
410164
........................

4

::’~......
..........

APPENDIX III

REW&r OF RADLATION PROTECTION STANDARDS

The Task Group has considered a number of concepts in detising an
approach to guidance for cleanup and rehabilitation of Enewetak Atoll,
accepting some and rejecting others. Notably, the concept that AEC
recommendations should consist of a series of alternatives or fall
back positions uith the degree or level of radiation exposure reduction
ultimately determined by some later deliberation based on factors
such as availability of funds 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 perform the rehabilitations and to
the Enewetak people who are looking to this agency for advice.

The judgement of the Task Group is that rehabilitation must conform
with current radiation standards applicable for normal operations (not
for accidenzs or for radialion workers) a~d vcith good health physics
practice in implementing these standards. A sum-mary of current radia-

.......................... tion protection standards and material related to health risks that may be..............
/ associated with the standards re~tiewed and radiation criteria recommended

by the Task Group follows.

A. Federal Radiation Council (FRC)

Basic FRC numerical guidance and health protection philosophy
are similar to those of the ICRP and A~CRP. Radiation Pro-
tection Guides (RPG~ s) are provided which deal with exposures
of indi~id-~als and of population groups. Actions are to be di-
rected primarily toward control of the sources ci radioactivity to

_ restrict eritry into the environment. but also toward control of
radioacb.ve materials after entry into the en~ironmeri in order
to limit intake by humans. The RPC1 s express the dose that
should not be exceeded .wdthout careful consideration of the
reasons for doing so. Every effort should be made to encourage
the maintenance of radiation doses as far below this guide as 1
practicable. The RPG~s are intended for use \\ith normal peace-

J time operations. There should be no man-made radiation exposure
without expectation of benefits from suc’n exposure. Considering
such benefits, exposure at the level of the RPG is considered as
an acceptable risk for a lifetime. The RPG’s for the population
are expressed in terms of annual exposure, except for the gonads~
where tb.e ICRP recommended value of five reins in 30 years is

. .......... ... .. .. ..-.......... ..
............................................ .....
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B. The International Commission on Radiological Protection (ICRP)

The ICRP originated in the Second International Congress of
Radiology in 1928. It has been looked to as the appropriate
body to give general guidance on widespread use of radiation
sources caused by rapid developments in the field of nuclear
energy. ICRP recommendations deal with the basic principles
of radiation protection. To the various national protection
bodies is left the responsibility for introducing the detailed
technical regulations, recornrnendations, or codes of practice
best suited to their countries. Recommendations are intended
to guide the experts responsible for radiation protection practice.

ICRP states that the objectives of radiation protection are to
nrevent acute radiation effects and to limit the risks of late effects
~o an acceptable level. It holds that it is unknown whether a
threshold exists, and it is assumed that even the smallest doses
in~”ol~’e a proportionately small risk. NTOpractical alternative
was found to assuming a linear relationship between dose and
effect. This implies that there is no wholly “safe” dose of
radiation.

Exposure to natural background radiation carries a probability
of causing some soxnatic or hereditary injury. However, the
Commission believes that the risk resulting from exposures
received from natural background should not affect the justification
of an additional risk from rnan-m.ade exposures. Accordingly,

any dose limitations recommended by t’ne Commission refer only
to exposure resulting from technical practices that add to natural
background radiation. These dose limitations exclude exposures
received in the course of medical procedures. (These same

. qualifications with regard to natural background and medical
procedures are applied to h- CRP and FRC recommendations.)

(-ICRP de-.’eloped the concept of “acceptable risk. “ Unless man
\ wishes to dispense with activities involting exposures to ionizing

\

radiation, he must recognize that there is a degree of risk and
must limit the radiation dose to a level at which the assumed

!

risk is deemed to be acceptable to the individual and to society
~in ~iew of the benefits derived from such acti%ties.

For planned or controlled exposures of individuals and populations,
the ICRP has recommended the term “dose limit. “ Recommended
dose limits are thought to be associated with a very low degree of
risk. For unplanned exposures from uncontrolled sources

. .......... ..... .... . .. ..... .....
.................../
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the term “action level” is recommended. In general it
will be appropriate to institute countermeasures only
when 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 expos e members of the public to doses 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 expo seal, 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 limits for members of the public are set a
factor of ten below those for radiation workers.

The ICRP dose limits for indi~idual members of the public are
presented in Table II. NTOmaximum “somatically significant”
dose for a population is given. The genetic dose to the population
should be kept to the minimum amount consistent with necessity
and should not exceed 5 reins in 30 years from all sources other
than natural background and medical procedures. N-O single type
of population expo sure should take up a disproportionate share
of the total of the recommended dose iimit.

