: Hic 712: Hic 71b: nese results contain information of potentialIb" 64i'

j Hic 76). Among urban air pollutant chemicals relevance to current discussions of the health
,; Res,

;
j

whose concentrations were found to be efects of low levels of iom my radiations.
Cl2

| sigmficantly positively assoetated with mor- g

|I (IC'
J tality rates for several ca;eraries of cancer a'

;

J ] and cardiovascular disease were sulfur diox- i"g'j M
v |

ide (SO ), nitrogen dioxide (NO.), and parti- wrTHODS AND MATERIA 1, 1.

8
;' culate sulfate (SO-), while copper (Cu) was The basic analyncal method used bere is an

I|i
'

-;
,

neganvely assoebrad optimal subset selection modification of mul- 3 M+
:

1 Regardmg radtarinn efects. Jacobson et al tiple regression analysis as desenbed by i
(Jac76) have cautoned against failure to con- Boyes et al (Boy 74). This computer-based 8, E

|_ j.I sider other envuonmental variables that procedure employs an algorithm that selects 3QL .: could mask the epidemiology of radiation that linear f'tnction of the set of predictors

1
''q 1

.

c
,1

E . _
~1 8

U h| j
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numbering N = 1.2. 3. .n that maximizes M.; Leukemia and aleukemia (ICD No.
. .s,

R2 i.e. that makes the greatest joint con- 204): ";g m
7,'

sy t tnbution to the proportion of explained vari- Mg Total cancer (ICD Nos. 140-205):3 ;
**

f 'at .

ance in mortality rate. On the 6rst search, the Mg Diseases of the heart GCD Nos. 400-

-~ ti. ! computer program selects the single predictor 402, 410 443).
,that makes the greatest contribution to R2: on .

e. 4

de ! the second search it selects the two predictors Mortality rates for these causes of death are 4
-

!"- 1 that make the greatest combined contnbution presented in Table 1.

ri~ of ; to R' and so on for three or more predictors. Observed rates are used as is appropriate .

j Thus, at any stage a predictor found in one set in ermining associations related to the
need not be included in a subsequent set.The efects of environmental diferences on thees', :he ,,

'. ', .ns
- computer used currently is the IBM S/370 autecology of popu!raions of Homo sapiens

-

-

model 168 MP. We have reported results of (Hi139: HicS0). However, in later studies we

~ [d. p
application of this regression medod pre- expect to investigate these relationships in ismesmwy y

to ; viously (Hic 70a: Hic 70b: Hic 71a: Hic 71b: more detail using age- and sex. cohort
!

' [ .he | Hic 76: Hic 30). analyses. Early results suggest tha: age ad- 4
i

. . am a
The analyses presented here examine data justment does not alter the basic negative

2nt j for 39 Standard Metropolitan Statistical re!stionship between low-level radiation and

h r. de y Areas (SMSAs) and 4 Standard Economic respiratory tract cancer. Q
f , .:te |

Areas (SEAS) of the U.S. 'Be predi=or It has sometimes been suggested that
vanables include natural logarithms Gn) of socioeconomic vanables would overwhelmJ de. ;

the anth:netic means of the annual concen- any eHects of diferences in biological

i at. ; tranons of 13 air pollutant chemicals in agim' environments upon chronic disease mortality.n.

[ I" ad.
of air found between 1957 and 1964 as among various areas in the U.S. This has not

.ide .
avazlable (see Hic 71a). It is assumed on proved to be the case in our analyses -

m. s biological grounds that the relationships be- (Hic 71a: Hic 76). Socioeconomic and
~

.

tween mortality rates and concentrations of environmental variables have both contri-*' ; geg
.dh.( .

environmental chemicals are non-linear buted to explained variance in many cases. ,'

,se ?
(Hic 76). Our empirical work sug:;ests that the beidon of socioeconomic data is.

for : nanzral loganim function gives a reasonabic however, beyond the scope of this preli-
,-

- -

fit. The air pollution chemicals in question are minary report. Migration i,s one vanable that
-

C in. a
Cd. Cr. Cu. Fe. Pb Mn, Ni, Ti. V. NO . SO2, might have a confounding edect (Hic 71a:* 2

' ice, : SO: and NOT. Also included are in water Hic 76; IG73). However, migration wouldcm.,

ted j hardness (WH)in parts per million of calcium have to be extensive and consist of in-
carbonate equivalent (Du64: Loh54a; dividuals who are biologic:Ily diderent from *

F iort 3
: Loh54b). and background radiation levels non-migrants to overwhelm the edects of

(RA) in mremlyr (Oa72). The predicted vari- other variables. Another variable havingi .ngs
'

:.ek.
em.

- ables are anthmetic means of observed mor. possible confounding efects in studies of
2

f~ .t s. E tality rates (Pu60: Bur 67) per hundred thousand malignant and cardiovascular d eases is .

I~~ mal j population [ Census of the U.S.19601 for 1961- smoking. We have been unable to locate rei- .

64 in the f allowing disease categories (Seventh iable data thus far on level of smoking by
alth 5 Revision of the International Statistical SMSA. We are skeptical of the estimation of 9

I_ Classification of Diseases and Causes of Death urban cigarette consumption from modified
-

i. ,
"

i GCD) (WoS5)]:
state tax data (Li78) since the logic of theg

'

modifications is u iclear.
-

/
Mg Cancer of the respiratory organs 1ge

i [. GCD Nos. 160-164); arvARIATE STATtSTICAI. ANAL.YSES ig
i _ mul. M.: Cancer of the ouccal cavity and Table 2 presents correlation coeficients jgs an

i by phary'it (ICD Nos. 140-148); between mortality rates for several causes of '7
..

Ms Cancer of the digestive organs and death and observed background levels of
4, n

|.ssed per.toneum GCD Nos. 150-156A. iom- nr radzation for the 43 urban popu- .y
ect3 lations (39 SMSAs and 4 SEAS) given in ,jy

1 157-139);,L.. tors :u: ..
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Table 1. Also shown are the levels of cistions between levels of several environ- *

/ - significance of these coedcients using a null mental chemicals and of oackground radia-
- hypothesis of zero correlation. With the tion on the one hand, ard certain chronic

' j-- exception of leukemia-aleukemia, all are disease mortality rates, on the other, have '

negative. The correlation of background been analyzed by multiple regressior When
radiation level with mortality rate frora radiation was selected by the algorithm as a

{- cancer of the respiratory organs is significant signiscant predictor variable, the regression
" at the 0.001 level; with cancer of the buccal coefficient was negatis e. This occurred ine

cavity and pharynx at the 0.01 level; with these preliminary analyses for the two res. -

total cancer at the 0.05 level; and with cancer piratory tract cancer categories.', ,

I [, of tbc digest 2ve organs and peritoneum at the Table 3 reports six regression equatio< 1
~

'
"

~ 0.10 level. Background radiation level is also (Nos. 2. .t-8) with the largest sets of prech.
~ significantly correlated with mo tality rate for tors for which R8 is significant (a = 0.05) tsy

..7

, ! di.r u es of the heart at the 0.10 level. the usual F-test, and for which all regression .M;~...h[j
_

| Leukemia-aleukemia mortality rate is not coeScients are also significant (a = 0.05) by

[ significantly correlated with background the usual t-test. In none of these six maxi-
mum predictor equations is the radiation .g (%

.,

r=distino level.
(RA) vanable included. The radiation vanable

6. ,*

| was selected, however, in the optimal seleC- A i
, . .

In this preli.isinary communication we tion sequence for two mortality categories %M13.TIVARIATI STATt5TICA1. ANAt.YSES -

l~ i a

report only that we have conducted multi- where N was less than maxzmum, i.e. equa-
W t

vanate statistical analyses in which the asso- tion (1) for cancer of the respiratory organs
>
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h for N = 4. and equauon (3) for cancer of viously in this analysis. and the predictors gory.
N,_ the buccal cavity and pharynx for N = 1. For explain only about 32% of the vanance in

adda?
tion

hfs larger values of N for these mortality cate, leukemia-aicakemis mortality rate. Accord.
g- gones, radiation was not among the optimal ingly we consider this a weak result. . spun

combinations of predictors selected for max- Clinically. leukenia is a symptomatic Sir
i

i
imum R2. Thus in some combinations radia- diagnosis. like pneutnonia, not an etiological with i

tion was selected among the optimal R2 pre- diagnosis. like tuberculosis. The age dis- anali
dictors, and, when selected,it was negatively tribution of leukemia incidence is bimodal. cular-

associated. and the prognosis usually differs with age. matu
For cancer of the respiratory organs, For younger ages. leukemia tends to be acute, - Radi:

wkrround radiation level appears as a sta- and survival is often relatively brief. At older cal p
,
- tistically sigmficant predictor in the presence ages. leukemia is frequently chronic. The lit. equa,

,

of environmental chemical vanables. Radia- erature suggests that the etiologies of acute varm.

tion was initally selected when N = 2, with a and chronic leukemia may be different ical -

negative regression coeScient. Negatively (Fre78: Nec79). Should this be the case, the ' , . posit*

h. ,

assoc:sted rMarion level was also selected explanatory power of our analyses could be y equa

j- for N = 3 and 4. This last relationship is reduced. To investigate this possibility, we h prev
i cond

i_ r shown in equation (1) of Table 3: the predic- pian to separate the mortality data into

3 tors account for appenx. 59% of the var;ance juvenile and adult leukemia, compute rates. G from
In"

in the criterion. The algorithm continued to and repeat the analysis.( produce signi5 cant sets of predictors through in the regression equations for cancer of to be

t - N = 7. as shown in equation (2), but radianon the digestive orpns and peritoneum, the of th
was not included. The chemical predictors radiation variabic was not selected for any in i

M selected have appeared in previous analyses set of predictors chosen bv the algorithm. In asso

with coe$cients of the same signs (Hic 70a: equation (6) for whicu d = 5. about 67% of rates"'***

Hic 70b: Hic 71a: Hic 716). the vanance in the cric-don was explained by to t''

In the analysis of mortality rates for cancer the environmental predictors selected. Again, radit

-- ,g-
' of the buccal cavity and pharynx, radiation these are familiar chemical predictors uon

M' algorithm. as shown in equation (3) for N = 1. Also for total cancer, radiation level was
.

leuxlevel was the first variable selected by the (Hic 70a: Hic 70b: Hic 71a: Hic 71b).
- sigm

"

-

*W Radiation accounted for approx.17% of the not selected by the algerithm. For this cri- - are

(-'%
variance in this criterion, and the association terion the maximum percentage of variance c that

low-is negative. Radiacon was not selected sub explained is about 66. as shon in equationw
sequently, although signi5 cant sets occurred (7). The Sve predictors are, again, familiar tribtF% - 5 APP'1 through N -4 bquanon 4). This equation (Hic 70a: Mic70b; Hic 71a" Hic 71b)."

.

explams about 53% of the vanance in this The fact that the radiation variable does
- Juve

/ entenon, based on chemical predictors dis- not appear in the equations for cancer of the sepa.

S'
- cussed previously (Hic 70a: Hic 70b: Hic 71a: digesuve organs and peritoneum or total

- Co*f
Hic 71b). cancer does not imply that radiation is

prec' ' In the analysis of mortality rate for without erTect. It simply indicates that, sta. ,

a leukemia-aleukemia, iontems radiation level tistically, in this analysis. the associations of SIED
> .

uon-vas not selected as a predictor in any chemicals with these criteria were stronger :'

significant set. it was selected with a negative than those for radiation level As will be ; the, .
coeScient both for N = 8 and 9. However. reported subsequently, inclusion of socio- i rad",

k[
suctneither 'he t-statis.ics nor the F-statistics economic variables among the predictors ;

and
> were signi5 cant- alters the combinations of chemicals and e

The equation for N =4 yields the maxi- radiation selected by the algorithm. Fur.
- the i

f mum R8 with signi5 cant t- and F. statistics, thermore, it must be understood that in a ! Of!
(f . as shown in equation (5). This group of regression equation, when a set of environ- |

van
CM

} {
chemical predictors includes negatively cor mental predictors explains about 66% of the i

it
; related lead. Lead was not selected pre- variance in mortality rate of a cancer cate,

',.
,
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! gary, this does not necessarily imply func- environmental chemicals in these systems are k
.ictors M

( ace in uonal causality. It may redect the effects of not overwncimed by inciusion of background k
fr- ccord. addiuonal variables, or even represent a radiation level among the available predic-.

spurious correlation. tors. While radirtien does appear to have a M
{ 1Since our studies are largely concerned detectable effect, it is not of a greater order .

smatic .

with diseases of agmg. we also included in our of magnitude than chemical effects. and the ',
-

Togical .

r- e dis. analyses diseases of the heart. Cardiovas- consequences of sustained exposure to low
cular diseases are the major cause of death in level radiation require further examination.

i nodal,
mature individuals in Western cultures.

)y'.,n age. DISCI SSION' Radiation level was not selected as a statistj. : ,

acdte. ' cal predictor for diseases of the heart (see This study utilizes vital statistical data on
'

older
o The lit. equauon ,S). In this equation. 63.6% of the populations to examme problems of radiation

-

,

van 2nce m % was expiained by five chem- as was suggested by the U.N. Seminar on the ,
-

- acute
ferent | ical predictors. The selection of c(NOi) as a Use of Vital and Health Statistics for Genecc

'

{('
-

f e. the ; posiuvely correlated credictor for 4 makes and Radiation Studies of some years ago 4
5

( : dd be - equat.on (8) differ: * ' rom both the results of (UN62). We employ statistical methedologies '

tv we ; previous analyses (riic7!a: Ric71b: Hic 76) to relate variations in the compositions of ,3gi
; conducted without the c(NOi) vanable, amt ecosystems to the health of the human popu- "tgh a ,into from the cancer analyses reported here. lations inhabiting them. This study sopears to ". e

/! In summary, our prelimmary results appear have implications for the on-going d%..ussion
rates,

.
to be of two kinds. First. based on the signs of public policy with respect to tu health

- ''

( ,,,.e; of of the bivanate correlation coetlicients shown consequences of expcsure to various levels
the in Table 2. the only signincant statistical of ionizing radiation. g.,r any

_hm. In associations are negctice. That is, mottality For purposes of discussion. the alternative g
57'~o of

rates for the indicated chronic diseases tend hypotheses that purport to describe human ER
to be consistently low where background health effects of ecciogically realistic low

_ . ed hv
( 4 radiation level is high, and high where radia- levels of ionizing radiation require am-

tion level is low. The positive association for pli5 cation. They can be stated as: .

.dictors .

leukemia is very wenh and not natistically (1) The continuous increase-no threshold
-s

signi5 cant. These prelimmary observations hypothesis. The biological effects of ionizing i :

( e! was
: h:s cri. are not compatible with models that assert radiation. im.!uding low * levels of natural

-

that all levels of rad 2ation, no matter how radiations that result from terrestnal geolo-1, anance '

low, are damaging. Because the age dis- gical chemicals, from cosmic rays, and from
c:: anon tribuuan of leukemia incidence is bimodal. it the internal body burden of radionuclides

- 5.n diar

}J-/
appears necessary to conduct analyses on acquired from food and drink, are hazardous

1: does juven 3e and adult leukemia mortality rates at all levels, with the degree of hazard in-
r of the separately. creasing with the dose and dose-rate (Ad79;

Second, the occurrence of only negative Ba73: BEIR72: BEIR77: BEIR'9: Bow 80;
,

<- r total t

tiin is
coef5cients for the background radiation Jac72 Kc79: Mo77: Mo78: Na79).

t predictor vanable, whenever it appeared as a (2) The threshold hypothesis. Ionizing. -
'

c., s:2

lons of signi5 cant term in multiple regression equa- isdiation is damaging at elevated ::vels and
{ tions, casts further doubt upon the validity of dosages, the damage increasing with -

!
the no-threshold model. The absence of the exposure. but there is a threshold exposure Etronger

.wtll be j radiation vanable for some causes of death, level below which there is no health hazard to , f|(- socio. : a
rdictors i such as cance- of the gastrointestmal organs human populations (Ba73; Fri73; Jac76).

j ils and and peritoneum, suggests that, compared with (3) 77tc beneficial efects hypothesis. ,.y'

the environmental che**, the contribution Ecologically realistic low levels of ionizing M (
y). :.,

.

(' 2. Fur.
at in a of background radurma level to explained r*rions, such as environmental background

<

variance of mortality rates of several major radiations, that have existed ove- the millenia
chronic diseases is rather small. of biological evalution, are tene6cial to ''4;mvtron.

, of the
It appears that the statistical effects of the human populations, resulting in extended life

i er cate.
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-

span, reduced risk of chronic disease, and extrapolation of high. rate and usually hi;n . adt''

M[.". reproductive advantage in intergenerational dose level studies to low rates and low leveis has

+.@ functions (Car 57; Car $9: Cas68; C170: Cr$0: is ; rocably invalid, and that radiation at Be7
. Fre73: Jan65: Jac76: Lor $0: Lu?S: LuSO: such levels and rates does not constitute an Fg,

Va68; WHO55: WHOST). environmental carcinogen of signi5cance" den'

-

i M The negauve correlation coe5cients of (p. 5). Ste.
Table certainly do not suggest that, at low This AF'P warning (Fri73) has been widriy exp.

h levels. increases in ionizing radiation will lead ignored, though it was cited, for example. by ana!

g to increased mortality from chronic disease. Wolfe in 1976 (Wo76) and 1977 (Wo77). pow,_

Neither does the fact that in the mult: pie Wolfe (Wo76) observed that at low radiation tionI M regression equations computed thus tar. levels " . it is not even plam that a bcnedeial the
, D radiation level usually occurs with a negative edect is precluded" (p. 479). Objecnons to - Un7

i_<
"D coe5cient and vanishes as other sigmscant Wolfe's views were expressed by von Hippel (Wa

M. vanacles are selected. Apparently the statis- (vo76). Morgau (Mo77) and Brown (Br7-) breci

tical associations of vanous environmental who favored tne linear extrapolation hypo- !. som
& chemicals with the mortality rates examined thesis, or some variant of it. Brown (Br77) 3 with

j-
.

are stronger than those involving radiation. asserted, for example, that ". .the dose- 3 than
L. ng So in a very preHmmary way, the evidence response curve...must be linear", and that 2 M

reported bere is incompatible with hypothests ". .smce much of our knowledge of car- O stuc
"

(1). and is consistent with either hypothesis cinogenesis by radiation comes from doses of (3)t,r-

] (2 or (3). This is a surprising result. It led us around 100 rad, this a:-ans that, f:r all prac- colk
to examine the literature to ascertain what tical purposes linear extrapolation obtained coas

7y data exist that might support each of these from these doses will be a good way of Chir
e- vv~ three hypotheses. estimating efects at very low doses" (p. 349). Res.

We found that much of the support for This. however is not evidence, and Wolfe fron~~"

hypothesis (1) comes from scholars who bel- (Wo77) observed in response that ". .no siste
.

|
ieve that the result of studies using high meaningful evidence of the valicity of the with

" ^ exposure levels of ionizing r:diation on linear theory is presented" (p.1387). expt.e,

d 4 expen=enta! aHmak can be extrapolated to On the same point. Jacobson er at (Jac76) ..
due:

.O , , low levels usually using a linear model commented that " .. assessment of radiation all c~
*

(Ad"9: BEIR72; BEIR77: BEIR79: Bow 80; risk below this range (20-50 rem] requires the of it
, ,

Br77: Ke79: Mo77; Mo78: vo76). However. guesswork of extr:polation"(p. 32). They also - r te:
_.

both toxicological and statisucal results have pointed out that radiation levels " . suh. ume;'
- shown that such extrapolanon i: frequently stanually abcve the U.S. backs:round dosetrate case

. . ~ incorrect (Am74: Ke67: Sn76). This is con- such as those in Kerala. Indi. where the to a.

j sistent with the view of Frigerio et at (Fr73), average dose-rate is about Maremiyr. have varit"

of the Argonne Radiolog2 cal Impact Program not produced statistically signiscant efects in Casr

..
'

cinogenic Harard from Low-level. Low. rate Support for models of the drst sort seeme
,

by J(ARIP). In Part I of thetr study on the " Car- the human population"(p. 36).'

with,

Radiation", they stated: to stem from the work of Muller (MuS7: I disc-
"Vanous models and predictions of car- WHOST) based iargely on the genetics of [ edet' #

cinogenic ha:ard are examined and com- male Drosophila and dependent upon very !. arett
pared with actual experience in U.S. and strong assumptions. Muller also pomted out ; span

f' foreign populations. All of the models the di$culties of testinglinearity below the 25 { hat :,

J predict a signi6 cant increment in malignant R level: however. Bonnier and LQning report : long
- mortality with increasing background. increases in visible mutations in Drosophila ; anur

Observation of the actual populations in response to rention below this level ; somi
-,

j at risk snows not oNy no increment but (Bon 49). Bustad and colleagues also reported j high
foun

., an actual decrement. so that these results that support lineanty at low doses
.I Ft; predictices are lef1 quite without obser- (Bus 65). Russell's early work (RuS:t RuS6) has

r varional support. It is concluded that also been cited in support of lineanty at low Parc
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-

4xr *

~ radisticn levels: however in recent years he found that lead shielding of the o:ganisms 4,cM

has deviated from the linear model (Ru72: from r.mbient radiation resulted in muen # P:i 1
*

g4%:{'
s

Be72). poorer growth and reproduction than ooser.
it For carcinogenic effects Morgan (Mo78) ved for the controls (Lu?8). In a forthcoming.

);-
-

~ denies the existence of a threshold, citing report on hormesis in ionizmg radiation,n .

( Stewart's and Kneale's analysts of pelvimetry Luckey (LuS0) states that, based on his
!y i exposures (Stew 70: Stew 71) and Steinglass' analysis of the evidence, " .. radiation hor-

,

r, 3y - analysis of mortality in the vicmity of nuclear mesis is not predictable with data from high g
1 -). power plants (Ster 63: Ster 71). Serious ques- doses, ..The argument that low doses give
- m -

tions have been raised, however, concerning harr.iful effects in proportion to dosage is

si
the validity of Sternglass' results (La75: invalid" Hormesis is a general phenomenonJ

( Un79). Smith (Sm78) and Warren and Gates in which exposure of biological orgamsms to:o
el (Wa71) also support bypothesis (1), but in- traces or low levels of hazardous suostances

.
* *

! bred laboratory wiW strains were used in or agents stimulates natural physiological
7)

some of their studies. Such strains tend to defense mechanisms in a manner that benedts
|y.

withstand environmental hazards less well health and survival (Lu80). Fadiation hor-I -)
|

than wild strains found in the natural world. m sis tends to resemble biciogical responses
Much of the actual data from well-designed to low levels of ha:ardous substances such as 3g11, e-

x -

studies tends to favor either hypothesis (2) or textns and antigens.
(f.

I

)f of 0) or both. The work of Gopal-Ayengar and Natural def en .e mechanisms are stimulated
'

:r.

colleagues on populations from the Kerala by toxoids, viruses, vacemes and bacteria.
,

ac.
,ed coast of India (Gop72), and that of the Immunological mechanisms are, of course. ..

af Chinese High Back-~ound Rachtion well known. Some individuals exist whose
g). Research Group (Hig80) on populztions defense mechanisms are genetically deficient.,

;fe from Guangdong Provmee, China, are con- However, the existence of a number of''. ,
sistent with bypotheses (2) or (3), but not different DNA repair mechanisms hasno with bypothests (1). Moreover, a number of become known in recent years (Ar78: Ay80:

.3e

{ (
- evperimental ani:nal studies have been con- Ha78: Ro79: Se78). The hypothesis may be .

~

-- ~6) "
- ducted on populations of aritmk exposed for considered that under ecciogically realistic

all or most of the:r lifetimes to vanous levels conditions of exposure to low levels of ioniz-
on of ionirtt7 radurion. At exposure levels and ing radiations, DN A repair (and otact defense

,e .3e , rates of 300-2000 mrem /yr, average survival mechanisms) are stimulated to such an extent
[ u times were longer and nsks of chronic dis- that efficiency is elevated above the level

3 cases were lower than for controls exposed necessary to repair low-level radiations

2te to about 60-165 mremlyr, the range found in damage. The result could be that the
:he various regions of the U.S. (Car 57; Car 59: activated defense mechanisms improve

- ive
; in .

Cas68: Lor $0: Oa72; Va68). A warning issued nealth and survival of the exposed individuals
by Jankowski (Jan65) was at incompatible compared with similar individuals exp ased to ~

.

; wuh hypothesis (3), and Van C' eave (Va68) lower levels of ionizmg radiation. Such reac-( ms

! 57: ; discussed the "negat.'ve life shortening" tive mechanisms could explain the experi-
of .

efkets of ioni:mg radiation. Similarly, Cas- mental observations of extended survival of"

ery { arett (Cas68) noted that in " . ..certain life- irradiated ammals observed by such in- ,

out f span experiments, when the radiation dose vestigators as Lorenz (LoS0), and Carlsent er/

(- 23 : has been quite low, the irradiated animals live al (Car 57: C2r59), as well as the related
,org [ longer, on the average, than do the control observations of Cronkite er al (Cr50) and of
;ih I

anunals", He also stated that " . .ammals in Clarke et al (C:70). Biochemical in- '

j svel I some of the irradisted groups do not have as vestigations should provide enlightenment on ;

-C
(' ried high an inculence af certain eiseases as is this general question.

found in control groups" (pp. 273. 274). p
concLtmoMs ines Furthermore, in an experimental study of

.

Paramecium bursaria, Luckey and colleagues This prelinunary report can make no firm p.h-a
( tow ._
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LOW LEVEL IONIZING RADIATION AND tsUMAN MORTALITYU 638r
' $. causal statements. It can only call attention to Accident er the nree Mile Island Nucitar Sta- Boy 74

' i2d certain relatlocships and suggest further ten (Wasnmgtdn. DC U.S. Government Pnnt- 1974.-

study. With these caveats appiying, we c:m mg OSce). ,
Re;.-

Al"2 Alane Y., Ulrich C. E., Busey W. M .ork

i conclude with three statements: Krumm A. A. and MacFarland H. N 1971 and'
(A) There is continumg need for multi. tr.guerm Contmucus e.xposure to Sulfur Son:

@ variate epidemiolog2 cal studies aimed at Dionde m Cynomolgus Merikeys . Arch. Br7'
eluc.idating the health edects. of low-level Enevon. Hralth 24. I15-1LL EHet- E
tontzmg radiation, particularly in the presence Am74 Amdur M. O 197s. "The Long Road from Bur 67 ii, . .

L of other environmental vanables. Donora. 1974 Cummings Memonal Lecmre" strac,

.

(B) Extrapolation from high exposure Am. Indust. Hyg Assoc.1. J5. 569-597. DC:

.

leveis to low exposure levels is methodolo- Ar73 Ariett C. F. and Lehman A. R., 1978. Bus 65 ,

I gically unsound. Reassessments of any " Human Disorders Showing Increased Sen- Carit

i. - bazards involved with exposure to low-level siuvity to the Induction of Genetic Damage *, kvet

ionizing rwrien should be based on ecolo. Ann. Rer. Genetic: 12.99115.
Car 57 :

Ay80 Ayala F. J. and higer J. A Jr.,1980. B. H
- gically realistic data acquired at the levels of Modern Genetics (Menlo Part. CA: Ben- ,

Met:
Radi

' concern without extrapolation. jamin/Cumma s). .
s

(C) Our prelinunary results suggest that Baum J. W. 1973. "Populanon Hetero- : Whit8- -

adoptmg the no-threshold hypothests tn the genetty Hypothesis on 'laciation Induced Car 59
Ba73

absence of strongly supportive observational Cancer". Health Phys. 25. 97-!G4 "The'

(. data at the actual exposure levels and icvels Be72 Beers R. F Jr Herriott R. M. and TDgh- and-

of biological organization of concern is a man R. C. (Eds).1972. Moleeuiar and Cellular Spra, ''
Repair Processes. 5th int. Symp. Molecular Casb5

dubious procedure.
We plan to report further on our studies Biology. loans Hopkins Med. I. Supp.1. (Eng

BEIR": Adytsory Committee on the Biolog: cal C:70""

W a.fter we have investigated the multivanate Efects of Ioni:ms Radigmns.1977. BEIR.L Hac:
-t

I aspects of the problem more thoroughly and Efects on Popuianons of E:posure to Low tium

.$J .

bave exam 1r.ed the inttuences of age and Lereis of loni:xnr Radiatwns (Washington. DC: rown

socioeconomic vanation t:pon the observed N AS-NRC). (Awailatie from NTIS as NTIS PB. Scie.
. .

n y
relauonships. *39. 735; Spn=gie:d, V A: U.S. Dept. of Com- Cr50g Chaimerte).
Acknowledgement-These studies were supported BEIR"7 Advisory Committee on Biological "Ir:

largely by Spec:al Project Grant 10lR1 from the EHects of Iontzmg Radaanens 1977. BEIR-II acos.
' Counc:1 for Tobacco Research-U.S.A Inc., New Considerstens of Hec!Ih Benefit--Cost Analy- Ex;

j' York. The general purpose of thts and our preced- sts for Acurttaes invoicurg lont=nr Radialma 136.

~. ing grants from thts Council is to study the reia- Exposure and Afternances (Washmston, DC: Di69

tionstups between environmental vanables, such NAS-NTtC). (Availaele from NTIS as NTIS PB- duct
g as air podutant chemicals, and mortalities from 236.555; Spnngdeld. VA: U.S. Dept. of Com- Ycri

Du644

human cbroruc diseases such as cancer and car- mere.),

.
~%

diovascular diseases in the hope of discovenng BEIR79 Advisory Committee on the Biolog2 cal watu

information of ettological sigmficance. EHects of Ioni:ms Radiations 1979. BEIR.Ill. Uni:
De Efects of Populations of Exposure to Low Sur

Ad.iendum. Since completms this ruanusctwt we Leveis of loni:ing Radiatwns (Washington. DC: De:.

have obtained a copy of the 1980 version of BEIR* NAS-NRC). (This source is an abbreviated. Fre73.,_

. A. :
Ill. It does not contemplate a bene 6cial efects summary version of this report [BEIR.III] pro- - Lyn
hypothests. Moreover, the very recent report by a vided in July 1980. by the OSce of Radiation. . .

BEIR.III committee member Charles E. Land Programs. Washington. DC: U.S. Environmental Fn73
R. E(' ["Estimattng Cancer Risks from Low Doses of Protecnon Agency.)

lomzang Radianon", Science 209 1197-1003 Borw9 Bonnier G. and LAning K. G., 1949 Pro;

[ (1900)) also does not examme this alternanve
" Studies on X-ray Mutauons in the White and . Lov

I
Forred Loei of Drosophda metanogaster-L j Nat

I hypothesta. Stanstical Analysis of Mutation Frequenews", a Ga30*- I the
utru c czs Remittas 35. 163-189.

/
Ad79 Ad Hoc Population Dose Assessment Bow 80 Bowden M,1980. "A New Optimism

! Cur

Group (Interagency- NRC. EPA and DHEW). about Low-avel Radiation". De Philadelpnia ; pp.
t Got"~1

j|, 19'9. Populaten Dose and Health impacs of the inquusr. pp. l.B. 3-B. 30 June. -
'
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THE ARGOMM,E RADIOLOGICAL IMPACT PROGRAM (ARIP)
PART I. CARCINCOEN!C HAZARD FROM LOW-LEVEL,

; LOW-RATE RADIATION

.

by

. Norman A. Frigerio, Keith F. Ecker=an, and Ralph S. Steve
I

- i
!

'
.

ABSTRACT

The entire Argonnh RWological L*.*. pact P:cgram is briefly|

outlined, and part of :hs crogram dealing with radiation harards
from nuclear pcuc: plants as discussed in detail. Various mcdels

k and predictions of carcinogenic hasard are examined and co= pared
.with actual expericnce in Q. S. and foreign populations. All of

--
the nodels predict a significant inc:cr.'=.nt in malignant mortality._-

with increasing background. Cbservation of the actual populations ,

at :isk shcus not _only no inc:cmant, but an actual acc:c ent, so ,

'

-
that these predicticns are left quite withcut observational sup-

:t is concluded that extrapolaticn of high-rate and usuallyport.

L -.. . _high dose-level studies to low rates and low icvels is probably
invalid, and that radiation at such levels an! rates does no:

.

~ constitute an envi:on=cntal carcinogen of significanca.
f

.

'
-s

'

-

ErIRODUC~ICN .

In late 1971 the Environmental Statement Project was formed at Argonne
.

National Laboratory to aid the U. S. Atomic Energy Commission in the prepara-
tion of envircumental statements for the nucler.r facilitics being licensed

Since methodology for assessing the impact of suchby the Commission.
facilitics was in its infancy, it was necessary for us to develop =cchods *

For questions of radiological impactand programs adequate to the task.
h" this eventually took the form of "a series of studics, reports, recom=enda-] formed the Argonnetions and computer programs which, 'takcu together,

Radiolet.ical Impace Program (ARIP) . This report, ARIP I, concerns 1.self '

y ,

with evaluation of the carcinogenic hasard that might be associated with
Future ARIPthe radiation and radioactivity froci nuclear facilitics.-

the determination
i " reports will address other parts of the program, e.g. :

of optimum sites f or nuclear facilites (II); evaluation of the doses
h_ received by man and other biota from the relences of nuclear facilitiesj (III); storage and access of availabic data on radiation and radioactivity
k-

levels in the U. S. (IV); etc.

A recent report has sur=sarized what is known of the genetic and so=atic. "

hazards of radiation. 32 The principal somatic hazard was found to be
carcinocencais, and genetic and somatic hazards were found to be of about

] the same severity per unit dosc. Our ovaluations of nuclear power reactors,,

) (- . prcuent and proposed, revealed that the major fraction of the dose received'

The spectrum of;* by man and c.cher bioca uns somatic rather than genetic.
|

,
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/* radionuclides emitted by a power plant, in conjunction with the pathways
1 by which they reached man and other biota alcost invariably resulted in .

critical organ doses about an order of =n*;nitude higher than the genetically
[ significant doses received from the scra source. The ine cor:ble arith =atic

[i
of carcinogenesis renders the critical organ dose truly critiesi to the

'

survival of the individual irradiated. While the probability of cancer in
any organ is proportional only to the dose to that organ, the survival of-

} the individual is largely independent of which organ becc=es c:ncerous. At
the present state of the art in cancer therapy, the survival of the individual -
is seriously threatened by cancer in any organ. Thus, radiation hazard from

_

nuc1 car plants, s=all as it may be, is defined by the critical organ doses
received. Thus such concepts as "whole body" dose are ger=ane to the
question of hazard only at a secondary level relative to critical organ

T' doses. '

I
s

So far as is known the radiation and radioactivity from a nuclear power
"

plant is not uniquely hazardous and that, so long as doses are expressed in,,

com=on units (i.e. rem), the hazard is independent of source.32 In tet=s
' of both dose race and dose level, radiation hazard from nuclear plants most
closely resembles background radiation. .Thus, we opined that a study of

~

- carcinogenesis ' occasioned by the radiation backg ound would constitute the
[ most pertinent test of the potential carcinogmicity tadiscion and

radioactivity from nuclear power plants. -
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In recent years, Se hypothesis has been advanced that a significant
fraction of human cancer mortality any be due to the human tadiatien back-

I~ 1-3*13831-33grounl. For a normalized irradiation of 170 millirem /yr, these
authors have estimated U. S. cancer cortality excesses of about 3,000 to<

100,000 per year, i.e. , about 12 to 30:: of current experience. Since the

I_ identification of so important an etilogic factor would be an event of =ajor
significance in the field of cancer epidemiolo;;y, we addressed ourselves to' 24the exn=ination of the degree to which these hypotheses could be justified
from current vital statistics and from the known variations in the

I~ radiation background. -

-; --
-

. . - -
.

This emhtation occupied a fair span of time, during which the =ists

I- ' "' " "''"" ""' " " "="" " '" " ' '' " " """ "*=" "*="' =="=*"='""-
recognizing that they form only a small part of the epidemiologic method,
but intending to go on when they wore thin. Much to our surprise they
continued to lead us on until, at the end, we had hardly applied anything

B. else. We beg the reader's indulgency, therefore, if what we present is
less in logical than in chronological order. We hope thu: to indicate how
it was possible for us to begin with the presu=ption that background radia-
tion .ust be carcinogenic. only to be forced, after something ve:y much like
the classic Drunkard's Walk,19 to' conclude that it is n6t.~
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The estimates given above all depend on linear extrapolatio, of data
i obtained at high dose-rates, and generally high doses, to the loa-rate, *?

low-dose condition of the natural background. The linear models involved;

have taken two forms; the additiva, or absolute-risk, model, and the
.- mulg plie d e, or relative-risk, model. Fot a ny, these may be written

as:'*
.

r = r' + kD additive,"

r = r ' + r' (D/DD) multiplicative.
k

.

I.-
Here r is the observed rate of age-adjusted mortality, r' the " spontaneous"
or radiatien-independent rate, and D the dose. k is the absolute rish per ,

( unit dose, and DD the so-called " doubling dose," a =easure of relative risk.

These two models differ in the role assigned radiation as a carcinogen.,

The additive model treats radiation as a complete carcinogen, sufficient unto
J- itsel.f, ar.d with no need for co-carcinogens. The multiplicative =odel treats ,

radiation as a pure co-carcinogen, amplifying thatever malignancy already

I{.~ exists,'but not necessarily adding any on its own,
t ~

The estimates cited have all made use of five " generalizations," although|

I-(\ these have been made most enplicit only in the most recent reports.2,32
Following Gofman and Timpiin 2 we have ter=ed these " generalizations". rather -

- than " assumptions" since they are based on an impressive assemblage of human
and animal data as ucll as an extensive collection of theoretical discussions.
Properly speaking, the " assumption" at issue was whether this data, involving s

cmall, selected groups at high doses and/or high dose-rnecs, could be linearly|a cxtrapolated to the U. S. population as a whole. -

,

In the esti=stes presented to date, the following generali:ntions have
been employt.d:;-3, u,31-33. .

-

(1) Radiation is a pcn- to polyccrcinogycn, i.e. all/many sit,es are
subject to radiation carcinogenasis, and in about the same =ansure;

F (2) Radiatior- nensitivity is independent of dose rate, but drops sharply
(., during the first three dcandes of life, so that only the background

dote received durine the first 30 years is considered in estimating
populatica risks over all ages. For a nor=alized background irra-c-

[ diation of 170 mrem /yr, this amouits to a total dose, D, of about
S.1 rem;F

'(' (3) F.srimates of total rink can be made assuming an age-averaged
sensitivity ever the entire population. For the additive model,m

f estimates of k. have ranged from 0.3 to 9.0 deaths per ycar per
100,000 population per rem. For the multiplicative model, estimatesm. .

of doubling dose have ranged from about 50 to 500 rem. These ranges,

/ correspond,' roughly, to from Il to 30% of the current U. S.

[| '- malin wr.* mortality of about 320,000/yr. 'thile many workers have.
.

ttsed only a single value for scusitivi:.y, othern hnve utiliacd
L cpecific fitnctionu for generali stion (2), and integrated these over

; | .

* ----. - -- ---- -_. __ ~ -- _ . . .. - -.- . ..-
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~ age to pruvide the most explicit esti=stes;2,32
r -
( (4) Aside from age, population have been treated as equivalent - ,

regardless of "rsce, creed or color," o to =pech. Faile this ,

generalization has seldom been made explicit, it has always been
_ implicit, as witness the extrapolation of dats from Japanese bo=b

p victims, uranium miners, spondylitics, infsnes radiographed *.n utero

( malignancy-bearing patients and the like, to the U. S. population
- as a whole; and-

i(5) Latent periods for the initial appear =nca of radiogenic malignant
mortality range from a few years for infants to as much as t

30 years for adults. The bulk of the values used have been $5 years ;

j
(s for infants and $20 years fer. adults. .

l~ In testing the two forms of the linear model, we utilized these
- -

_.

generalizations as they stood. Natural background for ecch s ste were tekena from Minx, Schlaien, et cI.6, and applied equany to both sexes and all races
within the state. A man-made background (medien1, faucut, nuclear devices,
etc.) of 40 millirem /yr was added to the natural background. While this is,

6
- ndmittedly lower than the 95 minirem given for 1972 or the 45-61 given
_.

for the 1960's,12 it was ' chosen as a reasonchle, conservative. cverage for
the period 1950-l' 68.32.It makes some anowances for the presence in theJ

Ia population of groups whose medien1 exposure' is probably law, and adds
6nicely to the U. S. average naturni background of 130 mren/yr to give

~ '- the 170 mrcm/yr which has so often been used as the basis of esti=ates. For

some tests we needed a distribution function for radiog:nic calignantg
f t. mortality. We could find nothing explicit on this in the precentations.

Uowever, from the Poisson nature of radiation itself and the lineer form of
(|. _ the model, we inferred Poisson statistics for radiogenic components of

malignant mortality.-

' The major disagreements among the various authors seem to have centered
on (1.) and (3.), as ven as on the length of the plateau to be anticipated

_ onec- the latent period had been exceeded. In order to arrange tests of all
the variations, therefore, we added the following operatienal provises:-

- (la.) - We would begin.with.the assu:cption of p:ncarcinogenesis. But we
would also arrange the te'st= so that, if this were not the case, -

-

sites would be alhMaced until only those corresponding to
>

'

L polycarcinogenesis would be inft.
~ ' ~

r (3a.) Uc would begin with a h'ich sensitivity and apportion it equally
[ - among the various sites. But we would al=o decresse this valut.

- progressively, toward zero, so as to encompass predictions madt
on the basis of various sensitivities and plateaus.
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THE ADDITn'E MotCL
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\

From generalizations (1) and (4) and the for= of the additive equation,
no general population may show a rate, r, of =cro. Evca if r' = 0, r will , '

be equal to kD. Of course, an observation of r = 0 cay be =ade if the'

statistics of sampling are such that kD cannot be distinguished from :ero.
I- Similarly, if other carcinogens are present,8 or the population shows a

heterogeneity of sensitivity,3'' r may be greater than kD. In such cases
But r should never be lower than kD in this =odel 9there is simply no test.

I| Folleving the methodology of 111gginsca,9 ve attempted to determine iM ,

fthere were any subpopulations in the U. S. that violated this stricture,
;

1.e., for which r was 1 css than kD.
. -.. _ .

3 outstanding recent[. We were fortunate to have before us 3urbank's
co=padium of U. S. cancer mortality for the 18-year period 1950-1967. Our

I'
analyses were performed on his Static Ceographic Tables, using his ICD types,
age-adjusted death races, population bases, etc. These group the U. S. .
population into 200 groups for each ICD (International Classification of
Death)5 type, i.e. , 50 states, two sexes, and two races (white and ncn-white) .

-

I. ICD caes 171-179 concern sites specific to on3y one ser., and ware thus
i. represenad by 100 groups each. For details not available in Burbank, we

utilized ti.s avn41.,hle U. .S. Statistics for 1950-1968,27,28 but the sa=c
, , , . . , , . .

-

I~ g . .. :
methodology.5

-

~-
~ These groups are listed by 55 specific ICD malignancy (Mn) types, pluss

one "all other" category , - Burbank No. 65. The latter includes ICD =alignancy

{ types Mn 156,165,195,198, and 199. - : :- -

i

" rom generalizations (1, la) therc =ust be roughly equal distribution of
At k - 3.2 andrudicenic =aldpant mortalitics among the 56 Ma types.

D - 5.1, this vould lead to an excess national mortality of about 33,600/yr,;

i.e. , about 10% of current experience. Spread. over. 56 Mn types, this
corresponds to - 0.3 per th type, i.e. , an expectation of about 54 radiogenic

I[~ deaths per m4"4cn population per Ma type for the 18-year period of
" observation. In order to run the g=,ut of proposed expectations, we first
identified populations presenting at rates below 0.3 and 0.03, discri=inated
by sex, race, En type, and state of residence. The hope was that we wouldIgL thus bracket some r at which the linear additive model would be easily
tenabic.

- .
.

-
. . u : ..

I ,'~ observed mortalitics were derived from Burbanks or obtained from the
'

U. S. Vital Statistics.17.28 - "t" values were taken (expectation-observation) /
l8 Radiogenic.cxpectation was(standu l error) in the usual'fashien. lleg .

-taken as:

Itm

expt. = 2 (IS)(k/56)(30) Bt P,i
i

1 where cach population subgroup, P , had been exposed to radiation at its,( iparticular background rate, D , for the first 30 years of life and. observed% i '

over 13 years for the designated malignancy at a sensitivity of (k/56) per
t

- Mn type. .

'

i
' .

-

_
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g- These expectation: are given in the fir:t colu:n of each r group. Although ,
5 in cancer epidemiology, one would not usually consider expectations icss than

ft f or so,ll- much less express them as decimals, this hcs been the practice in
rr. diction car .inogenesis studies.13,32 Thu , we have allowed this practice
at r 0.3 or 0.03. At : = 0.003 wa have used only a plus sign (+) to indi-
cate that the value for t is =athematically real but, less than 1. ,

I

Population of each cohort presenting at fr is also given (in thousands) ,

as well as the veighted average dose level characterizing the cohort. At the !

bottom of the table we have su:marised the number of =alignancy types a:: ,

. various t icvels, signaling those of cbservations less than expectation by *

L
the device of a " positive" c, and the conver c by a " negative" t. The latter

have also been signaled by dashes in the body of thn tabic. In cach case, the i

total of types is 56.
,

.

r

L Uith, no many Ma sites violating'the requirements of the model, even

f- extraordinarily i= probable, at laast at these levels. So, we continued
as judged simply by the normal "t". test, we had to ad=it that it was

"

dropping ot.r scarch value for until, at 0.006, cll of the observations

(' vent to zero except for those three stalwarts, ICD 151,153 and 171. Since i

l we thought we =ight have sometMng here, we did our estimations on the basis
[ of r = 0.003, the mid-value of the interval, rather than 0.006, its uppar .
-

L bound. .

