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APPENDIX III

REVIEW OF RADIATION PROTECTION STANDARDS

The Task Group has considered a number 6f concepts in devising an approach
to> guidance for cleanup and rehabilitation of Enewetak Atoll, accepting
e

some and rejecting othcrs.A(Ih; coﬁcept that AEC recommendations should
consistsbgf a series of alternatives or fall back positions with the
degree or level of radiation exposure reduction ultimately determined by
some later deliberation based on factors such as availability of funds «o&
Leachioneby—others was rejected. The consensus of the Task Group opinion
was that these recommendations should be specific and unequivocal, and
should establish a clear position on what is needed. To do less
would be unfair to the federal agencies who have accepted responsibilities
to perforn the rehabilitations and to the Enewetak people who are looking

AV L

to this agency for aduise.
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AThe judgment of the Task Group is that rehabilitation rust conform with

. f“‘JA f~ 3 riovne s\ et Tt S (\01"-1~g) {L(!Cibw . Br *rv vro. r,{ Jim X id ‘-v”-'k)
current radiation standardsﬂand with good health physics practice in

implementing these standards. A summary of current radiation protection

standards and material related to health risks that may be associated with A

standards reviewed and radiation criteria recommended by the Task Group

follows.
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Federal Radiation Council (TRC)

Jasic TRC nunerical juidance and health protecction philosophy are
similar to those of the ICRP and ICRP. Radiation Protection Guides
{20G's) are provided wihich deal with exposures of individuals and of
population groups. Actions are to be directed priwmarily touward control
I o=he sources of rallivactivitcy o restrict encry Lute the enviroument
but also toward control of radioactive materials after entry into the

L
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ravironnent in oardoer L
dose that should not bLe exceeded without careful consideration of the
reasons for dJdoing so. Ivery effort should be made to encourage the
maintenance of radiation doses as far below this guilde as practicable.
The 2PG's are intended for use with normal seacetine operations. Ther2
should e ne unerala madInticn rposur: ltho it mictation of

benefits fron such exposure. Considering such benefits, exposure at

the level of the PG 1s considered as an acceptable risk for a lifetine.
The ™G's for the population are expressed in terns of ananual exposure,
eacept for the gonads, viere the ICTY recommended value of 5 rems in 30
years is used. TRC states that the operational mechanisn described for
application of criteria to linit the vhole b»ody dose for individuals to
7.5 ren per year and to limit exposure of a suitable sample of the

population to 2.17 rem per year is likely to assure that the gonadal

exposure guide will not be exceeded.

Thae child, infant, and unborn infant are identified as being nore sensitive

to radiation than the adult. Lxposures to be compared with the guidance
are to be derived for the most sensitive members in tie population. The

suide for the individual applies -riien individual exposures are linown;
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othiervise, the guide for a suitable sample (one-third the guide for the
indZvidual) is te Le usel. This operational technique may be modifleud

to neet special situations,

The FRC primary numerical guides, expressed in rem, are provided in two

reports, TAC Hos. 1 and 2, swwmiarized {n Table I. Secsniary nunmerical

guides developed by FRC are expressed in terms of daily intale of specific
radioauclides cavoispondling o the annual W7's.  Conciicration s glven
to all radionuclides througi all patiwvays to derive a total annual exposure
for comparison with FRC guides. llowever, for many practical situations a

relatively few radionuclides yield the major contribution to total

exposure; by comparison, exposures from others are very small,

TABLE I
FRC RADIATION PROTECTION GUIDESE-/

Individual Population Group
Whole body 0.5 rem/yr "~ 0.17 rem/yr
Gonads - 5 rems/30 yrs
Thyroid 2/ 1.5 rems/yr 0.5 rem/yr
Bone marrow 0.5 rem/yr 0.17 rem/yr
Bone 1.5 rems/yr 0.5 rem/yr
Bone (alternate 3/ 0.003 pg of 0.007 xg of >%Rra

guide) 226Ra in adult in adult skeleton
skeleton

1/ For conditions and qualifications see FRC Report Nos. 1 and 2.

