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ICNIRF Stafement

GENERAL APPROACH TO PROTECTION AGAINST
NON-IONIZING RADIATION

Intemational ¢

INTRODUCTION

This documsent explsins the approach thet ICHIRP uses
in providing sdvice on proteciion agrinst non-iomizing
radigion (NIR) exposue to serve both as a guide for the
utdesstanding of ICHIRP’s documents and for its future
work. The activities of ICNIRP are delineated, and the
relationships with ofher advismy and legislalive bodes
are descrined. Fusthermore, ICHIRE’s current general
approach to the assessment of health tisks a¢ a basis for
the development of guidelines on limiling exposure is
explained.

Issues dealt with by ICHIRP relate to nfsﬁf:ﬂi radia-
tion (utiraviclel, visible angd infrared) inciug _na lagers
and electromagnetie fislds gﬁxiﬁawa‘s“
¢ fields end fields of lower

sound and infraspund exposures may also he considered

ICHIEP'S ROLE W RON-IONIZING
RADIATION PE@H:{TI{}T‘E

1is eslab-

ICHIRF i5 an independent grovp of e
lished to evaluate the state of knowledge shout the
of HIE on human heslth snd well %x='
approprizte, o g}i’"‘“ﬂfﬁ scisntific
no-ionizing redietion polecion including the provision
of guiﬁms-:s on limiting exposwre. For other approaches
1o grolecion agsingt sispected harmful effects of HIR,
the evdudion of Lierabwe by ICNIRP may serve as s

* ICRIRE Secmimial, oo Digl. Ing Hiddiger Matles, Bodlesant
it Strallenscbmtz, Tiilt Fv ﬂ{lahler-_h—?g}n&, Lgalstader Paul-
shasse 1. DESTA (hemcheisshein, Genavy Dung fe pEpare
fion of s shiswewd, the conposiion of B Commission was &
follems: A Akbom iamalmf, U Bemzqueist (lecaased, Swed IR
Bewhawlt, '»’ 2 - 1P Ceannt
(Fle'ﬁ.&} Mo, wid Mach
Histans : Cheinman shee
Efdfuﬂ Zﬂﬁl (LE,\ R D Cb'er {Us J;"’ H. Shwey (USE), ] A L
Stobarijle, wrhil Mach 200 (USA), & Swerllow, sina Mach T
(U, L. D S=abe, welil Mawch 2000 meSuv)‘ M s (Jgpay
T 5. Tenforde (USAY, P Verchia, since March 2000 (Raly); B.
Teyref, sinde March 2000 Fumree); . H. Repachali Chamman
Enenies (Swiielad); B Matles Scostific Secmimy {Genunany}
For c::mr:caﬁeme or repints combact ICHIRE at wwwoiomap.

org. .
ERES IaA s N

Copyight £ 2002 Health Physics Socity

Commission on Non-Tonizing

g Radiation Protection™

valuatle input ICNIRP is the successor of the Inferna
tionsl MonJdonizing Radstion Cemumittee (INIRC) of the
Internattonal Radiation Protection Associstion {IRPAY
snce 1992, snd still retsins 2 close association with the
lattes.

ICHIRP, as an iniernational scientific advisory
bez:iv. does not sddress social, economic, or political
s Membership of ICHIRP is limited in Hme and
50 fo experis who ate nof sfftlided with commercial or
industrial enterprises Thusg ICHIRP is free of vesied
commercial  rterest

ICNIRP is the formally recognized non-
govermmental orgemzsfion in MIR protection for the
d Heslth Organizstion (WHO), the Internstionsi
Labowr Organization {H.0) and the European Union
. It msintsins a close Hsison and working relstion-
1 with other scientific and technical bodies These
inchade the International Elecirotechnical Commission
(ZEL,_}, Commiltee on Elact *atecim_‘ral
Siﬁl{“’ the Ewoapean U
of Science end Te
Actons in this *iﬁki the Intermtional Commission on
Lp Eninalion (C"?’? the ““ﬂl':_fh,aﬂ Cuonference of Govern

gemsts (ACGHH), the Ister
imaticn {1500, the Infternel
Commissicn on Ccorupstans]l Heslth (COH), the Insti-
4 E(‘iﬁtﬂl and Eleckrorde Engineers (JEEE), and
“mnrl for Hs angd
. ICHIRF also eriers intc consil-
wrifh IR‘ % ﬁaf:_q:ml ardisdiony prob
A --s" 1 Craifors ¢ £

