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upatiocnal hygienise he integrated exposure
essessment cconcent. lany examnhles ol atcu ative s, carcirogens, and
otner degenerative disease procducing agenis arc xnown, In these cases, We hav
anazlozous situsticns to redisticn expesures frcom mixed sources, Diccussicn cf
e health physics apnrozch to 2 specific radisztion situation may be of value in
illustrating certain concezis thal may de ncre wwidely opplied to a nen-radicective

The populaticn doscs received from radicnuclides released to
ere superimposed on those frem natural radiation sources plus a minor
butien from weapons -testing fallout, "a11d estinates ol thes 5
knowledge not only of external radiaticn levels, but also ci
quantities of radionuclides present in t 1e atmosphere and in foods and bevera-
ges, and to what extent these radionuclides are transmitted to men through the
food chains.

Both the control of plant efflu X g i of an enviroa-
rnental situztiocn arising frozm the ts reguire cozpzriscn
of measureé or cclculzted values =rds., Vater and air

quality standzrds for non-radioac
concentraticn linits. Etandardés for radia
on zccumuleted radiation dcses over an exie

e verally in terms cf
ti cﬁ, however, are tased
4

In order to guantily the effects of vax cn the different
organs of the nhuman bedy, e Internaticnzl crical Protec-
tion has adcpied tze concert of a "standaxd ritr cssiz blologiczl and
physical parszmeters, Taz imary radistion dose standards nave besn trenslated
into seccondery standards (Hziiimum Permissivle Body Durdens) and tertiary steand-
ards (lMavimum Pérmissible Cencentrations in zir and weater) a3 additional tools
Tfor ev«luatiou.! Using the same parameters, one can convert the intake ol any
one radionuclidé into rediztion dose. The ingested amount of a radionuclile
can be estizated by multinlying the concentraticns of the radicnuclide in bev-
erages and foods by tne consumstion rates. The intekes of several radionuclices
cennot ve compingd direetly, since each raliozmuclide rssulits in a numerically
different dcse ver unit intexe for esch body crgan., Tae total dose received
by 2 body orgen of interest is obtained by adding the doses resuliing from caca
radionchic ingested to the dese resulting from sources external to the body.
This totzl dose can then be compared with appropriate dose standards,

The applicetion of these princinles &t the ilanford complex has reguired
a major effort in the determinztiion of ithe critical pethways and the signifi-
cant diet intzkez,. We telieve that the future will see more wide-sureal
use of integrazted exposure aszessment, pariiculariy in enwironmental situ-
2ticons, Such use should incorporate these key stens:

1) Tne investigation of all pciential exposzure pathiayvs

2) The determinatica of appropriste a2ir, water, and food intake and

contaminant concentrations

3) The apcropriate weizhting and swmaticn of esch source coatributing

to 2 commen physioloziczl efleact,
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generely reguired of OCCuﬁau‘Cﬂul nys i
narts., The reasons for the ncn-integrated epproach include:

The hezlth physicist is eccusztomed to considéring the total radiation
dose¥® received by an individual v‘e"'"'rl ess of source, This epproach is
perheps néeturzl in that the physiclogical insult with which the hezlilh phv-
sicist is ccncerned is due to & commen paysical phenomenon, the absorpiicn
of ionizing radiation, regardless of loczticn or chemiczl form of the radio-
zoctive mziterizl, In many rzdisticon exposure si {tuctions, of course, there
mey be a sirgle source, The Cose evaluzticn prodblen in t 1is case is rela-
tively simple. Similarly, zn integrated assessment of biclogical risk is not

zienists for non-radicactive contami.
e

1) For many ccntaminents, e
one source may be 51gﬁif’

2) Exposure limits for non-radiocactive toxic materials have generally
been established in terms of concentrations in specific media,

3) Hany non-radioszctive contaminants have only a temperary effect
and an integrated long-term exposure considerestion may not bde

meaningful,
L) Tne vhysiological effect mey vary widely with the source and chemi-
cal nature of tze contaminant,

5) For environmentzl exrosures, different agencies monitor tae levels
in the potential scurces of air, water, and foodstui{s.