2/ Based upon a childs thyroid, 2 gms in weight and other factors
listed in paragraphs 2.10-2.14 of FRC Report No. 2.

3/ Or the biological equivalents of these amounts of 22()Ra.
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The International Commission on Radiolorical Protection (ICTP)

The ICIP originated in the Second International Congress of Radiology

in 1928. 1It has been looked to as the appropriate body to give seneral
Juillance on -rAdesoread uie of radlation sources caused v ranid
developnents in the field of nuclear enerny. ICRP recommendations deal
with the basic princirles of radiation protection. To the various
national protection bodies is left the responsibility for introducing the
detailed techinical regulations, reéommendations, or codes of practice
best suited to their countries. Recormendations are intended to guide

the experts responsible for radiation protection practice.

ICRP states that the objectives of radiation protection are to prevent
acute radiation effects and to linmit the rislis of late effects to an
acceptable level. It holds that it is unknown whether a threshold exists,
and it is assumed that even the smallest doses involve a proportionately
small risk. Ilo practical alternative was found to assuming a linear
relationship between dose and effect. This implies that there is no

wholly "safe'" dose of radiation.

Lxposure to natural background radiation carries a probability of causing
some somatic or hereditary injury. lowever, the Commission believes that
the risk resulting from exposures received from natural background should
not affect the justification of an additional risk from man-nade exposures,
Accordingly, any dose linitations recormended by the Commission refer only
to exposure resulting from technical practices that add to natural back-
sround radiation. These lose linitations exclude exposures recsived in the

course of nedical procedures. (These same qualifications rrith recard to
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natural background and nedical nrocedures arz apnlied to HCT7 and TRC

recomendations,

ICTP developed the concent of "acceptable risk.”" Unless nan wishes to
dispense with activities involving exposures to ionizing radiation, he

aust reconnize thar chere s a logree of =izl and amust 1init zhie raliacion

T3 lorivsl frgm osuch
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activities,

For planned or controlled exposures of individuals and populations, the

ICR? has recormended the term "dose linmit." Recormended dose limits are
thousit to Le associated with a very low danree »f ris't,  Tor unplanned!

exposures from uncontrolled sources the term "action level is

reconmended. In general it will be appropriate to institute countermeasures
only vhen their social cost and risk will be less than those resulting

from the exposure., Setting of action levels is the responsibility of

national authorities.

It is not desirable to exposure members of the public to Joses as high as
those considered to be acceptable for radiation workers because children
are involved, members of the public do not make the choice to be exposed,
and members of the public are not subject to selection, supervision and
monitoring, and are exposed to the risks of their own occupations. For
planning purposes, dose linmits for nmembers of the public are set a factor

of ten below those for radiation worlers.

pri
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The ICRP dose linits for individual members of the public are preseated

in Table II. ‘Yo maxiaua "scuatically significant” Jdose for a population

13 given., The penetic dose to the population should be kept to the mininum
amount consistent with necessity and should not exceed 5 rems in 30 years
from all sources other than natural background and medical procedures.

.o sinnle type of ponuluticn exposure should tale up a disproportionate
share of the total of the recormended dose limit.

TABRLE 1I

ICRP DOSE LIMITS l/
Individuals Population

Gonads, red 0.5 rem/yr -

bone-marrow
Skin, bone, 3.0 rems /yré/ -

thyroid
Hands and forearms; 7.5 rems/yr -

feet and ankles
Other single organs 1.5 rems/yr -
Genetic dose 3/ - ' 5 rems/30 yrs

1/ For conditions and qualifications see ICRP Publication 9.
2/ 1,5 rems/yr to thyroid of children up to 16 years of age.
3/ See paragraphs 84, 85, and 86, ICRP Publication 9.
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C. ‘lational Council on Tadiation Protection and “leasurements®* (CICTP)

