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under certain conditions. The limit

Comments on Branch Technical Position

on Disposal or Onsite Storage of Thorium or
Uranium Wastes from Past Operations

€ Federal Register 52601 (Oct. 23, 1981)

i o

inese comments, submitted on behalf of Kerr-McCae

Corporation, Kerr-McGee Nuclear Corporation, and Kerr-McGee
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orporation (Kerr-McGee), are in response to the
echnical Position on Disposal or Onsite Storage of
Jranium Wastes from Past Operations. The Branch
hnical 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
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as applied to uranium
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wastes are purportedly based or an EPA 5 pCi/gm radium=226

standard. The limits as applied to thorium wastes are repre-
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ited to be based on certain EPA exposure standards for the

'
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lung and bone and on an external. gamma standard. Under the
fifth option, NRC rroroses a position that urarium and thorium
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wastes may not e dlspose except 1n accorcance with options
- - P 2N 3 3 - i1 = ==l S - . - N 5
ne tarougn Iour or at a l1li i1sed dlsposal rfaciliity Jption
- - ‘ - - . - - - -~ - -3 -
five envisions 1indefinite interim storage 9% uranium and thorium



wastes not qualified tor di

1f a licensed repository is unavailable.
The Branch Technical Positiorn >stensibly 1s directed

sposal under options one through four

at sites formarly used for processing thorium and uranium and,
in many cases, the quantities are large but the activity con-
centrations low. ince some of these s.tes are still licened,
while others are not, different legal requirements apply.
Specifically, currently licensed former mill sites and their
gs are subject to Title II of tre Uranium Mill
ailings Radiation Control Act of 1978, as amended (UMTRC
Act) and, accordingly, are not subject to the Board Technical
Positiong These comments do not address whether the NRC has,
c¢r could assert, jurisdiction over foruer processing sites
which are not currently licensed.

The Branch Technical Position should be withdrawn.

Four are beyond the agency's authority, premature, and un-
supported. Option Five is flatly contrary to the Uranium Mill

adiation Control Act, 10 C.F.R. § 20.302, and the

.
A

[Interest of Commenter

Kerr-McCee Nuclear owns and operates a uranium mill

Ambrosia Lake, New Mexico. The Company also owns
and operates a uranium conversion facility at Sequsyah, Okla=-

.
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whole exercise invalid. correc=
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deficiencies will lead toc a substantial
increase in the maximum concentraticns allowed under each
NRC's Cption Five envisions interim storage of

licensed conc2ntraticns of uranium and thorium on-site pendira

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 aizo contravenes

C C.F.R. § 20.302 and the agency's past practice pursuant to
it. Furthermore, temporary or in<er .m scorage is contrary to
the public policy favoring prompt decommissioning of facilities

and permanent disposal of associated waste. As a general
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licy, the NRC should treat onsite disposal as the preferred
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n-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-

jestion, embodied in a memorandum £rom Mr. Dircks to the

Chicago Facility. That facility is a thorium mill and is
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Technical Position. Reorganization Plan No. 3 of 1970! trans-
ferred to EPA all authority under the Atomic Energy Act to

ection of
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ue generally applicable standards for the pro

t
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ublic health and the environment. NRC's authority was con=-

e

ined to enforcing and to implementing standards adopted by
EPA.? NRC thus lacks authority to issue standards such as
those on which the Branch Technical Position is grocunded.
The Branch Technical Position is thus invalid as beyond the
agency's authority.

NRC's lack of authority is especially clear with

™"

respect to "k product material” as defined by Section ll(e).2

of the Act, 42 U.S.C. § 20147/e)(2). This type of byproduct

material i1ncludes uranium or thorium waste resulting from

127

extracticon or cuncentration of uranium or thorium from any

ore processed primarily for its source material content." It

ct
.o
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specifically covers uranium and thorium wastes generated

at Xerr-McGee's Ambrosia Lake and West Chica facilities,
: EPA was established by Recrganization Plan No. 3 of 1970,
35 Fed. Reg. 15623, 84 Stat. 2086, 2 U.5.C.A. § 4321
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
Energy Act the uranium milling industry is challenging the
validity of the pertinent provisions of Reorganization Plan
No. 3 in a separate prcceecing. See Kerr-McCee Nuclear Corp.,
et al. v 7PA, No. 81=-1630 (10th Cir.) This portion of
Kerr=-McGee's mments assume arguendo the validity of the
R=¢r:a:-:a:;cn ?Lan
. This arrangement has been confirmed in a Memorandum of
Understanding between the AEC (NRC's predecessor) and EPA
38 Fed. Reg. 24%36 (September 14, 1973)
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the United States have significantly lower

cer and chronic disease that people in th
ns where natural ionizing radiation is much

King example invclves the people of Kerala,

e of Kerala are reported to have

t literary rate and the best nealth
India; yet their expenditure on

e is not appreciably above average,
ave the lowest food intake and the

least adequa*e diets of pecple of all states

of India
paradox 1is

A partial explanation for thi
that radiation from the unusually

high radium and thorium in coastal and river

rocks expo

ses many residents to 10 times more

terrestria

e o~

l radiation than the U.S. average.'®

NRC admit

v

%

that the linear nonthreshold model may be

erroneous. 't In fact, as one statistician has charged, the

purported general re

!
)

large part [(a] misus
primary reliance on

over==21mpilication an

gulatory "acceptance" of the model is "in

e of statistics."!'* Exclusive or even

the linear non-threshold model is an

»

d ma Y result in an over-investment in

in High Background Radiation A-eas in China, 209 Science 3877
(198C) (Attachmant G); Gopal-Ayengar, et al, Evaluation c¢f
Long=-Term Effects of High Background Radiation on Selected
Population Groups on the Kerala Ccast in Peaceful Uses of
Atomic Energy, Vel. II, Proc. 45th Int. Conf. Peaceful Uses of
Atomic Energy, pp. 31=51 (1971) (Attachment H); Cullen, et al.,
vosimetric and Cytogenetic Studies in Brazilian Areas of High
Natural Activity, 19 Health Physics 165 (1970) (Attachment I)
* Luckey, Letter: Hormesis, Nuclear News 52 & 54 (Dec.
1981) (emphasis added)
‘* GEIS U-4
**  Hickey, supra note 15
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However, even assuming that 80 mrem exposur s a sound stan-

-

dard, it clearly warrants much higher radium-226 concentrations

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

/

un

80 mrem are based on numerous improper assumptions which

overstate exposure. For example, EPA made a 100j occupancy

20-30% of the time -=- not 100% EPA alsc 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 l:=ast a
factor of two to three. The 5 pCi/gm radium-~226 standard will
result in a dose of about mrem assuming realistic outdoor
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by at least a factor of S and still not result in exposures

%  Average natural baqu*ourd radiation (cosmic, terrestrial
and internal body radiation) varies from State to State
between approximately 90 mrem and 180 mrem exposure per year.
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 Ionizing Radia-
tion, Hearings before the Subcomms. on Energy Research and
Production and Natura. Resources and Environment of the H
“omm. on Scien and_ hnology, 96th Cong., lst Sess. at 8-9
(1979) 1 Effec s of Radiation, 15 Encyclopedia
Britannica 382 (1979) Epidemiolecgical studies indicate that
background radiation has not resulted in any statistically
detectible harm and may in fact be significantly beneficial
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Second, the proposed guidance on transuranics was
designed for the protection of workers who were assumed to be
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accordingly in the form of dose commitments. The dose commit-
ment approach 1s far too stringent as applied to the general

v : & "
population. Radiation dose commitment”™ mean

‘N

i

2, for a radio-

1 1 s wre } .y . ~ } 1 .V - o1 3 1
nuclicae with a ver iong half life such as thoriu

that

3
1
o
W
B

Pt

~

an actual ohysical dose ¢f less than 0.02 mrad

0
®
"

~
1
w
3%

1s

3

rad. As a

(=

"counted" for regulatory purposes as a dose of
result, a standard specifying a 1 mrad dose commitment is

extremely conservative, and rather deceptive, for the doses

m

The dose-commitment approach is reasonable only

=

11

one assumes that all exposed people will be exposed every year

(87
O
8
W
r
13
o
s
t
b
3
@
t
O
(t

he szame level of dose.

'
4]

, . .
his cbviously

not the case, particularly in our highly mcbile society.
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Tc 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.
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 NRC'
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tained in 10 CFR Part 2C for these purposes. These 2xposure
oncentrations at least an order ¢f mag-

nitude higher than those set forth in Option One even where
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which further invalidate the 40 pCi/gm limit. For example,

NRC assumed a 509% 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

"

loored 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. Cecrrection 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 1s far less than naturally occurring radon concentrations

in dwellings.?! NRC also may be resting Option 3 on a 170 mrenm

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

("Licensing Requirements for Land Disposal of Radiocactive Waste")

'

500 mrem whole body.??

=
[
t

employs an inadvertent intruder lir o

NRC offers no rationale for its diffe -~ent approach here.

- Indeed, a recent study indicated that indoor radon con=-

centrations may commonly ba in the range of 12 to 33 pCi/l
(0.13 WL to 1 WL using the conversion factor set forth in 1
C.F.R. Part 20, App. B, footnote 3) See Rund», et al.,
Observation of High Concentrations of Radon in Certain Homes,
36 Health Physics 729 (1979)

'2 46 Fed. Reg. 38095 (July 24, 1981) proposed § 61.42.
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July 24, 1981

sent that the remainder of title IV be
considered as resd and open L0 amend-
ment at any pownt.

The CHAIRMAN. [s there objection
to the request of the gentleman {rom
Alabama?

There was no objection.

The CHAIRMAN. Are there any
points of order agaunst the provisions
of ...‘c v

AMENDMENT OFFIRED #Y MR, STRATTON

Mr. STRATTON. Mr. Chairman, I
offer an amenument.

(The portion of the bill to which the
amendment relates (s as [ollows)

NUCLIAR REGULATORY COMMISSION
SALARIES AND EXPENSES

For necessary exjenses of the Coramission
in carrying out the purposes of by Eneryy
Reorganuzation Act of 1974, as amended,
and the Atomic Energy Act. as ameaded. o~
cluding the empiloyment of allens services
authorized by 5 U.S.C. 1109: publics tion and
dissemination of atomic nformalon pur-
chase, repair, and cleaning of umf rms res
imbursements o the General Services Ade
ministration {or securily guarc services; hure
of passenger motor venicles and aucrall
$ATT 534003 i which not '@ exceed
$1.455.000 shall be avallable for the Office
of the Commissioners and of which
$80.410.000 shall be available for toe Office
sf Nuciear Reactor Regulation, and of
which $82.887,000 shall be avallable for the
Office of Inspection and Enforcement Pro-
vided. That {rom this appropriation, rans
fer of sums MAy de made L other igencies
of the Government for the performance aof
the wark for which this apgoropriation s
made. and in such cases Lhe sums 30 rans
ferred may De merr:. ¥iih the \ppropr-
stion to which trany rred: Provided fur
ther. That maneys received by the Commise
gon for the cooperalive nuciear safety -
search Drograms may be retained and used
for salartes and expenses associated With
those programs, notwithstanding the provie
sions of J1 USC 484, and shall reman
available until September 10, 1983 Provided
Surther, That funds avalapie {or nuciear re-
actor research shall remain avalable untl
September 30, 1983 Prruvided further, That
ransfers between accounts may bde made
only with the approval of the Commillees
cid Appropriations of the House of Repre-
sentatives and the Senate: Provided ‘urther,
That no part of the funds appropriated in
this Act may de used L0 mplement section
110 of Public Law 96-293

The Clerk read as followss

Amendment oifered by Mr. STRATTON:
Page 30, lne 3, strike out the period and
nsert n lleu thereof the following: * Pro-
vided /urther, That no [unds appropriated
o the Nuciear Regulatory Commission o
this Act may be used 0 implement or en-
force any portion of the Uranium Ml L
censing Requirements published as [inal
rules at 45 Federal Register 65544 o 65538
an October 3, 1280.7

Mr. STRATTON
iig). Mr. Chairman, [ ask unanimous
consent that the amendment de con-
sidered as read and printed n the
RECORD.

The CHAIRMAN. Is
to the request o
New York?

There was ro oblection.

Mr. STRATTON. Mr. Chairman,
Subcommitltese on Procurement
Military Nuclear Systems 14
Armed Services Commitlee

iuring the read-

there objection

an rom

e genll

my
and
the

held 2 days
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3f hearings on the remedial action
programs {or the decontamunation ani
decomumr.issioning of sites [ormerily as-
sociated with nuclear defense pro-
Zrams and {or sites which contlain ura-
nium mull talings or other uranium
ore residues. These remedial action
programs are being developed L0 meet
the requiremen 2f Public Law 95-
504, the u:-:L..“.r:.\ Mill Tailings Radl-
ation Control Act of 1978.

The act a..sx.:ms that uranium mill
tailingz pose a poteantial and signifi-
cant radiation health ha»ard to the
pubiie. Without any evidence that ura-
nium mill tailings are a hazard, Public
Law 95-504 requires £PA and NRC to
develop standards and regulations
that have been interpreted. for (n-
stance, to ~equire dirt piled i0 to 30
‘set on toe iles because our future
Sovernment .aight not continue {or
another 1,000 years. Without any 2vi-
dence of hazard, EPA proposed the
promulgation of s.andards that could
require cleanups at certain sites that
would place those sii2s at or below the
hackground levels for radon and
radium that occur naturally in neigh-
boring areas.

The act directad EPA to issue {Inal

cleanup and disposal standards by No-
vember 8, 1975. This deadline was not
met, but (nterim standards were pro-
posed on Apri 22, 1980. and January
19, 1981, A comment period was estab-
lished which ended on July 15, 1981
The Deputy Administrator of EPA tes-
tifled at hearn on June 24, 1981,
that £EFA vmum take 2 t0 J years L0 es-
tablish inal stzucards because they
wished to consider very casefully all of
the public comments available to this
agency.
Public Law 95-804 required th
clear Regulatory Commission & pro-
mulgate rules which would implerent
and enforce the EPA f{inal standards.
There are no ZPA final standards: and
there should not be NRC rules.

The cost to the private sector and %0
the US. \_ov-rr'".e::t to f{ollow ‘ae
NRC f{inal rul could be (n the bil-
llons of dollars without providing any
real “nomvoﬂe i1ts in the health ana
safety of the American public. Until
such ""‘e as epidemiological studies
are done, until such time as EPA pub-
lishes its standards and until we 120w
what hazards actually exist, the Nucle-
ar Regulatory Commission should be
srohibited (rom enforcing the arbi-
trary, capricious and expensive-lo-
appiy rules they have promulgated.

Mr. BEVILL, Mr. Chairman, will the
gentleman rield?

Mr. STRATTON. I
gentiman {rom Alabam

Mr. BEVILL. Mr. Chairman I
with the gentleman {rom
that n this era of budget
there should be careful
the expenditure of funds
-.n.e marginal beneflits to
thank the gentleman {or bdringing this
serious deficiency Lo our attention. We
accept this amendment on this side.

Nu-

yield to the

agree
New Yor
stringency
controls on
which pro-

the public. I

ferred in the {scal

H 4373

Mr. MYERS. Mr. Chigman, will the
gentleman yie: d?

Mr. STRATTON. I
tleman {rom Indiana.

Mr. MYERS. Mr. Chairman, we cer-
tainly do not want Lo get into a situa-
tion where we would neediessly spend
hundreds of mullicss ,r :L‘.i;on.s of doi-
lars to areas t little, if
1:14 hazard to th accept

the amendment on t side.

The C‘LLR.‘L\..I The question is 0 ;
the amendment offered by the ;em..&
man {rom New 7ork (Mr. STRATTON).

The amendment was agreed Lo,

O 1430

Mr. DECXARD. Mr. Chairman, I
move to strike the last word.

(Mr. DECEARD asked and was
given permission to revise and extend
his remarks.)

.r. DECEXARD. Mr. Chairmun, it
was at this point that I (ntended Lo i~
troduce an amendment fecting
Cw""m Dam. For technical reasons,
I am unable %0 o so.

Last December, the Governmert Op-
erations Committee, of which [ am a
member, unanimously approved a
report criticizing the Coiumbia Dam
project in Tennessee as a waste of
money. Completion of the project
would cost taxpayers an additional
$100 milllon, simply to create the
eighth recreational reservolr withun a
short radius. To that end, TVA pro-

yleld to the gen-

,..-)u.A;

blic. We

poses to destroy a river, condemn 440
1,500 peopie

farms, and f{uive {rom

their homes.

The T7A appropriation (n this »ill is
$15.3 million—the amount of Lioney
for the Columbia Dam project for
{iscal year 1982, These funds were de-
1981 suppiemental
appropriation and rescission bill vhich
we adopted a short time ago, pending
acquisition by TVA of the necessary
:err:'.'t.& These have now been ob-
tained, and only by cutiing these
funds can the project be halted. A vote
to ‘0 s0 would save $15.3 million im-
mediately and more than $100 _ illion
.::~*owr‘.s:.rvam costs.

The comzmt...ee found that--

Prst, this project would not produce
2 sing'e ‘*eA {it that could not Le
a.cr.:eved by a less costly alternative.

Indeed. the Columbia Dam ‘s th
highest cost alternative for addressing
the problems noted Dy project spon-
sSors.

Second, the primary justification of
the project—fully 60 percent of
claimed benclits—is for flat water rec-
reation 0 an area which already nas
seven reservoirs within a short dnive of
the project site.

Third, 440 farms wou'!d be destroyed
and 1.500 people would be {oreced {rem
their homes 10 make way for this rec-
reational reservoir
Fourth, over 0 million remains to
be spent on '.."..., projece, all the
claimed benefits—as'de {rom those as-
sociated with a s3peedboatling .ake--
could be realized by spending between

but
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dation proposes a $35.000,000 general reducton from the March budget
request. However, the recommended appropriauon is sail $10.100.000
over the revised request for 1582, and more than $23,000,000 over thr
funding level for 1981,

Nuclear data link.—The Cormitice recommendation restorss the
Rouse reduction and inciudes the reguested funding for the nuclear
daa link system. This prototype system is designed t0 improve emer-
gency response and enhance the quality and quantty of technical data
available 1o NRC headguarters emergency response pemonnel.

The Committee heiieves that the Commission shouid proceed with a
prototype system t0 furiner detemrune f2asibiicy and cost effecuvensss
of this project. Although the fuli Sudget request is approved. the Com-
mission is directed (10 spend no more than $1.000.000 unul such tme as
it has submutted a report to the Congress and has received the approval
of the Committees on Appropnations.

Licensing recovery—~As noted ia the House report. the Commission
has shown improvement ia the handling of operating license reguests
and construcucn permits. The Commission has imitiated a program 0
recover from the delays in issuing operaung licenses that resuited from
e accadent at Three Mile Isiand. This effort o reduce licensing deiays
was acceierated by the reprogramiug of $4.300,000 in fiscal year 1981 w0
support licensing acuvities.

During fisca! year 1982, the Commission should pay sartcular acten-
tion to plants scheduled for compieton and licensing i 1583. The
Commission should idenufy early those plants that are likely to be
songly conrested and alow sufficient swaff and heaning ume for those
cuntested piinGs 0 de licensed without unnecessary deiay.

Lossof-fluid test program.—Within the funds appropriated 0 the
Nuclear Regulatory Commussion, the Commuttee notes that S<4< 000.000
is recommended to be allocated to the loss-of-fluid test (LOFT) pro-
gram at [daho National Engineenng Laboratory. The Committee nnder-
lines its support for this program which is designed 0 conduct evoern-
ments (0 de.2rmine the resuits of the loss of reactor coclant water.

The Comumuuee notes further that the LOFT Special Review Group
(LSRG) was esublished w0 review tie LOFT program and regort its
findings to the Nuciear Regulatory Commission. The primary purpose
of the group was 10 consider whether LOFT should be decommissioned
in fiscal year 1983, as recommended by the Advisory Committes for
Reactor Safeguards. On February 11, 1981, ¢he NRC Commissioners
met to hear the :2pert of the LSRG and the esponse of the Office of
Nuciear Regulatory Researcn (RFES).

RES developed a tesung scheme which drew from tests suggested by
LSRG. The RES tesung scheme proposed a parucular sequence which
would provide, in theirr view, an opumum feedback and i enufic
reum. The views presented by RES were consistent with those pre-
sented by the LSRG. The proposed RES testing matrix and schedule ss-
timates wouid put the final LOFT test in January 1983. The Committee
specifies that the $44.000.000 are appropnated for the conduct of those
tests idenuficd in the proposed RES tesung mawmnix.

Uranium muil licensing requirements.—1he House of Representauves
adopted a provision that would profubit the use of appropriated funds

054270 « 81 - 10
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particular interest or to demean the im-
portance of the questions Lncy are ralsung
here, but {rom a fiscal pawnt of iew, we
are resisting all amencments, as [ have
just tried 0 resist the Tower amend-
ment and falled. .‘«'c are resisting all
amendments tc tus bul because we are
$350 million above the President's level
Now, with the Tower al:iendment, w2 are
going to move clcse to the 3700 mulion
over the President’s requested level That
puts us in real (eopardy of getting the oul
eigned. Nownere does this reciark reflect
at all on the projecst itseif.

Mr. G'.ENN. Mr. President, I appre-
ciate very much the remarks of the dis-
tinguished foor manager of ke bill. As
he has pointed out, the languaye® (o the
commitiee repors says:

The $£0.000.000 zenerai reduction Lroprwd
for uranium suopiy and earichment actidls
ties shouid be prudently allocated 0 thas,
w0 the extent possibie, ‘Ders (§ T.AImMAl Ume
PAct on Droducuon capablity.

So we can speil this cut, Mr, President,
is i¢ the niew of the appropriaticns come-
mittee that “munimal !mpact on produce
tion capabulity” could be achueved by ale
locating the general reduction !o such a
wey that planned increases (n the ef-
ficcency of production are allowed t0
move forward on presently projected
time {rames?

Mr. HATFIELD. Yes, Mr. President, (U
ture ncreases n eficiency as 3 means
af maintainieg or increesing production
capability would be highly desirable, and
should be ‘aken into account by DOZE
{n allocating any general reduction.

Mr. METZENBAUM. Mr. President. [
inquire .. the manager of the bill ihe
distinguished Senator {rom Qregon, is it
the view of the Appropriations Commit-
tee that, (n drafiing the passage r=ferred
to Ly the senior Senator {rom Ohio, the
commitiee did aot wish to suggest that
DOE shouid make a decision in this area
that could cause delays (3 bringing en-
richment capacity on line that would
be needed for competing {or new comne
tracts {or enrichied nuclear fuel?

Mr. HATFIELD. It s definitely the
irtent of the committee that DOE should
avold any delays at ail.

Mr. GLENN. Mr. President, I ape
preciata that statement by the distine
guished chatrman. I want further t0 ask,
does the chairman of the Committee on
Appropriations agree with the assess«
ment that the gas ~.tniuge enriche
ment project will de an impeortant tool
for easing U.S. bhalance-ot-r.7 ‘ents
problems. for :m:mounz elect 7, ene
ergy eticiency wvhile !ncreasing our tue
clear {uel production capability. and for
aiding the U.S. suciear nonproliferation
effart by ~—-king the United States a
reliable supplier of lov-cost nuciear fuel
o foreign as well as domestic utilities?

Mr. HATFIELD. Absoluteiy: I :eum
GCEP can help very definitely in th
areas, as weil ¢3 all other areas wnm
it has alreadvy .roven i3 worth.

Mr. METZENBAUM. Mr. President,
does the chairman of the Appropristions
Commuttee agree that the ailocation of
the general recuction by DOE should not
create o situation in wlich costs ‘0 e
Government {or enhancing uranium ene
richment capacily o the [uture will rise

CONGRESSIONAL RECORD—SENATE

5y an amount greater than ile general
reduction?

Mr. BATFIELD. [ agree thad the allo-
cation of any seneral recuction 5y DOE
stowld be performed ! a way inat is
cost efeciive and every effort slould W
made by DOE w avoid signilcaauy
sreater costs {or DOE pregrams 3 e
{uture.

Mr. METZENBACM. I have one last
question, Mr. President. We are awire
of whe {3t that we are $90 milllon delow
whe House bill (n this area. [ 1i50 respect
and I know that my celleague {rom Olio
equally well respects the position of tne
cha~maa of the Appropriations Come
muttee in resisting any edort 0 20 Deée
yond the excesses that are in the bul,
excesses over the amount LIy questicn is,
Can we who have a major concera abous
this subject be reasonably well-alsured
that, when this matier is conside.ed by
e conierence comumitiee, the Sepator
{rom Oregon, the chairman of ke .3 2e
mittee on Appropriations (Mr. Hatnod),
"l give every possible consideration o
smoging the 590 milllon back into it?
Can e, hopeialy, 8nd ways to do thas,
as is provided in the House oul and, ratle-
er than make the !ssue on the foor of
the Sexzate, can we hope that the matter
can be resolved at ‘he conierence ome
mittee levei?

Mr, HATFIELD. I shall make sure this
Serator will put a double asinsk on thus
item in conference %0 rem '=d us 0 be
very sympathetic to the requess of doth
Senators from the Stats of Obio.

Mr. METZENBAUM. Both of the Sep~
ators from Ohio Wil be doubly apprecia~
tive of the double asterisk and Ce even
mare grateful if they put the §50 milllon
back (o,

I yieid to the senior Senator {rom
Qhio.

Mr. GLENN. Mr. Presicent, I "'ank
the distinguished 2o0or manager of the
bill for hus consideration in this matter.
I think tais colloquy very well speils
out what %e hope wul take place. It is
an important project. It is cne of the
very few facuities {n the world ke this:
in face, it is the only one like this exact-
ly. It i3 energy eficient, as I rointed Jut
in my earlier statemens. If =c cut back
pow. it will have some very ¢.10us ime
plications in international markets as
well as domestic.

I point out once again this facility s
s moneymaker f{or the country. It is
not a drain on the budget. We are pare
ticuiarly grateful f{or the support n-
dicated by the floor manager of e bull.

Mr. METZENBAUM. Mr. President. in
view of the double asterisk assurances
given by the chairman of the Committee
on Appropriations, on Dbdehalf of the
senior Senator from Chio and myself, 2
cow withdraw the amendment.

The amendment (UP No. 531
withdrawn.

Mr. SILIPSON. Mr. President, T want
to express my support for the limitation
now in this dill on NRC's implementae-

fon of its uranium mull licensing regue

was

lations. I delieve that the limitaton is
an apopropriate and necessary sicy (n ree
stonng a rational and workable reguia-
tory program {or uranjum mills and mill
AUInRS
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Subcommitiee, I have directed -cnsicers
adle atiention to the unplemenzation of
the Uranuum Mill Talings Radiation
Control Act of 1978 (JMTRCA). On June
16, 1981, the Nuciear Regulsilion Sube
commuttee .eld a Deanng to review cer-
tain proolemns that have ceveloped o U

.:nple'ne"uuon of TUMTRCA. [ oex.eve
that the heanng record discisses a nume
Ber of ser:ous probiems 13 the unplemen.
tation of e act. These nclude the fol-

First, the Environmental Protection
Agency has faled to adopt &nal environe.
mental stancards for uranium mu’ taile
ings at acuve sites, even though the act
impcsed a statutory deadline of May 3.
1980, for such stardards. These environ-
mental standarcs vers an essential ele-
ment o the ntegrated regulatory pro-
sram inveining EPA and [TRC establishea
Dy the act, and were to serve as the basis
{or NRC's subsequent deveiopment of
specific tecanical requiremer®< for miil
tailings dispesal at active mxull ites.

Second. NRC has proceedea to adops
its fnal technical requirements {or ura-
nium mill lcensing without the benedt
of the EPA standards. These NRC regu-
lations, wnich became effecuive on Aue
gust 5, 1381, include general environmen-
*al stancdards such as specified reduce
tins o radou relesses (rom mull taile
ings disposal sites, and tecanical require=
ments {or earth and rock cover to achieve
these standards. The issuance of these
NRC regulations vioiates the carsfu] di-
vision of regulatory responsibilities for
mill taillings in the act and creates the
potential for future shifts and conflicts
in regulatory requirements affecung
present and new uranium milling opera-

Third, there appears 0 he substantial
disagreement within the scientific come
munity regarding the basis for certain
of the trchnical requirements adopred 55
NRC. In particular, there appears . ce
consideradbie disagreement over whether
the NRC's stringent racon release Umits,
and the cover requirerents to achieve
tiese lmits, are actually needed tu pro-
tect the public health, safety and the en-
vironment. This is one of the guestions
the EPA environmental standards were
ntended to resolve.

Tourth, certain of the ‘schnical ree
Quirements adopted 0oy .JRC-—most
notably, the radon release limits, and the
cover regquirements to achieve 'ice
Umits—are cast as absolute requirem..ts,
and NRC has pravidied no fexibility n
sppiying these regu rements at sxisiing
sites where large quantities >f mull taile
iogs already ex!st In adopting these abe
solute requirexr-nts, particularly f{or
existing sites. NRC does not appear 0
bave given sufficient attention to cone
siderations of practicabuity such as the
economic and environmental cost of
meeting the requirements.

Finally, {rem v.he date of enactment of
the act until the hearing heid by the
Nuclear Rezulat‘on Subcommitiee on
Jupe 16. the NRC appears to have (n-
sisted "mz all agreement States must
adopt the NRC reguiations as an absolute
minimum without regard to difering
local or regional conditions, \f the State
{s to retain its authority for uranium mill
Ucensing. This position, which was modi-
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fed in testunony before the subcommite
tee, stands (n macked contrast %o the
words of the act, ®hich provide that a
State must adopt standards that are
“squivalent, 10 w.e exient practicasie, or
more stringent than.” the NRC stand-
ards. This position mav also have denied
some agreement Siates lile opportumily
unti recently 1o deseiop and propose al-
ternatives o tho e NRC requrements
that a State belleves are not practlicabie.