On the other hangd, the occupaticnal hygienist tofzy is certainly not
unacguainted with the integraied expesure concent,. iHeny examples of accumu-~
lative poiscns, carcinogens, and other degenerative dlsesse-ﬁroluglng agentis

zre known, Therc has been much discussion of the potential hazard of lead
accurulation in our environment. The more recent "Threshold Limit Values"
publications of the American Conference cof Goveramental Indusirial Hygienists(“)
point out the need for zdding the effects of components of a mixed exposure,
where the severel components nave a common paysiological effect. ' In the

future, we would expect even grezter attention to lo%g-term latent effects

frem chronic low-lencel exposures,

In these cases, we have znalogous situations to radiation exposures from

mixed sources, Discussion of a hezlth physics approach tc a specific situation

# fTaroughout this paper, the authors will use the shorter term "dose", even

3
though the meaning mey more strictly be "dose-eguivalent", the aprroprizte
nezsure of risk of biologicz2l effect, References (2) and (3) give explana-
tions of the relationshin dbatween the torms,
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of a nuclecr facilivy d
complex. In part, this is due . superimp
mueh lerger and varying mixture cf rediaticns from
occasionally weapons test fazllout. Yor 2 typical R
ample, the whele dbody dos from lianford nlznt releases (m
cooling water discharged the Columbia RPiver, the source of Ric!
ing water) is only about of thet from natural radistion source
the szme as the dose due to fallout. lear comrerical pover

other hnand, rzdiation.doses to the envir nmental populati
be smeller than the contridution from fallouv and negligi
with netural sources.
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‘Tere measureszhle increases in local radiation levels 8o occur, valid
estimates of the resulting decses to the mopulaticn may well reguire & know-
ledge not. only of external rzdistion levels but also of the speciflic nuclides
present in verious environment wediz, as well as the extent to which these
are transmitited to humans ithrough the vericuz fcof cnains. The need for such
xnovledge arises pecause of the potential for re-coacentration of specific
radicauclides =t various steps in thz food chain, feectors for waleh may ex~
ceed 105, Our first 3 igurss {origznally prepared Jor testimeny by H.o L
Parker at a Ceongrassicnzl heering on 1959) illustrate the potenticl compleniily
of the Tate of some radionuclides and their rpassagze tharoush food choins lezd-
ing to human consumpiion. (Figures 1-3)

The pathweys of numzn exXposure are fortunntely limited, since the local
resident will not e eating river algze or z2lfelfa. I ne~ths-less, a mejor
screening progrem TEF DE NBCEssAYY + insure that none of the neany Lrypss of
humen foods or recrezticnal hzbits result in en unsuspected pathvway of radi-
aticn exposure, If the potential contrivuticns of zll pctential pathways

f exposure are knovn and release ratss are sufficizntly low, the monitoring
end dose evalusztion tasks will, of course, te greatly simplified,
+anderds for Radietion Tauvosures

Both the conirol of plaznt eflfluents and the evaluation of z2n environmental
situation arising from the relezse of such effluents reguire compariscn ¢f mea=-
sured or czlculated velues against espropriste standerds. Water znd air gueli-
ty standards for non-radicactive contaminants are zenerzlly in terms cf ceacen-
tration limits. For industrizl exposures to toxic materiels, we have threshold
limit valu=s which are, in most C&EES, time-intesrated concentration limiss,
Stendards for rzéiation protection, however, are based cn zceunulated radiation
dcses over on extendsd period of time to the wihcle body and speciflic ef
the beody. This oasis is not 2lweys clear, since latory gtatemen Te
in the form of sezendory and tertizry standard onsh the
verious types of standerds may b2 mads clearer to ti




originelly presared by J. K. Soldat of 2attelle~llorthwest, (Pigure kW)