The 1ICY position is tuat the rational use of ra:diiation shoulld conforn
to levels of safet: to users and the public which are at least as
stringent as those achleved for other powerful agents. Continuing and
chronic exposure attributable to peaceful uses of ionizing radiation
are assumed,

Tae TIXU has adoptoe! iz assurption of no-threshiull lose-alfects
relationship and uses the tern "dose linits" in providing guidance on
population exposures. All radiation exposures are to be kept as low as
practicable. The numerical values of exposure as presented are to be
interpreted as recormmendations, not regulations. Use of the no-threshold
concept involves tle thesis tiat there is no exposure linit free frenm

sone degree of risk,

To establish criteria, ICRP uses the concept of "acceptable risk" (where
the risk is compensated by a demonstrable benefit) broken dowm to fit
classes of individuals or population groups exposed for various purposes
to different quantities of radiation. lumerical recormendations for dJose
linits are necessarily arbitrary because of their nmixed technical value-
judgnent foundation. The dose limits for individual members of the public
and for the average population recormended by :CRP represent a level of

risk considered to bhe so small compared with other hazards of life, and

*FTormerly 'mown 15 the lational Committee on Radiation Protection and feasurenents.



so well offset by perceptible benefits vhen used as intended, that public
approbation will be achdeve!l wien tie Laformad public review Hrucess is

completed,

For peaceful uses of radiation, JICRP provides rearly numerical dose linits

- R N £ e

the oublic, considering _assil’r soauic 2ffats,

Py
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and strongly advocates maintenance of lowest practicable exposure levels,
14 -~ - ks £ e e .- . Makahal l! LRI R PR T IR 3,:
limits for tle average population based upon somatic and genctic consider-
ations and recomends the same value as IC?2 of 5 rens in 39 years for
gonadal exposurce of the U.5. population. Table TII contains a summary of
racormended values. TCTP Qeport lo, 32 antitled, "Basic Radiation

o T U LT T '
rotaotlion Nritari, il

apdating of "ICI” recomnmendations for nrotection of tie nublic,

TABLE III
NCRP DOSE LIMITS l/
Individual Population
Whole body 0.5 rem/yr 0.17 rem/yr
Gonads - 0.17 rem/yr 2/
Gonads (alternative 3/ ' 5.0 rems/30 yrs

objective)

1/ For conditions and qualifications on application, see NCRP Report
- No. 39, '""Basic Radiation Protection Criteria."
2/ To be applied as the average yearly value for the population of
the United States as a whole. See paragraph 247, NCRP Report No. 39.
3/ See paragraph 247, NCRP Report No. 39.
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Criteria Against Which Survev Findings and Alternative Measures Will Be

Evaluated

The Task Group approached the question of radiaticn dese criteria from
two directions. First, FRC, ICRP, and liCRP recommendations reviewed
above were judged s to applicability i this situation. Second, a risk
approach was reviewed using information from ICRP, WISCEAR, and the

vational .icadeny of Science BEIR Committece. The results of ¢
.

-—

effort are summarized in Part X which follows.

The radiological survey of Tnewetak Atoll provides a comprechensive data
base needed to derive recommendations relative to the radiologically safe
return of the Enewetak people. These recommendations are to be based on
an evaluation of the significance of all radiocactivity on the Atoll in
terms of the total exposure to be expected in the returning population,
and on consideration of those reasonable actions and constraints which,

vhere made, will result in mininum exposures.

The guidelines used in deriving these recormendations can be summarized

as two interdependent considerations:

1. Expected exposures should be minimized and should fall in a range
consistent with guidance pht forward by the Federal Radiation Council
(FRC) . |

2. Actions taken to reduce exposures should be those which show promise
of signifiéant exposure reduction when weighed against total expected
exposures and the ‘''costs" of the actions. 'Costs,'" in this context,
arc measured primarily in terms of costs to the Cnewetak people as
constraints on their activities or as dollar costs for cleanﬁp or

renedial action.
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In these evaluations, it should be emphasized that dosases through various
pathways are estinated on the basils of environmental data and considerations
of expected living patterns and dietarv habits. While "radifation standards"
do not exist for environmental contaiination levels in substances such as
soill and foodstuffs, there is general agreement in terms of conservative

sodels of these pativavs and e relarionships between a certain level in

the environment and the likely dose to result from the patiaway exposure.