Mr. President, (1S clear to me that e
technirel  requirements contauned (3
NRC's wranium mill 'lcensing reguiati. s
are a signidcant contributor to many ¢
the probiems experiecced (n the mole-
mentation of the act. New thai the NRC
tecunical requirements are \n «fect and
the deadline for amendsd agreement
State programs (s approachini:. the ad-
verse .mpact of these technical require-
ments i3 likely 0 (ncrease substaptialy.
For these reasons. [ beileve thai a prompt
suspension of NRC's imas'ementation and
snforcement of these technical requires
ments is an essential #rst step In correci.
ing the problems described above. Zne
actment of the provision in this bl
would acomplisa this obiective and would
prov‘ie the tluie nseded 0 accompiisn
more detalled changes (o the regu'atory
arogram throuzh subsequens legislation
and administrative action.

Mr. President. the Commission has ree
cently advised me that enactment of the
House provision migh® have several detri-
mental effscts. [a particular, the Come=
mission notes that the House provisiol
would prevent the Commuission {rom Un-
pasing on a case-by-case basis lUcense
conditions on uranium milling needed %0
protect the public health and safety, as it
did prior to adoopting its uranium mill
llcensing regulations. In additicn, the
Commission notes that the Houss provie
ston would [orce the Commission 10 ter-
minate all aqresment State wranium sull
licensing programns after November 8,
1981 —=the present deadline for amended
Agreemernts.

Mr. President, [ believe that the
changes made to the House provision
fully address the NRC concerns. Specifi-
caily, the provision !n the bul makes it
clear that NRC refains the authonty o
regulate mull tailings in the manner and
to the extent pery .t od prior Lo the adop=
tion of the NRC « te:hnical regulations.
and that agreemen. States may continue
to re ulate uranium mills during the
periva in which NRC's technical require-
ments are suspended.

The Commission has also indicated
that the House provision might lead '0
renewed litigation on the question of the
fuel cycle nealth effects of radon in scme
individual reactor !license proceed.ngs.
On further study, however, it appea’s
that the NRC's Atomic 3Safety and Li-
censing Appeal SBoard has ajso calculated
radon source terms assumng that the
NRC technical requirements ¢o not take
effect. lucluding these radon source terms
in the onzoing NRC proceedings to de-
termine the health efects of radon showld
miniaize the potential {or future alsrup-
tion of these reactor license proceecings.

Mr. President. Wie provision (n the bul
would sinply preserve the situation n
effect prior to the cfective date of th
NIIC reguiations, thereby alowing Lmo
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to develop the more detailed legislative
and acdmunistrative changes needed 'O
correct (he problems (n implementing the
Ml Talings Acs. Dunng this l-year
pericd, NRC would be pronibited {rom
impiementing or enforcing toewr uranium
mull Ucensing regulations; those States
that 2ave acted tg exercise uramium mil
and mill tauiags regulatory authoiity
upder State law would not pe required Lo
adopt requirements comyarable to the
suspenced NRC regulations; and NRC
wouwld be prohubited {rom exercising any
regulatory authority [or uranium ouls
and muil tadings in any State that has
acted to exercise regulatory authonty tor
aranium muls and mull talings under
State law. [ st agly support the provi-
sion (o the bill as ap essential Arsg step
i restoring 3 rational and workatle reg-
wlatory program for uranium mulds and

mul auings.

® Mr. HART. Mr. President, the Energy
and Water Appropriations act (HR.
4144). under consideration by the Sen-
ate today, coutains a provision tnat
would drasiicaly restrict the authonty
of the Nuclear Regulatory Commuission
0 carTy out its responsibilties under e
Cranium Mil Tailings Radiatios Control
Act of 1978 (P L. 35-604) . This provision
profupits the NRC {rom spending appro=
priated {unds to \mplement and enforce
the final regulations, which it promule
galed 1 year ago, for managing and
cleaning up piles of uranium mi talings
scalterse around the country.

I undesstand that the chairman of
the Senmate Appropriaticns Commuttee
accepted this provision on the advice
that these restristions enjoyed tne supe-
port of the Eavironment and Public
Works Committee, on which [ sit. Al
thougn [ w1l oot press today for a vote
opoosing this provision. I want the rece
or: to show that I do nct suppert efiorts
10 d2lay implementation of toe WUl Talle
ings Act.

The Mill Tallings Act has two pure
poses. First, it estaplishes 4 remedial ace
tion program to ciean up ~ver 235 million
tons of tailings ot two dozen avandoned
uranium mils in several Western Stales
and Pennsylvania. The affected States
and the Federal Government wil! share
the st of the cleanup prosZram. cure
rentiy estimated at around $+05 million.

Second. and just as .mperiant,
act provicdes a new Federal program f{or
regulating management and disposal of
uranium tailings to protect public health
and safety from the radiclogical and
nonradiclogical hazards of these tauings.
As part of this regulatory scheme, tle
NRC has premulgated nealth and safety
standards. The four States that bave re-
ceived authority, delegated f{rom &
NRC through tae agreement States pro-

to regulate uranium LIRS
with their boundaries must adops, by
November 3, 198]. standards “which are
equivalent. to the extent practicaple, or
more stringent than” the NRC's stand-
ards. The NRC will continue to regulate
directly uranium mill talings in Lhose
States do 2ot participate o tle
agreement States program.

The M Tallings Act, o essence, es-
taplished a uniform system [Oor protects
ing he public {rom the dangers of ura-
nium miling and the resuliing taulings.

e
e
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Several arguments have been made
for suspending NRC's authority under
the Mil Tauirgs Act. I do not 4nd any
of Lhese persuasive.

First, it has been argued that Agree-
ment States capnot meet the NO. 2indep
8 deadline for conormung their siande
ards 0 the NRU regulations. This ap=
parently is the prigiary stated reason (or
suspending NRC's regulatory autionty.
Yet, three of the four agreement Stat
Texas., Washungton. and Coiorndo-—will
come very clcse L0 meetung the Noveme
ber 3, ceadline. In fact. only New Mexico
has appealed to the Environment and
Public Works Commutiee {or an exiefe
sion of the deadline—{or up to 2 years.
Thus, the provisions in the Exergy and
Water Appropriations Act constiiuie a
private hill for New Mexico. [n prantng
New Mexico relief, however, :hij provie
sion disrupts efforts in three other
States to comply with Mill Tailings Acs.
Indeed, the suspension of the NF.C's reg-
wiatory authority could cause al the
stalf resources and f{unds spent by the
other agreement States \n estidlishing
adequate progronus for regulang urae
nium miling to go {or naugnt.

Second. those supporting a suspension
of the NRC's regulatory authorty maine
tain that because tne Ml Tauings Act
assumes the ZPA would issue its mull
tailings standards prior o promuigation
of the NRC's final requiations, the Ni.C
regulations should not go (nto vdect be-
{ore the ZPA Rbas acted. Admittealy, the
EPA has missed 3y almost 2 years ine
deadline {n the Mill Tailings Act for is-
suing its standards, I have repeatedly
criticized the ZPA's chronic inability to
meet deadlines for issuing (S variow) r-
diation standards, iocluding those [or
mill taulings. Afler working closeiy with
EPA staf? to anticipate the EPA stande
ards, the NRC properly cdecided to g0
abead anc promulgata its dnal ryvulaes
t.ons, None of ‘he testimony taken 2y
the =PA standards, when fnally issued,
would significantly aiter the NRC regu-
laticns. I EPA is siill unable to issue i3
standords, the proper soiution is not %
disrupt the entire Federal regulatory
program by suspending the NRC's aue
thority under the Mill Tallings Act, but
rather 0 discharge the EPA {rom f{ure
ther responsibility under the act. [ndeed,
given the admuinustration’'s apparent e
tent 0 dismantle the agency tarough
unprececented budget cuts over the next
{ew years, it seems dighly uniikely hat
EPA will (ssue {ts standards soon.

Finally, it has been argued that the
NRC has not given agreement States
the dexibility provided under the Mill
Tailings Act 0 adopt standards "equive-
lent, to the extent practicable” to the
NRC's final regulations. If {ndeed this
is the case, then it is more appropriate
for authorizing !egislation to make clear
that the NRC should give agreement
States the dexibility provided under the
Mid Taliings Act to adopt standards that
deviate {rom the NRC’'s inal regulations.
It s highly inappropriate, however. %0
use an agpropriaticns bill o suspend th
entire NRC mill tailings regulation pro-
gram. particulariy for those agreement
States that have already adopted their
own standards taved on e NRC regula-
tions.
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words (n the amendment which are ime
proper. [ nave chiecred with the duor
manager and he mino.ity manager, and
they are +mlling to accept it. { send the
amendment 1o the desk.

The PRESIDING OFFICER. Do th
managers of the bl set aside the come
mittee amendment {or the purpcse of
considering tle amendment ¢! “he Sen-
ator from New Mevico?

Mr JOHNSTON. [ ask unanimous cone
sent that that be done.

The PRESIDING CFFICER. Without
gljection, it is 50 ordered.

Tle amendment wul be ztated.

The bull clerk read as {olows.

The Senator from New Vexiro (Mr. Doe
MENICI) Droposes kL UDDYINtad amesdment
aumbered 553:

On page J4, lines 1 and (2 strike "re-
nstais Nwmm:nuumm
“axercise any”.

Mr. DOMENTTL Mr. President, this
Aamendment would make a tachnical core
rection lo the provisin now iz the bill
to reflect that any ac.cn by NRC 20 as-
sert regulatory authonty over uranium
mills and multailings (n a 3tate that
has acted to exercise reguiatory author-
ity over the:y activities under State law
wouid be a new exercise of authonity
rather than a reinstatsment of Aoy pre-
vious auwhority sx-=cised by the Come
mission. Thus, the a> ~ndment simply
yrurides the correst terminocicsy O make
L zar that NRC will not assert any rege
ulatory authonty over uwranium mulls
and mullalings o a Stata that has
elected 0 exercise regulatory authorty
gover uranium mils and mulltalings dure
ing the pertod in which the NRC regula-
tions are susgended. During i3 pertod.
e State's authority under State law %0
Tegulate these activiiies will remain n
effect and the State will not be required
{0 adopt requirements comparabie to e
suspended NRC regulations (n order 1o
conlinue Lo exercise tnls authority.

Mr. HATTIELD. Mr. Presicent, this is
3 lechnical amendment. It has been
checked by the s5taff. and we have 2o
objection to it.

The PRESIDING OFFICTR. The ques-
tion is on agreeing 1o the amendment.

The amendment (TP No. 592) was
agreed to.

Mr. DOMENICL Mr. President, I move
0 reconsider the wmte by which the
amendment was agreed 0.

Mr. HATFIZLD. I move o lay that
motion on the table,

The mciom *o lay on the table was
agreed to.

Mr. DOMENICL I thank the distine
Sulshed manacers of *he bill.

Mr. HATFIELD. Mr. Presicent. 7 See
Ueve we have one more amendment, o
be offersd by the Senator from Okla-
homa.

The PRESIDING OFFICER. Does the
Senator ask unanimous consent 0 set
aside the pending amendment?

Mr. JOHNSTON. [ ask uznanimous
consent.

The PRESIDING OFFICER. Without
objection, !t i35 30 ordersd,

TP AMIWDAUTINTY wO. 193

Mr. BOREN. \Mr. President. [ send an

Amendment 1o the desk.
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Thae PRESIDING OFTICER. 'fhe
amenament Wil be stated.

The ol clerik read as {ollows:

The Senator from Oklahoma (Ar Soszw)
STSDOSes A0 inprintad amendment aume
Sered $93.

Mr. BEOREN. Mr. President. ! ask
unaaumous consent ihas reading of the
amenament de dispensed with.

The PRESIDING OFFICER. Without
cbjection, it i3 50 or ered.

The amendment i3 as {ollows:

Oa page 17. Une 20. degianing with “AD~
PrOpriations” strike all tbat ‘ollows througa
“Project” on page 8. llne 7. and lusers .a
ey thereof :ne foliowing:

“Appropristions (o s tle shall Se
S7allable for acquisition of land [or the Mee
Ces Creex Project. Oklaboma: provided
LAt land required ‘or tle dam. dike, and
ALy other ‘uLhorzZea permanent ‘satures
soAlU Se acgquired (o fee tle (suSiace ana
Uneras). zroviced rurther. hst Tinersl
s0d subsurface nterests shall ho ot ylreq
By subordination n :he conservatioa pool
ares of ile resarvolr. tatural SCOTLULC recrei-
“OO ares and ioe ¥allfe management irea
‘3 such & manner a8 0 Aiow t2e present
Tieral owners, thelr suciwoomm and i3-
signees tDe right O evplore o0 snd extract
minerals under restriciions required 10 nroe
tect lhe project: provided furiler, t2at only
Lhe surface ssiata oe acquired for any other
lands required for the MoGee Creek Projecs™

Mr. BOREN. Mr. Prasident, this (s a
Doocontroversial technical amendmern’
which I understand hrs Seen clears
w.ih he majority and ‘ie munority.

Tie amendment simply clarifes lane
suage In tne commitise amenament o
Take it clear “hat the muneral develope
meut will proceed 0 a manner that wil
als0 protec: the wildlife management
area as well as the conservation nool
and the wilderness area. The measure
®ould suborcinate the mineral (nterests
f0 thcse purposes. I would allcw the
m'neral ownersiip o continue, oug (¢
Suborcinates use and developmen: of
ticse munerals o methods that would be
O keeping with the preservation of the
purpcses of those areas,

Mr. HATFIELD. Mr. President, the
Senator has stated the situation correcs-
ly. We have checked this, and it is a local
matter reialing to the State of Oklae-
foma. The approach the Senator has
made in this amendment i3 satis{actory.

Mr. JOHNSTON. Mr, President, we ars
willing to accept the amendment.

The PRESIDING OFFICER. T
Questicn is on agreeing to the amend-
ment.

The amendment (UP No. 553) was
agreed to.

Mr. HATFIELD, Mr. President, I move
{0 recousider the vote by which the
amendament was agreed to.

Mr. BOREN. I move %0 lay thas moe
tion on the table,

The motion t0 lay on the table was
Agreed to.

USER-~COUPLED CONTIRMATION DRILLING
PEOCRAM
® \Mr. CANNON. Mr. President, I won-
der 'f the distinguished foor manager
of &= bil would yield for a question
or Lwo.

vr. HATFIELD. [ am hsppy to rteld
0 mv good !riend, ‘he senjor Senator
{rom Nevada.
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Mr. CANNON. I thank the Senator.

It s my understanding rom resding
the commutice’s repor: on the pencing
legislation that $2.7 mullion was inciuced
n the committse amencmen
{Wo remaining geothermal 2nerzy proje
eCis under the Derartment of Znergy's
user-coupled confirmation dnlling pro-
sTam.

Ar. HATFIELD. The Senator is cor-
rect. Some 2.7 millicn was included o
JUr amendment {or reservoir sonfrma-
ton drilling work for the fnal two users
coupled projects—a space Lieriing and
cooling project in Rexmo, Nev. ang an al-
conol fuel plant at Vale Hot Springs

Oregen.

Mr. CANNON. Could the Seuator ex-
plain, for the Senefit of our culleagues.
now the user-coupled program ~orks?

, Alr. SEATFIELD, I =il oe haupy to do
that.

The user-coupled con®rmation drilling
Brogram s an lnnovatve pubils.-private
sector cooperative effore, It was started
by the COE t0 encourage geothermal ce=
velopers :0 sink wells into promising
§oothermal areas (n order :o verify the
Fresence of economically recoverable
gevthermal resources for nonelectcal
applications.,

To cbtain funding .2 geothermal devel
Cper must conduct approprists expiorae
tion activities and pay for driling the
‘onfirmation wells. Once completad and
-asted, Uf the wells are 13 succossful as
anticipated. DOE will retmburse tha de-
veloper for 20 percent of the drillng and
associated costs.

I the wells are less than a complets
success, the Faceral commitment (n-
creases on a sliding scale. The maximum
Tederal contribution for a totally un-
success{ul oroject nas been set a’ 30 per=
cent in tiie paste,

AMr. CANNON. The Senator said ths’
“i2 the past” the maxumum Fecersi com-
mitment was 30 percent of the cOSts 3350«
ciated with a3 completely unsuccessful
sroject. Does the present legisla. 1
change that upper [imis’

Mr. HATTIELD. It would under ser-
tain circumstances. 3Because of other
pressing budgetary priorities, the :otal
Feceral contribution {or the two remaine
Ing projects is iimited to $2.7 million.
That means that the maximum availacle
for either protece, ‘n the unlikely situa-
tion where doth fail. would be approxie
mately 73 percent. In other situc:iions.
the upper bdound would still he 2t at
90 percent.

I should emphasize. however, that *he
Energy Department has carefully limited
participation (1 the program to expe-
enced companies with piomising go0-
logic sites. The Anal Fadera, sxpenciture
{or these twa protects should de 1 ot less
than the $2.7 million amount.

Mr. CANNON. I beileve that the user
coupled program (s a good way 0 5. mu-
late the direct-heat utilization of reo-
thermal rescurces with 3 munimal oxe
penditure of Seceral funds.

Mr. HATFIELD. I agree with the Sen .
ator. [ lock forwara :o sceing the ad-
ministration move ahcad promptly with
e remaining two projects. ®

Mr. MCCLURE. Mr. President, I wvas
pleased 10 zote ke nclusion on page 70

fae th
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Continued from page 35

roast beef or chicken breast) is 31230
per person, inciuding tax and gratui-
ties. T.ckets and further information
are >vailapie from Eileen Reilev at
ACS headquarters, 1155—18th St
N.W., Washingron, C . 20036. Make
:hecks pavabie to ACS.

Parsons mshing 1o be seated at the
same tapie with friends shouid send
ticket orders together or provide
names of those o be seated together.
Table cezacity is 10. a

Letters

Contimued 'roem cage 4

.5, meragency Toxic Suostances Cata Come
mtise (ITSDC), and al meetings of 13 CSIN ana
PO LAmon SUOCOMTTYtises. 0 sCODe Ol e
complaxity of Asks associated with Centtying
he quaity of Zata, Network Adminisration has
mvited experts rom e CHics of Stancare
Aatermnce Data of he Nabonal 3weau of
Slancarcs and ™e ¢ xderanon of Amencan So-
Zieties ‘or Expenmerntal 3iclogy 0 discuss
HNOOMNTS ASSOCIAIN0 ~1T astadiIsiunG T Guauty
of chermicai and Diological 2zt with he CSIN
Subcom mittiee) A sumilar Jlscussion (8 planned
‘for e naxt (TSOC Meeting in Octoder.

Sven Mess oreuminacy storts Nave made
Apparent hat dentifying e quality of caia s a
WTW-CONSUTING, COostly. And COMDAx Oeraton.
Through 13 voivement on ssues Conceming
SALR QUANITY. Nefwork AGTMUNSTANON 1§ SNCOU -
A7 G e use Of susting ‘mechanisms of re-
w38 el as comifymg he need for new or
SOMUIeMentary 'Guiew JCHVIties and. as ad-
200NALe. seexing e a0VCe Of owners of ine
‘ormation resowrces Soth N the pudiic and pn-
Jals secior The arotlem s best addressed
TYough o or Couoeratives efforts of many
TTAnunities.

113 M50 ADOrOONals 0 MEnton Tl while he
JHice of Network AGministration presantty re-
sides 0 he Environmental Protection Agency,
ZSIN is a project !hat requires and coes solicit
voivemant rom Mmarested communities 0
MOUSTY. ACa0e ™, A Qovertynent leceral ana
state). \

Sidney; Siegel

Nerworx  Office of Taxcs imtegration, SPA

Cancer and consensus

A Some coservatons oy John Higginson of
e mamatonal Agency ‘or Sasearch on Cancer
IARC) "Cancer Ssssarch Pronties, ' C3EN,
Ane 29 page 2) need clanficaton.

e Cistnguishes detween (1) Zausal ‘actors
At "ave Deen dentfied with considerat's
SarAInty, | and () whether ' anveonmental .
JNOGY COuK! ANty de Nferred as ™e Most raLo-
NalT A0ISMICIOQICAI NMTErDrAtaton. S30emo-
OQICa) shudies Usuaily are Sased on statstical
assocatons. Does Migginson mpty hat any
Tost - conal’ 'unchonal Meroreanon of an
ASS0CADON |§ ‘achual, untased, and sClentfi.
Zally vaia™ 't 50, 13 queshonabie. since t s a

243.C drmcipie of SLAUSNHCS hat functional cau-
sauty cannct De nferred Tom swanstcal Asso-
4 NYDOthesis 10 e extent hat ! s ncompatdie
w1 ODSErved Catal Ut SIALSUCS Can Never as.
A0HSN TAl 3 TYDOTENS § CaraNty Tus  Figher
R A, "Saustiscal Tests, anre 138, 474

1955% see aiso mickey, R . and colleagues,
‘“Thermicais anc Cancer, ' CAEN. June 12, sage
K

A Confinmed SLaUSUCAI ASSCCALON N AN e
COMOICGICAI STIUCY "8QUIeS sattng 'orth est-
a0le allemalive ‘unctional DOKGICAL, 0=
Chermical) hypotheses ‘or axpenimental contr-
TRUON OF rMeCUon. SOMe DODUA CIUSA! Delefs
NEve Deen Dased ON SANSHCAI ASSOCIANONS And
NDjective Logment, with alegations hat e
A330CADON Nas Jeen acequalely expiained.

AN XAMOe Of N COBMMIVIOPCAI ASIOCABON
‘or wrsen functional causality nas Seen dem-
NSTASC Nvofved Muman JCcutational Sxpo-
e 10 Cartann Chiorome Yyl athers, Sarticularty
SisiChioromethy() ather (Figuerca, #. G.. Raz-
xowski, A., Neiss, W., ‘Lung Cancer n Chic-
romethyl Sther Workers, ' New Sngl U Med.,
288, 096 (1970)). Sunsecuently, animal stucies
[Kuschner, M., Laskin, 3., Drew. 3. 7., Cacpweio,
Y. Neison, N., ‘nnaiation Carcinogenicity of
Aloha Halo Ethers. [l Litetime and | mited Pe-
nod nhalation Studies with 3isiChioromethyi)
Sther at 0.1 PP, Arch. Snveon, ~eath, 30, 72
1975)| cemonsTaied at Sisichiorometyi)
ather 's 'n ‘act a rapudly acting carcinogen hat
CAN NAUCE NG CANCEr. N TS Case. reguiatory
ACHON A00ArenMtly wasS ~arrAMed. COwever
hers are assocanons of Lciear, d0sc.Ce, and
WNOrove:. aticlogies.

T8 cunous Tat MQEINSon assearts Tatl “hers
1 N0 avdenca Tat e vast majorty of ‘umaore
[cancers?| am reiated ‘0 diffuse chemical
OToN N Te AT anvyonment. . This
S Te same ar 7 Of 30T encountared Dy ofn A,
Toahumer in Mis jetter (CAEN. Fe0. 23, sage 4),
10 WINCH we resoONGad (See aDOve, CIEN. June
22, caye 4). Cther studies aiso have reportad
slatstcaily sgnificant. muitiregional soicem-
clogical resunts invoitving  ‘diffuse.”’ muitie
chermcal cata [(a) Mickey, B .. 'Ar Peilution,
Zhacter 3. cage 89, n ‘Snvwonment: Re-
sowrces, Poliuton & Society, ' 'W. W. Murdoch,
aditor, Sinauer Associates inc.. Starmford, Comn.,
1971], and aiso nvolving ‘Ow-ievel, amtient,
onizing adianon 0 addition '0 ar pollutant
snemicais (D) Hickey, A . Sowers. £ U,
Spence, 0. £, lamel 2. 3, Clellana, A. 3.,
Clatland, R, C., "Low-Level lonzing Raciation
and Human Mortaiity: Yt egional Epidermo-
ogicai Studies. A Freuminary Report,’ ~eath
s, 40, 525 (1981))].

™he finding of significant negative 1ssoCia-
Jons Defween eCOOGICaIlY realistc, amoient
TBCIATION Wvels and MOrtality rates ‘or several
Casmficanons of cancer, NCiuting cancer of e
MeSOUAONY OrGANS. '$ Contrary 0 Many Sone
/ANtONal CAUSAl CLAIMS and Delafs. “owever,
Sawms That any and all levers of lonmzing racition
e CATINOCTNIC OF Jherwise NAIATOUS M8
Dassd argely N INeA O Sther MOoNoLONIC 8x-
TADOANON Of J0SA~INOONse ata cOined at
SCOIORCAUY IVSAISTC, vry Nigh Joses, or J0se
FATES, JOWITwaT Ioward 18T axposure. TYougn
e scologicaily rsalisic, Ow-avel sxposurs

Zontinued on cage "5

HOCH,CH,

Try tertiary-
Butyldiethanclamine.

CH,CH_OH

Another new
aikyl alkanol amine
from Pennwait.

n synthesis of .nadustnal ang
gharmaceutical compounds, it is a
versatiie scurce of Soth hygroxyl
and amine groucs.

t nas alse proved useful in
these applications:

* removing catalyst resicue from
alphz-'efin copolymer
solutic g,

¢ improving compatibility and
solubility of polyester and
alkyd resins,

* co-curing agent for epoxy
resins,

e inhibitor for printing ink.

* Cataiyst for polyester resins.,

* active ingredient in naint
sinppers.

Pennwait now has -80EA
avaiiable in commercial quanuties.
For technical gata and a samgle.
contact Marxet Cevelopment
Cepartment, Organic Chemicais
Civision, Pannwait Corporation.
Three Parxway, Philageiohia. PA
19102 (215) 587-7T141.
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ator a 1801 3ut axtrapoiation s SuDjecC-
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<ures are hazardous to health is not n
avestion, The problem and couiroversy
nertins 20 iological cffeets of lowe
or y

sl curiugliunlly

shtitibon, us

Yusagfound radialion which g,

il

and presumably has Deen, Jbrquitous
sver the millemia of 5iclogical evoiu-
sn. Natural low-ievel raciation arises
mestly from radioactive isotopes, ar
Jiowsnis tndes, of gualoglvnt ooigi il
feom cosmic rays. Some additional de-
~osits have ornginated from human

activities such as mulitary test explo-
sions. There is also diagnostic X irradi-

on. Also, iraces of radionuchides are
ot ¥ ‘rom natural food ard drink,
bate 1o total radiauon eXpo-
,re. However, DNA-repair and cther
-.nair mechanisms exist and therefore,

cvolved,
Or. T. D. Luckey, long a student of
ssomical and radiation hormesis, has
ined hormesis as beneficial stimula-

SEgeiN

-l = T
4 Conlr

avidealy,

nen of biological organisms by sub-
rmful quantities or lavels of any
.3ent to any biological system (Hor-

esis wirth lomzing

Nress, Doca Raton,

Radiation, CRC
Fla., 1980). Acu-
ological homeo-
likely partly in-
e life forms evoived in the

savironmental chemicais
ind otential hazards, as in sea-
vater. the life forms presumably

anted 10 ccologieally reahistuc levels
s the hazards. The scientific problem,
cncountersd by some, i3 the assump-
ron or helief that because some vari-

e, such as ionizing radiation, is
vazardous at high levels, it must Se
1zardous at all leveis. This is the
exirapolation error or fallacy. High
svels of insulin and copper are loYi.
<t law levels are sssennal 1o optimar.
nealth and to survival

Regarding the sontroversial question

atural physi
mechamisms s
31

<1 Qi

4

"t

i

ne
-rasence of
P

nd ather

af ity" of radiation, Luckey
nd ues [see (Lu78), cited in
ny | VN, Nov. 1981, p. 18] in-
vestivated cifcets of subambient radia-
von on survival and multplication of

paramectium bursaria. They found that
sopulations of cells/ml were much
awer under lead-shielded, subambient
«Jiation conditions than under normal
suckground control conditions. Coms-
sar=nie experimental svidence regard.

g health and survival of small ani-
wals, such as mice, raised for their
ctimes under subambient radiatien

and:tions, as compared with normal
rols, would be of great value
sward resolving the controversy of
val effects of low-level iomzing
diation udies, which Luckey
nd colleagues wish 10 periorm, had
sot ‘sd to necessiry funding as of last
April Week, Apnl 30,
L1981,
While high-level
positively

I

amch st

WiCieonigs
[ )
~adiation data are

gencrally correlated with

NUCLEAR NEWS / CECEMBER 1981

o —— . i e . S

detrimental ecffects, comparable low- findings, considering the vanous res
level d-ia for popuiations have heen  ports showing ncgalive associalions,
reporte. o be negatively correlated necessitale a U-shuped dose-response
witl detionentad gifects, sugly s yine nnlel

cer mortality rates (VAN, Nov 1981, Regarding those who claim thul he-
p. 18). Further cvidence 1S given by  cause raciaticn IS damaging at high ex-
B. S. Sanders, “Low-Level Radiation  posure levels it is damaging at all levels
and ~incer Deaths,” Health Phys. 34:+ ta version of the cxtrapolation DOsi
21-.538 (1978). Negative correiations vion), it seems neccssary that they
were e ied, Ashditional lormndon vsdify and vaindade catrapolabion i

may

be
Radiation
“Aspects of Savironmental Radiat:ion
and Dosimetry Concerming ine High

tound in: High Background
Rescarch Group, China,
which Extrapolati

vicid

caveats cxist.

scceptubie and valid scizntific method.
This is a statistical probiem conccrning
on
“data" sstimates might De Josig-

o

Background Radiation Area in China,” aated as a mecthod of “crecative siulis
J. Rad. Res. 22: 38-100 (1981). Some 1es.”
negative associations are reporied. Such Richard J. lickey

From 12<6 at Los Al=zmns

in 194€ the U.S. Government retained Slack & Veatch to help deveiop
Los Alamos ntc a permanent A&0 center. We designed all utiiity
systems and many of the technical tacilities—inciuding the Contam-
\nated Waste Plant and Labaratory.