lote ¢ha%t as moniteoring is shiftzd Trom the source (the plant
effluent) toward the perscn exncsed, one needs to mahe fever and
fewer zssuvz<ions but is fzced with an increasingly édifficult meni-
toring task, " Stendards besed con permissible doses are found, Tor
exemple, in the recomnmendziions of the International Commission on
Xadiolecgical Protection 1,2,3 , &n international bodyr established
for the purzese cf formuliting authoritaztive stendzrds for roadi-
ation protection., With the use of appropriate physical and phy-
siologicel parameters, maximum permissible doses to varlous or-
gens of the body n2y be translated into maxir rrmissible dose

mn
rates from external sources or maximum perzissidble tody burdens
{for radicnuclides deposited in the body., Assumptions of liguid
end air consumption permit calculetions of meximum permissible
concenvretions in thess neclu, and still further esssuzptions and
mathenmatical treatment permit cealeulation of meximum permissidle
release limits, Of course, some monitoring at the source will
genierally be reguired in any case for operational centrol.

t .

t may be uUDTODfl te to point out here that for the chrenic lovw-level
rzdiztion doses being ccnsicdered, a direct cause-effect relationshin of radi-
ation injuwry to a specific 1ndividual cannct be demonstrated., Conserveatively,
we ma2y proceed cn the assumption that any radiztion dose, however sn2ll, in=-
volves some degree of risk, The standards than are an attempt to select
permissible cdose levels at a point where the degree of risk of any biolecgical
effect is still acceptavly lcw. Tahe temm maximum should therefore ve inter-~

preted in the sense that a small excess of accumulated o does not rerre-
sent a significeaatly incressed risk, while the term "pennissilbe" doces not
imply that no ricsk exis;s a2t the lovel given, Difficulty with such semantics
has led the Federal Radiaiicn Council, amoug others, to azvoid the term "maxi-
mum permissidle’ in favor of the term "Radiation Protection Guides”, Peren-
thetically, it should be szid thet & similar interpretation 5ﬁou1a oe anplied
to Meximum AlloWoble Conceniretions for noa~radiczetive toxicents

The basic dose siandzrds recommended by the ICRP are generally used
directly for worhers occuraticnally expesed to rediztion, when the dose re-
ceived is larzely due to external sourccs, The ICRP itself, however, has 2re-
vided both secondary {(¥aximum Permissible Bedy Burdens of internzlly-deposited
ra@ionucliaes) and teritary sta:dards (nquZ]ﬂ Permissible Concentrations in
air and water), In contrast, the o authoritative body in the country, the
Federal Radiztion Couwncil, has urOﬂul -eted intermediat standeras(5) for non-
occupaticnal doscs in t-rms of totel intzke of several nugli&es. The Atomic

Y d o erel

Energy Co?r ssion in its regulations for its contro cu0‘°(°) and feor fed
licensees rrovides alternstive ctandards, e

or moximum permissitle concentrations in eir an wat
ton for exam;le(s) hove adorted only pis

H
e (N '1
]
i3
m o @

s > the maxinum permissidl reticn
values in their reguletions for state licensees for doses Trom inhalaticn or
ingestion.

It is importznt to remenmber .1ere dealing with such standards that the
basis rema2ins an integrated dose from ell scurces to specific body organs.

063005
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,2 oopliczble guote frem tne ICRP recomnendations(3) is:

"In any crgen or tissue, the Dose Equivalent is the sun of
the Dose Zguivelents contriduted by Toth externcl and in-
ternel sources." (parz. T1)

Similerly, the Federzl Radiztien Council recommendcitions are based on
tetzl intake from all sources, [Tne weakness of eny standards expressed only
zs concentrzticns, without reczrd to potential ve-conceniration in the envi-
yonment, multiple sources of intaxe, or potential contritutions from external
souUrces

, sheuld be recognized,

vathods of Calculetion

CamDEr

In order to g¢uantify the «ffects of various radionuclides on the cdifferent
orgens ol the hwean bedy, the International Ccmmission on Radiological Protec-
tion (ICRP) nas adopted tne concept of & "standard man"(1), with assigned bi-
ologiczl end physical parcmevers, These parameters include: mass of the total
body (70 kz), mass of individusl organs, effective dimensiocns znd biolegicel
elimation constants for each orgen, water intzke rate (2.2 2/d=zy), end zir in-
hzlaticn rate (20 m3/day). The pzrameters for water and air balance sre ex-
pressed in termos of both tre 8-hour work dazy and the 16 hours not at weri,

