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MEMORANDUM TO: John E. Glenn, Chief
Radiation Protection and Health Effects Branch

Division of Requlatory Applications

Office of Nuclear Reyuiaiury Research //
VAL
FROM : Shlomo S. Yaniv, Senior Technical Advisor /ff/
Radiation Protection and Health Effects @Fanch

Division of Regulatory Applications
Office of Nuclear Regulatory Research

SUBJECT: EFFECTS OF LOW-LEVEL, LOW LET RADIATION

The attached report recently published by scientists from the U.K National
Radiological Protection Board (NRPB)' addresses the scientific issues

relevant to assessment of risk from low dose and dose rates of low LET (Linear
Energy Transfer) radiation. The authors have reviewed the current state of
know|edge based on epidemiological investigations, animal studies and
mechanistic studies at the cellular and molecular levels. On the basis of the
mechanistic studies the authors conclude that "the risk of induced neoplasia
rises as a simple function of dose and does not have a DNA damage or DNA

repair related threshold 1ike component®.

This conclusion is justified by the evidence that a single radiation track
(the lowest dose and dose rate possible) has a finite (but small) probability
of producing a variety of damage to the DNA including damage which results in
a tumor initiating mutations. Thus, for early molecular damage there can be
no real threshold in the dose response relationship for any fonizing
radiation, and only if this damage is aiways repaired with total efficiency
and accuracy could there be a dose threshold at the cellular level.

Given the considerable evidence of multi-stage process of carcinogenesis the
question has arisen if a true dose threshold might exist at other stages. The
United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), has examined this question in detail and concluded in its 1993
Report®:
In view of these many possibilities, 1t
would be difficult to conclude on
theoretical grounds that a true threshold

Stather, J.: Muirhead, C.; Cox, R. Radiation-induced cancer at \ow
doses and low dose rates. National Radiological Protection Board (NRPB)‘s
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shiuld be expected even from multi-stage
mechanisms of carcinogenesis, urless there
were clear evidence that it was necessary
for more than one time-separated change to
be caused by radiation alone. The multitude
of animai anu numan data showing an increase
in tumors after a sinale brief exposure to
radiation and also the occurrence of
spontaneous tumors in the absence of
radiation, implies that these restricti‘ing
do not apply in general. These theoretical
considerations cannot preclude the
possibility of particular situations where
the probability of an effect at low doses
may be very small, and even practically
negligible, compared with that at higher
doses. (page 633)

There is some evidence that Jow dose and dose rate radiation may produce
beneficial effects, the so called hormetic effects or adaptive response. The
existence of adaptive response does not contradict the no-threshold
conclusion, since in a complex organism hoth deleterious and bonoficial
effects can be induced by the same agent.

UNSCEAR in its 1994 Report’ reviewed the available evidence of adaptive
response in cells and organisms and reached the following conclusion:

However, errors in repair do occur, even
during metabolism, such as small base-
sequences changes (point mutations), gene
deletions or rearraogements, although the
overall DNA integrity may be retained. [t
needs to be recognized, therefore, that the
effectiveness of DNA repair in irradiated
mammalian cells is not absolute, some
fraction of the cells retaining stable
mutations. Thus, the same low conditioning
doses that result in a adaptive respomnse are
likely also te result in malignant cellular
transformations by the mechanisms discussed
in Annex E, "Mechanisms of radiation onco-
genesis" in the UNSCEAR 1993 Report. It
would seem important to Jjudge the baiance
between the fidelity of repair, residual
damage and malignant transformations and
whether indeed these effects interact with

* UNSCEAR sources and effects of ionizing radiation. 1994 Report to the
General Assembly, with Scientific Annexes. New York, United Nations (1994)
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each other. The Committee hopes that more
data will become available in the near
future to address this point. (page 223)

and

It is to be hoped that better understanding
of mechanisms of radiation effects obtained
in molecular studies might provide a basis
upon which to judge the role of adaptive
response in the organism. In the meantime,
it would be premature to conclude that
cellular adaptive responses could convey
possible beneficial effects to the o anism
that would outweigh the detrimental effects
of exposures to low doses of low-LET
radiation. The Committee recommends that
this research be continued in order to
clarify the nature and importance of the
effects of radiation-induced adaptive .
response. (page 224)

Thus, the available scientific evidence points to a conclusion, in agreement
with the attached NRPE Report, that any incremental dose of radiation is
associated with a finite increase in radiogenic cancer risk. At low doses and
dose rates that increase may be practically negligible, but is not zero.