~ - In this range icvel, the normal "t" test becomes awkward.ll l8 '1'hus, wee .

/ ,, resorted to the much more powerful, albeit lengthy and expensive, Monte
[ ~

\ Carlo methoi.19 Briefly the population of the U. S. was subjected to a
L- random " rain" of radiocarcinogenci deaths at r = 0.003 for 10018-year

|
periods, and the results of cach period analyzed as above. .Where the
r = 0.003 column of Table 1 shows zero observed deaths for 53 tu=or types we -

-

found a range of 11-33. By the 35th trial, a menn of 20 2 was reached, and
~ this held to the end of trials. Ergo, not only is the null hypothesis

(r = 0.003) improbabic, but the Monte Ca;:lo results suggest that a level of
'

roughly 0.003/20 would be needed to reach even a 63% confidence icvel. This
- corresponds to about 16 deaths /yr per 200,000,000 population,' or about

0.005% of current U. S. mortality. Since the same pattern of zero observations
had been found at all icvels of r b'elow 0.006, where the Monte Carlo expec--

tation was about 41, a null hypothesis (r = 0.006) was comensurately less{I probable. .

L.
Now, the observation that "large," geographically ' ontiguous populationsc

, exist in which malignant nortality rates are quite low is hardly novel.9,2y.3r

[}r But, by making this sort of obserystion explicit.and more-or-lcas quantitative,
it is more readily seen how this phenomenon places upper bounds on the^

involvement of background radiation in carcinogenesis. If there is a surprise,
l it is that the upper bound is as low as it is, at least in this othexwise
L persuasive model.

f[L
In any case the model certainly scenad untcaabic at any icvel much .

i

greater than = 0.003/20 = 1.5 x 10-4, at least as its authors originally
,(, presented it. In theory, we t.hought it might be saved by abandoaing

generalization (1) and confining higher expactationn to 10 of the 56 types,'g ,.
cven though these 10 corresponded poorly to those for which human radio-

|- carcinogenesic had been shown.32 In practice, though, even this turned out

I- .

L:
- _ _
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to bc improbabic whca ue examined this unholy decade by criteria other than<

( r < kD (vid: infra).

I|r %
As an aside, we might note that this sort of epidemiological apprtach

possesses so=e peculiar advantages over less dirce: studies of radiatica

I- cffects. For one thing it addresses itself directly to the population of

j in t eres t , in this case that of the U. S. rather than to small, select

populations of the war-torn (e.g., Hiroshima and Naga::aki), of the ill'

(e.g. , those irradiated for spondylitis, tuberculosis , thyroiditis , !I[ mald gnancies, thymic diserders, etc.) , of the young (e.g. , i. radiation for
tinca), or of the occupationally stressed (e.g. , uranium mincrs). It may be
noted, for exa~ple, that even the smallest population groups in Tabic 1 are
as large and usually much larger than these select irradiated groups.<-

i
'"h en too, the time span of observation is large. Although we have dealt-

, ,

only with an 18-year span here,36 the data can quite properly be regarded asI an 18-year sa=pling of a continuing procession of cohorts which span the
t. full biblical "three score years and ten". And, of course, the radiation'is

being delivered over this entire time span, at the very rates of interest, and

I'
compounded, so to speak, for effects in .cero, on the young, on the general
population, and on the aged. Ad::rittedly, epidemiological data are susceptible ,

to problems of over- and under-reporting, but these are hardly likely to be
more severe than the parallel problems in small-group studies. Finally, theI- sheer mass of data permits f ar better cross-checking and, in =any instances,
provides insight into phenocena too. minor to be observed in s .all-group-

studies but which may spark an idea or hypothesis in the mind of th .

I ._ (' ~ -' inves tigator. 47 Quite possibly it is this aspect which makes addicts of"

the adherents of epidemiology.
*

With this in =ind, several curious observations appear in Table 1. While

I{r- each malignancy type at r = 0.003 is within its respective statistical
expectation, the consistent string of zero observed deaths, over populations -

that range from tens of thousands to nearly ten -N on, is a bit unsettling.

I.__
Admittcdly very low incidences of certain maligucncies are characteristic of
ethnic and geographic groups throughout the world.9,26 But one is not usually
prepared for such variations in a population supposedly so culturally Uniform
as that of the U. S. It appears that the U. S. population comprises groups'

(' vhose range of cancer mortality is .nearly as vide as that of the world at
large', substantiating previously puz= ling observations of vide disparities
between major U. S. cities.8,26,3

F

Despite this heterogeneity, some socioeconomic bins exists in the U. S.
data. Many of the 10 apocalyptic horsemen of Table 1, who refused to show

,

significant groups below r = 0.3, appear less for=idabic when viewed in the
, c| light of worldwide malignancy mortalities. In the first part of Table 2,

ve have presented the lowest national rates that vc were abic to find on|
" '

p, inspection of the more readily available literature. Considering the
,

, g;' usual urban-rural, c: ale-femalc, ethnic-racial and socioeconomic diversitics
g -- that one invariably finds in such national collections, one can anticipate'

i finding sizeable groups at rates of =cro or near-ccro on closer study, even
for these remaining Mn sites. Indeed, there ap ear to be large hocogencous
groups below r = 0.3 for all malignancies.9,2s, pit .4 3

| - (/ _W'

| Several features of Tabic 2 may be worth noting. First, the " secondary,

; I'
,

1 !
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Table 2. Minimun National Rates for Ten Malignancy Typep
-

,

! |-
I U. S., white, U. S., white, f

All Ages nale fenale Early Adulthood
,
,

d r'/d t r dr/dt R Age 1 Ref.Y.a Type r Ref, r ,

151 0.6 43 15.6 - 0.69 8.0 - 0.39 0.0 35 27, 37 i-
'

153 j 0.0 43 16.1 + 0.09 16.3 - 0.09 0.0 45 27, 37 ;
- ,

155 0.0 43 3.0 '+ 0.03 3.7 - 0.05 0.0 40 27, 37 |
' '
,
..

5.7 + 0.06 0.0 50 27, 37 i157 0.2 39 9.3 + 0.16 -
i

I'- 163 0.0 37 19.1 + 0.96 3.6 + 0.12 0.0 All 37 ,

! 171 | 0.6 8 - - 8.0 0.21 0.0 40 27, 38

174 0.5 37 - - 4.8 - 0.26 0.0 50 37 ;

'

| 175 | 0.6 39 - - 8.5 + 0.04 0.0 45 27
,

I - 177 0.0' 43 17.6 - 0.09 - - 0.0 45 27, 37 h
'l .'i

' 65" 0.1 - 4,0 8, 37 11.6 + 0.01 9.7 - 0.17 0.0 40 27, 37 4' "
I

'
6 j

' j'.
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all other, and unspecified" categories 153, 174, and Luthank G5 character--'

1 ist.ically constitute one of the major bancs of the epide.miologist's cr. stencei

(e.g. a) . One hardly anticipates data of much analytical value in such
I. catchall categorics. Even so, the fact that cancer is a report:ble disease

in the Scandanavian countries,3' with their remarkably cc plecc registrics,
climinates 163 entirely and produces some very low rates for 174 and for
some of the ICD types included in 65. It seems quite likely that more-

data of this qum ty would cli=inate them completely.H ''3 After all, theye

mus t , from their very nature, vanish to :ero in the li=iting case or perfect
diagnoses.-

I
- Secondly, the very low rates observed help to dispel the enticing, if

mildly parochial, notion that the remaining 7 type s somehow constitute
P " common" malignancies , while the 46 cli=inated via Table 1 are " rare". While

[ these 7 do account for pe: haps a third of total 'i S. =alignant mortality,5
they hardly constitute important malignancies in ;ther lands. Indead, the

r only one of these: to coincide with the EEIR list 32 of i=portant radiogenic
malignancies, ICD 151, is dropping so line ly and rapidly in the U. S. that
it bids fair to reach zero within the coni. ; two decades.5,8 That so=eching
of the sort might transpire for several of the others is cuggested by the
data given in the second part of Table 2, i.e. , rates and values of dr/dt, the,,

L yearly change in age-adjusted marrality rate.5
.

- Sczne further test of the stature of these ten malignancy types may be

I' ('
made by considering generalizations (2) and (5) . If these are indeed valid,
a goodly fraction of the total radiogenic insult must have been received by
age 10 and a significant nu=ber of radiogenic mortalitics should have appeared\

7
by age 30. However, this does not seem to be the case, as sh'own in the third'

i part of Table 2, where R is a specific age group rate. Here we have isolated
those national rates for which we had age-specific data, and for which R = 0
up to age 30 or beyond. Again, if these ten horsemen were truly riding to

I{ the beat of a radiogenic drum, they were certainly riding more slowly than
predicted by the linear additive models so far proposed.

r .

All in all, then, it appears that even the abandonment of polycarcino-[ - genes s would do little for the additive model, especially in the long run, ,

*and this model vill probably have to be abandoned in toto. .

.-

, . .
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ADD 1TIVE MODCI. IN INFANCY
.

_

Infants irradiated in utero =sy wen represent a special case. The
heroic, case-by-case studies of Stewar:20,47 have shown not only a very -

Ir marked effect of diagnostic radiography at very low doses, but a broad
spectru:2 of Mn types as well, so that her results have of ten been used to

| buttress the generalization of pancardnogenesis.2,3,13,31-3 3 Stewart has
reported a value of 572 malignant mortalitics per million live births per

II_ rem of irradiation in utero, essentially all of them occurring before

L age 10.2o.*7 Stewart also shoued that senste1vity during the ~ . - - < ester

in utero was about thrice that during the last tri=cster. Fo noving
21- S ternglass ve budgeted the background by tri= ester at relative sensitivities

of 3:2:1. This yielded an age-specific rate, R = 1.11, for in ubero irradia-
tion by the 130 millirem /yt D. S. untural background. We then added 40
-H11irem as a probable average in utero X-irradiation ,20 at a relative4

II
r

scn:.itivity of 1. The sum, R = 1.34, was distributed among the 56 tu=or types
L to nive R = 0.024 per type as an upper working level for tese of hypothesis.

We screened U. S. cxperience as before, but with R = 0.024 and for the
I' 0-9 year groups only. All states were actu=ulated so that only the two sexes

and two race groups were discr'-f"nted, in addition to the available age*

diserdmination of 0-4 and 5-9. Results are presented in Table 3, with .

I<{(f.
populations given in millians. With only 19 of the 56 Ma types at e less
than 2, a hypothesis of.pancarcinogenesis was untenable at the 0.024 level .

of sensitivity. As before, we progressively lowered R until, at R 5 0.0018
the pattern. stabilized at the values given in the second cole =n of Table 2.

_

I- Ucre, at an implied sensitivity about. 8 of that found by Stewart for other .

0.malignancies, we were lef t with 34 Ma sites at =

We turned again to the Monte Carlo method, and, for the mid-value
R = 0.0009, obtained an expectation range of n-42, with a cean of 27, .

- where only rero had been observed. Thus, the nun hypothesis (R = 0.0009)
was also untenable. The results, rather, suggested that the actual sensi-

I- tivity of the infant to background-vas of the order of 2 0.15% of the .

~'

sensitivity observed for diagnostic radiography, at least for these 34

I |L.
types.

The remaining 22 Mn sites are in excellent agreement with the spectrum
found by Stewart for diagnostic radiation. Since we had no way of re=oving-

the radiographic component from these populations, these 22 remaining sites
I- may wen include radiogenic deaths due to radiography, precisely as per

Stewart. For the natural background, they simply represent cases of "no ccst".

I )L
.

.

The results are not consistent with a more selective model of additive
carcinogenesis applicable only to these 22 sites. However, the cancers of
carly childhood form a rather special case of human =alignancy.7,8,10 20 2 5 44 47
They secu to be chiefly embryogenic in origin, have raten which are relatively

I constant' over quite varied populations, and dacrease in rate with increasing
anc (thu converse of the situation above age 10 or so) . 5,7,a,10,20,2 5,26,:.4(..' And, the 22 above only represent the most coimnon malignancies in this cge
r.roup. Thus, unlike the adult 10 horsemen above, it is improbable that zero

-

rate groupa win be found for mora than a few of the 22, nr.d the quent ton of
applicability of a partial additive mndel in this area is not likely to bc~

nnwered by clouer examlnation of uorld4de experJence along the lines used._I_
* ,,p..

-
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;- Table 3. Cancer Mortality and E::pectations, 0-9 Year Group
(.i

R = 0.024 R = 0.0018-

'~ ICD Mn Exp. obs. t pop., Mil. Exp. obs. : pop., Mil.

t..

140 58 0 7.6 40 4.4 0 2.1 40

[ 141 58 1 7.5 40 4.2 0 2.0 39

143 58 , 17 5.4 '40 0.5 0 0.7 4.6142 58'

6 6.8 4') 0.7 0 0.8 6.2
r' 144 ~5 8 7 6.7 40 1.4 0 1.2 13

{!~ 145 58 4 7.1 40 1.6 0 1.3 15
146 46 18 4.1 32 -0.5 0 0.7 4.7

I 147 58 0 7.6 40 4.4 0 2.1 40

_- L.
148 58 9 6.4 40 0.5 0 0.7 4.6
150 58 1 7.5 40 3.4 0 1.9 32

.

~
15 1 58 13 5.9 40 0.3 0 0.6 3.0'

152 58 3 7.2 40 1.6 0 1.3 IS
- 153 36 27 3.8 39 0 0 .0-

'
154 58 11 6.2 40 . 0.5 0 0.7 4.6

l 155 4.3 4 '0.1 3 0 0 0- -

' .3 15"F
'

157 58' 8 ,6.6 40 1.6 0 1

~~

L, - 15 8 16 11 1.3 11 0 0 3-

t, 15 9 58 7 6.7 40 1.4 0 1.2 13
'

-- 160 58 20 5.0 40 0.5 0 0.7 4.7

{ 161 58 2 7.4 40 3. 3, 0 1.8 31
,

'
162 58 20 5.0 40 0.7 0 0.8 6.2

I[L.
163 41 22 2.9 28 0 0 0-

164 54 23 4.2 37 0.2 0 0.4 1.5
170 56 4 6.9 39 2.2 0 1.5 21

r- 171 28 10 3.4 20 0.2 0 0.4 1.5
'

172 28 0 5.3 20' 2.1 0 1.5 .

._. 173 2S 1 5.1 20 2.0 0 1.4 18
174 28 8 3.8 20 0.2 0 0.4 1.5

- 175 0 0 00 0 0- -

176 16 2 3.5 11 0.3 3 0.6 ,3.1
F

I 177 17 6 2.7 12 0.2 C 0.4 1.5
178 15 13 0.5 10 0 0 0-

179 30 7 4.2 21 0.3 0 C,6 3.1,

180 0 0 0 0 0 0--

- 181 43 23 3.1 30 0.2 0 0.4 1.6

f 190 58 17 5.4 40 0.2 0 0.4 1.5
19 1 58 21 4.9 40 0.2 0 0.4 1.5iu

| [ -
192 0 0 00 0 0 --

193 0 O0 0 0- -

'
f 194 58 9 6.4 40 0.5 0 0.7 4.6

.

.
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"abic 3 (Contd. )- g .

( \

R = 0.024
~

R 0.0018
' ICD !!n Exp. obs. t pop., Mil. Exp. obs. t pop.,11L1. ,

00 0 0196 0 0 --

00 0 0197 0 0 --

0200.0 2.3 2 0.2 1.6 0 0 -

0 0 0 - 0200,1 0 0 -

0200.2 2.1 2 0.1 1.5 0 0 -

0201 29 17 2.2 20 0 0 -

I_-
202.0 58 0 7.6 40 4.4 0 2.1 40

0202.1 0 0 - 0 0 0 -

205 58 0 7.6 40 4.4 0 2.1 40

-

203 58 5 7.0 40 2.3 0 1.5 22

|7'' 204.1 2.1 2 0.1 1.5 0 0
00 0 0204.0 0 0 --

O-

0,0 0 0204.2 0 0 --

r- 00 0 0204.3 0 0 --

0 0 0 - 0" - 204.4 0 0 -
,

0
{~

~

All other 0 0
'

O O O --

fu ( Sum 1880 385 51 0 - -
- -
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THE MULTirLICICIVE MOD:"

E ~.-
-

.

Now, none of the foregoing beers on the cultiplicative model except,
Indeed, thepocnibly, to strengthen its position by recoving a eo=petitor.Relatively rarcmultiplicative model tends to pradict much of what uc saw.I' To bemalignancies might be erpected to show r' = 0, hence r = 0 as well.'

it was a hit distressing that the anticipated =ortalities below agesure,'

30 did not show n even though r' was clearly < 0 over the remaining age
But then, this could be repaired by some changes in the values pro-

, /~ range.
posed for genernHrations (2.), (3.) and (5.) . Admittedly, radiation af.

|

$

low dose rates does seem to be rc=arkably ineffactive as a eceplete pancar-But it could well becinogen, or even as a complete cercinogen of any sort.
.

a pan-co-carcinogen, precisely as envisioned by the cultiplicative model.

If this were the case, one would predict a fair increase of malignant

Ii~ mortality with increasing background, and thi: predictica has been mada
quite explicit by the model's authors,2,3 c. S., from 1% to 30% incraase at'

:

170 mrem /yr, depending on various assu=ptions of latency, plateau, and .

- doubling dose.2,3,32.,

With this in mind it was intriguing to note, in Table 1, the resolute
insistence on dwelling in regions of high background that sec=sd to charac-
terize the low mortality groups. At r = 0.03 and 0.003 only si:c groups

|

L were at the 170 mrcm/yr national average, none were below the average, and
at least 40 were above 180 mrem /yr. At first we thought this might caly

I be a secondarv association with the well-known urban trend of U. S. cancer
,

mortality.14.16 Tests f ailed to substantiate this, however.24 A white\-
female resident of Dn' 7 ", for example (140 mrem /yr), si= ply seces to be

leukemia as her counterpart in Denverabout twice as likely to contrac:
(290 mrem /yr). Since we doubted that anyone was prepared to escribe oncolytic

I ''--
-

properties to the radiation background, we felt obliged to search for some
I

other association. Surely therc must be acme sort of mortality increase,

with increasing background.t,3,32
3

However, plots of U. S. rates for white, malignant mortality against54
natural background for the 50 staten showed, if anything, the reverse

_

Now, were it not for the insistence of the hypothesis ,3
2r

c.c., Figure 1.
that there must be a correlation be' tween mnMgnant mortality and background,-

'

we would be inclined to dismiss Figure.1 as an emle of simple noncor-
relation.46 However, of the 14 states above 140 cres/yr, 12 were very,

'Iu significantly (P < 0.01) below the U. S. average, one insignificantly lover,
and only cne slightly, but significantly, higher. The probability of this
occurring by pure chance proved to be < 0.001. Similar results were obtainedr

[
vith an independent estimate of natural backgrounds.35

First of all, so=eSeveral featurcs of Figure 1 might be worth noting.
states at co==on background had rates identical to the third significant

.c
*

so that soce of the single points actually represent pairs.. ,

figure,
'

'

Secondly, no error bars are shown because the standard crrors are less
than the size of the points. The data base is, literally, enor=ous. Each

[ _. f( represents an average of about 10 5 deathe, .and a coefficient of
5 point

variability, V, of about 0.30. Pven the smalle=t state: are represented
j

I
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_ l,i - Fig. 1. . Malignant Mortality Rates for the U.I . White Population, 1950-1967, by
.

S

_ .. State and Natural Background. The horizontal line and open cire.le
. . inMente the rate and backgr'ound for the U. S. as a whole.
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|1 by aLout 10'' deaths, with V = 1::. With thin sort of precision, it is
# evident that the vertical dispersion displand is not " scat:cr", at leastI l'' not in the usual scnse. Rather, it reflects the operation of :he genetic,

I cultural, :ociocconomic and other environt antal factors so well known in
the epidemiology of malignancy. 7 10, l'' ,2 0,2 5,2 t ,39,41,4 3,4 4, s.G , t.7i

Finall . in addition to the seeming negative correlation of rate with["
background,{9 the ten lowest states in the U. S. an lay at backgrounds of '

''
?.135 mrem /yr. Thus, there seemed to be some real, if hiddan, association
between high backgrounds and low malignant mortalitics. A1: hough a s# W ar,_.

' and even more dramatic effect was noted in the ncs-white population, we
confined ourselves to the white population because of its greacc: hoco-| geneity better statistics, the better availability of socioeconomic data,

3 [~ etc.27'y8
t
" *

For purposes of further comparison,'we discri=ina:cd three groups: A,

I's the seven states of natural background above 165 = rem /yr; 3, the fourteen
status of natural background above 140 r. rem /yr; C, the four:cen states withL the lowest backgrounds. These were compared with all 50 U. S. states,24,27,28

IF
and some of the care pertinent results are su==arised in Table 4.

We first analyzed the 50 states for each of the 56 (15) types to see if..

the low mortalitics of groups A and 3 could be due to particularly low rates
I t- for a few types. These two groups, however, proved to be lower in all

categories than the U. S. average, and this pret:ise had te be discarded.
A =ue: mary is presented in lines 3-7 of Tabic 3. The rates fo au categories,

Ip ( in fact, tended to decrease with increasing background.
s

Regressions against b1ckground and rate were then run.for some 30
geographic, climatolegical and socioccono=ic factors in an at:cmpt to find

i some cocondary association.24 Some of these are su==ariacd in Table 4.
~ No associations were found beyond the obvious ones, i.e. , high back-

grounds 35 in the U. S. tend to be associated with higher altitudes 236

hecause of the increased coscric ray co=ponent. In the U. S. , high altitude
.. steces are of ten located in the more arid regions and can be so=ewhat less
L urbanised than plains, or coastal states, e.g. , group 3. However, none of

these associations was of the sort or strength that would be expected to
f' load to coce marked difference in malignant mortality.7,8,9,14,15,2t*,25,26,47
b in fact, the majority of the associations were in a direction On srse to

that expected. Thus, the high background groups A and 3 had a generany
lower or equal socioeconomic status (lines 10, 11, 12, 13, 15, 16, 17) t o
the U. S. or group C, rather than the higher status that usually accompanies

- lower malignancy ratcs.7, B,25,26 The sole execption in this area was the
median years of schooling (line 14) . Further, A and 3 had lower Mn :stes,,

r than U. S. or group C despite a ganerally higher 1cvel of chec:1 cal and
L. radioactive ponution (lines 21-24) and also despite a slightly longer life

expectancy, which would be emocted to hterecsc the mortality fraccion due
to malignancies. 8,26 The larger fraction of militarily acceptable males,*

[~ (line 18) only begs the question of why a rising level of healthy young
males should be associated with a rising background.

( Uchanization has been associated with increasing malignancy mortality ,18.,26
but these groups arc, at best, mixed in this respect (line 9) . In any caso,- -

- state-by-state cor parisons shewed lit:Je strength or consistency 26 in this
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.'. Tabic 4. U. S. Lev and High Background '.Taite Populations, 1950-1967' -
'

% - .

i

no, Characteristic A 3 U. S. C

i. .

1 Naturni background, = rem /yr 210 170 130 118%s.4

.

("
2 White population, thousands 5735 16,897 158,051 59,683

-

. .
~

~

3 r, Mn 140-L59 - . . . . . .. 42.9 45.6 52.4 50.3*
,

b 4 r, Ma 160-164 __ 15.8 16.9 22.3 23.4 [
t

.- - :. : . . . . ;. .

... 36.8 38.2 41.5 -40.1
J~ 5 r, Mn 170-181

,

3 ~,
- .. .. .. ...

~

33.3 33.0
6 r, Im 190-205- 30.8 31.5

.

:. ... .
-

. ...

7 r, All malignancies 126.3 132.2 149.5 146.8f. .

-a : ::- a:.C. : - . . L' .. ...
2650 900 730

.

8 Residence alf.itude, fr .. 4510
t'~ .. -. : . .. ..c. ;.

L 9 urbaniuc1=, : . . . .._. - 63 57 69 74-

,

- .-
. .:

10 -Per ' capita personal income, .$... ._ 2021 1922 2215 2255
-

f. -:

L \ ' U. Median family. income .$ ..:. ., 5600 5400 5660 5650 -

. '

. ~ . . . . . .-. :.. . . .- ..

i~ 12 Physi r-4.=/1000. population 2.27 1.25 1.49 1.49
,

y .. .. .
s

13 'nospital beds /1000 population 8.24 8.82 9.49 8.76
,

p .- . ..: :. -- -.

14 Median.ya.ars of school ccepleted 11.8 11.7 10.9 10.8
g ,

-
-- - . .- .. . ...

16.5 21.2 19.1 19.115 Poor dict households, % .. . .

,_
-- . - . . . . .- .

2.6 3.2 3.2 2.5g
c 16- . Population on Federal Food Assist, %

.. .. . ,
.. .. .

' 17 -Unemployment, I.. rs. . . , .. . :. 4.3 3.9 3.9 3.3
;

. . . . u- .-. . : .- -
..

~

65 63
- 56 53j 18 ~ Accepted, Military Selective-

-

.

'Servic'e u.-. , .. .
- 4

,,

L. . . . r- - . . . - , ., . . _

~ ~~-: 67.7 . 67.7 67.6 67.519 ' Life expectancy, male. . .-

... .
.

.

: x : .. :- . . . ..

j' 20 ! Life- expect'ancy, female - : . . - - : 74.5 74.7 74.2 74.3'

5.2: - L a . '. - . c . . . ; - a. e . s .-..
21 ~ Urban air, particulates, pgm/m3 129 n9 115 116

e
3 10.1 9.3 9.5 9.6 -

22 Urban air, ben::ene solubic, pgm/m
;~

[. _

v .) ~ ' Urban air, radioactivity, pCi/m . . 8.5 7.7 6.8 6.33
, .

I

'L , 24 Urbar air, beta, pCi/m 5.5 5.2 4.4 4Q3
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|
Tabic 4. (Contd.). . ' 'c,

.

\
,

.

Characteris t.ic A 3 U. S. - C
no,

8.11 8.31 8.54 8.31
25 r, P.a 140-205, age 0-9

,, ,
,

'

26 r, Mn 140-205, age 10-19 6.80 6.61 6.82 6.72'''
,

10.46 10.73 11.09 11.19
27 r Mn 140-205, age 20-29

,
,

-

27.61 28.39 31.45 32.27
28 r, Mn 140-205, age 30-39

.. . . .. .' . ,

29 Mortality rate, all causes 892.0 893.2 928.5 903.9

l

. . . .. . . ... -

. 24.6E 30 U. S.-group, all causes - 36.5 35.2 -

,

- . 2.723.2 17.3
p'-' 31 U. S.-group, malignancy

,, ,.,

,

~

32 r, s tomach , 151 .. 11.7 . 11.6 11.8 . 11.0
_

_ _ - ... -

.,

, , ~ .

33 r, All G. I., 150-159 40.7 . 43.0 49.0 46.7'

L .. .___.
.

,
-

34 r,. Lung, 163.164 _. . . . .

_, 15.5 20.4 . 21.5
.

14.5
. . . . .

. . . _ . _.

22.6 25.3 24.4,

( . 35 . r , B reas t , f= =ta, 170 21.5
- . ..

- __
..

. . ~. . -. _-

0.055 0.054 0.057 0.054
- 36 r, Thyroid, 194 ._ . .. . . ._._ _- . . .

( . .

.
. 0.92 1.03 1.12 1.07~

37 r, Bone, 196 .
. . . .. ..

. 7.03 7.23 7.13 . 6.91i' 38 r, Leukemia, 204_ . . .
_. . __ _ . .
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/ arca.24 In addition, comparisons of 16 Standard !!ctropolitan StatisticEl
'

[- ( orcas in groups A, 3 and C eve the sacc results as those of the groups '

.

4
in toba, i.e. , urban areas in A or 3 showed much lower rates than those in
0, even for areas of c'orr.on socioeconomic and ethnic factors.2" In short.

[. if any associations existed at all, they were in such a direction as to land ,

P to increcced rates for A and 3. In the face of all this it was difficult *
see how the multiplicative model could be maintained or, in fact, any model'

-

which predicted an increase of malignant mortality with increasing background.
r
!,. Then, too, the greatly increased sensitivig of the young should 1 cad to

a marked increase in malignant mortality.2,3 Even if the low spentaneous
j rates of the very young should secehow mask this, combined with the pre-

dominantly embryogenic character of childhcod malignancy, an increase should
''' certainly be evident by middle age. In' fact, the reverse is the case (lines

25-28). The observed rates a=eng the young of groups A and 3 are decreased
relative to those of U. S. and group C, and in much the same ratio as the

.

_ . total en H gnant mortalitics. Even more than the total observations, this
lef t either the additive or the multiplicative model without the attributes

p'' of a viable epidemiologic model.26
A ' . * .. .. .-

( c~.
Giving consideration to the fact that radiation cannot be the only car-

cinogen, that we have far from exhausted the existing low-mortality groups
at high backgrounds,' even for the U. S., and that we have probably understated

'

;! - the actual exposures of the population by ignoring full medical and dental
~

exposures, weapons, fallout, and regions of high local background, it appears

'{ ( that the actual carcinogenic effects of low-level, low dose-rate radiation...
are very much 1 css than those predicted from higher level and rate

*

'' studies, 1-3,13,15,20-22,26,31,34,40 if, in fact, there are any at all.
.

7:. In short, extrapolation from high-rate, small-sampic studies, predicts a
marked increment in malignant mortality rate due to the natural radiation

.

^

' background. Observation of the actual populations at risk shows not only
no increment, but an actual decrament. - -

.

I
~ -

Uhile identification of the factors at~vork remains a~fisciiiatlng-~ *
~

cxercise for the future, it is not necessary to awnit such identification
e to conclude that low-1cvel, low-rate, low LE:' radiation constitutes a

} negligible environmental carcinogen.- If it is permissible to extrapolate -
' ' '

data from Japanese bomb victims, Briti'sh spondylitics, uranium c:iners, etc.
to the U. S. population at large, then it is certainly far more permissibleg-
to extrapolate portions of the U. S. population to itself. This donc, thei

L present evidence is quite incompatible with an increase of malignant
mortality with increasing background. For a model of backgrotnd carcino-

~- genesis to ramnin viable it will be necessarf not only to identify reversing

i factors, but to quantify them with sufficient precision to be certain that
they arc, indeed, significant factors, and not marcly possibilities without
quantientive pertinence..

,

u

U '

Indeed we claim no novulty for the. tests applied above. The existence
of geographically contiguous populations of malignant mortalitics . low enough

''

to place an upper bound on the involvecent of unifoculy distributed carni-
nogenn has' been provlously noted,2G ,29,41, s.3 as has the low malignant inci-, ,

y, v dence in at least one high-background city.30 All that we have donc is to
quantify these to the point where simple sentistical caures can be ruled out. *,

)L
) ,. -

-
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/ Certain possibilitics, for exa=plc, were ruled out by the nature of the
( observed n.ortality pattern. Thus, if the decedent populationc of groups AF

above were to contain significantly large nunbers of i=migr nts from1 or
other parts of the U.S., (i.e., the decadents had not been crposed to the
high backgrounds until late in life), one would hcvc expetted chd rates inr-

! groups A and 3 to be higher than those of the remaining states. This because
the Mn races of the remaining states are much higher than those of A or 3,"

e.g. ,150.4 for the U. S.-minus-A, and 151.6 for the U. S.-minus-B. Instead,

[ the reverse was true. Accordingly, if short-term residents are a factor,
i the true rates for the long-term residents t ust be even lower than those

given in Table 4.

In this context, too, the problem of ec=peting risks ariscs.2'46 Thus, ,

are the populations of groups A and B dying of'souc. other cause, so that#

their me=bers are removed before malignancy can become =anifest? Fortunately.
the data were at hand to answer this. The age-adjusted sertality rates for~-

all causes could casily be. computed, and these are presented in Table 4
(line 29), tlong with the decrements of each popul4 tion, relative to the

! 9 U. S. , for all causes (line 30), and for =alignancy alone (line 31) . All
f three of these groups are slightly lower than the U. S. in total mortality

rate, * and by about the sa=e amount. The =alignant decrc=ent, houever, ,

decreases rapidly with decreasing background. Indeed, in the very highestr-

1 background group, the malignancy decrement is very nearly equal to the total
decrement. This is just the reverse of a case of competing risks, at least"

in the cense given above.s

Again the possibility existed that the residents of group A or B vere
.

characterized by much lower radiographic expcsures than those of the U. S.
f" This, however, fell of its own weight, since it would have required an execes
fy of over 300 mrem /yr in the rest of the U. S. to account for the difference in

group A, and another 80 mrnm/yr to account for the expected increase of A duei

to its high background.2,3 Such values are hardly credibic in view of what
| f, is known for U. S. radiographic exposures.4,12,16,32 -

)v In addition, a multiplicative model predicts a radiction independent
rate, r' , given by r' = r/c. Here r is the observed rate, and a = (D/DD) + 1,"

f b_ where D is the total bachground dos'e, and DD the doubling dose.2,3, If this
i expression truly represented the case one would expect the dispersion of the -

corrected rates, r', to decrease relative to the dispersion for r.42 This isc the case for such factors as urbanization in' total malignant mortality, solar
[ exposure in skin cancer mortality for whites, etc. 24 so that it should

easily be the case for a factor which accounts for l~ to 30% of the total,

n
, U. S. rate.

Following previous authors * 3 we took DD = 50 rem for the general popu-2
lation and D as equal to 30 times the total annual background for the State.6. -r

i The 1950-1967 rates, r, were from Burbanks as before. For r the coefficients
of variability, V, for' white males, nonwhite males, white females and non-
white females were 11.442, 21.522, 8.98 and 12.26%,45 respectively. After*

correction to r', as above, these v,locs increa.:cd to 12.23~, 22.08%, 9.55~,'

' and 12.252,45 respectively. Regardless of which of the succested valven ,3,3t2

(_ uc used for D or DD, V invariably increased, i.e., the results were always

the opposite of what would have been expected if ,the undel reprenanted a real5_

i- factor in U. S. malignant mortality. Furthermore, tht increanc in V vac
-

~ ' .
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b
f ,- found to hold for essentially all U. S. malignancies, even for 1cukemia, the

r- L cla:nic of radiogenic :lignancies. Thuc, we cccccd to bc 1cft without .

I statistical support for a multiplicative =odel, either for all r. lignancies

(pancarcinogccesis), or even for specific caos.
i
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Most of the foregoing would apply with equal for:c to sn/ :odel of'

{
radiation carcinogenis that predicted increased nor:ali:y below the 300 =res/yr

)" or so that ch ro.:terizes the highest U. S. populations. However, two such
.. models have been proposedjhg deserve explici: cention, if only bec:use their

tences are so reasonabic.' > -
.

p, For many for=s of cancer the spontaneous incidence rises exponentially
.

with age, i.e. .' as exp(at), where a is a ecustant and t is time. It is'-
aften postslated ths: :he effect of radiation exposurc =ight bc to shift the

f exponential so that incidence now depends on exp[a(: + b)], where b is a

L. variable depending on radiation dose. This can be undarstood as either a
multiplying effect of radiation or as an aging effect, depending on which
axir is shifted to superi= pose resul:s from irradiated and unirradiatedc'

populations. In either case, though, this predicts a general increase in'*

mortality with increasing background, as well as prominen effects occurring~

the earlier ages.22 Neither of these predictions is co=patible with theat

[ . results presented in the previous section.
-

34A yet more recent model addresses the questien of differences in

}f' individual sensitivity. Thus, the most sensi:1ve subgroups respond at the
JL lowest doses, so as to cause a steeper-than-linear slope in the low-dose_

portion of the dose-effect. However, this model predicts even higher
mortalities at very low doses than the linear =odels treated in the previous~ ,.

( sections, so that it, too, is ince=patible with their results. .

Any numbe: of equally reasonable models could cer:nMy be crected but,
in the last analysis, reasonableness is.not the ultimate criterion of a

f,J;L model. It's not that the models are un:cssonable, but that Nature seems .

to be!

f Well, reasonable or not, was she " straight", i.e. , linear? We furtherg' e-enmined ratcs for the 7 malignancies that have provided most of the date
for present ex:rapolacions.32 These are arraigned in Table 4, lines 32-38

_

and, again, the verdict seems to be,"not guilty". .
,

For thyroid carcinoma the mortality fr:crion is so lov that incidence
is a more useful measure than mortality.32 The most recent estimates have"'

L. given 3400-6300 new cases per year, at 170 mrem /yr, over the U. S. popula-
tion,32 1.e. , a radiogenic rate of about 2.6. Against this may be co= pared
Scandinnvian37 and O. S.8.tocc7. rates of 0.6-1.3, with several metropolitan

<- *

{
populations at 0.0.8

Thus, Nature has been anything but " straight" with us, and linearity
seems to be, if not deceased, se least moribund.

.
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rI y C.TRE MODELS
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.n

I

~ Now, statistical analysis can certainly dc=clish a, hypothesis, and this
is psre of the science of epidenlology. But it can hardly propose one, nor .

-

yet can it establish causality.46 These latter exercises are, really, the
" art" of epidemiology and, in the last analysis, its ulti=ste justification.-

Hence, we would feel derelict if we did not hazard sone opinien as to the
/- direction future models might take.

, ,
-

L '

Examination of generalizations (1.) through (5.) revealed nothing un-
reasonable end little that was not censoncnc with what is known. The toxi-

-

p. cological dictum that "all =en are brothers" has well stood the test of time. -

*. And, if radiation at high dose-rates is not, pancarcinogenic, it is, at least,
polycarcinogenic. The remaining genernH ations are primarily nu=e_rical,,,.

,

and ceuld be easily modified if need arose. .

.

. . _

Perhaps the simpicst acco=modation would be to abandon the assu=;ition
f' ' of simple linearity and to substitute some function nore dependent on dose
[.. rate and dose level, as suggested by parts of the BEIR Report.32 Cert. Jnly

l3 and .is, in fact, the' the " dose-rata effect" has been kn'own for many years
basis of the fractionation procedures common in radiotherapy, as well as the

{ low-level, whole-body irradiation methods being attempted for the therapy of
~ some salignancies. .. . .

' * -
. . . . . . .

1 /- Furthermore, dose rate factors of the order of 5-15 have been reported
._

,

b\ for large populations of mice irradiated for life at modest rates,16
~

and a -

very strong dose-rate effect has been reported for mutagenesis in mice.48 .
l~ ' A nonlinear model for such diminuition of effect and even for its reversal,50 '

L. has recently been erected and partially tested.1# Since linearity has always
been an inference rather than an observation,13,32 53 and since entrapolation

has always been a dubious procedure at best,5251over many orders of magnitude
h this path of . hypothesis rejuvenation appears the most attractive a pdon.

No matter which hypotheses are advanced, however, ve. hope that the availability
.

", of epidemiological techniques and data will come as an " aid and comfort" to

the beleaguered radiobiologist .u his scarch for reliable esti=ntes of the
effects of radiation on human popu15tions.;,

* '-
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In an attempt to uncover some secondary associa:Icn betueen rising back-

ground and falling malignancy rate, regressions were run for additional
factors beyond thoaa shown in Table 4. These arc summari:cd in Table 5.'

_
Again, no =saningful associations were found beyond the obvious ones, i.e.,

high backgrounds tend to be associated with high altitudes because of the
increased cosmic rny component. However, in the U. S. , high terrestri.nl
backgrcIunds accompany high altitudes because of the particular geology
of mountainous regions.6,23,35 Thus, as seen on lines 1 and 2, both

_
components decrease Eoing from group A to group C. Thus, as one would

cxpect, groups A and 3 tended to be drier, cooler, higher, sunnier,'

(lines 3-7) than group C, and to require more domestic heating (line 8).. .s

(The latter may account for the higher air pollution icvels noted in
lines 21 and 22 of Tabla 4.) We know of no observation, or even'

43 44 46
.

hyp o th eses ,7- 10 ,25,26,41 that would causally link these factors
~

with decreased malignancy. Thus, we were forced to conclude that thei. ,
association with increased backgrounds was an accident of al-J.tude and .i

'

.

geology, and not significant in the observstion of decreasing =alignant
mortality rates with increasing background."

.

A number of other regressions of possible socioeconomic indicators'

_
were also run and are presented in Table 5.' However, none of these 2

provided any secondary associations that night be expected to lead to
decreased malignancy. At; best, the groups were mi:.:ed, and showed no- ,.

i correlation. At worst, the correlations detected were in a direction
' ' that shoul.1 have led to increased malignancy in groups A and/or 3.

,

C Although the done estimates used .35 are the. result of careful,6

L. indepun. lent and prolonged studies, and cer**1y the best values availab' e,l

we rceumbed them for the possibility that the results which we obe=ined
were an artifact of dose estimates. This did not appear to be the case.p
Croups A and C, especially, consisted of states where simple cititude .
and geological considerations, coupled with repeated measurements over*

the years, have shown these states to be quite disparate in background.,.

|. The majority of these states, in fact, have been aeong the classica].
examples of high and low background states for decades. In addition,-

L =cudy of the sources cited suagested the true backgrounds in groups A and ,

[' B were very probably higher than those used in that houses were most of ten
(,j made of stone or concrete of high radioactivity, indoor air had of ten bece

shown to be very high in raden, and the population spent a larger frac-1:n
of time indoors because of the relatively inclement weather compared to%

the rest of the U. S. or to group C. Thus, if anything, the background .
c! groups A and B had been underestimated relative to the U. S. or *a
group C.

f, .

The current models of radiation enrcinogenesis have all derived their
data from small, sc1ceted, populstions, at high doce rates and generally

( . at high dose levcis. They have assumed monotonic extrapolation to =cro
i I. done, even t. hough this asnu aption has alwayu been wIthout observational
"$ basis.I3,32 They have also assumad such extrapointion enn be made without

7" cone.tdcration of dose rate, an asnuuption not only without observational
,

bantu, but one contradleted by a large body of radiologien1 and toxicological
L; .

.
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.) Tsbic 5. Characecristics of U. S. rnice Populations

(, at Lou ned Ilich Backgrou,r'.s
s .

F
po, Characteristic A B C

'. .

-

1 Cosmic ray dose, mres/yr - 105 72 42

2 Terrestrial dose, mram/yr 80 72 51 -"'

I' 3 Mean altitude, feet 5400 2900 2300

- 4 Annual mean temp., *7 50 51 59

5 At.naal precip..' inches 14 25 36

- 6 Days /yr with precip. 86 97 99

7 % of possible sunshine 69 65 63.

8 Annual degree-days (65*7) 6300 6100 3550
.

9 Murder, per 10 pop,* 3,9 4,o 4,95

10 Rape, par 10 pop. . . 9.9 7.6 9.75

~

11 Robbery, per 10 pop. 39.8 30.2. 49.25

a'' ' 12 Agg. assault, per lo pop. 37.2 64.9 82.0s

13 Burglar'/, per 10 pop. 476 399 5745
-

-. [ 14 Larceny, per 10 pop. 331 260 2975
*

'
'

Auto theft, per 10 pop. 218 167 2095
- 15m.

5 146 125 133
16 Lawyers, per 10 pop. '

17 Marriages, per 10 pop. 993 1114' 783 .

_

5
'

5 276 242 237
18 Divorces, per 10 pop.

,(' 19' Urban births, per 10 pop. 1563 1381 14235

20 Rural births, per 10 pop. 1025 1082 8185 ,-

* Lines 9-18 nre for total populati.ons. -
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-

du.,.45-17.24 On these bases predictions have been .sde of significant
[ '' increments in malignan; mortality rates due to the radiscion background.

-- Observation of accusi populations se risk shows nut only no increment but
an actuni decrement, and these predictions are lef: quite without observational
support. Thus, it appears that one or both of the above accumptions is ,

invalid and that background radiation does not constitute an environ ==.at:1 |
'carcinogen of significance. By the same token, the rsdiscion added by

nucicar power pisnes cannot be a carcinogenic hazard either, since it hss-

the same radiobiological character as the current background, but is-
'

much lower in both dose level and race. -
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I whee families have tived in thi high-
.J. ;~.

background areas for six or more genera-
tions compmc M).6 ::ercent of the total,

. _ ,

I s<. : Taoie 11.