Tais +ime sepazraticn is made %o distinguish cccupaticnal from non~-occunzticnzl
exposure to radicauclides, and is necesszary because different limits may apzly
to each tvyp2 of exposure, and because intaeke rates of weter and zir are dif-
fereat during the two time rerlicis,

Pacisticn dose standerds are then assignad to the "standard man'', who is
decmed to represent &ll adult individuals or groues of indivicduals exzosed tc
radistica. The actuzl standards for annuel dose are atout an order of magni-
tude below thocse showing detectatle elfects for most acute exposures, and
gbcut two orcers of magnitude below those radiavion doses considered lethel
to humzns,

Relationships between the primary dose stendards, sccendary standerds
(leximum Permissible Body Burcsns), and tertiary standards (Maximei Permis-
sible Concensrations) are shown in Figure 5. (Figure 3)

g
Tne first equation relates the leximunm Perm ssible Body Burden
e o} third eguztions

:
(a) to a permissible dos . nd and

relate the Maxinmum Permiss centrations in air and weter (1PCq
end MPC,.) to the Mawimum Permis ivle Body Burden. The two latter
eguaticns have an exponential t X

of biological removal end radioact =7, These eguations do
not arzrly to the GI tract becaus sage of focd throush the
treet is assumed to behave zs a step function rather than as an ex-
vonegntial function. ‘

w o
+
1o

2 2 tasis for dose ccnversion factors which ralate
e intarze of zny radionuclide. Any syner-
jioclogical benavior with chenic
-
o] L %

g -~ .y S
ronmental zopula

These eguations provi
the dcge received by & by
gistic effecis or variat
usueally Ignored at the

nzlly exposed, (Figure
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Tae dosc increzents received by an orgaa {rom euch deposited rzdionucliie zre
simply aided to detvermine the tolczl dose.

tn edditionzl radiztion dose that must be considercd is thav recelved
rcm sources externzl to the body, Thne dose contributicn from these fources
is obtzined from measurerents of ambient radiation levels end estimetes of
exposure times. Tne total dose to a specific organ of the body is then deter-
mined Yty adding the dose contridbution frem internally depcsited radionuclides
to the dose resulting from externszl sources. This totel dose can then e com-
pered with the maximum permissible dose for the particular organ.

It is not feasible to determine actuszl rzdiztion doses received b¥ peo-
ple in the environs of & nuclear facility by sufficiently large-scale rcutine
ersonal dosimeter, bi oasaay or whole body countin rograms, These doses

P ) * K 124

must therefore be calculated. An integrel part of the dose celculation scheme
therefore is the determinztion of appropriate radionuclide intekes, The date
for this determination czn be ODtulﬁ“Q {rom a comprehensive envircamental sur-
veillance program in conjunction with estimztes of dietary and living habits
of the environmental povulaule. A comprehensive envircenmental surveillance
progrem should provide deta on redionuclide concentrations in fcods exnd bev-
erages (in the diets of the populzition groups of interest), on ambient radi-
ation levels, and on radicauclide concentrations in the aimosrhere, Knowleu
of loczl fﬂod nd beverage per capita consumpticn rates niey be obtained from
routine d1e+arv studies conducted by verious pgovernmentazl agencies and frcm
deally, 211 di

locel estimates, I ietary d_ua shculd be cof loczl crigin, How=
ever, = complete collection of loczl data is difficult te ovtain, and cne

d

3
must rely on nubli ,ned dietary deata "hlcq are often only appliceble in 2

el si

generzl sense to cne's own loc

Pes
ct
‘S
ct
,_l
o]
]