Attachment: As stated
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Radiation hormesis - fact or fiction?

R. Plispanen
Insttute of Geoscences and Astronomy, University of Oulu, FIN-90870 Oulu, Finignd

introdection -

Ever since Henn Becquere! (1852-1908) in 1896
discovered the phenomenon that was later 1o be
called radiouacuvity by Mune Cune (1867-1934).
public opinion concerning its beneficial or hazar-
dous effects on human health has changed many
times. some of the chunges being rapid swings from
one extreme (0 the other. During the past five or six
decades. however. those views have dominated
which are based on the ‘radiation paradigm’ (see
Henry, 1961, p. 671), which mauntains that all
radiation at all doses s harmful. Recently. the
attitudes of a growing number of scientsts and
experts (Loken and Feinendegen. 1993 and the 42
references theren) seem (0 have started (0 move
away (Sagan. 1989) from the categorically stagnant
state imposed by the radistion paradigm. towards
recognition am asosptance of & concept known as
radiation hosmsesis, whuch states that low-level
omising radisties (LLIR) may be beneficial for
human heaith. The current shift of opinion s
obviously the result of an increasing number of
scientfic papers favouring the idea of radiation
hormes:s (Luckey had already collected some 1,200
references in 1980 and further references can be
found in Loken and Femnendegen, 1993) which,
among other things. brought to light the fact that
there are often net benefits associated with LLIR
and that there 13 often a negauve correlstion be-
tween the incidence of lung cancer, for instance,
and the radon content o« the ambient indoor or
outdoor air (Cohen, 1991, 1993, Puspenen. 1991,
On the other hand. reports arnving at diametncallv
opposite conclusions have also been published
(Modan er a/, 1989, WollT, 1989 Henshaw er o/

1990: Upton. 1990: Pershagen er o/.. 1994), whic
indicates that opinions differ about the beneficial-
ity of LLIR and that the topic as a whole s
controversial. The present paper weighs up and
summanses the evidence *hat favours the dea and
dlso reviews the ongin and scientific status of the
concept of radiation hormesis in order to help the
reader (o decide about the validity of the hypoth-
esis. Since the phenomenon (if there is one) s
intimately associated with the occurrence and dis-
tnbution of radioactive elements such as Rn, U, Ra
and Th in nature. the topic is in part geochemical in

History amd Origin of the Concept of Hormesis

Etymologically, hormesis derives from the Greek
word hormem, which means to stimulate or excite
Literally therefore, it denotes any kind of sumula-
uon or excitation. As a medical and geomedical
term. however, it is more restricted in scope and
refers merely to the putative and allegedly ‘sumu-
latory or beneficial effect, observed when a biolo-
Pcal system i3 exposed to & low dose of an agen:
known to be toxx {or hazardous) at significant/y
larger dose’ (Loken and Feinendegen, 1991
446). As far as can be traced back, the term was
first used 1n 1943 by Southam and Ehrlich, wno
were led 10 the idea after having observed a stmu
latory effect of dilute solutions of red<cedar heir
wood extracts on the growth of certain woc.
decaving fung. the same extracts having He«-
deleterous or lethal at higher concentra:
Southam and Ehrlich, 1943).

Depending on the type of sumulatory agen:
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can speak of chemical and physical hormesis. that
described by Southam and Ehriich being an exam-
pie of the former. The existence of chemical horm-
ems (alKhough 8ot Oy that name) was. in (act. noted
prior o and Ehrlich by two nineteenth-

° Hugo Arndt and Ru-
dolf Schwitz, wio conmdered the phenomenon (o
be uriversab(Segas. 1989, p.574). The status of
chemical hormesis 41 a sienufic concept today - in
contrast 1o that of radiation hormesis - seems (o be

Calabress
ef ol.. 1987; Furst, (987; Siebbing. 1987; Totter,
1987; Calnbrese and Beidwin, 1993 Loken and

Fanendegen., 1993).
and radiation hormesis erc , the latter being subsect
to further subdivision on the basis of the type of
redistion in quastion. In line with the current
. radiation hormews is here. however. dealt
as & smngle entity and by it is meant the
putdyve beneficial effects of low-level radicactive
(alpM_bcu and gamma) and X-ray rad:ation.