Active in the nuclear industry for 25 years, we now have over 300
nuclear power piant professionals among a 'otai Power statf of 1,600.
We nhave provided professional assisiancs for over a dozen nuciear
facilites operating or uncar canstruction, and our nuclear staff has
exper :nce, including service grior to Black 3 ‘Veatch, on more han
100 nuclear plants. We have asrowvided licensing, design, procurement,
and operating technical assistance, sscommissioned cne facility, are
preparing 3 standard nuciear plant design, and are providing full
service design for a twao unnt 2.300 MW nuclear stauon.

to 12317 post TVl

Today Slack % Veaweh and its Southern Science Applications sub-
sidiary ars helping clients deal with post Three Mile Islanc changes,
NARC bulletins and crcers, and other requiraments. Current amphasis
is on: ;

¢ ™™ modifications
* Risk assessment
* Siandardizauon

* Pad waste manage.nent
* Emergency nlanning
* Ragiation protecucn

66 Years in Business « 35 Years in Nuclear.

Black & Veatch nhas been growing with the power ndustry since 1918.
Today we are the aignth largest consulting angineering firminthe U 8.
We have a large, experienced, flexibie staff —ready 1o assist chients
n study, design. and fieid engineering assignments. For more intor-
mation, please contact

Or. M. John Robinson, 2ariner, 3lack & Vestch, Consuiting Engineers
1600 Meadow axa Parkway, Kansas City. Missouri 54114 (913) 367-2

=HEEckK & vestcin
i Consulting Engineers
Yaswon Deuas  Denver Settos  tarwas City 5L Lowss San Franaisce Temoa WNashegian
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LOW LEVEL IONIZING RADIATION AND
HUMAN MORTALITY: MULTI-REGIONAL
EPIDEMIOLOGICAL STUDIES

A PRELIMINARY REPORT

RICHARD .. HICXFY, EVEL(N J. BOWERS, DWIGHT £ SPENCE.
BABETTE S. ZEMEL, ANNE B. CLELLAND amd RICHARD C. CLELLAND

Department of Stausucs, The Wharton School, Lniversity of Penasyivanm, Philadsiphia,
PA 19104

(Recerved 25 August 1980; accepted 7 October 1980)

Abstract—Anaiyses of 'tmxommm mvoiving envrronmental chemicals, background
radanon, and mortality rates for diseases of the heart and several cancer Lategones are
presented. Bivarate correlation coeficients between radiauon and mortality rate were
ugmficantly negative {or cancer of the lung and respratory organs. cancer of the buczal
Q@vity and pharynx. cancer of the digestive organs and pentoneum, total cancer and
diseases of e heart. Only the correiation coeficient between background radiatuon and
leukemua-aleukema was po vl ve, and that not significantly posiuve. lmtal muitivarmate
staustcal studies support the brvamate resuits n that all siguficant regression terms that
represent background radiation have been negative. Background radiation level was not a
signuficant predictor f{or leukemis-aleukemia mortaiity rate when examuned «ithout
regard 0 age. Thuis preliminary work suggests that any health effects of Sackground
radiano. on the diseases studied do not sxcesed in magmtude those of environmental
chemucais. [t aiso suggests that models impiymg unportant long-<erm deietenous effects
of low ieveis of iomzing rad@mbon on humans may be nvalid.

INTRODUCTION
A MAJOR controversy exists regarding the
health edects of low leveis of iomzing radia-
Gon. Al least two kinds of explanatory
modeis have been proposed. One class of

adapuve mechamisms have evoived which
cope with ambient radiation. [t proposes fur-
tter that, aithough ionizing radiation s
damaging at elevated [evels and rates of
exposure, there s a level of radiation

- -
QO .-5'._7‘00",‘\'-

modeis assumes that all ieveis of ionizing
radiation, no matter how low, are hazardous
0 health and that the detrimental effects tend
1o be an mcreasing function of dose or
exposure (Ad79; Ba73: BEIRT2; BEIRTY:
BEIRT9: Bow80, Ga80; Gof72; Ke79: Mo78:
Na79: Ster72). The other class of modeis
proposes that human populations have been,
and continue to be, subjected to low leveis of
envrronmental womuzng mdiabon so that

exposure below which health effects at the
levei of the orgamism are negligibic or
beneficial (Car57; Cars9: Cas68: Crs0: C170:
Fri73: Jan65: Jac76; LorS0; Lu80; Vaé8).
These two classes of modeis .ave very
different implications for pubiic heaith policy.
Parucularty important in influencing policy in
this area have been reports produced by
commuttees of the Natonal Research Council
of the U.S. National Academy of Sciences.
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[ATION AND HUMAN MORTALITY

commuiriees

icung

hed reno
iIshegd repor

BEIRTY

BEIRTY) s In peing revised
for publication (Bows0). BEIR-1II was to have
heen published i 1979, but senous factional
conflict has resulted in delay of issuance. A
press report (Bow80) regarding BEIR-III
described NAS President Dr. Philip Handler
as being surpnsed 10 m that * there
wvere 'wo groups so bitterly opposed to one
another on the commuttee”. Handler aiso
ypserved that “when the voting comes out S0
close, it tells me that the evidence Deing
considered doesn't compei any conciusion”
Bows0, p. 3B)

Epidemioiogcal mnvesugations on human
sopulations from a number of localines
{ifferent ecologcal regions, such as 4 number
»f metropolitan areas of the U.S., shouid de
iseful in disanguishing between these classes
f modeis. If iomiz:ng radiaticn contnbutes 10

grraiity from chromic diseas< as an ncreas-
ng funcuon of dcsage, 'lien background
eveis of iomizng radiation should show posi-
jve staustical associations with mortalty
rates for cancess and perhaps cardiovascuiar
diseases in these populanons

For a number of years we have been con-
ivcting studies the have exammed the reia-

hips of mortality from 1 vanety o
chronic diseases to the prevaience of vanous
chemical pollutants 1n the atmosphere. A
measure of water haraness and several
socioeconomic prediciors have been inciuded
n some of the anaiyses. Data were collected
and anai zed for 38 Standard Metropointan
sanstcal Areas (SMSAs) as 1s descrmibed
eisewhere (Hic70a; Hic70b; Hic71la: Hic71lb:
Hic76). Among urban ar pollitant chemiCals
whose concentrations were f{ound to0 be
significantly positively associated with mor-
tality rates for several caierones of cancer
and cardiovascular disease were suliur diox-
ide (SO.), nitrogen dioxade (N O,), and part-
culate sulfate (SO3), whie copper (Cu) was
negalivelv assocuuted.

Regarding radiation effects, Jacobson ef al
Jac76) have cautioned against faiure to con-
sider other environmental vanabies that
could mask the epwdemuology of radiation

ocioeconomic factors

othnic varations :(n suscep-

position was rewmforced Dy

Ney79) who cauuoned that

alr poilutant chemicals are among the mulu-

plicity of environmental vanabies of epide-

miclogical significance that caonot De
ignored.

) critical im portance in the eiucidanon of
information f{rom epidemiological studies
aimed at euoiogical understanding s the
srobiem of compeutive mortality. Ths
shenomenon was pointed out clearly Dy
Nevman (NeyT7: Ney™). He (Ney”) ad-
vised that if, for exampie, one wishes 10
dentify the causes of an increase in the
frequency of cancer, [and if] one onuts {rom
an observanonal study a really important
ageot, then the effects of this agent wil be
ascribed 0 some other agert. possibly qut
mnocent” (pp. 754, 755, Numerous epide-
mioiogeal stud: jowever, have concen-
trated on a singie envrronmental polutant,
such as radicacuwvity (Gof72: Ster72), or sul-
fur dioxide (Ai72), of carbon monoxide
Lon77), while negiecting the synergistic -
teractions of., for example, atmosphenc

micais. or socioeconomic factors, or both.

Recently we have s2xpanded our data base
for the period 1957-64 by obtamung daa for
43 urban regions rather than 38 and by -
clusion of the addiuonai arr pollutant chem-
cal. nutrate. Following Neyman's advice,
background radiation data wers localed
OaT2) and incorporated. The present report
is a preliminary description of early Gndings
in the analysis of reiauonships among back-
ground radiaton ieveis, environmental chem-
icals, and chronic disease mortaiity rates.
These resuits contain informaton of potentiai
reievance o current discussions of the health
effects of low leveis of ionizing radiations

METHODS AND MATERIAL
The basic analyncal method used here is an
yotimal subset seiection modification of mui-
tuple regression analysis as described by
Bove: ef al Bov74). This computer-based
procedure empioys an aigonthm that selects
that linear frinction of the set of predicto

pre

i
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ymbering N = Y 2 -

hat makes the Zrealest

he proportion oOf var-
ance in mortaiity rate. On the fArst search, the
~ompuler program seiects the single predicior
tha! makes the greatest contrnobution (0 R*,on
the second search. it seiects the 'wo prediclors
that make the greatest combined contnouuon
10 R?. and s¢ on for three or more prediClors
Thus. at any stage a predictor {ound (n one st
need not be included in a subsequent set. The
-omputer used currently s the [BM S/370
mnodel 168 MP. We have reported resuits of
appi of this regression metdoed pre-
Hic70a: Hic70b: Hic7la: Hic71b:

i< iais

2xpidined

vIOUSIY
Hic76; Hic80)
The apaivses presented here examine data
for 39 Standard Metropolitan Staunstcal
Areas (SMSAs) and 4 Standard Economuc
sreas (SEAs) of the U.S. The predictor
variables include natural loganthms (In) of
the anthmetic means of the annual concen-
tranions of 13 air pollutant chemicals in wg/m
{ arr found between 1957 and 1964 as
wvallaple (see Hic7la). It s assumed On
mologcal grounds that the reiatonsiups De-
ween mortality rates and concentrations of
snvironmental chemicals are non-unear
Jur emprncal work suggests that e

narural loganttm function gives a reasonabie
fit. The air pollution chemicals 1n quesuon are
“r. Cu. Fe, Ph, Mn, Ni, Ti, V, NO,, SO,

30T and NO3. Also included are in waler
hardness (WH) in parts per million of calcium
carbonate equivalent Duo4 LohS4a;
LOh24b and background radialion [evels
RA) in mrem/vr (OaT2). The predicted van
ables are anthmetic means of observed mor-
tality rates (Pued:; Bur$?) per hundred thousand
sopuiation [Census of the U.S. 1960] for 196i=
44 in the following disease categores [Seventh
Revision of the Intermational Stausucal

Massification of Diseases and Causes of Death
1T A £c
ICD) (WosiS)]

4

M. “ancer of the respuatory
ICD Nos. [60-164)
Cancer of the ouccal cavity and
pharynx (ICD Nos. 140148},
Cancer of the digestive organs and

sertoneum (ICD Nos. 150-156A,
1 €91 4Q)

Organs

W

Ve

Diseases <
402, 410243

Mortality rates for these causes of death are
presented n Tabie

Observed rates are used as is approprate
in examiming associations related © the
effects of environmental differsnces on the
autecology of populauons of Homo sapiens
Hii39; Hic80) later studies we
expect 10 investigate these reianonstups in
more detail using age- and sex-conort
analyses. Early results suggest tha! age ad-
justment does not alter the basic negauve
relationship berweer [ow-level radiaton and
respiralory tract cancer.

It has someumes been suggested thal
socioeconomic varnables would overwheim
any effects of differences in DwoloZC
envronments upon caromc disease mortaliry
among various areas i the U.S. This has not

1o be the gase in our analyses

Hic76) Sociceconomic and
environmental varabies have both contn-
buted to expiained vanance \n many cases.
Examinagon of socicecopomuc data 1,
however, bevond the scope of this prei-
minary report. Migration 15 one vanabie (hat
mught have a confounding effect (Hic7la:
Hic7¢: Ki73). However., mugration woulid
extensive and consist of n-

However,

have to be

non-migrants to overwheim i effects of
other variabies. Another vanable nhaving
sossible confounding effects in studies of
malignant and cardiovascular d..eases IS
smoking. We have been umable (0 |ocule rei-
iabie data thus far on level of smoking dY
SMSA. We are skeptical of the estimauon of
urban cigarette consumption from modified
state tax data (LiT8) since the logc of the
modifications is unciear.

BIVARIATE STATISTICAL ANALYSES
Table 2 presents correiation coefficients
between mortality rates for several causes of
death and observed background levels of
jonizing radiation for the 43 urban popu-
lations (39 SMSAs and 4 SEAs) given In
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Table 1. Also shown are the Ievels of ciations between levels of several environ-

significance of these ~pefficients using a null men chemicals and of nackground rmdia-
wpothesis of zero correlation. With the ton on the one aand, ard certain chromc
exception of leukemia-aleukemia, all are disease mortality rates, on the other, have
negalive. [he correlagon of background been analyzed by mullipie regressior When
-adiaton level with mortauty rate from radistion was seiected by the algonthm as 3
ancer of the respiratory organs is significant  signuicant sredictor vanabie, the regression
at the 0.001 level; with cancer of the ducial coefficient was negati' e This occurred in
-avity and pharynx ai the 0.01 levei; with these preliminary analyses for the two res-
total cancer at the 0.05 level; and with cancer piratory ract cancer calegones
of the digestive organs and perntoneum at the Table 3 reports six regression egquauo 5
.10 level. Background radialion level is ais0 Nos. 2. &-8) with the largest sets of prec
significantly correlated with moraity rate for tors for which R* is signuficant (@ = 0.05) vy
diseases of the heart at the 0.10 level. the usual F-test, and for which all regression
Leukemia-aleukemia mortality rate s not coefficients are also significant (a = 0.05
significantly correlated with background the usual r-iest In nonme of these six max-
radiatnon level mum predictor equations s the radiauon
RA) vanable included. The radiation vanabie
MULTIVARIATY STATISTICAL ANALYSES wvas seiected, however, in the opumal seiec-
la this prellinary commumcation we ton sequence for two mortality Qalegones
report only that we have conducted multi- where N was less than maximum, L€ eqiia-
variate statistical analyses i which the asso- hon 1) for cancer of the respratory Organs
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ne Duccal
ig-i2g these mortauty cate
gories, radianion was not ameong the opumai
combinations of predictors seiected for max-
mum R° Thus in some combinations radia-
tion was selected among the optimal R* pre-
dictors, and, when seiected, it was negauively
associated.

For cancer of the respuatory organs,
sackground radiation level appears as a sia-
ustically signuficant predictor in the presence

f snvironmental chemucal vanabiles. Radia-
non was utally selected when N =2, with a
negative regression coetfictent. Negatvely
Jssociated radiation level was also seiecied
for N=3 and 4. This last relatonshup s
shown n egquauon of Tabie 3; the predic-
tors account for apprmx. $9% of the varranc
in the cniterion. The algonthm conunued !
sroduce significant sets of predictors through

= 7, as shown n equation (2), but radiauon
not included. The chemucal predictors
nave appearesd 0 previous analyses
cosfficients of the same signs (Hic70a
Hic71a; Hic71b)

[n the analysis of mortaliry rates for cancer
f the buccal cavity and pharynx, radiaucn
evei was the first vanabie seiected by the
aigonithm. as shown in eguaton (J3) for N = |
Radiation accounted for approx. |7% of the
vanance in this cntenon, and association
s negalive. Kadiaunon was not seiected sub-
sequently, aithough signmificant sets occurred
through N =4 (:quanon 4). This equation
explains about 53% of the vanance in this
sritenion, based on chemical predictors dis-
sussed previously (Hic70a; Hic70b; HicTla;

i0)

cavity

for

values ol

-
<

-~
v

the

In the analysis of
ukemia-aleukema, iomzing radiation level
vas not selected as a predictor in any
significant set. [t was selected with a negative
-pefficient both for N =8 and 9. However,
neither the r-statis.cs nor the F-staustc
were sigruficant
The equation for N =4 vieids
nuin R with significant - and F-staustics,
as shown in equation (5). This group of
chermical predictors includes negatively cor-
lated lead. Lead was not seiected pre-

mortality rate (Or

the maxi-

o i b R ey
‘r' e b ..‘QA q‘ ;’s P

»
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ukerua s a
diagnosis. like pneutnonia, not an eticiogcal
diagnosis. like tuberculosis. The age dis-
tnibution of leukemia incidence 1s bimodal,
the prognosis usually differs with age
younger ages. leukemia tends 10 dDe acute,
survival 1s often relatuvely bnef. At oider
eukermia 1s frequently chromic. The
e suggests that the etiologies of
chromic leukemia may be diff
Nec?9). Should this be the case,
expianatory power of our anaiyses couid
‘ To investigate this possibuity,
separate the mortality
and adult leukemia,
the analysis
regression equations for cancer of
tive organs and peritoneum, the
vanable was not sesiected for any

chosen hv the aigonthm. In

we
dala wto
computle rates,

L v =5 about §7% of
\ari0n was expiained by

rronmental preJiclors seiected. Again,

famii chemical predictors

c70b: }

for total

not seiected by

{ernon

71a; Hic71b

cancer, radiation level was
the aigenthm. For this cn-
the maxumum percentage of varance
explained 1s about &, as shu+n 1n eguauon
7). The fve predictors are. agamn. famuiar
Hic70a; Hic70%; Hic71a. |

The fac! that the radiation vanable do
not appear in the equations for cancer of ¢
digestive organs rtoneum Or
cancer does that radiation
without effect. It simpiy indicates that
tustically, in this analysis, the associations of
chemicals with these critema were stronger
.an those for radiation level. As wil be
reported subseguently, inclusion of sociwo-
economic vanables among the predictors
alters the combimnatons of chemicals and
radiation seiected by the algorithm. Fur-
thermore, it must be undersiood that in a
regression equation, when a set of environ-
mental predictors sxplains about 66% of the
vanance in mortality rate of a cancer cate-

5 =
ESele)

\mply
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v this does not necessaril
ynal causaiity. it may ':.".e" t
additional vanabies, or even
punous correlation. tors. While radizuc
Since our studies are largely concerned detectable effect, it 1s
~ith diseases of aging, we also included inour of magnitude than chemical
analyses diseases of the heart. Cardiovas- conseguences Ol susiained
~ular diseases are the major cause of death in level radiauon requure furter
mature individuals 1n  Western cultures
Ruciatuon levei was not seiected as a stanst- DISCUSSION
-al predictor for diseases of 'nc heart (see This study utilizes vital statistical data on
squation 8). In this eguanon. 63.6% of the populations o examine prodiems of radiauon
cariance in M,, was expiained bv five chem- as was suggesied Dv the U.N. Seminar on the
cal predictors. The selection of ¢(NQ7) as a Use of Vital and Heaith Staustics for Gene'.c
~osilively correlated predictor for M, makes and Radiation Studies of some years ago
sguation (8) differ o rom bcth the resuits of (UN62). We empioy staust
srevious analvses (Hic7'a; Hiz71b: Hic76) to reiate vanauons in ‘.T.c
onducted without the ¢c{NO7) vanable, an: ecosystems to the health of
from the cancer analyses reporied here lations inhabiting them. This study appears ¢
in SUMMAry. our prelumnary results appear have impiicauons {or the on-gowng
~e of two kinds. First. based on the signs of public policy wita respect 10
s the bivariate correiation coefficients shown consequences of exposure (0 vanous
n Table 2. the only significant statisucal of omzing r:mmucr'
1ssociations are negative. That is. mortalry For purposes of dis the alternative
mates (or the indicated chromic diseases lend hypotheses thal purport describe human
o be consisteatly .ow where background heaith :tfe*:.s of ecciogcally r=alistic low
~adiation leve! is high. and high where radia- levels of nizing radiauon require am-
uon level is low. The posiive association {or :rj:nuon. They can be stated as
eukema s verv weal and got stanstucally 1) The continuous increase-—no threshoild
significant. These preiimunary observauons othesis. The biological effects of 1omuzing
are not compatibie with models that asserr radiation. wnciuding OW (eVEIsS of naturai
that all levels of radiaton, no mafier how radiations that result {rom terrestnal geoio-
yw, are damaging. Because the age dis- gcal chemicals, from cosmic rays, and irom
tribution of lsukemia mcidence is bimodal, it the intermal body burden of radionuciides
appears necesssary !0 conduct analyses on acgquired from food and drink, are hazardous
uvenle and adult leukemia mortality rates at ail leveis, with the degree of hazard in-
separately creasing with the dose and dose-rate (Ad79;

Second, the occurre of only negative BaT3: BEIRTZ: BEIR77: BEIRTY: Bow80;

oefficients for the background radiaton Jac Ke79: Mo77; Mo78: Na79)

sredictor vanabie, whenever it appeared as a 2).The threshoid hypothesis. lonizing
significant term m mulupie regression equa- idiation 1s damaging at elevated l2veis and
tons. caste further doubt upon the vaiidity of dosages, the Jdamage mncTEasing with
the no-threshoid model. The absence of the exposure, but therr 15 a threshold exposure
mdiation variabie for sonie causes of death, level beiow which there is no heaith hazard (0
such as cancer of the gastrointestmal organs human populauons Ba73l: F’*"? Jac76)

and pertoneum. suggests that, compared with 3) The Dbeneficial effects hvpothesis.
the environmental chemicals, the contribution Ecologically realistic low ievels of omuzing
f background radiation level to explamned radiauons, such as environmental background
variance of mortality rates of several major radianons, that have existed ove™ e millenia
chromic diseases is rather small. of biologcal evnlution, are teneficial 10

[t appears that the statistical effects of the human populations, resullng in extended life

el 135t 3 s bl ok el




WHOST
correiation coefficients
40 not suggest thal, at

The

negauve

- -
(able . ceriamnly

+f
Ji

oW

evels, increases n lonuing radiauon will lead

from chromc
that in the
computed

10 increased mortality
Neither does the fact
regression  eqgquauons
radiaton level usually occurs

disease
multipte
thus :a
with a negauve

-
L.

coefficient and vamshes as other signincant

vanapies are seiected. Apparenuy
tical associations of vanous

the sian
envuycomental

S~

chemicals with the mortalty rales examinec

are than those wmvoiving radialo

50 In a

stronger
very

n.

sreliminary way, the evigence

reported here 1s incompatubie with hypothesis

consistent with either
This is a surpnsing result. It led
the literature !0 ascertaun
that mught support each ot
otheses.
found that
hypothesis somes
that the resuit
exposure leveis of
expenmenta! anumais
evels—usually

. CTD™.. nETD
9; BEIR7Z: BEI

Ke79: Mo77:. Mo78
yoth toxicological and stausucal
that such extrapolauon
ncorrect (Am74; Keo7: Sa76). Tus
sistent the view of Frigeno er al

the Argonne Radiologcal Impact
ARIP). In Part [ of theiwr study on ¢
sinogenic Hazard from Low-level,

Radiation”, they stated:

ing s

much of the suppurt {
from scholars who
of studies

jonining e

san be extrapoiated
using a linear
BEIRTS

we

eve

UWw
Ad
ar vo7bh
resuits

nown

wilh

aypothesis

435

whalt
iese

or

oei-

(o

mode!
3 Bows(:
However,
have
frequently

‘Vanous modeis and predictions of car-

hazard are examuned and

cinogenic

<0

m-

pared with actual expenence in US. and

foreign populations. All of
predict
mortaiity with

)bservauon of

al nsk spows not
an acrual decrement,
predictiors are left quute without
vatona! support. It s concluded

Increasing
the actual
odly no imcrement
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the modeis
a significant increment in maiignant
background.
popuiavons
but
0 that these
obser-

that

Wolife in 1976

~h laveis

environmenial

73) has besn wide1y
was cited, for exampie. Dy
; Wo76) and 1977 (WoT7
Woife (Wo76) observed that at low radiauon
i1 15 not even plain hat a benencial
is preciuded” (p. 479). Objecuons (0
views were expressed by von Hippel
Morgae (Mo77) and Brown (Br77
favored the linear extrapoiauon hypo-
some vanant of it. Brown (Br77)
for exampie, that the dose-
curve must be linear”, aad that
much of our knowiedge of car-
sinogenesis by radiation comes from doses of
around 100 rad, this ==ans thar for all prac-
ucal purposes, linear extrapotation
from these doses will be a good
effects ow doses”

egects al

ARP
i, though

warning (Fn

cevels

P T Tt

ot

response

cre»
sJNS

estimaung very
This. however. 1S
Wo77) observed in
meamungful evidence
near theory is presented”

Oon the same . Jacobson
commented that * assessme
risk below this range [20=50
guesswork of extrzpolation™ (p
pointed out that radiation levels sut
stanually abcve the U.S. background dose-rate
such as those in Kerala, Indu. where the
average dose-rate 1s about aremy/vr, have
not produced staustcally significant effects in
the human population”™ (p. 36)

Suppirt for modeis of the first sort
to stem from the work of Muller
WHOS?) based .argeiy on the genetics of
male Drosophiia and dependent upon very

assumptions. Muller also pointed out

=01nt

See”

Mus?

e
ong
the difficuities of testing iinearity below the 25-

however, Bonmer and Lining report
ncreases n visible mutations in Drosophila
iIn response (0 radiation below Uus level
Bon4d9). Bustad and coileagues aiso reported
results that support lineanty at low doses
BustS). Russell's early work (RuS2; RuSé) has
also veen cited in support of lineanty al low

evel.




ragdiaticn evels

nas devialed
~

Be/ .

-

“or carcinogenic effects, Morgan (Mo73)
denies the existence of a threshoid, ciung
Stewart's and Kneaie's analysis of pelvimetry
exposures (Stew70; Stew71) and Sternglass
analysis of mortaiity in the vicinity of nuclear
power plants (Ster63; Ster71). Senous ques-
nons have been raised, however, concerming
the vaiidity of Sterngiass’ results (La7s;
Un79). Smith (Sm78) and Warren and Gates
Wa7l) also support hypothesis , but In-
hred laboratory ammal strains were used in
some of their studies. Such strains tend O
withstand envoonmental Nazuds (ess wel
than wiid strains found in the natural woric.
Much of the actual data from weil-designed
studies tends to favor either hypothesis (2) or
3) or both. The work of Gopal-Ayengar and
oliecagues on populations from the Kerala
-oast of India (Gop72). and that of the
“hunese High Backgound Rad.auon
Research Group (Hig80) on populauions
from Guangdong Province, China. are con-
sistent with hypotheses (2) or (3), but not
wv1th hypothesis Moreover, a number of
syperimental armumal studies have been con-
tucted on populations of amumals exposed for
all or most of ther lifenmes o vanous leveis
{ ionizing radiauon. Al exposure icvels anc
ates of 300-2000 mrem/yr, average survival
umes were longer and risks of chromc dQis-
sases were lower than for controls exposed
o about 60-165 mrem/yT, the range found n
various regions of the U.S. (CarS7; Car59
“ast8: Lorf0: OaTl: Va68). A warmng issued
nv Jankowski (Jan65) was »ol incompaubie
~ith hvpothesis and Van Cleave (Vab’)
fiecussed the “nega' ve life shorteming”
effects of omning radiation. Sumuariy, Cas-
arett (Cas68) noted that in ™ certain life-
span experiments, when the radiauon dose
has been gquite low, the rradiated animais live
onger. on the average, than do the control
ammais’’. He aiso stated that * animals n
some of the uradiated groups do not "ave as
high an incudence ~f certaun qiseases as s
found in control groups™ (pp. 273,274
Furthermore, i1 an experimental study of
Paramecium bursana, Luckey and coileagues

poorer
ved for ! I om
report on Y 5 ionizing radiauon,
Luckey (LuS0) states that, based on his
anaiysis of the evidence, radiauon hor-
mesis s t predictable with data {rom mgh
doses, he argument that low doses give
harrfui 1$ n proporuon (0 dosage 1s
invalid”. Hormesis 1s a general enomenon
n which exposurs of biological orgamisms (O
traces or low levels of hazardous substances
or agents sumulates natural physiciogcal
defense mechanisms in a manner thal benefits
health and survival (Lu80). Radiation hor-
me=sis tends 10 resembie biclegrcal responses
10 low leveis of hazardous substances such as
toxins and anugen
Natural defense mechanisms are sumuilated
By toxoids, viruses, vaccmes and bactena.
Immunologcal mechamisms are, of course,
well known. Some ndividuais exist whose
iefense mechamsms are geneucally dencient
However, the existepce of a number of
DNA reparr mechamsms has
known in recent vears (Ar78; Ay80:
79: Se78). The hypothesis may be
consider=d that under ecologically realsuc
condiuons of exposure (0 low [evels Of iom2-

mechanisms) are sumulater 10 such an extent
that efficiency is elevatead above the |evel
necsssary to repair |ow-ievel radiaton
damage. The result could be that the
wctivated defense mechamisms mprove
nealth and survival of the exposed individuals
compared with similar individuals exp 'sed 10
ower levels of ‘omzing radiation. Such reac
tive mechamisms couid expiain the expen-
mental observauons of extended survival of
yradiated ammals observed DY sSuch -
vestigators as Lorenz (Lo50), and Carison er
al. (Cars7: Car59), as well as the related
abservatons of Cronkite er al (Cr30) and of
Clarke et a C70). Biochemical n-
vestigations shouid provide eniightenment on
this general questuon.