of the

the E.Lz opean

yial

odically car
¢ lftershwe on-
ral and sow
»g;cai end adverse heslth effecis
sits Hs surveillance io published
oﬁgmﬁ‘x scienfific papers and teposis that are gensrsily
vailable. ICHIRF pa I seientific anal
b Tusting iiﬂs 2= i vanes and scientific quslity of
2ac this ongoing review process,
ICHIRF has formed s number of seientific Standing
Committees whose membership indudes additional e-
perts. In addition, the Commission may appoint Purther
sxperiz as consuliing members ICHIRP can be seen as s
repository of irformation on the epidemiclogical, medi
cal, biological, physical, end techuologicsl aspects of
HIR.
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ICHIRP disseminates information on speaific topics
of importance to NIR protection and formulates its
advice by means of scientific reviews, proceedings of
scientific symposie, stalements on specific topics, guide-
lines on lmiting exposurs, and praclical occupationaf
exposire guides (in collaboration with A)). In accord
with its collsborstion with WHO, ICNIRP contritmtes
seientific advice to that hody.

ICNIRP tecognizes that the acceplability and adop-
tion of & complete system of prolechion also requires data
and evaluations besed on social, econmmic, and politics
considerations. 1t is FONIRP'S view that these mattess are
more appropriate io the fonctions of natiomal govern
ments and their designated authorities. ICNIRP snd other
scientific advisory bodies may, however, provide bsck-
ground irformation of relevance for sach evadudinns

Whereas ICHIRP provides general practical  infor-
mation on measwable levels that are derived from hasic
teglricions on exposure, it recognizes the meed for
further technicsl sdvice on special exposure sifuations.
This recqpives physies and engireering expertise o de
velop practical measures to assese andfor to enable
asgessment of complisnce with ICHIRPE exposure guide-
lines. This includes guidance on the principles snd
practice of measurem ents design of equipment andior
shielding to reduce exposure, and, where appropriate,
selling emission Mmits fos specific fpes of devices
ICNIRF considers that these matters sre more app
#e io the funclions of intesnafionsl regi

tonal techwécal standwrds bodies,

APPROACH TO HEALTH RISK ASSESSMENT

Hon to fudges the exient to whic
Assessment of established g
sigent irfometion fom zever 3 .
catrying out its critical reviews acowmuls
tion of new evidence, leadirg, as appropriste, to updating
health 1isk sssessmerte These sre based on ths totality of
the science, not just on the ad i tion In some
W e

= ierdific
ation mey be iseued by ICHIBF. It is important to

a slafement sumenanzing the

recognize thal all aszesenents are hased on current
knowles arel as such will be subjent fo revision in the
Light of new substanfited evidence.

The following sections deal with ihe nahure of healih
effects and how they can be relsted to exposure. In
mibseqrrent seclichs, methods Fod categorizing and eval
uding sudies are presemted irfluding how conclusions
are drawn from the comyiled and evaluated database.

Nature of health effects

Exposwre to NIR may cause different biological
effects, with a variety of consequences for « huwman
being. Biological effects may be without any known
adverse or beneficial consequences, other effecis may
result in pathological conditions (diseases), while still
other biclogical sffects have beneficial consequences for
a person Ammoyance or discamfort may nol be pathe
logical per se bul, if substartialed can affect the physical
and mentel well being of a person and the resultant effect
should be considered a5 & poiential heatth hazard 10
MNIRP seeks to define what is meart by adverse effects in
tts specific sdertific reviews and gudelines. Examples
are provided in Tables 1 and 2.

In determiving whether an adverse effect is present
in g person, it is useful to consider the differsnt ways datg
have besn obtained Results of tesls (2.2, chemical
amlysis of blood) may be read off an instument 3 s
ate effects thal may be ohserved by & physician o other
examinet, e.g, a rash or swelling Sympioms sre efferts
that only the exposed subject experiences, .z, pain,
nausea, oy fatigue. A diagnosis of disease is norm ally
based on an egreed specific combinsion of such end
points.

Biological sffects without any tdentified adwverse
health consequences do not form a basis for miting of
exposusre o MNIE. However, ICHIRP iecognizes that
concem about otler unsubstantiated hesth effects may in
tieelf adversely sffect ths hedth of a persony, and that this
may be best addressed by providing approprisie infor
mation The scientific svaluations paformed by ICHIRP
and} offier scierdific advisory hodes codd form a hags
for such inforustion

t in the process of =

. Benefits may be manifested both nn an rwievi dual

=l & 2 sodetd fevel, one example being the informdion

by eleciromagnelic ficlds for radic and telew

The question of whether = Gelogical or physiclog
ical parameter (such as temparabize or blood prsssure)
falls within the “nommal rangs™ is frequently posed. The

fications of this in ferms of adverss hestih o Fecis will
patdficular endpoint uader condderation
i and with the environ

we gaidelines developed by ICKIEP are

irtended 0 protect agsinsl the adverse health effents of
e. Reca

EXposure can vary across the emdire renge from tdwvial o
iife threstening & balenced Judgenent iz required hefore

deciding o exposure guidence.