L Tfedirut cap, mare. Cunng the inseMi-
gation inhatmants who nad been occu-m E. h Background . nmunany npmed men,mg mdiaimnHealth Survey . g-

I were not e'.amined. A survey of medical
u Radiation Areas in China o peurr sa m ned ouu n eie :).e

Resuelt.s of the investigatirm cumed uret

.. . from 1972 res 1975. In the period 1972 to~1 &

,[ j t High Background Radladon Research Group, China 1975 we investigated only some of the in.

b habitants.acd,thc2r environments. In the*

f Dong.anling; Inigh-background) repon.

j, _ h, 0.154 peopte were studied::n t:ie Sanne

( Since 1971 we have st.: dim.t he health inirubitanon. From the general reconis (contron res:on. 21.235 peoWts. The in-
,,

A testus of a !arge numoer of peeple living of these counties, the family trees of the vestigadon induded radiation level and
y in some patts of Yanciang County, inhaoitants and interviews with aged dosimettv 4:hromosomal aberr:tions of-

{J
j '- Cuangdong hvmcc. China. wnere the pople, we learned that the over- peneneral lympnocytes. frequenctes of;

% radiacon leve: is about three t:mes that wheiming majonty of the innabitants of hereditary diseases and deformtties, fre-

p' in the neighbonne areas. We hope that the repons studied are of the Han na- quencies of malignancies. growth and

j1 p this investigation of a large peculation tionality and most of them are peasants development of children, status of spon-
J, p whose families have been continuously and thetr families. They have lived there taneous aoortions, and some nonsto-

f- expose 1 to a low dose rate of ionirang ra- for many generations. The inhabitants chastic c:Tects.-"

f diauon for many generations may p.v-
.

vide some informaaen for evaluating

'~~i
T whether any detrimental efect of such Tabie 1. Distnbunen of;nhaouants whose famines lived m invesugated acas for vanous num-

bers of generations.
w w e m sts,

7 -) Genera- Wgmand aa _ , fomrod areas
_

L ,( High. Background and Contrtn Areas
Pm Nw Pm .ht

) :to5 * 6J17. . . 9.4 !!.!:6 .w.J h

'' ~ The hign. background areas in Yang- 6 o to 23.n7 .t?.0 39.220 50.9r\
| f ' '3* jiang County are two regions sepa- 1I to 15 17.30 t 'T.3 9.17: ,4

'* II.F

j84
.%

L. cated by a short distance which cover a !g om

~ { total area of about 540 scuare kilome- -

' ** gy..-

ters. The source of background radiation .g
m the first repon (Dong-aniino is a hill %4

' - -
p whme sur6ce rocks are gramtes, from Taoie 2. Status of medical exposure iperson.umes per 10' persons per years.
y

. which .ine particles of roonante are - RuorescuN exannnanon
P.

. i washed down continually t:y rain and de- Areas - -- -

Chess Castmanesnnai hiv'e

h' . postled in the surrounding basin repon.
A similar mechanism operstes in the Hisn 6scAground 36.2 ! .0 '7.7

-
E second repon (Tongyouh nonamtes Controi !3.7 2.3 19.7
' war.hed down from a mountain near

- Tongyms are deposited in another basirr.2

repon and elevate its background radia-. Table ). Contents of natural racionuctides in aurface soil.
tion level.p'

-

Uranrum Th rnsm J'Ra 'NMore than 80.000 pecpie live in these Areas tte asSo uoyo nowv tmpoU
- . two rescas. For the purpose of this in-

4 vestigation. Ihuse who liveat the borders Hign.cschground 3.3 to 9.2 no to 49.7 1.* to 2.0 1.3 to 2.5

{ of the hrsh-background areas were not Centret 1.5 to 3J 4J to 10.7 OJ to 0.9 0.2 :o 0.3

minineo: therefore. only about 73.000
- ^~ ~--~

*.
people were intestigated.

Two centrol mpons were telected not T.Me 4. Carndanve exrmures measured by CaSO. and Sunrupast dommeters. Values are
far from the hign-background areas (the means : standard cevianon (S.D.L

I] closest points are.about 10 km 2partL l*Q,gGs
,

Suh tvpes of repons are at ccraparatde Areas

!n
- altitudes. !cn than !O meters, and there Feld Indoor Individp

' '

I are C.000 innatniants in the control re- c,So, Joumere-r ..

!!.0 : 4.0
-

" %gtJ gmns tFig.1). Hign dackground 14J z :.5 3.7 = 06
Vg Notinality occuparma and hutomf Conuot 5.9 1.2 9 4 :-!'; 9J : :J

" Mu- Fismovmuus Janmeren
.

j$
'

Carmoondace *Mt v a6trewe to %, HigNdackground 19.3 : 1 4 !M ! : 19 25.0 : 2.7'

', *
4 P%twoc Hennh. 3m'ae. Cirna.
Lamia. Lacarawrv of ?msvar:st Hypem. Wenu? Concret 7.5 : 1.3 |0J = . 9.2 : 1.9''
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Radiation Level and Onometry Both calcrum e ifate and duorogiass do- hackground area and 16 uilages in me

~ simeters were u cd to determine 'he cu- control area were sciected: their in-
-

Contents of natural radionuclides in mulative expos' re of the innacitants to habitants comensed accroximately one-

( ' ]1
' the surface soti acre examined by radio- their environments. According to the ex.

fourth of the total numr'er inve3tigated.

posure distnbut on in the investigated re. By a random process. 48 peorie in the'

chemical analy ses. The results are
_

g g2ons. wnica was measured with radia- high+ackground area and al7 in the con-shown in Taoie 3.
i Camulatsve c.rcosure to radiation. (ton detectors, la vrilages in the high. trol area were 5eiected to wear the do-

simeters: 36 in the hign-back;round area
''

and M in the control ares * ore bothi

_
j types of dosimeters. the others wore cal-

f g ciumsua * i=~nair m7w--i t 1 -

e My ' the dosimeters around their waists in theU F v
' a

*

'"*d

} [. daytime and put them on their beds at.h I
-

night for a pened c( 2 months. Mean-
C**"" [ / *: C, ,.j t asiae

., ,,

while. dosimeters were also placed on
j )

.

* * $**"'8 O stakes at approximately I m above~ g

f . { **k ,Cava'Y k ;round level in the rooms and Seids of7 ,,,,,

Ft. f. t.acanons er*

. the hisa-onckground these villages: 1019 calcium sulfate do-. . . . --. 7 E J ''Q**
h(

p.n j and contro6 regions. sime':rs and 3ia fluoreglass dosimeters,

| ),
'

ej,

#p /.
were issued for this purruse. and 9a0 and,

,

j
, / 312 dosimeters. respectively, were re-''

# turned to us in rendaele conoition. The7,
- '
d .[ *

results are shown in Tabic 4.
|< . 'I' b

* 1**'* C h"* 3** The resuits cotained with the two

,,
y

-

f i; ? * 3 20 .
kinds of dosimeters are almost identical.,

1 j Doses absorbed by the gonads, wnote'

.j- '; L i170- t 12 -20- t 1230- 11rco-
body. red bone marrow, and endosteal

) ce!!s were calculated. De average dose*"
,

absorted rer year from external radia-
Taote 3. Annual dose causvalents imulirems per yeart.,

n. tion.was 1% millirads for those in the
smund arm Contml arm high-background area and 72 mrilituds<

j j
*! *"*"" Whose Go- Endos- Bone Who4e Co- Endos- Bone for those in the control area.

'6 i body mads teum marrow Body sads teum marm* Internal rndiution. To ascertam the1,
*

_ daily intake of naturul radionuclides. a.

Extenal radiauon 196 196 196 196 4 n 7: *:
} ~ '.j dietary investt;;ation was carned out.

Interns' radsauon
"% 4.0 4.0 !8.3 10 3 IJ tJ 19.1 3J Sarnpies of local foodstutfs. vegetables.

j ] "h 10J 10J 136J 23J 2.7 .7 40.9 7.4 and dnnking water were collected and
] .j

- *% 19 l9 13 IJ 19 19 15 if analysed by radiochemical procedures.
Dausnter pmducts 13 IJ IJ IJ OJ GJ 0.9 0.9

Body burdens of natural uranium. natu-i-
.

of =ita
Dausnter products OJ OJ 8.9 5.9 OJ OJ 4.7 4.7 ral thonum. "Ra. ="Rs. and ''K *ere,

,

p * * ""

To 23! 23t 437 St 96 96 133 LO4 annually to the endosteum, bone mar-
J , row, and gonads were estimated. In ad-

* *- dition. the co ceritrations of :'Rn.
="Rn and their daughter products in the- ,

Tab 6e 6. Incidence of nnss and dicentncs.',| air indoors and outdoors at various times,

Cetis Rings + da:enines P of day were measured and the annual
A' Cases scored per t00ceds doses to the lungs were estimated: these1

- , *I* *"
Hisfencagrourni 75 9 1 0.031 ,

Contrtn 91 II.*37 0.024
1975

A Results of Health Surve,|4 Wsh encaground 106 !!.144 0.0l+ ,, ' j g
'

104 E 's 0.005-1
Contree,( Cyrner.verre 3.4,dr. Bdore blood sam-

U piing, clinical examinations of a large1

numeer ofinhaertants of both areas werej i

O
'

'! Table 7. Incidence of chmmand and c.wmosomas acerranons of peripheral lymphocytes petformed to rule out those who surfer =d
3 0973.i

'

; from diseases associated with chromo-3

} somai abertutions and thtwe who had
"

it'een exposed to medical brays and agn-t

Ceils Ceils weth g
,

i culturni insecticide.) not lanc before the% % scored , enronmid or C'immand nal acer,
g * "I * " " * " ' " ' examination. Dus, in the Mrst renodratams

\- (1973 and 1074195 inhanitants euch from, --

Hisn *acksmund los- !,144 :3:ll.Mh* 190to.sW) 17f0. 9) the high N.kground and control areas.i i -

n
.

;
" * " ' ~ ' ' ' ' "#' " ' ' * ' ' " " * #* "' " ' ' _ ' _ _ and in the *ccond rened i197?1 106 in.

L 'i
' hacttants from the high-Duckground area

,
'f"twes em parvierwws are changes per i00 cesia.'

'
wcr. mn v.

\m
-

- m

u
- - ,_ _

._
* ,

. .
.

'* .-

"'" .hgure a.p .,q,

e e- ,- - e . -.mm.mw,- +p-egww -mem.a--=



-_ . . _

____ _ _ . . _. -. - - - - _- _ _ _ . . . . . .-
,

'

.- - " - --. *- A--- - - * - -

_. . _ _. _. .- ..--. a - -_

9

f

and 104 from the control area *ere (e. eral climcal t saminations nor the 9. ort:1 the whoie Guangdong P ovince was,,

:ected for Analysn of ivmenocyte chro- ity rates itm retrospec: ve surv eys 10 90 ; cr llP rersons;in the Huret Prov-"

mosomai acerr-Jrons. Since the dura. showed ugn icar.t duTerences between ince between 1971 and 19U 't was ed.14

[ ' ions of blood cuiture m the two renods inhaottantd: .ing m the Sign-back;ruund rer 10' rer cns. The mortabr> rates m
'

, *ere dir7erent i72 hours m !973-1974 and and control trew It was ret:crted that %9 invest gated areas *ere compararue
~ C

.
f4 to f6 9ours 'n 197f). the results are the average annual mortaiity rate frem wth th' n Cuangdoat Provmce. but

[ 1:sted separattiy IIabies $ and 71. matignanc:es cetween 19*0 and 197' :n :ower inan that in Huoer Province.'

; The re*uits showed that the frecuen-
c:es oC chromaud and chromosomd ao.

I,
.

errutions mong inhaoitants of the high- Tabte 8. Fmouences c( 31 Iunds o( hereditary escases and contemtsJ deformines o(children m

ij backgmund and control areas are almost hitn-oacksmund and contro6 areas.

p,, , pTL femidentical. within the normal ranges. The
Pincdence of chromand and chromosomal A nas

'
enantined S eased mee1000),

!i acerrations in 1973 is shown in Tabic 7
iI Hign 3504 4 13.*0

; Hereditary disease * and cuneemral c_-oaca gmund > 35
g 3; n 4 n

deformtrier. Infants and children beiow - . . -

-
- 12 years of age in both types of areas

! *ere examined clinically by exper'enced
- U physic. tans. pediatricians, dermatoio- Taele 9. Spontaneous anortion -aie from IM) to 4975.

gists, and gynecologtsts for.31 kinds of p, ,, w, w,,,, ,
AreasM diseases and defects. Ciagneses were nances nons et10001

|
'

sary. The chromosome numeer ci some h
checked ofice or twice whenevet neces-

' 8"""d * 35.

,

patierts who surfered from Cown s syn.

~] drome was determined to confirm me
i diagnoses.

" The results of these examinations are Taoie 10. F equenc:es of mahananc es ocserved n 197s.
shown in Taoie 3. The frecuency of he- -

High-oncksmund area C a ro4 ares
;,y reditary diseases and congenital defor- gg ,;3,,34, gy . g,;333,,W I -!

L mities in the hign-oackground area is '

*" Frequency Fnquencysomewhat lower thaa that irt the control c2ses t to- ) i10 "1area, but the diference is not statistically _ . _ _

sigmticant. The inecetice of Dowit's Cancer o(nascenarynt 3 3 3 f 4. !3
;

syndrome in the high-background area Cancer of esoenatus 3 0 1 4.71;

11.71 per thousandlis signthesntly higher f' f 7f_
than that in the control area (zeros. How- canc,7 ag 3,,,3 o 3 a.;i

! ever, the site of population invest: gated Cancer o( :ervis 3 0 3 14.13

d is quite smail to show this firTerence. It Other cancers ! 1.92 3 14.13
T was 7 34 9 14 ewiil be necessary to exarrune more chil-

_

dren its further investiganons.
G Spontaneous aimerwir rare. A retro-
b) spective survey of the incidence of spon* Tme i1. Mortancy ntes from masigi.anc es in hign.6ackground and contree areas a 1970 througn

_

taneous abortions was carTied out m 1974 retrospecuve surveyL
'

both areas. Irr the high.6ackground and

h*".',centrol areas, respectively. !!31 and Deaths
LJ 1716 married women were interviewed Wol g o- no- i

j about the courses of the r pregnances
Hi'****87'"*1 M 333 'I C8 'N5; q from 1963 to 1975. Spontaneous acornon

l'* 354 55 4417 44 83
I was den.ned as termmation of any pres

Controli -

-) I nuncy wittin ;3 weeks after conceotion.
excluding arnfical abortion. Resutts oo-
tained from both areas were almost iden- Tab 6e I:. Monauty ntes from various ,asmnancies .a msn-mctsmund and concret areas i19*0{ ucal (Table 9), througn 1974 retrosgecuve surveyL Data *en uancarmed according to age .nd Ms.

(1 Freurtency of mailemencier. Both gen- g;,,,,,3,,,,,},,,,, {],,,7,,,,,
j er il clinical exarnmattorts arid $-year Typ: o( . - - ..

O}
(IV'O througn 1774) retrospective sur. mangnancy Deaths Mortancy Deaths Mortality

y09N i N
| veys were carned out to detenmne the

frequeficy of malignatices :n the htgh. Cancer ofliver II II.10 !! t s.83

backstround and contros areas. Marenais Cancer nhasoenarvnx !I t t.n !! ) 34

l '' and information were collected from de- C2"C'''f 5'0"''8 6 6'3' 3 3 ~I *
Cancer o(cerws 3 3.19 1 3.69-

mostruchic survey and hospital recor11s. Cancer of esoonagus : 1.50 3 1.3j
Death rates were standarcized accorting Cancer o(lung I 3. 3 4 1.74
to the castributions of age and set of the Cancer o(intesetne 3 3 3 4.00

mhabitants m Nth areas. Results are Cancer o(bresss 3 3 1 2.!?

b. Shown m Tables 10 to 12. U"''*'*' 3 3 3 M'
Cther cancer 3 4.71 4 33

Neither the mortnisty rates firm gcn-

n :' 4t|CUsT lue *M

}

U -
_

*O

e - = - - - er
" '

- - ^
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a '] sadlih==a8 Re***ars
The morrajity rates from leukemia. netgnboring ontrol areas. but Iowerb

[I scout whicn *e were more concerr'ed. than that m .ome parts of hign hacb
1. T. L csen. wmetrs una cueseces.c uuo.*

mere not s.gm6 cant y JiTerent between ground radiat on areas in India and 3ra.
E,1,a ug,y wum wum -

both areas. Merthe ess. tne size of the
::1. However the distri ution of expo- t. F P Fmaca rt <d.. -suius or inse*ttsusons in

- 2 d,Y,s, UwNd "" " *
I-

popuiation investigated in this penod sure r".tes in :he mvestspired repons is
L > L M A''s on 'w"en 'uSmaa o( W

an 4'

*as ref auvefy smail. and further study is resauvely esen. nd there is a hign den- sarou d rmaoanoas<erm eden

I saty of peopic * nose famines nave h.ved on .eiectee sumawn groups sa me <erm..

Growth and derekpme tr of chsiderer. there for many generations. Resuits of yg ,% ,*,'Q' ' ""C h*"" W'' ^'-necessary.
|

4. J. v. Nort W v. J. Sm.i. nc U.t r .</ D-

|_ Measurements of head circumference. the health survey carned out between
body weigm. and height of the children 19P. and 1975, wmcn did not demon- ",,"[.,".7$~",",, 'C,jL$

4

"ea *L %= Amemv d scence-

t

-
betow I years of age in the high-back- strate any sign 6 cant ditTerence betweeng ; " " ' " " #"*"'

innabitants fivmg in the hign-background $N"' "
ground ares 0239 persons) and the con- 5. E. E. Nehen. %nems mme in detectets

Ia f
.

trol area (7)91 persons) showed that dif- and control areas, suggest thatthe srze of nernsee rnaognancy rues in areas of fuga nadu.t

;j .q ferences .in growth and development of the population investigated may be not
rs emauon eursroundc ureera m,. a. sst -;

children between these two areas were large enougn to reveal minor increments g ({'yg , g g

of detnmental effects at such a low dose
tomans hen. ne E!me .= 6.r m,as

not stausucady sigm6 cant. '|o' 7, '|"/QNZ"%Q""OL range of iomzmg radianon. Or there
f. , em M Scenes-hoans Researca Cavacs.| ,; magnt be a pr::ctical thresnoid dose: that . $"%"/'f";,$$ c.,,,,,,,,,,,,une Er.-

-

? !i is, the possioihty that the dose.eirect .

MS oi ^toa* 4='ua *c" h*'**
f s' Condusions curve had a zero slope at these doses N.D M."N ' '

I '|-,J [i The radianon levet in some repons of cannot be ruied out: For the reasons pv- s. H. Yarsunaa. a Base esrod esad Enr=+== ir= red
{

j aoove. further mvesuganon of a L|rers no i sw-erre Raumamon sinter'tummaa.ii Yanigiang County. Guangdong P ov- en
. , Atomic Emryy A gency, vieena. W. =ce. t.

.nce, is about three times that in the farger population is necessary.*
|

I .;

r :s
a

1 |i|. .[:

project. When I began research in 1965.
our research g:roup often received morep than the minimurn sucport necessary fort

U our projects. and the excess muncy was
used to seed new ideas. Only a smas!

,

fraction of these rdens !cd to a formal
''

] ./ .

am-d. m real was funeed. iInnovation and Scientific Fundino
-

D could provide seed money for the next
| dea.

ard A. Mer This situattort grudually chanced. By
'

19P. our proposals were scruttm ed to
ensure that we received no more than the

a

. necessary minimum. iarefy did we re.
- .

mittee ort Science and Tr:hnology of the ceive the total r-quested. By 1976 few at"

, f. It is ditficult to judge the performance i

{.

of scienufic fundiu agencies, for, like U.S. House of Representauves. This ar- our proposals recei'.ed enougn mone)
'

pnysictaas, they otten bury their mis- ticle is an cactanon of that tesumony. even to sustain a project. and we had to*

takes. Re;ected prrposals usually mean
f was able to proceed with the rejected obtain suppott from more than one agen,

d|, 9 doomed projects. If the projects survive projects by "c:rcumventmg the sys-
cy. Much of the time we had devoted te

'

.' .

rejecuon and succeed, it a rare that they
tem." ! had been advrsed by my mentor. thinking about new projects was now |'

schseve recogmtion soon enough to alert Luis Alvarez, to spend money designat- spent wnting and poiishmg proposals.
y q the funding agencies that mistakes are- ed for other projects on the unfunded T*ght funding. incressmg overnead, and '

bems made. In 1973 I was aven the Alan
work. He said that if the projects were additiari,al constramts on spending have J

L{
le

T. Waterman Award of the Nanonal Sci- successful, noendy would guesuon thet made it more and more'dia!! cult to beipn )
' . .,

ence Foundauon and the Texas In- propnety of havmg Jone inis. I was new projects. Fortunately, the Lawrenc. |
q strumenu Foundauon Founders Pnze heiped by our N ASA funding momfor. Bertefey Laoorstory has continued te

who allowed us to designate a fract:on of provide seed money, making it possibh!' for researtfr that imtzally, nad been re-
jected for funoing by the Naconal Sci- one of our grants as " seed money" for- for our resesren ::rogram to conunue te

: t;.; |
ence Foundanon tNSFL the Department new projects, as long as the amount was evolve.j

smail and remained " tow proftte." In ad-
I c of Energy iDOEL the Nanonal Aen>-

dition. I nu able to obtam some seed
,'

naunes and Space Admrmstration5. dp[
'

j INASAA and the Department of De- money from the- Lawrence Serxefey Innoeanon
Laboratory. although those invoived feit

'
| d I fense. I feit an obiigauon to make my et-

renence known. not because ( thought it
that they were takmg a t'sk since !.he .I have on gnated several project

,

j f termed irmovauve by the award com
/I umque, but because of my unique posi ' profects were not immediately r-levant mittees and others. The penods wnen -

i

""

tion as the ree:ptent.cf the awards. A dis- to the COE's mission.
;

l -5h cussion with Dr. Frank P ess of the It is well known in the researca com-
e ao.or ., #, , nr ,,c, u . , uw

h White House OtSce of Science and Tech-
numty that one c::nnot e.tpect .t pro-,

0.| noiogy Poiicy 'ed to meetmss with agen- posal to be funded until a considerante """' a a m"'e *teeence* 3"""2eetcey* '**' mar,
~dC a a. < wemn~

, g cy heads and tesumony before the Com- amount of work has been done on the
Berse.ey ear.%
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t~ EVALUATICN OF Tim T.ONG-TT'RM EFFECTS'

'
'

' ~

OF HICII I3A CF. GROUND RADLiTION.
'

[- ON SELECTED POPULATION GROUPS
ON THE KER A LA COAST *.

,

|

A.R. GOPA1.. AYENC A R. K. SUNDA RAM. K.5. MIS ~RY.7,
. .
. .'

C.M. SUNTA. K.S. V. NAMBI. S.P. KATHUMA..
*

. A.S. BASU, M. DA VID
'

Blo medical Croup and Heslth Physics Civisiofi. ,

~ *
. Bhabha Atomic Rescatch Centre.

'

'

Tasmbsy. Bombay India .,s
'

t .
'

-

; I
-

Aburac-Rhurne-A ernurs-aciumen
-

.

i.

} . :

| TVALU AT!ON OF Tlt! LC4.TERad IFTTCT3 CF IcCH 1ACXCROUND PA CI ACON C*f !!LICTt*3 * '- . ,

; POPULAT10N CEOUPS ON THE K!1ALA COAST. .
'

tovestgattare evi human poedauses wh4ch are subened to h!,h levels of maswe L hachg swed sadtatame ,

effet posuwlines fee evaluaueg the toeg.aum effecrs of checale regisas espwse la maa. Monaatta. *.

beartel hilk"ediasnoe anus anta along the neuth-wen ceau ofladla. 1643e 4 ust; et aheet 13 km han*
,

''

defina61a geogiaph&callandtnerts' locludes the mens conceasrased diantmassa af mersaalso aed asppna a.

'

high demuty of popeLation. Demographia data. tacluefing data isd fertuty hissery for 13 213 hostetztes
[ ! (atoes To 000 tadiotesals) of this errip wave elleced. Daumetste tarvey of I?' of this p;nslattae wieg j
[ ! calctum fluorlde thermclsmassscent desimeters was corppieted. Processtag of a repeasettative sampta of
_ ; the donimeute data swessied that about 20 Cs00 Lastvidenta la this urip are 16 haly to be realvtag tadLat'.as e

g done betwees a to 10 times normat baakssound. These data ase betag anal sed to yield informatlas ear }i
(1) etanification of po5metatlan Lnte sub.6smples according to tadiattee apesases C1) nas. 'to among,

elr prings to each sub-eamplet (110 reale of abortions and sat 116tahs te coral peessaartasa fiv) raue af ;
* s.

aiogsanal abeerttautics to taran live butas and (*) lefant nonaltry tarea la each emb.sarepta. Studie of (.

' e ciseaweeenal panere la new berus la this ppdauen aae totasitantag wtsh andLartoo esposaa 11assry of j
p===s have be wriued. :.

e s' '
| ?

{ ; IVALUATION DES ETTET5 A LCNC TDlh88 D'UNE HAUTI RAC10ACTIvtTT MATUtr.LI SUR CZ3 CEOUrts |
, 1ZLICTIONNES DC LA POPULAT:CM Ct3 CCfI; CE KIRALA. 1- *

| Use es,0ae ser les popsiauoan oss sont espi4es 1 ene hanse sadlascitett& satase:14 pervret d'ev4 Laser {
les affass d leeg terme se l'arpostalon rJiveetes asa rayananmens cbas l*Seit:ma. Os treeve de settoes

,
.,_

I 2 hause rodeoacatett4 mare.alla, due 4 la pelacaca de monastra, sis la cote end.eassaa de t*lada. Una hoeda , i
'

;j | d'asviroe && kuometres, geographievement b.ee allimates es J fens densiti de peplattoa, a les cancest-a. *

uses las pha 41evte as menssite. Las -f __ diaegraoetgues, coeneresant des ditatta ser La fe*cacdisa ...
* de assas fanunes (a. vine 100eo pe--.i de case ,4:ies, em 64 r.cositues. L it.ee comunemos d. |

(' 2tPb de catta ppalat*ta a &s4 tifactmes J l'alda de da.f mitres thermaluanineactars se Muerere de calctumn. t
*

La traitement d*me a-tsnaillas repriaearatif des 16eekats dosters&t:1coas a moet:4 ge'esetens $4 0Gd laa'tetdas ;.

t_ ; de casa eigten mass aspon&a d des doses de 51 to fois suo4rtenrea as rayerinemar. earseel normat. Os
*'

'
analyse ces renselgaarrtears es vee d'4tah41a 0 la c.tanificat*oe de ta popularios es so.s.achaar(luai esteeng
la tadleerpoistlest 10 la propoulos des esasa dans la psogenneen peer chagee mus-4chaat11 bat tti) La pre. ,

portten des avertemens at des mort.eas sa fla de gee.neeset lv) la propensee das difformetes cong6nuales pour g
s

i ,a t.ut. m e.fa a vivaa., ,) m.as d. rt.ua i.fa n. .s ~. _. . De ..

** * a coeusw6 mes 6tudes sur las types careerassomiamse parrrd las smaevese.eks de cuta popeLattaa es sur ,

|l'1afl=*am des easie&daacs de sadiosspesttnee des parents.e .

!r .
t .
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COSTA Dt KIKALA $0AAIGRL;PCS SC.ICC CNADC$ Of PC3LACCN.Las invemigacimens so6es las posiacteams humanza e se suas sometidas a fadas negacasses natusales
*

L * i l diacda .

skstaans ofrtcas La penitdlldad de evaluar los afectos a targe plase de la esponcia cr6alca a a sea la lavpa de la cost.a sudoccidarmal da la la114 esuses reaan 44 taJLac10e elatada, por se',
,

4

En este lugar, ena Itansa de sees SS hen com1[rmats geetsittees deflanaos.
, en al bomtwa.

Sa has recogido .

consenndo ta snonac3as.
presenta la mator conczarsacaba da monacitas y tiame una gram dass14ad de paalac16a.j

dares deniogfillcos, en hisertal detallado es ta fes11: dad as mis de 13:33 circews famsnassa (unos$e ha flaaltrado es eundio doumittico can tr*,da esa postatten
-

,

70 000 lenitenduos) de esa fraap. h cos

estuaanes dosimesroe tartneluminiscansas det nuormio calcico. La ataboeact6a da los dates oestre ua
g

tle.

'I . de una ennesus espeesessacita steel 6 gina eaos *3000 Ladletteos de essa fsaap esti teettiaada may proasEson dassa na estis acaliaanse

smente eensa da tadt.ac16e cotnprendidas satts 3 y 10 eecas al fonde normal.1) la ClaultmiAa dala pe%Lacde en e=nes. ras estrasincadas da acuateo con
"

,

pesa ehtaaer talorrhatiL'e moestla espositaba a la radiactbo, 3 la enlac14e de naza es la descansaceta de casa sanase e a un.als 31 la4) la reiacabe de aaorasaildadas tang 6nstas al
Ip- relac16a es abornes y nacidos meefter a am6asaans retalar: Se has talciado easedias

etves. y S) las tasas de monaudad (alaarft em cada enrase ernsastra. ttdai
'da los siodalos esseiou6entees en )os reeds mahta= de esta po61ac16e y se eaa==4 can et LLaset a
sanal de asetdos

esse W.'.a a la inadiac16e da nos padres.
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.1. 'IN'litCDUCOCN *

Ever since the demonstration that ionizing ra :iations are mutagenic in
-

II
, ,

..

lower forms of life, there has been an increased tendency on the one handI

:ta regard all unwanted exposures to these radiations as harmful and on the
Alaer to identify areas where human populations are subjected to highIt has been the forvent hope that

Ie
diations., levels of natursl background ra l to critical11

. investigations on such populations may perhaps Icnd themse ves
,

olved

. analysis and thus provido more meaningful answers to yet unresDo chronic exposures of human populations indeed result in
..

And are estimates of risk based on animal experimentsr- . questions:
The task we have set ourselvesgenetic harm?j . *

"Indeed valid for the human situation?
is complex and direct answers to these questions are unlikely to emergein view of the many imponderable variables in the nature and etyles of life

..

,-

of the populations studied. l ti are in-
I;L_ _ Cne such geographical area, where large human popu a ons F!g.1).

volved, lies along the west coastal region of Kerala and Tamil Nadu (
,.
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90 kilometres the coast!!ne is characterizedHere over a stretch of about
I

-p2
1< --by. patches.of radioactive sand. For the purposes of our investigations* *

I| * - we have selected a coastal strip ef about 55 km extending from
.

1a I'Ihekkumbhagum in Quilort District in the south to Purskhadu in Alleppy. , -
District in the north. 'I"his ares t as certain featurcs: (!) the area includes !~ '

(-
"

,

the most concentrated distribution of monazite; (11) it has definable geo.
L

, .

. grsphical lana marks with tre backwaters separating this strip from the
- - mainland; (111) it carries a high density of population.
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|

| The monazito .'aposits 3,lmind with ilmerdte, rutile, zircon and other
rare carths are widely uletrit,uteel in th. Leach unds and in *% adjoining
arcas along this coastal = trip. Thormm ants its radioactive :,ccay products
contributc to the high t ' dground r..dialons. Figure 2 pre +cnts a'

,
c n o sh g schematic representation of thu riccay ch:.!n of thorium and its daughter

products. It is evident that during the decay of thorium, alpha, beta and

I'J gamma radiations are retcased - as Ig also raelloactive thorca, which

to the con aminatien of the air.diffuscs out of the sands and contributes s,

! Therefore, the human populations living in these areas are subjected to.

radiation exposures from: (i) caturnal radiations caused by Luta and-
*

Ip |
gamma radiation from natural uranium and thorium contained in monaalte:7

g (ii) bets and gamma radiations from ration, thoron (gascous prnducts) and
; their decay products in the air; and (III) internal exposures from depo-

sition of these radioactive materials in the body through ingestion and' ,
' inhalation.* -

'- f This paper reports on the present status o our mtudies in the region.
! During the current phase of the proje. two aspects have been taken opt

a p (a) An ad hoc demographic survey:L- * e
.

| (b) Radiation orsimetric measurements of households and personnel.

I[^ . g

,-
I< A p eliminary progress report on these investigations was published

t. * i . during 1970 (1]. The data reported therein which pertain to a small
sub-sample of the households and population in the monatite belt, are'=

'. I incorporated in the present paper.p l.;
. i.

{
. - ,. .' -

( {
2. MA*"ERIAI S AND METIIOCS

}. ! 2.T Demopzohic%rvey ~
*

,

| .. |
The demographic survey was completed in January 1970 with the

! assistance of the Dureau of Economics and Statistics Kerala State. The
region under study is divided into 7 areas and each area is subdivided into

- )g segments, and each house in a segment is given an individual house
num ber. In all 13 355 households are included in the region and nearlyg 70 000 pcrJons representing all age groups and different religions are

k c o ve rt ri. A batch of lavestipters visited each household and the demo.
graphic data were collected it. computer-compatible formats [2]. The

I population has been divided into three occupational poups representingt

I {. i * danh'a
1**==*.

l (I) individuals employed outside the ares (U) individuals totally employed
.

I within the ares; and (III) fishermen. The occupational Group I includes
I children going to school and other individuals wh.s spend a good part of the.

day outside the area. but does not include fishcrmen. Occupational Croup II

I', eo 12 characterized
includes male members who normally work in the area, housewives, and

[
* investigations children who do not'go to schod but spend the day in and around the house.
c from Occupational Oroup III' consists of all persons who go fishing and spend the.

.kadu la Alleppy rest of their time in and around the area. This classification is important'

.
(!) the area inchides since human beings are mobile and th * fact that they are resident in a highI (,"~

'

as definable geo. background area may not necessarily 'mply that thev always receive high
u str. om the For each married couple in a household. & detailed fertilityexposures.

_,
history han also been obtained.
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A preliminary inquiry In the ruion revealed that there are varioun ,

rellcious groups clustered illsc.retely along the coast and it was diffic.lt ,

to get a cuitabic control population wb.ch would meet all requirements
'

I,- outside the ' region. Further, inforinstion obtained from our earlier rada,o- .

metric surveys [2 6] indicated that along the coast the high radiation belt |
c

/ is frequently interrupted by strutches with normal background radiation ;

levels. In view of this unique :ituation, it was icit that a siacable fraction

I,,. -
of radiation exposure which could justify this fraction being considered as

- of the population would be receiving low or near normal background Icvcis
.

, a suitable control group. ,

*,
.

2.2. Dosimetric survey .. .
.

*

- Our earlier radiometric surveys have demonstra'.cd the patchy distri.
5..

. *f
bution of monazite sand in the Thekkumbha;u t to Purakkadu region. In *

addition, the radionctivity irt a given zone is i elatively high near the shore- .

:. .

line and generally falls off as one moves inland by about 400 m [5]. Thesea
measurements were made by the conventional C-M survey meters. In the |'

absence of reliabic personnel integrating, dosimeters, no measurements on :-
'

individuals residing in the area could be carried out cartier. These .

L ,

,, ' ; studies however highlighted the complexity of the situation and also indi-,,
,

I ,L,
- .~.Y cated that the computation of per capita annual dose on the basis of a single ,

. .i
C-M measurement was likely to overestimate the actus1 doses received ,

*

m e ~~ - by the individuals in the population. I
*

,

.. .- ...
.

.

Ir' ..
2. 2.1. Dosimetric system

t
n- |'

| I
..

*
' The development of thermoluminescent des'aeters, and especially :.

calcium fluoride dosimeters at the Bhabha Atomic Research Centre, has ;

I,! .
'~'

now made it possible to measure the radiation dose received by individual .
'

, members of the population with a reasonable measure of accuracy, relia- ,

'

7 ,. * bility and reproducibility. ,

*

g Dosimeter design and reader system have been reported earlier {'t-9].,,

: c 3. The dosimeter consists of a 40 mmX 12.5 mm X 0.25 mm Al variety |~

L
- ' "-

*
,. kanthal strip at the centre of which fluorite TI D powder (50 to 100 mg, !

- mesh 120) is deposited and secured by a silicone resin. For reading the'

''.'7.' light outret from an exposed dosimeter, an D11 type 9514f photomultiplier
- .

,

I$| - S..
~" "

' .[- tube is used, whose output.is recorded when the helmeter 14 heated under
*

.

- - . 4

its photocathode. Minor modifications were made on this dosimeter for :
'-

') its use in the present work: A 15 mm X 10 mm X 0.5 mm depression was
.

embossed at the centre of the kanthal strip, ensuring firm deposition of tho ;,g
. :-;' ' 7. .

, fluorite. The kanthal strip cosimeter was enclosed in a light. tight black .

',
PVC bag which was in turn finally sealed insido another PVC packet.{ ~ '

'-

Figure 3 shows the dosimeter which was supplied to the Individuals.
-

-" .

*'

Female members of the population were these dostmeters around the neck,
f , . children and male members wore them around their waist. The effect of 6,

I -
. variations in the geometry of these dosimeters on the exposure recorded I

'

~."#~~ was not significant.
, . .
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; er PVC packet. standard radium source enclosed in a 0.0625 in (1.580 mm)s
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| stars around the neck farence of a 10 cm radius ring with the source at the centre. Twenty-eighte
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L edst. The effect of dosimeterm were placed in the calibrsting ring at a time. Initially full
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30 repat.am: sat u al.

There waswas entablished. f.incurity esten h from t o mn to 10' R (7).
no change in the es!!hrstion of tha d(:Imuters, even after rc9ested use.,

- In view nf the large nuinber 3f decimeters used in this study, esch dosi-
meter was i.alibrated at two c9nure vnhaes. 20 mn anc 100 mR. though
cven a single point estibration woubt hwe been adequste. A calibration'

. line was drawn on a log-log graph with :. W.,pe of unity. If both the calibra-
*

tion points did not fall on thu unity slope la.e, the enlibration was repeated or*

the dosimeter rejected. In additi m. O'*. of dosimnters returned frem the
field were recalth-sted and no change was datected in most batches.,

An important !autor affecting the c:.!!bration is the energy dependence
of donimeters, Calcium fluorido being of comparatively high cifcctive,

atomic number has an energy deper. dent response (7. Bl. This problem has
r-

' - been overcome in the present work by unirg rsdium gammas for calibra- ,

tion. The comparative response values of CaF T!.D per rocntgen of
exposure from the radium source was Icund to be very c)ose to that from

[r the gamina Psys of the thorium scrica which predominate in the monszite
f belt. Tho weightad aversgo of TI.D respr.,nse per roentgen was 1,42 for

the radium source and 1.40 for the thorium meries gamma rays.
,

-

p.
.

2.2.3. Mode of dosimetric survey ~ ~
[

.
About 20'. of the households In cach of the arcas in the region were'*

O covered by the dosimetric' survey--The selection of the households was
- made from the table of random numbers. In all 12 716 dosimeters were

r-

. . .

issued. Of these 10 887 dosimeters were received back in good con.'

- ditics for readDig.~ neTemaining were either damaged or lost. The
dosimeters were worn by the individuals throughout the day and night for.

23 -

- . ' a period of two months. One dosimeter was also placed at approximately
.c

t. ; 3 ft above ground level in each of the househoJds surveyed. All dosimeters
;

were run through the reading cycle just prior to despatch to the field in)- .-
order to erase previously accumulated background exposure. A set of

}, y
. . - J.* i

.
. dosimetern from each batch was returned to the main laboratory at Bombay

immediately on receipt in Kerala to correct nor the uposure during trans-
port by air. Another set of centrol docisneters was maintained at the fluid,_

g _

headquarters of the project located at Trivandrum outside the monazite
,

belt. At the end of two months. all dosimeters. including the controls were

|{. ~ reported here were corrected.for the exposure recorded by the control
collected and read. The household and personnel radiation exposures

k,
-

dosimeters during their transit from Bombay to Trivandrum and back.
.

/ ' 2.3. Analysis of data
'

.
~~ .

The dosimetric and demographic data have been anslysed to yield the
, , following information:

-

,

1 . .

'.
. (a) Classification of the households end ;wpulatica into sub-samples"

_i ~ tecording to the radiation environment and persor.nl dose received;,

,

(b) Fertility index: .

j (c) Sex ratio among the offspring in cach of the sub-ssmples:I

(d) Tlatio of abortions and still. births to total pregnancy 1'' -

(e) Itatio of congenital abnormalities to totsl live births:
-

[ ' * ',
'. ~ ~'(f) Inf ant mort'ality rates in esch of the sub-mamples.

L: . -

-
-

..,.
. . .

, ,

. , .

.

- ' - " h -O- M M- 6. w es, m a ,g gg g a q m-

1 .

.

.
_

k

.

.

.
-.

M .-"

- . -

v
9 em. ,

' -M*9'%* * * ., _. , ,,__

_



, _-- _ _ _ _ _ _ _ _ _ _

I

:.Y . . .. .. , ,_ . .. _ _,, _- . . . - . au.<...... . ... = .

-

11
.

-
.

L' O* * + / cons.s ai r/* u

| ' !?f7]. "'here was yet:A2tTE SURVEY PDCJCOT - S ARC

| .er . uirated u .c.
:.hr e;.c h do it-
:d lov infl. thunch o 40 -"

3

~

' If 1, t te 11 rs.
.

ration was repeated or 3 f 20I

returned f rwrn the y z 10 - q
_

-

z 3 , , , , ,noe.t hatel es. ;j uenergy depenrience ,

' gty high effective .

o 40 -

p This problem has '

L nomas for es11 bra- I '|i 3 0 ~

8
' .cr roentgen of h 20 - ;

clous to thr.t from | 2 IO - i ' -g
-. ,.ur in the monazite j - - - - - . . .p

|'
tgen was 1.42 for e l 2 3 4 5 Gwo10-20 20t . _

ima reys. ! * BACXGRout4 0 RA0iAT1on Livtts*

| (lONtf CF SKGWICO mR/YEAp)
('' . . .. ...

FIG.4 A. Household espoemde dittnhrdon in s!! stas under sang
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e households was | 8. P*n=**1 **Pa'ure diarthmastaa in att area. .ecer isrvey.
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f_ . doulmatcrs were ~
~

ck in good con- [ "'- -

f d or lost. The ; --,_ , .
,

_

e day and night for .
,

M st approximate 1Y
: 3. RESULTS AND DISCUSSION

"

p
yed. All douisneters ,

I tch to the ficld in Data on the distribution'of the 2374 houscholds covered by the survey*

.osu re . A set of I according to radiation exposure levels are presented in Fig.4 A. For the
tatsorstory at T1ombay | purpose of the present study, one unit cf backgrcund radiation czposure

during trans*
|

level has been taken to be equal to 100 mil /yr. This value is based on the
f fee

exposures recorded in Bombay Visd Trivandrum which have normal naturalaints.ned at the field .

side the monazite ; background radioactivity.
ing the contred were : It is evident from Fig.4A that 24.6% of the households recorded levels

( stion exposures ! greater than five times the normal natural .,ackgrouhd radiation level.
(, ed by the control I 8.8% of the houscholds received :nore than 1C mes the normal radiation

ndrum and back. I level, and 1.1% recorded more than 20 times the normal levels.
[

Details of the household czposure levels in each of the seven areas
within the region under inves,tigation are shown In fig.5. Data Indicate, J- ;

i that of the total households in each ares those recording g-eater than
nalyteJ to yield the 5 times normal naturnl background level constitute 49.9% and 30.3% in'

.

Thekkumbhagum and Chavara in the south. 16. S%; 2G.5% and 1. 0% in
Ponmana, Allappsdu and Arratupuzha in the middle of the coastal strip and

n into sub-samples none in ThirukkunnEpuzha and Purakkadu in the north. Thus, ssone
k rsonal done received; I proceeds froci Purakkadu in the north to Th'ekic.tmbhagum in the south the

! fraction of households in each area receiving greater th:.n 5 times normal
uNeempics; I background radtation exposure levels gradually increases with the

CT | maximum posk value in the Chavara area. Further, the percentsges of
( W"hs:birt I households receiving greate than 10 and 20 times the normal levels are

'I '* - ! also observed to be highest in the Chavara and "hekkumbhaCum areas.
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We have.also examined the individual househo:.d measurements in each
__ . .

n. ,

+ , of the seven areas: the exposure data reveal significant variations between
, adjacent households in a given area. Bis indicates that even in a specific

r- area the diatribution of monazite deposits is non homogeneous.,

L , viduals included in the present study as well as the exposure pattern in

-
' Personal radiation exposure patterns of the total population of 8513 indi-

*

each of the seven-areas are shown in F!gures 4B and 6, respectively. De~

exposure distribution profiles according to different occupational groups
-

i;
~ * within the tctal population afe presented in P!g.7 Further, the areaMae '

L' radiation exposure profiles for occupational Group II, which constitutes
about 90% of the total population surveyed, have also been computed
separately and are given in Fig.K.T

.. .

The mainfeature of personnel dostmetric results !s that the radlation
} (,

-

'.,,

. exposun profnas for the population taken as a whole (Fig.4D) as well as
in each of the seven areas (Fig.6) reveal a close similarity to the house.*

hold exposure profiles (Flgs 4A and 5). Detween different occupational
*

groups, the exposure profile for Occupational Group II shows the closest
fit with the total population profDe (Fig.7). Further, the areawise exposure

'

distribution for individuals in Cccupational Group II (Fig.8), who are
,
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totally employed in the region, can be been to inirror the arcswise hr ne.
hold radiation expo ure profiles (Mg. f,). "D.e latter uhscrvation lenus a
degree of confidence to the dominietric 1.ta and the classiffention of the
pspulation accouding to occupstion dup:ed in the demographic survey."

On the basis of the dosime:ric data.reprted in the present paper,
j 2020 out of the 3513 individuals surveyed received e.sposures greater thne
-

500 mR/yr. Of these, 551 Individuale received exposures greater than
IR/yr while 57 individuals rweived a done greater than 28/yr. If these

.- data are representative of the total population in the region, one could
i estimate that, as a first approximation, of the 70 000 ladividuals !!ving in*

| the region covered by the den.ographic survey sLout IG 600 are likely to be
'

receiving a dose exceeding 500 mR/yr. This est!msts would be the likely'

f"
maximum value since, as discussed earlier, the individual household and
hence the personnel exposure valuo between adjacent households in the
same arca show large variations chiwfly due to the non.homogenet.,us distri--

.