Ing radiauons., DNA reparr (and olner detense

CONCLUSIONS
This preiiminary report can make no firm

Al.ﬁ,“
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cat t neats. 1t can only cali attention 10
~srtain  relationships and suggest lurther
study. With these caveals appiying, we <an
conciude with three statements

A) There is continupg need for mull-
sariate epidermuological  studies aimed al
eiucidating the health effects of low-evel
oniwzmng radiaton, particuiariy in the presence
y{ other environmental vanabiles

8) Extrapolauon from Mgh exposure
svels 1O lOw exposure eveis S melnodoio-
gcally unsound. Reassessments of any
nazards involved with exposure (0 [OW-evel
onizing radiaucn should be based Oon €coio-
zically realistic dawa acquusd al the leveis of
concern withoul extrapoianon.

“ Our preiimunary results suggesi that
adopung the no-threshold hypothesis n the
ibsence of strongly supportive observational
jata at the acrual exposure leveis and Ievels

siological orgamzauon of concern IS 3
IUDI10UsS procegure

Ne nian to report {urther on our studies
1fter we have investigaled LJ€ mullivanaile
aspects of the probiem more thorougnly anc
nave examuned the mfluences of age and
ocioeconomic variation upon the cbserved

relauionsaips

Acknowiledgement—These studies were supporied
argely by Special Project Jrant 10IR! from lhe
ounci for Tobacco Research-U.S.A.. inc., New
sek. The general purpose of this and our preces-
ng grants from this Councit 15 10 stugdy the reia-
jonships befween environmental vanables, such
s ar poilutant chemicals, and mortaliies lrom
wuman chromc diseases such as cancer and Qar-
ljovascular diseases n the hope of discovenng
nformanor of stological signiicance

Addendwn. Since compieting 'hus manus<mpt we
have obtained a copy of the 980 version of BEIR-
(11 It does not contemplate a beneficial effects
hynothesis. Moreover, the very recent report by a
8EIR-II] committee member, Charies E Land
“Esumating Cancer Risks from Low Doses of
lomzing Radianon Science 109 1971203
1980)] aiso does 20! examune tns allermnanve

hypotlhesis
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! cent years, “the hypothesis has been advanceé thart a significant
fraction of humaa cancer mortality may be due to the human radiation back-
grounl,!=3»19»34733 For a normalized irradiation of 170 millirem/vr, these
authors have estimated U. S. cancer mortality excesses of about 3,000 o
100,000 per year, i.e., about 12 to 30X of current exnericnce. Since the
identification of s0 important an etilogic factor would be an event of major
significance in the ficld of cancer epidemiclogzy, we addressed ourselves to
the cxamination?“ of the degree to which these hypotheses could be justified
from current vital statistics and from the known variations ia the

radiacion background. - =

This examination occupied a fair span of time, during which the mists
of our comprchension clearasd only slowly.®% e began with vital statistics,
recognizing that they form only a small part of the ecpidemiologic mathod,
but inteanding 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 anythingz
else. We beg the reader's indulgency, therefore, if what we present is
less in logical than in chronological order. Ve hope thus to indicacte how
it was possible for us to begin with the presumption that background radia-
tion -ust be carcinogenic only to be forced, after something very =uch like
the classic Drunkard's Walk,'? to conclude that it is not.




LINEAR MODEY

LINE/ THE GIVENS

- el GAVENO

The estimates given above all depend on linear extrapolaticon of data
obtained at hizh dose-rates, and generally high doses, to the lo<-rate, y
low-dose condition of the natural background. The linear models involved
have taken two forms; the additive, or absolute-risk, model, and the

multiplicative, or relative-risk, model. Formally, these may be written
I s
an:

rery'<+kd additive,
re=7z'<+ ' (D/DD) multiplicacive.

liere r is the observed rate of age-adjusted mortality, r' the "spontaneous”
or radiatica-independent rate, and D the dose. k is the absolute risk per
unit dose, aud DD the so-called "doubling dose," a measure of relative risk.
k. These two models differ iz the role assigned radiation as a carcinogen.
| The additive model treats radiation 2s a complete carcinogen, sufficient wmto
itself, and with no need for co-carcinogens. The multiplicative mode) treats

radlation as a pure co-carcinogen, amplifying vhateve:r malipnancy already
exists, but not necessarily adding any on its own. )

The estimates cited have all made use of five "generalizations," although
s these have reen made most c::p}id: only in the most recent reports.<» 32
Following Gofman and Tamplin,” we have tormed these “generalizations" rather -

™

than "sssumptions" since they are based on an impressive assemblage of human

ani anicmal data as well as an extensive collection of theoretical discuss!ons

Properly speaking, the "assumption" at issue was whether this data, iave.ving '
cmall, selected groups at high doses and/or high dose-rates, could be linearly
extrapolated to the U. S. population as a2 whole. ) -

In the estimates gresente(’ to date, the following generalizations have
been cmployed: —3,12,31-33

(1) Radiaticn is a pen- to polyearcinogen, i.e. all/many sites are
subject to radiation carcinogenesis, and in about the same m2asure;

r (2) Radiatior sensitivity is independent of dose rate, but drops sharply
during the first three decades of life, so that only the background
dote received during the first 30 years is considered in estimating
population risks over all ages. For a normalized background irra-
diation of 170 mrem/yr, this amownts to a total dose, D, of about
5.1 rem;

(3) Zsvimates of total risk can be made assuming an age—-averaged
sensitivity cver the enrire populatien. For the additive model,
estinmates of k have ranged from 0.3 to 9.0 deaths per vear per
100,000 population per rem. For the multiplicative model, estimates
of doubling dose have runged {rom about 50 to SO0 rem. These ranges
eo:zrespond, roughly, to from 1% to 307 of the current U. S.
malignan® mortality of about 320,000/yr. Whlle many workers have
uscd only a single value for sensitlvity, others -lhave utilized
speciflie Nunetlions for generalization (2), and integrated thesc over
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to be imprcbnh‘c whea we cxamined this unholy decade Ly c¢riteria other than
r < kD (vide infral.

As an aside, we might note that this sort of epidemiological appriach
possesses some pecullar advantages over leus dircet studies of radiation
effcets. For ome thing it addresses itsel irectly to the population of
interest, in this case that of the U. S. rather than to small, select
populactions of the war-tom (e.g., Riroshima and Nagazaki), of the ill
(2.3., those irradiated for spondylitis, tuberculosis, thyroiditis,
malignaocies, thymic discorders, etc.), of the young (e.g., izradiation for
tinea), or of the occupationally stressed (e.g., uranium miners). It may be
noted, for example, that even the smallest population groups in Table 1 are
as large and usually much larger than these selcct irradiated groups.

Then, too, the time span of observation is large. Although we have dealt
only with an 18-year span herc.35 the data can quite properly be regarded as
an 18-year sampling of a continuing procession of cohorts which span the
€ull 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
compounded, so to speak, for effects in ur<i0, on the young, on the general
population, and on the aged. Admittedly, 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, the
sheer mass of data permits far better cross-checking and, in many instances,
provides insight into phenomena too minor to be cbserved in szall-group
studies but which may spark an idea or hypothesis in thes mind of th
investigator.“? Quite possibly it is this aspect wiich makes addices of
the adherents of epidemiology.

With this in mind, several curiocus observations appear in Table 1. While
each malignancy type at r = 0.003 is within its respective statistical
cxpec:a:‘an. the consistent string of zero observed deaths, over populations

that range from tems of thousands to nearly ten million, is a bit umsettling.
Admittedly very low incidences of certain na.;gnancies are characteristic of
cthnic and geographic groups throughout the world.?»2% But one is not usually
prepared for such variations in a population supposedly so culturally wmiform
as that of the U. S. It appears that the U. S. population compriscs groups
whose range of cancer mortality is nearly as wide as that of the world at
large, substantiating previously puzzling observations of wide disparities
between major U. S. cities.®»25,

Despite this hetcrogeneiry, some socioeconomic bias exists in the U. 8.
data. Many of the 10 apocalyptic horsemen of Table 1, who refused to show
significant groups below r = 0.3, appear less formidable when viewed in the
light of worldwide malignancy mortaliries. In the first part of Table 2,
we have presented the lowest national rates that we were able to find on
inspection of the more recadily available literature. Considering the
usual urban-rural, male-female, ethnic-racial and socioeconomic diversitics
that one invariably £inds in such national collections, onc can anticipate
finding sizecable groups at rates of zero or ncar-zero on closer s’ud,. even
for these remaining Mn sites. Indeed, there appear to Be large hosogencous
groups below r = 0.3 for all malignancics. 9,26,01,42

Several features of Table 2 may be worth noting. TFirst, the "secondary,
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Minimun National Rates for Ten Malignancy Typegp

Table 2.
U.
All Ages

¥a Twpe r Ref, r
151 0.6 43 15.6
153 , 0.0 43 16.1
155 0.0 43 3.0
157 0.2 39 9.3
163 0.0 37 19.1
171 | 0.6 3 -
174 0,5 37 -
175 0.6 39 -
177 0.0 43 17.6
Cres" 0.1 - 4,7 8, 37 11,6

U. S., white,

+ 0.01

| e
-~

R

Early Adulthood

Age &

S., white,
rale . female
dr/dt 5 dr/dt
~ 0.69 8.0 - 0.39
+ 0.09 16.3 - 0.09
+ 0.03 3.7 - 0.05
+ 0.16 5.7 + 0.06
+ 0.96 3.6 + 0.12
- 8.0 0.21
- 4.8 - 0.26
- 8.5 + 0.04
- 0.09 - -

0.17

O © O © € 0O © © ©

.0

35,
45
40
50
All
40
50
45
45
40

Ref.

27, 37
27, 37
27, 37
27, 37

37
27, 38

37

27
27, 37
27, 37

[




all other, and unspecificd" categorics 163, 174, and Durbank 65 character-
{stically -cns:;:u.e one of the major bancs of the epidoniologisi's existonce
(c_z,ej. One hardly anticipates data of much analytical value in such
catchall categories. Even so, the fact that cancer is a reportable discase
in the Scandanavian countries,”’ with their vemarkably complete registries,
eliminates 163 eantirely and produces some very low rates for 174 and for
some of the ICD types included in 65. It seems quite l.xely that more

data of this quality would eliminate them completely.“?:“3 Afrer all, they
must, from their very nature, vanish to zero in the l;m;:zn; case of perfect
diagnoses.

Sccondly, the wvery low rates cbserved help to dispel the enticing, if

mx.d‘y patochia;. notion that the rema;n.ag 7 types somchow cons"‘u.e

"ecommou' malignancies, while the 46 climinated via Table 1 are "rare". While
these 7 do account for perhaps a third of total ° S. malignast mortality,®
they hardly constitute important malignancies in «cher lands. Indead, the
only one of these to coincide with the BEIR list32 of important radiogenic
malignancies, ICD 151, is dropping so line 1ly and rapidly in the U. S. that
it bids fair to reach zero within the comi. , two decades.>»® That someching
of rhe sort might transpire for several of the others is suggested by the
data iiven in the second part of Table 2, i.e., rates and values of dr/dt, the
yearly change in age-adjusted mortality rate.>

Some further test of the stature of these ten malignancy types may bc
made by considering generalizations (2) and (5). If these are indeed val
a goodly fraction of the total radiogenic insult must have been received by
age 10 and a significant number of radiogenic mortalities should have appeared
by age 30. However, this does not ceem to Le the case, as shown in the third
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
the beat of a radiogenic drum, they were certainly riding more slowly than
predicted by the linear additive models so far proposed.

All in all, then, it appears that even the abandonment of polycarcine-
genes:s would do little for the additive model, espec;a y in t.he long run,
and this model will probably have to be abandoned in foto.
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ADDITIVE ODEL IN INFANCY

Infants irradiated in utero may well represent a special case. The
heroic, case-by-case studies of Stewart<?:%7 have shown not only a very
marked effect of diagnostic radiograph; ar very low doses, but a broad
spectrum of Mn types 2s well, so that her results have often been used toO
buctress the generalization of pancar.iuoggnesia.z-3'13'3l-33 Stewart has
reported a valuc of 572 malignant mortalities per million live births per
rem of irradiation in utero, essentially all of them occurring before
age 10.29,%7 Stewart also showed that semsitivity during the firsc trizester
<n utero was about thrice that during the last trimester. Tollowing
S:crnglass21 we budgzeted the background by trizester at relative sensitivities
of 3:2:1. This yielded an ape-specific rate, R = 1.11, for in uiero irradia-
tion by the 130 millirem/y» U S. natural background. We then added 40
millirem as a probable average in utero X-irradiation“»2% ar a relative
sers . tiviry of 1. The sum, R = 1.34, was distributed among the 56 tuzor types
to sive R = 0.024 per type as am upper working level for test of hypothesis.

We screeped U. S. experience as before, but with R = 0.024 and for the
0-9 year groups omly. All states were accumulated so that only the tWo sexes
and two race groups were discrimisnated, iz addition to the available age
diserimination of 0-4 and 5-9. Results are presented in Table 3, with
populations given in milliuns. With only 19 of the 56 Ma types at t less
than 2, a hypothesis of pancarcinogenesis was untenable at rhe 0.024 level
of sensitivity. As befores, we progressively lowered R until, at R S 0.0018,
the pattern.stabilized at the values given in the second column of Table 2.
licre, at an implied semsitiwity about 8% of that found by Stewart for other
malignancies, we were left with 34 Mn sites at © = 0.

We turned again to the Monte Carlo method, and, for the mid-value
R = 0.0009, obtained an expectation range of 11-42, with a cean of 27,
wherc only rero had been observed. Thus, the null hypothesis (R = 0.0009)
was also untesmable. The results, rather, suggested that the actual seasi-
tivity of the infant to background-was of the order of = 0.15Z of the
sensitivity observed for diagnostic radiography, at least for these 34

types.

The remaining 22 Mn sites are in excellent agreement with the spectrum
found by Stcwart for diagnostic radiaticn. Since we had no way of removing
the radiographic component from these populations, these 22 remaining sites
may well include radiogenic deaths dua to radicgraphy, precisely as par
Stewart. For the natural background, they siwply rcpresent cases of "no test".

The results are not comsistent with a more selective model of addicive
carcinogenesis applicable only to these 22 sites. However, the _cancers 05,
carly childhood form a rather special case of human malignaney.”s8»10020:23:04247
They scem to be chiefly embryogenic in origin, have rates which are relatively
constant over quite varied populations, and decrease in rate with increasing
age (the converse of the situation above age 10 or go). 5,7,8,10,30,25.20 R4
Aud, the 22 above only represent the most comson malignancics in this age
proup. Thus, wnlike the adult 10 horsemen above, it is improbable that zero
rate pgroups will be found for more than a few of the 22, and the question of
applicability of a partial additive medel in thiz arca is aec likely to be
an~wered hy closer examination of worldwide experience aleng the lines used




Table Cancer llortaliiy and Expect Year Group
R = 0,024

ICD Exp. abs. t PopP., Exp.
140 58 0 7.6 40 4.4 0
141 58 1 7.3 40 4.2 o}
142 58 17 5.4 40 0.5 0
143 58 6 6.8 ) 0.7 0
144 58 7 6.7 40 1.4 0
145 58 “ p % 40 1.6 0 1.3
145 46 18 4.1 32 0.5 0 0.7
147 58 0 7.6 40 4.4 0 2.1
148 58 9 6.4 40 0.5 o} 0.7
150 58 1 7:3 40 3.4 0 1.9

1 58 13 3.9 40 0.3 0 0.6

2 58 3 1.2 40 1.6 0 1.3
153 36 27 3.8 39 J 0 ~
154 58 b 4 6.2 40 0.5 0
155 4.3 4 0.1 3 0 0
157 58 8 6.6 40 1.6 0
158 1 11 1.3 11 0 0
159 58 7 6.7 40 1.4 0
160 58 20 5.0 40 0.5 0
161 58 2 7.4 40 3.3 0
162 58 2 5.0 40 0.7 0
163 41 22 2.9 28 C 0
164 54 23 4.2 37 0.2 0
170 56 “ 6.9 39 2.2 0
171 28 10 3.4 20 0.2 0
172 2 0 - 20 2.1 0
173 28 h | L 8 | 20 2.0 0 8
174 28 8 3.8 20 0.2 0 1.5
73 0 0 - 0 0 0 0
176 16 2 S 11 0.3 2 3.1
177 17 ) 2.7 12 0.2 ¢ 1.5
178 15 13 0.5 10 0 0 0
179 30 7 4.2 21 0.3 0 3.1
180 0 0 - 0 0 0 0
181 43 23 3.1 30 0.2 0 1.6
190 58 17 5.4 A0 0.2 0 &3
191 58 21 4.9 40 0.2 0 1.9
192 0 0 - 0 0 0 0
193 0 - 0 0 0 0
194 58 9 6.4 40 0.5 0 4.6
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THE MULTITLICATIVE MODTL

Ve ms ddwibia o

Now, none of the foregeing bears on the multiplicative model except,
pocsibly, to treapthen its position by removing a compatitor. Indeed, the
multiplicative model tends to przdict awch of what we saw. Relatively rare
malignancies might be expected to show r' = 0, hence r = 0 as well. To be
sure, it was a ‘i. distressing that the anticipated mortalities below age
30 did not show .: cven though r' was clearly < 0 over the remaining age
range. But thea, this could be repaired by some changes in the values pro-
posed for peneralizations (2.), (3.) and (5.). Admitcredly, radlation at
low dose rates does scem to be remarkably ineff.ctive as a complete pancar-
cinogen, or even as a complete carcinogen of any sort. But ir could well be
a pan-co-carcinogen, precisely as envisioned by the multiplicative zodel.

1f this were the case, one would predict a fair increase of malignant
mortality with increasing backgrouand, and this predicticn has been mad:s
quite explicit by the model's authors,?*> e. g., from 1X to 307 incraase at
170 mrem/yr, depending on various assumptions of latency, plateau, and
doubling dose.?,3,32

With this in mind it was intriguing to note, in Tzble 1, the resolute
{nsistence on dwelling in regioas of high background that seemad Lo charac-
torize the low mortality groups. AL r© = 0.03 and 0.003 only six groups
were at the 170 mrem/yr national average, lone were below the average, and
at least 40 were above 180 mrem/yr. AL first we thought this might only
be a secondary association with the well-known urban trend of U. S. cancer
mortality. %26 Tests failed to substantiate this, however.2“ A whire
female resident of Dallas, for example (140 mrem/yr), simply sccms to be
about twice as likely to comtTact leukenia as her counterpart in Denver
(290 mrem/yr). Since we doubted that znyone was prepared to ascribe oncolytic
properties to the radiation background, we felt obliged to search for some
other associaztion. Surely therc zust be 3ome sort of mortality increase
with increasing backgrowund.?»3»32

However, plots of U. S. rates for white, malignant morralizy® against
natural background for the 50 states showed, if anything, the reverse®? —

e.g., Figure 1. Now, were it not for the insistence of the h-_-rpc:hesi.sz'3

" that there must be a correlation between malignan: mortaliry and background,

we would be inclined to dismiss Figure 1 as an example of simple noncor-
relation. ® However, of the 14 states above 140 mrem/yz, 12 were very
significantly (¥ < 0.01) below the U. S. average, one insignificantly lower,
and only cne slightly, but significantly, higher. The probability of this
occurring by pure chance proved to be < 0.001. Similar results were obtained
with an independent estimate of natural backgrounds.35

Several features of Figure 1 might be worth poting. First of all, so=ze
states at common background had rates i{dentical to the third significant
figure, so that some of the single points actually rapresent pairs.

Sceondly, no error bars are showu because the standard errors are less
than the size of the points. The data bage is, 1irerally, emormous. Each
point rocpresents an average of about 10° deaths, and a coefficient of
variabilicy, V, of about 0.3%. Fven the smallest states are represented
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- CONCLUSICHS

In an attempt Lo uncover some sccondary assoclation batween rising back-
ground and falling malignancy rate, regressions werze run for additional
factors beyond those shown in Table 4. These are summarized in Table 5.
Agzin, no meaningful associations were found beyond the obvious ones, i.e.,
high backgrounds tend to be associated with high altitudes because of the
increased cosmic ray component. However, in the U, S., high terrestrial
backgrounds accompany hxgh altitudes beccause of the particular geologzy
of mountainous regions.®,%3,35 hus  as seen on lines 1 and 2, both
components decrzase zozng Erom group A to group C. Thus, as one would
expect, groups A and B tended to be drier, cooler, higher, sumnnier,

(lines 3-7) than group C, and to require more demestic heating (line 8).
(The latter may account for the higher air pollution levels noted in
lines 21 and 22 of Table 4.) Ve know of no observation, or even
hyﬂo.Heses,"‘c 325,26, 51083584548 nar would causally link these facters

with decreased malignancy. Thus, we were forced to conclude that their
association with increased bachrounds was an accident of altitude and g
geology, and not significant in the observatiocn of decreasizng malignant
mortality rates wi.h increasing background.

A number of other regressions of possible socioeccnomic indicators
were also run and are presented in Table 5. However, none of these
provided any secondary associations that might be expected to lead to

- decreased malignancy. At best, the groups were wmixed, and showed no
correlation. At worst, the correlations detected were in a direction
that shoull have led to increased malignancy in groups A apd/or B.

Although the dose estimates used®,35 are the result of careful,
indep nient and prolonged studies, and certainly the best values available,
we rcesx mined them for the possibility that the results which we obtained
- were an artifact of dose estimates. This did not appear to be the case.
Croups A and C, especially, consisted of states where simple altitude .
and geological considerations, coupled with repeated zeasurcments over
the years, have shown these states to be quite disparate in background.
The majority of these states, in fact, have been among the classical
- examples of high and low background states for decades. In addirion,
study of the sources cited suggested the true backgrounds in groups A and
, B were very probably higher than these used in that houses were most often
L made of stone or concrcte of high radicactivity, indoor air had often been
shown to be very high in radom, and the pcpulation spent a larger fracticm
- of time indoors because of the relatively inclement weather compared 2o
\ the rest of the U. S. or to group C. Thus, if anything, the background
¢ groups A and B had been undercstimated relative to the U. S. or to
group C.

The current models of radiation carcinogenesis have all derived their
data frowm small, sclected, populations, at high dose rates and gemerally
at high dose levels. They have assumed monotonic extrapelation to zero
dune, cven though this asaumption has alwuys been without chservational
< basis.!3+3?7 They have aluo assumad such extrapolation can be made without
conwideration of dose rate, an assumption not only without chservaticaal
bauisu, but one contradicted by a large body of radiological and toxicological
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dulne '™ 17,2% On these Lases predictions have Leen »ade of significant
incresents in malignant mortalily rates due to the radiation background.
Observation of actual populations at risk shows not only no increment bul

an actual decrement, and these predictions are lef: quitc without observational

support. Thus, it appears thal one or both of the above assumptions is
invalid and that background radiation does not constitute an eavironmeucil
carcinogen of significance. By the same token, the radiation added by
nuclcar power plants cannot be a carcinogenic hazard either, since it has
the same radiobiolog.zal character as the curreat background, but is:

much lower in both dose level and rate. - . .
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Health Survey in High Background

2 adiation Areas in China

= he penod
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The mortaiity rates rom leuxema.
100Ul which ~e were more concermed.
were not sigmificandy Jifferent detween
soth ireas. . /ertheiess, (Ne uze of the
sopuiation nvesiigated 0 this penod
~as relauvely smail. and further study 's
necessary

Growth and deveinpment of cinidren.
easurements of head arcumference.
sody weignt. and height of (he chiidren
setow |2 vears of age in the high-oack-
ground area (3229 persons) and the con-
irof area (2991 persons) showed that dif-
ferences n growth and deveiopment of
=midren between 'hese (WO ireas ~ere
aot stausticaly sigmficant.

Comciusions

The ~adiatiun levei in some regions of
Yangiang County. Guangdong Prov-
nce. '8 about 'hree U'mes ‘hat M the

neighbonng  ontroi areas. Jul ower

tham that a oms purts of high Dack-

ground radiat on areas ‘a (ndia and 3ra-

z:l. However the disimbution of 2Xpo-

sure ~ates n the avestigated regONs IS

retalively even. 4nd there 's a Migh Jen-
sity of people whose ‘amiiies nave lived
‘here for many generauons. Resuits of
the heaith survey carmed out Detween
1972 and 1975. wmch did not demon-
strate any significant difference detween
nhabwants living in the hign-oackground
and controi ar=as. suggest thatthe size of
the popuiation nvestigaled may be not
arge enough (0 reveal minor ncrements
of detrmental efects at such a low Jose
range of wmung ~diation. Qr there
mignt be a practical threshowd Jose: (hat
is. the possibrviity hat the iose-etfect
curve had 1 zero siope 1t these Joses
zannot e ruied out: For the reasons Qiv-
en above, further 'nvestigation of 2
larger popuiation s necessary.

8 Adwsory C

[nnovation and Scientific Funding

it is difficuit 10 judge the performance
of scienufic fundicg agencies, for. like
physicians, they oftem bury thewr mis-
rakes. Rejected proposals usuaily mean
Jjoomed projects. (f the projects survive
reyection and succeed, it is rare that they
whieve recognition soon enough (o alert
he funding agencies that mstakes are
being made. [n [978 [ was pven the Alan
T Waterman Award of the Nauonal Sci-
ence Foundauon and the Texas In-
sruments Foundauoa Founders Pnie
for researchr that mtially: had deen =
jected for funding by the National Sci-
ence Foundation (NSF), the Department
of Energy (DOE), 'he National Aero-
nauties and Space  Admmustration
NASA). and the Department of De-
fense. | feit an obligation [0 Make My =%~
serence xnown, "ot because | thought it
imaque. dut because of my umque posk
o as the reciprent. of the awards, A dis-
cussion with Dr. Frank Press of the
White House Office of Science and Tech-
1wiogy Poticy 'ed (0 meeings with agen
-y heads and testimony before the Com-

AT URVORTS ORROS0 | O Copvrem D [ AAAS

Richard A. Muiler

mittee on Science and T zhnology of the

J.S. House of Representauives. This ar-
nele is an adaptation of that testimony.

[ was abie (0 proceed with the rejected
srojects by cucumventing the sys-
rem.”” | had been advised by my mentor.
Luis Alvarez. to spend money designat-
ed for other projecis oa the unfunded
work. He said 'hat if the projects were
successful. noondy would juestion the
sropnety of having Jone LS. | was
heiped v our NASA funding momior.
who allowed us to designate a fraction of
one of aur grants as “seed money for
new projects. as long as (he amount was
smail 30d remained low profile. ” [ ad-
diton. | was able 10 obtan some seed
money from the Lawrence Berkeiey
Laboratory. aithough those invoived feit
that they were laking 1 MSK. sincs the
srojects were 0L mmediately rmievant
10 the COE"s mission.

it is weil known n the research com-
munity that one cannotl expect 2 PrO=-
sosal to e funded unui 2 consideranie
amount of work has been done on the
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coast, Pew «im imr Lomp. Pracetui Les Al
Laerey 11,01 11972

.V Next amdl ¥ Schul, The tifect vi Sre
ersure (0 (Ao A SomAg on Precmaecy Ter
emation m Hireasimu and Nugusuas Pubicae
Jom i, Nanomu A o

"a‘uo!- Researcn Counci. ~ashmgion. D.C..
EanY)

5. E. £. Pochm. Droolerms avoived 4 detecing

AcTeased Mad ERANCY "3Mes (0 areas of hgn nalu-
r:;;:mauu sackgroumi.  Henita Shey J1, 1«8
1974}

on (he Fosopea £ Tects of
lomang Radmnon. e Eferr om Aormiatons
o B ey ‘o s Levets of lomIne D ks Lo
Divrson of HMedical Sciences. Navonal Acad.

emy of Sciemces-Nauona levearch Counal.
Nasmngon. O.C.. (97T
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Alomc Eaergy Agency. Yienna. 1978), ol L

sroject. When | began research in 1965.
our research group often received more
than he minmum support necsssary for
Jur projects. and the excass muney was
used 0 seed new deas. Oniy a smail
fraction of these 'deas led to 3 formai
sroposal. [f the proposal was funded. it
couid pmvide sesd Money for the next
dea.

Ths situation gradually changed. 3v
1972 our proposais were serutimzed 10
snsure that we received no more than the
necessary mimimum. “arely did we re
ceive the totai raquested. By (976 few ot
sur proposals recerved enough mone
even 10 sustain a project, and we had o
abtain support from more than one agen-
¢v. Much of the ime we had devoted
thinking ibout new Drojects wvas aow
spent wnting and poiishing proposais.
T'ght funding, ‘ncreasing gverhead. am!
additional constraimis on spending have
made it more and more Jifficuit 10 bear
new prujects. Furtunately. the Lawrenc:
Berkeiey Laporatory has conunued
provide sesd money. Maxing it DOSSIDI
for our research grogram !0 ceonunue &
evoive.

Innovation

| hnave ongnated several project
ermed ‘mmovative By the award om
mittees and others. The penods when

The suthor « sofevsor of shvucy at ‘he Um
veruty of Casiorma. Jerterey ind ‘acuity semw
wientrst 3l Ae Lawrence Jertetey _adoraon
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11G.2. Schematic reprmentat  of the decay chaln of thorium and (4 davgduer PO

Here over a stretch of about %0 kilometres the coastline is characterized
—by.patches of radioactive sand, For the purposes of our investigaulons

we have selected a coastal strip of about $5 km extending (rem

Thekkumbhagum in Quilon District in the south o Purakkadu in Alleppy

Distriet in the north, This aren !as coertain (catures: (i) the area includes

the most concentrated distribution of monazite; (ii) it has definable geo-

graphical land marks with ti¢ backwaters separalng this strip from the

mainland; (ii{) it carries a high density of populalen.
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The monazite !~pasits admixed with (lmenite, rutile, zircon und other
rare carths are widely uistributed in the Leach wands and in “He adjoining
arcas along this constal strip. Thorium and ity radioactive .ceay products
contribute to the high b ckground radiilens., Fipure 2 prescnis a

schematic representation of the decay chain of thorium and its daughter
products. Ii Is cvident that during the decuy of thorium, alpha, beta and
gamma radiations are released = as is also radioactive theron, which
diffuses out of the sands and contributes o the senitamination of the air.
Therefore, the human populations living in these areas are subjected 10
radiation cxposures rom: (i) external radiations caused by lata and
gamma radiation from natural uranium and therium contained in monazite;
(1i) betz and gamma radiations [rom radon, thoron (gascous products) and
their decay products in the air; and (lil) internal exposures (rom depo-
sition of these radicactive materials in the body through ingestion and
inhalation, -

This paper reports on the present siatus o, our studies in the region.
During the current phase of the projec’, two aspects have been taken up:

{(a) An ad hoc demographic survey;

(b) Radiation o simutric measurements of houschoids and personnel,

A preliminary progress report on these investijations was published
during 1970 (1], The data reported therein which pertain to a small
sub-sample of the houscholds and populatior. in the monazite beit, are
{ncorporated in the present paper.