Exposme and dosinetry
A physicel sgert has o inferact with the tereet tissu
in wder to induce & hiologcd effest The agent exiernal
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to the body and the biologicel endpoints are directly
measurable, but the decisive interaction at the target is
vsually not. It is the nature (e.g, photochemical reactions
or the induction of an electric cutrent) end the efficacy of
this interaction that detemmines the biological effect.
Hencs, the biclogically effective quantity, which repre
sents the efficacy by which a certain bidlogical effect is
induced, needs to be quantitatively linked with the
associated externsl radiation or fields.

From this it follows that different types of effects
may be related to different biclogicdly effective quardi-
ties. This is clearly seen when comparing biological
effects in different parts of the NIR spectrum. In addition,
within & specific MIR specttal region different effects
may also be related to different biologically effective
quantities (Tables 1 and 2).

& good understanding of the fundementel interac-
tion and a correspondingly accurate definition of the
biologically effective quantity are necessary when rests
from enimal and in vitro experimerts are used to evaluate
possible responses in humans.

Relations betwesns binlogically effective quantities
antd effects )
According to a simple but useful model, 2 biolugical
sffect can result from one of two processes: deterministic
or stochastic. With the former, the magnitude of the
effect is related to the level of exposure, and & threshold
tay be defined A stochastic process, on the other hand,
is one where the exposure determines the probability of
the occwrrence of an evert (the biclogical effecf) but not
the magnitude of the effect In principle, this distincicn
requires an understanding of the undedying mechanism.
Thus, an important distinction is that some responses
have a threshdld (e, a minimum Hologedly effective
quantity has to be epplied for the effect to ncow) and
others do not Additionally, dfferert repair and protec-
five processes may eliminale or substantislly mitigate
any effects of exposure. Such processes may ocow at the
molecular, cellular, organ, o whole organism level
When charasterizing the effects and their temporal
relafionships to. exposure, it is imporient to clearly
elucidate the meaning of the terms used to describe them.
The sdverse effecis that have been established most
clearly in humans ss consequences of HIR sxposures are
those developing immediately after a short term sxpo-
surs. This is in costrast to effects that may sppssr orly
after & long term exposwe and'or & long delay
A fundements! aspect of any study invesizating a
potertial adverse effect on heelth is the reliatility of the
suposure assessment. A lack of knowledge about the
basic mechanism (consequentially no proper identifica-
tion of the biclogically effective quantity) constitules a
cerfral problem with reliahility. Ewen in circumstances
where the bidlogically effective guantity has been iden
tified, relistle dosimetry may be either difficult or
impossible. For example in an enimd experiment, al-
though the extemnal exposure can be measured ade-
quately, there are pracicdl difficulties in relating this to
the bidlogically effective quartity.

Another impottant aspect of the reliability of the
exposure assessment is the sccuracy of the exposure data.
This becomes of critical imporiance in determining the
quantitative relationships between exposure and effect
In ihis process, the deiermination of geometrical factors
related o specific organ exposure (such ss eye, skin,
brain, or limbg) is important In epidemiclogical studies
thete is often a difficully in esteblishing an individual's
total exposure history, and swrrogstes for exposure are
thesefore often used

Like the exposure, the bidlogical effect needs to be
adgquately determined; ie, it should be bassd on wrll-
defined objective criteria. A biological effect may be
quantified in seversl ways and thus different relaticn-
ships with exposure may be esiablished. For example,
one can measure the degree of an effect displayed by an
individual, the percentage of individuals responding
depending on the biologically effective quantity, o the
relative risks compating groups with different exposure
levels. These measutements differ importantly in the way
they coniribule to the fisk assessment Dependent on the
quality of the exposure assessment, they may also be of
limited use for numetical assessment of the relationship
bebwreen exposure snd risk.

If the distribution of exposure can be determined for
a populaion and the relationship between exposure anl
tisk of adverse effect can be quantified then, in principle,
one can estimate the number of individuals who will
develop the effsct. It is this typs of estimate {or, e.g, an
sstimate of & persor’s lifetime risk of adverse effects)
that is the wltimste eim of a health risk assessment

If severdl effects ocowr, it may be possible to rank
them according to the exposure levsl at which esach
becomes relevant. The critical effect is. the eslablished
adverse health effect that is reélevant at the lowest lsvel of
exposwre. In this ranking of effects end defining of the
critical effects, additional judgements based on the se-
verity of the offects may, ab times, be needed.