Ever tho\nw the term jiself did not exist prior (o
(94], the ides™of hormesis 1s rocted far deeper in
the past. The ancient Romuns, who liked 10 buthe
in the thermal waters of health spas situated in

lained its present name. radon. Jfter having been
called ‘emanat 2o’ und ‘niton’ dunng the eurly part
of the present century (Partingion, 1964}

At the bepnning of this century. shortly Jyiter
Wilheim Rntgen (1845-1923) in 1895 und Henn
Becquerel in 1896 had dJiscovered X-ravs und
radiouctivity, it was soon realised that. in addition
(0 the harmful effect of causing skin burns (erythe-
mas). radiation was beneficial in destroying (y-
mours and other human or smimal excrescences
and could thus be used as a tumonadal surgical
wezpon for the anaibulation of cancerous sarcomas
(Stannard, 1988). This discovery led (0 3 common
betief that radistion. irrespective of the dose taken.
had 2 stimalatory or otherwise beneficial efTect on
the humas body and hesith in genersl Mure
Cunie. for instance, firmly believed in the overull
beneficial effects of radicactivity (Weurt. 1988, p
50) and one of the elements which she discovered.
ndiumnarddbyhcundmnyommua
universaily blessed healing surgeon's knife which
couid not and would not have any adverse side-
effects. The newspapers wildest visions concerning
m and radiouctivity weni
much further, of course. ( moderate visio
put forward by earnest scientists.
(ralive exampie. & CONLEMPOrury newspeper zricle
claimed that radium could even ruise the deud. 4

countnes now known as ltaly (Ischia). Germany ides immortalised in the 1935 movie seral The

(Brambach), France (Sail-les-Bains) and Austna Phantom Empire’, in which 2 dead womun wus

(Gastern. Bad Gastein or Badgastein), can be said  brought back to life ia « ‘radium reviving room

to have believed implicitly in hormesis, because (Breaner, 1989, p. 79).

they found the baths healthful, stimulative and

even efficient as cures for medical disorders which Even though scientists and physicians did not

we now know as diabetes, epuepsy, gout. hyperten- expect radium to rause the desd. the common.

sion, inferulity, rhbeumatism, creumnism, melancholy almost uareserved belief in the beneficial effects

and impotence. [t has proved that the waters of of radium and radioactivity resulted in & boom ol

many of the spas favoured by the Romans were in  hospetal and instituton building for radium (her-

fact radon-bearing, which ieads one (o speculste apy or, as it was also calied. Curie therapy. which

the! if indeed the baths did belp, it may have been was camed out during the first three decades of the

due 10 thew radioacuvity and the phenomenon of present century by admemstening heavy doses of

radiauon hormens. radioactuve radiation &2 & tumonadal weapon or is
4 peneral medication against cancer and other

Oune of Wiy fest messures towards & scienufic  disorders. The difficulties involved in the enrich

clanficasias of the factors lying betund the alleged ment and separation of the radium necessary '

curstive pesgarties of the waters of the spas. and at  this therapy rased the pnoe of the element «.

the same cume ome of the earliest steps towards an  high, 30 that one gram of it cost several thous.n

understanding of thess waters, was taken o the umes more thas one gram of gold (Weart 9%

(850s by the German chemust Justus von Liebig 4§)

(1803-71), who humsell believed in the beneficial

properues of the water of the famous Austnan Bad The dark sde of the therapy, the unexpecied .

Gastein spa. Liebig analysed the water and found it verse side-effects of strong doses of radioac!