-

bution of the monazite deposits in the coastal t, cit. The per espita dose
for the entire population resident in the region has been computed on the
basis of the sample surveyed and it works out to 307 mR/yr.

-

3.1. Statistics of the cooulatten covered by the survev

F Data on the pregnancies and their termination in the population coveredq ,

-
' by dosimetrie :2essurements are presented in Table !. In ad ltion, the

raw cata on the subsamples in cach of the areas are alco presented, in
Tabit II. 2420 married couples with 13 720 pNgnancies have been analysed.

F The couples are grouped accordi1 to the personal exposure received by
,

L- the female member, sauce in genera the maternal dose recorded was
higher.thm he paternal dose,

l'

{ Fertility index. De number of pregnancies per ecuple (Wrtility ndex)
' varied from 5. 76 to 6.07 The differences between grnups receiving dif.

forent levels of background radiations are not statistically significant.
- ne fertility indices of the subsamples are presented in Table III. It is

'

observed that there is a tendency to lower values as one proceeris from
Purakkadu in the north to Thekkumbhagum in the south. In addition, it la
not!ced that in two of the areas for groups where maternal radiation

p exposure levela are in excess of 20 background (DKC) units the fertility

|
Indez of 4.99 is recorded, which ts the lowest for the population surveyed.j The number of couples falling in this group is only 22 and the data are not.

; adequate for drawing definite conclusions.
-

:: e
f. Sex ratio among the off.soring. The ser.rstics of the offspt'ng have

been computed for three groups, living, still. born and infant mortality.
,

! The data are presented in Table IV. The values obtsined for the various ,
groups show wide variations and no clear cut patterns have emerged. On'

i the basis of genetic considerations, maternal exposure would result in
i_4 ) fewer males among the living offspemg and a greater loss of males through

still. births and early deaths duriDg thO first year after birth. Though the*

p. g- number of living male children In the group receiving 11 to 20 UKC units
,8 are significantly lower than in those groups t ecciving lower background,

levels of radiation, it is observed that the group receiving over 20 BKCL> 2

unfis does not show this trend. In fact, there appears to be a small excess

b
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TA BLE II. PRIMARY DATA ON FERTILITY AND PREGNANCIES OF MARRIED COUPLES RESIDENT IN ;.

MONAZITE BELT RfCLUDED IN Ti!E DOSIMETRIC SURVEY >
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TADLEUI. FEnTILITY INDEX OF MAftH'ED COUPLES TN TIIE
t

SAMPLED POPULAT:ON

sa gtaties tzysus levels (EKG l'ftud *-

Aees'
t.S 4. le !! . 23 > 20*

\~ . ,e s.,
...

.

1 S.74
. .

.

=
1 5.43 S.7$ =

3 8.33 S.57 1.43 T. S
- , ~

8.00 -
4 5.34 8.1

& 4.43 S.43 5.40 4.99

8 S.53 5.25 4.24 3.0
e

r..
~

5.?84 0.16 8.04 a 0.61
~ 5.77a 0.15 1.23 a 0.8

- Tasal a 8.L

'
. . . ~

[.
'

a
.

sKc uma: - 100 ma/yans-

.

* -

m. ,

TABLE IV. MALE: FEMALE SEX RATIO A;.!O;:C TIII OFFSPRING
IN THE SAMPLED POPULATION' , .

aamadas assam.a smis (sxc usua>*
" *

"- <
-

.,
, , ,

15 8 10 11 20 m to' *' ,

.

Lavtag 1. 06 1.12 0.87 1.2

' ' t
~ 5dukass 2.2 .1.2 ___

.

* 1minar
h 1.De t.as t.De 0.se

,. amena1 Lay
| ,

~
. . ..i

,

a WCC Unit -100 redt/yene
. ' MaUsent svetop for rwat tace 1.09 Dbl * '' ** *-

. .
b ,

N |
-- - -- .. . . . ..

. . of males in this group as compared to others. Agala the sex-ratio among
-

the still born shows a large excess of males afneng those couples receiving'

lower radiation exposures. Die pattern of infant mortality also does not
indicate any definitive trends and the f!gures for all gro sps ,execpt those

- , . , '
falling above 20 BKC units are comparable to 1.09, a value computed from'

.
the dats published by Registrar General. India [10] for infarA mortality

.

rates for rural India. The lower value observed in those couples receiving~

' radiation exposures in excess cf 20 BKC _ units may perhaps be explained~

as a compensa' tory phenomenon to off-set the reduced fertility index in this
group, since surviving male children are regsrded as potential wage

..

-
eartiers to the family. The estimates.cf sex. ratio among the offspring havo
not provided any clue from which conclusions on the possibility of genetic*

- damage to the population realdent in the monazite bearing areas could be
drswn.~-
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T't .1"i fN TIIC TABLE V. ITWANT ?tonTAr.;;y nAT : PE31000 f.!VE BUIT!!S IN

'k -

Pol'U LAT.f 0N

.t. J' 8se.u!.s c;m raterch (SKC N d"

f

- A esa

11 29 * 28 1.S 6 .*10 11 20 > 20
,,

I . 2:3 . . .
. .

,

! t 253 s'

. * . .

s
2 tot 3s4 . .** .

t. 43 TS 3 1 14 133 234 133
,

4.00 4 1 72 244 184

{f
. . ,

.

S.41 4.88 *h 6 1 00 131 2 10 143

4.24 S. 0 = g ag2 114 m 339
,

F *1 a 0.13 5.83 a 0.8 mg a 3,g, b 20s a 12.3 108 a 1.1 164 a 14.9 101 a 51.4

o
-

.w.
a BK4 Unt: - 100 m A/ yeas
b Nausmal avenge (or twal India 143.9 (10)

,

- Tite OFFSPitINC -
,

k Intsnt mortality rste. .%e data on the infsnt mortality rate are

! presented in T;. ole V. It is observed that the values obtained are slightly in
F' ' # excess of 145. 0, a figure estimated by the Indian Nations 1 Survey for rural*

areas of India in 1963 [10]. A more recent estimate basc<! on dats of11. to a to
l continuous enumeration on annual ssmples in 1968 gives an in!snt mortality

e. rt 1.2 rate of only 111 for the whole country. It is well kr.own that infant
mortality is one of the sensitive inc.hators of the living star.dards of a

3 community and is particularly sensPive and responsive to improvements-
,

and deterioration in the environment in which the infant lives. The infant,**** ''-' , _ , ' " mortality rates computed from the dats collected in our study gives a
f menn figure-of 184. Such high values are recorded in other parts of India,

~ notably in ine state of Uttar Pradesh in northern India. Considering the
primitive medical facilities' available in the monazite bearing areas.
inadequate sanitation Aad exposure' to vagaries of r.sture, the high Infant

F,
-. mortality rotes seen in this r= oulation are not s srprising. Again the dif.

t- m the s.rx.rstio smo.ig ferences in the infant mor'iity rates betu-cen the high and low background
* thoze couples receiving exposure levels are not statistically significant. Iloweve r, it may be

mentioned in passing that the highest value of 309 fr recorded in the group

B
sortality alco does not
I groups except those of D couples living in Thekkumbhsgum receiving an exposure greater than
a value computed from 20 BKC units, in whom 13 of the 42 children born died in the first ycar of

>

; for infant mortality their life.

{ i thoto courtes receiving Preensney ter ninations, abnormalities and m :ltiole births. The data
perhaps be explained are presented in Taule VI. It is ouverved t.nat on sn average 4.5% of

g
6 - cd fertility index in this pregnancies ended in abortions. The frequency of abortions in the four

n potential wage radiation exposure estegories are not different. De frequency of still
am:ng the off. spring have births in the group receiving a radiation exposure in excess of 20 BKC units-

I1 e possibility of genetic is significantly higner than in other. groups. As stated earlier, the infant
surring aress could be mortality rate in this group was also the highest. It thus appesrs that the

tot'st loss of offspring in this group is significantly higher than in those

03,
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} TABLE VI. PRECNANCY TT'n!.itNATIONS, ARNORM ALITII'S AND
._

MULT!Pf.E Hint!!!; IN THfC SAMI' LED POPU! \ TION'

#adation capesure los!6 (f.KC Uaun) bp ._
I Pasarnater

f 15 g .10 11 - 20 *M*

| Abentons ('f.) 4.68 4.54 3.40 3.50

Sullbinha (% 3.60 3.30 5.78 3.34
,

I
i Casa abaarmattaan (2 0.38 0.13 0.50 -

Twtas (9 0.43 0.33 1.01 0.31

'
1

s As parten ef tasal peugnancias
. b exc unm -100awy ,

.

I t

t
-

.

*

receiving lower radiaticn exposures. It is proposed to study a larger group .

r . falling in this category in the near future. De frequcney of gross .

abnormalitics do not show any significant differences between the various .
I

'.
L ..

,

groups.
.

.

F 4. SUmf ARY AND CONCI.USIONS .

L i'
In an attempt to evaluate possible genetic effects of chronic irradiatien ;

'

'
, in man, demographic and radiation dosimetric surveys of the population rusadent

in the monazite bearing high radiation arcas of the Kerala coastin south-west ;,

India were undertaken. Demographic data including detailed fertility j

history of married couples of nearly *10 000 individuals resident in .

13 355 households in a $5 kilometre strip along the monazite belt were .'
- '

,

,--
~ recorded. 'tadiation exposure levels received by a randomly selected !

( - - - - sample population of 8513 ineviduals resident in 2374 houscholds in the [
.

L I

" " ".
coastal strip were also record 2d, using calcium nuoride thermoluminescent-

|.

-
- ' dosimeters.
, -' Dosimetric data revealed that about 25". of*the households covered by :

, ~,
- the survey record 4 3 greater than 5 times *he normal natural background !

C radiation level. The fraction of households receiving greater than 5 times !
.

, ~ _ .
. the normal '.aackground exposure gradually increased from north to south |'

*

along the strip. The percentage of hostseholds recarding greater than 10
t

b
. ~.. and 20 times the normallevels was also highest in the couthern part of.

+
' *) the strip.

- The radiation exposure profiles for the population revealed a close !

eimilarity to the household exposure profiles. ne profiles for individuals j,.

'J

L. in Occupationa'l Group II, who are totally employed in the region and which ;

constitutes about~90" of the total population surveyed. was scen to mirror i

. the household radiation exposure profiles. In all, 2020 out of the $513 indi- |

|, -iduals surveyed received exposures greater than 5 times the normallevels j

, .
(500 mR/yr). Of these, 551 individuals received esposures greater than

-

1 R/yr while 57 individuals received a dose greater than :n/yr. On the I

basis of the data reported here, it can be estimated that of the . ?

'b I

L
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i t A LIT!!"O A ND 70 000 individuals living in the strip shor' IG C00 are likely to be receiving
a doce cxceeding 500 mR/yr. The per enpita dose received by this pcpuls.a

- tion is estimated to bc 307 mf!/yr or nesrly four times the norms 1 hack.
i mC Usuil' ground rsdintion Icvel. Analyuis of the demegraphic data indlested no

statistically sigm;. cant diffcrcnces in fert:11ty index, sex.rstio among'
11. n >n offspring, intsnt mortslity rate. pregnancy terminstions. multiple births

and grosa abnormalitics between popuistion groups receiving differentg 3,
levels of radiation crposure. Ilowever, the lowest value of fertility indexj 5 '' 8'" sad the highest value of infant mortslity rste scre rcccre cd for a group of-

married couples who received radistion exposures gresicr than 20 timese.:o .

normal background levels the total loss' of offspring in this group was sig-
1.01 e.st

,
', nificantly higher than in thnse receiving lower radistion expomares.
j. It is very likely that the various parameters which have been analysed3

I in Phase I of this study sto not sensitive eno. gh to reveal sny differences
which are statistically significant. In view of the recent obscrystions of
radiation damage to chromosomes of human cells Irradisted in vitro, it is
hoped that human chromosomal studies of the populst. ion resident in ths

- srea would throw more light on the effects of chronic high background
- o study a larger group radistion on man. Phase II of the investigations wc sif include, smeng

ney of gross others, detailed studics on blood 'ymphocyteas from the ncs tern. children
betwsen the various of various sge groups and adults ci samples drawn from the various

. raniation exposure groups.
.

{
~ - R EF EREN CES

of chronic irradiation (11 COPAL. ArtNCAR A.a., SUNDA RAM. L. M13T17. C.S.. SUNTA. C.M., DAVID. M.. Papee

if ths populstionresident pnm.ased im Unuse Nattees sciandSe Comminee os me Effeas et ammie Padlauen. Me session.
,

U ""*d "*"*"'' 0*"''* 'I'7'I' -ala cosst in south.we at 121 44 b.e Demosupate samy, w'omasise semyPmi.cs. sie.uedius Cp. shnaha A nue anunch~

stalled fertility Camus. Trossay (tosaJ.
_ s resident in f31 CCPAL.ATDCAA. A.R.. la CEen o( Radtattom ta ltamaa Hered!ry. W110 Tech. Rep. Mr. No.164

mst belt were . Wode llaanh Orgaessartaa Cemeva (st37) 111.
*k- y selected [4] 3MAAATWAL. D.S. VAZZ. C,lt.. *taesados dame meamamesa La the monazfte areas of Kerala $asta

bourtholds in the t tama . 2nd Inc. Conf. r-.~'ez t: Aiem. taergy (Psme. tad Caet. Ceases.1:ss) 23. Uw.

ida thermoluminescent New Te.h (lass) iss.
('"~- 131 COPAL.ATINCAR. A.R., ECSTsT. K.S., *0m ths sadlesaletty el plaert (met the bigt udtasten asvaa

d 'd**8 'estans. 1. siocas en ths epiau et g3ana.einsates wides .meholds eovered by '' ** ***'* C""'.'Plam Nesntlee $asees (rvoc. Symp. Sambay,17C). lAEA Ytecas (t?C") 3.'
'' to $ Q

- 7gg g , '
[s1 uzsTuY. K.s. CcFAL.4TDCAR, A.&.. BMARATltAN. K.C.. Health P'rys. It (19CS 14st.

creater than 5 times fil NAMet. K.s.v. sUNTA, C.M., lad.1. paso appt. P'rys. 5 (1963) 294
~

from north to south (8) NAMAf. Z.S.V. SUNTA. C.M., thabha Atonus Ransanch "Camus. Tambay. Sep. 8 ARC / lip /D-3

i .ing greater than 10 tiest).
~ southern part of [31 NAust. K.3.V.. KAT!tualA. 5.P.. SUNTA. C.M.. *1adauen mmentedag with a sacasal caletam

Sandes i:-.. J '- ess dessesse, nadtauon Protecues Monarottag tPuis. Settomat semisse

~ i revented a closo assesy. issa).14tA. Vienna (tw 1:1

ofilca for individuals II*I " "*" ''8''"**8** ' f *"" "* * * ' * ***3 *'*8'''''
C ***" L* ***'

ths region and which *-

was seen to mirror
r- 20 out of the 8513 indi.
| :mes the normal levels
- suures grentor than . , ,

isn:!1/yr. On the 4

ed that of the

h
o,
'e

U

- -
,

' ' . . .
*

. 6.

-

-

..
* '-

*'

. . .
. .' ., s . . -~ ;*

.
.

.

~ ,,

. .

~
.. ,

. g . *

*
: . .. a..'' ..

. ..- .,. - . . ,.f .:. ~ ,'' *

.

* - .. ..Y - .
'

;. -
.

.* * ~ .. -.
, b . .,; ''

m-.,

.
'

,

'

~ .* w ,3-

\-- _ _ _ - - _ _ = _ _ _ _ _ = _ _ _ - _____ ____ _._



- - - - - ~ ~ - , _ _ - - - - , - - -
_

--_

i.__.-
- .

1
- - - a.....~.- -- - - - - _ . _ ___:.L--.--.

,
,__,.4- e u*'*--- .

m - "

' '

! . |
.

,

:

, .

k '

I;,, .
, ,. f l. ,

'

gSTRACTS OF P.\Pl a PREST.mD AT THE CONCRTF lti3

The infudee of bone re. plutonium. The ITTPA re-ime depends mnre on the -^-- #
' M os the efectpenfis of UTPA therapy for rnte nf tran*fer in the biom.1 rather than the amount

-_ . . - . . Ct f;ctzt and .N'. F. Kcne 4 pment at ttic *ite of entr..#
"" g[of.ilediczne. London (UK).\lecucal Phmes. Rnval Free As DTPA injeenons are knen in c! car the biom!

of compicsed piutonium. it is possibie to investt;ste! ""*

-
pied i;1ustraung the role o(local bone the rate of transfer of plutontum frnni the site of

,
e tse removal of 23Pu deposited in the to the blood by messurement of the unnsrv

-t[.,~
n se acuvity of plutonium dc. aits on have been tested in a simple model with the object

entry

escretion follan mg a plannM senes of DTPA
.

*

j avaature rats following intravenous es- injectiores. c
The efec:s of vanous treatments with s rerst inittal DTPA injection regimes

~ Jus undagoing vanous n pes m .emM,nf of establisning an optimum regime for evaluating the

IF
**

gged. Cr.iauon of plutonium bound in rate of transfer nf plutomum to the blond sad its
, w maartz can occur effeenvely only if the vartstion with time. The indications for contmuous

'

s a fint IIberated into soft tissue by osteo- DT?A treatment are discm*

;
- ** * ,

.37 Om1 prestatsm. A revfew of we use of DTPA
. . .

bone e are dergo g ''

.y **' dunn' ITTPA therspv thus cacistes the in the treatnsant ofinarnsW depWted NutonM.
..,4 deured therapy (commenced .fter the G. B. Scnorteto, UKAEA Windscale Works.

.

v ,

e .

,d.icietal plutonium uptake) in recucing "*N#8' I b'

y,nni bureen. The effectn eness of promptly
' *

-

p.- ;

Attempts have beca made o"er the years to immo., ! y , ,, ,,.d IJrPA is largely due to the chelstion e
bilize internallydeponted or treulatirig plutonium

' (,
- in the blood, thut prevenung skeietal by the use of enefating agents. These have included

.

,

ne resu!:s of measurements of the EDTA, zirconium maleste, sodium citrate. cesfern. ,.

'p we acne to the osteogeme cells uncer the

t"_, . eenniuons of re:nodelline scrivity and DTPA otamme, penicillamine and DTPA. This latter has
pres ed to be the most effective agent and has for.me an aino presented. The relevance of this

..m protsem of humsn therapy is ciscussed. many years been the oniv thersoe.anc compound
used at the Windscsle Works of the Asnmic F.nerev

I Authority in the treatment of cases of imernally
e 64 esuams. Rationale for the use of deposited plutontum.; I etna tte tresanent o(plutonitzm contaminations This paper redens the efTicience of treatment byI

""

. ==nes. A. M. Fanz and G. W. Dotrier e, thu compound in 17 people who have neen internsib-I
- Ou Heshh and aaretv Branch, Harw ell (UK), contaminated during the pened 1963-1969. These

; %=aen campicaed with proteins and smaller patients include six with plutonium contaminated-,

; _, j ~a a a bbd mamly becomes deoosited wounds, ten inhalstion cascs and one w hose internas
<

l * W and Ziver. However, a small fraction contammanon was of unknom origin. It is further
--d and 1C*'. of the total amount in the blood suggested that DTPA may be used as a diagnostic as,_ ,
*=" dan, in the unne. As plutonium deposited uell as a the-speutse agem, since any resulting en.

-

[ " % ort 2ns is retained fer long penods, hsncement of plutonium unnsrv excrenon wil!
indicate the presence of etreulatmg sitd sessisbie== wiunent of centsminated humans is plutonium.-* * mcunng the unnarv excretion and.

F
""'t ett1:inuhing the amount deposited in

%nd fmr. To this end DTPA (Diethviene. b U-

,][toternal contrminsuon of wirkers hastaaecac and) has been used in a number
138 Onsi pureit.iden. Dosimetric and cytogeneticj

studies in Brazilian stess of high naturst setisity,!
g therapeutic application of DTPA may T. L Cettz:v, Insuturo de Fisics. Panuricts

I "'Wiespread the authors have attempted Uruversulade Catolics, Rio de Janerro and J. G.
CAa n.at. os AI. nema., Instituto de Iliudsics,

the is do 1 io
, " '

k*"N (2'es there is considerable variability
' '

I"b "t tad rate of transfer of plutonium to the In Guarapari the population of 6000 lirts in s
radioactive ertvironment apprmimately 10 tinies% atemal counting uve- the lung or

y M WWche ttie total amount at the site normal levels. After raciatzon levels wer mapped.
'._ of

, ** ***unt and rate of transfe- to the blood lithium Auonde doumeters were randomly distnb-,

l|~ .
for radon, thoron and long lived enntent, and food

*00n the physico chemical rtste of the ured and MO were recovered. The sir was meisured
#
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h 166 SECOND CONGRESS m INTLRNATIONAL RADIATICN PROTT.C' TION A550%\
c. a|

j | anc water were raciochemically ansiped. A random hanng sumved for more than 5 vr. Treaune.,'**%

;g, sampie of 107 peepie livmg in de ares for at icsst carried out between 1925 and 1961.
,

10 w were chosen for a cytegeneue stucv and com. he mvestigaton desis with 1438 cues gq pared wim a control group of 82. Frm se exposed cance s trested mth racium, 2042 cases g [*"4 population 7711 metaphases were seemed for chromo- cancers trested with X-rap,1356 cancen o(the N
somal aberrations and compared with 6091 meta- treated with moulded apparatus contamin
phases from the control group. The resulu showed no and IC64 head cancm treated by e.

M, staustically signiitcant ciiferenct As a comoartson facter, we have avadable lh

% surface epithelial caneers of the face treated .4
voltage radiotherapy involvmg no generalimdia%

,_

239 Oral prawuaden. Incidence des leucemies tar. The oreer of magmtude of the doses % ,
'

dives survenant chez les cancereux irradies. S. total irradiation is calculated for the four ca%
- g Stwow, Centre Anticancereux de l'Univers2te de The records of "second canem" obserwd m u
a

different groups, after a msnimum pened of NBruxelles (Belgium). -show that letikemiss appear in numbe s that Ea+
signi6cantly higher than the normalin tac fint thEtuce ;nrtant sur des malades s) ant requ une

,~ irradiation totale au cours d'un traitement par groups: the last group and the controis have w
cahibited leuke:ma. It would appear that there = >rayons X ou par radium et avant eu une sume levei of acttnty which tr not reached when iwsupeneure ce 5 a. Les trutements ont ete effectues~ '

irradianon resulu from a cunepuncture at the heu
i entre 1925 et t962. level; in this case, the ceses are between I rm andL'enquite porte sur 1428 4: de cancers utenns*

6 rem at the level of the pubis and between 5 rm astraites par radium. 2042 cas de enncers du scan
30 rem at the too ecce of the sternum. The ndeirantes par rayons X.1356 cancers de la tete traites metnoos of trradiation gtve higher total irradim

F, par apparesis moules radiferes et 1064 cancers de la
' tite traites par curtepuncture. Cornme element levels-,,

The studv of the verv important group of"srew
de comparuson, nous disposons de 1464 epstheliomas cancers ' located m, the dagesnve tuce ihom .a
super 6cseis de la face trutes par radiotherapie i bas dhTerence between the five groups considere t andn
voltage n'entrunant aucune irradiation generale.

L'ordre de grandeur des doses regues en irradiation gives values equirsient to those furmshed by Betw.,
mortality statuucs, for the cormpondmg age g%_ ,

| iotale est calcule pour les quatre estegenes.
Le releve des " seconds canem" observes dans les-

., { die 6 rents groupes, apres un detai minimum de 5 a,
e. g

^
g . montre oue les leuce6 ties apparaissent en nombre

M signi6cauvement supeneur a la normale dans les 290 Oral pec ,ussn. Observatico of radiation m-
trois premiers groupes: le dernier ereupe et les duced ca'e is in an exposed environmentalpopu

~ j temoms n'ont pas pr-sente de leucem'ic. !! semble
tion. G. W. DoLPHtx. L*XMA Heal:h and Saimdanc qu'il y a un seuil d'acuon qui n'est pas attemt Branch, Harwen A

~ p/ lorsque l'irradiauon totale resulte d'une cune.
f, puncture au niveau de la atte; dans ce ess, les dewes

1
-

innt comprises entre I rem et 6 rem su niveau du Risks of radiation induced enncer have prevmh
~

pubis et 5 rem et 30 rem au bord superieur du been eraluated by the author in studies of ca:sinna

d' sternum. Les autres rnodes d' irradiation donnent des exposeti groups such as radiotherapy patients aaJ4

L
vajeurs d' irradiation totale plus elevees. atomic bomb sumvors. On the assumpuen of a linear

) - K)C
L*stuce du groupe fort important des " seconds dose effect relanomhip the ruk of enneer inducuun

.

cancers" localises dans le tube dig-stif ne montre sus found to be 100/10* man-rsds. The validity a

jm ,
M sucune difference emre les cinq groupes endsages, discussed of using this ruk value at doses lower than

et donne des valeurs equwalentes i celles fournies par 10 raes in esumating the number ofinduced cancei~ *

2 les stattstiques belges de mortalite, pour les tranches in an ennrasnental population follomng an aco-
.

dental relesse of radiosetinte from a nuclear instsla.d' Age correspondantes.
Calculations have been made at several sme4 non.

[ |k levels to show the size of an etwironmental populanon
in which the rzcisuon cance-s may be obseed as_N lucidence of delayed leukaemia in irradiated cancer
statistienilv si;niticant increasc ove* the naturalino-

g{ dence. The eEcet of other fsetors on the detecuan of
patients.

i
.

[ Study of patients who have reeemd total irradia. radiauon induced cancers in a populanon are *N
p. uon in the course of X-ray or radium trestment and ciia:uned.
,4.,c,
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| Departnent of Energy
Washington. D.C. 20585 u ., ,1. , , 9g,

.I_
. ,

-, i
.

Its. Kelsey Selander q; g g es j
U.S. Inviren=en-a' Protectics Agenry- '

mCY -
I 401 M Street, S.W.
L wass ,gten, D.c. 20460 JUL 17 ESl
- 3 ear Ms. Selander: m em.

f S CTICN
This is -le Depa ent of Energy's respense e tne Agency's

I_-
request for for=al c _ents en the Draft Invire== ental
!= pact Stanc=ent (CEIS) fcr Re=edial Action S**-4=-ds f==

'. Inactive Uranin = Precessing Sites (.ITA 520/4-80-011,
Dece-"er 1980), and the preposed s-'-da-ds dat were puhh dad

I|-
in the Federal Recister en April 12, 1980 and en January
9, 1981. Fcr une past year and a half we have expressed cur
cencerns the Age.wy in letters and th=cugh =ee d gs wi h
L:s staff.

Of particular concern is the interi= cleanup s-'~''-ds dat
the Agenry has published. I. ple:=enta icn cf dese s~a-4- '.s
(in other cleanup programs) has been shown to be costly and -

f- is ca the proposed extre=ely 10w single-valued s-**d>-ds
techni-'''y difficult. The =ajer reason fer these d' #ficulties

mus . be applied to cpen lands and s : c=res where cere

I_ are variaticas in de natural occurrence of radicactivity,
and where _he prepcsed s andards are near er helcw backgrcund
= =any cases. The concept cf "reasenable assurance" contained
in -le pren=ble to de s-' da-ds is Oc vague :=' be edf ective

I.- criteria fer exceptiens wherever possible. If the re=ed'''
fer assuring w pliance, and we want Oc avoid any use Of the

*

:

action pregra= is e be conducted at the 1: west possible
_

ccst to the taxpayer w theu jecpardicing public heal h,

.IIL. there must be a reasonahle range cf n==erical values in
the s andards.

-

\

IL :1exibility is needed in -le final s =ad=- '.s not ecly ec,

facilitate the cleanne at the u. west possible ces ef
the :.nactive ur="4 == precessing sites and vicinity prcper ies

1 hat are covered == der Puh. I.. 95-604, but aisc .c

L. facilitate clar>-up of radicactivity con-' '"ated sites .

under two other cleanup prcgr ee ce Oepa ent ecnducts.
The mill tailings s andards will set a precedent, f=r ther
cleanup cf residual radicactive =aterial at sites where

It nuclear cperati=ns were ic:=erly cenducted for the Manhat an'

Tngineer District and the Atc=ic Energy C issien, at
surplus radicactively cent = ' nated OCI-evned f ac; ' '-' es , and

I[. at private properties in their vicinity. If the prcycsed
standards becc=e appli=ahle, the necessity fer c gliance
w'' -- ease -le =st and :.i=e required f== .hese cleanup
progrs=s.

.i .
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I r We are, cf course, as cencerned as ycu are ahcut che pretee.ic: ,

cf the public frc= expos =e te levels cf raden and its decay
,

prcducts dat may pese poten-4a' and sig d'icant heal d
I ,.- I

hacards. The Depa ent vd'' =ake every effort to etd-4 *te
i any pctential hazards and c concc=i a 1y keep the costs of .

' """*""~''' ""** ' **"^' ""''''' ""' "'""''' """'"" "'''~ ~

tiens as low as possible. Ecwever, we feel it will bec==e !Ir difficult to justify recues s fer Ccngressice=' appropria.ic=s .

(- for a progra= =eet s-a-d=-ds that according to the Agency's
esti=ates w culy prevent ahcut two deaths per year as ai''

Ir result cf raden a" 9a ic: de 25 inactive uraniu='
a

p ccessing sites ever the present rate of about 32,000
- dea-"= per year fr== 1=g cancer.

- The folleving .s a discussica cf c= specific cencer=s
cegarding the proposed s andards and he ace ,r ying Oradt
Enviren= ental ~= pact Sta e=ent. Suggested alternatives .c~

.

iI the proposed s andards which, if adepted, would allieviate
cur concer=s are included. Ocr c en s here pa.allel and '

dsupple =ent cose we have =ade to de Agencv. s - e Januarv.
1980 and are also p cvided in a caps-'' ed form in ?-cles=e

I .-
,
..

L'
Raden Flux and is=ersion

.

E- The =a_he=stical =cdels the Agency used te es-d-'te raden -

dispersion frc= unstahd'd:ed piles are in disagree =ent vi d ,

field measure =ents cf raden c=nce==atiens vers''.s dis-* ce
I,'-

hackground levels at aheu 1/4 cc 1/2 -d ' e f_ _ -b be'--d * y
'

trc= the piles. All the data we have seen indicate -"at
!raden cencen= ations are essentially the same as natural i.

cf the site. As an en --le, Incles=e 2 indica _as average

Ij eentcurs of cens-=": cutdec raden ccncen._a 4 ens (pCi/1) in
t_ the vicinity of the inactive e.wcessing site in t'="e" churg,

Pennsylvania, where the Depa en: is -= d --* d * d g a raden

=eni cring netwcrk. The highest raden cencen=atics isI" about 0.7 pCi/1 near the hc"-da-ies cf he site and decreases ,

to average hackground fer the vicinity (0.3 pCi/1) in abcut
a half mile. We see ac evidence of any pctential heal d i

i= pact Oc the public because ce highest =easured ccncentration
II_ =sien'sL. is caly 25 percent of the Nuclear Regulatcry C- d

allcwable value of 3 pCi/1 for noncccupational expo w.re.
Additionally, data collected in aerial radiological surveys

Ii[- at = aniu= processing sites in the West i-A4cate that during
the flights raden ec=ce==aticas in de d 'date vi=d dry

-

cf the sites were essentially at hackgrcund levels. ?= her
r_ evidence that rad =n cencentratiens in the vied d ty of unstabiliced

Ib sites are much icwer than the Agency's es-d-a es was p sided

in Or. Rebley D. Evans' letter cf May 27, 1981, :: Or.
Willian A. Mills of y== staff.,

g. .

f

I'
-
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I.- 3ecause raden dispersion frc= uns-*'ili:ed piles does ne:
p;cduce =easurable effects even at shcr. distances f.
. heir boundaries, we c"--mt supper: the preposed 2 pCi/=2-
sec raden f1= s-'-da-d, which is very close to er icwer i

I[_
dan background in =any parts of the natics. As an alter-

'

native, we suggest a ~='d-~~ average annual concentration of
30 pci/1 of raden at 3 feet above de s= face of a s abi' d ed i_

pile er disposal site and 3 pCi/1 at the fenced bcnnda_f cf
'

f
! the property, and dat the s*'ad'-d itself specify that the
'

average is to be det d"ed by reasonable statistical =easure-
ment prcecccis. Cur suggested alternative is censistent

B~
'ssion's radiatics protec icn s-*"d=-ds of 30with the r-

pC1/1 for cc==pational exposure, which, f or m- nle , wd 7 't
protect werkers, repairing a stabili:ed site, and 3 pCi/1
for noneccupational expos =e, which will protect the public -

Iri if . hey are exposed at the fenced boundary.
.

The stabilized disposal locaticas for tzilings are to be f
gover==ent-cwned, f ecced, and licensed by NRC. It is the

L intent of ee Ac: = hat ee ccvi- en: be:h ==ci:=r a=d
regulate the use cf the property and its perimeter. The
appropriate establishnd ''~'ts for cccupatienal exposure ::

-I~ raden at a OCE cpera-d g facility is 30 pC1/1 cf air (which
could apply en de st.1bilized tailings and be =eniscred at
an elevatic three feet 44 ectly aheve the s=f ace) and the -

established f esce line 7 4-' gener=''y recogni:ed as accept--

I_ able expcsure to an exposed individual a the point of
ec==c1 is 3 FCi/1.
The =easure=ent of raden flux is ex=e=ely difficult due to

L its variahtlity ever a large area such as a ca , "gs pile.e

We herefere suggest that he s-'ad' :.4 for raden' cent 01 ef
stabilized -"'''"gs be based upcn =casured raden concentration

-
in air. |-

!
- We believe that E7A =ay have everes-d-ated the potential

health effects f__ .raden by a facter cf 10. Even ass 'ng

I- ca: E7A's analysis of the pctential health effects is:

correct, the Oraft Enviren=en '' ! pact State =en esti=ates'

that 78 perce== cf the total n' 'er cf health, effects can be

l['
i "" **** "' "" "' *='"' "' "" "" """ ' ""*'"~~""" ''=*

value, which roughly ce=esponds to 30 pCi/1 cf raden . tree
.l feet ebeve he surface. We esti=a e -% : a potential savings

f-
in re=edial action ecsts of $30,000 cc 3120,000 per acre, c:

I- a .ctal sav_ gs cf 580 5120 d'' den dellars could be
reali: ed if p les and dispcsal sites are s.ahilized at cur

[ suggested raden gence= =ation vaines rather than I7A's
preposed : pCi/= see raden flux s-a d a - '. .
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Raden Decav Product Cencentratien Standard
!-

|

The p cpesed s andard for raden decay product cencentratics
'

i.n struct=es is exceeded by, or is close to background I

_ concentrations in a significant fraction cd hemes that are
not associated with mill -ad1d gs or other residual radio-

'

. active =aterial. The results of scme American sampling
programs shown in Enclosure 3 4"Ad case the variations dat '

can be expec,ad. The results of extensive r="=dd=" s-- d d= s ie
of raden and progeny concentratic=s is residences su=mariced j
in Encles=e 4 parallel the na= rally oc=urring variatiens ;

r

u found in American struc...res. These data lead us to conclude *

that an inflexible 0.015, inc1"aiing background, working i
. level (WL) s-=nd=-d vd'' in many casec .equire u=necessa=y

,

and expensive remeval of material to background levels or'

6 even belew background.

The prea=ble to the s-=-d=-ds indicates hat if the allcwablee

;._ working level is s-dil exceeded after all apparent tad''"gs
have been remcved er otherwise prevented fr=m affec-d g the

9 interic: cf the s .uc..:re , hen the p cpesed s-=-d=-d dcas
not require f=ther remedial measures. Ecwever, we w41'
have to certify during he conduc cf remedial action hat
all accarent :silings materials have been removed. Subs-="tia-

-

tics ci re=cval will have to ultimately provided by indeer
.

-

raden decay product concentration meas =emen s that can be
influenced by sources c her than ~=d''"gs. Pctantial d*"fi-
culties are indicated (a) by a recent review cf post-r===di=1
action surveys in Grand Junction indicating that 32 percent,

es of decen~= d "ated struct=es new have working levels greater
than the p cpcsed s-="d=-d, and (bl by pra' d"d"m y results

7 cf an analysis of raden daughter c=ncentraticus 3.n residences
that is tending to suggest that 55 percent cf basements and,

30 percent of "d se levels in U.S. hemes exceed C.015 W::..<

4 -
-

; We face the reasonable possibd' dry of post-remedial action
radic1cgical s=veys in s ruct=es indica-d"g that cer-d 'icatien"

conditiens have not been met. A dilemma will exist because
we will =ct be able to de-a--4 ne if the allowable raden"

t

level is exceeded because cen-= d1ated material derived fr=m
[~ a processing site has =ct been remcved, er because cf the

,

L presence of nat=al radicactivity in cens ruction materials
and natral background radiation. The culy alter =atives
will be either to rencve additional =a arials including
nat:ral radicac_ivity from ether parts cf the st=uc_ e such
as frem under ficers and fcctings, er to request an exceptica
f. s the Agency.

I
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g The n"-ker of signi'' -- "' g=es in de 0. 015 E s-*-dard

g' is gues icnable. Sc=e, but nct ''', available inst _ en.atic
probably dete d e working levels e tree significanr*

; fig = es under :=nt clied conditicas at a given .ir.e and
place. Ecwever, working level in a s acture varies sig '#i- g

I-. cantly wie de ti=e cf day, de seascn of the year, ven~'' =~

|
tics conditic=s, and e der facecrs. The cellectic: "-d -

analysis of sa=ples under such var'ahle ccnditicas ever a

i period of a year := calculate an average =---21 wc hing
level is a sta-' * ical preced=e. We have =c evidence to
convince us that 0. 015 E can he dis-' guished f_ 0.02 E

g and we sericusly questics whether an average of 0.02 WI can

[L-
be distinguished f_ a 0.04 E. Recognition cf dese real-
world 13-i ta icus may have ' "luenced the fc 'atics of the
Surgec General's flexible guide'''es fer re=edial ac icus
in Grand Juncticn, Cclcrado. The s a.istical nat=e cf

I~
,

dete- ' ng an annual average werking level value has =ctd i

i changed sin =e .hese guidelines were written, and we ::~s:
have the flav'h''4:7 to avcid de need fc unnecessary and

- costly re=cval cf =aterial.

l- As an alternative we s ggest that the s-5"dard req ' e
re=edial acticn if de working level is greater than 0.05 E

I~ above backgrcund and is caused by the presence cf '''

L tailings. If the werking level is between 0.01 E and 0.05
E abcve back>rcund and is caused bv. the c.resence cf #'i

tailings, the Depa_ went wccid decide if re=edial actics isi- required, u-4'ining the sc-e'''ed ALARA approach dat reducts
raden cencen = ations := a level as icw as reasonably achievable,'

taking into acccunt social, ecc===ic =-* te+"' cal censiders ic=s.

l~
If the werking level is less dan 0.01 WL abcve backgrcund,
re=edial actic is not required. We feel da: -*'= s-'-d=-dc.
(a) will i=pese =c meas =ahle d''derence in heal h a"'ec.s
relative to he Agenej's preposed s-="d=-d, (b) v''' sig ''4-

I castly reduce i=ple=enta.ics and ce--d 'ication ecc:s , and
v'i allow us -c avcid de excepti--a preced=ed

- (c) s

- Radi= in Seil

~~

The prepcsed 5 pCi/g s-'ada-d fc radi:=2-226 in scil is a
- level hat can prehably be =cas=ed with avail'"1e field

labcratcrf equipment, but at a ecst. The preposed s-m-**-d
- is not direc=ly related c poten-''' health effects, and we

see no less of health benefits if 10 er perhaps even 20
g pC1/g were specified. Eigher valces wculd save -4-a and
g~ cost required fer cering and analyzing sa=ples taken .~ _

large areas, and would sig d'icantly reduce the vel--a cf
cen~= 4 ated nat =al scil that must be 'ecliected, =cved and

-

disposed cf with any re=edial actien. We es '-'te fer

I- en ple cat 5 pCi/g =aterial eculd exist in scil as deep as
25 fee beneath he gren.d level cf the Salt Lake City
tailings pile. The re=cval of each fec: cf scil in deces-

I-
d'a-ta=.nat:.ng that site requires the re=cval, transpcrt,

pesal and backfilling cf 177,000 : ubic yards ed scil at a=
. estimated incre=en al :=s cf 34,6CO,000.

.
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The werd "any" in the specification cf de cccurrence of

I.-
=>**=-=='*==*1'' === = = =====- *~'=*==1'-
and ces.s for radiclogical =easure=ents and claa up.
Encles=e 5' 111:stra.es .he subs-' tial i=cact of the werd'

"any" en the -d e and ecs: c certify c_ diance with radi==- I
-

__

in-scil s~a-de-ds. The r">- : is based en the =cs: recen: ,

experiences of one of ec: radiclogical s=vey groups in a
OCE Na '--'' I.aboratcry. "he manpcwer and ces; es-d-ates in

-

-"e table relate to twc pro ccis for certifying that afterI- cleanup cf cne acre of 3. =d the *--unt of := d ' u=-22 6 in
the scil does =ct exceed 5 pCi/g. The first protecci is
necessary te ass =e -'>: the "any" s>-- le specificatien
req . ired by the s-'-da-d is satisfied, and de other pro-
tecol is a realistic s stistical averaging of sa=ples. Theu
percentage difference in ecs: between he "any" and averaging
prc cccis is sig d'icans: ce "any" specifica ica req-d es !,-

63 percent =cre ces at 5 pCi/g can de s stistical averaging'

prcteccl. There is a savings cf 53,900 per acre if reasonable
averaging rather "a ce prcpesed "any" sa=ple were specified.

.
A reasc able specifica.icn cf averagine. as c=.=.csed to ".nv."
:n :ne s-s-dards could save abcut 32,900,000 f0; certifica:ic:u
of ce cla=-up of the -mi'd gs piles. This es-4-ate of-

- potential savings does not include the areas of wind-bicwn

I- and c he - dispersic tailings, and vic'-d:y preper.ies,
which =ight altogether =iple ce savings .c perhaps 512,000,000
in certifica icn ecsts. The sav ngs w:.11 probably increase -

substan ' a'1 y as experia-ce with quality ass =ance operatiens
_

is gained d=ing the ccnduct cf re=edial action operations.u

These additional ecs:s could be avcided if the werd "any" isr
deleted f._.a .he s-="da-d and the stands d itself is replacedI . by an average value cf 15 pCi/g for radi= in s 3 7 uti''-4 g
the A. ARA approach, and the state =en: ">: "the necessary

I~ , =eas=e=ents are to be perf ormed wi"d - de acc=acy of

I avai a Me field and labera:Ory inst. ents used in ec=junc-
tien with reasenable survey and sa=p14 g preced=es. * We
believe that nc measurable increase in heale effects v ''d

resu.lt frc= adcptic cf .he above precedure.I ._

1,000 Year Dis =csal Site r liance

F The cencept cf "reasc"*"le ass =ance" ---1 ded in the preposed

IL standard is net cles=1y defined. F-- puter codes that have
,

been ===f d ed by field meas =-a-ts =ade ever -d-a , andr
expert epin c=s are inadequate s..hs i = es der experience.

IL Disposal site technelegies are being developed and evaluated
and cos effective sys- -* =ay nce be available fer sc=e
vears wi h a cendidence level cf cent.. ries. The al.ernative
'e suggest sakes advantage of the f ac: that the sites are to

It - ssion'be Gcver==ent-cwned and f a-red, and licensed by the P-

fcr the indefd" e fut..re. This will allev sites te be

I
&

I.
-

|
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carefully monitored and evaluated a=nually fc= 10 cr 20-

years to confi=m the efficacy of the stabil1=ation, and to
r nake any necessary repai=s er addi.icns to the s abilisatics.

Exce=tiens Procedure'

i
~

. riezibility should be provided in the s*="d=-v2.s themselves .
'

rather than in the preamble to the s*="d=-ds and in de
exceptiens procedure. An exceptions precedure will be
costly, time consuming, and difficult to implement. The-

~

procedure could unde -nine public confidence in the remedial ..

actica pecgram because sig d"ican: number of exceptiens is
anticipated for the present f==n cf de s*="d=-ds, and the-

|
public would perceive that residual health ha ards exist id
de s-andards were exceeded. Flexible s*="d=-ds w '1 enabled-

the Depa_ sent to pursue the ALARA ebjec ive, -d*d d e
r ecs:s, and adjust de remedial ac icn withcut measurable

[ loss of health benefits, because i=plementatics decisiens
can be based en an adjus==ent cf design parameters rather
than a req d ement fer mee-d"g a single valued s-=-d=-d._.

._ water Sea-da-ds

~ An extensive sa=p'd g program could be req-i ed ec establishj-
water in the vic4"dey of potential disposal sites and what
the cencentration of suhstances that are new present..in

concentratiens are released after the disposal is c=mpleted. -
-

3,

An even greater cencern to us is the concentration of sub-
stances in ground water at si.es were tailings piles wi'' be-

remcved. We do not have specific alternatives at this time,
'~

but we want to discuss with the Agency the basis for and
pcten ial i= pact of the water s-="d=-ds.