Evalumtion of data

Himarchy of data. Because risk sssessment is
ultim ately wimed at human hedth, ideslly the data should
be derived from human stadies. The relationship betwreen
exposure and certain shob-lerm biclogical effecis can
somstimes be evduated from humen laborsory sudies
whereas data on long term humen effedts can ooly be
derived from spidemiological stadies However in spile
of their direct relevance, the results of epidemiological
studies may nof, in themselves provide sufficient evi-
dence of causd relationships without bidlogicd plausi-
bility or suppartive data from experimental studies,
especially when the suggesisd sisks are small

Animal experiments ae velusble in the anslyss of
the binlogical effects and mechanisms, as they invdve a
complete organism, including all relevant in vivo reac
tions-at least for the enimal. Long ferm animal exper-
iments are useful when considering possible adverse
health effects in umans. Such studies may dso be useful
in clatifying whether a causal relafionship exists. In vitro
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studies can provide detailed information on biophysical
mechanisms at the level of molecular, cellular or inter-
cellular interachions.

The results of animal and in vitro experiments need
to be carefully interpreted in order to be meaningfully
extrapolated to humans. Based on the premise that the
mechansm at the target level is the same in the models
and 1n the human body, the exposure-eftect relationshups
found in the model may be adjusted for application to
humans, using the biologically effective quantity. For
exanple, danage inflicied by opticd radiation depends
onthe transmizsion to the target, and this tansmission (in
the eve or skin) may vary agnificantly between an
ammal (eg., 2 mouse) and a human In general, support-
tve human data are important for a full evaluation of the
relevance to human heslth of the results from animal
studies. :
Some dinical reports, although failing to falfil the
quality ctiteria given shove for human health studies,
may nevertheless provide complementary mfomation.
Anecdotal repotts in themselves do not provide a basis
for the assesament of nsk, becanse of ther inherent poor
cortrol and posdable observational bias. They may, how-
ever, provide an indication of the need for further
investigation or advice.

Selection of studies. The use of guality-oriented
selection critenia for the literature to be evaluated and
clear and transparent methods for its evaluation add
confidence that the results and conclusions ofthe health
tigk assessment are valid and cau be considered to assess
posable health hazards from NIR exposure.

The evaluation is nomaly hased on published
peer-reviewed origingl scientific papers and reports.
Technical reports may somefimes be accepiable as well,
e.g, for detals of exposure assessments. In this litera-
ture, descriphions of methods are normally given in
sufficient detail to ascertain whether reasonable precan-
tions were taken to meef requirements such as those
given in the Appendix, and to 2ssure that other research-
ers can reproduce the stutdies.

In principle, well-dergned and well-condnited stud-
ies should be published regardless of the outcome,
because negative results are a5 usefil as positive dudies
when considering the overall literature. In practice, thigis
not always the case, and the possibility of such publica-
fion biag should be considered.

Evaluation process. The evaluation process used by
ICNIEP consists of three steps. It 15 inewntable that parts
of this process are a matter of scientific judgement, and
that details of the process may vary depending on the
question addressed. Hence, the description below pro-
vides overall guidelines, not stict rules.

The three steps are as follows:

e Ewaluating single studies in terms of their relevance o
the hedlth effects being considered and of the quality
of methods used. The criteria desciibed in the Appen-
diz can be used as mudance i this evaluation, and may
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result in the exclusion of some stodies from further
use, or assigning different weighis to studies, depend-
ing on their methodological guality. Such judgements
should be made in light of the hypothesis to be
evaluated, as the ability of 2 study to contribute to this
evalualion may vary depending on the hypothesis.

* For each hea{fh effect evaluated, a review of all
relevant information 1s required. At first, this reviewis
normaly done separately for epidemiologicd studies,
for human laboratory, for animal studies and for in
vitro studies, wath further separations as appropriate
for the hypothesis.

¢ Finally, the outcomes of these steps need to be com-
hined inte an overdl evaluation including an evalua-
tion of consistency of human data, animal data and in
vitro data.

ICHIRF's Standing Committees, wath support from
consulting members as appropnate, normally perform the
first two steps of thus process, wiile the il Commussion
i collaboration wath the Standing Comnuttees performs
the last step.