The area of plutonium in soils, however, is one for which there is no
general agreement as to the quantitative relationship between levels in
30ils and dosages to be expected throuzh the inhalation pathway, the
primary one through which man can receive a sisnificant dose from
plutonium. The TZRD recommenis a marinun nermissible average corcentration
(IPC) of 1 picocurie per cubic meter (pCi/m3) of air for "insoluble"
plutonium and 0.06 pCi/m3 for "soluble" plutonium for unrestricted areas.
hile the plutonium in the soil at Enewetalk is thought to be typical of
world-vide fallout, and therefore insoluble, 92.06 pCi/n3 will be used

for the sake of conservatism.

Appendix A of Inewetak Radiolosical Survev, IV0-140, presents two possible

metiods for deriving the exposures that may occur through the inhalation

pathway for plutonium in soil., (This is the pathway of interest for the
FetsIw ey

present although it is xeew=samiwed that for the very distant future,

ingestion may bacome nore important by comparison. Table 250 of Appendix

IT shows that exposure to bone, liver, and lung from 2397y u are expected

to e a few hundredtis of a rem in 3) vears for pathways other than

irhalation.) Thils material is sroduced as Attachcent T af <his soetion.
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The two methods presented are the "resuspension-factor" approach and the

. ~ .- R o)
wss=-loading™ apnroach. Jeil concentrations of 2370y taat would be

associated with the standard for 239Dy 1in air (0.05 pCi/m3) by the two
nataois are:

Resuspension-factor approach . . « « . « 1,000 pCi/g

vy s vy - Ve T oL 3 ”n -~ S~ R 1 R )
A =ecent vapars, U Proocsed Tho ovim Stmncerd for Dloaz-ldiom o in oils

LA-5433-113, presents recommendations derived from estimates of exposure
through inhalation considering the concentration of 23%Pu in the very top
surface soil. The follouingy values were recormended:

400 pCi/3 - For all particle sizes provided no more than

200 »Ci); in< 103/am size fraction.

A revised !faxirmun Permissible Concentration, I’C, of 9.3 pCi/m3 for
individuals was used in these determinations. The estimates apply to
large area contamination. Levels several times larger could be permitted

for localized deposition.

The Task Group recognizes that the islands of Lnewetalk Atoll are small
and that the areas of highest 23%Pu in soil on these islands are smaller
still. On the other hand the people live close to the soil. It is also
recognized that experts are not in agreement as to the critical organ for

inhaled plutoniunm, whether to use an average dose for this organ, or the
" e ——— ¢

model to be used to predict Josc V/in-L4.—1nL;L2se—oé—seekf1"—u—tonsu:na£*ve~,
jetﬂ‘le1ibie\gzzzggsg_fg_EQDSLJa:a&&ens*Uf—trtt"r*3‘tu~€;cat_haa_a§9bLa1..
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1.

The

A

C.

Any areas or locations wierc soil concentrations of 2337y are greater
than 400 pCi/; should receive corrective action with contaminated
soil removed for disposal.

Situations with soil levels in the 40 to 400 pCi/g range may recelve
corrective a.:zlou wizhi zach area or location evaluated on a case by

case basis.

following quidance is provided for this evaluation:

Islands with soil levels in the above range may be divided into two
categqries, those of sufficient size for construction of permanent
houses, and those that are not.