/
Cest-Benefit Analvsis

7 - .

i- A review of the ecs: figures presented in the " by =="Ad= '

Naticnal Labcrascries i"Adcates that the I?A estimate is icw
- cy at least a facter er two, and, =cre likely, by a much

larger facecr. The Sandia analysis also illustrates the
~

extremely high remedial acticn ecs: per heal h effect a74 d"= ad-

. hat can result frem the conduct of extensive remaddal
[ action at remete sites. It shculd be neced, hewever, that

{ L. the ecs:-benefit ratic is still very high id the calculation
is perfermed just for sites in the scre populcus areas.

_

-

Addi-4 *=71y, the CI!S presents very 7dmd ted and, in cur
view, inadequa a consideration of alternatives to the s-="d=-ds
preposed. Health effects are not estimated fer a=y of the

[ s andards except raden flux. We feel that the final D'-*
- L shculd cc= pare the cos: effectiveness sensitivity of each of

the standards that are prc=ulgated, and should include

_

e
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assessment of che cess effectiveness Of be h =cre c less

'[ restrictive s-=-4=-ds as part cf its justi.fiestica fer he
l selection cf the s-=-d>- .8.s being p cpesed. .

i

p We will be pleased : discuss cur c- --ts in greater detail ,

wi h the Agency.

_

Sincerely,

l
L /
- /. .

Stephen E. Greenleigh( .

(~ Ac*d g Deputy Assis-=- Secretary
fc ?.=vircnmer. , Health and Safety

, . .

{' 5 F.= closures

cc: Sheldc= May=_:s-
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Inciosure i
EPA Froposal Impact on DOE Pemedial Action Suggested Alternative Effect of ChnH&e |,

Fggr ams/llea t tlit

)
F_iLograss - program

1. Padon Dis- Stabiltration costs will be ' If stabilization in Reduced coats anil remedint .

'I'

persion and significant to meet 2 pCi/m2 - necessary, use 100 action time.

Padon Flux sec, standard on the tailings pC1/m2asec or flRC's !

Standard - piles. 3 pCill near the lleat tle g ;

2 above boundary line of tite2 pCi/m ,

I

background. flealth site. About 78% of EPA estiented
radon health effects are

The resulting additional benefit to public health over svoided at the high priority i'
that resulting from a less stringent standard is quest bnable sites (DEIS, page 6-1).,

einces ,
i
'

The value of 2 pct /m2 --see is near or below bachpround .

s.
in some arean unaffected by tallingng

b. Radon dispersion from unstabilized piles is overestimated
by EPA computer codent nnd, ,

Aerint radiological surveys and DOE ground monitoring data' c. -

indicate that redon concentrations in the loanediate vicinity
8

of inactive urenture processing sites (about 1/2 mile away) are
1

essentially at background levels.
I

i
'

Progres! ,2. Radon Program
I

2. Padon Decay Annual everage working level in a There should be a range implementation and certification

Product Concen- statistical quantity which cannot of wonking levels of a conte are reduced.
:

tration Standard be deterreined to 3 significant figures i

Avg Annual Value nor can avernge annual values be WI,40.01 above background The exceptiona proceduren will
|

.*

of 0.015 WI, distinguished between 0.02 and 0.04 WI.. . remedial action is not be svolded.
}

-

includicg back- required.'

ground. Remedial action costs may increase as 0.0104WI.<.0.05 above llent tle i

.
e

DOE ::ay have to dig under footings, background. IMIE will decide -

'

etc., because WL standard is exceeded if remedial action in No measurable increnne in health*

,I'

and " apparent" tallings cannot be required (if v n'4 tog levels effects.

nre in this range), utttts-found.
ing an AI. ARA approach. j

s
7

\ !
'

WI.c_0.03 nhove backgrounit, *-
* . '

remedial action in required.
'

t
I__J L__ _ s I _] U l' .

_j L_j t .j i j E.J LJ L. | ; j j
' l _2 l_ u_.
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|
7'A Proposal Impact on I)OE Remedial Action Suggested Alternative Effect of Change-

'

__ P r ograms/Ile a l t h

2. (c ont .) (cont.) -

Compilance with standards may not be possible in all cases
'

e.g. , 327, or structures in Grand Junct ion 'tl nt have had
at least one reinedini act*on still exceed 0.015 ut.

I
lieslth

g

| The standard is near or below background levels in innny {
ntructures not affected by tallings, and the resulting added

|benefit to public health over that renulting I

froin a less stringent standard is q.estionabis.'

__ i'

ProgramPrograr
..

3. Itadium in Soil Extensive sampling at incrensed cost An average of 15'pci/g and Implersentation and cer tification
standard - 5 pCi/g= and time will be required since "any" the standard itself (not costs will be unrkedly reduce.: - {
in "any" layer. is equivalent to "all" layers. the preamble) states that e.g., 951 confidence certifica-

the necessary measurements tion that "eny" noll sample doen !
are to be performed within not exceed 5 pct /g coste 411 i

'' Ilealth the accuracy of available more per nere to certify than a
fteld and Inboratory 901 confidence certiftentton

| The standard is not related to based on a reasonnble statisticalIn1trumente used in
I potential health effee s conjunction with reason- averaging procedure. i- .

;i able survey and sempting
8

! procedures. Health

Ho measurable increase in henith
]* *

effects.,

4

DOE has no objection
4 G nnen t Radis-
tion Standard - ,

, 0.02mr/br above , '
,

backgtound.
?,

ProgaraPrograis '

5. Exceptions Costly, tirse consuming and difficult Flexibility should be I)oE will' ente time and cost,

i . pr oc eitur e. to implernent. provided in the standards because remedial action .
, ,

rather than in the implementation decisions can be
! exceptions procedure or made in the field rather than

the prenmble to the in Washington.,

<

standards. ,

1 L 4 i C l| r 1 - jt __ j r___J L_ J i ''

I t. i.- LJ L _ _. r_ ,
-'
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1.Stabillantion Will involve large sums of money DOE is,considering the Significantly reduced implementation

! ar rnnovel of and very high costs. potential imp!! cations of coste.*

! o disposal site. stabilizing only the high.

priority processing etten, g

and fencing and control |
Inecess to the medium and

|f
-

low priority sites.

Ilesith llealth -||
.

, '- At lenet 58-71% of the EPA estimated |Renuiting benefit to public
health is not justiftel by the health effects per century (excluding ,

costs of meeting the staridard. vicinity properties) will be i
,

,

ellraina t ed . (See the table below.) j|

Fatal Cancers Per Century - Local Populations Only,(1)
>

Certain liigh Friority SiteaQ), Relative Risk Absolute Risk *

Crnnd Junction, Colorado 29 18

Cunnison, Colorado 3 2 .

Rifle, Colorado (1 otte) 1 1 !

Shiprock, tiew itemico 4 3 |

Canonsburg, Pennnylvants 29 17

Salt Lake City, l'tah 72 79
i

TOTALS 138 (581 of Deaths per 120 (111 of estimated 170 deaths ,.|
,

century) per century)

i (1) Data taken from EPA'n DEIS '
,'

!(2) 1.ocal population effects were not presented for the high priority sites at
.

| ,
'

Durango, Colorado, and Riverton, Wyoming in the DEIS.
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ESTif,'.1:5 0F TitiE Ai!D COST peg'AVAILABLE l'03ILE FIELD LtiCVt10lf !!:57R3:EllIATIDH (1) ACRE (AB0'JT 4.(i00 2) TV C9! TIFF COTLi/MCE Hl111 SpCl/g
'

RA0llf f-lit-50!L STAf'IMRDS U5Iin
l

EGlLi
'

'o 951 Confidence that "Any" tanple - 1 sarrple taken im each m
does not exceed pCl/g of Radium-226 (4,000 total) ! |'' 'fn soll

- Diend n:'.4 analyze cmposite of 25
saxple:; fro:a eccf: 25 ta? (160 total).

|

| - i of every 4 cc:r:posite sarrples
| c<nflined at pomenent lab
|

'
'i

|
- T!!!Et 20 person-days ;.

' - COST: 19,600 !-

.

o 901 Confidence that a statistical - An average of ( sarples taken at randas
average of sanples does not exceed from eacle 100f (2) (160 total)
5 pCl/g of Radites-226 in soll,

- Analyze each sample
j ,

T

|, ! - I of every 10 serples conflowed !

! at perwnent lab
.
'

- TlHE 16 person-days
.

j - COST: $5.700 (3)
,

i
'

11) Nbile laloratory systems' included a gawma ray spectrmeter '}
-

'.
~

i
'

i i j (2) Typical ground area for a house

|
(3) The savings provided by statistical averaging Will increase as operational quality assurance

<

!
|

experie:Me is gained. t,

.
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EVALUATION OF ATMOSPFERIC RADON IN THE s
3 - ,.

VICINITY OF URANIUM MTTI TAILINGS :. A* fIer D. 7

4@ <l
f :

S. D. SHEARER Jr. 2. 3 j

Soutnwestem Radioiogical Health Labratory, NCRH U.S. Pubue Health Service, * * ff . '
'

I --
*

Las Vr.u, Nevada * ;

gndL f '
C. W. SILL

,

Health Services Laboratory U.S. Atomic Energy r% Huion. Icabo Falls. Idaho i$ '
f..-

(Rusmad Jaa,1968; sa reindfem 23 Caoiw 1968) [,
II

Abstract-A 6 eld study is currendy being concluded at Grand Junecon and Durango.j ~
Caiorado, and at .NIonncello and Salt Lake Cry, Utah, to evali ate the public health aspects **h

3 ,-
of armn.phenc : Rn in the vicinity of uranzum rap pues. Air is coUceted continuously -:s ,

{ for 48 hr penods from each stadon in order to average out diurr.al Euctuadons. 'Ihe in- p 8

tegrated sample is then analvred forserRn. A total of 57 stadens is in operadon. Tach stanonis
, . Fr

1i7 rMampied every tnree weeics for one calenc.ar year to include ne== anal Suctumnans and to *1
j pemut a more realisuc eni-ste of the yearly come to people in the immediate vicinity. g. r

Tlus paper presents data and eaari- fro.n the 1 yr study. Of the 13 stadons directly ' 4. g
over tainngs, average racon concentranons ranted from 3.5 pCil to 16 pC/L Of the +4 ,1-

.

. stauons not over tailings, ordy two averaged greater than 1 pC/L The results indicate neg. * p.' !
M+ 4

,

j bgible radiauon exposure of tne surrouncing population from this source. .
j i ? *

NI f| L A

INTRODtJCMON int @tation. Because of increasmg public
* < e.. ig '!'att turAcr of uraniurn milling operations on interest, a more ciaborate joint study cescribed
$ .fY j

the air and water environment hu been studied he was initiated.El i. EI{gl._ by a number of Federni and State agencies u

1 uterature to these stu .e. Most of the investtga- control cf uranium mill minngs was a . d ' 7.$ |!
.-onJEcmT.sweil u pnvate incustry since the middle 1950's.
4 |references in technical In 1966 a joint Federal position regarding

Ii r 'lhere are numerous
t'C

w
E.3;.'-

'

L tiotu to date have been concerned with pc a taal to by the U.S. Depar=nent ofInt=rior (USDI),
- s,@

'

,

'

water poilution from the mahng oper mans. U.S. Department of Heali, F.ducation, and
r.'Welfare (USDHI.W), and U.S. Atomic F.nergy

70 tsII- locreased attention hu been focuseri durmg 6epast seve-al yean, however, on the atmosphene Cr --. inion (USAF.C). On March 3,1967, iti

EjL effects of such operanons, parucularly the in- was agreed that de U.S. Public Health Service .h~ , *
duence of unstabilized =ill r=mngs piles on the (USPHS) and USAEC should act jointly to

, @Yg, F atmosphene radiauon levels insurrounding provide technical advice and amstance to

~s [ commu=2tia.
states and indust.y in evaluating the pubue '

Limited acnospheric g ab sampling in the h alth unects of annoseberic concentrano s of i..L
,'vic=uty of several uranium mins in 1966, indi- radon dtie to the piles' and in evaluating the ' .'

'
r

cared that the "Rn e=2 nation from the tailines effeenveness of the stabili=ation and contain-

I|.
2

~;
tinght be increasmg e=virec=entalIcveis signis- =ent of uramum =i!I tailings pues in co itrouing ' . .

'4canuy. However, the tampung preg-a= wu radon en2 tion. This goal is divided into
,

~{' nt=al and the results were limited in Oeir several spe:ise objectives:
-

| .$

I(l
1. To deveicp teenniques for taking inte- .,--

* Presret accress: Bureau of Abatement and con. - '
trob National Air Peilution Control Acm:.n., grated air samples fer radon near uranium . . ',2 ''

, ,
L'SPHS, Durnam N.C. tailings piics -

t M.h-- W$ Qwd!"S-
n. -

IL
- - - . -

-- ---_.-__

-

__ _ _ _ ] __

ma-e- +-
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;8 ATMCSPHERIC RADON IN TIE V'CIhTW OF URANIUM MILI. TAILINGS

2. To e taluate atmospheric concentrations of attention would be given to the concentration, precision needle va

I[~
radon in areas near pues as an i.ndex to radiation involved. Should data obtained fre m the survey

hiyiar bag at 10 =
% 1. in each 48 hr

exposure of populadon indicate average annual exposures to concentra.
3. To determine the eEect of stabiH:=rion and tions of 22Rn in air in exces of 1 pC/1. above sampling location,

. cover ng on e--=n= don of radon gas from pues h=Fqround, at would be nemury to consider p' aced in a proteed
,

4. To deveicp joint recommendations (or the extrat of radioactive disequilibrium be, pu=p uuc was at

I" guidelines) if nteesary to control expon.res tween radon and its daughter products. ground or tamap.

based on radon concentrations found While Federal regulations generally * permit over a 48 hr pertoc

5. To make the above infor=adon av=d=hle average concentrations of 2"Rn up to 3 pC/1. eycles might be
r-

to states through technical assistance and pub- in air leaving the boundary of a restricted
senedule us design.

Ib usned reports. area of a licensed facility, quantities permitted would be sa= pled c

Raden-222 criteria have been devel: ped by to be released from the restricted area art c =on6 period. 3#

the Nadonal Cor=mittee on Radiation Protec- subject to reduction if it appears that thev a3Y. bias due to daily
-

vanan as would beion (NCRP) and the Intemational Com den =ight result in the exposure of a suitable
If~. en Padiological Protection (ICRP) for indi- sample of an exposed population group in

viduals occupanonally exposed. The max. mum average concentrations of :"Rn in exc=s nf Assy, n,cipocedurer

'

per=ussible concentration (MPC.) of 30 pC!l. I pCi/1. After an exte=siv"

. for a 40 hr week and 10 pC/1. for a 168 hr DESCRIPTION OF STUDY half of the samples
week, resoeetively, have been set for occupa- 3:stica loc =nant each of the two

l tional exposure to 2"Rn plus its daught: In order that the study areas resect con- analytical procedure

producu in equilibrium. It is pertmssibie to dicions at both operating and inacuve uranium cons:sted of passing~

,._
adjust these concentration limits if it is found mills, locations were chosen initiauy at Grand through a gas sepa
that2"Rn is not in equilibrium with its daughter Junction, Colorado (operating min, uncovered serbing the radon

products. tauings), Durango, Cc!crado (inaenve mill, low temperature. TI
.

The NCRP (NES Handbook 69, p. 6) stat =s uncovered tailinp), and Monticello, Utah and the radon trans.

I. that the maaimum pe-missible average body ( nactive mill, covered tauing). Salt Lake sc=d11ation cell for :
;

burden of radionuclides in persons outside of Cry, Utah (operating =111 with only vanadium In order to dete'

L the controlled area and attributable to the recovery presently being carried out, uncove ed agreement between t

operations within the controlled area rnall tailing), was added to the study in Octobei all samples collected

not exceed one-tenth of that for radiation wor- 1%7. At each of these study areas, a number nr of the study were an
-

laboratorica. The d.ken (i.e., b.ucd o.i continuous oc:upadonal sampling sites were selected which were repre.
a 163 he week), and that this sentative of on-pile, near-pile and general. that both laborator-

( - exposure int
-ecommendation is primarily for the purpose of community cec:litions. Locations were chosen within the uncertain

, ;

| Ir iceping the average dose to the whole popula- taking into consideration the prev = ding wind involved. Following

j tion as low as reasonably possibie, and not pattems, population densities, geographical compar: son. about 5

|
because of the liiclihood of spenc injury to factors, etc. At Grand Junction, 25 sampling were analy:ed in b.'

J the individual. sites were chosen with 5 being located direedy

'.I{~- public shall be one. tenth of the corresponding Salt Lake Cry,12 sites were chosen with 1 Stanon

Recommendations of the ICRP state that the on the tailing pile; at Durango, 8 sites were
annual radiation dose limits for members of the chosen,2 of which were on the niWp pile; at

'
-

station being on the tailing pile and anciber
,

annual occupational values for conunuous
! E{' exposure- Applic= don of these reco= mend 2- immediately adjacent; ana at Montic=llo,12 GJ 11=

r
'E" 'o=> to the tS8 hr v= == for aceu9^= ion >2 scadons were estaoushed, + of which wer= on the I3'exposure leads te a value of I pC/1. for ":Rn, na; s area. Therefore, at the 4 study areas

,
: with daughter products present at equilibrium a gets1 of 57 sampling sites were seie:ted,13

,

| '

of which were direedy over r= Lgs material. y
| 5 ["
3 concentrauons, tor contmuous exposure to

' i"divid" t' in the se"e==2 Po9"t^=on- Thi'
1,

| concentratien is in addition to natural back- Sd" fli"f 8'th"iP'2 andfrrping -

.

| f .. ground raden leveis. Thus, for the purpose of The equipment used to collect the sample- - 3
,

this study, I pCi1 of "*Rn in air was u ed has been desc-ibed by St:.: '2' A small aquar- ,3

as the scr ::ung value below which no hirther ium aerator pump forces filtered air through a'

u
: ,

!,
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*

precision needle valve into a 401. Imrmated tinuing cross-check on quality control. All {.9
i , , , .

y ; pu.
'

- Pt p ,; k
4Mylar bag at 10 ml/ min to give a volume of counting data were cor eeted for rsdmar tive

'. N 3-

1 301. in each 48 hr sampling period. At each decay to the =idpoint of the respeedve sampling
i sampling locadon, the pump and bag were periods. In addi6on, the concentradons as U.y Q

pitced in a protective weather enclosure. The determined in the laboratory were calculated to .31te
pump inlet was at a height of 3 ft above the the mean annual pressure and temperature at M[ c. ;' j|
ground or tailings. Sampling wu carned out each of the study locations. The:e are as ! g
over a 48 hr period in order that 2 diurnal follows: Grand Junedon, 638 mm, ll*C; 0 7. ' t

L ,

cycles smight be covered. The sampling Durango,599 mm,8*C; Monticello,587 mm, --:j g
schedule was designed such that each location 15'C; and Salt Lake City, 654 mm, ! ! *C, j,.

r- .5would be sampled once every 3 weeks over a respectively. 5 J12 month period. By sampling in this manner REsUI.Ts I Iany bir.s due to daily or seasonal meteorological During the period of sampling for this pro- 4 F
i- vanations would be nummtzec'. gram, a total of 892 samples was collected,209 ik| Jadyrkdjmedur**

of which were on-pile samples and 683 were
&oft pile samples. The numbers of on-pile and '

- a
After an extensive intercomparison period, off-pile samples by study area are respective:y,

half of the samples collected were analyzed at 85 and 320 in Grand Junction, 30 and 82 in i
'! cach of the two laboratories by accepted Durnngo,31 and 150 in Salt Lake City, and 63 g

analvtical procedures. The analytical technique and 131 in Monticello. The concentration or v <
*

-. connsted of passing a known volume of sample 2nR.s found at each station in the four study . . .
- t-sites is given in Table 1. The data shown in

L through a gas separation apparatus and ab-serbing the radon on acuvated charcoal at Table I envers the following dates at each of . ' ' .

Iow temperature. The charcoal was then heated the four study areas: ?
'

Grand Junction Ju se 6,1967- i i
F and the radon transferred to an alpha-sensinve August 20,1968 .i |.

icindilauen cell for subsequent counung.
L in order to determine the consistency and Salt Lake City October 27,1967- . , I.

*
- '1agreenent between the two laboratories' results, October 8,1968

3all sampies collected dunng the first six weeks Monticello August 8,1967- e
-

July 29,1968 - *
[ of the study were analyced in duplicate at both

,

laboratories. The data obtained demonstrated Durango August 3,1967- g r; :.

th t both laboratories' results were the same July 30,1968 - ;. ; -
'

[-- within the uncertainty of the counting statistics As stated earlier, each of the 57 sampling i
...'f |l involved. Following this irutial extensive inter- stations was re-sampled at three-week inte:vais

companson, about 5 % of the remaining sa=ples throughout the study. . j; '

"

-2

were analyzed in both laboratones as a con. Table 2 presents an overall sumrmary of the ;
: c

, .

T.& I. Amage conansratwns of' 'Rn found at thefear sasir areas .

Number of Concentranon of t Rn, pCI/1. '$
- Stanon samples Average Standard deviation Range ?

. (.'

_
GJ 11 * 17 11 6.7 3.3-28

12* 17 4.7 1.7 2.2-7.1 . . , ,

13* 17 9.0 3.6 4.6-21 f2
I 14* 17 5.7 2. 4 1.1-9.7 .

15* 17 8.7 3.9 3.5-16 ;,;
;-

16 17 1.1 0.33 0.50-2.6 '[..

21 16 0.~7 0.35 0.43-1.8
-

.

(' 22 17 1.3 0.67 0.53-2.3 .

23 17 3.4 3.0 0.60-13
- 24 17 0.78 0.45 0.31-2.2

'

.

4

. ':.1
* ; ka .

.
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_ _
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2"dh I conf.m -

=Number of Concentrauco of 2=Rn, pC/L,

Stauen samples Average Scandard dewinn Range

*5 17 0.84 0.45 018-1.926 17 0.82 0.50 0.30-2.2
-

. 31 16 - 1.1 0.88 0.42-3.3
{' 32 16 0.75 0.41 0.43-1.8

i

| 33 17 1.8 1.1 0.50-4.5
>

"
34 15 0.84 0.39 0.62.2

.

35 17 0.88 0.51 0.32-2.1~

36 17 0.88 0.41 0.33-!.9: '
41 16 0.69 0.30 0.13-1.2: L--
42 16 0.70 047 0.*7-1.!
43 15 0J8 0.48 0.17-1.9

F
+4 16 1.1 0.93 0. 4 4.4
45 16 0.82 0.33 0. 4 1.3_- 46 15 OJ4 0.43 0.34-2.147 10 0.'9 0.48 0.29.-l.91,J SLC 31' 16 10 6.4 1.6-221 827 15 42 1.4 2.3-6.6 *

===

L.j 83 16 0.43 0.31 0.09-l.3
-

84 15 0.2J 0.24 0.21-025

If, 85 13 0.68 0.30 0.23-1.486 13 028 0.14 0.11-0.54 on. pile and o&'-
91 15 0.44 0.30 0.15-0.99 four sQ si~~~

92 1+ 0.42 0.24 0.17-0.85 .C'*^d3""CIICO'

I '-'
93 14 0.2 + 0.12 0.06-0.55 a Du ango, has
94 17 0.+4 026 0.07-0.94 the other oSpu,95 17 0.29 0.16 0.13-0.60 wul be explain"
96 16 0.22 0.12 0.06-0.45 also shown in FiM 61 * 17 4.1 2.0 1.1-8.1 sactplinglocatio:p 62* 15 2.4 1.2 0.55-4.+ For the sale of-| 63 * 15 4.5 1.1 1 1-12w 64* 16 3.] 1.8 0.89-6.1 and residential

Fig.1, the ave:65 17 0.52 029 0.18-1.3p 66 16 0.41 0.17 0.12-0.64 shown instead c,

71 15 0.34 0.18 0.10-0.72 egg,.4,L 72 17 0.24 0.13 0.03-0.53
,

73 16 049 0.17 0.06-0.59 DISCCSI
74 17 024 0.13 0.06 0.59 7. ne cenelusic75 16 0.31 0.18 0.14 4.37 ow for M o.[ 76 17 0.40 040 0.11-94D 51* 16 19 7.2 13-341 52* 14 12 9.1 7.s-328' It is apparent53 15 0.49 0.17 0.25-4.75! that there are t'54 10 1.4 0.67 0.44-2.3' .

pile stations; (55 17 0.52 047 0. ! !-1.3t 56 1+ 0.47 0.17 0.22-0J8 pm.ai]ing w.ind''r 57 13 0.59 0.35 0.17-I.2 gg3;;e33,
t' 58 13 0.47 0.34 0.00-1.3 De sd ' anF

~

r:g. I represent
G T - Grand Juncuen: SLC - Sait Laie City; M - Monneello; D - Duranco. 80 % of tne ==e.* On.pde stauons.'..

m de soude
-

? Th:s stauon as not actually on.pde, but adpcent to pUe at sewage plant. 6"g winds 2
e

,
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2 <
i |' Tdis 2. Summary of on.pde and ofpi:e stadens at thefour study areas

';w

#- Concentration of 2Rn, i '

1
j Number of Number of pCI/1. 3

- Area stauons sampics Average Range :A
P.
.1Grand Juncuon

1 On-pde 5
.

85 7.8 1.1-28.0 I7
-

I Near. pac * 4 68 1.9 0.5G-4.5 'Y *

Other 16 252 0.83 0.13-4.4 * &,. '
,

'

_.
Durango

F On.pde : 30 16.0 3.8-34.0 -

Stauon 54 1 10 1.4 0.4+.2.3 -3y
Oth-r 5 72 0.51 0.09-1.3

Monticello '

On.pde 4 63 3.5 0.89-12
Off. pile 8 131 0.34 0.03-1.3 ,

Salt Lake City
On. pile 2 31 7.2 1.6-22

- Off. pile 10 150 0.33 0.06-1.4
*

.

}%L 3 ,a,.pae ,tauon,: i6,22,23, 33.

on. pile and off. pile radon concentradons for the shift is about equally divided in the two direc.
- four study sites. Four of the ofi. pile stations in tions, being about 53 % of the time from the ,

-

Crand Junction, and one of the oft. pile stations southeast and 47 % of the time from the
in Durango, have been shown separately from - orthwest. {

*

the other off. pile stations. The reasons for this It is interesting to note that stadon 11, which 4 -

(- will be explained below. The averag-s are has the highest average mRn concentration, is g ;

also shown in Figs.1-4 with the corresponding posidoned at the northwest corner of the main 1
-

I_, umpiing loc 26an at each of the four study areas. tailings pile at the foot of a 25 ft bluff in the
*

[ For the sake of clanty, only the principal city prevailing wind envelope for the nocturnal d I'

and residential areas have been shown. In inversion conditions. Thus, this station can bc ,
.

Fig.1, the average of the on-pile stations is expected to intercept the drainage of radon from _

I shown inst-M of the individual averages for the pile down the slope during periods of highest !-

;L clanty. concentration. In contrast, the lowest value of
~

'

the on-pile stations is obtained at station 12
DISCUSSION OF RESUI.TS which is almost in the geometric center of the

The conclunons and trends are presented pile. The pile is slightly conical with the station
:L below for each of the four study areas: near the apex. Apparently, except under con- "

.

ditions of strong vertical rnixing, the radon
1""'# **" drains down the slope and away from the ,

c-

j- It is apparent when eng these data sampler,mai i% the concentration ave!mhie
~

;
*

I L- that there are three distmet groucs: (1) on- at a height of 3 ft where the inlet is located.
Pe stadens; (2) near-ptle stanons in the As stated above, it was considered valid toilI

r prevailing wind parte =s; and, (3) all other consider stations 16,22,23 and 33, as a separate
stauens. group hem the other re=2ining off. pile stations.

- The wind patte=s shown as dotted lines on There are several reasons for Ais: (1) they are
| Fig. I rep ~sent condicons which occur about all about a half mile from the pile; (2) they are -

|- 30 % of the ume. "'he early cavtime winds are in the predominant wind envelopes; (3) the
I frem tne soutne2st while the afternoon and area is charactens:ically incustnal; and, (4)

|_
eve =ng wmcs are from the northwest. 'ne they are all on the mill side of the r:ve . In

1 *
|

|

|L
4: x
~

|

|L_

- . -
_

-

hew . - *%*- .,
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,I. (o.co) R AoON.222 pCi/in.r 46(o.74)
ij-

..............t o -o
( A vtR AGE CCNCENTR ATIONI p

-

- Fio. !
that none of theI

addition, standard t-test and analysis of vanance the pile and is in thepredominantwind envelope, could be consic
compansons of station averages cicarly showed it is situated across the river close to the edge of (at the 95% coni
that stations 23 and 33 were signineantly diEer- a mesa about 80 ft higher than stztions 16, C- and, therciore, w.<

. ent from the other otT. pile station averages. 23 and 33. Station 23, as can be seen on Fig.1, same " population
L- Stations 16 and C, while exhibiting higher is the closest ofi-pile stadon and has the highest The above cone

overates than o& pile stanons, were not deter- average- comcaring station
mined to be signiScantly higher, but were The rmWg sisteen o$ pile stations were to i966 a quan-<

; considered, because of the reasons stated above, considered as a third group of stations. For 6s:nbuted widelv
to fall into the same "populatien group" as these stadons, the individual station averages . ion com.unin.''-

y stanons 23 and 33. were compared utilizing standard -cert and fill =aterial, suo-e
Stauon N was not included in this troup analvsis of variance comoansons of the ave ag 3 and other uses. ~1

because, while it is less than one half =ile from The results of these statistical techniques sh,wed tai;;3g3 p;;, n 3

.
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h\ p * ."'laVitaGE CONCINitatlON)_ ,

..........: o--_o
I- Fic. '' b

b that none of the individual station averages single point source of radon release to the general
could be considered signincantly diEe ent environment, and that the distributed railings :

(at the 95 % con 5dence level) from each other trJ;ht induence the radon concentrations atr-

and, therefore, would represent data from the outiving stanuc.s. To elim:n=te this possible .'
*

- same "wpulation group." variable, it was decided to set up a stanon at a I, ,.t,
The above conclusion is quite signiscant when considerable distance from the main tailings y,

con:panng station 47 with the others. Previous pile in an area where it w3: known for certain '
<

to 1966 a quanutv of tailings material was that no tailings had been distnbuted. There. '-
L distnbuted widely throughout the Grand Junc- fore, station 47 wu loested at a distance L

7 con community. Tnese tailing were used u approximately sve miles north of the main - -

511 matenal, sub-g-ade =aterial under building, tailings pile. This station was piaced in opera- '

and other uses. It was felt, the ciore, that the tion in early Feoruarv 1968. As can be seen
tasling pile at the =ill might not represent a from Table 1, the average raden concentracon
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| AVIR AGE CONCINTR ATION) ,

f * m a va e t s e.a woeeos: @ D

'F Fic. 3
g by Federal regul

areas. Stations 23
(* for tne study period was 0.79 pC/1. This increastng appree: ably the general atmospheric % the e ;n

[- average is not ugniscandy different from the radon concentrations in Grand Jusc2 ion. mended for tMs stud

overall ave age of the ofi. pile stations of Because of lack of correlation of '22Rn con- are wd1 widin 66-

0.83 pC/1. lt ts thus concluded that the radon centradon with distance frotn the pue, and No desnidve quar

3| 'I concentrations at station 47 are indicadve of because a known background station indicates concesuadens me
natural background levels in the Grand a value of at least 0.79 pC/1., it appears reason- pue could be obeg~ Junedon area. In comparing this station's able to conside- that the natural background

|, zverage mth the other ofi.pde stations (ex- concentraden of atmospheric mRn for Grand Dwcap

g, clusive of stadons 16. 23, "3, and 331, it apoears Junction as a whole is 0.3 pCil. If this dgure 73, , ;;,,.

reason 2ble to concit.de that the distnbuted ts subtracted frorn the othe- values, no off. pile cocaide 1My M w.
g tailing, as weil as the :ru tailings pile, are u stations are above the value of 3 pC/L per: utted locadons, a
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'' bv Feceral rendations 1) for uncontrolled physical location of the sampling sites. Due ta

Stadens 23 and 33 are it, or slightly the very steep side dopes of the niiing p.ile as T,

areat.

- above, the screenmg level of 1.0 pC/1. n com. well as its location against the side of a mountain. 2.

mended for this study. Allother station averages it was not convenient to locate the sires dir-etly
j,

'b- are well within either of these two figures. cn top of the pile. Intea , the sampiers were
' 'y

:
No desnitive cuantitar2ve correlation of radon located on tailing curr_ sl a- ne 'aase of the

.

-

mneentradons wsth distance from the tuhng tailings d&c. It is 11ely that the racon diliusing
out of the entire side slope of the pile will dram .{-,

pile could be obtained.I
directly down to the sampler at tne base of the 4_

)~ ,1
0""P pile under almost all meteorolopeal conditions,

{ ensurmg a high concentration of racon at allThe on pue staten averag-s at Durango are
considerabiv higher than the otne- study times.

'' leucons. The mest 1&eiv resson for this is the The wind patterns at Durango are shown

h. N;
i .f.
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as dotted envelopes in Fig. 2. The daytime 0.34 pC/1. and this Egure can be considered to M ". dede= ease sn
winds are from the soudeast and split toward represent background for the hionticello area. 12"'*I* *""# "* '

H the northeast and west at about the mi!! area. If this value is subtracted from the other rnuits. radiological dec
The nighttime winds arejust the reve se. even the on. pile net average concentration of '' U """I 0*

Standard 1. test and analysis of vanance 3.2 pC/1. is only slightly above the guideline simuanty of th"

compansons of the averages of stations 53 permitted by regulationcu for continuous ex. I cadons, ar.d t
drough 58 showed that station 54 was signin- posure in uncontrolled areas.

~

****#*"*^* * * *
i antly higher than the othen and that all other to mnchmie thatSal! I 21 Chy'stadons were not signiScantiv diferent from

each omer. Thus, Table 2 shows ststion M For. purposes of averaging, stadons 81 and [* **
""

n
separately from the other off-pile stadons. 82 are considered as on. pile stations although *F I

1,, Station 5'4 is only one-quarter mile southeast of stadon 82 is actually closely adjace.t to the
,,

" ""
the pile inside the wind envelope for the noc. taillegs at the sewage treatment plant which is

a week. The oSpile g,,,, ,,, gturnal inversion conditions, and is across the occupied only O hr
r nver at the sewage treatment plant. It is reason- station averages wwe compared using a standard *"*E** *#* *I*~,. . .

,

sble to conclude that the average of all oSp11e s. test and an analysis of variance, and it was
* ***I

stations with the exc ption of station 54 repre- found that there was no signincant difictnec ici s are und
sents the natural background levels for this among stations. "U #

(r This a rage, as shown in Table 2, is As in hionticello, the o5 pile station average 0 ** * **"area.
O.51 pC/1. If this 6gure is subtracted from the of 0.38.pC/1. was considered to be the most ' 'YP* *'

average at stadon 5+, it is detennined that the reasonable esti= ate of ie natural bacrground Po P
resulang net average is 0.89 pC/1. or less than concentradon in Salt Lake Cry. Subtractin:: 't dI "
the screemng level of 1 pC/1. As in Grand the hatround gives values for the on-pik dat de nd
Junction, no correlation of radon concentrauon etadon and the sewage treatment plant af bdd and-

with distance could be made with the Durango about 3 and 1i times the regulatory guideline, %y
dati respeedvely. ygg, i,,, 73,3,

[U Wand Juncdon
nnzic Ua In.or.eiry comparunn sMn backgrou'-

r Durim; its operational period, the hionticello Beesuse of the signiscant differences in th. ,g,g
'

mill was owne by the UcA.EC. Following distances and orientados of samplers wit h'

terminadon vi operadon, the tailing areas were respect to the piles, differences in meteorologid m, .i ; ,,

leveled and covered with earth and a grass cover vanables, and the shape, size and condidon of D"# "I the 12-'
t_ planted. This stabilization was compiered in the piles themselves, it is extremely difficult ered edra

1962. As stated earlier, one objective of tais to make comparisons among cities from the g ***

_.
study was to determine the diect of stabili:stion present data. There is certainly no evidence -

* I*
'

and'covenng on e-=n= don of radon gas from of signiScant contribudon of radon to any of
piles. For this reason, hionticello was selected the etics beyond 0.5 =ile from the piles. Even Qt desir"# -

as one of the study locadons. As seen in Fig. 3, enmparison of the piles themselves is imprudent. -
Ane ,s un

there are four distinct r=mn, areas at hionti- Estimates of the 8:'Ra content of the tailint, were shippi%
cello. It was deemed des $able to locate a material shows the concentrations to be almost M and placed
sampling station on each of these areas. Other identical for all four cities at about 900 pC/g. **** *

e

I sampling locanons were located taking inte Consequently, oncentrations of 8'Rn above 3
l consideration prevailing wind patterns. these tailings migM also be expect =d to be quite og g, *y*

Standard -test and analysis of variance similar. The data of Table 2 show this to be 7,,

compansons were made on' all the o5 pile true for the piles at Grand Junction and Salt reado 6
;

I
stauens and the tesults showed that none of the Lake Cev. It is tempting to post.date that the My1 1968*

- o5 pile station ave-ages was signincantly differ- cencentratien at Durango would also haw
:.
'#**** *****

i
ent frem the othen. This indicates that the been similar ifit had been possible to locate the * '*

sampling stauen on too of the pile ar/d if the ['**~*'"*U***tailines are not having anv signiscant etreet on'-
'

*

the environmental racon levels off the tailines pile was essentially flat as with the oder two. ( * **E "
The average of all off-pile stations Is There is little ciubt that any type of covenn-' area.

|-
,

-

|

. ' .*

,

L
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%.piaced on tailing material will result in some Table 3. Ther ol=unucens suimeter rendu ;

decease in the radon ->rsting from the '] g,,

. tauing if for no cier reason than the additional set aveage g;7f
CIP "'t .;t p 2radiciorcal decay resulting while the radon

" S '' ". W4""
is diffusing through the covering. Based on the

EEbsimilarity of the tailing at the four study Grand Juncuon, 11" 0.2

h- locatiorts, and the actual on-pile radon con- Colorado 12* 0.4
centradons obtained thus far, it is tempting 16 0.00 t tch

- to conclude that the type of stabui ation carried 33 0.02 F.h~

out at Monticello has been eEe:tive in reducing 4" 0.02 .

~ the radon concentradon over the tailing by 47 0.02 Fg
i approximately 50 %. Howeve, this is a tenuous Durango, Colorado + {p=

O,.' conclusion at best. The Monticello piles contain p.

chaut half as much tailing spread ove a much Oj
-' I.E

*Montidle, Utah
larger area than the other three pues and the 64* 0.06
diapes are signincandy diEerent. Variations in Monticello, Utah 72 0.01 %
vertical minng due to meteorological con- 74 0.01 d'

- ditions are undoubtedly more important in Salt Lee Cry, Utah 81* 1.1 *h
determining air concentradon above the piics 85 0.01 N; g'than a small variation in specine activity of the 86 0.01u

taUing or type of surnce. 91 0.01 .L.

Q96 0.01Upon comparing the off.pue data among the
four study areas, it is reasonable to conclude .h, Onp.le Mons.

,. ,;that the radon concentrations in Durango,
Monucello, anc Salt Lake C ry, are quite .E
similar and are about one. half that in Grand 0.2 to 1.1 mR/hr This range agrees well with . ., M
Juncdon. Thus, it is apparent that the general values found during previous environ = ental *2,

Grand Junction area has a naturally higher surv ys at the Tuba City, Arizona, and Mexican j .d

J iM[i
'"Rn background than the other locanons Hat, Utah tailing areas. The Montice!!o site s

L.
scudied. (covered pile) shows exposures of 0.03 and 0.06!

f-mR/hr en the pile. These values apre with a'p, ,"'"8""""'2cmt .iometer rendtr those presented by Pass.* All other stadons d,.

Dunng the latter part of this study it was show normal background levels of exposure. j j.
considered desirable to obtain informadon on The diEerence between Grand Junction off. pile je

- extenal radiation exposure at a numoer of the stations (0.02 mR/hr) and the other city off- j.E
radon sampiing stations. Accordingly, thermo- pile stations (0.01 mR/hr) is insignincant.

.

y
= Net dostmeten (TLD's) were placed at , f-
each of the four study sites. SDIMARY AND CONC:.USIONS p7

He TLD's used were of the CaF,: Mn type. This paper presen's the resula of a joint lI
''

- They wee shipped from the Las Vegas lanora. PHS-AEC year long study to evaluate the ; |r|
tory and placed at a number of stados. At atmospheic ":Rn concentrations in the vicinity a{ 7,each stauon three TLUs were placed at the of uranium mill r, hgs pilea. Sa= pies wee F,

same height above the ground as the air intakes collected from 13 on-pile and 44 off. pile -[
of the radon samplers. They were left exposed stations in the 4 study cities of Grand Juncuon j
for thirty days and returned to Las Vegas for and Durango, Colorado, and Monticello and r

re2dout. The dates of exposure were June 17- Salt Lake City, Utah. The tailing pile at "[
July 17,1968. Monticello has been covered and staoilized and ~.

The net average exposure results obtained the otne- thre- are unco <eed and unstabilized. ,'
are even m i acte 3. The side slopes of the pile at Grand Junction are

' These s:2 cons situated directly over tailing- partiady stabili:ed wi h a grass cove.
'

Mth de excepden of Monticeilo) range fr.,.a On the basis ci the data wiuch have been

:
'

(

4
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4

gathered at the four study sites, it is possible about 95 % of the total dese. These conditions
to reach the following conclusions: would be obtained only direedy over tailings

1. The natural background 2"Rn concentra- under completely stagnant weather conditions1.

|
tion at Grand Junction av-rages 0.8 pCi/1. and or at considerable dis:ances from the pile.

t is approzzmately double the background con- With a 10 mph wind, the composition of air SEPARAT
centrations at the other three study sites. at the 0.5 mile are would correspond to the so- OF URK

2. The tailings which have been widely called "3 min air", i.e., air aged suficiently
_

distributed thrournout the community of Grand to build up 50% of the equilibr:um activity of*

L. Junedon do not ruse uenuicantiv the z-neral 3.05 min 228Po and little else. Consequently,
edvironmptal levels of racon. the actual dose received will generally be far less Health Sm
~3. The t2ilines at Grand Junctisate_no.t. than that inferred from the conce=tration ofp

.j aEeetine ene atmospherie radon concentrations :"Rn alone. At distances = ore remote than
beyond.ugs.ance of 0.5 mile in tne prevatung 0.5 =ile, the daughters r:ught more nearlY Abstract-F8

winq_ directions. A: the y ber three_stuc'y. approach equilibrium conditions but the total extended to th
locations the efieet of tasang).Js not ojney_ed concentrations willhave ben so diluted as to be and from eac!
at distances e-eater than one.ouarter to one half virtually negligible. hycrogen pert

all the elemer- mile
YOf the.Roff-pile _itasons,.qniv 0 exhibited .hmW a*M apprecauon based b to better thac

--
,

the authors to many indivicuals of tne USPHS, tr' Uranium can.

an av- ar radon concentration texclusive of USAEC, I.uaus Pitkin, Inc., C;unax Uranium Co.. eider bei
backgroundi eoual to or higher than 1 pCill. and the Health Departments of the states of Utah and gem,.nts
screj;r;Ane valciac;cted for this study. Colorado, for ther considerable contnbunocs and beravaient s -

5. Due to diEusion of radon through the assistance to das study. Without their help, the tattice, Ai.o,
i, covenng, the type of stabilization carried out at stucy would not have been p=Ne. four uansurar

! Monticello has probably reduced the on-pile me n t. The""*radon concentrations by about half, although cn be electro,
1. Code or Federal Regulauons, Title 10, Pan ''o, dificult separ:any real definitive per:entage reduction would

have to be based on before and after stabHirdon Federal Regsster, November 17 (1960). quannues of e
~

.. C. W. Stt.L. An integraung air sampier for deter- made simply .-
,

PgE' mination of z=Rn. Hrsuit P4n. Soc. Aan. Martme,-

In conclusion, some attempt should be made 0968h canbe'P'['%
to interpret these data m tem.s of the radio- 3. H. J. Pus, Ja . Radioloei:21 appraisal of the b ed M th hr.

logical dose actually received. The MFC for monticena project, San Juan County, .\1onticeno, to g; % g
2"Rn assumes complete eqtuubnum with its Utah,10012049 U.S. Atomic Energy Comma-.

short. lived daughten which actually contribute sion, February (1966). Puvsot:s work p. - .

laooratory"-8' has
Positive iocs having
sad an ionic radius

[' (Goldschmidt value
suifate to better thai .
about I mg if appro;
used and high con
preent in a volume

F' the charge or size
c5cency with whic!;*
All tnono- and divah

| tocatry. Irpetassiu
'8 adssti before the
tauon ofmost ele =e:
ticient and the inte"

j etuch less than whe-
hartum is added afu
has been dissolved
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-

3- ''-he princi-A the=e-

: ::: pati--'' ~

feasible level" vi d respectI~ cf ee phrase *1cuest

lm| is dedised, the ai= cf OSEA cf si=plifyi:qstil itWs e. ''

- if "lewest fee *#"le level *- .

he hearing process vill be : ''' '' ed. E

I,j whatever level is t"" # -

is t= he defined as essen ''''y :ere c: -

then the whcie . csal cf cszA is :=wc:. ble and .'b
.