Overall evaluation. A decision must first be made
whether the data considered allow the identification of an
exposure hazard, 1.e, an adverse health effect that 1z
caused by an NIR exposure. By this identification, the
effect becomes “established” in the sense used in the nest
chagter, In spite of the evaluation process described
shove, uncertainties and inconsstencies may stll he
encountered in colmparative evaluations of the litemture.
Thus, 1t 15 recognized that this evaluation 15 at least parly
based on scientific judgements. Vartous schemes and
“critenid” exist in order to facilitate this judgement
process (Hill 1965; 1ARC 19951

For an achual esimate of sk in the generd popu-
lation or in a specific group, the selected shudies should
provide additional information, including

& the definition of the biologically effective quantity,
which may vary with organ;

» exposure-effect refationship, and identification of a
threshold, 1f any;

& cxposure distnbution and identification of sub popu-
lations wath high exposure; and

e differences in susceptibilities within a population.

This nformation in whole or in past alse in principle
forms the necessary background for the development of
advice including guidance on limiting exposure.

PEINCIPLES OF DEVELOPMENT OF
GUIDANCE ON LIMITING EXPOSURE

Following the evaluation of the literature {as de-
scribed above), it may be possible to identify adverse
effects on human health related to NIR exposures that are
judged to be well established The existence of such
established NIR effects forms the rationale for the
ICNIRP exposure gudedlines
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The following sections deal with the nature of the
exposure, the effects, their relationships, the individuals
being protected, and the use of reduction factors in
determining the precise form of the guidelines.

The nature of exposure- effect relationships

Ideally, advice on limiting exposure to NIR can be
developed bhased upon a quantitative relationship be-
tween the exposure and the adverse elfect In many cases,
such a ?uamitai:ive relationship could take the form of a
threshold. It may then be passible to state a level of
exposure below which the adverse effect ca be avoided.

If avalable data permit the identification of an
adverse effect, but not the detection of a threshold, other
risk reducing strategies may be employed. The role of
ICMIRP as a scentific advisory body would be to
analyze the risk in terms of levels of consequences that
could be gquantified The acceptability of such risks
would, however, be based also on sodal and economic
considerations, and, as such, fall outdde the remit of
ICHIRF. Mational authorities responsible for tisk man-
agement may provide farther advice on strategies to
avaid the effect or limit the risk.

The nature of the effect

The identification of an immediate effect is gener-
dly straightforward because the cause and effect rela-
tionship can be easly established. Furthermors, the
quantitative relationships are more easly determined and
validated. If an adverse effect follows the exposure with
considerable delay, the identification of an adwerse effect
requires amore difficult scientific judgement, especally
in the shsence of a known biophysicdl interaction mech-
anism. In addition, even in the case of an identified
(delayed) adverse effect, the quantitative relationships
between exposure and effect may be difficult to ascer-
tain, because it may be difficult to determine the expo-
sure patiem ‘retrospectively, and the apphicable esposure
metnc may not be known.

In pnnciple, ICNIRP guidelines are sef tn protect

against cnhical effects of exposure. Accordingly, protec-

tion 1 also offered aganst Al effects ccouring at higher
exposure levels. However, a5 the critical effect 15 related
to a specific definition of the biologicdly effecive
guantity, ather effects may be critical under other expo-
sure definitions. Examples are the formulation of expo-
swre Hmitations in terms of Specific Energy Absorption
(34), Specific Energy Absorption Rate (SAR), blue light
exposure, and exposure rate to the refina,

Exposure characterization

As descibed above, the bidogically effective quan-
tity reflects the efficacy by which the external exposure
causes a cerfain biological effect This quantitative rela-
tionship between external measurable exposures and the
target tissue biologcally effective paramster is unique to
a single exposure condition. Therefore, for a given lewel
of external exposure, any change in the exposure condi-
tion may affect the efficacy of the interaction by which 2
certain biological effect isinduced.

In some NIR exposure situations (such as when
surface effects are considered), the bislogically effective
guantity can be conveniently and directly evaluated by
measuring external exposures. This is generally the case
for dl optical radiation and for microwave radiation at
frequencies greater than about 10 GHe. as well as for
tlectnic fields of low frequencies For low frequency
magnetic field exposures or for electromagnetic felds of
higher frequencies, however, thisis notthe case. In such
cases a conservalive estimate i made of parameters
reflecting the relstionship between the identified biolog-
ically effective quantity and the extemal, more easily
measured exposure level. This can be achieved by
mathematical modeling and extrapolation from the re-
sults of laboratory investigations at specific frequencies,
using worst case assumptions.

The general strategy of ICNIRP i3 to define a basic
restriction in terms of the biologically effective gquantity,
and then, if necessary, to relate this io reference levels
expressed in terms of a direcily measurable external
exposure (eg, l-radiance power density, and field
strength). In this way, a level (reference level) can be
expressed in terms of an externd exposure metric. Thiz
allows the development of strategies of exposure resine-
tions based on internal basc restnclions but implemented
through reference levels. The use of reference levels
ensures compliance vath basic restrictions on expasure,
since the relationships between them have been devel-
aped for situations of maxinum shserption or coupling
condiions between the extemal mdiation or Hield and the
exposed person (worst case). If the reference lewel is
exceeded, the basic restrichion is not necessarily ex-
ceeded. Whether this 15 50 must be ascertaned through 2
mote detailed investigation. The procedure enables the
professiond investigaior to make measurements as ap-

ropriate and interpret the results using his or her
professional judgement.