+

Removal of 23%9py contaminated soil is better justified within the
rangze above for the larger islands such as JANET or SALLY vhere
permanent housing nay someday be located and for near surface
locations on the larger islands, : _ —_—
L SAL - /_L'\x?.av
The smaller islands may be considered of less concern. Thelr loagters
outlook is uncertain since they are sometines increasing in size and
3onetines erroding away. Small islands nmay be washed over by storn
waves and are not a safe site for permanent housing. Fron that
viewpoint, they are in the sanme category as unnamned sandbars along
the reef where other 1slands may have disappeared or be formin-a,
The anount of effort that properly may be given to soill removal in
this rance increases as the soil concentration increases,
AT
mce 5 action is te=#m talken, the objective is to achiava
/
a substantial reduction In plutonium soil concentrations, and further,

to raduce concentrations to the lowest practicable lavel, not to

reduce them to some prescribed aumerical value.
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3. Arcas or locations showinsy Zaess than 40 pCli/z do not require corrective

action because of the presence of plutonium alone.

Tasi uroup vinws theae reconmendathus as the best cuzreﬂt approaci
’ P "
\f 25//// i ng////’ e \\\\
or taining 1ccewtaalc act arcains utﬁ1iuﬂ in s0il atN\Qlnawetal:
AN
,‘

A critcria to 'n"tagf that thaere Jdog
\ Ny -~

N ~

adequatc\ghysical or biological basison wuich to>

firn anl Jlurable standards for cleanup of olutoniun
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Necomended Suides

The

standards issuced by TNC are racommiended as the basic guidance for

evaluation of exposures to individuals to Inewctak. This is recommendad

.’-“_

1

i

aravisos Foiand

Tue full anount of tuz nunerical values should not bLe used for

armosuras from a single man-nade source, in this cas

3

[#]

evaluating
radiocactivity fron weapous tests. Tals is applied so that tue
Enewetak people will not be denied benefits of future auclear
techinology because they are receiving exposuras from man-nade
radiation at the naxinum level of acceptable standards.
“nvironmental followup surveys and studies of radiocactivity levels

in people are performed such that the full ran-ce of radiation

exposures of individual members of the Inewetak population will ha

_known,

IZxposures of the Lnewetalk people are kept to the minimum practicable

level.

Survey, Cleanup, and Rehabilitation Zvaluation

Tt is recommended in thiis context that:

1

The TRC Radiation Protection Guide (PG's) for individuals should be

used as the basic standard., The requirement is to assure that exposures

for continuous residence in Enewetak Atoll will be well within the

annual and 30 year criterion. ‘hile these are coanservative standards
b{,..“":,'/' .

from a health view noint, there 1s no builséw conservatisn to account

for uncertainty in prediction of annual exposures to individuals,

Jecause of the complex circunstances of exposure and the nany nathwavs,

2ach with Lts uncertainty, the Tasli Group recommends usa of 37 ~ercont

11-14
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of the TFRC annual standards for evaluation of the many cleanup and
rehabilitation alternatives at Lnewetax Atoll. Tails is not to be
viewed as an attemnpt to establish new standards but is considered to
he a necessary orecaution in the application of current standards.
The following values apply for evaluation of alternatives:

Thole DOdY o 4 ¢ 6 4 4 s e 8 o e s ¢ o 125 Tem/yr

DONe TATIOW « « o « o o » o o o « o o« 0.25 Ren/yr

301’18 « » e @ 8 & & & ¢ & & s e 2 & & @ 0. 75 Rem/yr

Thyroid ......--.......0.75Rem/y!'

The Task Group recommends use of 130 percent of the FRC NRPG's to
evaluate post cleanup and rehabilitation and post return conditions
wherein Iirect nmeasurement of levels of radiation and radioactivity

in foods and 1in people are made. Under such conditions, dose
estimates should be subject to much less uncertainty. The requirement
is to assure that exposures are well within the FRC standards. See

Section A. of this Appendix for the FRC RPG's.

The criteria for evaluating gonadal exposures at Enewetak Atoll should
be 4 rens in 30 vears. The requirement is to assure that long term
exposures will be well within this criteria. The Task Group feels
justified in using 30 percent rather than 50 percent of the FRC
standard since there will be amnle time to verify exposure estinates
using actual éampling of the diet and time to follow the changing

nattern of exposures of people.
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4. Tie recormendad gnidance, See 239py in soi%dis:
a. <49 pCi/sy - corrective action not required.
b. 40 to 470 pCi/g - corrective action nay he needed. Action to be
taken sihould be Jetarminel! on a case=-br—=case
basis.