- ' ' v. =. c s e ' ' '. e , . .

--

Scia:*' " 04 17, c=e

'j it v_11 he attacked is aQpessihie ways.
- ,.

,

i

any expcsere vident ' ' - t-at inc= casing ez-
. ;

es: reduce 41==st
1.- Nati--'' .

3 : we can't afford :: :po=d the whcle C::s: ,
.,,

=
| pense. . t

L,
ete che=ie:3. alene.

E. - the phrase is defined is a e - -
P::d e . c

sense ;,
If, as p pese,,

's i
=anner-and :::e f :: ally is te==s =f a risk analysis-then there

-

{f 11:v. I 5:=-_.

is a clear wc: king preced=re f:: *all parties t:L
risk " ' latics:

, .

-ime =y 7:=pesed pr:ced: e f :
i '* #T

. . .-
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-
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li=ited :e.: ser
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pelatic: =ade he: ween dese data and 2. pei== wi e :ere effects c

**'.e pref erred ta' '"# q;e f0: s plicisf "-'' for a4 r, *
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at :gro e=pcsv.rt. ha

p: c. den . (c =ser-rative) pchlic pclicf is a '*-ear interyclati =
j
-
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LI with nc 2:ssteld. ..
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*' 't ever a life '- e r

3) ::ata en e==csure cf ' ---= - * c -

e=
- a-

_
she Ld he : sed she: =cssible. When data is ==1v. ave 'ahle 4.ich s..

+L.., t.
. =

cevers par- ef a ' '"eti:.e, des the risk cz= he es, i=ated f : E-
a e

~~; -

'sib fe.11 Lifeti=e using a reasc:ahle dec v.. .,-
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i 4) -he'es:ce: risks we asJ:"'we:ke.:s t: accept shenld be c==--

,

~ parable t= cde: _-isks ve ask w=:kers te accept and hcpel:117 pre- b:
f*

t 3 All risks = s: he re-
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-t

'b gressively icwer as civ '':sti== pr ceeds.
. dece-1, a=d it is apprepriate to reduce the largest risk.s first,
. } reduce. 3: it is
'd and these zi.sks v.*.ich are the least ecstly t

to t'a"nd that risks due to carcince. ens he reduced..

unreziis i:j ,- .

L

=u=h ==_e ''- risks due t= cther causes.4
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is estally..

5) Ass:ciated '.rt.d a '_'near no dresheid dec:/I
I dthe state =e=t th$t at low d=ses we shecid =easure a i :q :e:= a re:-'L

risk. F1 . z_ic=s
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risk if aaver ge, w' ' te dey :.ight addect the ace-''v
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even in de prese==e cd e=pestre f'; :::.asi.~s.t

1
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C=:e it is decided -2st a che=i=si is a carcinegen and p=ses
._,

i ,

i--,

I

decide wh:t to de abcut it.a risk, it re-''-s ::

*t vcvid be nice if it vers inexpe=sive a d easy := red..ca ce
:-

i --

|
.

expcstre = ce chemical to str.h a level that de r_sk were :ers.
20: Lif e is ' t that si==le--c; a: Least we ess :: pr:ve cat it .

_
,

d

As ::ted later, alce gh :.:.e.:s are distinguishedis cat si==le. "

helieve dst there is a d=se bel:v w ich care is
,

b scientists wh
:: cc: "megeni: risk is a h"- - li.f eti=e , deze are :.her scie: . _,

t '-'I there is == way e= peri =entsi evider-
- J' ectly

,

L tists who de act;
thecreti:21. 7ce twe cases and de a. m t :

-s'-c

']
di eti::g.:ish I

helieve that the esscerL as =cted la_ce,'there are few wh:i E: wever, '

tat a bc" '' g,v- d dose, s:il L cidence Ls uc:se rk' T'-*n-
L; e

estimate of risk a. he =ade.
i, reasenahiy e servative,

er: we cc:1dT' it were pcssihie to reduce all ex:ccure t:
L risks in Life-::st Of 'Ett there are -=-v.
- . red:ce all risks t: :ero. =are

T.] the= f ::::stely m '' - and we -" met reduce all ef~ ce= t:I. .
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Natie.21 c:- s: as . 53, 461 (1977).
e--

18% ].

-,

k
i

i
81..mo mg

1
= = = - ..

-._
~~- ,' - - -

~,_
-~== ... ~ ,

~ - .- .. - . . - .. _ _
' '

_

__ ' -- - - - -- _ _ _ _ __ ' = .__



)
- .e- . : - .

_ __ 2. . ,
- ._.

_
__

h
,

.
-,

.

J

.

,
,

9 [..

#.
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; ; . u. e 33.4 _, e ___4 st. .. _,._ . a_. .._ ...__ a_a...ed "v ~e. "'. , _
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- pessible scci.ti, ec= # :, : =edical henafits Of that_

schs.ance. Scies ists =ust plav. a =a> er .=le in thesed -

7 decisi.:ns hv. :: v' ' 3 - - ce available da.a. The final
1

=ust he ade by sccie:v. a: la.e. e)9 ,
.

_

decisi::, hcweve rL.J

d::cgh 8 'O:. ed gcver =e. reg,.:.latery and legislative

1
,_ ups.-

,

U . ay 22, 13"7 6, R=sseLi Train,' .'# ' ''::at==
M:= a s.z-a a-: c .

cf D A said:
j_.

helieve dat it is i=per.ast to c=phasi:e the :.sc-step*:~

na:::e cf de decisice-=a'<.ing precess vi c re,ard := he
9

i rec.ula.ica cf a :cus:~' '' carcinoqe . A' h: qh &Liia:e=t

D A sta n y au cc:itias have diffe==st requi e=ests, i: ..
'

gese:21 twc decisiens ---: he =ade wi h rec.ard :: each rc-
.es- d * ' ca::isegen. The fi:s: decisica is whether a car:1-, '

1 suts::::e ===s itz.as a ca==c: risk. The se== d decisic
J is wha: regulate:y a: ics,.if any, shecid he sken t reduce

.
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- . ._.__k..1
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.,l carcia: gens =sy exist is the at== sphere'c public wate:
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c f ' .' . d tad Age ==y
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C ce basis cf
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. ,"8 :.t :fre best. fit.s s c g.tt.:.: L%:.: n :::i:n :.: ant;r Lizi:Li :::.i:n'
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j, se=e == all uses e :eed ce benefits and ca: s :: ger actics
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i ld are dered:re the ==s.

tiens of adviscry ce==ittees in this f e
[ 4$

A Natic:a1 Acade=y 00==ittee says-sephistiested. i

^
c.- s._=.~. _ 's s..~.'' "e -e.'

~.=. .== depends
'_ _ . "'' - -

( ...g..,,,y e g _4a,- . .

'

risk, whether we recard a risk as ac=eptable c
4 .w . _-.. .~ ..

en how avei''hle it is, and : the exten: ::: avoidable,
c"- t

d

~ ' . , hcw it ce= pares with the risk.s of alternative cpti ns an.
-

q
these -r->ily accepted by sccietI."

nc exposure te icni:ing radiation shecid be per=itted
. f|i

:U -

ed a e~..ensurate be= edit." a)IL withcut the e=pectatic
b.| the public =ust be presseted fr== radiation but 300 :=L

de degree cf p.-::seti:n provided res=1tsh) Addi icnallythe exten ca: de radistics avoided.
- n*

.~...~.~. s _''' . '.s.%s
1 is a wcrse hazard f : ''.^ "

~".e==. s".cL' .c. ".e a..e..,. .

e .cf large su=s cf =eney hat sper:L . .

eve = further at the c=s: benefit."-r: duce greate:P c:he:.<ise wculd ci,earlv. ,
r

t,

The c 2 ::ee c. es en tE: sa'f:%,e

h.,-

"When the risk f__ radiatics expcstre f::= a given tec n --is then legicald t;

l=giesi devel:b=ent has been es 1=ated, itce=parisens be =ade'C.l
fer de decisic=-=a. king pr: cess 15.: benefits t: he attained,-

'l(a)and ce=sideratiens given : risks of the alte -7

costs cf reducine- the risks , er (c)inci''' g abande==ent cf :.he devel:p=ent.**
;i"! (h)

native eptien:

l -'l
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. 1:w levels of ie:I:ingO .,
The effec s en pcpulati==s cf expcs=:e tF.epert cf the Advise:fNa 1 cal Acade=y F
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0:0=ittee :: 1,
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:/ I. radiatien. Pages 2-3.
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u
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U
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5:ste=c :s, he =akes t e 20L1 ving :=~S-*.s:1 J

N' )L| c::e:
i

l "'"he burden c the scientific u :1:7 is te p: vide ade-vi

quate basis 20: such decisicas i.: the iu:.re."
- :

"~he second d ' "fic .ity lies in the "iculus . . . . in -- y
the tue sites cI ce ec.:.rzio a:eu;

cases he P --= sic =s cwi e dellars en the ene side'and == he
-

.

:cc-equivalent...
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e .w.
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::::1cdes::= a recent repc :' a. hcris"eald C ga=1::stic: , . , .

dese situa icts where es::1 ccess ar= ::avci'*kle, c:
I _ ~, where the hansing cf a s.bs sace wculi i=pese a hardsnip

* -

1

an unrealls L ece===ic bu:de=, -he ::xL::LcgLs ==s:
-

levels =fL c:
assess the risks ass:ciated vich differe :

r -| expcsure."
.

'Li
Che f ac- that cz :inegens es: varv. in thei: -ctencv. hv. a. fact::rI, -

saccha:L -sze.:.ests a c.~aied res=. case
ci LC '''': ~ i::= at a--v'- 2:~'--

"'hus Schne' " -* I says (and ; agree) " materials shculd be
:= risks.

risk :n he: tan as seie c: ::s12e.''~'~u as s es s ed in 1e==s c

'I,!, 2ble level : risk." '"h.:s 0: .4

C:te:s use the t. hemse an "accep:i
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'

- ce i.e N.a '- '- c'-< #~~.e savs.
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I! | *Ecv Safe is sade?-tse design cf relicy c d:.:gs and f eed ad'# tives.m

natic A1 Acade=y ed Scie =ces (1974) pp. 3, 4.

cf the CA: isegenicitf and P.ntagenicity ed '-' e=icals ,"
-

-

A '" Assessment
HEC Tect.=i-*' ?.epc : Series 546 (1974).
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21 en'.th Pers ectives (1977).a
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a cu cinegenic cr ncncarc.negenic event.*text cf an
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|Of the Medical Research C uncil,i --
lI Sir T.dward Pcctd.n, M.D.

I<^ b: to discussing risks which scciety has chesen
deveres a whcle paper

Pochin's paper e=phasizes that the ques ica cf what risks i1 s. o

t: accept.
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Ii ~l
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Eigginsen,
is a pclitical decisien is e=phasized by Och:
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..! Resear=h en Cancer
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*
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Nenettcless perfect is essen iallya fact of life.
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1 1 Adverse effe:: cn hesith,,

J l valu'e : the censure: a) well being and gena:al-
; a) practical utilirl ea.3 w.w .
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h) aesthetic value b) des a'-
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U 2 Fnviren=enza; d*mee

2 C nservation of natural a) air , watar , and"lan.,d '
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i analysis
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.: ca 1960's wc:her: were exposed := leve's Of v_svi - ' ::ide

j 3
. e: in the air Of 1 part in 100 and i.: se e esses up := 10)4

' I,. f is the leve.1 ed e.nesthesia and :::.e,

f= sher: ti=es. Oe: per:ent
d->-
"

;I ? wed ers passed cut. .

t, g
levels cf 1 par- in 1000 the risk cf ---cer per year is eve. -3 A

$
.t \. c ce ee :1::L:=g* ' 'tv. cf v_:v. L ~"' :ida was di::: ered, ~he:a'!

IR -i.. was rightiv. c: cc:==f >-' *'a expcstre was red ed-hv. a fle a -f'

.:
-

- 1000. "he ec atir-- ' exp=sa u is : V 1 j,a is the ti: f:: a.."

-5
' |] - 5-h::: wedi. 7 day and gives a risk just th:tt 10 2ndt:tica ._'is

t

>J
.

. E-- f:: is . justified, but furt.her red icn wenid, ac rii.g :: =y pre-

5% he warr:sted, heth becscse de expe.se vecid be tec:

r
,

8e csed :nles, ::i
-

great and the risk is already lew. T, reduce the ec: patic:a1 leve'.
'

"-A t: reduce the envi c =e. s1 empesure t= pres ent leve',.3
^d t: 1 pps,

'

I~, j the ces: is 330 IVyear and 3:00 M !iAed :st, w"3-h, 5-- _ized at

m g 20% per '- = ms 340 )Uyr fez a tet:1 cf $120 :Vy . : re-
- ,

1

d: e ''e s ''' f _ .her v ' ' cest =cre
-w=- *e $1 0 n/y; c :: e

. I|r]
3

Li.ie saved.00tha: 3 00. '''' pe:
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17. I.xz=ple : Asbest=s_,

ec:=patienal expcsere to ashes s."

5 := is a 10, cf dats ^

_9 f := .ex2=ple, I a: pend Ozbie tP

: refer := a s
' y he:n. I:

ashestes expcsure increased the==te dat -

cis rev-lev hers.h,
1:=g e=====

risk a face == ef 11 c = pared vi c the average risk ed

~ hts we have de n'*er cf -'-cers is a _
,

.

e--kers and :- -kers.
~1 !

(half s==ker and half :::s_:kers)
' as ..Ir .,:: p Of N asby tes vc:hers

a

kers "--s
as he risk averaged ever s=0kers and :: s=

_,

11 -4

L
a s==ke: ''-as N c 5 '' -- * deI- 11 i=es half the risk _f :

-

.

Nc . he -

risk ef a s=cker al e. a._.e histeries; risk due := asbestes
*'_s t

r

IL~ 5 x (1.1 x 10 /?:) for lung cance: alene c

- /

2. 5 x 10''/y- ass- ' g
*

n=es of as-
c:he =22:ers and hear: disease are aisc i=pc act c::se7:eI.

~

gested criteri::, i:-
I ,L, -heref=:e, ace ding to =y sug -

bestes expcstre. 0:f=r-~ 2te17L
- =ediate actien veuld be v _--i=ted-as was inde A "a czse.cf 1000-as was pcssible f== .

i a red: ic cf expcsere by a fae::: de-'#ied
v-; y1 W-::ide say : t te pcssible f== asbest=s, a:d a

-

to reduce the :-i.sk is necessa:7
,

LJ : cal ==12:ie: cf. : s: -

It has been s gyested. dat we replacs ashestes by fibergils:1p

suggested eat ee ::::12- R
i]J :s has a:.: dee:

i te e:1=t:2:e c22:ers. fibces a:d fibergl2ss
~

de 1:07i

f egesie st e cf asbest s is d:e t
-

-

E: deed, when fibers f := fiberglass 4fi.bers alse.v will have 10:7
I

.--,
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Eurected sad obuived denthi smong 370 ilew Yosk flaw l essy sit,sitos insufstion woiksis, | |

Janussy I.196).lkcamLc 31.1971.by smollog liable .

I
ao i Cause ofifcatti ~ '

.

flamtier rcreon ya ers Ising cances
lieural rciltone alof of

ences obuis silon Espected' Chusved Ratto ensiothcIloma mesoihcIloms Asbatails -
.
,

lilif osy of
cigarsite smoking 281 1,195 4.07 41 18.06 7 14 19

] ! Cussent smoness 181 1,44) 2.48 32 11.09 6 7 11,

'

I!:imalsas 102 lil 1.19 13 8.18 8 7 7
,

'. lla latitory of
<!gasette smoking 8F 108 l.18 2 l.17 0 7 6.

J - -

0 3 3

[J liance smoneJ 43 409 0 R4 0 -

11.c/dgar only 39 199 034 2 2.70 0 2 3 ,

't : 3 ~
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cs he appreciable. ::ats f , the Natic:al Ai: St.veillance se -
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3 ,| wc:k exist it. a f ew selected cities :r- t: 1370 (appare=tiv. dise:n-
, 7 .
w

-;

l tinued since) gives c :ce:- atien cf 1 t: sar:g--z=s/=* (We:: ester ,

I r".,
-

etc . ) 3 and haid -''= ind:::s. "'ber e#W

.'"as s . ; 3al ' ~re , . Maryland ,L.j f
'
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I ,I
' is then a risk i- cance: alene cf 10 / year.,

F
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2- :: Led, i:: sc=e reas : c

: c:al. 3ct
fr:= its scurces cf 1 :indus ry sc =cve f:: "

~ fc a
::iversities whese fune. ices =igt:* t

this need set apply to cur zaje:
if be car-ied en even better L: a :_:-al setting.
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L e
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hat i: vce.14 see=
|I- te r riatic s a=ceg e=picyees are s= grea:
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fica =cial criteri== fe.

LJ that caly a clear cut ie
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] As : sed, as air ' e =i10: has as == g tic:a1 risk (, dea d'L

{ hy a::ident) cf 3 x ' 0 It =igh: he'a_,.ed it is ::: a - es:.

Ett the -*-ce: risk ( :"'c rays) '

) risk and cerefers accapidle.r

alene is 6 x 10 / year (see "*ahle 27 asi Appesiix) .~I ,

-hered::e, a red: ica, if f=><'%1e, cf =ce:pa '--'' "'-- -
,

.

,

UL risks hel:w a level cf 10 wc"'' lead t: -* ges is de =' ''-e !
_,

-5
.

i=?.L stry ' ess "isasihle* includes sensihle fins ==ial ::iteria.
,, -

.

; :: is f easible f== air '- es t: fly at 10,000 fee and reduce d e,

C
,_ .

-

]
; cancer risk (alth: gh de ac #de=t risk =ight rise). A stewardess

f

*8id :::1d be :: sidered u=-'L l' perf :=s a jch (b.igh level waitress)
**

.

j -

f.
jl 1 zecesia: r and Lt Ls feasLhle 20: pazze ge:s := serve their cwni-,

- -a

sa 6.-ides : t: eat when they la:d. It is ::t feasible t= adda
"'

reduce de.cesr.ie ray level,-

h' e=c gh shial'' g (20 feet of lead) t:i
.

.' t.j
because ::s+. airplanes w=c.Ld ::t then fly.'''

,

I. * risk'is 50,000 persens full-
'L -he : her cf U.S. "'- crew a: ,

-d-= _v ivalent. ".'.'.ereic e at least Sif ''''- per year (2 = 10'
li ',

-
,

reduce accidents 14 deyJ. x 50,000 x $1,000,000) shecid he spent t
,

s de?: chably : re *'-' his is spe::n. % can he reduced t: :ere.ji
3=t if we were t= d,e=a:d

~
u airline 1 dust::7 =eets =y c-iteries.

-. ~

d even f :I1 .5200 '' * ' == per lif a saved (as is the eff active de=as1.j -

a hypcthe*2-** '' 'e in the CSIA bes ene heari=;:) , the air'' e
r-

V ,j
'J i=dustry she 1d spend 54.5 '2'''-- a yea := reduce a: ##e=ts.

'

-
.

== air traffic7:chably with expenditerns cf "' = =ag=itzde,-.-

r* -

, , _ . .

. -,- - == = ._ .1, h ' ' - > ' ' - > d g ec 2 - - -- , etc., accidents :::1d indeed
, . :

- - .

_ see=s civicusly a= excessive a= cent. .
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U* 20, Ixs-=le: Teacher in Massachuset s
= wealth cf Massach=satts i.:sist that |,

'

' -) ,.*.e laws of the c _
U ecliege, he tested f== tcher::1.~ .

l'"
avery teacher, in a s 'aci c: _

.

these whc have a pcsitive reactica te a j

'] sis every 3 years. Ic:

he perpcse is ::t :: Uskin ::st this =ust he by e. chest x-ray.,
''

l
(s _ the 1=dividuri, but == 7:===2 socie:7 hY =^ki:7 5=:=
l ~ L.I 7: t===

-,
f the

C .he 6c .1 sis is =ct ::=- 'tted := s:: dents.'

e
tha : "

x-ray is carried cut vi h a rease=ahly,gecd x-ray set and
_.

-,j
Li ches:

** 3 =iras the equiva. lent kh=le body,. d'-'?with reasenably gecd =e
i]

-

dese is ahcut 7 '' ' ' centgers , ' (Mehile x-ray units used t:g-
.

.

' give deses as high as 1000 '''-centgens.)
.

dose ,every 3 ;-I. -' ' e
,

L| '' t-centgens/ year and the risk is '..a.15 the can-
.

>

years hec =es _~#c- 3 x 10 78
t ,i risk cf a transe: tinental flight Fer year c:
- -

-i . ce:
-

-. .

year.f* * i~
^is is an invcitatary risk fer ed spen =e, and cue in which.t

'L ,

If CSEAeven have to take ti=e and ::=uble to expcse =yself.
~

.,

}q :
" " -

L vere to insist c reductie cf all cecepatic--i risks g eate:t

. . ediate : sflict with state
7 10'', thei: regulatica vecid he in 'e ,

-

4

. ,J
* av cc pelling =e = take ''' < x-ray. , .

-
.

-,

This is clearly a czse share sccietI reasc-'-ly asks a verkar ,
*

( ..-

I | e

der ake a risk-alheit a s=all cre-se that scciety say bene-) U
* . .t: . .

-- '.at scciety
That scciety asks "' - ef =e see=s reasenable.I m -

1 fit.
,

.4
de_ ake s=all disks also see=s rease-*1e. .shculd ask verkers t: .py . -

. .
t

Messur-1 at Ear- a_-1
' rersity Health Services by Or. J. Shapir:
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21. Mc:hers i= cer-~'- dves-.ff L.dc.sc-Les
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[ P

d
Cne of de = cst i- erta= eccupa ic-=' p:chle=s has beeni

_[:
,

x
c cs:.ce: ef &e s',?'a: -- g ca- ' dyesc:4f wc:hers. **he iL:sn

G
I cf these =cced was '- ng E =apthy'* '-* werkers.64A g g. _'

L
.,| ted by 7'ce''- i= Tahle - cf reference 10 there was an '- ' da- -

E; eq
t-

~

i E ; cf 24,000 per #*'' = per year er a yes-ly risk cf 2.4 x.10 .
,

il

' Ii !
,

Eencidine is aisc a pctest carci=cges (carcinegetic pctency in;

;. y a .

U : m 2--I tests e 0.05 as defined earlie: a:d discussed is reference
,,,

-

4

f 34) and in c=e plant 20/25 develeped bladder cance.. ,

, -I ="u 5,, The '''e~'-a risk is c1 se =c .ity and de yearly risk co.05.

TQ g \

.

A stedv. cf the el--t shewed no earv wa r cf reducing de r' 'e. The-
i.?t a'l

- -

U p

| risk was greater + - M , se acccrding t: =y prescriptics the plant-

7 g'.
t 8

-

shecid have been shut dew: and it was =-' in the U.K. he=:i'' er i
,

;a
1 .

f-
@a

p cductics is b>- ed."

i.
E

' ~i } Althcugh the a '-3' tests reviewed is reference 24 shewed

[ I, liver cancers, b' *d'er 7- er shewed cp in =as. The ' ' ' ' d a - --

.

,t
cars =ay be attrih ted tc the hedy av eting the peiscs. This-'

- .

effect =ay he an effect cf high deses caly. At icwe.: deses, tir
,

t,

- a :
incidence cd b' d'a- cancers =av fa'i heicw de ' ' ea.: rela _ ice-*

f-.I

(,- suip.
a

'<i k
-

-i
r

't$

d. b .A. Case, M.I. Ecsker, 0.3. McOc-**d a:d J.T. ?carses, Erit.
1 ,.a. w.. . , -

.,.
- e.s . ... ~..,

t -
6 *''~8
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'M. R. *avc=, C. Ecegge and I:la Sing' ~ , *3a--''# e I.xpcsc e

( [~ as a Ca:se O, f Sladder C,ancer in Man, * A chives cf I:.v c - e . cal
u L. , y e.e 3e-- --e e , ., . 5. e-

. ~ e, se o.e ,
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~ y.edi _~_es . iens a-d surrec ~~2 -~~ers
~

t=e

a. ,-
-

:: y_:didi 2: ices of ? ::edure ":: 7 A zad I?A
'

.

"'he sa=e c'.assi'icatic ef carci== gens - - a's: he used f== I
,

] .

I,L e p A a:d I?A. Ecwever, it is i=per ast t: :=='' e . hat the
+ -

]
reg ' ate:7 precedures she 'd be eni d''"- c :, particularly whe:m

I- it is ass ==ed ' " -- is == ahselste thresh:1d belew which " e
,

|_
0 Ls : :Lsk.,

It is reascrahle, a:d it has hist: # - * *-r heen accepted, that -

_

,

J

L' c hers in their ece:patica -'- =dertsie cer.ai= distinct risks
Ecwever, ifwhic are larger '- - risks to the general pep"'s .i::.-

''"
,, ..

=erter cf the r puistics were to be expcsed te each =-4 eve _- .reeverv.

Il cce:p tie:a1 risk at the e-a level as the e=pesed we:Xers, the
o ::ta' risk. venid be excessive. A :::iingly, s ciety can, a:d does,

. n, .
reduce " 'sks to de pchlic te a s= aller va.lue. -.

ai= t:' U' ttee c: Radi:1:gical 7:0-e -#
Tc exa=ple, the ~=ternati:-* '

I '. ~--
-

-

5r
' L! e.ee .ica ( :A?) set =p in 1927 : regulate the burgec ' g x-raye

3 -4 stry , s ets a s-' d ---i f:: ec= patie-a' expcsure (5 R/ year) ;.-

|p '
*

30 * *-*< vhat eey set as acceptable fer the ge=eral public (170
,

i1
|

,' ==/ya.ar). If we take this sa=e facter cf 3C herwee: as cc upa-~
~

-

.icnai risk and a pchlie risk an individmt risk cf 3 x 10.-' andu
-

I d= :::
I,j helew night be regarded as accep.shle fer T_'.A a:d I?A.

-

L 3 -- that "' s sa=e fact:: cf 20 betweenwant, at -t 4 , ti=e, := '2

-( l ec :patic:a1 risk and a public risk sh:nid always apply.- 3:t _'
a: *

.t

', sc=e fact:: see=s ape .r.iste.
,

'

1 -

:= a discussie ed e 3 : sis--est. e d ' ' iv. , di-edv. is ' " es t_-:i
-

(tr.3)-can appear as accidentsi a''' tives is f:cdstuffs, the
p m
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$ the C #esic:e Of T':A (.L Ich:~ary ic77} rec ~- e=ded a lifeti=e
! .

'T [ h risk cf 10 as accep-- ' e-v..ich is a yearly risk of 1.5 x 10 a.?
' a

- -

i
L -

' C, ? At IL:s sight, "'< r ,cszL see=s i cc- ' "te=t uit ~* -e. E=v-
-i &

[I j '

ever, s',' p =cedure fer cale '* ting the risk, the Mastel-3:7a
,

I_9 j ext:2pcia 3 - prece'd::e, is less ce=servative in ==s: cas es "'-
U'

6

t - the si=pler, a=d =cre easily dustified, preced :e here. '"he extra
-

' L_ fa== c; c cesser ratis= is ahcut the fact : ef difference. My pre--

, ,

["' :
I ' pesal wecid give the sa=e result as that cf F :A'r e #es' ~ er-

' r .f

] is all appliestic.s ed interest.
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CSEA Ca ec=--r CI~ sus ee- Ca =inceens:vL _ use risk analysis technic es when car- _

:: is aise pessible ::
As cited aheve, it is ==t clear, fe:,

D cinegerisis is c:1y suspected,-I '

henzene shculd be c=nsidered a car 'megen is it-

.F]
e c.=ple, whede: ciit;is, h= wever, I evaluated ac= de ass ==ptics dats.lf c: act; leuls f a

' censervative risk whic$ suggests dat prev cus regulate:7 [
d

il t= he

3 c =c e were w ate ==e ec=se:-ati n eve = if he====e ===vesu ,

a
e
_

1 & Carci.Ocea.
-

|- he==ese was
The c::cial ieature that enabled se to de this fe:

.

-

d
the exis_ence of a hedy of data c persens expcsed to henzene at, s

A 3 -M date at high
dese levels 10-40 ti=es the previous li=its.h dese levels aise he" ~e available after the hearing and gives a

.

L
is agreement vid the risk f == h--*- data.

c==servative upper 11=1r --

(d I suggest that pper Li=its = risk he cal == lated,
--

1
-

Theref e,
Z.

all suspect c:: inegens in CSEA's catage: /.- v.'.erever pessihie, c -

.. ::
-

| i and d e
In =any cf these' cases, a '-*'- dat: =ay act he available,

,

U

'_. cheap and f ast = tagenesis data =ay have te he used to
es*''' 4sh

-
'

a reascrable upper limit.
m that Oc sev cecupatienalinsist

-

It see=s reas,--*' e t:># -

I] he alleved lass the w,. e: ,

espestre to even a suspect car inese:
, easily[j

cf risk is less t-=" 10 * and act th.is large if, it -" -

("l 11=1

he reduced, althe gh cue ed =ct have such a strict critari = as
{y] when a definite dresh=1d level of carci== genesis is k=cvs.

-

. clea:1v he alleved as
[ -~ : creased use of a =ew ct #-21 c-

-
-

J' ikpper 11:1: ef r s .<. =cre precise data es.ablish a lewe

1 -
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i , 37 pr:pesal c s :pec- :: i::T* 3 VCdi *Y ii *- -

I.

!U ( : s sitea ic: ' hat "'- C:: "i d C w s p =pesed M as. M Wr.'
-

--- , - is - - 2' :ved
-

i
- '

s :-
, - cse := =asudae : e a=2 use a aw .u.-4 e -

.

o; - -
.

,,.-
I less it is p-.ve: : he exic c: car # cy c,e- a- --,m -. - s. .-

6F -.

.

. ' ' - regn,a--_; a $ '-3 es do '-eis c= se e es :i 098:25i8 t*8~8, **
-

g' 4

eg '.atic:s p-
;de e ince=tive to d e dese tes.s as sess P h e

as pessihie. ::: deed, as pcisted cc: by se'-eider-* ,6'' there is'h. '
e

j,k an i =ensive t: Cahe experiments less acecrate -'' pcssih 8,

-~ becs se ta= *ere Ls Less' m e & cd cf te & & G % 5 W C.T

} c, :ine,este, c= der ce 7:=resed 7: eedures, ex7:5 :* ~* * 7 '*-

: _

-I car 4 -egen - -t be reduced to the lowest f easible level '"" '- : :8
,,

| 3evere
w,- fe suspect carci:Ose 5. W p:: p sed pn ce h e eadsi

u
'l' a 0, s. M er differe Ce hetWee ECriO 8 OI E*
I, i

** i"**f:"Ll ge=s and p:=ven cz::isegens ==d i= deed p::vid*5

t **gecd (sensitive) experi=estatics since CFper ''~ "S' '

]' 7
'l *ther he reduced, and increased expcs=== ''':wed, W W :ea

,

i fear that a p: cf cf car '-cTe:eSi8 Vill CA 38 ~ ******#i17 **''

.7a
pensive restrictic=s-, . .

'Ii

i
11
x

*I

b,
1. Ma= _u, he ::., er c:.a=s ==d * sche =e

g[f'3*
,ch- u d, ;

a=d :d se g cced Trperise :stics,= preven-ive Medie =e, 1, .65

-

%.
:( ' -

'ge .-el s "Ts*:-ating saf e :.evels-A Ea:s f.-
[h-der .2.rEe-,- and li. Mantel,

s

7," Ca ee: Research, 15,, 1274 (1S75).''
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_j 25. C=-clusic s
is gced, al_h::Th

-3 ai= cf csEA is classifying 22
2- gen:

, q 300002:Sct1Yi ,.

I believe the # 4 etisc-ics between cate?: ries ~ ' ' ~~ is
h wever, is the' dis = ss10: ef re?ulat: y g:

j r i d::w... y. :e i=perts t, E
1113ed by*he al= cf si=piicity and def' ' tiveness is 2:t

actics.

h th* 10" " f**3Ul* 18"*1*'
'

the use cf the nehulcus P :s* *t: !

phrase is undefined, we are as =:ch up i= the(.J '

[=theextent 's 4 =

=ea :ers, c: c10se t:
'

If the phrase is defined t:' air as bef::e.'

A definite r''' # ?w
the whcie esaA propesal is n verkable.

.

e :,
A.s seen as risk analysis _-,- be dedined by ne -= cf r#.sk analysis.s

L
is accepted t.he shszp d'*tinctica in requiatery a tics betwee

ez: $2cgezs, s:spect
n, 4 - gens and c her ha ::ts , reLL E=d ?==3=~

.
h

Ir_|i tial, vanishes. -

f: all es :ise-.4

7::pese that a risk analysi he carried c'

If the risk, at the esti-
,

5, . gens and f:: ==st suspect c22 inece:.s. -

!
is less '''

10-3, esEA shculd take == actics.-

i:sted expcs-ce,

risks less ''-' '' 's, i:c::siste:-
,-

-

-',- '" csEA acts c ,

.h have st v:

cies and abr:_"ities creep is. ,
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2
fer ?.isk Csicula icns.

rr=la=a.i= cf and sen:cest
'

r
i

T' i * . ,2. . , 4 m .
-

the [.c It is har' - 'e as censistent as c e would v sh ahcut- L
i ~~i ~

c''calaticas cf risk. != sc=e cases helcw I have fcilewed =y ev:I ,

p .

have preferred te take the, .

7:escriptic: (aflatexis) in ethers :a -e

'- { 4 :ee where it did ::: differ,

estimate of a gever==ent reper. c c_"
f ;"r.is leads ec a s=ali inc= sistency, and dis- 3

- [7f widely f: = =y cwn.

-- crepancies he: Ween the =c=heds presented here and : -+ers : presented
i

h|b
,

is earlier hearings and is publicatiens. ':'he detail helew will, ; ,

hepe, make the reliability cf the an=bers and the s=si' inc== sis-
--

n.(.

[[rU tencies clear.

-

aise dc =ct =ake here de** '' ed least squares fits un the-

~i
U

-
-

.

e.a:a, h:: c=17 avv:cr<--:e dies--eftz: praphical. e.hers -,- taxe

the risk,essi=ates, but =y es 4--tes will {'k the data and i=p ve c

::: he cif by ~ re tha If% f c= ~''= cause. ,-
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x ?,''stL:= c.:cers have been st-''ed i: " -<'a=d = '-~'s. :-

"
;
- F _

t2xe ce ==hers here i_ ee zepert of ee c estee c aiclevi-
i a'

!!i
IU cal T.Ifects cf : '-ing ?.adiatics (- .) :' de ua-'--=' Acade=y cf~

:

E4 uses a '' a=- interpelanics f:: 1:w-'''

'
]

Sciences, Ucvc=her 1972. e
*

j $ deses a.lse. ?''#' tics wc ks d' ectly c: 2e c='*- and aveids.p==-

w
61 d hie:s vid t=icit1 at high dese levels.-

Ik N -here have been tests vid ever c=e #'' ' c = ice at d e Oak
I

Rid e Natic a1 Lahcra.c:1 '"'.ese suggest dat the effeet at low
LU Ji 3

.

Ij- [i
t.r. " " ' *dese rates is 1/4 cf that ccle: lated f dis ''- ear cc:ve.'

F

U m :ed ed 2e : he: =! cas e.: cases !::= hachg:ce ' ra''' Len buta
.

1i

prehably set the ==he cf c:ses f d''g=estie :- 2,ys c jet. ,

i '

,$ .

L
- airplane flights where the d se is rapid. It is eften stated that

7t-
} y'

-

che=ics; es: d - gers give a 'ler insult te each cel' "=- :=d ' =-'

3i
,1 4 tien. "': dis ex-a--: we =ight expect a 1:w d=se rate e''--- -- cc- .

,

[U.
a~

cc: f:: cha *-''s. "'he : . .hers here re s '- cc servativr. ,.,, ex ' ' # r s ..

.

-

T C: ss-c: :::r air.. lanes travel at an altitcde cf 35, L CC f eet
'

j -.
1

D f (10 kil:teters) . At dis height deze is an appreciable dese due
5

.
. cc ces $2 a, , $ 1-a: g ze :_::s, -.: es a-,ze ~u:<, 23e

-

.

-

ce cus;- Aa repc .* .'_'.e dese at a latittde cf 55*U is 2000. u

-[

"'he 7.ff ec-ts == Pc clatic=s cf .cpe===e t: :'.=w 'evels cf ::izing
.

Radiati n, " Rece- c' ~ e Adv_se:-r C-- ': tee en *he 3ielecical.
'

< d, T.''ec-s cf *en nne .:.a n an ==. P r =.) Na n= cal Acace=y c: Sct.e ces.

I\ ' Nau :aL hasen::= C::==:-, u ve=he: 19 .

'u : .

'Repcrt cf de C=ited Nati:-'' Scientific P- 'ttee c the Tffects
r

- (j_ c f A- # -- nadia d- , ' N , '.i'. , 'o.6'-, .a ".*', .'.#.,' '. e'#-- '
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:: has bee: scted .h.a: -' y : ::isege s are .::duced is de-:

,- .~

I,f| steds are =c h:= n ed. ~ -h = n ed 'i--

sec e e a====:s vse: .Itgi
] .'' den a=d h::iled fi:E are aisc c vered *i d cs:Ci:07e:5.

"*hese
-

'

I,, e f::= the '3 ca'-it is well k=cv= .that her # g c:a1 pr --
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I~J
q

,' pcte=cy cf 5.5 f== 1 =g/kg hedy weight inges:ed per year and 'ezds ',.
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.7. Aflat:xi=_

I ' ._ Af'at=xim is : e of de ::st pcten . 02::isegers. .

It appears

i: sture ex_e:sively. : 3. .rs :: : 1ds cf varice.s certs.~1
b

]
~ Al e gh it 7::vs sturally it 10 is; r act t: :"' ' ? e that ,

- he E;_ q " e ster.ge ef.7:''mas
U it can he ec :::11ed by s:ciety.
..

IF careful e- ---aless a=d the c:::est:2 ties of aflat=~' m
' lev - high ,

.

' , !,
-

1se, L=d Li czra -

pen ==== ne ==Ld y---is == the'

? ace::iL gly. ?::
the ec cent:stiertae :::s vi d cracked casas, _

,j is taken to th::V cut,

<'

j,,

he f :~.he: : educed.
-

If' e , -~

aflat='''-= vas =ade by the 70A. . ,

A s,, r_:f cf the data c Q l

At that tise, the actie level f : conces stica cf afla-- '-= isI ,. -

i-8

'I butter was 20 =ic:07:2=/Ng (20 37/~<g : : : 10 20 Farts L.

. *

u peast

Ir[, per billien) and 70A prepcsed t reduce '- ** ' S ng/"<g .
Alth:tTh r

they de net state it cles:17 in t.his d:ct=ent, a suggestics is =ade
L

g ..

the average == cent:2 tics in A:e. ries: pezant better is 3 parts
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E l that i

(ce= pared := 20C pa.rts ;er hillien is seetic s cfT:
g pc.: bi' lien

I ,yJ
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- vill take this fer the risk esti= ate.
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n i,

~5 i ' ' * - 8 ! ) : -

-
"'he epide=iclegical data en -" n suggests a lifeti=e risk fere ,

i
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}
te '0 * ft: 0.1 ng daily intake i= a -

.-
'l _4

liver ca:ee- :1v cf 2 x 10I i

TJ

29 Federal Register, 42748, Oec. 6, IS74.
and *iver c'-cer:- *? . P eer s a:d O . * ' - = ell , "" # ~ ~' f Aflater' - =
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u -n 473 (1573).
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-s <
:::

I

.r, .- -

and ==tagenesis tests- as interpreted by Mesels0:.23 .< - 4 ,,

y y a '''e '-a)
cc t_; = eu ,.ssi=,.,=--. isa=a n . ue=e. ~ a=d h---

.

Lt ,

W ca::i . ge=esis >-> ::: ge:esLs dzta s'- ' -~-*===Ly s'^ist.Ir a
. 9.

-we the: gives a life ~'-a risk ( sad '.- Mesels 's graph)
,- h

I n
C: Cal 12-M ' # eC~- I de Uta Cf

3L' 1e2 (::cse in =g/kg hedy weight /dsy)g $ ,

j
,

9 3 x 10 ,
''s O j

-4i!,i M er 3 = 10 f == 0.1 ug h-'- intake / day.
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.

( j y== 2 x :.0 e= ce=tratie ef aflat=xis i Feas h :'::, !~9

-.

$ % find cue tablespec ful (16 g:--*) gi es 48 x 10 g=s/adist=xis.
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I. T., k{
day. 4 tables?ccasf 1 pea = t butter a day gives a lif eti=e liver-

cancer risk cf 6 x 10~4; and a yearly liver c -cer risk Of 10-S.
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J P! f ::. ch-, ' - a te ta' risk , I esstne ether 22 cers are pred: ed is
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p,-

w- The m es of =i:::: Ls of -" ''ve: are ass ==ed to be *--'-='yw

I,- 7
-

alechcl censu=pti :, e.e - ass ==e te he pr:per icnals

m%.
due t'=[ .

>

U D te e.e cens==ptics. This is suggested by the Wi!O study referred t:.%,

r

[~ [~ M earlier where da a f == 14 c=ustries , with average assual per carf ta-7,
I +W

i .ske varying f. 4 t: 05 litres were c pared. ~n the U.S. th'III[ g ;

9 & -4 -4 -c=e 2.e (theg rate in 197 4 was 2.1x10 f =en and 1. h13 f: .

.i
'

IJIq y diff e:ence being ::sistent with the relative :::s"--- tien of =en an:
r ,
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vc=en) :: an average cf 1.6x10 .
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I'''u - ::::in=genicity cf alechc1 is cc:f.: sing. t
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T,he evidence f::, l- -
+

::c:::i:= gen,LJ is uselear whether al==h:1 functions as a carcincgen,
1 F~,_
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u
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j q- :: .hr: ugh an indirect ::iechanis= such as alterati n cf bacterial fl==

y - .

y ..creever , s==e er all =sy beI 1,
*

i5 threuc.h the gast:0-intestical tract.
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I r tel
' Lj $ due t: i= purities is the bec.: er vine. But for et purycses, these

df caveats den't =stter. ?eeple drink beer c: vine i= purities a:d all
* and

L[ and the . intake is large escugh that we are m '- st car-'' 'y ab=va

|~'h an; thresheld. But there is, fer ::a1 cc :c: at least, a very st :~

sy .e:gis= between == king and alech:1. There have been correlatic:
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(',k between ca=cer and alechel intake acted f:: the =cuth and phare a>
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E xime tsve hee f ed as e.- _ac. fr== he y=1% and the weites ei

r- -

. 3 he.s' eggs a d --- er % * hee: 3-deced.23 . te = ice were ::: = 17' '. $'

b S fed fer a life-# a, but t: the cffspri=g als f== f c: geserstic:s.
'p gr

E,- * S.e = ice were fed 175 =g ^#'y cf e_s._.act. As s-' g * 5. g===s

Ir;a per =cuse, '''* is 7 gr--*/kg i.cdy weight. six:7 percent cf the

= ice get t=====, ==:respc d' g to pc-a- y x dej( = 1 fer cis dese..

IrT
U .

'

since (1 -exp (-1) ] : 0.6 (604).-,
Ma= veighs 70 kg se if fed 500 7:'-* per day he she.12 aisc

i 1 develop - rs at -"3* :ste. C e egg weights 30 gr'-*, sc that
I .

cal: '' tion a=y= e eating c=e egg per day has23 accer'3 g "'=

! @ a 16% risk cf esneer. I asa e this is a li.feti=e risk, and dis-

u ccunt the effect cf fev' g ever several ger.eraticas. ae yearly
4

-3
' u) risk bec==es 3 x 10 f: ene egg / day whi d is a e----: dese.-
-

PIS
''* is a test at ene lahcratory c=1y; s= it we '' === varra=:

L.l resciat:ry acticn and I d= - - '- '-de it as a risk 1: =y tables.

|I'k [ sc=eeeless, risk is se --* higher -w- the c her risks is e.
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I :.10. Ai- ?cilutien-S ci-- . ate s . etc.

.he Nati--m' Air cualitf S-'->>-ds were set at a ' a when a
, .

.

I.,.!i . u._ e s.u. ., 2 c .,e . .a.,..e._i_,-. ..w.e ._. s _ es.u. , .2 .._e_... s .,,es.-
- . ..w . . . . r.

I"

1
that if the :::cestratics of sniph: die-r" d e , f:: exa=ple, in the {-

he h::ught ^el:v a thresh:16, ta= t ere Ls == adverse
^

.- aL: e~-
- .

I m

t heal d effect.
'

IrU -he thresheid was ch:sen te he a level wt.ere = heald edfects
,

,,

Vhad hee: chserved, vid a sci _ahle saf etf -* gin. ?i vas as a,

I'L
_

rest.1% cf a ery careft.'. sn: rey cf data c a -''' :: her =f pecple.;g,

'"he effects cf sulphur cxides c pecple are = stly 1:-ita icn
'

- cf the bren '' ' tract. *t t_anspires that careful =eas a-a-ts c=-

1

m'-*': by :::. A=d== and co-wc:hers sh=w that the resis--- eIb 'I

- a_ _a, ev _a .. gr.z ea <,s _as :.. d.s_.._ . .,._ _-- .__z. .: .u.e s , _,
.