After the rzdionuclide concentirations in beverages and foods znd the
sppropricste dietary hedvits are determined, radionuclide intakes can be com~
puted by multiplyinz the concentration by the ceoasumption rate of the parti-
cular beverag- r Tocd. The intzke of each radionuclide cannot be com oined
directly, since ezch radiocauclide results in a numerically difrerent dose
per unit intseke Tor each bedy orszer As menticned earlier, the intake of
ezch radionuclide must be coave ted to units of dose in order to form a com~
“bination which represents the totzl organ dose,

e——— e

Henford Environmental Progran

Tne application of these orincinles at the Hanford ccmplex has required
a mejor effort in the determinaticn of criticel expdosure pazithways 2nd signi-
ficant dietary intekes, To rezncat, the five steds in the dose calculation
process are: 1) obtaining dietary datz, 2) determ¢n1ng radionuclide con-
centrations, 3) determining radionuclide intzkes, U} calculatiag radi-

ation dose and 5) comparing with dose standards,

e data., The dietary intsxes cu

2 required & major initizl effort and a
ize ¢ * r
a2z Eanford environs are shown in ¢

nu
rentlj uaad for the po
T. (Figure T)

These data were obiecined frcm 2 nuwber of sources, including



)

~ ~n
-0 - BIWImGL=-20073

ody of dete from loczl diet questicnnaires obtained in
on with whole-body counting presrems, and special mail
o]

2l interview surveys of ccasuners of lochl fish and
ets are llst ed for both a2 "maximum individual" znd a

[

3
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5o bF
¥
%
[
f#-
)

the approprlaue ﬁLC s
to identily the Tyopes o
virons that receive the g i
accumulated frem the envirenm su
cetes sych individuals are undouttedly mersons that frecuently
eat both fish ceauzht locelly in th CJl“"Dlu River and food-
stuffs growm on ferms irrigated with Colurbia River water. The
vast mzjority of pecple wWwho live in Richland obtain their food
from local commercial stores (rather than direcily from farms)
and consume little or no fish czught from the Cclumbia River,
The principal sources of radionuclides ingested by these peo-
ple are drinking water obtained from the Colurbiz River and
worldwide fallout.

Wpoow

velllance progrem indi-

The seccnd step of the dose calculation process, determining razdéionuclide
concentirations, requires a mzjor, continuing effort. In a recent year, for
example, the eavironmental dose evaluation nvogram 2t llanford includsd some
T00 water sazples, 300 air samples, 500 milxkx sampnles, 100 sampnles of garden
oroduce, and 1500 samples of fish; game blrca, and sea food, Approxzimately
500 externzl radiztion measur e*ents were.also uvsed in this progrz:. Taese
statistics do not include Farj cther mezsurements maie solely for trend evalu-

2
&

ation or detection of uwnusual re ‘eases. A swmmary of radicnuclide ccncentra-
tions in fooés and “.everages dursing 1966 for the two pozulation groups of in-

terest is shown in Figure b. (Flgure 8)

Wnen data obtained from these two steps are combined, radionuclils intakes
and the resulting doses can be calculated, After the externzl dose contridbu-
tion is =zdded a dose tompositicn such as shown in Figure 9 caon be dezermined,
(Figure 9)

The doses calculated for the four orgens show

n ranged betveen
1 and 105 of the appropriazte limit, The relative coniridbution of
the various sources to the total for each organ are apparent.,

The situation presented here is of course unigue to the lanford site, as
are most exposure si.uations, whether to radiocactive or nen-radiozctive me-
terials,--Only Henford, among U. S. nuclear facilities, routinely conducts
such a trozd rediztion dose estimation program, althousgh similar efforts have
been made intermititently else‘.'l*ze:re(9 For most instellations, the impact
on envirczmental rediztion levels i1s so slight that such a2 comprenensive
progrem is not warranted for routine operations, Ve believe, hovever tha

these mehtods can be zzplied to any expesure situation involving more than
ohe mode of exnosure,

We further believe that the future will see mors wide-spreazd use of
integrated exposure assessmernt, particularly in environmentzl situsztions.
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