1o contain ‘dissolved gas with mystenous electncal X-ray radistion soon made itsell apparent =

effects’ (Mackls 1990, p. 615). Liebig beheved that  ever (Weart, 1988, p.47). Radiation not on /s

the pharmacologpcal effects of the baths were due  tumours but caused injunes and gave rse

1o thus mystenous gas, which was later idenuilied as  tymours and leukaemia (Heary, 1961 p »

radon. [n 1900, after Liebig's ume, the gas was carlyas 1911, physicians in the USA had g ..~

recognised as a new elewnent, called ‘radium «cmu-  more than 50 cases of cancer causally -

nation by German chemust and inventor Friedrich  these radium or X-ray treatments (Wear!

Ernst Dorn. Around 1923 the gas eventuuil 47). Mane Cune herseil died of leukaem

i
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(Faure, 1986, p.4), and what raised even more
public attenuon, and was an even stronger impulse
in turning public opinion,
mostly {ermen ey

order to make them visibie in the dark and who had
the habit of triswming the paint brush between their
lips. were observed in the (9208 1o be suffering
from bone marrow cancer (Macklis. 1990. p 615;
Macklis and Beresford, 199 p.351. Loken and
Feinendegen, 1993, p.446).

The hazards associated with radiation thus being
obvious, radium therapy as such was soon n
uuu.ummmmmww
War by modern radiotherapy. in which radiation
Was applied in a2 more orderly way. These modern
methods for annihilating tumours have replaced
radium with radiosctive sotopes of other elemets
with precisely known activiues. energy spectrs and
omwmwmchmbuthcdoutou
controlled exactly and tne besm of radistion to
be aimed precisely at the target, so that the deleter-
10us side-effects can be eliminated or minimised.

Despite the fact that the hazards involved in the use
of heavy doses of radiation had already been
realised dunng the first two decades of the present
century, another form of radiation medicament.
mikd radium therapy (MRT), based on an entirely
different philosophy, grew beside radium therapy
and flounshed unul 1932 (Macklis, 1990). MRT
was rooted philosophically in the late nineteenth
century Amencan homeopathic medicai move-
ments and was baued on an idea that ‘mild’ doses
of radiation could be a cure for certain non-cancer-
ous medical disorders. MRT compnaed oral or
parenteral adminisirauon of microgram quantities
of radium and its daughter 1sotopes and was used
pnmanly to cure rheumauc diseases. hypertension
and metabolic disorders. Low level doses of radio-
acuwity were aumed at but, in retrospect, one can
see (hut the doses applied were still 0o high, as
shown by the sad end of Eben M. Byers (described
below).

To obtain MRT im its beyday in the 19208, one
Could purchase commercial. privately manufac-
tured radium-bearing patent medicines (pills. elix-
irs and creams) from maul order (irms or over the
counter in almost any drug-store in the USA. The
most famous (and most notonous) among these
products were ‘Agua (sic) Radium’ and ‘'Radithor,
the latter of which contained radium isotopes 226
and 228 in distilied water so that the radioactivity
of a half-ounce bottle was as high as 74 kBq
(Macklis 1990, p 614)

The MRT business eventually came to a sudden
end in March 1932, when a famous Pittsburgh

playboy, sportsman. industnalist and millionare,
Eben M. Byers, died of ‘radium powsoming’. ‘muit;.-
system ‘Llure’ and cancer of

of East Orange (NJ), and had drunk one or more
bottles of it aimost daily for four years. His death
aroused enormous publicity and caused . sharp
decline in business at the same time as the govern.
ment authonties began (o regulate and leg:slate on
the sales of patent medicines in general.

Despite the general pessimistic attitudes of this
pericd towards the use of radistion as a3 medica-
ment, W.P. Davey seems (0 have reslised that the
d«nmn-nwrmm-udmuu in
determining whether the effect would be beneficial
or adverse. He therefore suggesied in 1919 tha: 4
low level of ionising radistion might stimulate
rather than depress biological functions ang health
Davey's view was based on expenmental work
whachhoh“armdouuuuamunorwmch
he had been able 10 venly a prolongation of life in
Pribolium confusum populations exposed (0 small
doses of X-rays (Davey. 1919). Together with
Atkinson, who had even earlier in 1898 made the
observation that rénigen-irritiated algae grew fas-
ter than their non-irradiated controls (Atkinson,
1898. Webster, 1993), Davey muy have been (he
first to speak in favour of the ides of radiation
hormesis.