C. 2420 pCl/; - corractive action rejuired.

In applying the criteria for bone and bene marrow in part 1 gbove, 1t Is
assuned that 1f annual exposures do not exceed the applicable criteria

in the year of hishest dJdose, there will not be a requirement for liniting
longer tern curmlative exposures. On the other hand, implementation of

the "lowest practicabla'" concept will require considerations of effectiveness
of yrenedial neasurss to reduca both annual and lounser tern aposures to the

extent practicable,
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?isk Considerations

The Task Group and its tachnical advisors have reviewed the avai}qble
infornation from ICRP, INISCTAR, and the ‘lational Academy of Sciance 3IIT
Committece that could be uased to estimate the health risic that nay be
associated with long term exposures at tie level of the radiation Jose

and soil reaeval critoria Lodlag recomrinacd. It Is clear Irow this

review that knouledge of the relationship bLetween radiation dose and
affacts of thac Jlose con man as characterized in Jose-effoct curves is
incomplete even for external radiation exposures. For internal emitters
and particularly for plutoniunm, the situation is even less satisfactory.
UNSCIZAR has summarized their fundings by stating that one should not
extrapolate in a linear fashilon from effects seen at 2igh doses and dose
rates to effects at lov doses and dose rates since there is strong
likelyhood of recovery and repair. The 3IIR Committee, using only hunan
data, concluded that since the low dose data were incomplete, one should
conservatively assume a linear no-tireshold dose-affect curve drawm
through data obtained at high doses and dose rates. The Committee further
suzgested that 1if this linear no-threshold curve is assumed to be correct,
it follows that 6,000 cases of cancer would be produced each year in a
population of 200,006,000 people exposed at a rate of 0.17 Rem/yr.

(This is the TRC R?G for population groups = see Table I,) Tor the
Enewetak population of less than 530 exposed at the same level, one can
make the following estinate:

”~

6 x 173 cases/vr : 323 seonle = 1.5 x 1072 cases of cancer/yr

2 x 108 neople

Ve



j;,Exposure at the level of the recommended criterion of 0.25 Qcm/yr would 2 o

rive tuice—sheswbovevaloe h&lng a linear dose-effect cu€/9.or—3===¥6'} )

-~ ~\;H3“2 cases per year. The Task Group views this as a pessimistic upper limit
" ,
of risk. It could be inferred that there may be between zero and three

cases of cancer in 100 years if the entire Enewetak population were

_continuously exposed to 0.25 Ren/yr over that time period.

7
f

,,>»7—~r;v01~‘4)r)</
S ' Lack oﬁrconfidence in extrapolation of high dose and dose rate effects

into the very low dose and low dose rate situation, cessiderationzof-

the fact that for alternatives being considered for cleanup and
- 8

) F ! Ll R
rehabilitation, ﬂéﬁt of the exposure to whole body)and in fact to all

organ§ﬁ onez}fron internal emitters Eiawsta the shape of the dose-effect
,r,‘;‘_}/,"&‘"‘ Y - .
curve ,is most uncertaln, agn.lack of confidence in the statistics and
o)’)
risk estimate drawn therefron kese led the Task Group to have serious

reservations about their validity. The Task Grou?‘hoids the opinion
] e . __.l

that such estimates can not be used in anyl‘ way to drav
conclusions on whether current radiation standards are too high or too

low or as a basis for decision making relative to resettlement of

Eﬁewetak Atoll. Uhile the risk associated wvith doses at the level of
current standards is possibly not zero, it is viewed as being very low

as described by FRC, ICRP, and NCRP. The basic FRC standards,
conservatively applied, are viewed as suiltable for Lnewetak rehabilitation

provided there is also a serious and concerted effort to keep exposures

as low as practicable.
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