TABLE II

1/
ICRP DOSE LIMITS –

Individuals Population

Gonads, red O. 5 rem/yr
bone-marrow

Skin, bone,
2/

3.0 rems/yr –
thyroid

Hands and forearms; 7.5 rems/yr -
feet and ankles

Other single organs 1.5 rems/yr

3/
Genetic dose – 5 rems/30 yrs

~/ For conditions and qualifications see ICRP Publication 9.

~1 1.5 rems/yr to

~/ See paragraphs

thyroid of children up to 16 years of age.

84, 85, and 86, ICRP Publication 9.
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c. National Council on Radiation Protection and Measurements’: (NCRP)

The INCRP position is that the rational use of radiation should conform
to levels of safety to users and the public which are at least as
stringent as those achieved for other powerful agents. Continuing

and chronic exposure attributable to peaceful uses of ionizing
radiation are assumed.

The hTCRP has adopted the assumption of no-threshold dose-effects
relationship and uses the term “dose limits” in providing guidance
on population exposures. All radiation exposures are to be kept
as low as practicable. The numerical values of exposure as pre -

,n sented are to be interpreted as recommendations, not regulations.
, Use of the no-threshold concept involves the thesis that there is
‘~. no exposure limit free from some degree of risk.

.............. . . ..

TO establish criteria, liCRP uses the concept of “acceptable risk”
(where the risk is compensated by a demor.strable benefit) broken
down to fit classes of indi~fiduals or population groups exposed
for various purposes to different quantities of radiation. Ihmerical
recommendations for dose limits are necessarily arbitrary because
of their mixed teclmical value -judgement foundation. The dose limits
for indi\i&~al members of the public and for the average population
recomm-ended by X-CRP represent a le~-el of ris’k considered to be
so small compared with other hazards of life, and so well offset
by perceptible benefits when used as intended, that public appro-
bation ~~ill be achieved when the iriormed public review process is
completed.

.

For peaceful uses of radiation, 2i-CRP pro~ides yearly numerical
dose limits for indi-.tidual members of the public, considering

_ possible somatic effects, and strongly ad~-ocates maintenance of
lowest practicable exposure levels, especially for infants and the
unborn. N:CRP also recommends yearl:: dose limits for the
average population based upon somatic and genetic considerations
and recommends the same value as ICRP of 5 reins in 30 years for
gonadal exposure of the U. S. population. Table III contains a
summary of recommended values.

9
h’CRP Report No. 39 en-

titled, “Basic Radiation Protection Criteria, “ dated January 15,
1971, contains the most recent updating of hTCRP recommendations
for protection of the public.

..-... ........ .. . . .
. ... .................. ..... .........-

‘;:Formerly known as the NTational Committee on Radiation Protection
and Measurements.
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TABLE III
1/

NCRP DOSE LIMITS -

....-....
...... ......... .. ....... ... . ..... . ..... .. .,. .. .,.............

D.

....-............... ................—.

Individual Population

Whole body O. 5 rem/yr O. 17 rem/yr

2/
Gonads

. 0.17 rem/yr –

3/
Gonads (alternative - 5.0 rems/30 yrs

objective)

Criteria A~ainst Wlich Surve y Findings and Alternative Measures
lVill Be Evaluated

The Task Group approached the question of radiation dose criteria
from two directions. First, FRC, ICRP, and NCRP recommendations

reviewed above were judged as to applicability in this situation.
Second; a risk approach was re~iewed using information from
ICRP, UNSCE-AR, and the National .Academy of Science BEIR
Committee. The results of this latter effort are summarized
in Part F which follows.

The radiological survey of Enewetak Atoll provides a comprehensive
data base needed to deri~~e recommendations relative to the
radiologically safe return of the Enewetak people. These recommenda-

tions are to be based on an evaluation of the significance of all
radioacti~ity on the -Atoll in terms of the total exposure to be ex-
pected in the returning population, and on consideration of those

-reasonable actions and constraints which, where made, will result
in minimum exposures.

The guidelines used in ‘deriving these recommendations can be
summarized as two interdependent considerations:

Expected exposures should be minimized and should fall in a
range consistent v.ith guidance put forward by the Federal
Radiation Council (FRC).

For conditions and qualifications on application, see NCRP
Report No. 39, “Basic Radiation Protection Criteria. “

To be applied as the-average yearly value for the population
the United States as a whole. See paragraph 247, NCRP
Report No. 39.