The use of this procedure has several advantages:

« The hasic resinctions {in terms of the biclogicaly
effeciive quaniities) are closely related to the biclogi-
cal mechanzisms, while

= the reference levels are easier to evaluate, and, through
farther technical evaluations more easly related to
ernission levels from sources.

In addifion, complicated dosimetric relationships are
often avatded in practical occupationa hygiene.

I expressing the reference levels, ICHIRP sirives to
avoid using either overly complex vanations with time
and frequency (or wavelength) or overly smplified,
excessively resirictive expressions. With changing tech-
nology, refinements in the reference levels may bhe made
fo ad i the ease of applications, provided that the basic
regnchons are shll met. For the success of this strategy,
it iz important that the exposure metric has been demon-
strated to he the effective one and that the biclogical
mechanism 15 accepted as relevant for the adverse ettecis
in guestion. :

Reference levels ara therefore provided sticly az an
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whether the basic restrichons are likely to be ezceeded.
ICHIRP recommends the use of reference levels as a

eneral qudance Jor imiting exposures of workers and
of the generdl public.

The basic restriction-reference level strategy de-
pends on an understanding of the interaction mechanism
and the approprigte development of dosimetric relaton-
ships. In some circumstances, an adverse effect may he
ideatified, but the ezposure limitaion can only be de
scribed in terms ofthe externd exposure. In such cases,
reference levels may be used to control the exposure
directly.

Depending on the specific biophysical mechanism
involved in the interaction process, the exposure condi-
t1on relevant for the biologeal effect of the non-omzing
radiation can be quantified either in terms of the instan-
tanieous level (or time-dependent function thereof) of the
biclogically etfective parameter or as its time integrated
value. Examples of the use of the former_inclnde infer-
action processes involving the heating of tissue (for

example infrared absorption rate) and of the latter pho-
tochenucal processes (for example blue-light eifects and
vltraviolet radiation induced erythema).

Tables 1 and 2 summanze currently established
mechanisms of interaction, adverse effects, biclogically
effective guaniities, and corresponding extternal exposure
parameters across different parts ofthe NIR spechrum.

People being protectad

Different groups 1n a population may have differ-
ences in their dbility to tolerate a parficular NIR expo-
sure. For example, duldren, the eldedy, and some
chronically ill people might have alower tolerance for
one or more forms of NIR exposure than the rest ofthe
populstion. Under such circumstances, it may be useful
or necessary to develop separate guideline levels for
different groups within the general population, but it may
be more effective to adjust the guidelines for the general
population to include such groups.

Some guidelines may shll not provide adeguate
protection for certain senattive individuals nor for nommal
mdividuals exposed concornitantly to other agents, which
may exacerbate the effect of the NIR exposure, an
example heing individuals with photosensitivity. Where
auch situations have been identified, appropniate specific
adwvice should be developed-within the context of sui-
endific knowledge

In some crcumstances, it may be adwisable o
distinguish between members of the general public and
mndividuals exposed because of or while performing their
work tasks (occupational exposure) In its exposure
gudelmes, ICNIRP distnguishes occupational and pub-
lic exposures in general tetms When applying the
guidelines to speafic situahions, it is ICNIRP's opinion
that the relevant asthorities in each country should
decide on whether occupational or generd public guide-
line levels are to be applied, according to exising
(national) rules or policies. Environmental conditions
may dsomfluence the effect of whole-body exposure to
optical or RF radiation.
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Many forms of NIR find application in medical
practice, oftep at exposure levels that are much greater
than those to which the general population might be
exposed. In the case of patients recerving NIR exposures
as a part of their medical treatment, ICNIRP considers
that the provision of advice on such exposures lies
outside the. scope of its exposure guidelines. Senously 1il
patients might be considered as more vulnerable when
exposed to NIR, but ICNIRP guiddines do not consider
these potential vulnerabilities becanse such patients are
under active medical management.

The distnbution. of levels of exposure and the
fraction of the population that may be exposed at each
level are important factors in relation to exposure guide-
lines for NIR. Often there are few data on such disiribu-
tions, but where they existthey can provide an important
msight as to the social and econatnie tmpact of imple
mertation of recormmended guidelines for WIR. exposurs.

