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whether the basic restrictions are likely to be exceeded.
ICNIRP recommends the use of reference levels as a

general pudance for limiting exposures o workers and

of the general public.

The basic restriction-reference level strategy de-
pends on an understanding of the interaction mechanism
and the appropriate development of dosimetric refation-
ships. In some drcumstances, an adverse effect may be
1dcntlﬁed, but the exposure limitation can only be de
scribed in terms ofthe external exposure. In such cases,
reference levels may be used to control the exposure
directly.

Depending on the spectﬁc biophysical mechanism
involved in the interaction proocess, the exposure condi-
tson relevant for the biological effect of the pon1auzng
radiation can be quantified erther in terms of the instane-
taneous level (or time-dependent function thereof) of the
biologically effective parameter or as its time integrated

value. Examples of the use of the former_jnciude nfer-
action processes involving the hesing of tissue (for

example inirared absorption rate) and of the latter pho-
tochernical processes (for example blue-light eflects and
ultraviolet radiation induced erythema).

Tables | and 2 summarize currently established
mechanisms of interaction, adverse effects, biologically
etfective quantities, and comresponding external exposure
parameters across different parts ofthe NIR spectrum.

Peaple being protected

Different groups in a population may have differ-
ences in their ability to tolerate a paricular NIR expo-
sure. For example children, the eldedy, and some

chronically 11l people might have alower tolerance for

Giie of more forms of NIK exposure than the rest ol the

epuladion. Unda such cucumstances, st may be usehud
of necessay to develop separate gwddme levels for

different groups wathin the general population, but it may

be more effective to adjust the guidelines for the general
population to indude such groups.

Some guidelines may stll not provide adequate
protecion for cettatn senative individuals nor for noomal
mdividuals exposed concormitantly to other agents, which
may exacerbate the effect of the NIR exposure, an
example being individuals with photosensitivity. Where
such gtuations have been identified, appropnate specific
aflvice should be developed-wathin the context of sa-
entific knowledge.

In some arcumstances, it may be advisable to
distinguish between members of the general public and
individuals exposed because of or while performing thetr
work tasks (occupationa exposure) In its exposure
gudelines, ICNIRP disinguishes occupational and pub-
lic exposures in general terms When applying the
guidelines to specfic situations, it 1s [ICNIRF's opinion
that the relevant asthorities in each country should
decide on whether occup ational or generd public guide-
line levels are to be applied, according to existing
(national) rules or policies. Environmental conditions
may asoinfluence the effect of whole-body exposure to
optical or RF radiation
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Many forms of NIR find application in medical
practice, often at exposure levels that are much greater
than those to which the general population might be
exposed. In the case of patients recetving NIR exposures
as a part of their medicd treatment, ICNIRP considers
that the provision of advice on such exposures lies
outside the scope of its exposure guidelines. Senously ill
patients might be considered as more vulnerable when
exposed to NIR, but ICNIRP guidelines do not consider
these potential vulnerabilities because such patients are
under active medical management.

The distribution. of levels of exposure and the
fraction of the population that may be exposed at each
level are important factors in relation to exposure puide-
lines for NIR. Often there are few data on such diviribu-
tions, but where they exist,ithey can provide an important
mslght as to the social and economic impact of implc
mentation of recommended guidelines for NIR exposure.

The use of reduction factars

The identification and quantificaion of vanous
adverse effects of NIR exposure on health and wellbeing
are difficult at best, and such judgements require exten-
sive experience and expertise. Uncertainties in the
kmowledge are compensated for by reduction factors, and
the guidelines will accordingly be set below the ¢hresh-

 olds of critical effects. Some of the immediate effects can
" be quantified with reasonable precision, and derivation of

guidelines will not require a substantial reduction below
the observed threshold levels. When the precision and
certainty of the relationship between exposure and ad-
verse outcome is lower, a larger reduction may be
warranted. There is ne definite basis for determinmng the
precise magnitude of the reduction factors, and the
choice of the reduction 15 a matter of scientific judge
ment. As with all the procedures, setting reduction
factors should be free of vested commercia interest.