2. MATERIALS AND METIODS

2.1, Demographic survey

The demographic survey was completed in January 1970 with the
assistance of the Dureau of Economics and Siatistics, ¥erala State. The
region under study is divided into 7 areas and each area is subdivided into
segments, and each house in a segment [s given an individual house
number. in all 13255 households are (ncluded in the region and nearly
70000 pc=3jons representing all age groups and different religions are
covered. A batch o’ iavestigaisrs visited each houschold and the demo-
graphic data were collected irn - cinputer-compatible formats {2). The
population has been divided into three occupational groups representing:
() individuals employed outside the area; {IN individuals totally employed
within the area; and (!II) fishermen., The occvpational Group ! includes
children going to school and other individuals whe spend a good part of the
day outside the area, but does not include [lshermen. Occupational Croup [T
includes male members who normally work in the srea, houscwives, and
zhildren who do not'go to schou! ut spend the day in and around the house.
Occupational Jroup 1l consists of all persons who go lishing and spend the
rest of (heir time in and around the area. This classification !s important
since human beings are mobile and ti > fact that they are resident in 2 high
background area may not necessarily ‘miply that thev always receive high
exposures, For each married couple {n 3 household, A detailed fertility
history has also been obtained,

- ——— e = — — e ——
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A preliminary inguiry in the region revealed that there are various
religious groups clustered discretely slong the coast and it was cifficuit
to get a suitable zontrol population which would meut all requirements
outside the region. Further, infurinution obtained {rom our eariier radio-
metric surveys [3-6] indicated thut stung the coast the high radistion belt
{s froquently interrupted by sirctches with norinal Sackground radiation
levels., In view of this unique situction, it was felt that a sizeable [raction

of the population would be receiving low or acar normal background levels
of radiation exposure which could justily this {raction being considered as
a suitable control group.

2.2. Dosimetric survey

Our earlier radiometric surveys have demonsiraied the patchy distri-
bution of monazite sand in the Theskumbhagu  to Purakkadu region. In
addition, the radioactivity in a given zone !s : slatively high near the shore-
line and generally falls off as onc moves i{nland by about 300 m (5]. These
neasuremcnts were made by the conventional T-11 survey meters. In the
absence of reliablc personnel integrating dosimeters, no measurements on
individuals residing in the area could be carricd out earlier, These
studies however highlighted the complexity of the situation and also indi-
cated that the computation of per capita annual dose on the basis of a single
G-M measurement was likely to overcstimate the actual doses received
by the individuals in the population.

2.2.1, Dosimetric system

The development of thermoluminescent do o aeters, and especially
caleium fluoride dosimeters at the Bhabha Atomic Research Centre, has
now made it poasibie to measure the radiation dose received by individual
members of the population with a reasonable measure of accuracy, relia-
bility and reproducibility.

Dosimeter design and reader system have Deen reported earlier [7-8).
The dosimeter consists of a 40 mmXx 12.5 mm X 0.25 mm Al variety
kanthal strip at the centre of which fuorite TLD powder {50 ‘o 100 mg,
mesh 120) is deposited and secured by a silicone resin. For reading the
light outrit {rom an exposed dosimeter, an EMI tvoe 9514° photomultiplier
tube is used, whose outputis recorded when the »simeter (s heated under
its photocathode. Minor modiflcstions were made on this dosimeter for
its use in the present work: A 15 mm X 1U mm X 0.5 mm depression wis
embossed at the centre of the kanthal strip, ensumng {irm deposition of the
fluorite. The kanthal sirip cosimeter was enclosed in 3 light-tight black
PVC bag which was in turn {inally sealed inside another PVC packet.

Figure 3 shows the dosimeter which was supplied to the individuals,
Female members of the population wore these dosimecters around the neck,
children and male members wore them arcund their walst. The effect of
variations in the geometry of these dosimeters on the exposure recorded
was not significant
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2. Calibration procedure

Calib-ation of the dosimeters was carried out using a 5. 14 mC{

standard radium source cnclosed in a 0.0825 in (1.580 mm)

thick Merspex capsule.

Dosimeters were arranged along the circume

ference of a 10 em radius ring with the source at the centre, Twenty-eight

dosimeters were placed in the calibrating ring at a time,

Initially (ull

range calibration was done for a few dosimetlers and the range of Unearity

| —
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We have also examined ! {vidual househo.d r ents in each

of the seven areas; the exposure data reveal signi nt variations between

adjacent households in a given area 1is indicates 0 en 0 a spec

area the distribution of monaziie ieposils non - homoygenccous
Personal radiation exposure patlerns of iha ! sopuliation of
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groups, the exposure prolile for Secupational Croup 1 shows the closest
it with the total ponulation profile (Fig.” ] the arcawise exposure
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rates for rural Indla Ihe valuc

radiation exposures in excess cf 20 BKC units m perhaps be explainecd
as a compensalory phenomenor r{f.set the reduced ‘ertilily index in Uus
group, since surviving malc ~hildren are regarded as potential wage

earners to the family. The estimates of sex-ratlio among the offspring hav

not provided any clue from whic! ~onelusions on the possibility of genetic
damage to the population resident in the monazite bearing arcas couls dDe
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TABLE V, INFANT MORTAILITY RATE PER

:
POIPULATION

1000 1.1 BIRTIS IN
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. in 244 1 .
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5 Navesal avesage (or twal India: 1459 (18]

Infant mortality rate. The data on the infant morialily rate are
presented in ...'nc V. It is observed that the values obtained are slightly in
excess of 145, a figure estimated by the Indian National Survey lor rural
areas of India in 1963 (10]. A morec recent estimate based on data of
continuous enumeration on annual samples in 1963 gives an infant mortality
rate of only 111 (or the whole country. Il is well known that infant
mortality (s one of the sensitive {nc.zators of the living standards of a
community and is particularly sens ive and responsive o improvements
and deterioration in the environment in which the infant lives. The infant
mortality rates computed {rom the data collected in our study gives a
mean [igure of 184, Such high values are recorded in other parts of India,
notably in ine state of Uttar Pradesi in northern India. Considering the
primitive medical facilities available in the monazile bearing areas,
inadequate sanitation <ad exposure o vagaries of zature, the high infant
mortality rotes seen in this peoulation are not # arprising. Again the dil-
ferences in the infant moria ity rates between the high and low Lackground
exposure lovels are not statistically significant. llowever, it may be
mentioned in passing that the highest value of 309 is recorded in the Jroup
of O couples living in Thekkumbhagum recciving an cxposure greater than
20 BKG units, in whom 13 of the 42 children born died in the first year of
their llfe.

Pregnancy terminations, abnormalitics and multiple births. The data
are presented n {able VI, Il is ouserved thal on an average 4.5% of
pregnancies cnded in abortions. The [requency of abortions in the four
radiation exposure categories are not different. The (requency of still
hirths in the group receiving a radiation exposure in excess of 20 BKC units
is significantly ®igner than in other groups. As stated carlier, the infant
mortality rate in this group was also the highest. [t thus appears that the
total loss of offspring in this group is significantly higher thaa in those
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SUMMARY AND CONCLUSIONS
VAVWMIART ANU iy LESEROICTISIL -

In an attempt to evaluate possible genetic eff
nman, demeograpiicand rac 1dosimelric sum
in the monazite bear: n
India were undertaken.
history of marricd coupie { l i ivicduals resiJent
13355 househeids in 1
recorded Radiation
sample population of
coastal sirip were also
dosimcters
Dosimetric data revealed that It 29% O \ »ids covered
the survey record’ i greater than 5 U I

v

background

radiation level he (raction of housenholds receiving greater than 5 times

the normal sackground cxposure gradually increased

along the sirip The percentage of honseho.ics
and 20 times the normal levels was ailso ugnhest
the stri

The radiation exposure profiles for the popul

similarity to the houschold exposure proliles
in Occupational Group !I, who are totally empio n the reg
constitutes about 90% of the total population surveyed, was scen
the houschold radiation exposure profilcs In all, 2020 out of

{duals surveved received exposures greater than 5 times the normal

S00 mR/yr). Of these, 551 individuals 7 ed exposures Jreater
1 R/yr while 57 individu received a ¢ 4 than yr. O
basis of the data reported here, -an b~ estunated

that of the
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»wme A M. Frexz and G. \W. Dowrwry, thu compound in (7 peopie who have neen internail
CALA ieaith and Safety Branch, Harwell (UK con@aminated durning the period [063-1969 Thee

Pauents include wnix with plutonum contaninatsv
‘vounas, ten inhalation cascs and one 'whose internal
contamunanon was of unknown onmn. [t i further
suggested that DTP.\ may be used as 3 diagnostic as
weil as a therapeuuc agent, sincs anv resulbng #n-
fancement of pilutonium unnare exerst

“wwsenm compiexed with proteins and smaller
w4 & 3¢ Shad mainly becomes deposited
¥ 'me and liver. However, 2 small fraction
==Y und 10% of e toeal amount in the hiood
“wtday m the unine. Ag plutonium devosiied
“ lmy omam 3 retained for iong penods,
N imament of contaminated Aumans s
- neAARSg the urinary excrenon and

LRAY

naicate the presence of ¢ Jlaung an AVauaDi-
Qlutomium.

“Trmh f}!*mmuun( ‘Ae amount deposited in RADIATION CEFECTS 18- ' I
A Gver. To this end DTPA (Diethvienes ALIALILN PR IN MAN I

T=Wmlaacenc aad) has Jeen used 11 3 number
- r, . . =38 Omi presentaiion. Dosimetric and cvtogenetic
WS nternal onttminauon of workers has b

-~ studies in Brazilian areas of high natural activity.
%e = . L. Cutten, Instituto de F nica. Panulica

: = % Berapeunc application of DTP.\ mav *$ pt ot :

~ mare wruversidade Catolica, Ruo de Janerm and
| “uespread the authors have attempted ~ r 1
i W 4 — - —~ABRAL De Aruema, [nsdtuto de  Diod wica,
| lanale (or 113 use. i e mode of entry Unis ie F Rio de [aneiro Beas
{ S~ ' w uvemcade Federal, i jAne: 1
| <o 0 the dody 11 bv wounrd or inhalation : =
o W= there is considersble variability [n Guarapan the population of 5000 lives i 1
- I e of transier of plutonium to the fadioacuve environment appraximately [0 tinyes
{
{

¥l Xiemal counting ver e ung or normal ievels. \lter radiation levels
icae the

‘%!um
‘N Ne

vere mapped,

orde coumeters were randomiv 118t D=

otal amount at the site of  lithium
fate of ransfer o the biocod

uted and 340 were recovered.  The air was measured
PAvnico-chiemical state of the for radon, thoron and long lived cnintent. and (ood
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Deparzment of Energy
Washmgton. D.C. 20585 July 1S, 1881

Ms. Felsey Selander RECTIVED -
7.5. Emvircnmental Protsctisn Agency SVIRCNMENTAL PROTECTY
401 M Stzeet., S.W. AGENCY
“aspingzon, D.C. 20460 JUL17 1881

Dear Ms, Selander: CENTRAL DOCKET

A SETTION
This is the Department of Dnergy's response TS tie Agency's
request for formal comments oz the Draft Envi-czmental
Izpact Statement (DEIS) for Remedial Acticon Standaxds for
Inacsive Uranium Processing Sites (EPA 520/4-80-01l,
Decemser .380), and the propesed standards that were published
is the Federal Recister con April 22, 1380 and oz Januasy
9, 138l. TFor the past = and a half we have expressed cur

’ -
concerns =2 the Agency i letters and throughk meetings wistd
ics stals.
Cf parsiculars concerz is the interizm cleanup standaxds that
-

che Agersy has published. Implementaticn of these standarss
(in cther cleanuy progranms) has been shown o bDe costly and -
cechnically difficult. The majcr reason fcor these difficulties
is =hat the proposed extremely low single-valued stancaccds

must be applied to cpen lands and stIuctures where there

are variations in the natural occusTence ¢f radicactivity,

and where =he propcesed standards are near cr below sackground
in many cases. The concept c¢f "reascpable assurance” contalined
iz the preamble to the standarids is toC vague to' be effective
¢or assuring cempliance, and we want to aveil any use oI the
criteria for exceptions wherever possible. If the remedial
ction progrTam is =2 be conducted at the lowest possitl

cost ©o the taxpayer without jecpazdizing public healsh,

~here =usStT be a reascnatle rance cof numerical values iz

the standards.

Flexibilicy is needed in the f£inal standasds 2ot only <0
facilizate the cleazur at the .owest possilble cost cf

the inactive UTanicTm PrOCesSsSing sites and vicinicty propesties
that ace covered under Pub. L. 95-604, but alsc =o

facilizate cleanup of radicactivity contaminated sites

under Twc other cleantp programs the Depastlent conducts.

The mill tailings standards will set a precedent, for the
cleanup ¢f residual rad:iocactive material at sites where
nuclear cperaticns were fcrmerly conducted f£or the Manhattacn

Sngineer District and the Atomic Energy Commission, at
surplas radicactively contaminated DOZ-cwned facilities, and
at private properties in theis viecinisy. I the proposed
ssandards beccme applicable, the necessity for complliance
will increase the cost and time reguired fcor these cleanup
PrTogTanS .
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We a.e cf “‘u.se, as concermed as you are abocut th

cf the public £rom exposure to levels of radon and its decay |
;::du"".s ...r' may pose potential and significant health |
nazards. The Department will make everv effort to eliminate .
any pctential hazasds and t©o concomitantly keep the costs of
conducting radiclogical surveys and rTemedial ac:.'.cn cpera-

cions as low as pcssible. Eowever, we feel it will beccne

o
"
"
0
o

difficult to justify reguests for Csagr.ssi-nA¢ agpropriaticns
fcr a program ts neet standards that acscording to the Agency's
estimates will cnly prevent about twe deaths per year as a
result ¢f radon emanati fsom the 25 inactive uranium
grocessing sites over the present rate ¢f about 32,000
deaths per vear frcm lung cancer.

™he fcllowing i; a discussion of cur specific concesus
:e':a:“ ng the proposed stancards and the acceompanying Draft
Snavironmental Impact Statement. Suggested altermatives o

-~
.

!

l'

00'

.

proposed standards which, if adcopted, would allieviate
ccncerns are included. OQur comments here pazallel and
lement =hose we have macde 2 the Agexncy since Jazuasy
anéd ace alsc provided in a capsulized form in EnclosuTe

w0
m(lr

1. -
u:-
n
.38C

Radon Flux and Discversicn

The :u:::e:n:ica.l models the Agency used tT estizate raden
dispersicn frcm unstabilized piles are in disagTreement with
£ield measurenents c¢f radon concentraticns versus dlstance
4>om the ;;-es. All the data we have seen indicate that
radon concentraticons are essentially the same as natural
sackground levels at about 1/4 to 1/2 mile fzom the boundasy
cf =he site. As an example, Inclosure 2 indlcates average
sncours of constant ocuzdoer radexn concentrations (pQL/1) =
the vicinity ¢f the inactive processing site in Ca.ncns"u:;,
Pennsvivania, where the Department is maintalning a a ragden
moniszsring zmetwerk. The highest radeon concextTatic:n Is
abocuz 0.7 2Ci,/l near the boundaries cf the site and decTeases
o average backgrcund for the wvicinicsy (0.3 pc.'./" in about
a half mile. We see nc evidence cf any potential health
impacst %o the public because the highest Deasured c'-nce.."'a cien
is enly 25 pecc nt of the Nuclear Regulatcory Commissian's
allowable value cf 3 pCi/l for nonocctpaticnal expostre.
Additicnally, data collected in aerial sadioclogical susveys
at Qranium processing sites in the West indicate that c‘."—:'.:g
she flights radon ct ncentraticas in the ;.-:.a.‘..;a't v*‘***’y

2f «he sites were essentially at backgrzouzd 1 srther
evidence that radcn concestratio '.:. e 'rc.n.*v ‘of mastabiliz

sites are much lower than the Agency's estimates was SITViZ
in Dr. Roblev 2. Evans' letter cf \u-_-' 27, 381, & D=E.

.
william A. Mills of yvour stafl.
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Secause radon d: disper ion £ unstahiliz piles does nct

groduce measurable eflects cver. at short distances Irocnm

cheir boundaries, we cannot sSupporst tle ;::cpcsed P :C../:n*"

sec raden flux standarzd, which is very close to o lowes

:::.a.n background in many parts of the u"cn. As an al..a.
cive, we sSuggest a IAXIiZum average annual concentraticn of

30 pc./’ cf zadcn at 3 feet above the surface cf a stabilized

pile or dispecsal site and 3 pCi/l at the fenced Doundaxy cf

the propesty, and that the standard itself specifly that the

average is %o be determined by reascnable statistical Teasure-

zent protocols. Our suggested alternative is consistent

wizh =he Commissicn's radiaticn proctectiocn standaxds cf 30

pCi/1l for occupaticnal expasure, which, ‘c- example, will

protect workers, -epa:.:.‘.ag a stahilized site, and 3 pCi/l

#5r noncccupaticnal exposure, which will protect the publi

iZ they are exposed at the fenced boundary.

The stabilized disposal locations for ";..ags are to be
governmment-cwned, fenced, and licensed -y NRC It is the
incent ¢f the Act that the Gov:mment both mcn..::- and
requlate the use ¢f the property anc Iits :e..::le" 2= .
appropriate establishid limicts for occ'.z,.a:'.c - axposu.e to
racdon at B DCE cperating facility is 30 pCi/l of aix (whieck
could apply on the stibilized tallings a.nd be monitored at
an elevaticn three feet directly abcve the surface) and the
established fence line limit generally recognized as accept-
able exposure <o an exposed individual at the point of
contsel is 3 pCi/1l.

48

-

‘:'.*:o measurenent o ’adcn £lux is extoemely difficult due ©°
ts variability cover a large area such as a tallings pile.
Wwe therefcre suggest that the standaszZ for raden coatsel of
stacilized tailings be based upcn measuT sadon concentration
in aiz.
We believe that IFA may have overestimat the potantial
health effects from raden by a facteor of 10, Even assuming
shat EPA's analysis cf the potential health effects is
corTvecs, the Dra‘ft Environmental Ixmpact Stat en: est_mates
that 78 perctent -‘ the total number of health eflects can De
avoided by s.a....*"';ag piles at the 100 ,C'.,’:n"uc £lzx
value, which roughly corresponds to 30 pCil/l of raden thTee
feer sbove the surZace. We estimate that a2 poteantlial sSavings
in remedial acticn costs of 530,000 == 5120C,000 per acTe, oI
a =otal savings cf sao :: $120 millien dcllars could be
realired if piles and dispcsal sites are stablilli:z . oux
suggested radcn goncentraticn valnes rather tihan EFA's
sropesed I pCi/m*~sec raden flux standard.



Radon Decav Product Concenzraticn Standaszd

The propcsec standazd for raden decav product concentraticn
in stTuctures 1s exceecded Dy, or is close to Background
concentrations in a s-qn'“ca..' sTacticn cf hcmes that are
not associated with mill .aAl“gs e other residual zadio-
active :m:c.:u.. T2e results cf scme American sampling
programs shown in Enclosure 2 indicate the variations that
can be expectad. The results cf extensive Canadian studies
of radon and progeny concentrations in 'ts.dcncu summarized
iz Enclosure 4 parallel the naturally cccurring variaticns
found ir American st-uctures. These data lead us %o conclude
that an inflexible 0.015, including backgrsuad, working
sevel (WL) standasd will it many caser require unnecessasy
and expensive remcval cf material =2 background levels o
even Dbelow backgTound.

...e reamble to the standards indicates that if the allswable
k.:zg level is still exceeded after all appa.c..‘ tailings

have been remcved Or ctherwise prevented from Zecting the
interior of _:m sw=ucture, then the proposed standas-d does
nct require further remecdial xneasures. Sowever, we will

have =2 »-c.—-.-.:y duzing the ccndéuct ¢f remedial action thas

all apoarent talilings materials have been remcved. Substantia-
z.on of removal will have to ultimately provided by indeoer -
radon decay product concentration measurements that can be
influenced bv scurces other than tailings. Potential diffi.
c:lties are indicated (a) Dy a recent review cf post-remedial
action surveys in Grand Juncticn indicating that 32 percent

cf decontaminated stIuctures now have working levels greates
than the proposed standasd, and (b)) by p:e...n.nu'v cesults

cf an analysis cf radon daughter csncentraticons ‘in residences
at is anc'..nc; €2 suggest that 55 percent cf basements and
pescent of fLirst levels in U.S. hcmes exceed C.015 Wi.

O

e

We face the reascnable pessibility of post-remedial action
radiclogical surveys in structures izdicating that cextificatieon
conditicns have nct been met. A dilemma will exist because
we will not be able to detezmine if the allowable saden

level is exceedecd because contaminated material derived from
a :r:cessing site has not been removed, or because c¢f the
presence of natural radicactiv.ty in constouction Iaterials
and natural background -ac'..at..an. The cnly altesmatives

will bDe either to remcove additicnal materials includiag
natural radicactivity from other pazts of the structare such
as f{rom under floors and foctings, ST tO TeguUest an excepticn
from the Agency.
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The werd "any® in the specificaticn ¢f the cccusTence of
radium-226 in scil is alsc a major source of additional time
a.." costs for radiclogical measurements and cleanup.
Enclosuze § illuostrates the substantial impact ¢f the word
*any® cn the tize and cost to cestifly compliance with zacimme
in-scil standards., The chast is based on the mcst recent
experiecces of cne of cur radiclogical survey gToups ia a
DCE Naticnal lLaboratery. The manpower and cost estimates in
«he table relats £t two protocels for certifying that after
cleanup ¢f cne acre of ground the amcunt of radium=-226 i
the scil does not exceed 5 pCil/g. The first ;::::.ncc- is
necessary o assucse that the "any” sample specilicaticn
reguised by the stancdaszd is satisfied, and the cotler pro-
tocsl is a realistic stazistical averaging ¢f samples. 7T
percentage difference in cost between the "any" and averaging
;—*::: ols is significant; tb "a..y' spnc-"" =ic eq'.:.:.:u
percent more cost at S pCi/g than the statistical averaging
rotocsl. There is a savings of 53,300 pers ac:"e if rzeascnatle
sacing rather than the ;:cccsed "any”® sample were specifl
reascnable specificaticn ¢f averaging as oprosed to "any”
in the stancards could save abcuz $2,300,000 for cercifizzsicn
af the --ea...x.- cf the tailin '-gs ::.'.;es. '::-.s estimate cf

0)0

potential sa ngs does aot iaclude the aveas of w*'.::d-b‘.own
ané cthe" dispersisa tailincs, and vicinity ..:*be. =ies,

which might a--oqe ther ¢~izle the savings =o pechaps §$12,000,000

in certification costs. The savings will probably incresase
substantially as upc:'.e.:.ce With guallity assuTance gperatichs
is gained during the ccnduct ¢f semedial acticn cperaticons.

These additicnal costs could bDe aveided if the word "any”® is
deleted #rom the standard and zhe standard itself is replaced
by an average value cf 1S pCl/g for radicm in sgll uwtilizing
she ALARA approach, and the statement that “"the necessasy
measurements are o be pesic d withia the ac-"-a.c;r e

available f£ield and '.a.bc*a““’y instruments usec in conjunc~
ticn with reascnable survey and sampling procedures.” We

believe that nc neasturable increase in health effects will
resuls Srom adoptior ¢f the above procedure

1.000 Year Disvesal Site Compliance

The ccncept ¢ “reascnacle assurance” included in the propesed
ssandard ir nct cleazly defined. Computar codes that have
been confirmed by fieli measturements made Cver tize, and
expert Cpinlicns ate inadecuate substitutes fcor expe:*’c:xct.
Dispeosal site technologies are Deing ..cve-:::ed anéd evaluated
nd cost effective systexs zay not De avail a....; for scme

vears with a confidence level of nturies. he altesnative
we sucgest zakes acdvantage cf the fact that :.he sites aTe O
be Governmenz-cwned and fenced, anéd licensed by the Commission
for the indefinits futuse. "'"s will allow sitas to Dbe
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Impact on DOE Rem ted Alternative

Frograma/Health
Program Frogram

1. Radon Dlie Stabilization coats will be 1f stabilization In Reduced coats

peraion and significant to meet ¢ pCl/m2 necessary, use 100 action time,

Radon Flux sec. standard on the talllngs pCl/m# se ¢ NRC'

Standard plles. } pCi/]1 near the Health

1 p |/m1 ahove boundary line of the

background, Hlealth slte. About 78X of EFA eatinnted

radon health effectn nre

The resulting additional berefit to public health over avolded at the high priority
that resulting from a less stringent standard Is quest nable sites (PEIS, page 6-7)

alncel

a. The value of 2 pfl/ml sec i8 near or below backgiound
in some areas unaffected by talllings)

b. Radon disperslon from unatabilized plles 1o overestimated
by EPA computer codeaj and,

c. Aerial radiologtcal surveys and DOE ground monitoring data
indicate that radon concentrations in the fmmediate vicinity
of fnactive uranium processing sites (about 1/2 mile away) are
eanentially at background levels,

2. Radon _Program Program

2. Radon Decay Annual average working level Ia a There should be a range Implementation and certification
Product Concen- statiastical quantity which cannot of working levels oft coats are reduced,
tratfon Standacd be determined to 3 significant figures
Avg Annual Value nor can avernge annual values be . WHL<0.0]1 above background
of 0.015 WL distinguished between 0.02 and 0.06 WL.. . remedial action is not be avolded,
fncludieg back- required.
around. Remedial action costs may Increase as . 0.010<¥LC0.0% above Health
DOE may have to dig under footings, background., DOE will decide
etc., because WL standard is exceeded {f remedinl action is Mo messurable increase in health
and "apparent” tallings cannot be required (1f wi:'log levels effects.
found. are in thie range), utiliz-
fng an ALARA approach.

The exceptions procedurea will

WL 0.GE above background,
: temedial action is required.
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nrocedure,
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Exceptions
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(cont )
Compliance with
e.f., JIX o1

at least one

standards may not be
Crand
still

structures In
temedial act on

Health

near or
affected by
henlth

The standard in
tatlings,
that

standard s q

atructures not
benefit to publlc

from a leas ntringent

over

Pr \‘Rl am

Fxtennlve sampling at Increased coat
and time will be required since “any"
‘ln.|ll

is equivalent to layers.

ftealth

The atandard 18 not related to

potential health effec o

flug!nm
Costly, time consuming and difficult

to implement,

r |

Junct i

exceed

below background

and

saible
n that
g.015

levels In many

the resulting added

reaultiog
eationabla,

An average of 15 pCi/g and
standard {teelf (not
preamble) states that

the
the
the

necesnary measur ements

are to be performed within
the accuracy
field and laboratory
Invtruments used in
conjunction with reason

of avallable

able survey and sempling
procedures,.

DOE has no objection

Flexibility should be
provided in the standards
rather the
exceptions procedure or

than In

the presmble to the

ptandarda,

Frogram

Implementation and certification
coste w'll Le markedly reduced
8.8+, 951 confidence certifica
tion that "any" soll sample doen
not exceed §5 pCl/g costas 41X
more per acre to certify than =
90X confidence certification
based on & reasonnable atatistical

averaging procedure,

Health

NHo measurable Increase in health

effectes.