The use of reduction factors

The identification and quentification of various
adverse effects of NIR exposure on health and wellbeing
are difficult at best, and such judsements require exten-
sive experience and experfise. Uncertminties in the
lnowdedge are compensated for by reduction factors, and
the guidelines will accordingly be set below the thresh-
alds of -catical effects. Some of the immediate effects can
be guaniified with reasonable precision, and derivation of
guidelines will notrequire a substantial reduction below
the observed threshold levels. When the precision and
certainty of the relationship between exposure and ad-
verse putcome 15 lower, a larger reduction may be
warranted. There 15 no definite basis for determining the
precise magnitude of the reduction factors, and the
choice of the reduction 18 a matter of soientific judge
ment. As with all the procedures, setiing reduction
fartors should be free of vested commercial interest.

Some examples of sources of uncettainty hout
exposure-effect threshold levels indude the extrapolation
of animal datato effects on humans, differences in the
physiclogical reserves of different people with corre-
sponding differences in tolerance, and stafishical uncer-
tainties (confidence limits) in the dose-response finction.
In ICNIRF s view, uncettainty it measurements used to
wplement the guidelines 1s a problem more appropriate
to the fanctions of organizabions responsble for the
development of coraplisnce methods. It 15 not considered
in the setiing o freduction factors by ICHIRP.

It should be noted that the use of reference levels
may, in many cases result in additional reduchions as
they correspond to basic restictions only under maxi-
muin absorption or cougling,

Approaches to risk ernent

The ICNIRP approach to providing advice on lim-
iting exposure to MIR necessanly requires well-based
scientfic data related o established health eftects. When,
in the absence of sufficient scientific evidence for the
existence of a suspected adverse health effect, there are
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calls for protective mpasures, a number of approaches o
risk management have been applied. These approaches
generally center on reducing needless exposure io the
suspected agert. However, ICNIRP emphasizes the need
to ensure that the practicdl manner in which such
approaches are applied showd not undemnine or be to the
detniment of science based exposure guidelines.

ICMIRP notes the clanfication afforded by the
European Comrmission (CEC 2000, Foster ef al. 2000) on
the practical application of ene such approach, the
Frecautionary Principle. For example, this indudes the
degree to which the Prindple is based on the science
{requinng an evaluation of nsk research), and the provi-
sional nature of measures pending farther acquisttion of
seientific data.

CONCLUDING REMARKS

Thts document desciibes the phelosophy and gereml
methodology by which ICMIRP evalustes the scientific
literature on possible health nskes of non-ionizing radia-
tion, and the procedures by which ICNIRP uses such data
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APPENDEX

Critexia for the design and evaluation of single

The followang citena are pnmanly miended for use
when designing, conducting, and reporiing a single
study. By their nature, these criteria can also be u,,ed as
a gumide in evaludting smdies. It should be kept in mind,
however, thet useful complermentay data rught be ob-
tained also fom studies tha do not Blfil these criteria

Epidemiological studies
Inveshigations of associabions t people between
exposure levels and adverse health effects can uiilize
both human l-ihnramzy &fi epideminlogical smdies {for
taboratery studie ). Epideniclogica studies
require the fulBliment of a number of crtenia that
effectively take into account and reduce the possihle
impact of kas, cenfounding, and chance vanation m the
interpr E‘l’aﬂ'lﬂ’l af results. Cndelines on the conduct of
'f'legr have heen eg b?
Rothinan and Greenland (19981 4 sux

= hel

shondd atferpt to gan ma
eaching q‘udc' g‘h

Zpprog
= Ascertanment of an adequah population zample size
am’! :iz';ftzral power should be bazed on prior datisi-

(’iﬂi ned ﬁ‘uﬂl tﬂF D'{I‘l.r.-i:‘.,
muzt be explictly and

Hy -y ses 1o be imveshigated
dear! Iy 5 g-u*ad The marmer by
ud’ cases of adverse hedth are ascertmned must
dso be deardy stated, and case identification mht he
;iéem ndent of EEPOSITe