See paragraph 247, NCRP Report No. 39.
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2. Actions taken to reduce exposures should be those which
show promise of significant exposure reduction when
weighed against total expected exposures and the “costs”
of the actions. “costs, “ in this context, are measured

primarily in terms of costs to the Enewetak people as
constraints on their activities or as dollar costs for
cleanup or remedial action.

In these evaluations, it should be emphasized that dosages
through various pathways are estimated on the basis of
environmental data and considerations of expected liting
patterns and dietary habits. ~,~>ile l’radiation standards”

do not exist for environmental contamination levels in sub-
stances such as soil and foodstuffs, there is general agree-
ment in terms of conservative models of these pathways and
the relationships between a certain level in the en~tironment
and the likely dose to result from- the pathway 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 soils and dosages to be expected through the
inhalation pathway, the primary one through which man can
receive a significant dose from plutonium. The ICRP recommends
a ma.stimum permissible average concentration (.MPC) of 1
picocurie per cubic meter (pCi/m3) of air for “insoluble”
plutonium and O. 06 pCi/m3 for “soluble” plutonium for un-
restricted areas. While the plutonium in the soil at Enewetak
is thought to be typical of world-wide fallout, and therefore
insoluble, O. 06 pCi/m3 vdl be used for the sake of conservatism.

Append~ix -% of Enewetak Radiological Survey, N-VO-140, presents
hvo possible methods for deri~ing the exposures that may occur
through the inhalation pathway for plutonium in soil. (This is
the pathway of interest for the present although it is recognized
that for the very distant future, ingestion may become more
important by comparison. Table 250 of A pendix E shows that
exposure to bone, $liver, and lung from 23 Pu is expected to
be a few hundredths of a rem in 30 years for pathways other than

t

inhalation. ) This material is produced as .4ttachment I of this
section. The two methods presented are the “resuspension-factor”
approach and the ‘mass-loading” approach. Soil concentrations
of 239Pu that would be associated with the standard for 239Pu
in air (O. 06 pCi/m3) by the h-o methods are:

... ................... .. ...... . .. .... ... . .......... ........ .. ....... .. ........ .........
111–7
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Resuspension-factor approach . . . . . . . ..*S . . 1,000 pCi/g

Mass -loading approach . . . . . . . . . . .. O.. *C.. 600 pCi/g

A recent report, A Proposed Interim Standard for Plutonium
in Soils LA5483-.MS, presents recommendations derived
from estimates of exposure through ifialation considering
the concentration of 239Pu in the ~ery top surface

.
The following =Iues were recommended:

400 pCi/g - For all particle sizes provided
ZOO pCi/g in < 100/mrn size fraction.

soil.

no more than

A revised Masimum Permissible Concentration, MPC, of
O. 3 pCi/m3 for indi~iduals was used in these determinations.
The estimates apply to large area contamination. Levels
several times larger could be permitted for localized de-
position.

The Task Group recognizes that the islands of Enewetak Atoll
are small and tlmt. the areas of highest 239Pu in soil on these
islands are smaller still. On the other hand Lle people live
close to the soil. It is also reco~nized that experts are not
in agreement as to the critical organ for irihaled Pluto.tium,

whether to use an average dose for this organ, or the model
to be used to predict dose. It is the view of the Task Group
that available biological and erivirommental information is
not adequate to establish general guidance for cleanup of .
plutonium. contaminated soil. Howel~er, guidance for a
particular set of circumstances or conditions can be developed
on -a case-by-case basis using conservative assumptions
and safety factor. “The follouting guidance is recommended
only for use in making decisions concerning plutonium cleanup
operations on islands of Enewetak Atoll:

1. Any areas or locations where soil concentrations of 239R

are greater than 400 pCi/g should receive corrective action
with contaminated soil removed for disposal.

III–8
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2. Situations with soil levels in the 40 to 400 pCi/g range may
receive corrective action with each area or location evaluated
on-a case-by-case basis.

The folloting guidance is provided for this evaluation:

a.

b.

c.

d.

e.

Islands with soil Ie\’els in the above range may be divided
into two categori~s, those of sufficient size for construction
of permanent houses, and those that are not.

Xemoval of
239

Pu contaminated soil is better justified within
the range above for t~.e larger islands such as JAN’ET or

S.%LLY where permanent housing may someday be located and
for near surface locations on the larger islands.

The smaller islands may be considered of less concern. Their
long-term outlook is uncertain since they are sometimes in-
creasing in size and sometimes erroding away. Small islands
may be washed over by storm waves and are not a safe site
for permanent housing. From that viewpoint, they are in
the same category as unnamed sandbars along the reef where
other islands may have disappeared or be forming.

The amount of effort that properly may be given to soil re -
mo~’al in this range increases as the soil concentration
increases.