Pros.am

DOE will ‘save time and cost
because remedial action
implementation decislons can be
made Iin the fleld rathex
in Hashington,

than
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the

a disposal
priox
and a
accensn to

[

w

priority
ith

Reaurting benefit to public

health le justified by the

coats of meeting the atandard,

e

not

Fatal Cancers Per Century - Local

Certain NHigh Priority Sitea(2) Relative Risk

Crand Juanction, Colorado
Gunnison, Colorado
Rifle, Colorado (1 alite)
Shiprock, New Mexico
Canonaburg, Pennaylvania

Salt Lake City, Utah

TOTALS

only

138 (58X of Deathes pe:

Frogram
"‘l.['u!!|

LS ™

ering the antly reduced lmplementation

v f
high

iications
the
ennling slten
nd control

ned st

’

m and

slites,

Health

At 58-71% of the EFA estimated
health effects per century (excluding
vicinity properties) will be
eliminated. (Ses the table belovw.)

least

Fopulations Only (1)
Absolute Risk

18
2
1
3

17

19

120 (71X of estimated 170 deathn

century)

per century)

(1) Data taken from EPA'a DEIS

Local population effects were not presented for the high priority sites at
Durango, Colorado, and Riverton, Wyomlng in the DEIS,

(2)
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CSTIM TS OF TIME AD COST PER ACRE (ABCUT A,000a" ) TU C-0TIFY COPLIANCE NITH 5pCl /g
RADIUPH-IN-SOTL STAMDARDS USING AVAILABLE 1MBILE FIELD LAZOWTORY JUSTRUCENTATION (V)

22l

o 951 Confidence that "Any™ Sample - 1 sanmple taken (roa each m
does not exceed pCl/g of Radium-2.6 {4,000 total)

in soll
Blend axd ana2lyze composite of 25

samplec froa ecch 25 o? (160 total)

v of every 4 ccrposite sanples
ciftimed at pemenent Jab

TIr'E: 20 person-days
Cos1: 39,600

0o 9% Confidence that a statistical An ayerage n!} sarples taken at random
{

average of samples does not exceed from each 1000 (2) (160 total)

5 pCi/g of Radlum-226 n soll
Analyze each sample

1 of every 10 sanples confirmed
at permanent Jab

TIME: 16 verson-days
cosr: $5,700 (3)

(1) WobiTe Yaboratory systems Included a gawma ray spectrometer

(2) Typical ground area for a house

(3) The savings provided by statistical averaging will Increase as operational quality assurance
experierie 1s galned.
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EVALUATION OF ATMOSPHERIC RADON IN THE

VICINITY

OF URANIUM MILL TAILINGS

S. D. SHEARER Jr.
Southwestern Radicloqical Health Labormatory, NCRH U.S. Pubiic Health Service,
Las Vegas, Nevada®

anc

C wW. sl
Health Semaces Laboratory U.S. Atomic Znergy Commusuon, idaho Falis, Idabo

Recewved Juna 1968 ; in revused form 28 Ocioder 1968)

Abstract —A field study is currently being concluded at Grand Juncton and Durango,
Colorado, and at Monuceilo and Salt Lake City, Utah, to evaiuate the public heaith aspects
of arnosphenc =Rn in the vicaity of uranium tailings pies. Air is collected coguouousy
wwmmomfmw:aummmmamcouxd;umﬂﬁwum The in-
tegrated sampie is then analvred for =Ra. A toral of 37 stauons i in operauon. Lach stanon i3
resampien svery thres weexs for ome calendar year to inciude seasonal fluctuauons and to
;:trmuamore@mmmm'mmvmwmezwmmmw.

Thus paper Dresents data and conciusmons rown the | yr study. Of the 13 stauons directly

over taiings, Average radon concentrauons ranged irom 3.5 pCil. 1o 16 pCi/L.
sauons not over tailingy, only fwo averaged greater than | pCi/l

Of the 44
The results wadicate neg-

ligibie radiauon sxposure of the surrounding populauon from this source.

INTRODUCTION

liz mapacT of uranium muilling operations on
the air and water environment has been studied
by 3 number of Federal and State agencies as
well as private industry since the middle 1950's.
{here are numerous references in techmcal
literature to these stu. «ez. Most of the invesuga-
uons 1o date have been concerned with po . Ual
water poliuton from the milling oper ™oms.
Increased attention has been focuserd dunng the
past several years, however, on the agnospaenc
effects of such operanons, parucularly the in-
fluence of unstabilized mill tailings piles on the
atmosphenic radiauon ieveis in surTounding
ommuznites.

Limited atmospnenc gradb sampiing o the
vicnury of several uramium mulls in 1966, indi-

cated that the 2R emanation from the talings
mught be increasing environmental leveis ignifi-

canty. However, the amplag program was

Tumimal and the results were umitec 1o laed
- .

Present address Bureau of Abatement and con-

rol, Nautenal Awr Poilunon Conwrol  Admun.,

VSPHS, Durnam N.C

interpreqation. DBecause of increasing public
interest, a more elaborate joint study aescnoed
here:n was tuuated.

OBJECTIVES

In 1966 a joint Federal posivon regarding
control of uramium mill tailings was agreed
to bv the U.S. Deparment of Intenior (USDI),
U.S. Department of Health, Educauon, and
Welfars 'USDHEW), and U.S. Atomic Energy
Commuission 'USAEC). On March 2, 1967, 1t
was agreed that the U.S. Public Health Semice
'USPHS) and USAEC shouid act jowmiy ™
provide technical advice and asustance ©©
states and industy in evaluaung the public
health aspects of atmospaenc concentranons of
radon due to the piles and in evaluatung the
efecuveness of the stabilization anc contain-
ment of uranium mull tailings piies in conwroiling

racdon emanaton. 1us goal i3 divided 13w
several specfic objecuves:

To deveiop techmiques for taxing inte-
grated air sampies for radon near uramum
aungy puss
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78 ATMOSPHERIC RADON IN THE VICINITY OF URANTUM MILL TAILINGS
2. To evaluate atmospheric concentrations of  atteation would be given to the conceatration.

radon in areas near piles as an index 1o raciauon
exposure of popuiauon

1. To determune the effect of stabilization and
covering on emanation of rados gas from piles

4. To deveiop joint recommendaucns (or
guideiines) i ‘scessary to control exposures
pased on radon concentrations found
5. Tom the above informanon available
to states through technical assistance anc puod-
lished reports

Radon-222 criteria have been deveicped by
the Nauonal Committee on Radiaton Protec-
won (NCRP) and the Internatonal Commussion
on Radiological Protection (ICRP) for indi-
viduals occupationally exposed. The max:mum
permussible concenmation (MPC,) of 30 pCil
jor a 40 hr week and 10 pCi/l. for a 168 br
week, respectively, have Deen set for occupae
uonal exposure to ***Ra plus its caughter
products in equilibrium. [t is permussidie to
adjust these concentration limus if it is found
that ¥**Rn is not in equilibnium with 113 daugnter
progucts

The NCRP (NBS Handbook 69, p. §) sates
that the maximum permussibie average body
burden of radionuclides in persons outside of
the controiled area and attributabie to the
aperatons within the controlied area snail
not exceed onc-tenth of that {or radiation wor-
kers (i.e., based o1 conunuous occupatonal
exposure ior a 160 hr week), ang thar thus
~scommendauon is pnmarily for the purpose of
xeeping the average dose to the whoie popuia-
Hon & low as reasonably possibie, and not
because of the iikelihood of speacific imjury o
the ncdiviGual.

Recommendations of the ICRP state that the
annual radiauon dose limits for members of the
cublic shall be one-teath of the corresponding
annual octupauonal values for conunuous
exposure. Applicanon of these recomumenda-
uons to the 168 hr value for occupational
exposure leads to a value of | pCi/l. for **2Ran,
w~ith daughter products present at eguilibnuin
concentrauons, lor conunuous exposure w
individuals in the general populagon. This
concentration is in addition to nartural back-
ground raden leveis. Thus, for the purpose of
thus study, | pCil. of =Ko 1n ar was uied

as e screcnung value Delow which ne further

invoived. Shouid data obtained frc m the survey
indicate average annual exposures (o concentra-
tions of ***Rn in air in excess of | pCi/l. above
background, it would be necessary (o comsider
the extent of radicactive disequilibrium be-
tween radon and its daughter producs.

While Federal regulacons generally‘® permu
average concentrauons of **Rn up to 3 pCl/l
in air leaving the boundary of a restricted
area of a licensed facility, quanutes permutted
to be reicased from the restricted area an
subject to reduction i it appears that the
mught result in the exposurs ol a sudabic
sampie of an exposed population group o
average concentrauons of ***Rn in excess ol
1 pCi/l.

DESCRIPTION OF STUDY
Slaiion locations

In order that the study areas refiect con-
didons at both operaung and inactve uramiun
mills, locations were chosen inuually at Grand
Junction, Coiorado (operatng mill, uncovered
tailings), Durango, Cclecrado (inacave mill
uncovered tilings), and Monucello, Utrah

inactive mill, covered tailings). Salt Lake
Citv, Utah (operaang mill with oniy vanadiumn
recovery presentiy being carried oul, uacovered
wailings), was added to the study in Octobe:
1967. At each of these study areas, a number ol
sampling sites were selected which were repre-
sentative of on-pile, near-pile and general
community sorditions. Locauons were chosen
taking into consideration the prevailing winc
patterns, population densiues, geographical
factors, etc. At Grand Juncuom, 23 sampling
sites were chosen with 3 being located directl
on the tilings pile; at Durango, 8 sites were
chosen, 2 of which were on the tailings pile; at
Saitr Lake City, 12 sites were chosen wath |
szation being on the tailings pile and anc.aer
immediatelv adjacent; and a: Monacello, 2
stations were estadlished, 4 of which were on the
tailings area. Therefore, at the + study areas
a total of 57 sampling sites were seiected, !3
of which were directly over tailings matenial
Sampiing techniques and frequency

The equipment used to collect the sampics
has been described by Siii.'¥ A small aquar-
ium aerator pump forces fitered air througn 3

precision needle va
Myiar bag at 10m
0L in each 48 hr
sampling locaton,

piaced in a protecu
pump iniet was at
ground or tailings.

over a 48 hr penoc
cycies might be

schedule was design
would be sampied ¢
12 moath period. B
any bias due to daily
vanagons would be

After an extensiv
half of the sampies
each of the two
anaiyucal crocedure
conusted of passing
througn a gas seps
sarbing the radon
low temperature. T]
and the radon trans
scnullanon cell for

in order 1o dete:
agreement between !
all sampies coliectec
of the study were an
laboratones. The ¢
that both ladborator
within the uncertain
invoived. Following
comparison, about S
were analyzed in b

Stauon
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o
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preasion needle vaive into a 40!, laminated
Mylar bag at !0 mi/min to give a volume of
10 ). in each 48 hr sampling period. At each
sampling locauon, the pump and bag were
placed in 2 protecuve weatber enclosure. The
pump inlet was at a height of 3 ft above the
ground or talings. Sampling was carmed out
over a 48 hr penod in order that 2 diumal
cycles might be covered. The sampling
schedule was designed such that each locaton
would be sampied once every I weeks over a
12 month period. By sampling ia this manner
any bias due to daily or seasonal meteoroiogical
varnanons would be munirmuzec

Anaiytucal procedures

After an extensive intercomparison penod,
half of the sampies coliected were anaiyzed at
cach of the two laboratones by accepted
analyucal procedures. The analyucal techmgue
consmisted of passing a known voiume of sampie
tirough a gas separauon apparatus and ab-
sorbing the radon on acuvated charcoal at
low temperature. The charcoal was then heated
and the radon transierred to an alpha-sensiuve
santllavon cell for subsequent counung.

in order to determine the conustency and
agreement between the two laboratones’ results,
all sampies collected dunng the first six weeks
ol the study were analyzed in duplicate at both
laboratones. The data obtained demonstrated
that both laboratones’ results were the same
within the uncertainty of the counting stausucs
invoived. Tollowing this inigal extensive inter-
companson, about 5 9, of the remaining sampies
were analyzed in both laboratones as a con-

5. D. SHEARER JR. and C. W. SILL
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tinuing crosscheck on gqualiry control. All
counting data were corrected [or radicacuve
decay to the midpoint of the respective sampiing
periods. In addiucn, the concentrauons as
determined in the laboratory were caiculated o0
the mean annual pressure and temperature at
each of the study locatons. The:s are as
follows: Grand Juncuon, 638 mm, 11°C;
Durango, 599 mm, 8°C; Monticello, 587 mm,
15°C; and Salt Lake City, 654 mm, 1!°C,
respecuvely.
RESULTS

During the period of sampling for this pro-
gram, a total of 892 sampies was collected, 209
of which were on-pile samples and 683 were
ofi-pile samples. The numbers of on-pile and
off-pile samples by study area are respectivery,
85 and 220 in Grand juncuon, 30 and 82 n
Durange, 3! and 150 in Sait Lake “ity, and 63
and 13! in Monticello. The concentrauon of
23?Rn found at cach station in the four study
sites is given in Table I. The daa shown in
Table | covers the following dates at cach of
the four study areas:

Grand Junction June 6, 1967~
August 20, 1968
Sait Lake City October 27, 1967~
October 8, 1968
Monuceilo August 8, 1967~
July 29, 1968
Durango August 3, 1967~
July 30, 1968

As stated earlier, each of the 57 sampling
stations was re-sampied al three-week intervals
throughout the study.

Tabie 2 presens an overall summary of the

Table |. Average concensranions of TR found af the four study aress

=

Number of Concentrauon of =Ra, pCi/L

Stanon amples Average Standard deviauocn Range

GJ] 11* 17 I 6.7 33-28
i2* 17 4.7 1.7 2.2-7.
by 17 9.0 36 4.6-21
14® 17 8.7 2.4 1.i=9
15® 17 8.7 39 3.5-16
16 17 1.1 1.33 0.50-2.5
p: i6 0.77 0.35 0.43-1.8
p 17 13 0.67 0.33-2.3
22 ) 14 30 0.60-13
24 17 ).78 ). 43 C.31-1.2
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Tasie 2. Summary of on-pile and off-pue siatioms ol the four study areas

Concentraton of =Ra,

Number of Number of pCi/l
Area stauoas sampies Average Range

Grand Juncuon

On-pile 5 as 7 1.1-28.0

Near-pile® - 68 i 0.50-4.5

Other i6 232 083 0.13-4.4
Durango

On-piie 2 30 16.0 3.8-34.0

Stauon 54 ! 10 1.4 0.44-2.3

Other 5 s €.51 0.08-i3
Monuceiio

On-pile - 63 p & 0.8%-12

Off-pue 8 131 0.3+ 0.03-13
Sait Lake Ciry

On-pile P 31 7.2 1.6-22

Of-pile 10 150 0.38 0.06-1.4

* Near-pile stauons: 16, 22, 22, 33,

on-pile and off-pile radon concentrations for the
four study sites. Four of the ofi-pie stations in
Grand Junction, and one of the off-pile stations
in Durango, have been shown separately from
the ather ofi-pile stanons. The reasons {or this
will be explained beiow. The averages are
also shown in Figs. |=+ with the corresponding
wmpiing locaton at each of the four study areas.
For the sake of clamty, only the principal city
and residenual areas have been shown. In
Fig. |, the average of the on-piie stauons s
shown instead of the individuali averages for
canty

DISCUSSION OF RESULTS

The conclusons and trends are presented
below for zach of the four study areas:

Grand junction
It i apparent when examining these data
that there are three disunct groups: (1) one

ple stauons; (2) near-pue stanons in the
prevaiiing wvand patterns; and, (3) all other
stanons.

. ) .
The wind patterns shown as dotted lines on

g

: reoresent condiuons whnich occur about

30°, of the ume. The eariv daytime winds are

from the southeast while the afternoon and
evening wings are from the northwest. The

shift is about equally divided in the two direc-
tions, being about 337 of the ume f{rom the
southeast and 479%, of the ume from the
rorthwest

It is interesting to note that station 1., which
has the highest average ***Ra concentration, is
positioned at the northwest corner of the maun
tailings piie at the foot of a 25 ft biuff in the
prevailing wind envelope for the nocturnal
inversion conditions. 1hus, this stagon can be
expected o intercept the drainage of radon irom
the piie down the slope during periods of highest
concentraton. [u contrast, the lowest value of
the on-piie stations is obtained at station 12
which is almost in the geometnc center of the
pile. The pile is siightly conical with the sauon
near the apex. Apparently, except under con-
divons of strong verncal mixing, the radon
drains down the slope and away from the
sampler, minumining the concentration avadlabie
at a height of 3 {t wnere the iniet is located.

As stared above, u was conncm vaiid to
consider stations 16, 22, 22 and 13, as a separate
group from the other remaining off-piie stauons.
There are several reasons for this: they are
all about a half mile from the pile; 2] they are
in the predominant wind enveiopes, /3) the
area is charactensdcally inqustnial, ang, '+
they are all on the mill side of the nver. Iz
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addigon, standard (-test and analyws of vanance
comparnsons ot’ stauon averages cleariv showed
that stations 23 and 33 were ugnificantly differ-
ent from the other off-piie stanon averages.

Stanons 16 and 22, while exhibiting higher
averages than off-pile stanons, were not deter-

mined to be ugnificantly higher, but were
considered, because of the reasons stated above,
to fail into the same “‘population group' as
q stanons 23 and 23
‘ Stauon 24 was not inciuded in
because, while it is less than one hall m

e

l

the pile and is in thepredominantwind envelope,
it is situated across the river close to the edge o(
a mesa about 80 ft higher than stazons 16, 22,
23 and 33. Station 23, as can be seen on Fig. |,
is the closest off-pile station and has the highes:
average.

The remaining sixteen ofi-piie stations were
considered as a third group of stauons. For
these stauons, the individual station averages
were compared utilizing standard /-test and
anaivis of vaniance comparnsons of the averages
T he results of these staustcal techmgues sbowec
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Fisally, these data can De csmmined Wit expesuse Jiia avel-

agec cvez leng 2-=e) &S get 2 conserratively estizated IisK.
é

A= excellecs Zdiscussisn cf the FIscecuTe a=ises = the Gis-

0

cassion of the cascincgenicity ol sacchazia,
srocedure al=ost o Llts eazizraty.
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cimp——and appreciatle fzacE=on cf a lLifetize. Alshcugh these aTe
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causes are cancers c¢f tZe leme, axd

dasa succest :=hat, and amizal data shew thas, enly zalf tThe Sascess

a-e Liver angiscsacctozmas. We kmow alse =has, faz cigasette S=SKING,

Nes== iisease is alsc prominent, SO for prudent PuSlis PCLST =

=gk of sasmcer incilence In tDe srizasy sSit shzuli be zultipllec
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- 17. Exa=ple: As-es=CS sin
= Tuese is a Lot cf daz2 o2 © scsasicnal expesuTe 2 asses=cS. !
. : sefer %o a sT=aIy nels. > rer exazsle, - azzezd Tasle I =S -
_“ e=ig Teview nelE. * ngte %hat 2sDestIs expcsuse lncT2ase she
lzmg cancer TSk 2 fac=zr o2 Lo cooparzed wWiin =e average Tisk ©2 "j
: s=ckass and nCTSmOKesS. s we n2ve =€ aummes ¢ cancess = &
go=up 62 ¥ 2s558s<es weskers (2alf smcokes azd hall =cmsSmoXers, w2s ‘]
J 1l tizes t=e sk averaged CoVeI STTKeIS =& zcms=ckess ti=eS
R
. N oz Ll ==es wal® =me Tisk 2T 2 em=ker tizes N CT g simes T=e -
—isk cf a s==Xel alene. ::ghis:;:;:;;:isk due =2 ~es=2s w2s mec -
1 g x (L.2x107°/¥yz) for L==¢ cascer alone oz 2.5x10 °/¥= asst=izg ‘
- cthes cancelS a=é heaz= Sisease aTe alsc izper=a=t cansecuences ¢ 2S< ']
| Hestss eXECSTIR. wwereicTe, acsoziing 2 EY ssogested e=iszezicn, =~
e mediaze aczics woull e wasTazted——2as Was izdeed t2e Case. SzfzsszomatelY 7}
= a sedzc=icz cf exmcsuse DY 2 £y owar o2 L000——a2s was pcssi=le Sor
— viayl enlozide z=ay =oT »e pcssisle 42> a2sDestis, a=d 2 dezailed !
- c2lcalatict c£.=:s: =a reduce tThe sisk is necessazy. .
¥ i Tt has ‘:ee:'s-.-;;ts:e:‘. emax we Tmzlace asDest3s mv fibexzlass ]
- . s elimizate cancelS. *x has alss Teel uggested =22t ==g caITlZm~ ;}
K ' cw—e cf astestcs is due T e 1eng fisess a=d fibesTiass
B
-~

B

cgecn.s ZATE=
P H‘.‘;' 28s

11 mave lLeng fitels alsc. I=deed, wWhel £ivers IT=

6"-.".:: 3. Selikasss - '

im Imvizcosenta. gucgs,” C2., 28 22 Pe-scns 2% =-S5 ek cf C2=

Az Azzroach =2 camcer Thiclcocy smd 0Zn==C0L, 5. C.l. So2CTela.

Jew Ioc%: Acace=S 7TES3. -2 - l
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Expected and obsarved deaths among 110 MHew Yoirk -Hew Jertey mibestos Insulation worken,
Inaussy 1, 196)-December 31,1973, by smoking hablis

Caute of death

Humber  Pergon yeuns Lung cances
of of Peusal Perltoneal

men obscivation l’.l\:u:;l‘ Obscived Ratlo  merothelloma  metothelloma Athey. wls

story of
clgaretie imoking f 1.19%

Current smokend 1.41)
Ex smokens 15l
Ho Wstory of
clgaratte smoking 8 JOA 1.58 1.1

Hever imoked 41 409 084
Pipe/cigas only 19 199 04 110

' specied deathy aee based wpon sge specihic white mote denth sate dataof the U1 S Matlonal OfNce of Vital Stathirlcy fhom 1960 1), dluagned
g vnokings bl Rates wern sxliapolaied from 1011 00 lram sates fod 1% n
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T.2. RFadias_ct
Radissise cascers nave Deen studied In Imans amd amizals. 2
cake tne zmumters 2ere Itz tie RepcIs a2 ==e Committse o= 3islcgi-

Zadiawiss (ZZTR) =£ the ldaticoal Acacdemy o2

Sciences, Movemter 1371. This uses a 1inear iztespolatnisn fsr low

deses a.sc. Radiasiss works disectly cn e call a=2 aveidls pIo-

hlems wiith toxiciTy at Ligh dose levels.
mhers have heen fests Will Cver Cne millien mice at the Qax

Riige Naticzal labcratzry. These sucgest thas the effect at .oW

-

isse =2=es is 1/4 cf that calczlated fxoz this lLineas coS7ve. This
reduced the numter of cancer cases ITczm sackground rdiation, But
wakanly not the nr=bes ¢f cases fTTm diagnestic x-rays or jet

airzlane flights whese the dose is zapid. It is nften stated t2al

.+

chemical cassisccens give a2 smaller insult T0 eacs cell 4han madlia-

r
]

sism., Tz =his ex=ent we Zight expect 2 low Jose rate eflect %o cc-

cur f2r chemizals. The ntmbers here Tezal:n conservative oprpexr li=ict

Cross=csuntsv airplases tTavel at ac leiecde of 35,000 Zeet
P

10 kilsmetess). As shis height theve Is an azsceciable dose cu

e2 scsmiz madiatizn, imeluding zeutITns. TS esT_Zate akis, I use

the CTNSCIAR reper=t. o dose az a Lasitude of 53°W Is 20CC

‘emne Tefec=s oz Poguiaticns of DxposuTe to 1ow levels of Iomizizg
s ez =he 3iclocical

2 (32-=, Naticna. acacemy CI Sclexnces

Liescre of she Cmissd Maszizzal Sciessifiz Committee cn the Iffects
ef Asamis Radiasiss, TN, NT, 1962, page 221, figuse L. It =GRS e
thaushs that the ssutrons weuld bDe akscrted v the aizzlace and ==
Sedv. Simce thev are in eguililriim Wili ile SUITIURELES iz, =it
2an te allswed 2for ov saking the dose at a4 lowers alziszde IT= e
figure. This is a small recfugStiic.
T enc
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‘averace weight 70 k3.
meis agTees WLIL 2 ITuUgI aveaIage af 3 ami=al exgesize=ts,””
s cise iz=ake (exsressed iz =g/kg =ecY weigae Ss2
s 2 ; 23
azé zutagenesis tsstsTT 2s =T srreted DY Mese.SIh.
passing that t=is Is an exa=zle where anizal asd iman
is azZd sutagezesis data similoanecusly esst.
en gives a lifetize Tisk (sead f%>== Meselscz's §T2pR)
ced direct Zx== the data cf
loe 2 - 2 e pdiiel o S
—_—— (lcse =& 3E/KS bedy welight/cay)
3x110°
fer 0.1 ug humac intake/day.
ln-g 4 ‘ - 3 -3 -
x &C concsmtrasicn of aflasexin in peazut Dustias, o
: -3 . i
satlespecnful (16 grams) goves 48 x 10 g=s/aflateoxis
espoonsiul peanut Duttar 2 day gives a lilfezize lives
i =4 -y v e ya®S
¥ ef § x 107 Y; anéd a yeazly liver cancer ITiSK %S oV o
saval risk, I assume ctler .angels aTe predused

+he liver cancers, anc as zany

) 1
- . Bu=ler 2=d J. Sarsmes, "Carcinocensc Actisz of Groo=d lNumeal
g Gamsaising Aflazexin iz Rass,” Pd. ~osmes. Toxiccl., §, 135 (1360,
| ! W. Sutler, M. Greemzlatt a=d W. LilLasLY, “Ca-c--cgenesis i= Rass
. 3y Aflatsxias 3L, G, z3, Camce- Res., 2§, 220 § (ls5&2).
G. Woegan, S. Paplicslmeca a~d 7. Newssezme, “Castincgencl E2sects
1 c® Tow Diaws=r Levels oI Afassxi= =] im Rass., Fd. Coswec. rexienl
| L 14, 684 (adid). -
e~ - -
- m=, T. Cuzi, T. Yamasaki, azi B. Azes, Detectisn &2 Cax-
) cimccens iz tme Salmcnell/Microscusce Test: Assay of 300 Chemizals
i Nasisnal Academv of Sciences: USA, 72, S135, 197s.
— - - - - 2 »
l L M. Mesa.sco and XK. Russs.l, LSC. CIT. (reference 34 = =2 To
== |
. ) |
[, o ™~
-
l ) - -



- EE O N W Y e

-

—md

AR

ol

-t e

R

>
!
{
!
f——— - e B ‘ -
86
as zascass; =S S ene c2se for clzaretie smcking a=d grsiasly ¢
“k l
faz Tizyl m=lsriie 2s ncted ea-lier in Ty SUIFesSTISES fer 2= i
es= =2tCkh. [
- ¢ 2 . - ehaw -l ige -y - P . reduc=iss -
~.ig is lower T2 2T 28D es-imazes of mize. The TecICTIIES
come fzom thTee causes. rfirstly, t=ere: .S 2 ceduceicn fzom 15 X e
- ’ -
15"% ez 3 x 1077 iz t=e es=i=ave cf averace 2aflascxis scsosestTaTilt.
-s >
2ue concentI2TIIES s 1% x 10 7 az= allswed Sv present ITEgUatooTs. k
+ alsc %ock tle =SST sessizistic = mimal swudies. = Ty LISt
es~izate, =SIeCven, T related anizal =2 ZaZ ac ~ne same intT2xe as 1
a frac=iszn cf fzod ineake (sather than as a SIacT=eRn c# bcdy welszit). [

the

zisk.

T belleve

e c2n alsc calculate =ne Zancer cf aflasexin iz =IIX. Ascsrd-
24 . . K A 3 S =
isg %= recent su=veys 1eve.s cf£ C.. FES ané abcve were ITUIC =
177 cus of 302 saz=ples——<cZ soughly hall. An averaga .evel RLg=t
s=en me .1 FEE. Cne piz=t ef =il (w /2 lLitaxr = g00 =) c==t2 =S
as much aflassSxis as cue canlessecnful (1§ gTams) cf peanut DutTel
wiszn I ppailllisc.
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due =5 alsshel csasusgeiss, Lne rate I asse=e =2 Se prspertisnal
== s=ne consumpzica. This is suggested Dy e WRC sTudy cefesTec S

iszake vasying fxsm 4 t2 IS5 LitTes wele co=pared. In the ..3. A7

e 1.iesa™d 25

rate in 1574 was 2.2xi0 fcr men angd l.ixX.0 Sz wCmen

J.::e-g“- Tt W - igtent W

vemen) o= an average of l.8xl0 .

The evidence IzT sarcinccenisity of alschel is confusing. it

: N . = : :
is unclears whet= alecohel funceilns as carcincgen, STcaITlaccen,

0O
"
'
[r
1

sugh an indirect mechaniss such as alteratisn cf bactezial 22

cvseintessinal =ract. Mcrecver, sThe O 2.. =27 be

shrocugh the gas “
due = impurities iz the Deer cI wine. 3us for cus puspeses, thess

caveass don't mazter. TPecple drink Deer or wine izpusicies and all
and the imtake Ls large encugh that ve are al=cst cexzalnly albevs

an sh-eshold. Sut there is, Ior oTal cancer as leasz, a vesy sizc
symersism between smcxing and alcehsl. These tave Teen STIT sics
retseen camcer ané alsshel intake ncted s=e sheg mouts and phazy X

larr=x, escphagus, lL.ver az2 pessilly Tectum.

25

Botsman®’ estimates the cverall Iisk as Sallows., In 1863 l4.-s
cancers acsusr~d in sites whese aleohel has been assgclated, SuT ¢
*“geamia=i~s' Amszzac: of the U.S.A., ~a-les 28, 83, 1317.