Evidence Supporting the ldes of Radiation Hormesis

According to Loken and Feinendegen (1993). the
ides of radiation hormesis has been ganing an
increasing foothold and more numerous suppor-
ters, and its ugnificance is emerging in medical
practice. As a sign of the nsing status of the
concept, ‘the scientific literature is replete with
reports indicative of hormesis in vanious biological
systems after exposure 1o low doses of ionising
radiation’ (Loken and Feinendegen, 1993, p 447)
The authors list 42 reports in favour of the idea.
and if the roughly 1,200 references listed by Luckev
(1980) are also taken into considerstion. the num-
ber of positive reports is quite impressive Instead
of trying to go through the above references n-
dividuaily here, | will attempt to classify andg
summanse the evidence, and also refer to some
addiuonal papers from my own expenence

Evidence supporting the idea of radiation horme- .
can be divided into four broad categones
expcnmemhmm plants or animals; (2) humun
occupational compansons; (3) reponal stuc e
ind (4) etpenments throwing light on the «i'¢

t radiation at the molecular level.

1y The first pieces of experimental evidence
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porung the ides of radiation hormesis derive lrom
the earty ressmrch of Atkingon (1898) and Devey
(1919) reforred © above. [n more recen: times.
experuments WA amimals have been conducted by
the (US) Natiosal Cancer [nstitute. for instance.
Those carvied owt in the early 19408, for example.
pownted 10 & ra'her unexpecied relationship: the
irradiated animals had » slightly longer mean life
span and greater weight gain than their non-irra-
diated controls (Henry, 1961, p. 121). Simularty,
amimal expenments carned out by Lorenz and s
associates 10 1955 (Henry, 1961, p.122) indicated
that exposure of both mice and guines pigs t0 0.11 ¢
per day of redive gamens incressed thewr sversge
life span by sbout 7%, wherees expooures of 1.1 ¢
per day slightly reduced it Summanung the results
of a large number of animal experiments. Henry
armved at a posiuve view of the radiation hormesis
hypothesis: “The preponderance of dats better
SuUpPoOrts tiaz hypothesus that low chromc exposures
result in an increased longevity than it supports the
oppomite hypothesis of decreased loagewity”
(Henry. 1961). Simularty, Sagan (1989), aflter sum-
mansing a large number of animal expenments.
including those of Congdon (1987), conciuded that
“many expenmental studies (but ny ail) have
shown that laborstcry snimals exposed 0 low
doses of radiation outlive unexposed controls”.

(2) In addivon to animal expeniments, Henry
(1961) aiso carmed out a stausucal study of the life
span of radiologsts in the UK and the USA. His
working hypothesis was that since radiologists as a
group are subject 1o higher chronx exposure o
radiauon than any other group of physicians, one
could expect on the basis of the radistion paradigm
to find higher mortality from cancerous diseases in

them than among other physicians. The results ran *

agunst such expectations, however, and showed )
10 % lowenng of mortality among the ~sdiclogsts.
On the other hand. an enrtier study carned out by
Warres (1956) bad indicaisd sn opposite relauon-
shup, whils Seltawr and Sartwell (1958) had arnved
at consusions s Sae with those of Henry A recent
report b Thgjen (1987) also supports the idea of
radiathon hermens, since it reveals that lung cancer
among the bighly exposed workers at the US
Deperunenst of Energy (USDOE) u well below
expected levels.

(1) Regonal studses carned out in the USA, Cluna,
India, Japan and Finland also suggest a negative
correlation between cancer and radiocacuvity Ac-
cording to recent reports by Cohen (1991 and
1993), lung cancer i the USA s rare in repons
with high radon levels. lo hus most recent paper
(1993), Cohen studied correlauons between Jver-
age radon levels in 1600 US counues and mortality
rates from vanous types of cancer By fur the
closest correlaion was with lung cancer. but Js
Cohen points out, the sign of the correlation was

Table | Swerisiwcaity ngmficoms (p <000 Spearmen
product-mement corvelgnion coef)icienis e, veem (i
incwdences of varveus forms of concer (|-8) and the
CORCEniranon of urammew in ke growndwaier w northern
Findand ( Piispanes. 1991, Tahie 1).