# In case-control ﬁléi_ﬂ, conirels should be appropn-

ﬁ::i chasen, taling into account the specific study

1. This enghles fhe study to ranitze the umpact of
.L_thUfb other than these under study.

« Regardless of study desten, the minimization of non-

. non-participation, and incomplete bllowup
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is important, both to achieve the required study sample
size, and to minimize the posabildy of selecive
non-response {e.g., related to both diseasze and expo-
sure status). If response rates are low; the resulis
shonld be accompanied by an appropriafe analysis of
non-respondents.
Both in study design and analyss, ﬁa&an:he:s should
take into account the poss ibﬂiiy of confounding fac-
tors. Data on poteniial confomders should be collecied
and appropriate statistical analysis should be used to
minimize the effect of confounding on conclusions.
e Investgators shauld charactenze the ezposure as pre-
cisely a3s possble Dz on dilerent levels of expose,
its dusation, and temporsl locabion should be collected,
and the dozmeiric measure utilized should be identi-
fied. Preferably, ezposure assessment should be on an
individual basts The exposure should be assessed
independently of the adverse health status.
Inlight of the complesty of the topic, studies should
be demgned and implemented usmg experhise from all
appropriate scientific disciplines
The methods used for stafisties endyss should be
appropnate for the purpose of the sudy, and they
should be dearly described. The auibors sheuld reparh
the basic data on which conclusiens are founde
e To alow combined andyas of severd sndies i_f} the
future appm}miﬁ means to enable this, such as the
a5t |.;1in‘icﬂti aatres, methods and re-
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Lahorateyy studies . .
L}Eiﬂi{ ed - guid (.rlmff‘ on %_1::: "G' duct of hgh quabity

{ 41}' smmcs on the &f.f’i?
anitmals and an1n t;ﬂ:m zystemns.

u.a’ points for the conduct of high gudity
rasaarch am

imental techmgues, methods and conditions
14 he as completely ohjechive as o le sl
d on binlogical sy

systems ap*‘i'“ﬁpi‘iéz to the end-
oo bias, sach ag <

used thEfE a;*nm;t‘ e
taent should he gdezgua;
ahility that an effect won ,!i ke detected, ifone exists.
e Environmental conditions should be measured and
recorded FEﬁﬁé_t“ﬂV (1., temperature, bumzdity, vi-
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bration, sound as wel @ the hach xgrmmﬁ levels of
mppropnse pars of the NIR specirum). The HIR
exposure under study should be fidly churactenzed and
re-taeasured penodicdly. Where @pmpri%e, detmied
descriptions of the dosimetry should be made.

Apul 02, Volune B2 Ruwbar 4

# Al data analysis should be completely objechive, wath
no relevant data deleted from considerahon and wath
untform use of analytical methods. When results are
reported as raliog the underdying data should dso be
reported ar be available for in-depth analysis.

& Studies should be designed vath suffictent stabistical
power 30 that results demonstrating an effect of the
relevant variable at a high levd of statistical sgnifi-
cance using appropriate tesis are obtainable. If studies
are non-positive, this should alse be demonstrted with
SOffie ASSULANCE.

& Resulic should be quantfishle and susceptible to
confimasgtion by independent researchers. Freferably,
the ezperimenis chould be repeated and the data
confirmed independently, o the daimed effects should
be cnmiftﬁnt with resultz of amilar expeniments, for

ch the blulsgir:é systems mwvolved are comparable.
Theﬁﬂ&- {e g, for mechanisms of interaction) should
make sufficienily concrete predictions that they can te
tested expenmentally

e Results should be viewed wath respect to previously
accepted scientific principles before ascnbing them to
newr poes. Research findings pointing to pﬂz‘wmﬂy
uridentified relaiionships should be carefully evaln-
ated and appropnate addibonal studies should be
conducted before the findings are fagther accepted.

e An indication of the relevance of the model and the
gnx:ipoirxt to human hedlth would increase the usability
of the results.

e Inhuman sxpenmentsd studies, such as clinical trig
or provocdion studies, good practice should mdu&r:
sppropriate and well described onteria for mduosion
and exclusion of volunisers, and adhersnce to relevant
ethical rules and festminis.

Additionally, some generd nformation can be
foundin

= Internabional anmzs.;mf\ o Non-lonvang Radiation
FProtection. Gudelines on Limting Esposure to Non-
{omzing Radisfion A reference book based on guide-
lines on limiting exposure fo non-ionizing radialion
and statemients on special applications. I‘ﬁaﬁnﬁb, R,
Berghardt, I H; MeKinlay, A F (eds). International
Cmnission on Non-lomszang Radiation Protection
ISBHN 3-9804785-8-3; 1999
Infernational Commission on r«sa'uismziﬁg Radiafion
on. Measwrement of opticd radiation hazands.
A reference book based on presentalions given by
hedlth and safely ewperis on ophcal radizion hazards
Gaithersburg, Ih"a:}g?cﬂd, US4 Sepiember 1-3: 1298
Maithes, B ; uhn,‘,, : Dismcnico. 8 ; B"uﬁa&‘, B
Wengratis, 5 E&ﬂi_;:;, R .\r:ds' }. International Com-
mission on Nop-lontmng Radishen Protechon Inter-
natignal Coemmission on Hlumination. ISBN

3-9804789-5-5; 1958,