‘SK.:. Restzan, o8, 3 in Perscns at high Tisk cf cancez. AN e
*= cancer esizlagy 2nd ssnmssl. =, c.7. TTauzmens. Acacder
Press 1377.
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.

sens' egcs asd cancer has Deex lniufecd. The zise vexe 20T oaly

~te mice were fed 17% =g daily cof extTacs. ASSTISS 28 g=a=s
ser zcuse, t=is is 7 g=ams/ks Ledy weizh:. Sixty pescent ¢ e

: - - — 9 —— - -
size got SU=cIs, SSITesponding TS POt v x dagd = 1 Jox =15 Clse

gince [1 =exp (=1)] = 0.8 (80Q%).

fed 500 gra=s pes day he should asse

-~
i

<

ks 70 kg

o

“

wel so
levelss tu==rs at this rate. Cne ect welgzhts 30 gTa=s, s< shat

acesriisg 22 this calculaticn anycne e2ating Cne egcT pelt dav khas

a 16% risk cf cancer. = assume this is a lifetize risk, axd is-
couns e effect cf feeding over sever:l generaticns. The yeazly

zisk beccmes 3 x ‘.:-3 for cne ecg/day which is a co=mon dose.
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and
Ncnetheless, risk is
wC

- ———
tahle tkat Susther =X sSeexms necsssSaTv.

pd-| » - - '.-‘ - - .
“%s. Szepseswel, Prsc. Scc. Ixp. Bicl. and Med., 1212, 1273 (226€3)
116, 1136 (1l964).
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Estimate of risk from environmenta! exposure
to radon-222 and its decay products

R. D. Evans*®, J. K. Harley®, W, Jacobiz, A. S. McLean§, W. A, Mili
& C. G. Stewart”

* Massachusers [asutute of Techinology, Cambndge, Massachuse
* Eavionmental Measurements Lavoratory, US Department of Eaergy, New
! Instucut fur Strahienschutz, Gesedlshal® tur Stranien-unc Umwe W
§ Nanonal Radioiopcal Protection Board, Harwell. Digcot. Oxfordshure
§ Critena and Standards Division, US Eavironmental Protection Agency, Washungion
€ Chalk River Nuciear Laboratones, Chalk River, Ontano, Canada KC

onsigerauon of the epiagemi 14 nragiogenic iung cancerin uranium
-y R - » X v v / e y r e r -~ -
ncigence Q5 ine aisease gen ‘ upper esimal Oor ine ljenme N3k

working leve! monih for memp generail popuiganon,

N radiological protection, the emphasis s usually on Limiung nsk {rom the incidence
sxposure 1o arufical radiation. Thus, there 18 a weil-established Both approaches are {olic
approach 10 the protecuon of staff in hospitals from X ruys and 0 exaggerate the nsk nor
he protection of members of the public {rom radioacuve
onsumer goods or {rom efuent {rom nuciear power plants
How one snould deal with exposure (o natural radiation 1s less
ear Uranium miner data
Human beings have always been exposed 10 natural ragdiaunon
soth from within and outside the body. The view adopted by the The only occupational data that can be used for obtaiming a nsi
nternagonal Commission on Radiological Protection (ICRP) 18 estumate for lung cancer caused by racdon decay procucts
hat exposure t© normal leveis of natural madiation Zannot those from the exposure Of uaderground uramuumr Iu
isually be subject to continl, but it is acknowledged that there Although the BEIR report” does give an esumate of the nsk
may be unusual arcumsiances (n which Control is desurabie The lung cancer {rom whole-dbody exiernal uUradiauon, ths
ommission has in mund aQroumstances !n which there =S a msufficient for the present purpose. Of the four sets of daw
onsiderabie increase in exposure as a result of human pracuces miners, those {rom Sweden and Canada are considered 10 be jes
{ environment useful, and we have therefore concentrated on the data {rom
. the principal ways in which members of the public Czechosiovakia and the United States, [nformation on exposure
eceive natural irradiation s by breathung the radon-222 decay is given in terms of working level month (WLM), the
products in arr. Radon gas is emitted by soul, rocks and buuding commoniy empioyed in ning Wl s defined
matenals, all of which contain the parent ragdium (o some extent exposure {or | working month o
Radon can also be present in water, from which it 1s readily workin g evel (WL \er V1 is any combmation 0
jescrbed. Out of doors, the gas 1s dispersed in the atmosphere short-iived decay products of on- ver litre of aur tw
Dut it concentrates indoors 1o a degree dictated primaniy by the result 1n the emiss 10*} of @ energy dunng
ventilauon rate of the dwelling and the rate of ragon nnput '.'hc compiete decay**
solid short-lived decay products of radon grow in raoidly” and, J Several factors cause the data on muners to be more difficult :

-—

attached t0 an aerosol rather than to walls or furnuture, are use than might at first appear. The average concentrauon
nhaled and ursdiate the lung tissues, Lung cancer may resull throughout mines m the 1940s and 1950s were high (7-
en 1n normal circumstances, human exposure !0 radon 15§ WL) and mean exposures accumulated over the 1950s anc
decay products 18 substantal compared with other components 19608 were sbout S00 WIM (ref. 6); in the last decace
o the overall exposure to natural radiation. (n abnormal however, levels were [ower by one 1o *wo orders of magnitude
rcumstances, radon exposure may be domunant and perhaps Most of the sariy nformation on exposurs was obtained by the
Als0 unacceptabiy high. Such abnormal circumstances stem from sperators, requently 1n areas where ventilanon prodlems were
the use of buwliding matenais with relatuvely Qugh radium content £nown L 2t n the other hanc, lere was sometimes
for exampie, or the use of domestic water with excspuona tendency {or hugher exposures !0 de under-reportec. Al (he
high radon content measurements on aerosol characteristics, such as parucie sizs
The basis of dose limitation in radiclogical protection is nsk and unattached fraction, have been made under modern mumn
manon For exampie, the dose equivaient iimit {OFr wOrkers 18 conditions .._'Tﬂt songition pciude mproveg ventiianon

set 30 that the aversge rnsk ukely 10 de incurred is comparadie presence Oof diese! smoke ‘which prodabiy overwheims

(h the average f"?‘\l.‘... Or other workers o ingusines parncuiates) anc the vt cisappearances Ot Iae

For members of the mine. 1 he evaiuation of nsk s alsc complicated by the presenc

{ sk s prodably an order of { other carcinogens in mune air as weil as

efore, 10 have som (ing ustory and their previous expenencs

| {or environmental exposure ¢ radon

contro to be considere : 1t s of lifetime hat smerge

or environmenta c die o ! range from One estumate of

either ! om iung cancer per 10° WLM of coiiective exposures
extrapoiate {rom dat ecupanonal s t ¢ ) 0 . WA Sim t plished) and

b st B 8 NS )
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Stewart’ have evaiuated the Amencan and Czech data using
varous statstical techmques. Thew work indicates the. the
ncidence of lung cancer can be accounted for by 2 linear
relationsnip With exposure, allowing a constant factor (or aon-
racdiogenic lung cancers, thewr esumate 13 21=54 lung cuncers per
10* WLM from the US data'®, but the Czech data rmply 3 nsk
about three umes as great''. The discrepancy s 20t readily
explained. Stewart and Simpson aiso founc a reai or apparent
threshold in some of the analyses, which suggest that the
sgrimate of nsk {or [ow-ievel exposure may even inciude Zerc as
a lower bound. (In such cases, Stewart and Simpson used the
siopes of the response curves 1o derive sk factors.) Jacodi % aiso
noted the discrepancy berween the US and Czech data and
sronosed a range of 100-500 lung cancers per 10* WLM, which
s virtually :dentical with an eariier estimate by UNSCEAR:n
neither case i3 4 threshold efect posited. The highest estimate of
nsk of about 1,000 lung cancers per 10° WLM comes from
Archer's recent proposal’®

‘Whereas it is not possible compietely to rule out any of ti.ese
esumates of the lifenme nsk {rom occupational exposure. our
objective 13 'O estumate nsk !0 the general population from
exposure 'o ragon decay products in the general environment.
In using the data for uranium muners 'O genve the lifeume
probability of fatal lung cancer for members of the pubiic, one
must note that there are significant environmental and phy-
siological differences bDetween the fwo situations. These
diflerences result {rom the possible contribution to lung cancer
induction in muring environments of other dusts and gases, {rom
differences in breathing rates, from differences in equilibrium
ratios of the radon decay products, from high as opposed 10 low
concentrations, /rom differences in smoking habits and f{rom
popuiation distributions that differ in age and sex. Although
some of these factors may tend in opposite directions, on
salance, they suggest that members of the generai public may be
at a lower msk per unit exposure than miners. For example,
breathing rates {or a man resting indoors could be two to three
umes lower than for a man mning, With the comcomitant
decrease in exrosure counteracied o some degree by an
increase in the probapility of depositing radon decay products in
the lung.

We judge from the epidemiological evidence that the most
defensible upper bound of the Lfeume nsk to0 the general
population s 100 deaths from lung cancer for a collective
exposure of 10* WLM, or 10™ per WLM. This particular factor
although severely rounded to avoid the mpression of unwar-
ranted acciracy, can be supported by other indirect epi-
demological evidence, whuch is detailed below, and by an
analvsis (W. Jacobi, personal commumeation) of the dosumetry
of radon decay products in the manner of Jacob and Eisfeid".

Lang cancer incidence

Most calculations of the exposure of the general pepulation
were imtiallv made on the basis of outdoor radon leveis. ladoor
levels were known to be higher, but it is only recently that an
apprecrable number of measurements has become available.
UNSCEAR" summartzed the literature appeaning before
1076, and more detailed messurements have since been pub-
lished'™'* Informauon on living habis in the Northern
Hemisphers indicates that more than 90% of the day is spent
indoors, so that indoor exposure is used here to represent total
exposure

The acuvity concentration of radon indoors i the Northern
Hemisohere lies, on the average. in the range of 0.5=1 pCiper L.
11 a vaiue of 0.8 oCi ™' is assumed, some measurements in the
United States'® indicate that this can be converted to 3 deqy
sraduct concentration of ~0.004 WL. For 168 h per week of
Adoor occupancy, the exposure would be 0.2 WLM mn 1 yror
12 WLM in 50 yr. The latter penod mugat de shortened some-
what, bt this would not change our general conciusion.

Given this mean lifetime exposure of 12 WLM and the sk
factor of 107 per WLM given above, a maxunum lifeume nsk of
0.12% is obtained by extrapolating linearly and by negiecung
latency and accumulation imerval. This is a relatively small
fraction of the present lifstime risk of iung cancer (about 4% in
the United States), which is largely attnbutable 10 cigarens
smoking.

Making the reasonabie assumpuon that exposure of the
general population 0 radon decay products has deen constant
over several decades, one can compare the estimate of 0.12%
with the incdence of iung cancer before the effects of smoking
became pronounced. There are reiatively 3ood data®® on
incadence in the United States in 1930 which vieid 2 lifeume nsk
of 0.1%, roughly 0.15% for males and 0.05% for females. Since
not all lung cancers at that ume would have been caused by
redon. this indirect evidence supports the view thai a value of
10™ per WLM i3 a reasonadie upper bound of nsk to members
of the pubiic.

Quite independently, Cliff and others'”'* have studied the
relationship between the observed exposure 10 radon decay
products and the observed incidence of lung cancer in Bnush
women. Taking an average exposure rate of 0.13 WLM per yr,
and assuming a nsk factor of 2 x 107 per WLM (ref, 6)as well as
a 20-yr latency period, they predict a higher incidence of lung
cancer than is observed from all causes in women below 40 vears
of age. This supports the evidence {rom the United States, and
indeed an umper bound of 107 per WLM for the lifetime nsk
would not be incompatibie with the Bntish epwdemiciogical
evidence.

The overall evidense thersfore points (0 an upper estimate for
the lifetime risk of 10™ cases per WLM for members of the
general popuiation.

Risk estimates compared

1t is of interest to compare 'he nisk of lung cancer from exposure
to radon decay products with that from extarmal penetrating
radiation. On the basis of a linear non-thresnoid model, and
purely for protection purposes, ICRP esumates that the nsk
factor for external irradiation of the lung alone is 2 x 107" per Sv
or 2% 10™! per rem. where Sv and rem are the new and oid umts
of dose equivalent, respectively . Thus, the lifetime nsk from an
exposure to radon decay products of 1 WLM. namely 107,
would not exceed that from an external irradiation dose
equivalent of 50 mSv (or $ rem) to the lung alone.

[t is dificuit, however, to imagine circumstances in the general
environment i which the lung aione wouid be exposed !0
external radiation: whoie-body uradiation is much more likely.
The ICRP takes the view that most, if not all, forms of fatal
mﬁm!dmmnﬁb«ednmdamupanbemduedby
exposure to ionzng radiation and that, when all the organs of
the body are unifcrmly exposed, ;ancer of the lung in parncular
will account for about 10% of all harmful effects. Thus, the
lifetime sk assocated with an exposure [© radon decay
products of | WILM wouid not exceed the overall nsk associated
with a dose equivaient of about $ mSv (or 0.5 rem) to the whole
body from external radiatnon.

The annual dose equivaient limit recommended by the ICRP
for individual members of the pubiic is in fact § mSv.

This review has its origms in an international workshop on
radiation protecnon opnncapies for naturally occumng
radionuciides heid at Artington, Virpimia, in May 1978 Sy the
Nuciear Energy Agency of the OECD. The authors, who were
members of a group considenng radon probiems, have had 3
number of subseguent exchanges and discussions on the est-
mation of ~sk from this source. Thus the present paper shoulc
e attributed '° them, even though they had the acvantage of the
imtial group deliberations which incluced M. Kinoshita. The
authors also acknowiedge the assistance they received from
M. C. O'Riordan.




FAILURES AND CRITIGUE C EIR-1I1 LUNG CANCER RISK STDMATS

Bernard L. Cohen

University cf Pittsturgh

- 1 {s shown tnat the 3EIR-III preciction of lung cancer incidence due %2 envircne
mental radon is more than twice the actual incidence of a1l lung cancers among Che
srrers. Hiswological evidence from autopsy studies of radfatien victims anc cf non-
cookers 15 reviewed, and 1% is shown I::a: ne more than 102 of all lung cancers in
non-snokers can be due to radon. When altarmative causes of lung cancer are conside
ered, it is concluded that the BEIR-IIT estimates of lung cancer risk cue = enviran-
menta] ragon 2rs *=o high for non-sookers by at Teast a factsr of about 4»0 The
evidencs far synergisn between sscking and radiation imduced lung cancer is reviewed,
and {* {5 mmncluded that the BETR-III estimates for smokers are ¢ high Dy at Teast
a facssr of about 10. .

The bases far the SETR-II] model are reviewed, and 1t iy concluced That it wmust
be based almost emtirmely on the Czechoslovakian uranium miners; its estimated risks
are hig °r than would be ottained from essentially all other studies. The possibility
snat thers ars cther causes than radon for lung cancer zmong winers is discussed,
and it {s shown that the Czschoslovakian data are 2t Jeast as consistent with the
hypcthesfs that all exzess cancers are due to cther causes (preporsicmal ¢ length of

_e::'noyme..-".) as with the hypothesis used 4n BEIR-III that They are a1l due t2 racden.
1t 4s concluded that other causes can eas{ly explain all cases whe=e lung cancer
rates are high, whereas 1t is very di#ficult o explain the much Jower rates for
U.5. uranium miners (5 x lower than BEIR-III estimates) and o:*;er similar situations.
It 4s peinted out that the BEIR-ITI lung cancer model is strongly supra-linear (i.e,
concave downwars), contrary 2 the ik of experimental and thecretical evidence on
that guesticn, and contrary to other statements in the STIR-III Reert. I% is con-
cludec that the 3EIR-III ‘

sl e _SEIR-I11 Tung cancer risk estimaas are prodadly iS¢ high dy 2
cer ¢f 2 ¢ § for miners, and because of different smoking habiss

she aublic m L ot b g T WY P1ssS, She risk =0
the Bublic may de another factor of 2 lower, The remainder Of Ine over-estimate

- environmental radon must be due 2 non-linearity in

SNe Clse-




1 3 - -

{. latroduction

The health effect of racon exposure is a scient’fic probiem of immense
; (NAS<72, UN=77, NC-7%)
social significance. According to wsual . .. . gs:‘.n:esN‘.: {s responsible

#or far more fatalities than all other envirommental raciation cxbined, 1t is
b§ sar the mcs: important contriuior W envirormental impacts of the nuclear

energy industry, and it is responsible for far sore se=upaticnal fatalities than

al] other cczupational expesure W raciation coxbined, a mumder _ex:ur.“.ng he

essa] excess fatalities among the Japanese A-boms survivers since 1250, The :

above Denticned estizates were hased on +he BETR-I Repors (NAS-TZ), but the
recens SEIR-II1 Repe™ (NAS=20) introcduces 2 large increase imts he estizates,

erus making the probiem severa] times more serious. 1t has been showm (Co=20)

esat i+ makes insulation of buildings for purposes of energy comservation far

. more cdazaging o human health than any other Deasurs being Taken TO ease OUT

energy problems.

The purpose of this paper is s gffer a critigue of these estizales, in

-

Sec. Il we use it = calculate the risk = non-sokers from envirommental radon,

and show that it predicts more than twice the total lung cancer Tate acwally

exserienced bv non-sokers. In Sec. I11 we review the histalogical evidence wnich

shows that no more than about 102 of the lung cancers among non-sackers can be

due to radiation. In Sec. IV, we discuss altermative zauses of lunmg cancer, wnich

#ursnes recuces the fraction (hat can be caused by radiation, and in Sec. Y we

surma=ize and. sonclude that the 2rTR-1I7 mode] over-esiimates the lung cancer

*1ts in non-snckers cue 2 envircrmental radon by at le2ss a faceer of 40, In

Sec., Y. we review The evidence on misk of radon exposure +s scre~s, and cInclude
Times
A ehe FiSK 3 NON-SICOKETS; this means that
‘

smat 4% i3 prozably nct more than four

ehe EITR-III mocel over-estimates the »isz of Tow leve]l racon exposuT® +5 SOKErS

by at least a facer =% 10. .n Sec. YII, we samsicer the =sascns for The large

gver-essimates in s <S¢ R-111 Repors.



I1. BEIR-III lumg cancer rates cdue %o envircrmental radon and campariscn

with total Tung cancer rates azong Non-sKCKers

The BZ R-III Resort (NAS-20) gives the following estimates of the lung

cancer risk “rom Jow-leve] radon exposure in terms of workinge-level-months (WlM):

) age 3543, risk = 10 X 1075/ ymtn
m'“. m ve . % ¢ T
83, . S » |

whe=s ages refsr %o age 2t death. For latent periocds between c::csu;e anc onset
ef these risks it gives .
age C-14, latent periocd = 25 years _
15-34, 15-20 years (we uos 17 yr)
. »>38, 10 years
whe=s ages refi- o age at exposure. This isa ¢lear and unam:igucus model which

{s readily usabdi: for deriving mmerica] estizates, We begin by using it 2

calculate lung cance= rates due 2 enviromment2] raden.

The first step in « this process
is to estimate the envircmental exposuyres, Quizoer
exoosures (Co-27) are abovt 1ol (zi71i-working-level), but 1t is genemally
recognized that indoor exposu™es 3re much higher. A campilation cf resulss from
U. S. stucies of indoor radon level: (Co-80) is given in -Tab'ae 1. The 1577
INSTTAR Repors reyiews the situation world wide and concludes that the average

indocr exsesure rate s 5 mhl. This value is in reasonable acsore with the dana

-

1" 't'lb.ie 1. - » iy




-

A worxing-lev: -month, WM, is defined 2s the exposure received in 170 hours

Srem 2 1Ml exposure rate. Since there are £760 hours in a year, full time
exposure 2 1okl gives (.0 /170=) 052 WLMper year; this would be the
average exposure {f pesple ‘ | of their time ocytdoers, It
ectizated that the average American spends 802 of his Uime {ndcors where raden
are 5 times higher; this gives an additicma] exposure cf
4 % .052=),158 &N, Sringing the total average exposyre 3

-

ragen.

we use this exposure rate, 0.2 WM/yr, with e

- PO R
i i

~;lats the expected lung cancer incidence forvaricus age groums, 01.1&)
giver the number of ymars of effecTive exposure +3 envirommensal radon, i.e,

the mumber of years before the latent period; for oider ages, this is 10 years

Tess than the age because exposure during the Jast ten years cantributes no risk

in yiew of the ten year latent pericd, For younger ages, the more cozplicated

arTe e o A

of Jatent pericds in the BEIR-III model give enties +in €21.12) more tThan

- =

less than the age. The exposures in Co1.(2) are just 0.2 WM/ yr tines
r of effective ysars of exposure frm c31.(2). Ca1.(4)
licable risk factsrs from the SZIR-1II model for each age group, AN these
she exsosure to give the risk, or the expected rate for lung

\

'S}, These may then be cxmpared wilh observed age-




mmber of expected cases in the U.S. each year, in £31.(7). The total number
of zases zay be sitained as the sim of The numder of deaths in each age group,
and this sum divided by the total population (including ages C~32) gives the
expected lung cancer rate in the wole U.S. pepulation. T?n‘re.su‘!: for this is
T4 X 10'6/yur. Analogous procacures can be used calculate the expected

rate for 2]l those above some specific age. For example, the rate for age >4,
is the sum of the figures in Co1.(7) for ages »43, ?M:: is 24,080, divided by
she suz of the figures in Co1.(6) for ages >40, wnich is 77.82X m’. The result
is 309 X 107%/year. | _

The coomariscn between the aga-speci’.c expectad rates from C01,(5) of
Table 1 and choserved rates moOng NON-SDOKETS is shown in Table 3, The recent
paper by Garfinkal (3a-8C) presents the results et a 12 year foHo-'ep on one
gillion Americans in a study by the American Cancer Society, The paper Dy
Hazmond (Ma-68) gave the results of the firse four years of that study, Age
groupings in that stucy were not the same as those used in Tadle 3, so the values
1igead there were derivec on the assumption that rates were constant over each
§ year age group. For exazmole, rates wers given as age S2-86, 139; age §7-71,
147; age 72-76, 161; the rate listed in Tadle 3 for age E5-74 is then
(6.2 X ué) + (0.5 X 147) + (0.3 X 181) . 145, The resulss in Table 3, given
enly for pales and fezales camsined, indicate little di.‘ferenci between the
4 year and 12 year follow-up.

The paper by Kahn (Ka-§5) s basec on the so-calied *Dorn Study® of
293,000 U.S. veterans of world War II wno carry govermment health insurmance. %
regresents sl‘, years of follow-up. A recent update on that study by Roget (Ro=30)
goes nct give a-;is:}u:z lung cancer rates, ut the age-standardizec ratic Delween

Ssoke™s AnG non-Snokers Nas rerained the same which indicates that there has

orobably nct been an impcriant Thange in the rates for either.




The paper by Hamond and Horn (Ha-32) wes en early study by American Cancer

Society of 1E2,0C0 zen invoiving only 15 ‘lurﬁg cancer deaths among NONeSICKE™S

(as compared with 150 deatns in &a-80), and only § of these 185 were consicdered
ts be well-established as lung cancer whersas 3/4 of all cases in the stucdy
(gnsﬂy sokers) were cansidered to be “well es+ablished”, Only a few 2ge groud-

ings were ;‘.ven. and thev did not coincide with shose in Table 2, so the method

des=ribed above for (Ha-68) was used to cerive the values entered,
1+ is immeciately evident from Table 3 that the 3ETR-1I1 estimates for lung

cancer induced Dy eMmﬁen‘.ﬂ radon excaed the o2l lung cancer rates cue =0

all causes amcng non-saCkeTs LY abeut a faceor of o 2T every aqn.° 1t is only

#aip =2 meint ocut that 2his does not represent 2 ¢irecs discrepancy with the

3FTR.11 Resort since the latter states that its estimates éor ncn-stokers may

- LR Ke

Se to¢ mizh by & facter ranging from 1 %0 6, favering a factor intermeciate
between These.

lung
Comparisons can 2150 be made with total cancer incidence for all z2ges, A
/

paper by Hammend and Seic=an (Ha-80) gives the rate for ages above 40 = be
177 X 1C'6/,vear $or men and 124 X 10'5/_vur for -uien. whersas the rate calcu-
lated in Table 2 #rom BEIR-III for ages above 20 was 309 X 1075, a facter of o

higher. For all ages, the rate among women was reporsed 2s 36 X 10'6/;'&12'

(Ha-52a) as campared with 114 X 167%/year caleulited from BEIR-III {n Table 2,
a discrepancy of well over a facter of D, 10 "R _
11 of +he data we have presented are basically #rom three sTudy STOUPS,

but in all three cases the SZIR-III estimates #or lung cancer {nduced bv emviron-
on alone are a facisr of two higher than actual sotal lung cancer rates
and Pastermack (Har-30) have also reportec diesiculty
+imates of radon-incuced lung cancer risk’

3 decreass in the risk with

- - —— — v w—

pental rmacd
among non-smokers. Harley
in reconciling some of the recent
with effects of envirormental radon; they suggest

sime 3¥ter exscsure due %o resair mechaniszs, Bt smis 15 not used im STIR-IIL.
Ancther azproach %2 comsaring the 3ZIR-III sredicsion with rates for ron-
geazigtics from the early years gf this sentury which

varisl

smokers is to use naticnal
is before zigarettie suoking Decame sepular. Data on lyng cancer rates in
countries are 14sted in Tadle 4. We see IRaT The r2ses in a1l but one cf the
counsries incluced are leii Tt TTOX 73‘6. and in Sweden the rats wes only



3

.7 -

T3 A 1:’6. A caleulation of the rate precicted by SEIR-III is shown in the

last twe columns of Tabie 27 The resuls Sased on U.S. pepulation statistics

¢or that time is 55 X TO'G/vear. an order of magnitude Targer tAan several
ent~ies 1n Tabdle 4, _

v In considering statistics from 52 long age, c:nsiun:ﬂon mst be given &
she efficiency of diagnesis. This question was discussed in extensive dezafl in
a previcus paper (Co-3Ca) and it was concluded that the numbers in Table 4
should be increased by 2 factor of 2 +o § to acsoumt for missed diagnoses.
Another consideration is that enyircrmenta) radon exposures may have Deen T ower
2t that time because buildings were less tight and hence cid not re22in ragen

as well. This would perhaps recuce Tne SEIR-II] predicticn by ¢ factor of 2.

L d

In spite of these carrection factors, 1t still seems +hat the BEZIR-III mocel
predicts total Jung cancer rztes due to enyircmmental radon considerably larger

shan the 4%’ lung cancer rates in many countries ezrly in this century.

111. Histslogical Evidence
The basic histslogical types of ﬂmg cancer u-é:
1. epidermcid (sguamous cell) |
2. small cell undifferentiaced (STU)
3. aden_oca.-ﬁm
4, large cel
5. mixed epidermoid + adenccartinoma
§. Sronchiclar or alveslar
A1] byt No. § correspond D the worlc Health Orzanizaticn c‘.us‘.?-;:a:icn;
No. 6 was included here Decause it was included in same of the data, Inc Decause

4+ s clearly not associated witlh maconm incused lung cancer since racon 2aushieTs

o

decosit in the usper part of the dronchial Tree long befcre they can reach the

Sranchiclar or 2’ -=olar regicns.
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P ’ .
>3 autapsy are

sha+ for histological classification based on

lung cancers incy by radiation are

B

-
i

we 2 = the guestion of #meguency of various histoiogica

1 types of

cancer amons non-sncking members of the general public. The data cblainec
a3 14terature searzh on this are summarizes in Table 7. cases where D
di#€prpnt reacings disagree, one case is recardad with 2 cuestion marx for each
type, and in summing, each such case A as 0.5, While these pro-
altermative reasonable procecures

of all lung

cancers among NON-SCKe! re Ty i us in essential

agressent with the findings &f each of . 1f we assign
hal” of the cases listed only as “anapl
only $rom 4,6 0 €
are from stucies
dzta cf

e percentage of Typ

%

relatively few Type 1 s2 our
not seem %9 be anpli

‘Wy=£7) based on Ut
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1+ therefore seems valis to compare these results with these for radiaticn
incuced lung cancer disTmsed adove, and it s immediztely evident that the
percentage of all lung cancers tial are SCU among the miners {s< factor of ten
higher than ameng non-stckers in the general population, roughly EE* vs 5-€1.
One possible objection to this conclusicn is that it is based on histalogical
{nformasion for all yranium ziners and there might be a difference between
sokers and non-saokers in this regard; but among the ron-sooking miners for
wncm  histslegical information is availadle, & of the € whites had SoU (and
and both of the 2 Azerican Incian

—« one of the others was & heavy cigar snoker) .,
mon-sookers had SCU (Ar-7E). Ancther pessible cbjecticn is that the patholo-
gists who stucied the U.S. uranium mine=s were biased toward SCU, but three

- independent pathologists were involved and for the general populatien (f.e.
non-giners) their pe-:er'.age of all lung cance~s that are STU WS cr" 142

Sa-71), whersas for the gr:ups whose work 1S 1nc1uded in Tadle 7, 1t was 302

$or Wynder et 2l (Wy=76), 192 for Vincent et al (Vi-77), and 225 for Yesner

ez 2] (Ye=T2). The C Caecheslovakian ziner and Japanese A-bcmd surviyver data

vere. of csurse, classified by entirely differsat groups ¢* paznologists

byt their resylts are tThe same.
There is, of course, 2 pessibil ity that the dose-response curve is
¢ for different nistological types of lunmg cancer, and That U ge-

.he types. However, there is

gifferent

ersases much more r2pidly at low dose than ©

no evidence or precedenmt for such a hypothesis, and the dcse incependence

of the fraction that are SCU at high doses arjues against 1%, 1f exclude

emig possinility, 1t seexs di€fizu1t to aveic the cenclusion



Al a
Tnce we nave shown in Se€<.

sancer ZIXNG non-sackers DY
¢aceor of

ig actually Dy 2




«ll=

TY. Altermative Causes of Lung Cancer

There {5 no cther type of cancer for which nearly so many causative chemical
agents have been found @s for lung cancer. A recent review (c;?-n) 1ists the
following as causes ¢f lung cancer: aromatic hydrocarsens inclucing csal .
cal tar, other products of csal cxcbustion, petroieus, petrolex c3ke,
w|x, crecscte, anthracene, parat®fin, shale oils, and mineral cils; alkylating
agents such as mustard gas, yiny! chloride, bis (chloramethyl) ether, chicro-

thy] me:hyl ether, and chloropr sne; metal dusts such 2s arsenic, beryllium,
cacium, chromium, hematite (iren ore), lead salts, nickel, ax asbestss. There
are 3% least 1400 cther chemicals on which thers is carcinocgenic information
(Ch=-74), although not necessarily relazed o lung cancer.

may be

1+ has been suggestad (Cof-T2) that air polluytion /\\ as tmporsant zause of

lung cancer. It includes many of the arsmatic hydrocardens perntioned above,

|

ben=o-a-pyrene wnich is believed to be the principal cancer causing agent in
cigareties, and many compounds that are well known oo irritate the Jumgs,
Thers arme orobably many other contriluting envirormental faciors as evidenced
by large variations in lung cancer rates with geog.’a:hy. Based on 1350-157C
srasistics (Ma-74), rates varied from state ©2 state between 20 X 10'5 (K2) and
82 x 10'5 (LA) for white males with 2 sTTong tendency toward higher rates ?n.
ingust=ialized states, and there {5 2 sTTOng tendency towerd higher rates in
cities than in rural areas. Some cof these differences are probably due W
variaticns in smoking habiss, but 1% weuld be di#ficult 2 explain them all 4n
that way.