Spmwrmac  Type of cancer Concentrauon
coefTicient of U
| Towl camcer 10 maks (for detats.

soe Pukkais or of. 1987) L8
: AOMSCH CamoET |t Tl 9.3
) Colon cancer i males and lemales 0 47
4 Pascresix camcwr & maies 927
; Lung cancer @ malee L£47
“ Lumg coecwr w lessise 4
7 Thyroud cancer o (emeis 92
B | e 9 s 034

pen. 1993, p. 447). The same 1 true in India (Ngmbe
and Soman. 1987) and Japen. where Mifune (1992)
demonsiraied low mortality rates for cancerous
dissases (with 46-34% reductions) in Misasa.
where bot beths in walers having radon activity
levels a3 high a5 400 Bq L' are fashionable In
Fioland. | (Piispanen, 1991) observed staustically
suguficant negauve correlations between various
types of cancer and the concentration of uranium
in the groundwaier (Table 1), and areas with high

Regonal loagevity studies carmed out in varous
countryes have also produced results which show

T

1 Swssmery of claws pwt forward regarding he
bemeficrsl effects and macharisms of operaiion U
lowdevel onizng radieson (LLIR). (Modified Jier
Mackils awl Beregford. |991)

LLIR stmalates uoscheduiod DNA repar

LLUIR induces free-radical detonsficabon and repair oo
e

LLUR & mmunosnmuistory, HLIR bang mmunoup

presaant.
LLIR s @ metabolic catalyst and fertlity enhancer
LLIR selectively inacr vates inbubitory or senescent “.

!

organIAmS.
LLIR reduces cancer nsk 1 chromcally sxposed ~
uots.

LLIR extends average life-spas i lightly expoey ~

uons
LLIR s an evoluvonary dnve (Pursons. | 9%
LLIR functions as & vial force and may be e o

(Luckey. (982).
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cell production in patients
who had boes exposed 10 LLIR.

lyWh?lch.l&d..HM

Assuming that radiation hormesis is a fact. the
Question anses of the mechanism by which LLIR
can bring about its {eneficial effect. Answers to
miqu-uoahnhuloﬂmbyFMﬂ
al. (1987), Sagan (1987; 1989), Macklis and Beres-
ford (1991) and Loken Feinendegen (1993).
The proposed mechanisms. together with other
clams concerning the beneficial properties of
LLIR, are summarised by Macklis and Beresford
g’:‘:){dmnpmduadhcnmmodiﬂdromu
2

Feinendegen ¢/ a/. (1987) and Loken and Feinen-
degen (1993) explair the mechanism as due to the
effect of ionising radiation on celis at the molecular
level. lonising radiation, whether in the form of
energetic charged partucies or electromagmetc in
character (X-rays or y-rays), deposits its energy
through excitaton and/or ionisation of the atomc
constituents uf the cetis of biological systems lying
In is path. Water molecules make up 2 high
percentage of the mass of biological systems, and
interacuons of 1omsing radiation with these mole-
Cules produce hydrogen peroxide and many oxy-
gen-containung free radicals idenucal to those cre-
ated in the course of normal metabolism. These are
highly oxidative and readily iateract with vanous
cellular components including DNA. and are 2
maor cause of radiation injury at high doses.
There are enzyines in the living cells which are
capable of neutraliwng these radicals, however.
These enzymes are called free radical

and they incremss within the cells of any biological
system aftar low-dose radistion exposure. Work
with | by WolfY (Loken and Feinende-
gen, 1997) provides convincing evidence
that DNA repallt s indesd enhanced by exposure (0
radiation. Foliowing exposure 10 a low dose of
wonising radiation, DNA is more readily repaired
after a subsequent exposure to a large dose of
radation or to other mutagens. This explains
why cells exposed to LLIR may, in the long run,
be able to resist diseaser and repair DNA damage
better than other cells (Loken and Feinendegen.
1993)

Alternative mechanisms have recently been sug-
gested by Kondo (1988), Femnendegen e af
(1989), Liu (1989) and Henshaw and Eatough
(1992). According to Kondo the beneficial effec:s

edveree
0
B ey N st
' Dose
Threenaig
80 ¢Qy?