.
-

--' w .us c._ .---
6

I.L
w .we 3,'-ha.es ( s ' 5._~_ '_ .. ac__' d e , ..'.c>-.-___ a __,._2 .

... .e-- . _ _ - - . . . .
c ..

.
i== sulphate, which are prevalent i pcwer plant ple=es) ars =cre 1-

I,'.{ c ._e _, __ a.. a_ c_, ses ( ,. s e .__., ,_,
.- . . - .,m

4.__,__,._ w,- c.s.e_ , . .u 4 u.
_ . .-r- .

} ,,

~ LJ . . e : s.. , _,. - , , :x-- e ---- -r--

-

ty ?cr a give =a== cf pc'1=tants, the resista.nce is verse f:: )
,

s

- par _icles dust the si:e dat escape the ele __es.2_i: ::e-L e ''U ~" .
.

I- cipat= s of a pcwer plant. '"he sedin= sniphata pa:-i=les that
-

i f::= catu ally in _he env_ : =e : c==e in 1arge: yar-1:nlatas w ich%

i . 4. .
.-

get filtered in the case 1 passages.-
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m
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P &.m There a:e aLsc s==e l?:ye scale ep.de==.=,Og:.:a s=:veys. A. .

-

';:
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3,

-

:: study chevs dat incidert:e of h: :" # tis is 7 Japa ese cities ~ is, g

jC 2-,

ai] p ;;per.ic al t= the sn.:.phate level and lave and Seskin * stew ce'

1 sa:e effect f:: the :Or~'' tf :ste in ce U.S. = Nc:vay, de death
-

156 winter weeks shews a '' ear re hti:= ship v' ' -'- SC-

I u[ - ;

.a
rate #.: -

'"he st=erical c=1= lati:n has hees c==fi:=ed byc= ce - 2 tics.'

a Y sally, de .e55 studies f::=.. ,

iI;'b ' ' a recalctiatic: Of the sa=e da--
at sniphate levels as l=w as 10 ug/=3,f, s

- 3c
.L ;

--h-
the I?A - sh:w '..eal e effect

eastern cities are 20 ug/=3!-
1

Q whereas sniphate levels at
.

.'Q . g

I ! ! These data are ec=sistent vi d a 2'"es: relaticeship between'

_(-

IC. 0
;-

.crtality and sni,. hate c= ce=tratie=s w- d = threshold aheve thel
-

tu.

I . 0- 42 ie.=. levels and f : pu.blic peli *f ptspcSes this licear relatice-: )'

y

I ;-.w
.

1
'

I4 !.!
ship shculd p chably be used.

-< , a,
.u,.

m*-

.

|, "At== spheric Cen~' # ati:n of .d:st-irl A: as
t ~ _! 3'Y. Nishiwa.ki, et al.,

i.n l',. ding Fessil Tuel Sta_ ices and the .u.ethed cf Ival=atiac ?cssibleL

Effects en : habitants." Repcrt the Cc ference c Enviren= ental
,I' d,. Ef f ects cf Nuclear Pcwer Stati =s IAZ-SN-145/16,1 erna ti= 41 A::=i

.i ,

E=e:gy Agency, Viessa.'

j rC
"*L. ' ave and I. Seskin, " Air Pell tics and Ec=an Eealth," Scie.ce,- - -

gi. ' , - 159, 723 (1970). .

(( I. '" vi . ' ' - '' e gh , *0ene:21 Air Pelluti== in Mc way" P.e:c t f__ S=cke.-

3 ". . Ca= age Council, Csic, 1968. ::ata pletted in ref. 30, =21: text.
U

Repcrt fr = Sic =edical and Invir : ental Assess =ent C :cp, 3NL 2053-34

I , -[ 30 July 1974, edited by L.::. Ea=ilt==, 3 ckhaven Nati :al ** c:n-
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t. . , w.-.. - , . ,.t, . c. - ,-- ; .

35J. Finklea, et al., " Health Effect cf Scipher Cxides*, 0.S . Invi. .:.
Ip - | : ental P : tecti n Agencf, ref erred := in Air Ouali-i and S tatienar-i
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;he differences betwee: the thresh:1d ap:::ach a-2 the linea:

'

!i app :ach is c =siderable. Mest cities in the ..ii. are : w in ===-

_.
plia. .ce with the sulphate a:d particulate levels cf the Clean Air

.

and if the levels * sere c== rec ly set hel w the threshold theret
-

Act*

L: weu.:a he :: ==- _ city . wi a ce rece=t data > e ce .i=ea: =ca i==- .- --

5
.

d
ship, we cal late that ahcut 20,000 pers==s per year east of ee

,

? Mississippi have their lives she:tened by up t: 20 years by ai
-

a ,e
,c 9 s .. . J. . . d w .

,4
- .

. ,.

e~
.c

-'l Although these data suggest that sulphates are the cause cf ''' =
L

I -,

c tality, this is sc p ven. These cities which have high sulphate

't
levels usually have high nitrate levels a d particulate levels ase

well and the distinctics is ct . clear. Hereever, the gases a-d
^

",,
particulates ces- ' . large q:antities cf k:=w: car i=egens and tracea

,

5_ ..

5j - quzstities cf =er=::y a-d ether heavy e'-ents. 3 ;'
-

m.

,

L
ass. ,s na 15: -e _,, t-- essen,

E c _, u.e e,;..es s.-- a ._z ,a a-- e-n -- - --. --_.... i
'-

~ La f er depe d' g upc= de ex sten == c: =ct cf a threcheld. I' there is,
,

1 I

I a threshold, s e c. le=estary ::::::1 syste=s es he used t reduceIa .

u '. sniphur e=issic=s during un'averzhle weather cc:-diti=es se that _

the
!

i.
ce==e: ati =s stav belew the threshcld. -
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31 Linearce etter hand, asseciated with any thecry Of the-
v

' s c:
~ M

e :elati:: ship is that the health effect is p Opertic:al := a 1:07-

E_ s
Then supple =enta:f cent::1 systa=s are cf li: le use.y

n te_ :: averaee.- .

n

[ This has led U A t: in. sis t that sulphur be re==ved by stas.kgasU
- _ . ,

i ser:hbers. If, however, the health effect is due to =itrates c:_

,

'
' 9.

b. particulares, this =ight be a useless waste cf =eney. A far better

I..,M_
.

r,
. - =itic.ation p::cedure wculd be := insist that pcwer plants be locacea

. .

I,i M[, hundreds ef ' =iles d wnwind cf =aj e: pcpu''
3-- centers-such as ==1 -a

g

]t the ac theasters seahcard cf P= ' e--the bealth eff ects are reduced.
-'" Q

.' 7: ,

I $_ h c.- . ' - ".: A , 3 8 Chang and Wilsen sh:w that =crtalit.r redue-
~

*.a.er -

m

=cre - he cht''med independently cf which' a
a tica facter: cf 13 c:

I.l a
J i:I ef the effines s aet..al!y canse the heal t effect. ,. m

,

- yt
: n.,

$
g 'I =cte that this is Oct a ca=cer risk. Sus there is p :bably

Ir-lj
{,j* Ki a "-- - 'sk due to pc17:yelic a. - 2:i: hyd::ca hens cf which ben:=W

:s These see= to concentrate in
IF.. *l u.) pvrere is the usual i= dica ::.=

E
-

t M see= te have the ic:q range effects cf sulphur
j cities , and de netL-

! and nit : gen exides. The c= ce.: eddeet, f: urban pcpulaticas c=17,
I ..l

-

. u]. ]}, is calculated in the sectie = = b e = = = ( :) pyrene.

;IJ D

-
%

|

t:
>

I!"- b x.itigati== cf ee Offects cf su:ph==2s . cha=g a=d z. w usc=,
( ?c11uti n, * e:gy a.~'. : vir=== ental policy cen er F.e;er , Earva:-8s

c=iversity, ca=hri ge , MA. 0:138, July 5, 1976.
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The t: a1 su=her of deads are divided by the n -- 'er at risk. g
l cas e .-

Ii. he scur:es cf these.:=hers is Listed in de tables.
-

se
-

}-
'

.,

-he cal: ' n _ica scunds s'-- la , het dev. =ust he -ade with 1..:. --

u e

I.e 7

spection. FC: exa=ple, I : ted 46,000 deads due t: ==ter vehicle /g~
'

L

I_7
. ac 42....., 2,.a ...m.. s. e . '..u ., .. . a . .e .# .- k ' s a .# *k - S.e:w ' " " . -

- ...-a .
.

= ter vehicle driver. But 8,6 0 0 are in ce ? ' ' =ic=s vid pedes tria:.s . m

-g
I ass =e here (Scugh the scur e qucted d:es set say) that ==st cf

ce actienthese deaes are the death cf the pedestrian usually due t:U

c c e pedestrian's part. Cver 1/4 of the pedestrians k'''ed are j
[ L
L: children, se that it =ay be reasenahly ass =ed that alechel c--===p-

-

m.

Ij,i tien e' the sedest-izn is act. a large f acter.
-

.

.

r
-
-

*

sec es and cal =clatiens cf ether authers givey cases,: -=
,

'

?''fe:ent ==hers . : have uc:ked at these, a:d chose: the est
'

plausible. := a=y cas e , the risk is gecd to better than a facter cf __I~ 2 whi=h is as gecd as the can=e.: risks are k=cwn.w
.
,.

-

. , -

t

Again in cal:nisting the risk t: :: ckers, and t act drivers,

,

: use dats c accidents (f == the n=erater) a:d ::tal n==e: cf trucks-

L
I |~' c ::seters in use. I ass =e thare is cae driver per t::=k c:(

,

I.i.'<mwise f == fishl=g ac=ident risks , ! use as ce de==in--
t t:seter.I m,._

-

. _ . . . , 3. e ses,w:
.

,e ... ,. .. . ._. e_. e,
. e... s k e . .,.., ._4 n ._. wa. . 4 w .. _w_

.. . i

.

alth= ugh in =any cf these cases the fisher =en are fi =1y- en shcre .l.,
,

,

'

, - .

and =ct s== ject :: appree' + 1e risk c' d::v.ing.
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We are used 20 the Ordi: Cl risk cf air M Pl d eh is d e
1 y cf accues . A- ce.- esen: '- , ai: =nd b2d:4 safe:
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I Estimate of risk from environmental exposure
to radon-222 and its decay products

|r
L R. D. Evans", J. H. Harleyt, W. Jacobi?, A. S. McLeans, W. A. .TEli

& C. G. Stewart $-

i_ * M..wnusem Insuture of Techno6ogy. Cambndge, M.metts C2139. USA
t Envvenmental Measurements Laboratory. US Department of Energy, New York, New Yoet 10014. USA-

| t Insatut f Er Strahlenschutz. Ges411shaf t fut Stranien-und Umweltforschung mbH, Manchen. l'TtG
I Nauonal Radiological Protecnon Board. Harweti. Dkscot. Oxforcshire CX11 ORO, UK

I}- | Cntena and Standards Divuion. US Envtronmental Proteccon Agency, Wutungton DC 20460. USA

[
1 Chalk River Nucicar 1.aboratones, Chalk River. Ontano. Canada KOJ :PO

-

Consideradon of the epidemiological evidence on radiogenic lung cancerin uranium miners and of the
incidence of the disease generally leads to an upper estimate for the lifedme risk of 10" cases per
working level month for members of the general population.

.

-

IN radiological protection, the emphasis is usually on limitmg risk from the inadence of lung cancer in the wider population.
* exposure to artfical radiauon. Thus, there is a well-established Both approaches are followed here. We have taken care ne:ther ,

I- approach to the protecton of staf in hospitals from X rays and to exaggerate the nsk nor to overenend the evidence.
to the protecuen of memben of the public from radioactive_

consumer goods or from effluent from nuclest power plants.
- How one snould deal with exposure to natural radianon is less

IIr2nium miner data
I-. clear.

Human beings have always been exposed to natural radiation
both from within and outside the body.The view adopted by the The only occupational data that can be used for obtaining a risk

- Internat:onal Commntion on Radiological Proteenoo (ICRP) is estimate for lung cancer caused by radon decay products are
that exposure to normal levels of natural radiation cannot those from the exposure of underground uramurr miners.

I L. usually be subject to contail, but it is acknowledged that there Although the BEIR report' does g:ve an estimate of the nsk of
m3y be unusual crcumstances in which controlis desirable'.De lung cancer.from whole body external irradiation, th:s is
Commission has in mind crcumstances in which there is a insu$ cent for the present purpose. Of the four sets of datn on

-
considerable increase in c:posure as a result of human practices miners, those from Sweden and Canada are considered to be less

Ie| or choices of environment. useful, and we have therefore concentrated on the data from
One of the pnnepal ways in which members of the public Czechoslovakia and the United States. Inf ormaton en exposure

receive natural irradiation is by breathing the radon 22: decay is given in terms of working level month (WI.MI, the unit
r

products in air. Radon gas is emitted by soil, rocks and butiding commonly employed in mimcg. One WLM is detined as

I matenals, all of which contain the parent radium to some extent. exposure f or 1 working month of 170 h to a concentrauen of one
Radon can also be present in water, from which it is readily working level (WL), where one WL is any combmation ot

.

desorbed. Out of doors, the gas is dispersed in the atmosphere, short-lived decay products of radon- :: per litre of air that wil'
, 8
t but it concentrates indoors to a degree dictated pnmanly by the result in the emission of 1.3 x 10 MeV of a energy dunns

[ ventilauert rate of the dwelling and the rate of radon input.The complete decaysa,
solid short-lived decay products of radon grow in raoidly and,if Several factors cause the data on miners to be more dif'icult te
attached to an aerosol rather than to walls or furmture, are use than might at first appear. The average concentrauont

f- mhaled and irradiate the lung tissues. Lung cancer may rvsult. throughout US mines in the 1940s and 1950s were high (7-
.

Even in normal crcumstances, human exposure to radon 15 WL) and mean exposures ac:u=ulated over the 1950s anc
decay products is substanual compared with other components 1960s were about 800 WI M (ref. 6); in the last decade.'

of the overall exposure to natural radianon. In abnormal however. levels were lower by one to two orders of magmtude*
I circumstances, radon exposure may be dot:unant and perhaps Most of the earty informat2cn on exposure was obtained bv the
f also unacceptably high. Such abnormal crcumstances stem from operators, frequently in areas where venulanon proble=s were
' the usc of building matenals with relatively high radium content, known to ex:st: on the Other hand, there was sometimes a

|
for example, or the use of domestic water with exceptionally tendency for higher exposures to be under reported, All the

{ high radon content. measurements on aerosol charactenstics, such as particle size
ne basts of dose limitaton i:s radiological protection is risk and ur. attached traction, have been made under modern mining

L - limitation. For example, the dose equivalent limit for workers is conditions. These condicons include improved ventilanon. the
set so that the average nsk likely to be incurred is comparabic presence of diesel snsoke (which proetbly overwbeims othe:

r with the average prevailing for other woracts in industnes ;taruculates) and the virtual disappearance of the one-mat
regarced u having high standards of safety. For members of the mine.The evaluauon of nsk is also complicated by the presence'

public, the level of acceptability of nsk is proeably an order of of other car =nogens in mine air as well as by the miners'

magmtude lower. It is tmportant, therefore, to have some smosing history and their previous expenence of hard rock
mformauon on nsk facers for environmental exposure to radon mimag.

! decay products if a system of control is to be considered. The esumates of lifenme risk that e=erge I om the dat:
t_ Direct nsk informauon does not ex:st for environmental available on miners range from one est: mate of 21-54 death:

levels of radon decay products. it is therefore necessary either to from lung cancer per IC* WUt of collectve exposure to one o;

!.-
extrapolate from data for occupanonal exposure or to infer the 1,000 or so. Stewart and Si=,non (unpuelished) and Myers anc

u = s- m .uim _.u m , ei - _ m
I

,
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Given this m:an lifetimi exposure of 12 %LM and the nskStewart' have evaluated the Am;ncan and Czech data using f actor of 10* per WLM given acove, a maximum lif etme nsk ofvanous starrst: cal tecamques. Retr work indicates the'. the 0.12% is obtamed by extrapolating linearly and by neglecungmedence of lung cancer can be accounted for by e linear latency ard accumulatton imerval. This is a relatively sc'allrelationsmp with exposuse, allowmg a constant f actor cor non- fraction of the present lifenme nsk of lung cancer (about 4% in
rad:ogeme lun g cancers; their estimate ts 21-54 lung esneers per the United States), which is largely attnbutable to cgarette

.

10* WLM from the US data", but the Czech data imply a nsk
about tnree t:mes as great". De discrepancy is not readily smoktng.

- I- Makmg the reasonable assumption that exposure of theexsamed. Stewart and Simpson also found a real or apparent
general population to radon decay products has been constantthreshold in some of the analyses, whien suggests that the over several decades, one can compare the esumate of 0.10%

esumate of nsk for low-ievel exposure may even include zero as with the inedence of lung cancer before the effects of smokmg
a lower bound. (In suca cases, Stewart and Simpson used the became pronounced. There are relatively good data" on
slopes of the response curves to derive nsk factors.) Jacobias lso inedence in the United States in 1930 which yield a lif eume nsk

_.

a

noted the discrepancy between the US and Czech data and of 0.1%, roughly 0.15% for males and 0.05% for f emales.Since;

prnposed a range of 100-500 tung cancers per 10* %LM, which not all lung cancers at that time would have been caused byis virtually tdenocal with an earber est: mate by UNSCEAR'8: m radon, this indirect evidence supports the view that a value of

I,_.
neither case is a threshold edect posited.ne highest esumate of

10" per %LM is a reasonable upper bound of nsk to membersnsk of about 1.000 lung cancers per 10* WLM comes from
Arener's recent proposal'* of the public.

Quite independently, Clff and others'" have studied the
Whereas it is not possible completely to rule out any of these relationsnip between the observed exposure to radon decay

I,_,, oojeenve is to estrnate nsk to the general populanon from products and tne observed incidence of lung cancer in Bntsh
esumates of the lifenme nsk from occupational exposure, our

women.Taking an average exposure rate of 0.15 %LM per yr.
~ exposure to radon decay products in the general environment. and assuming a nsk factor of : x 10* per WLM (ref. 6) as well as

In usms the data for uranium miners to denve the lifenme a 20-yr latency penod, they predict a higher incidence of lung
probabihty of f atallung cancer for members of the public, one cancer than is observed from all causes in women below 40 yearsI- must note that there are sigmf'. cant environmental and phy-

of age.His supports the evidence from the United States, andsiological diff=rences between the two situanons. Dese indeed an upper bound of 10* per WLM for the lifetime nsk
ditYerences result from the possible contnbut2on to lung cancer would not be incompatible with the Bntish epidemiological
induction m minmg envtronments of other dusts and gases, from

I- differences in breathing rates, from differences in equilibnum evidence.
The overall evidence theref ore points to an upper estimate for

rauos of the radon decay products, from high as opposed to low the lifetime nsk of 10~ cases per WLM for members of theconcentrations, from differences in smokmg habits and from
population distnbutions that dif!ct in age and sex. Although general populanon.

I some of these factors may tend in opposite direenons, on
- balance, they suggest that members of the general public may be

at a lower nsk per umt exposure than miners. For example,
- - breathmg rates for a man resting indoors could be tw to three Risk estimates compared

nmes lower than for a man mining, with the c.oncomitant
decrease in ex;csu.re counterac*ed to some degree by an It is of interest to compare t he nsk of lung cancer f rom exposure,

increase in the probacility of depositmg rad n decay products in to radon decay products with that from external penetranns
-

radisuon. On the basis of a linear non-thresnold model, and
the lung. purely for protec' ion purposes, ICRP esumates that the nskWe judge from the epidemiological evidence that the most

- defensible upper bound of the lifetime risk to the general f actor for externalirradiation of the lung alone is 2 x 10-' per Sv

population is 100 deaths from lung cancer for a collective er : x 10~' per rem, where Sv and rem are the new and old units

exposure of 10' WLM.or 10* per %LM.This particular f actor of dose equivalent, respecuvely'. nus, the liteti=e nsk from an

altnough severely rounded to avoid the impression of unwar- exposure to radon decay products of 1 WLM, namely 10~,

I- ranted acmacy, can be supported by other indirect epi- would not eaceed that from an external irradiation dose
demiological evidence, which is detailed below, and by an equivalent of 50 mSv (or 5 rem) to the lung alone.

-

analysis tW. Jacobi. personal communication) of the dosimetr It is difficult, however, to imagme c:rcumstances in the genenI

,

of radon decay producs in the manner of Jacobi and Eisfeld'yenvironment in which the lung alone would be exposed to
.

external radiation: whole body trradiation is much more likely.
- Re ICRP takes the view that most, if not all, forms of fatal

malignant Meur and hereditary damage can be induced by
exposure to ionizmg radiation and that, when aii the organs ofLung c3 ricer madence -

, ,

the body are unifcrmly exposed, cancer of the lung in particularI Most calculanons of the exposure of the general population will account for about 10% of all harmful effects. Thus, the

were imnally made en the basis of outdoor radon levels. Indoor
lifenme nsk assocated with an' exposure to radon decay

levels were known to be higher, but ;t is only recently that an products cf I WLM would not exceed the overall nsk asecated

i apprectable number of measurements has become available. with a dose equivalent of about 5 mSv (or 0.5 rem) to the whole

, . UNSCEAR" su= man =ed the literature appeanns before body from external radiation.

." - " 1976, and more detailed measurements have smee been pub- The armust dose equivalent limit reemmended by the ICRP.-

I lished" Informanon on livmg habits in the Northern for individual members of the publicis in fact 5 mSv.

Hemtsphere indicates that more than 90*. of the day is spent nis review has its origms in an internanonal workshop on

I
'

indoors so that indoor exposure is used here to represent total
radionuclides held at Arimgton, Vircmia,in May 1978 by the
radiauon protecnon pnncples for naturally occurnng

,- exposure,

!
The acuvity concentration of radon indoors in the Northern Nuclear Energy Agency of the OECD. The authors, who were

Hemisphere lies, on the average. in the rance of 0.5-1 pCi per 1. members of a greup considenng radon problems, have had a

!! a value of 0.8 pCI1" :s assumed, some measurements in the number of subsequent exchanges and hmons en the esti-L_

manon of r'sk from this source. Dus the present paper snouldUmted States" indicate tnat this can be converted to a decay

f product concentranon of ~0.004 WL For 168 h per week of
be attnbuted to them even though they had the advantage of the

indoor occupancy, the exposure would be 0.2 %LM in 1 yr or imcal group deliberanons whien incluc'ed M. Kinoshtta. De
authors also acxnowledge the assistance tney received from

Im
12 %LM in 60 yr. The latter period =irat be shortened some-
what. but this would not change our general conciuston. M. C. O'Riordan.
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_ ,
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|
l Abstract

.

It is sh wn ::a the EEIR-III Wiction of lung cancer incidence due : enviren- ,.
.

-

.

mental rad n is =re than twice the actual incidence of all lung cancers a::eng xn-
|

smoke-s. His: logical evidence fr:c aut=psy studies of radiatica YiCtits and cf n n.
' i
' :::crers is reviewed, and it is shewn that no more than 1C: cf all lung cance-s in

|
) n=n-smokers can be 'due t: raden. When alternative causes of lung cance are c=sid ,

i e ed, it is c=ncluded that the EEIR-IU estimates of lung cance risk due := envir:n-
I

mental raden are ::: high f:r n=n-smokers by at least a fact:r cf about 40. The
.-

'

, -. .

eviden=e f:r syner7 s= between s::cking and radiaticn induced lung can:e- is reviewed,I 1

and it is ::ncluded that the EEIR-IU .sti=ates for smokers are t c high by at least
,

- a f act. r of about 10.

The bases fer the EEIR-In ~ del are reviewed, and it is ==ncluded that it =st-

E be based al=est entirely on the Czechesicvakian uranium =iners; .its estimated rists

I are hig:'i taan wculd be obtained fr:c: essentially all other 's*..Jdies. The pessibility
*

- .

that the-e are =ther causes than raden for lung cancer a::eng mine-s is dis::ssed,I..
j and it is shewn that the Czechoslovakian. data are at least as censistent with the

hypcthesis that all e=:ess cancers are due t: ether causes (;:reportional t: length of
_.

h d. e=picyme t) as with the hypothesis used in EEn-In that they are all due to ra :n.| -

It is ==n:1uded that other causes can easily explain all cases whe-e lung =ance
'' rates are high, whereas it is very di*ficult t: explain the mch lowe- rates for

/
o

U.E. uraniu:: =iners (5 x icwer than EEIR-In esti=ates) and other si=ilar situaticas.

It is peinted cut that the BEIR-UI lung cancer model is ssengly su;ra-linear (i.e.'

I c=ncave dewowa-d), nt ary t= the bulk =f ex;ieMmental and theoretical evidence en

that cuestien, and : nt a y t= ctner state:ents in the SEIR-III Re cP..- It is n-

-lu }. gag.ne,3EIR.:: lung cancer risk esti:na':>.s are :-:: ably ::e hign by a
a * ' -r mine-s , and because of diff eren sx king hatits, One risk ::

;g ::u::lic may be an :ner f a:*er of 2 icwer.e The remaineer of tne ever. estimate

I r e ?t:23 0f environ ental racen =s: be :ue :: non-linearity in :ne ::se-
res:cnse re,s atiensnia.

I_ 'M" *wNe eme m --w.e



g - -- - - .

g ..

..
._. _. ,

.I #
.

* -c.
.

'

1. In=,,d-e .

~ The health effect =f rac:n expcsure is a sdentific pr:bles of 1mense
(NAS-72, UN-77, NC-75)

esti=atesgit is responsiblese ial significance. Ac=rding to c=al . . .,

for far more fatalities than all cther.enviremental radiatien czbined, it isr

by far the ecs i=pertant contribut:r to emir: mental i=: acts of the nuclear. .

I~ ene 2y industry, and it is responsible f=r far mere ==upational fatalities than

,
,

all ether c =upational ex;csure to radiation czbined, a rembe , exceeding the
.

fatalities a=eng the Japanese A-tecs survivers since 1950.. The
e .

tstal n--t
.L

above mentioned esti=ates we-e based on the EG-I Report (NAS-72), but the

IF'

[ .
recent SEIR-III Report (NASMC) introduced a large in= ease into the esti=ates,

. ,

It has been shorn (Co-40)thus =aking the problem seven1 ti=es more se-icus.
|

.that it zakes insulation of buiidings for purposes of ene-g -.Jervation .far
' L'

f .
.

.nore dar. aging to hu::an health than any other measure being taken to eese cur
,._ .

-
.-

ene gy probles. . .. .,

E .--L InThe purpose of this pape is 'ts effer a cMtique of these esti=ates.

IL Sec. II we use it ts calculate the risk = non-s=cke-s frm enviremental raden,
r

,

- and snow that it predicts =cre than twice the total lung carce-Tate actually
,

In Se:. III we review the histological evidence whiche:peMen:ed by non-s:ckrs'.'

.

s' hows that no =cre than abcut 1C: cf the lung caners a=eng non-s::c'ce-s can be'

,IL In Sec. IY, we discuss alte-native causes c' lung cance, wnichdue to radiatien.
res*

furthe- reduces the fraction that can be caused by radiation, and in Sec. Y
we

_

ur,-aM:s and, =nclude that the EEIR-III redel ev'e*-esti=ates the lung cancer .

envirereental rad:n by at least a fact:r of 40. Inrate in ncn-s:ckers due t:'

::ckes, and ::n !ude
- Sec. YI we review the eviderice en risk of raden exacsure : .times

'

I; tnat it is probably net =cre nan four g tne Mst to ncn-s:ckes; this means that
s:cken

.

the EEIR-III =cdel over-esti=a es the Msk =f low level raden expcsu e t:

by at least a fac'.r c' 3C. .a Se . TI1, we =r. sider the -easons for the iarge

ever-esti=a*.es in -% m t-III Re:crt.

I_
.,o. e m
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m
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ar-g II. EEIR-III lung cancer rates due to envircreental raden and ca= arisen.

,

! with tetal lung cancer rates azcng ncn-suckers

* The ECR-III Re::ct (NAS-80) gives the following estimatss cf the lung
'

cancer rist' from 1cw-level raden expcsure in t w cf working-level-acnths (WU4):

I r-- age 25-49. risk = 10 I 10 /yr-WUi..
.

*

.50 - 64 20 1 3y-
. . ., . , . ,.

>65, 50 .. ...,.. . . .. . ' '
,

-

L -

.

wne: e ages refer to age at death. For latent pe-icds be+seen excesure and enset
r
i of these risks it gives . ,. , , , .

age 0-14, latent pe-icd = 25 years . ,,

I- 15-34, 15-20 years (we use 17 yr)

,
.

>25, 10 years
.

^ where ages refw to age at exposure. This is a clear and unac::igueus sedel wi.ich

I- is readily usabic for deriving n:.:=e-ical estimates. We begin by using it to
[" calculate lung cancer rates due to envirernental raden.

I
The first stz; in = this process

is to esti= ate the envircreental expcsures. Outdcer
[

expesures (Cc-80) are abcet 1 =R. (=illi-=crting-level), but it is gene-ally'

recognized that indeer expcsm are meh higher. 'A es::pilatien cf results fran
-

u .

The 1977U. 5. studies of indcor raden level: (co-30) is given in Table 1.

,

UNS:IAR Report reviews the situation w:rld wide and cencludes' that the average

indeer cocsure rate is 5 mR.. This value is in reasonable accced with the data
in. Table 1. t

--
~

.
. .

I
.

- - -

I-
- - - ~ ~ .1 ~_~Z._~...- . ._

_

- - - . .. - . .
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A working-lesc'-conth, U, is defined ts the exposure received in 170'heurs*

'frec: a.1'C exposure' rate. Since there are 8760 bcurs in a year, full time'

expcsure to 1='dL gives (.001 I S760/170=).052 C per year; this would be the

average exposure if people spent all of their ti.ne cutdecrs. 'It is Gene-ally

esti=ated that the average iceMean spends SC:|| cf his time indoors where raden~ .

L '' '

levels are 5 times higher; this gives an additienal exposure cf - -

e
(0.8 I 4 I .052=).165 U, bHnging the total average expcsure ts 0.22 U/yr-

'

due := envirern:en:ar raden. .

l- In Table 2, we use this expcsure rate. 0.22 U/yr, with the SE!R-III modeT,

te calculate the expected lung cancer incidence forvaHeus age gren:s. ' Col,(2)"

l
gives the nu::ber cf years of effective exposure ts enviea1 raden, i.e.

i

i - the nu:ber of years before ,the latent peMed; for cider ages, this-is 10 yea-s ;
~'

L.
1ess than the age because expcsure duHng the last ten years Gibutes no risk*

.-

,

in view cf the ten year latent period. For younger ages, the more cer::p1feated{

patte-n of latent pe-icds in the EEIR-III iedel give ent-ies -in C 1.t2) 'mcre than

b 10 years less than the age. The expcsures in Col.(3) are just 0.22 'U/yr ' times

the nunber of effe:tHve years of exposure fras Col.(2). 001.(4) listi the .
"

>
'

~ applicable Hsk fact:rs fra:: the EEIR-III =edel for each ' ge gr .rp, and thesea

are '=ultiplied by the exposure to give the risk, or the expected rate for lung

cance- =crtali ty, in Csi . (5) . These =ay then be w red with obse-ved age-
''

specific rates.
.-

In additien, Table 1 gives calculations of :stal rates in the U.S. population.

The U.S. pe:ulatien (HEW-79) in each age g co hsed on 1576 statisti=s is listed

in C:1.(5), and this is =ultiplied by the rates in Col.(5) ts give the total-

-

n

*
-.

. . - - m..4

- _ _ _ . _ _ . ____________
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number of expected cases in the U.S. each year, in Col.(7). The tsul nu=her

of cases =ay be ebuined as the s:.::s of the nu.ber of deaths in each age gr:up,

_

and this s:.::n divided by the toul population '(including ages 0-3) gives the
The result for uis isexpected lung cancer rate in the wncle U.S. population.

r 11 4 : 10 / year. Analogous precedures can be used to calculate the expected4~

I- rate fer all ticse above scoe specific age. For exar::ple, the rate for age >40,

is the- sum =f the figures in Col.(7) for ages >40, which is 24,CSC, divided by
5

ef the figures in Col.(6) for ages >40, wnich is 77.8 I 10 . The resultthe su::I -

" '

is 309 I 10-6fy,,7, , .

The mMson betwen the aga-specif;c esped rates from Col,(5) cf
,-

Table 1 and chse-ved rates a::eng n=n-socke-s is shewn in Table 3. . The recent -.

paper by Gar'inkel (Ga-80) p esents the results c a 12 year follow-cp en one
3

"

~ :illion Amed:ans in a study by the AceMean Canese Society. The pape- by

Ha::xnend (Ka-66) gave the results of the first feur years of that study. Age

groupings in that study were not'the same as these used in Table 3, so the values

listed there were dedved on the ass %---tien that rates we-e ::nstant over each
-.

5 year age p p. For exa=ple, rates we e given as age 52-66,139; age 67-71,'
'

I- the rate listed in Table 3 for age 65-74 is then
'

147; age 72-76,161;
.

(0.2 I 12c) + (0.5 I 147) + (0.3 I 161) = 149. The results in Table 3, given

enly for r. ales and females ===. tined,' indicate little difference between the
:r . 4 year and 12 year follow-up.i

-

u
The paper by Kahn (Xa-65) is based on the so-called 'Dern Study" of

Ir ItU.S. veterans of Verid War II wne carry gove-: nent health insunnet.
L 293,000

' representshyearsoffollow-up. A recent update en that study by Reget (Ro-30)

I' does not give akselute lung cancer rates, .but the age-standardized ratic tetween

s=:ct -s and non-s:nokers has re:.sined the s2=e w .ich indicates that the-e has

probably net been an t=p:: runt change in ne rates f=r eithe . '

1

_ _ _ _ . . . . :.
. . . .. .

|- - - ---- - . . . - -
_

-- . .
_

_
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The paper by Hasend and Hern (Ha-52) was an early study by hse. ican Cancer;

Society cf 1E3,000 =en invelying enly 15 lun's cancer deaths a:acng non.s::cke-s

(as c::c: pared with 150 deaths in Ga-80), and only 6 ef these 15,were ::nside ed
2

to be well-established as lung cancer whereas 3/4 of all cases in Ue study
Only a few age group-

(scstly s:ckers) were ::nsidered to be "well established".'

.

.

ings were given and they did net ::incide with stese in Table 2, sc :te =e:hed
"

,'
'

des:-ibed above for (Ha-66) was used := derive the values ente-ed.
-

:E~
It is i::nediately evident from Table 3 that the EEIR-IU estbates feb lung

I cance- induced by envirennental raden e:xceed the t:tal lung cancer rates due to
'

-

all_ causes a:cng non-s=cke=s by abcut a fact:r cf tw at eye y age." It is only
fair :: peint cut that tnis d:es net re:: resent a direct discrecan:v with the~

SEIR-III Re r si=e the latter states tna its esti: nates for nen-s=cke-s =ay
be ::c hi;n by a f a:::r ranging fr== 1 :: 6, f avoring a f acter inte-=ediate

I- berneen these.
Jung

A
-. Ca:carisons can also be =ade with ::talyce- incidence fer all ages.

paper by Hazend and Seic. an (Ha-80) gives the rate for ages above 40 ts be

/ year fer en ar2124 I 10 / year fer wcxmen, whereas the rate calcu-177 I 10 -

lated in Table' 2 fr== EEIR-III for ages above 20 was 3C9 I 10 , a fact:ir of two'

4
hi gher. For all ages, the rate a:cng wecen was reported as 36 I 10 / year

-

I 4(Ha-53a) as ::cpared with 114 I 10 / year calculated fr:c: EEIR-III in Table 2,
.

a dis: epancy of well ove- a fact =r..of t.w.o. ... .. ,-. _' _' ' . ' - - . .
-

,r All cf the data we have presented are basically fr:c: th ce study gr ups,
.. ..

'

but in all three cases the EEIR-III esti=ates for lung cancer induced ly, en+ n-
I, mantal rsden alene are a fa:: r of two higher than actual t:tal lung cancer rates

Harley and Pasternack (Har-80) have also reported dif3iculty~ a=eng non-s::ckers.
in re==nciling ss:e cf the recent esti=ates of rad:n-induced lung caner- risk-

. | with eff ects cf environmental rad:n; they suggest a de: ease in the risk with
repair =echanis=:s, but tais is not used in EE*R-III.ti:ce af ter ex:::su e due t:I ex=aring the EEIR-III prediction with -s*.es f:* een-Another a::::-caen ::

s=cke-s is :: use national s:2:is"~
#~ "e early years of this century wnich

is befert :igarette s=oking beca=e p::ular. Oata en lung ca=er rates in varicusI- ::unt-ies a~e listed in Table 4 We see that the ates in all but one Of the
: un -ies incluced a~e les: t5 '- M x 10 , and in Sweden the rate was only

I, s

'* ~ " - - - * - , - - . . . . . . _. ,
,
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A calculation =f ne yate predicted by EEIR-III is sh:wn in the1.3 I 10 .

last tw csit=:ns cf Table 2; :ne result based en U.S. pcpulati n sutistics
;

'

:

f for that tt::e is 59 X 10 / year, an order of magnitude larger than several
-.

I
L entMes in Table 4.

In ::nsidedng sutistics frem so long age, censideration must be given :s-

the efficiency cf diagn= sis. This questien was discussed in extensive detail in

a previcus pape- (Os-80a) and it was concluded that the r -%.s in Table 4
a

shculd be increased by a fact:r of 2 2 5 to ac::unt for =issed diagnoses,
1

Ir- -

Another consideration is that environmental raden exposures'may have been lower
'

.

i

at that ti=e because buildings were less tight and hence did not retain raden
-

as well. 'This would perhaps reduce the SEIR-III pr~dicti:n by r facer cf 2.L

In spite of these comien f act:rs, it still seems that the EEIR-III model
' predicts t=ul lung cancer rates due to envir= mental raden ::nsiderably large-

than the t=ul lung cancer rates in many countMes early in this century.
.

a .

.

Ej' III. , Hisulogical EvidenceP '

.
.

u
The basic hist: logical types of lung cancer are:-

.I ._ .
.

L 1. epidermcid (squamcus en11)
.

, ,

?

2. s=all cell'undiffe-entiated (S*"J).
-- r ,

1

\
.

3. adenocarcinema ,' '- -

- '

| 4. large cell
'

<

5. mixed epider:cid + adenocarcincca .

.

6. b-ene.Yielar or alve:lar -

All but No. 5 : r-espond ts the World Healtn Organt:atica classifiestion;I

Mo. 6 was ine.luded here'because it was included in s:me of the data,'and because
;

'

E
it is clearly not asse:iated with rad:n incu ed lung caner , sirce raden daugh eas

I- de csit in the ucce- part =f the br:n:nial : ee 1cng be ere taey can reach thed

| kronchicinr or a1~-oiar regions.'g
5-

-
- . _ _ - -

_



_ __ ____ _______ _ _________ ______ _ ____ _

.. . _ _ . _ _ _ . __ _ _ . , , ,

~.

_ ~ '

-6-

.- .
,

* -

There is a great deal of evidence tha: Jung cancers due to radon exposure' '
'

-.

are pred:minantly of type 2, small cell undifferentiated (SCU).
The fir:: such evi-

dance was en the 13th century Er: Mcuntain =iners (Lu-71) in wnich th2 predeminant
- .

e

The best and mest :;uantitative esidence is the pathe-
cell, type was found to be SCU.

>

'
~

. -

logical study of autcpsy tissue from U.S. uraniu= =ine-s who have died of lung cancer

The principal results are shown in Table 5 which indicates that 69% cf all.(Ar-74).
-

excess cases were Type 2 (SCU). )ie see that'this conclusien is rcughly inde endent of
. .. .

,

In the more recent data, the rate of occur-ence of SOU has gene down (Sa-80)
- dese.

l excess U.S. uraniu= miner .

. so that present indications are that pe-haps SC:: cf al i
;-.

.

, cancers are of this type.- -

" The data en Cceches1cvakian uranium =iners (F.c,77), are styen in Tahle 6 wtzre -
-

it is again evident that Type 2 is . strongly increased, The calculatien.

in the last three lines of the Table and explained in the caption indicate that
~

As may be_

of excess lung cance-s among these =ineas were Type 2 (SCU).57x

seen f rom Table 6, this predominance of Type 2 is similar in all
!

-

- dose ranges, and more recent data (Kin-79) extends the validity cf this
The data en Japanese A-bac:b su-rivers (Cf-74)

c.bs.e-va. tion fr:e < 99 2 M to >4C01i7..
_

'

f
is much pocre- because of limited statistics.- The frequency ntics between >200 rad
..t . -

, ,

2, and,

. - .

, and <1 rad exposures were 1.7 (3 cases) fer Type 1, 3.9 (5 cases) for Typer

L
Rcughly, then, the extra cases were 1.2,cf Type 1, 3.7 cf. . . . . .

-
2.0 (4 cases) for Type 3. ,

- Type 2, and 2 cf . Type 3, so (3.7/6.9 )S4 were Type 2.
'.4

,

,one method for deter =ining histological types of lung cancer is sputum
'r ,,,
L cytology which uses cells that are sloughed off in ceughing rather than autopsy

,

'

,e .- .

The~e is goed evidence (Sa-76) that sputum cytclogy sanctimes indi-
.

tissue.
cates eciderraid (Type 1) wnile autcpsy tissue indicates SCU (Type 2);"

It may be nat : tis is
in cany of nese cases there were double tu=ces.

---

cue te the diff erent chases of the disease being studied (Ra-aC), er na:
ecider=cid cells are more easily sicugned off, er na: SCU

-

-

*-"+--e -- _ _ - _
6
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develeps later but progresses =uch,::cre rapidly (Sa-75). This problem can be-

avoided if caly data cb:ained fr:m aut psy are c:nsidered. This means ign= ring'

~ the sput= cytology study of Newf:undland fluces;ar =ineas (Wr-27) in which
!

'\
only 2 of 29 :sses were Type 2 while 25 were Type 1. .

-

|I' Our c=rclusion, then, is that for histological classification based on
.

_

au: psy =ateHal, about 53: cf all lung cancers induced by radiation are
.

:
Type 2, SCJ.

-
We now turn ts the question of frequency of vaHous histological types of

. ,

(
[- lung cancer a:cng non-s=cking =e=beas cf the general public. The data chtained

i

ft:= a ' lite-at:n e sear:h en this are s=zarized in Table 7.' In cases whe-e twe

different readings disagree, one case is re:Orded with a question mark for ea=h

type, and in su: ming, each such case is c=unted as 0.5. While these pro-

_.

cedures are quite crude, they a~e expedient and aTte-.stive reasonabie procedures

_
woulc net appreciably change the results. .

The eve -all c:nclusion fr:e Table 7 is that only about E5 cf all lung-

;

canc'ers a==ng non-s::cters are 50) (Type 2). This c:n:1usien is in essential'

I~ agree =ent with the findings of each cf the individual studies. If we assign-

half cf the cases listed only as " anaplastic", er " undifferentiated" as Type' 2,
-~

*

this would change the final percentage only fr:n 4,5 to 6.3.

.

Mea-ly all cf the data in Table 5 are free: studies of tissue obtained in
,

The principal exception is the data cf Yincent et al (Yi-77) in whichaut=psy.'

enly C were fr:n aut=psy, but the pe-centage of Type 2 'in that study is net less[
than in the othe-s, and the~e are relatively few Type 1 se our werries aboutu

l Type 2 being i= roperly classified as Type 1 de net see= to be applicable here.
..

p_
The-e we-e a few cases in the veri cf Wynde- (Wy-67) based on sou~n cytology,
but none of them we-e :Tassified as Type 1.'

. ,

e

p .
_

. _
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I' It therefore sec=s valia to s. pare these results with these for radiatien*

I ind'ced lung cancer dis:.: Sed above, and it is i:cediately evident tr.at the
;.

*

percentage. cf all lung cancers t..a: are SW a=ng the =iners is 4 fact:r of ten
5_ , ,

3.higher than a:cng non-s=cke-s in the general populatien, reughly 55'. vs 5-6:.

One.possible objection to this conclusion is that it is based en histolegical

._

.informatien for all uraniu= =iners and there =ight be a diffe-ence between

-
. mcke-s and n n-::ncke-s in this re;ard; but a=cng the r.cn-smoking =iners for

wn=5 histo 1cgical infor:stien is. aYailable,4 cf the s whites had Sa (ane .

~. : ene of the othe-s was a heavy cigar s:cker), and both cf the 2 k:erican Indian

non-s=cke-s had 5 3 (Ar-75). Anothe: possible chjecticn is that the patholo-

If gists who studied the U.S. uranit= =ine-s we-e biased : ward SC, but three

;
_

, independent pathelegists were involved and for the gene-al pcpulatien (i.e.
' ren iners) their pe-centage of all lung cance-s that are SOJ was enly 14:

-

.@a2J1), whe eas for the gr=ups whose work is included in Table 7, it was 30
'

for Wynde et al (Wy-76),19: for Vincent et al (Vi-77), and C for Yesner

et a1 (Y e-73) . The C:echeslovakian =iner and Japanese A-b=h su-viver data

were,' of c:urse, classified by entirely dif'erent groups c' pathologists
'

If but their results are the sa=e. ,

r-

.