Thers are Jarge variaticns in lung canzer rases among pen in different
ocoupations. In a recent Brilish sTIy (RG-T8), they were higher than verage
afser cormecting for age and saial class by a facsar of 1.8 for foumary moyld-

e=s. 1.7 for electsslaters, 1.5 éar slasterers and deiler firemen, anC 1.5

ey TES TS TN WS wn WA wm ww =N ..
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1." The Radsn Risk ¢2 Sookers
The rates prediced
by 32IR-II] frm enviromental radon exposyre are far less ..’un the actual rates

.‘ar sxkers, so other meihcds must be used 0 study their risk from raden, The

ques‘wn {s whether there {s a3 synergisz between smcking and radiation in caus-

ing lung cancer, for {f there were no such synergiss, the rzies for none-ssokers
would also apply o smokers.

There is strong evidence beth for and against such a synergism, The evidencs

in faver 1s‘ba._se=‘. on the cata for U.S. and C2echeslovakian uranium miners. The

data on U.S. miners are listed in Table 8 (Ar-76). Unfortunately, c:rns,.om:in;
raies .‘::r non-ziners are not given nor is the age dist-ibuticn ¥from which 1t can

be calculated, but crude estimates indicate that the 1-355 WM data can be used

‘for these in analyzing the higher exposure cdata for non-smckers and 1 pack/day

soke~s. If this is done, the >1800 WLM data gives the lung cancer incidence
rates cue o radon as 1.2 for non-smokers and 8.1 for 1 pack/day sokers, 1 rztic

of £.8; the 360-1795 WlM cata gives 0.56 for non-szmokers and 2.2 for 1 pack/day

_s=okers, 2 ratie of 3.2 (for the >1 pack/day sckers, these raties are 8.9 and

3.0, and for the <1 pack/day smokers they are 5.6 and negative). An alternative
procedure weuld be to assume that the “"expected® muzber {s negligible, in which
case the ratic is 9.4/1.2% » 6.8 for the >1800 WlM graup, and 4.1 for the * -
360-1799 WM group. Roughly <then, the data eon U.S. mh:: miners indicates
that 1 pack/day ssokers are about 5 times more susceptiblie ¢ rudon induced lung
cancer than are non-sxokers; this ratio seems o decrease with decreasing c:sz..
However, there are at 1east W facts that indicate that this fagtor of five is

-
'

o

arge. irst, the latent pericd between exposure and deveiopment of lung

- -

cancer is kncwn %0 be longer for non-s=ckers (NAS-SC), which means that the

SCKker/ non-snokes MiSk C2an De expected D decrexse with *ime, Second, there IS

SXNe indizatian YN the AARLTmALer Avain etimcnd minian ab o VTetan dea. Ve
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The evidenze on Czechcslovakian miness senticned in BZIR-III {5 that 32
of the miners were non-cigaretis sxokers, but only 8 of 115 mingrs (73) whese
swoking habits were reported in 2 histological study were non-Cigaretls s=ckers.

Thers is no assyrance that the 115 were representative of the entire p of
grou

!

yicsims, but if they were, the risk 2 sokers ws [(53/70+4(7/3C)=] 5.7 times the
risk ¢o non-sokers. Again, this ratio is expectsd to decrease 2s 21 ow=up
continues because of the longer latent pericd for non-S=Skers.

ile the s=ucies of U.S. and Czechosiovakian ziners indicates that there
{s a scking-radiation synergisz, there 2re seyara] sourses of evidence that
shere is not (Co=802). The most spectacular of the latter is the close similarity
in lung cancer rates belween the ninatesnth century Erz Mountain miners anc modern
U.S. miners whc received tThe same exDOSUTE. The cc=parison my be seen in
Fig. 1. Cigarettes did not come imts coomon use gntil the second decade of the
swentieth ceatury, S0 the difference between the soring habits of the twe FToUPs
{s dramatic.

A second evidenze for nc synergiss between szoking and ridh:ﬁon exposure is
the da%a on Japanese A-bomd sur-v.‘.v::rs (1s-7%) which gives the following relative
risks:

non-snokers, <1 rad - 1.0
, >200 rad - 3.0
srokers, <] rad - 6.2
, 200 rad - 8.5
Me see that the risk from ragdiation is (3,0=1.0=)2.0 for non-smoke™s ¥3
(8.6-€.2%)2.4 for sokers. [t may be notec That she A-boms survivors wers followes
almost 30 years z¥ter freaciation wnich {s much Jonger shan the fcllow-up oN

che miner SToups.

The male/female Tptis for se-wcs Jung cancer cue ¢z radiation gmong -
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ncn-expesed population, the malesfemale lung cancer ratic is absut 2,0, pre-

sumably due o auch more cigareile smoking among males. If there were 2 strong

synergiszm, this ratic would be the same for excess cancers due radiation. The

we
=
'ohsmed value of unity is what is expected {f there is no synergism,
’ In 2 nearly lifetime study of Swedish i{ron miners, Radford and Kinard (Ra-80C2)
found that the combined effects of soking and radon exposure are nearly additive.
_ATT of the availadle syicence summarized above is consistent with a model
in which the risks are n;:;\ym:n higher for smckers than for ncne-sokers but &
1;::3: pericd is considerably longer for the latler. This would explain the
observation that the risk for smokers appears to be about five times higher in
the early years of follow-up but that after long follow-up the risks for mp'urs
_and non-smokers approach equality. It seems unlikely that the long temm
risk is mcre than ‘:uf‘im:ss high for szokers than for nor-smokers, and
-probably 2-3 times & 77 _nigh would be a better estimate, ‘
At this point we refer o cur previcus conclusicn that the BEIR-III model
over-estimates the risk of env*!ram_en:z] radcn exposyre o non-smokers by at
Teast a factor of 40. The results deveicped in this Section then izply that the

8—0« -

EIR-II]1 model over-estimates this risk for smokems by at Teast a factsr of )0
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e s Y 1 . gl sl
il ™ sique of BZIR-III procecures in estimating lung cancar risks
- < Y — %19 - - & s - -
ne available human 2asa on lung cancer risks from raciation are shown in
- - ‘ F - v -
- Fig. 1. he ordinate there is in rmisk/yr-«lM anc groups considersd are
. . ° — S S . ” "
mestly miners. Since BEIR-III risk estimales are given in age-Gedencent
. - ’ -~ sma’ £ - a ' - -
terms, an age distrinution typical of these miner groups was usec o ceter-

mmem v - -
- -

- - .
mine the BElR-.li. pCINT 1IN §.1. For simi.er reasgns, tThe data on Jajanese
. e 4 " \ M
A-boms survivers was normalized o the number over JU years 0ic€ 1
= - ' - - -
*ne BETR-II] conversion from rad-ckerma O WLM wRs used,

including REZes for neutrons; with REE«IC, the point woyld be Towered by 2 fagior
jsis patients and the Newfoundland flusrspar
giners, the pcints given in SZIR-I as well as in BZIR-III are shown; in each of
shese cases, the acses have been lowersd substamtially in BTIR-III with no ex-

planaticn, moving the points upward and 1S the lefs 2s indicated by dashed 21

BIIR-II1 incrsases the values from Se-7€ for The Crzechoslovakian graniue

~o 1y - .-

giners by 2 factsr of 23/13 under the assumstion that essentially all ef the excess

S e . ve -

cancers cccurred over the 1ast 13 years rather than in the full & years of folliow-
. 4 v » i pedd - 1 13 £3 :

up; these increases”are indicated by vertical dashed lines in Fig. 1 leadirg ¢

4 £ - ~ey ) | WA [ me Y - % -
corrested pecints for exposures below 300 WM (only these lower exposures were ¢on-

sidered in BEIR-III).
One stiking observation from Fig. 1 is that the BEIR-III mogel gives 2
lung cancer ™sk more than three times higher than that given by 3EIR-I. In
shis section we 100k into the reasgn for this discrepancy and offer evidence
that 1% is pars of the exslanaticn for the failures of the mode! pcointec out
in earlier seceicns. In subsection (a) we show that the 3EIR-II1 estimate 1S
*Since the C2echesiovakian miner data in Fig. 1 were followed for an average of 21.3
years afier beginning mining, the increases in Fig are by a facsor £1.3/11.3 §
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data on Czecheslovakian yranium miners.

derived almes:t sclely #fr=m the Jnsectien
et

') then shows that these crechoslovakian data are highly suspect, and sulse ion

v

(¢) offers severa] cther critigues sf the data weighting used to derive the

BEIR-III model. mncection (d) then summarizes and craws conclusions.

v

(a) Sourze of the SEZIR-1II estimates

Thers is no detailed expianation for Ihe derivation of the 3ZIR-III model give!;
above in Sec. IIut the only applicable age dependence is in the Czecheslovakian
miner and A-bomb surviver data. The A-bomb survivor data give values more Than 2
éacear of two lower than those used in the BEIR-III model; :mse.aged 50 anc above

in 1545 were mostly over age £3 during the pericd of study (1950-74) but their

-

risk was 18 x 10’6/;’?-’1‘..“! vs 50 x ?C'G in the ZCIR-III model, and those aged

35-45 in 1345 were nearly all above 30 (and many were apove £5) during the study

ceriod but their risk was 8.5 x 107/ yreil¥ vs >20 x 107 4n the BEZIR-III mocel.

As noted previcusly, these discrecancies would be further incrs2sed by 2 factor of

1.27 4 the more usual R3EZe10 for neutTrons had been usad,

Clearly then, the SZIR-III pode] is based almest wnclly on the Czechesiovakian

siner datz of Se-78; indeed i seems W be roughly in agresment wiih Table 2 of

that paper which gives the age depencent results. Note tnat even the data from

Se-76 shown in Fig. 1 1ies well below the BETR-I17 estimates derived from that

This is explainable by the fact that the data in Fig. 1 are the

age-averaged data of Se-76 which appear in Table 1 of that paper, wners2s the

BEIR-III mocel is $asec cn Table 2. The difference {g that Table 1 is data for the

entire grour of Crezhoslovakian miners, whersas Table 2 4s for the sub-group of

shese mine=s wno began working in 1848-22.




(b) Suspicicus aspects o¥ =ne Czecnesiovakian miner data

suspicious .
Cne Aaspec‘. of Table 2 of 5e-75 is the remarkabdle acsidental agresments.

In the four Jowest dose catagories of the youngest age group, the rates/WlM are
J12+.42, .10=.16, 112,74, and ,132.0S5 where = represent gne standard deviation.
fach of these four values is far closer :s she average of ,115 than can reasonadly
be expectad frcz the Jarge standard deviations. The same thing happens with the

cther age groups: for the miadie age group, The mmbers are .10=.77, .182.30,
222,24, and .1%=.11 giving an average of .17; anc fur the oldest age group they

are .5821.17, .542.54, .722.70, and .3%=.12 for an average cf .51, In these Three

of 4sur mumbers, the average deviation from the average is 0.17 standar<
is abous five times smaller tThan cCan reasonably be «xjected,

sets

deviations, wnich

The probability for such small average deviaticns To octur in all three sets is
R-

-
-

e

exceedingly small. It is these three sets of .‘adr numbers on which the 3.
risk estimate seems %o be emtirely based.

There are many minor {rritants in trying t undersiand Se-76. They dec not
give the number of zminers in any group or sub=group, they use an ynconventional
seatistical treatment (although they use the conventicnal one in Ku-79), they dc
not give zge dist—butions or time distributicns for lung cancer, and they do not
explain their methodology very campletely.

Byt the moss susoicicus aspect of the Crechoslovakian data (as well 2s
with some of the others) is that no consiceration is given T3 cther pessible

causes cf lung cancer in the Clech mines. There ars several carcinogenic

agents known %2 de there (Lo=74, C2-82). - These m:ines were at one time used
far extraction of cosper, silver, irecn, c2zalt, arsenic, sismuth,
ané nickel ores, anéd taree 2f these — 2arsenic, nISKkel, and iren
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ores — are believed = cause lurg cancer (Col-78). There is a consiceradle

amount of lead sulfige mixed with the uyranium cre, and Tead salts are also

suspected of causing lung cancer. These mines are cool and camp, anc wet in
scme se2ssns, SC that chrenic respiratory diseases are very common; there is
some evidence that these can develcp ints lung cancer. The whole region, 2s
well as the mines, are excepticnally dusty, wich pneumcconicsis fram silica
innalaticn common; it is pessible that this may alsc Tead to lung cancer., There
are thus many potential alternative causes of the increased lung cancer mong
she Czechoslovakian miners. Ia fact the original reason for stucying the U.S.
granium miners was o separate out effects of raden fiom some of these cther
carcinogenic agents.

In order to assess the relative roles of radon and cther agents in the
Czechesiovakian mines, we turn ¢ 2 detafled examination of the cata. The

data available on lung cancer incidence as a function of dose and Tength

of exployment in the mines are shown in Taﬁ‘ne S as the upper entry in each bex,
with the central value 4n the center and 352 confidence limits before and afler,
These data are al:zc shown in Fig. 2 with separate plots for each duration of
enployment. The lines on these plots are #its 0 2 linear dose—effect relatlicmsnip
2s would be expected {f radon were the only cause of lumg cancer, and 0 2 dose-
independent relaticnship (horizonzal lines) in which the lines {n the three plots
are conserained to have ordinates in properticn to curation of exployment. In
soite of this additicnal constraint — the slopes in the Tinear dose-effect case
were not monstrained oo be equal in the three plots in deference o the pessibild
cf a dose rate depencence — the fi4s are 2s gocod for the dose incepencent

Rypothesis as for the linear dose-effect hypothesis. The 5.8




year data appear 2

2o #it the slant line petter, Dt tne horizontal line coes not Come close %0

she error limit on any point] in the 9.5 year data, the horizznial line

acoroaches the error limit on one pcint wnile the slamt 1ine apgprsaches 12

gn two points. The fact that tThe £i+s are about egually good

peans that there is as much evyidence tha. radon causes none

T

sf the j_ung cancer as there is that {t causes 211 af the -Tung

cancer as 2ssumed in BEIR-III.

As a further study of this matisr, the cata were fitted &

ReaD + bt (1)
rzte lissed in Table §, D is the dose in WM, £ is the

where R s the lung cancer

an #is the horizontal line better; the 14.0 year data appear

lencth of employment in years [(representing Tength of exposure = scme cther

cth
carcincgen), and 2 and b are constanis be it ¢c the data. The optimum
¢i¢ was found to be

a = .075 cases/wM (x'10°3)

b = £.2 cases/year of exployment (xw’3)

L

(2

\
/

Since these czsa are based on 25 years of follow-up, the BTIR-III procedure is 2

(25-10m)
divide bypls &= get czses/yryr. Thus, the value of 2 corresponds O .
ol

ol
«{.075 2 10°°/15=) § 2 10

clearly indicates that
estimate in Fig. 1.

cancer is nct justified for the Czechoslovakian miners.

e\ A " a_te .
(2) Other critigues of data weignting in the BEIR-II1 mocel

"he onlv sther data in Fig. 1 that give r~isks comparalie o thcse gerivec
srom she Lzechcslovakian cata are the data from the Swedish linkgruvan mines.

LM for tnat grouc is s¢ high is that the racen jevels

This analysis fthe ¢isregard of altermative causes of lung

cases/yr-M which {s four times Jower than the BEIR-III
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shcse mines are quite low, 0.3-1 Wl. Nevertnheless, it is assumec that
all of the excess lung cancers are due o racden. These mines are known
to contain sgarn, & ngtonite, and grunerite, fidrous materials akin
ts asbestas. There are essentially no dese-response dala for those
miners. It is simply assumed that all excess lung cancers are due <2
radon.

On the cther hand, SEIR-III gives essentially no weight o the cala

. uramium miners, although they ars probably the largest anc mOsT

“

on U.
carefylly studied group. They are the only graup for which there is
good imformation on smeking habits, and they encompass 2 very wice
dose range with generally good statistics. BEIR-II1 makes a feedle
attemst =o explain the discrepancy between the U.S. ang O zzhoslovakian
miners 2s 2 dose-rate effect, since dose rztes were scmewnat Righer in
she U.S. mines. This attempt is based

on the fact that protracted deses of high LET n.::ﬁ:ion have been shown O

give higher risks than the same dose agministersc over 2 short Time period

(Ma-72). However, from our understanding of this observation, we would expest

K-y
the relevant ¢

cell
$érem protracticn in humans and in animals is chserved %o saturate when pro-

traction reaches a few months. The protraction in the case ¢f miners is

over many years, so cne would not expect 2 dese rate effect.

ive periods for protraction & be camparable to the period for

11 mitosis, and inceed the experimental eyidence for increased effectiveness
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The ciscrepancy between the U

actept the higher or Jower values when twe sets

<

-w-a

and Czechesliovakian

'83C5 U = The more general guestion of whether cne should tend to

of cala are in disagreement., Mos:

of the cata in Fig. 1 are based on the assumption thas thers are no aspects of

zining that can zause lung cancer other than radon.

As pointed out in Sec.IV, there are many chemical agents.

lung cancer and some of these 1ike metal cre dusss

mesT

sTongly present ‘.n\:rne.s. Somewhat elevated

reporeed in varicus cther zminer groups

whigh the mining envi

&

contrels in these studies),

i

8B 1.8

the cpposite; as is eyident from Fig.

the one showinc the lower lung cancer

T,

pessible risks consistens with any data

f» e
\

et

This 1s clearly not the case.

that are known 2 cause

Y

and diesel engine fimes are very

o Jung cance™ risks have been

' There are many ways in

ircment differs from that of the general public (which is used
It would thus be very easy ts explain highe= lung
ncer rates than thse procuced by radsn., On she cther hand, it is vemy di&%icy]s

exziain Tower rates, It therefore seems approprizte when confronted with two sets
data which do not agree (e.g. U.S. vs

Czecheslovakian miners) 0 give preference

risks. The BEIRe!

ye.
-

Report does exactily

they select data %2 chbtain the highest
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only exazple in
of the BEIR-III

cannct be expla

processes are exponen

in Fis.

which is definitely cont2Ty ©

aefinitely supra-linear, {mlying that 2 1

Y

| is reducsd by 3 factor cf 2 due

2200 WM and 7000 WM would be reduced by factmrs of ¢

nder-sctimates effectis of low doses.

b=
An entirely cifferent
aspect af +ne 2ZIR-I1I1 lung cancer model {s that 1% is the

3rTR-111 of a supra-linear model, As may be seen from Fig. 1.

mode] (this includes the Csechesiovakian ziner d2ta). This
ined as due to cell killing or cteriliztion because those
sial with dose; for examole, i¥ 2 point 2t 70C WLM
+s thess processes, peints at

%
4016 and 2'Oe1026,
_semvaticn., Thus the BEIR-III model is
insar dose response cCurve grossly

Such supra-iinear pehavior cf

a2 ¢ose-respons

s cyurve is contrary

she risks at high doses are well eszanlished and clearly far beicw the predictions

s the bulk of evidence from other animal ang
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begnan 4aza, is contrary 2 sxpecsaticns from generally acsepted theories, and is

copt-ary S0 statesents in oiner parts of the 8FIR-IIIl Repert., On the other hand

4« {s just what {s expectac 4# alternative causes of lung cancer among ziners are

cont-ibuting cases — they would not be important at high dose, + the~ would be

{mpor+ant at low dose and greatly increase the mumber of cases.
One #inal criticiss of the ZEIR-III lung cancer estimate
the public with scharacteristic

is that 1t uses the

resulss from ziners and conclydes that they apply &

soking experience®. However, 70% of both the U.S. and Czechoslovakian miners

were sSorers, whersas only atout 777 o the general populaticn are sSokers — 403

cf men and about 25% of women, 1f there i- an {mportant difference in the ragen

ik for smokers and mon-sXOkers, this would make the BEIR-I11 estimates to¢ high
astout
bya2 sacenr of two when applied w0 tne general population.

(¢) Conclusions ancd discussion
Our conclusion #rom Fig. 1 anc the above discussion is tnat SEIR-I11 uses

a hignly gues<icnable cata selecsicn procedure and shereby probably overs

ectimates the lung cancer risk 2 miners from raden by a factor Detween 2 and

€. 1In serms of Fig. 1, shis misk {s therefore prebably in the range
=10 x '.:'6,'_v'!--'-'._“.. 1n additicn, the difference in smoking habits Detween
siners and the public may recuce she Pisk %o the pudlic Dy ancsher factor of

*wo. HOwever tNis issi1] more than the yoper limit risks cue =2 environmenta’
+nis paper wnigh are 40 x less

&£
T -

radon 2s cbtainec in preyious secticns e}
shan the SEIR-II1I estimate, OF 8.5z 10‘5,y—-'.'.v éar non-smokers, and four times

nigher than that or
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This remzining discresancy weuld suggest 2 Dreak-down 27 The Tinear

dose-resoonse melaticnship 2t low coses (Co-802); i.e., the linear 2ssumption
s sed on soserved risks at high doses over-estimates the risks of low doses.

Such a deviasion from linearity is widely accested for Tow LIT raciation

-

(NAS-30, NC-80), but has nct ordinarily been accested for aipha particles.

However, 1% is suggested in BEZIR-III for alpna particle incucec done cancer

Based on syidence from the radium dial painters.

The author is greatly incdested to I.P. Racford, 8. Sactomannc, J. Samet and

R.Z. Shore for nelpful suggesticns and criticisms, although this does not

necessarily imply their agreement with the canclusicns ¢f this paper.
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{-acrking levels, =hl) in buildings
froz varicus U.S. studiec (Co=-80). Yalues are averaged

over tizme of day and seascns of the year, =
. Locasion Uniss Av ) RefaRd ) Coments
Fiorida 16 7
Tennessee 18 8
Boston 14 “ basements
3 8.7 first floor
New York 7 2 9.8 besements
+ New Jersey 5.2 first floor
Chicage - 7
22 30 ynpaved craw] space

Srand Ject. ,00 - 7 no U =2{lings

Florica - I no high U comtent
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Table 2: Llung cancer deaths expezisd from BZIR-II! model for exposure of 0.22 WM/

LDV

Co1.(2) 1s the number of years before the laten: pericd at the average age of the
group. For exampie at age 37, age 0-12 {5 before the 25 year latent period *or
those ages, and 2ge 15-20 is pefors the 17 year latent perisd for those ages;
hence, the entry is 12 + 5 « 17.

Col.(2) = 0.22 M/yr x Col1.(2).

Ca1.(4) {s from the BEIR-III Repors.

Col.(5) » C21.(3) x Col1.(4).

Co1.(6) s from U.S. Statisties (HEW-79). c -

€21.(7) = Col.(5) x Ca1.(5).

Cal.(8) 1s frem U.S. Statistics (Ce-75).

Col.(8) = C21.(5) x Cal.(8).

Q1 (2) (3) (&) (5) (6) 7 (8) (3)
age 2t effeclive exposure risk raze poguiaticn expected pepul. expestes
gdeath yr of (WlM) facsor (x10-5/yr) 1876 cases 1810 cases
exposure (x10€) 157€ (x108) 1510
. 35-28 17 - 10 37 11.9 440 6.40 37
4042 25 £.5 10 & 113 §10 5.28 2%
45-4¢ 30 E.6 10 =3 11.7 770 4.47 283
50-54 42 8.2 20 184 12.0 210 3.80 gt
£5-64 50 1.0 20 220 8.1 4220 £.06 1113
£3-74 60 13.2 50 860 14.2 §370 2.5 1630
>75 70 15.4 50 770 8.7 6700 1.45 1117
214 6 24520 §2.0 5418

(inc.2ge 0-34)
157 *» (a1 ) FeleTard § - -£
1576 Rate (a1l ages) = 24,520/214.6x10% = 114 1 1075/yr
1576 Rate (age »4C) = 2¢,080/77.2x10% = 305 x 1675/yr

1570 Rate (al) ages) = 5415/52.%107° » 83 x 1075 /ve
-]
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Table 4: Lung cancer mcriality rates {n varicus countries 48

the early twentieth century (Co-3C2)

Country
e ———

Englancd & Wales
Scotland
Irelang

Sweden

Bavaria
Switzerland
Australia

U.5%

U.S. - East-

North-Central

vears

s

18C1-10
1806-10
1801-10
1908
190510
18C1=10
1508-12
1514

1974

'Rate’xTCS\

g.8
1.6
3.3
1.3
7.5
€.7
7.0

.0

3.5
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Percantage distribution of excess lung cancer azong U.S. miners

Table S:
by histslogical type (Are74)
dose/WLM) Tvoe 1 Tvoe 2 Tvge 3 - SOthue- Totmd c;ses
1-253 8.7 76.6 12.2 2.5 10.8
. 380-1735 .2 68,1 g.4 .2 2.4
>1800 21.5 §.7 9.4 1.4 45,8
c:nm‘:ed =.4 6.5 6.5 1.1 s2.9

Table &: (Observed/expecied ratio

amcng Cxecheslovakiac uranium miners (Ho=77).

—— -

100 consrols is shown in Line S. Line € shows

among miners in 2 sopulation size tThat
controls;
adcitional zases cf 2all types 1is

is-4s calculated as [(sbs/exp)=1]xLine 5.
$ounc to be 37C.

the percentage of the I70 wnich are cf each type.

for varicus histological tyoes of Tung cancer
The mumber of cases per
ene acciticnal cases
would give 100 cases zmong

The to%al
The las: line is

dose (WLM) Tyoe 1 " Type 2 Tvoe 3 gther A1l tyves
<200 WM 2.9 3.6 1.8 3.1 3.0
200-28% 3.6 o - 4.5 £.0
»400 5. $.2 13 | T3
comb i ned 4.7 6.1 y 3.5 4.7
crerols per 34,8 41,6 13,1 10.4 100
100 total
additional 129 212 3 25 370
in miners
pe~zent of 35 57 1 7 100
acditional
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clasgification of ung cancers xmong non-smckers in varicus
studies. Cases where S4fferent patholiogists disagree are included in
both types with guesticn marks, and in summing these are mitipliied by 1/2.

anapt, -

Ref. Sex Total Type 1l Type 2 Type 2 Type & Type 6 Uncif, cther T;ae 2
ty-54 M 1% 10 - 6 - - 3 - 0
kr-£7 M 16 3 1 5 - 7 - - §.3
F 3 3 3 42 ~ s - - 4
wy=57 M 8 2 1? 5 - - 1? - £.3
F 25 35 1 11«52 1+i? 37 212 - 3;8
Yi=77 ™ 24 8 3 8 0 3 - 2 13
F k- 6 1 2 2 3 - < 2.6
Ye=73 M 7 1 o) 7 - 1? - 0
F 25 . 2 1417 1?7 - 2 - % |
Au-T% | 6 e Q § 0 g 0 - 0
De-70 F € Q o 6 0 0 - 0
SN 245 4.5 1.5 132.5 8 4.5 8.5 6 4.8
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vable 8: Lung cancer incidence azmeng U.S, grani= mines as a function
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Czechosiovakian miners

ve czulasive radiation expesure for groups empicyed 4.3 years

and >12 years, Data are from Ku-7S,
y that agents in the
excess cases
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gffp=vs were gue to radon, with no CORST
indenendent of dose rzte. 1f {t were 2ssumec Th2T effects
et radiation are ingependent cf dose mate or incrmase with dose

rate, the latiter fits w be much peorer,




L LI B BB B | ¥ e T : ¥ T -.-:_
() JAPANISE A-PONE SURVIVORS (Be-TT) y
() CAMADIAN URAN. MINERS (AR-T8) !
O CIECH. URAN. MINEAS (Se-T8)
@ V.5, URAN. MINEAS (NAS-80)
- K RIRUNA IRON MINEAS LAR-TH) !
UO v 4 LiNRGAUVAN PB In (AR-TS, 2x-TH) =
—~ - .— O MALMIENGLY Fo (AR-TH)
w | 4+ @ scunersene- 19 cant (an-g7)
O - 9 + _, (D J0acmmsTiai - 19!d CENT (AR-47) ’
X ® O AWEDIAH MINERS (SK-T7)])
~— Hmm.z n _ /. () .. METAL MINERS (NAB-TR) -
S W %f () ) NEWFOUNDLAND FLUORSPAR (NAS-TE.NAS-40)
) // Q * _./ QO ANRYLOSING SPONDYLITIS (NAS-TZ, NAR-80) |
~ s
= ‘v | 1% J*/ 3
10— o -] T1 1
g - T N ’ . -
> L O T ¢ nw * .
Ny N f ]
o 5l LgEIR-1 4 w% A ]
" w T " * ) §
' c - - *
- ( -
X M ® 8*
' 9
— b -
A- A
. | [ A | L L awaly Y1 L oo Lol 1 i1 b gl

10 100 1000 WLM



- > .
’

!

Additional Lung Cancer /1000 Miners

R i

! ! 1 : T
T Time of
Expesure
130 . —~  (yecrs) T
wr . ’/V .
BOETLI/ ! i ' %' 1 !Tl
150+ - I/r L.
o I %//1 | s
Al /%/ I y
M 7 TR R S
" . 14.0 T
150 = T ,l’/ d
A ' ” l 3
T T T
30-/JT!/! | 1 ' ’1 p / "

0 100 300 S00

700 WLM

Cumulcted Exposure

Fig. 2