Figwre | Hvpothetical dose-response curve show e sche-
matically the degrees of adverse and benelicial elfects of
lonczing radiation on human health as 4 funciion of the
dose. The threshold vatwe separaiing ihe beneficial and
m, Ud.bm h:.d:dm te be approx. 50 oG,
why e L 1991, Figwre |). The curve
Jor banaficial effects may be igken 10 reach i1s ma ximum
ar abowt 25 cGy, based on an assumed anaiog) heiv een
the spectrum of ke effects of nutritional irace elements un
humar heaith and has of onsing radieion.

of LLIR are a result of what is called the ceil-
replacement repair which meuns & mechanism in
which ‘suicide’ of certain celis stimulates a prohf-
eration of healthy cells, which in turn replace the
former. the overall result being a complete elimina-
tion of the injury. Feinendegen ¢ o/ (1989) and Liu

(1989) stress the enhancement of the production of®

immune cells after an exposure to LLIR (Sagan.
1989). Henshaw and Eatough (1992) emphasise the
interaction of carcinogens and the antagonisiic
effect of various environmental factors towards
each other. The antagonism is thought 10 result
from a process in which mutations induced by one
carcinogen are removed by cell-killing efTect of 4
second carcinogen.

Is There & Tiweshold Separating Adverse and
Beweficial Levets of Radiation®

According o the radiation paradigm, the basic phi-
losophy behind radiation protection since 1996, all
radiation at all dose levels is harmful and there are
no effects at low doses that cansot be predicied
from the effects observed at higher doses (Loken
and Feinendegen, 1993, p. 447). Aay question of 4
threshold value separating doses causing adverse
and putative beneficial effects is, therefore. absuryd
against such a background. A oumber of students .1
the problem have recently questioned the validity 1
the philosophy lying behind the radistion paradigm
however, especially since Loken and Feinendege~
recently (1993, p. 447) pointed out that epidemio v
gical invesugations hav- failed to show an
effects in human populations exposed to LLIR
Indeed, such studies have, on occasion, indicated
possible benefits of such exposures. If, there:
low levels of radisuon are assumed (0 have be~c
cial effects, and as large doses are known '« v
adverse, there should indeed be a threshold
separating the two extremes.

17y

A



According 10 Loken and Feinendegen (1991, p.
448). the sumulatory effect of LLIR on the pro-
liferauoe of some Prowozoe and Cyanobactena at
low dowss. dmmppenred when the vaiue of approu-
matety 50 Gy par yeur was exceeded. Al the other
extremne. Mackils and Beresford (1991) considered
doses of up W 30 cGy (total absorbed dose) to (all
within the reage st which radiauion hormesss is
possible. Thess two values give rough bounds for
the arca within which the threshold (if one exists)
should lie.

Assarung for the moment that there s indeed a
threshold value ssparsung benefical and adverse
dosss (perhape 2t 30 cGy), one cas speculsis
further that f LLIR is anslogous im its effect 10
nutnuonal rece elements, it MRy EXErciee ity Mmax-
imum beneficial effect st roughly the midpoint
between 2ero and the threshold value (Figure |;
see also, Macklis and Beresford, 1991, Figure 1),

C omtemugornry A (Mitwdes

Scientists involved in studying the concept of ra-
distion hormesis can roughly be divided into two
groups: those who are against the hypothess
(sometumes called paradigmatsts) and those who
at leasi cautously accept the ides and use it as a
working hypothesir (sometimes calied hormet-
cists). The number of hormeticists seems (o be
increasing. as s evident from the conclusion of
Sagan (1989): ‘There does appear to be a move-
ment away from an atutude of genersl skepucism
1o one of a new willingness (0 consider the ewi-
dence’

The work of the earliest advocates of radiaton
hormesis, Atkinson (1898); Davey (1919); the US
Nauonal Cancer Institute: orenz, Seitzer, and
Sartwell (1958); Henry (1961); Congdon (1987)
and Tietyen (1987) has besn summansed above.
[n addivon, Coben (1991) recently found a nega-
uve correiation betwess radow levels and ino-
dencas of lung canoor. His encoursging atucude s
evident freaghis owa words: “The tentauwe conciu-
sion of enelifs papers that radoe may cause these
diseases (cumman), osesas unlikely to be correct’