The-e is, cf c:urse, a pessibility that the d=se-rescense c:n-re is ,
,

diff e-ent for diff e-ent histological types of lung cancer, and that SC.ce-
-

Howeve*, the-e is
~ mses =uch ecre rapidly at 1cw dese than othe- types.

-

no evidence or precedent for such a hypothesis, and the dose . independence

I of the f racticn that are SOJ at high d:ses argues against it. . If we exclude

see=s difficult to avoid 'the conclusiont
this possibility, it

|I -

~I

.I -
-

.
_
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of radiation induced lung cancers are SCU w ere
.

I that about 50: s=okers are SCU.
.

only about 5% of all lung cancers among non-
,

I
sf all lune cancers amsngj.

This means that no more than 10:L(c). M Q ELjlince we nave shewn ir.Sec. II
.ncin-s=ckers. can be due te raden ex;:csurg4 r a:cng ncn-smoke-s by a

that the SEIR-In model over-predich : tal lung cancelly.by a fa &_r of
f acter of 1, this means that the over-prediction is actua*

.-
*

2 x 10 = 20. is based en the sup;csitien 2.at all_
..Even this- deg-ee of over-predicticn We exz=ine that4 d pcsure.

jn.,$:"U lung cance-s a::eng ncn-s=cke-s are due to ra en ex*

.

.

questien in the next section.
.

*

*
..

.

.
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_
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A'ternative Causes cf Lung CancerlIY.
_

There is no other type ef cancer fer which nearly se any causative che=ical

I
.

A ment review (C#1-78) lists the.

E agents have been feend as f:r lung cancer.
-

fc11cving as causes of lung cancer: ar:x::atic. hycrocarbons incluciing ::a1 sect,

other pr= ducts of ::a1 % don, petroleu=, petroleu= cske,coal tar,

wax, creasete, anthracene, paraffin, shale cils, and =ineral cils; alkylating

|_ agents such as =ustard gas, vinyl chlcHde, bis (chler:methyT) ether, chiero-

-
methyl :nedyl ether, and chloreptene; = eta.1 dusts sue.Y as arsenic, berylliu=, ,

The ei - cac=ium, cht:mitn, becatite (iron cre), lead salts, nickel, t.-d asbest::.

are at least 14C0 cther cheicals en which there is car:incgenic' infer ::ation

(Ch-7'), althcugh not necessadly related to lung ::ance .my M
-

It Ms been suggested;j(Cc5-72) that air pollutien A an i=portant cause of
, ._

It includes =any =f the ar==atic hydrocartens mentioned abeve,lung cance .
F,-

ben.o-a-pyrene which is believed to be the principal cancer causing agent in
~

L

cigarettes, and =any :::cpeunds that are well known ts irMtate the lungs.

The-e a-e p-::bably any othe- c=nt-ibuting envirorcental factors as evidenced-

Based en 1950-1970
-[ by la ge vaMatiens in lung caner- rates with geography.

'

statistics (Ma-74), rates vaMed fr:c state to state between 20 x 10"5 (E) andL
'

'52 x 10-5 (u) fer white mies with a st eng tendency t: ward higher rates in

L incustMali ee states, and the- is a streng terxiency t=wa-d higher rates in

cities than in rural a-tas. Sece cf these differences are probably due to
g

vadatiens in s=cking habits, but it weuld be diffi= ult te explain the all in
r

' that way.r

The-e are large vaMations in lung cancer rates.a==ng men in diffe ent

In a recent SMtish study (n-73), they we e higher than ave-ageoc ucations.

after :=r e tin; for age nnt sa:ial class by a factor c' 1.8 for foundry n:uid--

e-s,1.7 fer ele:t :: Taters,1.5 f or plaste-e-s and bcile- firemen, and 1.5

-

__._ . . _ _ . . _

_-
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for riveters, welders and cutters, bricklaye-s, and drive-s. A study in Los
.

'

Angel,es C:unty (P.e-76) found 16 c:=patienal categories with ever twice the .

t
,

average lung cancer rates; the 24 cc=upaticas with the highest tates include {
-

2

f
29: ef all, the lung cancers but only 15: cf the werkers; the steel manufa::uringi~

. . , ,

. . . .

Since ever SC: ef all men were s=cke-sj,ndus,ry.had 59 cases vs Il expected.
_.

t
|

.

when these.st.itistics wers gathered, even 1CO: smoking in individual ce=upatiens
. .

_
,

. . . . .

,c uld rpt explain s=me of these high rates. , , ,
.

. . .

k lso be an itocr ant cause of. Exposure tm.t:bacce smoke by non-s=c e-s may.a
.., .

- lung cancer among the latter. It ,is' also widely believed that chtsnic brer..hial
-

.

One =tgh constder the 1,cgical possi,
-

disease can deveicp into lung cancer.
Ecwever,

bility that mest alte-native causes de not induce Type 2 lang cance .
Type 2 is one of the principal types induced by cigarette s=cking; in the

,

of all. Tung cance-s art Type 2
I general population which includes s=cke-s, 3C:

(Arm-75), whereas among non-smokers we have seen that the percentage is Only'

It thus see=s most unlikely that other che=ical carcinegens de nct7 abcut 50.
cause Type. 2.'

With all this evidence for other causes of lung cance , it is Ye y difficult
to believe that nearly all Type 2 lung cance-s a=cng non-smcL..s are due to

7

An upper li=it en the fraction caused by raden might be SC , and 1C:
._

raden.
-

is probably a more reasonable esti= ate.
[

.

,

Y. Con:Tusiens Fcr Non-sockers ,, ,. ., -
,

, ,

, . , . , . , , ! ., , . . ,y

In su::Eary of the situatten ar..cng ncn-smoke-s:
...,.."

, , , , , ,

[ ,11) The EEIR-III model predicts 2 times as many lung cance s due-.
. ~. s...

,
.

. s radan exposu e as, the total actually cbse ved.. .- --

..
. - . a . , . . -

*. , ... ,. (2) .Hi,stological evidence indiestes that no acre than about 1/10
.

.

. sf the c'bse-ved lung cancers a=cng non-smcke-s can be due
- 3 ,. 3 .

, t3 .r.aden e%Oesure. .

..,,.6., .i,. , . . . . . .,
. ,

.(3) At least 1/2 of these cases are ve y probably due to
. . .,9, . . ,

~

, ' - ., .c:her causes.-'~ '

Ne tnus :encluee : .it :.-t EEIR-III prediction of lung cence- incide .:e due :s--

b .* 'est?_ *** . **e a. . . . .

~ ~ ~ ~ ~ ~~- _ _ _ _ _ _

^ - - - - _ . - . _ _ _ _ _ _ _
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This state =ent should not be ti terpreted to =ean that~'

I'

the model is in error by that,facter. The SEIR-III Report states
| .

I- that 'its esti=ttes =ay be high by as much as a f actor of 6
, for non .;=ckers, but gives equal consideration to the pessibility

that it =ay not be t=c high at all, and cen:1udes that "it is pN2able that the'

In view cf tae tendency of regulatory agenzies
tr ath is s:c:ewhere in between.*

||^ to adopt a " prudent" position by using pessi=istic esti=ates, they wculd al==st

I ~
surely ass =e that the EEIR-III esti=ates applied to non-s=kers would not be

.
high by =cre than a f acter of two. In doing so, the ' evidence developed he-e

indic$tes that they would be- ove -esti=ating the effects of raden expcsure by
.

I,
at least a factor cf g

The principal link in cur reasoning which might be cuestionable is in
If

ass =ing that raden levels in buildings have rec:ained c:nstant over tiee.
-

'

the nte of air ex hange (ventilation rate) were ::cre npid in earlie-
tic:es due em 12ss c'ficient insulation, lifetime avenged rad:n expcsures
tu these who have diW in recent years w::uld have been lower than we nave

Since present indcor levels are about five times crdoor levels, theassu::ed.

maxi == pessible e r:r fr:n :nis s:'- e is a f actor of five.
f,

This possible variatien with time of ventilatica rates was dis =ssedL.

with three experts in the field; in each case an off-the-cff esti= ate was
[s

requested, and was given only with ::nsidenble reluctance a=:r:panied by'~

caveats, but we present them he-e. A Univenity of Pittsb:.mh engineering"

professer spetializing in ene gy ::nse-vation research guessed that the e was
L-

A researchlittle change in avenge ventilation rates fr:c 1S30 ur:til 1975.T~

L
scientist in the Matienal Association of H=e Buf1de-s Research Laberatory

7

(dectville, .50) esti=stes that new h=es built in IMO had about 1.7 ti=es
-

higner ventilation ntes than these built in 1970 (1-1.5 vs C.6-1.0 air
' changes /heur), but he had no ex::erience with pre-1940 ::nst actien; ::st c'

- - - - - - - - - - . -._. __ _

- _ _ - _ f
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this i=provcent o :ur ed after 1955, whereas nearly all hcces included

in Table 1 were built prior to that time. He also points cut that measurments

of ventilation rates do not include opening decrs (.06 air change fer a
.

typical open-close), cpen windows (0.25 air change /hcar for a- 4-inch opening),

and furnaces (0.1-0.2 air change /heur); raden =easuccents in hcuses we-e

I- .

gene ally carried cut under nor=al lived-in conditiens.

A research scientist at Lawrence Se-keley Labcrat:ry with extensive -

experien:= in measuring ventilation rates in Berkeley (CA)ma hcuses has

found a roughly linear decrease by a factor cf 3 in ventilation rates with

c nsm:: tion date frm the pest-ea-thcuake era (ca 1910) to the present;
'

he e=phasi:e: that it is not clear what portice Of this is simply due ts aging

rather than tm const uction practice. Since the ave-age age of hcuses in
_ .

use has probably not changed a;:preciably over time, enly the second facter
,

is relevant. When all of these expe-t crinicns are ::nsidered, it see=s
,

likely that past raden levels in heces were s:cewhat low.x than present
.

levels, but probably the lifetiese ave. age levels experienced by these wne

have died in recent years are net =cre than a f act:r of two lower than these~

reported in the =easurments in Table 1.r

~ Anothe scur:e of uncertainty in our reasening is that a it M of ex;c:ure
.

to envircreental raden is not necessarily equivalent := a. it M ex;csure to
;

L
miners, en wnich the EEIR-III ::ccel is based. Diffe-ences arise due to

,

reduced breathing rates under nor=al envircreental conditions, lung ter-

phmetry, and an in:-eased percentage of raden daughte s as free icns in the

envircreen: - these attach =cs: easily to bronchial su-faces, but they also

.

. _ . - - . . _ . . .. _
_

- -----_._____m _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ ____
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I attach to dust particles and hence are less prevalent in =ines than in the

envirernent. These matters were taken into a =unt in a calcdlation by''

, ,

I Harley and Pasternack (Har-80) who found that the rad /U were 0.5 for uranium .-

miners, and 0.71, 0.64,1.1, and 0.64 for an adult male, an adult female, a ~
respectively .

,

10 year old child, and a 1 year old inf ant g. Thus, envircreenta.1 radan is'

more effective in causing lung cancer pe- U than raden in =ines by a facterp
i cf abcut 1.3. When this is ==mbined with the e#fects cf variation of

I, ventilation rates with time dis =ssed in the previous three paragraphs, the

t=tal c:r e tien is perhaps a fa:ter of 1.5. These e iens the-efere
=agnitudeF

have little bearing on the ceder of g disen-pancy that is buically the,
,,

=atter under dis =ssien.
. e.. .

,, .

_

%

r *~ .

E

' L.
-

!
-

.
.
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--
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VI.* The Rad:n Risk to Sc:ckers-

1 .

The rates predicted
r. .,

' by BSIR-III fr:c: environmental radon expcsure are far less than the actual rates '

for smckers, so other metheds r.:st be used to study their risk ft:n: raden. The,_

;-
.,

question is whether there is a synergism between s=cking and radiatica in caus-'
.

. :

:- ing . lung cancer, for if there were no such synergis=, the rztes for ncn-s=ckers i

'
=culd also apply s =ckers.

I Then is st:c.ng evidence both f:r and against such a syne gis=. The evidence
. .

.in favor ,is based en :ne data for U.S. and Cze:hesicvakian uranim mine-s. The

data en U.S. =ineas are listed in Table 8 (Ar-76). Unfortunately, correspondinge .

, .

D. .c rates for non-ciners are n:t given ner is the age dist-ibutien fr:m which it can
-:

be calculated, but c ude esti=ates indicate that the 1-359 U data can be used-
.

'

. for these in analy:ing the hig'her exposure data f r non-szke-s 'and 1 pack / day.

L ~'

: . .=cke s. If this is d:ne, the >18C0 U data gives the lung cance- incidence
,

rates due to ra' den as 1.2 for non-sakers and 8.1 for 1 pack / day smcke s, a ratic

L . of 6.8; the 360-1799 U data gives 0.56 for non-s=cke-s and 2.2 for 1 pack / day-

, , .

'

s=cke-s, a ratic cf 3.3 (for the >1 pack / day s::cke s, these ratics are 8.9.and..
r,_ -

,

'

' 0, and for the <1 pack / day s=cke-s they are 5.5 and negative). An alte r.ative
[-

- procedure wculd be to assu=e that the " expected" n=ber is negligible, in which
,

t[ case the ratic is 9,4/1.39 = 6.8 for the >18CO U f up, and 4.1 for the - -

t e
p- 360-1799 U gt:up. Roughiy then, the data en U.S. unniu= =ine-s indicates

that 1 pa:k/ day s=ckers are abcut 5 times =re susceptible to raden induced lung

cancer :.an are non-s::cke-s; this'ratic se to dec ease with deen.asing cese.-

~.
'

Mcwever, there are at least twc f acts that indicate that this fa::=r of five is
e

too large. First, tne latent peMed between exacsure and devele:x::ent of lung

cancer is known to be 1cnge- f:r non-s=ckers (MAS-83), wnich means that tr.e

s:cker/nen-s:,cke- Msk can be expected to dec esse with *ime. See:nd, the-e is
~

s:x:se indi= *i.an 'e ? m a M -- a-~ ~- ** - s - 8 - " ' - {- - "- - " - -
. _ _ _ _ - - . _ _ _ _ _ _
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The evidence en Czechoslovakian mine-s mentioned in EEIR-III is that 3C:;
- . +

af the ciners were non-cigarette =mekem but only 8 cf 115 minc s (7%) whese'

s:ncking habits were reported in a histological study were non-cigarette s=cke-s.

L.
The e is no assurance that the 115 were representative of the entire group of

but if they were, the risk to SDekers wa.s [(53/70+(7/20)=] 5.7 times theVicti=S ,
r-

risk te ncn-s:ckers. Again, this ratic is expected te decrease as follow-up'

continues because of the lenger latent period for non-s=cke-s.
*

While the s : dies of U.S. an'd Ccechesicvakian mine-s indicates that the e
L.

Er- is a ==cting-radiation syne gis=, the-n are seve-al sources ef evidence that

there is not (Co-Boa). The =cs; spectacular of the latte- is the close si=ilarity
.

L in lung cancer rates between the ninetee.th centu y Erc M untain mine-s and modern
!

U.S. eine-s wrc received the same expcsure. The c==parison =ay be seen in
, '

~ Fig. 1. Cigarettes did net ex:e inte exr=n use until the seccnd decade of the
,

[
twentieth century, so the difference between the s=cking habits of the twc groups

is dra=stic.
s

.

. .
A second evidence for ne syne gis= between s=cking and radiation " exposure is

Er-._
the data on Japanese A-ba:b survivors (Is-75) which gives the fciloving relative

IL risks {

. *

i

non-s=cke-s,< 1 rad - 1.0-

I|: . >200 rad - 3.0

s=ckers, < 1 rad - 6.2

. >200 rad - 8.6

We see tnat the risk free radiation is (3.0-1.0=)2.0 fcr ncn-s=cke-s vs
It =sy be noted that the A-6::ch survivors we e fc11cwed(3.5-6.2=)2.4 for s:cke-s.

alces 30 yea ~s after ir-adiatien wnich is =uch longe- t$an the fellc*-up en

the ciner g-cues.
'-

- The = ale /fe.rie a:S f r e- tss lung cance- due te radiatien a-ce:
_ _ _ _ _

_

- - - _ _
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ncn-expcsed population, the =aleffe= ale lung cancer ratic is about 2.0, pre.,

-

su. ably due to =uch =cre cigarette :=cking a=cng = ales. If there were a st eng ,I

I[' + synergis=, this ratic wculd be the sa=e for excess canceas due to radiation. The

observed value of unity is what is expected if the-e is ne synergis=,I . -

In a nearly lifeti=e study of Swedish iron =iners, Radford and Kinard (Ra-6Ca)-

,
fcund t$at the ecccined effe::s of ::cking and radon expcsure are nearly additive.

! , All of the availa51e evidence s:.=z=arized above .is consistent'with a =cdel
very

in which the Msks are notqnuch higher fcr s=cke-s than for ncn-s=cke-s hut, the-

,

~

latent peMed is ccnside-ably longer for.the latte . This would explain the.,,

'
chse-vation that the Msk for :=cke-s appears to be abcut five times higher. in

,

u
the early years of fellcw-up but that after long follow-up the risks for s=cke s

and non-s=ckers approach equality. It see=s unlikely that the long *a-::
' times

risk is =cre than fcur 4 as high for s:cke-s than for ner.-s=cters. and

I|*
,

probably 2-3 ti=es as d _nign would be a better esti= ate.'

A.t this point we refer to cur preYicus Ccnclusica that the 3EIR-III =cdel
..

eve -esti=ates the Msk of envircreental raden exposure *a ncn-s=cke-s by .atIi
>

. -... .

least a facter of 40. The results developed in this Settien then i= ply that the

BEIR-III redel over-esti=ates this risk for s:ncke-s by at least a factor of 30.l '; _ . .

'

,

*. -
, . . . - . .

_ %y
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|| Y!I. Critique of EUR-!!! precedures in esti=ating lung cancer risks'

I. The available hu=an data on lung cancer risks fec= radiation are snewn in
i

Fig. 1. The crdinate there is in risk /yr- U and the groups ::nsidered are

Ii
-- ,

=cstly =ineas. Since BEIR-I!! risk estimates are given in age-decendent

te:::s, an age distMbution typical of these =iner grou:s was used to deter-

=ine the EEIR-!!! peint in Fig.1. For simi.er reasons, the data en Ja:anese

A-be=b survivers was nornalized to the r*er over 20 years cid in 1945;

tne SCR-I!! ::nve-sien from rad-ke. to U was used,

I[ including REE-5 fcr neut-ens; with R3E-10, the peint wculd be lcwced by a fa :=r

cf 1.27. F r the anky1csing spondylitis patients and the Newf undland flucespar

II
,

mine-s, the peints given in EEIR-I as well as in EE!K-III are shewn; in each of

these cases, the deses have bee: icwed. substantially in EEIR-III with no ex-
Ii-:- planation =cving the peints upward and t: the left as irdiested by dashed Jines.

BEIR-III increases the values frc= Se-76 for the Czechesicvakian uranium
IL

t

miners by a fact - cf 23/13 under the ass:s=: tion that essentially all cf the excess

| [<
.

cance-s cc:::r ed eve- the last 13 years rather than in the full 23 years of follow-*

up; these in: eases *are indicated by vertical dashed lines in Fig.1 leadirg to
,

=e-ed peints for expcsures below 300 U (only these icwe- e:)csures were ==n-

- side ed in EEIR-!!I)'.
L- One stMking obse-vation fr:xn Fig.1 is that the EEIR-III =edel gives a

lung cancer risk =:re than three times higher tnan :nat given by SEIR-I. In

I{F~-
/

this secticn we icek into the ressen for this discrepancy and offe evidence

{- that it is part of the ex:lanatien fer the failures of the =cdel peinted cut.

in earlier sectiens. In subsection (a) we snew ~.at the 3EIR-III estimate is

t

'Since the C:eeneslevakian =iner data in Fig.1 we e falleved fer an averace f 21.3
years after beginning =ining, the ine eases in Fig. I are by a fa : r 21.3/11.3.

_

_ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _- - - - _ _ _ _ _ _ _
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Subsecticnderived al=cs: sclely f-c= the data en Czechoslovakian uraniu= =ine-s.

(b) then shows that tnese Czechesicvakian data are highly suspect, and subsection
,

Ia
(c) cffers several etter criticues of the data weighting used te de-ive tne-

SEIR-III =cdel . Subsection (d) then su:: cam:es and draws conclusions.'

E
f (a) Scurce cf the SEIR-III estimates ,

.There is no detailed exclanation for the derivatica of the- SEIR-III medel givenF

|< above in Sec. I2,b:at the only applicable age dependence is in the Czechesicvakian

II miner and A-be=b surviver data. The A-bcc:b surviver data give values scre than a
-

,

1 facter of twc icwer than these used in'the EEIR-III redel; these aged 50 and above
, _

! -

in 1945 were =cstly ever age 65 during the period cf study (1950-74) but theirl

'H sk was 1g : 10 /yr4Ui vs 50 x 10 in the EEIR-III model, and these aged'4
-

!
' '35-49 in 1945 we e nearly all above 50 (and many we-e accve 65) during the study

peMod but their risk was B.5 x 10 /yr-W $! vs >20 x 10 in the EEIR-III =cdel.
r

.
As noted previcusly, these disc eoancies wculd be furthe- ine eased by a facter of

-

J .

;' 1.27 if the :cre usual REE=10 for neutrens had been used.
..

I . Clearly then, the EEIR-III medel is based alocst vnc11y on the C:echoslovakian
.

_

- miner data of Se-75; indeed it seems to be roughly in ag et=ent with Table 2 of

Ncte that even the data fr:nthat paper which gives the age dependent results.
7-

Se-76 shown in Fig.1 lies well below the EEIR-III esti=atas deMved f-:n that

This is explainable by the fact that the data in Fig.1 are the
.

! same paper.
3 .

l -
age-averaged data of Se-76 which appear in Table 1 cf that papeh, vne eas thel~

EEIR-III model is based en Table 2. The ' difference is that Table 1 is data fer the|

entire greuc cf C:echesicvakian mine-s, wne-eas Table 2 is for the sub-s-cup of
these =iners who began working in 1948-52.

i

1
,

_ _ _ _ ._ _.
- -

_

! _



i

I
- - - . ,

!

. t

|
- . . _ - .. _. .. . . . _ _ . _

191 . . ..

.

I

: E r-
i

'g (b) Sus;;icicus aspects of the Czecheslovakian =iner data-

.

E:
.sus;:4cicus

Onef aspect of Table 2 of Se-75 is the rearkable a::tdental agrements..

In the four icwest dose categories of the youngest age grecp the rates /ii'.M areI
,

.122.42, .102.16, .112.14, and .122.05 whe e e represent ene standard deviation.

.I7-
.

Each cf these f ur values is far closer t: the average- cf .115 than can reasonably ,

'

be expected fr== the large standard deviatic=s. The sa=e thing happens with the

for the =iddle age group, the nu=beas are 102.77, .181.30,cther age gr:ups: .

- .222.24, and .192.11 giving an average of .17; and ftr the eldest age gr up they
,

are .5E:1.17, .54 .54, .722.21, and .55=.12 for an average cf .61. In these tnree
-

sets cf feur r-hers, the ave-age deviatien f*cci the ave-age is 0.17 standardc

{ deviatiens, which is about five ti=es s=aile- than can.reasenably be ape:*ed.

! The probability for such s=all average deviations to ec:ur in all three sets is
'

exceedingly s=all. It is these th ee sets of feur nu=be-s on wnich the SEIR-III

risk estimate seems t: be entirely based.
u.

There are =any :ciner ir-itants in trying to unde-stand Se-76. They do not
,

j
' give the n:.=:ber cf =ine-s in any group cr subsup, they use an une nventienal

. statistical : eatment (although they use the c:nventienal ene in Ku-79), they dcIe ,i

net give age dist-ibutiens er ti=e dist-ibutiens for lung cance , and they do nota

;

- explain their =ettedology ve y ::x:pletely.

But the ecs suspicicus aspect cf the Czechosicvakian data (as well as
- - -

wita sece of ne othe-s) is that nc ::nside-ation is given to other pcssible

causes Of lung cancer in the Czech =ines. 7he-e are seve-al ca-cinogeni:

I(( agents kn:wn :: be :here (L -74, C:-62). -These =ines were at one ti=e used

f:r extraction Of :: per, silver, iren, ::talt, arsenic, bis =uth,'

and nickei cres, and nree Of these - arsenic , nickel , and fren

I
i

I-.
. = = - - - -e.mi,--

- -*-we me. - -e.w

a
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cres - are believed := cause lun; cancer (31-73). There is a c:nsiderable

a==unt of lead sulfide =ixed with the uraniu cre, and lead salts are also

Y- suspected of causing lung cance . These =ines are c:ol and da ,, and wet ing

s==e seas:ns, so that chrcnic respira:Ory diseases are ve y c an; there is-

s=me evidence that these can develop int lung cancer. The whole region, as

well as the =ines, are exceptionally dusty, wich pneu=cconicsis fra:: silica

I;f ^ innalation c= anon; it is pessible that this =sy also lead to lung cancer. There
'

are thus many potantial alternative causes of the ine eased lung cancer a=eng

I. the Rechesicvakian =ine-s. In fact the original reason for studying the U.S.

urani t.=: =ine-s was t= separate out effects of raden f.'em sane of these ether

' carcinogenic agents.

In order to assess the relative roles of raden and other agents in the
{ .

Recheslovakian =ines, we turn t: a detailed exzmination of the data. Tne

f data available on lung cance- incidence as a function of d=se and length
; .

of e= ploy =ent in the =ines are shewn in Table g as the uppe- entry in each bcx,c

with the cent al value in the center and 95 confidence li=its be# re and af ter, ,

II. These data are als: shown in Fig. 2 with separate picts for each duration of
s

egl ey::ent. The lines on these picts are fits to a linear dese-c'fect relaticeship

as would be expected if raden wen the only cause of lung cancer, and to a dese-

.
independent relationship (hori: ental lines) in which the lines in the three plots

are c=nst-ained t= have ordinates in pr portien to duratien cf employ.nent. In

spite of this additional c:ns -aint - the slepes in the linear dese-effect case
*

I; wen not cons ained t: be equal in the th ee picts in de#e ence to the p:ssibility

of a dese rate de:encence - tne fits are as gcod for the d=se independent

hypcthesis'as for the linear' dose-effect hypothesi s . The 5.5

I
I
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year dau appear t: fit the heri=ntti line better; the 14.0 year data appearI

:= fit the slant line better, but the heri::ntal line d:es no: ::me close te

the emr li=it en any point; in the 9.5 year data, the hori=ntal line-

-

approaches the emr li=it en one point while the slant line a;;rcaches it .

on two points. The fact that the fits a_re about equally good
; _

.

'I means that there is as much evidence that raden causes none .,

!I .ef the ],ung cancer .as .there is that it causes all af the <1ung
-

;"
I

cancer as. assu=ed i n BEIR-III .''
.

.

f
As a further study of this =atte , the data we e fitted b

(1)
' R = aD + bt

_

!
whe-e R is the lung cancer rate listed in Table 9, D is the dese in ic_M, t is the

.-
. -

i.| length of e=plopent in yea s (representing length of exp su t t: s==e other

carcinogen), and a and b are censunts to be fit :: the data. The opti===

If fit was f=und t: be
l'

- a = .075 cases /'t M (x10~3) (2)
.

b = 6.2 cases / year of e=plopent (x10~3)

Since these data are based en 25 years of folicw-up, the EEIR-I!! precedure is c
[

(25-1C=)
divide by415 :: get cases /yeir. Thus, the value of a c:rrespends b

. .

-
.

-(.075 x 10~2/15-) 5 x 10 cases /yr 't M which is four ti=es lower than the BEIR-!!!
clearly indicates that

esti= ate in Fig.1. 'This analysis jthe disregard of alter .ative causes of lung
'

. cance- is not justified for the Caecheslovakian =iners.
t

(:) Other c-iticues Of data weignting in the SEIK-III =cdel
.

The Only :her cata in Fig. I that give risks ::=::aratie :: these cerivec

f- = the 2e:neslevakian caca are the cata fr = the Swedish ~inxg-uvan =ines.

The reas n the risk /',e for :na: g-::: is se hign is ina: :ne racen levels in
-

.

.

.

* *''"' " 'W" mw' oemy ,pp__ _
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tnese =ines are :;uite icw, 0.3-1 WL. Nevertneless, it is assumed that

.

J1 cf the excess lung cancers are due to rad n. These =ines are known

I.** to c=ntain scarn, ::::mingtonite, and grunerite, fibreus ::aterials akin
r

to asbestos. The e are essentially no dcse-response data for th:se'

=ine-s. It is si= ply assumed that all excess lung cance-s are due to

radon.

I, On the ether hand, SEIR-III gives essentially no weight Oc the data'

en U.S. uranium mine-s, althcugn :ney are probably the largest an:: =cs
,

carefully studied g ce:. They are the only g-cup for whien the-e is

gecd in er :Iation en s=cking habits, and they enecccass a ve y wided
e

dose range with gene-ally goed statistics. EEIR-III =akes a feeble

I atte=ct to e2 plain the discrepancy between the U.S. and Ce :hesicvakian

=iners as a dese-rate effect, since d se rates were secewnat higher in

the U.S. =ines. This atta=pt is based
~

en the f act that prot acted dcses of high LET radiation have been shown to

If give highe* risks than the sa=e dose ad=iniste ed over a short ti=e period
:.

-

'

(Ma-78). However, from cur understanding of this obse-vation, we would expe:t
If.

'

the relevant tire pe-icds for ;-:t action to be ::x::carable to the pe-icd for
.

cell mit= sis, and inceed the expe-i:nental evidence.for in:-used effectiveness

fra:: prot action in hu=ans and in animals is obse-ved .to satu-ate when pro-
I

'

t-action reaches a few =enths. The prot: action in the else of =ine-s isL-
.

cve- =any years, se ene would not expect a dese rate c'fect. ,-
,

4
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The discrecancy between the U.S. and C:echesicvakian.

J =ine-s leads us :: the =cre general question of whether ene sh uld tend to
.

a::cpt the higher cr icver vaiues when two sets of da'a are in dtsagreement. Most+

;|I^ cf the data in Fig.1 are based on the assu=ption that there are ac aspects of

-| -ining that can cause lung cancer other than raden. This is clearly not t.% case.

As pointed cut in Sec.!Y, there are =any chemical agents.that are known to cause

_ lung cance and sme of these like =etal cre du:ts and diesel engine f::nes are very
' c: s:, ,

st :ngly present ing=ines. Smewhat elevated lung. cance risks have been,

f reported in varicus other =iner groups (Co-8Ch)* \ There an M g in
I

wnich the =ining envirement differs fr:n that of the gene-al public (which is used
.| '

as c=ntr ls in these studies). It veuld thus be ve y easy to c plain highe- lung

cance- rates, than th:.se produ:ed by raden. On the ethe . hand, it is ve y difficultIu to explain lower rates. It the efere se appr:priate when ==nfrented with two sets

if data which do not ag ee (e.g. U.S. vs Czechesicvakian =iners) to give preference. .

to the one showin? the icwer lung cance risks. Tne EEIR-III Report does exactly

the opposite; as is evident from Fig.1 they select data to obtain the highest
pessible risks cercistent with any data.
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An entirely diff erent

of the EEIE-In lung cancer = del is tha.t it is theoej ectionacle aspect
only exa=le in EEIR-n1 cf a supra-linear mdel. As =ay be seen frem Fig. 1

-

the risks at high deses "are well esublished and clearly far belcw the p edictions-

of the BEIR-n1 mode [ (this includes the C:echoslovakian miner data). ,This, ,

cannet be explained as due to cell killin5 ce s-M14:aden .ecause Wse
k

processes are expenetial Me dese, M ade, W a W at N U
in ,1 ,. , is m ee ,, a fa= = r e z due e e - m q ; = 6 ,

=

,

f. 2300 is!4 and 70C0 icJ4 would be reduced by fa m d 2W aM 2
Thus the EE!E-IU =cdel 18wnich is definitely _n_--7 . .se-vation.---

I .. ddinitely supra-linear, i=p1ying **.a* a linear dese resper.se curve g-::ssly

Su h supra-linear behavict.cf
~

'

under-estimates e'f ects cf low doses. dI a d=se-response curve is cen.. 37 . +5e bulk of evidence fr:e ethe- animal an .

-

-
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huran data, is contrary te expecta-f ens fr= generally a::epted theories, and is)

On the other hand
cent: ary to state =ents in ether parts of the EEIR-III Re;crt.i -

it is just what is expected if alternatiYe Causes of IUng cancer a.*cng =iners are .
I;- i

j con:Hbuting cases - they would net be i=pertant at high dese, but ther would be-

i:dportant a. icw dese and greatly increase the nu=be- cf cases.

h[ One final cMticis: of the EEIR-III lung cancer estimate is that it uses the .

results fic: =iners and concludes that they apply tc the pUblic with "characted: tic
However, 7C% .cf bcth the U.S. and Czechoslovakian =ine-s=:cking expeMence".L

were :=ckers, whereas only abcut 32t cf the general population are s=cke-s - 40:.

E
If there ir an i=pertant difference in the raden!

cf =en and aheut 25t of w=en.
risk for scckers and non-s:ncke-s, this would =ake the EEIR-III estimates : e high
about
byAa factor of two when applied to the general pcpulation.

Ic,,

L Conclusiens and discussien(d)
Our cenclusion f-x. Fig. I and the above discussien is tnat BEIR-III uses

a hignly cuestionable data selection precedure and the-eby probably over-

estimates the lung cancer risk te =iners frc= radon by a fa:ter between 2 and
_

In ter :s of Fig.1, this risk is the-e ere probably in the ranged

5.

Ic-- 5-10 x 10 /y -W w.. In addition, the diMerence in s=cking habits between-6

. =iners and the publi: =ay reduce *he risk tc tne public by ancther fa:ter of
| C

However nis isstill =cre tnan tne upper limit risks due te enviren= ental"

twe.

raden as obtained in previous sections of this paper wnich are 40 x less
/-

than the BEIR-!!! estimate, er 0.5 x 10 /y -V M for ncn-s=cke-s, and fcur times| L -6
l

higher * nan that er 2 x 10' /yr 'e1.M for s:cke-s.

.
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This mining discrecan:y wculd suggest a break-d:wn of the linear

dese-res:ense relatier. ship at icw deses (Co-60a); i.e. , the linear assu=ption
'

; bed on :: served risks at high deses over-esti=ates the risks of icw deses.
I

Suen a deviation 5 linearity is widely ac:e::ted for icw LET radiation

(NAS-80, NC-80), but has not crdinarily been accested f:r alpha particles.
'~

However, it is suggested in SEIR-!!I for a.1;na particle induced bene cancer

based en evidence fm the radium dial painters.
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The auther is greatly ince:ted to E.P. Radford, E. Sae::= anne, J. Samet and
R.E. Shere f:r helpful suggestiens and criticis=s, altneugh this does not

'
necessarily i= ply tneir agreenent witn the cenclusiens of this paper.
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- Table 1: Raden levels (in =illf-ecrkf ng levels =E) in buildings.

free varicus U.S. studie: (00-30}. Yalues are averaged

over ti=e of day and seasen: of the year. -

| Loca d en Units * * Av : 'R:i(-E ) C w.ents.

..

.

Florida 16 7--
.

~-

Tennessee 15 8
.

I'' Besten 14 4 bes ment:

3 0.7 first ficer

New York 21 S.8 basements

[ + New Je-sey) 'S. 2 first ficor'
,

| .- 7Chicag: -

22 30 uncaved crawl space-

7 no U u ilingsGrand Jet. ,CD -
,

4 .no high a contentnovies -

a
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7able 2: Lung cancer deaths expected frx. ESIR-III =cdel for exposure of 0.22 EVy
-

Ir'. . - Col.(2) is th.- nu=her of years before the latent peMed at the ave-age age of the?
group. For exa=cle at age 37 age 0-12 is before the 25 year latent peMed for6

i

::: se ages, and age 15-20 is before the 17 year latent perted for t.tse ages;'

hence, the entry is 12 + 5 = 17.

I[- Col.(3) = 0.22 LVyr x Col (2).
Col.(4) is frx the SEIR-III Report.
Co!.(5) = Col.(3) x Col.(4).

>

Col.'(5) is from U.S. Statistics (FEW-79).I_ Col.'(7) = Col . (5) x Col . (6).

,

-

Col. (8) is fr::s U.S. Statistics (Ce-75).
Col.(9) = C 1. (5) x. Col.(8).-

-

II' ' (1) (2) (3) (A) (5) (6) (7) (8) (5)age at e*fective e r-sure Msk rate populatien expected pecul. expected

I- dea:t y cf (kl.M) facter (x10-6/yr) 1976 cases 1S10 cases
6exposure (x10) 1976 (x105) 1910

.25-29 17 2.7 10 27 11.9 440 6.40 237

_.
40 44 25 5.5 10 55 11.1 61 0 5.25 239

45-49 30 6.6 10 65 11.7 770 4.47 295

50-54 42 9.2 20 184 12.0 2210 3.90 718

|- 55-64 50 11.0 20 220 20.1 4420 5.06 1113
~

65-74 60 13.2 50 660 14.2 EI70 2,5 1650

'I~ >75 70 15.4 50 770 8.7 6700 1.45 1117

!
-

21 4.6 24520 S2.0 5419
L. (inc. age 0-34),

i
'

1976 Rate (all ages) = 24,520/214.6x106 = 114 x 10~0/yre

''

1976 Rate (age >4C) = 24,CSO/77.2x106 = 309 x 10 /yr

| 1910 Rate (all ages) = 5419/S2.h104 = 59 x 10 /y-

I
I-
I-

- - . . . - .. ..
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Table 3: C c:::aMsen of BEIR-III ertt: ate of lung cancer rates frem

*

envircr= ental raden (C:1.(5) of Table 1) with tstal lung

| cancer rate: among n:n-s::cke s f-s:: vaMous studies.

I~. +-
l

.

.
.

'
Ga-60

Ace EEIR-IIII_M F N Ha-66 Ka-46 Ha-52
P 25-44 46 40 10 25 7 0

4 5-54 125 .50 40 45 42 0 < 30 -

55-64 220 140 90 115 105 100 72
065-74 560 170 220 149 300 >340__ ,

SC>75 770 380 490 430 460

1
m

_

_

?
.
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!E- . Table 4: Lung cancer = rtality rate: in varicus : unt-tes %
!

| ,

the early twentiet!r cent =ry (Co-80a}
,

8
|I- Count-v yes-s Rate (x10 )
.

England & Waler 1901-10 8.8*

Sc=tland 1905-10 11.6'

,
. . .

5I - Ireland 1901-10 3.3

sweden 1905 1.3'
>

.

.

Bavaria 1905-10 7.5.

- Switzerland 1901-10 6.7

- Au :: alia 1908-12 7.0
~

. U.S. 1914 6.0
| c~

| ( ' U.S. - Exst- ,

North-Central 1514 3.9

b:

L.

I f'

w -

.
F

~
t

. t .

' I,

'. ("
/
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I
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Table 5: Percancage distribution of c:ce:: lung cancer a=cng U.S. mine-s

by hisciogical type (Ar-74)*

:

~

|i-
-

dese('U 1_ T_ vee 1_ Tvee 2_ * *To ! W t* s 'Tetri' cases

1-359 8.7 75.6 12.2 2.5 10.8

- 360-1799 31'.2 68.1 0.4 0.2 32.4
_

F >1800 21 .5 67.7 9.4 1.4 49.8

c:zsined 23.A 68.9 6.6 1.1 S2 9'

'~
:

Obse-ved/ex::ected ratio for varicus histological ty:es of inng cancerI Table 5: The nu=ber cf cases per
ameng C:ecteslovakiac uraniu= miners (Ho-77).Line 6 shows the additional cases
100 cent-cis is shown in Line 5.
among =ine-s in a peculation size that would give 1C0 cases a==ng

.
;

The totalcentrols; it is calculated as [(ces/exe)-1]xtine 5.
-

additional cases cf all types is fcund : be 370. The last line is
'

.

"

_

:ne percentage of the 270 which are of each type.'

1

l
^

dese ( LM)_ Tvee 1_ Tvee 2 Tvee 3 ether All tveesl
!

'E < 200 EM 2.9 3.6 1.3 3.1 3.0
'~

4.3 5.0
200-399 3.6 . 7.7 -

['
"

>4C0 9.1 9.2 1.3 3.3 7.5

c:chined 4.7 6.1 1.2 3.5 4.7

I m is per 34.9 41 .6 13.1 10.4 100,

100 total. ._
,

;
26 370

' - additional 129 212 3
'

|
in miners

,_

-
pe-cent of 35 57 1 7 100

'

additional

_

. .

5 _

- .
.

e
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Table 7: F.i:t: logical clu:iff = tion of lung cancer: a==ng ncn-smckers in various.

::sdien. Cases wi.e-e diffe er:: pathelegt::s dt:ag ee are included in-

,

both type: with :;uestien = ark:, and in :=r: tag these are =ultiplied by 1/2.

,I
.

. A
&napi.

I-
? '

.

Ref. Sex Tot.a1 Type 1 Type 2 Type 3 Type 4 Type 6 Undif. ether Type 2

Wy-54 M 19 10 6 3 0-- - -

7 S'3Kr-67 M 16 3 1 5 - - - .
(.

. F 73 3 3 42 25 4.1- - -

ky-67 M 8 2 1? 5 17 6.3- - -

;- F 25 3+Ts 1 11 4 ? 1+17 2+37 2+17 3.3-

Yi-77 M 24 3 3 8 0 3 2 13-

I- F 38 6 1 22 2 3 4 2.5-

17Ye-73 M 7 1 0 el? 0- -

-

F 25 4 2 1 917 3+17 7.72'.- -
-.

-- Au-75 M 6 0 0 6 0 0 0 0-

,

- .

De-70 F 6 0 0 6 0 O_ o 0-

saf 249 41 .5 11.5 132.5 8 41.5 8.5 6 4.5~

.

I - -
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Table 8: L::ng cancer in:tdence crn; U.S. urant= mine-: as a functirn of*

s:xking freceeney and raden ex;c:=re. Entries are cases /1000
{;

_

pe-sen-years with ::tal n=5er of cases in pamt'hes. Fr - (Ar-75)f*

.

-
_

,

cigarette s::ck- * w dcn c x :re-'~

ing frecuecey 1-359 'AM . . .363-1799.1LM >1800 k'M
[ _

non-s:cke-s .20(1) .34(3)- 1.39(Z)|[
-

1 pack / day 1.5a(5) 1.14(3) 8.3(6)<

I
'

1 pack / day 1.30(9) 3.52(29) 9.4(30)
_

>1 pack / day 2.7(8) 4.53(17) 13.3(15)

Ir f 2.97 (3) 3 25(6) 10.1(9)I ex-s=cke-s,

i

irm

^*

.
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7able 9: Lung cancer incidence per 1C00 =ine .. (Ku-79) in the gr:up of.
*

7 Cze:heslovakian =iner: wh: began e=sley=ent in 1343-52 vs raden
! d=se and length cf e=sloy.:ent in mines. Upper lines re: resent-

the be: value, with 95: ::nfidence li=its before and after. Lower
lines are the tw tems calculated fra: (1) with the least square

+ fit values of a and b 91ven in (2); the first tem is the centri.
I[- but.'en fra: dose dependence, and the se==nd tem is due to dependence

on- 1ength of ec: ploy =ent in mines. Note that their su= is always well
'

.

;. within the 95: c nfiden:e li=1ts cf the chserved value.
.-

Ir
.

d=se years of ecploysent in =inesI (WLM)
-

4-7.9(=6) | 8-11'.9(=10) | >12(=16)

Ir - < 100 -10, 12.6. 58 -21, 22.7, 222
.

5 + M = 39 5+U=E.

{ 100-199 21, 42.5, 70 19, 53.6, 106 -10, 65.0, 293-

11 + -34 = 45 11 + 57 = 68 11 + 91 = 102

Iri 200-399 18, 43.0, 78 74, 107.1, (144) 67, 112.1, 172

22 + 34 = 56 22 + 57 = 79 22 + 91 = 113
-

400-599 -5, 36.4, 125 65, 110.4, 172 99, 155.5, 230
-

( | 33 + C4 o 72 38 + 57 = 95 38 + 91 = 129

>60o -11, 44.1, 2c7 as, 93.c, 2c7 115,1a9, 290p
'

i 54 + 34 = 88 54 + 57 - 111 54 4 91 = 125
-

Im

m
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Fig.1: Ca:a en radiation induced lung cancer fr:m varicus spr:es,
and esti::ates by EEIR-I and BEIR-III. Error bars are one

g
,

standard deviatien. Cashed lines and peints c:nnected by them
~

are explained in text. .

m

Fig. 2: Additional lung cancer frequency amens Cze:heslovakian miners Jh ,

vs c:culative- radiation expcsure for pps e=: ployed 4-8 years .
'

(t:p). B-12 years (middle), and >12 years. Cata are frec: Ku-79.

Hori:=ntal lines represent fit ts ass =ption that agents in the

I;, _
.

-

mines other than raden we-e responsible for all excess cases

unde- the ::enstraint that their effects are proportional to

- length cf es:ployment. 51cped lines represent fits :s ass. ption

that all ef'e::: were ciue to raden, with E c=nstraint that they
Ir''

are independent of dose ra e. If it were ass =ed tha' etfactsi

er radiation are independent cf d=se rate er ine ease with dose

rate, the latter fits would be :::uch pccrer.
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