Some examples of sources of uncertanty ahout
exposure-effect threshold levels include the extrapolation
of antmal datato effects on humans, differences 1n the
physological reservés of different people with corre-
sponding differences in tolerance, and statistical uncer-
tanties (confidence limits) in the dose-response function.
In ICNIRF's wiew, uncertainty in measurements used to
implement the guidelines 1s a problem more appropriate
to the functions of organizalions responsble for the
development of compliance metheds. It 1s not consdered
in the setting of reduction factors by ICNIRP.

it should be noted that the use of reference levels
may, in many cases, result in additional reductions as
they correspond to basic restrictions only under mazi-
mum absorption or coupling.

ement

The ICNIRP approach to providing advice on lim-
tting exposure to NIR necessanly requires well-based
screntihic data related to established health eftects. When,
in the absence of sufficient saentific evidence for the
existence of a suspected adverse hedth effect, there are

Approaches o risk manag
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calls for protective measures, a number of approaches to
nisk management have been applied. These approaches
generdly center on reducing needless exposure to the
suspected agent. However, ICNIRP emphasizes the need
to ensure that the pracﬁcal manner in which such
approaches are applied should not undermine or be io the
detriment of science based exposure guidelines.

ICNIRP notes the clarification afforded by the
European Cornmission (CEC 2000, Foster et al. 2000) on
the practical application of one such approach, the
Precantionary Pnnciple. For example, this mdudes the
degree to :ﬁxd} the Principle 15 based on the science
(requinng an evaluation of nsk research), and the provi-
stonal nature of measures pending further acquisition of
scientsfic data.

CONCLUDING REMARKS

This document describes the plalosophy and general
methodology by which ICNIRP evaluates the sctenhfic
literature on possible health risks of non-ionizing radia-
tion, and the procedures by which ICNIRP uses such data
in formulating its advice on nendonizing radiation expo-
sure.¢In practice the catical steps in applying these

general procedures may ditler across fhe non4omzang

“Tadialiol SpPECHUNL «oeverd Sieps in hese proccoures

TEqUITE STIEMMAC judgement, e.¢ 8 0 reviewing the sa- W

enfiic Hterature and detenuning appropnate reduction *

factors.

==This document provides a transparent general
framework for these procedures. Descriphions of proce-
dures and deliberations specific to vanous frequency or
wavelength regions and sources of information are dis-
sermnated by ICNIRP in its scientific reviews, guide-
lines, statemerﬂ.s, and practical guides Through tte inde-
pendence and stuctire as desenbed in this document,
ICNIRP 1s also well placed to consult widely on these
issues.

Adowoaldgrens-The spport wceived by ICKIRP fom fe Inkerme-
tioral Radistion Prokcton Asssaation, the Worll Health Orgarnzabion,
ard the Fremsh, Gemvan, Kowan and Swks Govenwrents i gratefully
ackrowledged.
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APPENDIX

Criteria for the design and evaluation of single
stud ies

The following cnitena are pnimanly ntended tor use
when dedgning conducting and reporhing a single
study. By their nature, these criteda can also be used as
agudein evaluating studies. It should be kept in mind,
hawever, that useful complementary data might be gb-
tairied also from studies that do not fulfil these aritena.

Epidemiological stodies

Investigations of associations in people between
ezposure levels and adverse health effects can utlize
both human laboratory and epideminlogical studies (for
laboratory studies, see below). Epidemiological studies
require the fulfillment of a number of criteria that
effectively talee into account and reduce the possible
trapact of bias, confounding. and chiance varation in the
wmterpretation of results. Guidelines o the cenduct of
hgh-quality eprdemiclogy have been- given, eg, by
Rothman and Greeoland {19938} A summary 15 given
below

¢ The study design should attempt to gain mazirourn
efﬁaf-nrv both in reaching stidy o‘nJeanc‘P and 1
utilizing resources. Depmdmg on the naure of sus-
pected rc—lmnm]:upa between exposure and adverse
hedth effects, as well as the b}.l“(iﬁ" study am,

vanious designs, such as case-control or cohort, may be
appropnate.

Ascertainment of an adequate population sample size
and statistical power should be bazed on prior statisti-
cal evaluation.

in cohert studies, the study populations shouid be well
defined from the outset. Hypotheses to be investigated
must be explicatly and dearly stated The manner by
which cases of adverse health are ascertained must
aso be dearly stated, and case1dentification must be
independent of exposure.

« In case-control studies, controls should be appropn-
ately chosen, takung into account the speafic study
am. This enables the study to minimize the impactof
factors other than those under study.

Eegardless of study design, the mintmization of non-
response, non-paricpation, and incomplete follow-up

.
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