[n additon to Cohen. cautious acceptance of the
idea of radiation hormesis has recently been ex-
pressed by Sagan (1989), Plispaneu (1991), Webster
(1993) and Loken and Feinendegen (1993). Sagan's
view is evident from his summary of the expen-
mental and other work done on the top up to
1989 "The inquiry has raised the surpnsing possi-
bility that very low doses of iomsing radiation may
not be harmful after all or may even have net
henefits’ Having found in 1991 that there was a4
staustically signuficant negauve correlation be-
tween the incidence of lung cancer and the uranium
content of the groundwater in northern Finland. |

Concluded: ‘The (close) negative correlation e
fween groundwater uranium and vanous types of
cancer 15 also & new and thought-provoking ob-
JEIVALon ruamag conatrary (0 previous thinking.
Uranium and radom, the lsiter being assumed (o be
in positive correlation with the former. are com.
monly believed to be able 10 bring about cancer.
especially lung cancer (Archer, 1987) and therefore
4 posiuve correlation between cancer of the lung in
parucular and the uranium in the groundwater
could be expscied. The ncgative correlation re-

earty phass of development and mmultaneously
hinder the growth of tumours in human tssue [f
the sbove mechamsm. based here on very limited
mmm—w«.mmmmuumnm
with much caution. proves 10 be the general case,
then natural radicactive radiation must at least in
some instances be desmed 10 act as & kind of
mwm for arficially produced
M.Mimdmwhna
retarding effect on the growth of cancer cells and
wumors (Plispanen, 1991, p. 68-49). .

Approval has aiso been expressed by Websier
(1993) and Loken and Feinendegen (1991): ‘Radia-
uon hormes:s is now an established ares (or senous
evaluation ia scientific circles’ (Webster. 199))
‘We can no longsr ignore this concept’' (Loken
and Feinendegen. 1993).

scepucism s pnmanly based on the fact that, a
pownted out by Sagas (1989), carefully conducted
epsdemuoiopcal studies are rare or lacking and the
exisience of e phenomenca has not been ven(ied
by this means. Another weakness ia the theory has
been powntsd owt by Koppencl and Bounds (1989)
who are also sosptical. They maintain that ‘any
discusmon of the beoeficial, neutral, or harmful
effects of low-level ioaimng redistion s senously
flawed « the “background”™ Mux of oxyradicais s
not taken into account’, and that this consideration
s mussng (rom the discussions on the topsc. They
note that the steady-state concentrauon of ovyra-

" dicals 1o normal cases is of the order of 0.1 10 | o™

L' and would rise in individuals exposed to LLIR
to about 3 aM L' if the dose was 0.5 cGy Thus
they would find it ‘most surprising if such 4 vmail
[raRSien! CONCENIration were 1O cCause damage ‘!
ficient (0 activate repair mechanisms’

Cathin (1989, p. 311) aiso wkes a generaily pe ..
mistic view of the idea. He pownts outl « ¢,
examp'es of what he considers flaws in the ™ -~
of those who are in favour of the idea o!

s
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W" Ou i$ the poor definition of the corcept:

“hormesis” bewng upplied collective! diverse
conglomeration of suecies. biokogies| ..\
garusm. (ssua. onfls) and types of response (sumu-
lation or bamaficial response)’. He herefore con-
cludes thl_‘...h'th.i for such effects remains
unproven.... Similarty Macklis and Beresford
(1991. p. 3507 arrived at a negative concluson:
‘We find the data in support of most of the horm-
esis postulates intnguing but inconciusive'.

C oac lusions
As s evident (rom the above, the problem of the
putative hormetc effects of OALNnE ra-

diztion 1s highly topscal, intriguing and controver-
sial. The number of scienusts who cautiously
accept the concept. at least as a working hypoth-
€33, 1s increasing. but more work is needed before
one can speak of it as a firmly established scientific
fact. More attention should be paid in the future to
the separate effects of vanous forms of onising
radiation und radioactivity as Okamoto (1987) and
Henshaw und Eatough (1992) have emphasised,
since cuncerous diseases cun simultaneously show
4 positive correlation with radon but a negative one
with background gamma radiation. .
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