Once an action is taken, the objective is to achieve a sub-
stantial reduction in plutonium soil cone entrations, and
further, to reduce concentrations to the lowest practicable level,
not to reduce them to some prescribed numerical value.

3. -Areas or locations sho~~ing less than 40 pCi/g do not require
corrective action because of t’ne presence of plutonium alone.

E. Recoin-mended Guides

.. ............. . ............. ..... . . ..... .. ...........—

The standards issued by FRC are recommend as the basic guidance
for evaluation of exposures to indi~ziduals to Enewetak.
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This is recommended with provisos

1.

2.

30

Survey,

The full amount of the numerical

that:

values should not be used for
e-lusting exposures from a single man-made source, in this
case radioactivity from weapons tests. This is applied so
that the Enewetak people w-ill not be denied benefits of future
nuclear technology because they are receiving exposures from
man-made ‘radiation at the maxtium level of acceptable standards.

Env-iro.nmental followwp surveys and studies of radioactivity
levels in people are performed such that the full range of
radiation exposures of indi~idual members of the Enewetak
population will be known.

IXposures of the Enewetak people are kept to the minimum
practicable level.

Cleanup, and Re.habi~itablon E\-aluation

It is recommended in this context that:

1. The FRC Radiation Protection Guide (RPG’s) for individuals should
be used as the basic standard. The requirement is to assure
that exposures for continuous residence in Enewetak Atoll till
be well w+thin the annual and 30-year criterion. While these
are conservati~-e standards from a health \riew point, there is
no built-in conservatism to account for uncertainty in pre-
diction of annual exposures to indi>tiduals. Because of the
complex circumstances of exposure and the many pathways,
each with its uncertainty, the Task Group recommends use
of 50 percent of the FRC annual staric?ards for evaluation of
the many cleanup and rehabilitation alternatives at Enewetak

} Atoll. This is not to be ~tiewed as an attempt to establish new
standards but is considered to be a necessary precaution in\
the
for

application of current standards. ‘Ike foilowing values apply
evaluation of alternatives:

Whole body O. 25 Rem/yr t
. ..*...** ● G.ee *o** ● *.*

Bone marrow . . . . . . . . . . . . . . . . . . . . 0.25 Rem/yr
Bone .. **..*. .* *,.*... . ..0..... . . 0.75 Rem/yr
Thyroid . . . . . . . . . . . . . . . . . . . . . . . . . 0.75 Rem/yr

111-10.. .. ..... .. .... .... ...
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The Task Group recommends use of 100 percent of the FRC
RPG’s to evaluate post-cleanup and rehabilitation and post-
return conditions wherein direct measurement of levels
of radiation and radioactivity in foods and in 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 .4ppendix for the FRC RPG’ so

The criteria for evaluating gonadal exposures at Enewetak
Atoll should be 4 reins in 30 years. The requirement is to
assure that long-term exposures till be well within this
criteria. The Task Group feels justified in using 80 percent
rather than 50 percent of the FRC standard since there will
be ample time to verify exposure estimates using actual
sampling of the diet and time to follow the changing pattern
of exposures of people.

The recommended guidance for cleanup of
239

Pu in soil

at Enewetak Atoll is:

a. < 40 pCi/g - corrective action not required.

b. 40 to 400 pCi/g - corrective action may be needed. Action
to be taken should be determined on a
case-by-case basis.

c. > 400 pCi/g - corrective action required.

In applying the criteria for bone and bone marrow in part 1
above, it is assumed that if annual exposures do not exceed
the applicable criteria in the year of highest dose, there will
not be ‘a requirement for limiting longer term cumulative
e.xpo sures. On the other hand, implementation of the
“lowest practicable” concept w-ill require considerations of
effectiveness of remedial measures to reduce both annual and
longer term exposures to the estent practicable.

F. Risk Considerations

The Task Group and its technical advisors have reviewed the
available information from ICRP, UXSCEAR, and the IVational
Academy of Science BEIR Committee that could be used to

. . ... . .. ...... .. .. ... .. .. .... . .. . . 7... ......... ........
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estimate the health risk that may be associated with long-term
exposures at the level of the radiation dose and soil removal
criteria being recommended. It is clear from this re~tiew that
knowledge of the relationship between radiation dose and effects
of that dose on man as characterized in dose-effect curves is
incomplete even for external radiation exposures. For internal
emitters and particularly for plutonium, the situation is even
less satisfactory. UN’SCEAR has summarized their findings
by stating that one should not extrapolate in a linear fashion
from effects seen at high doses and dose rates to effects at
low doses and dose rates since there is strong likelihood of
recovery and repair. The 13EIR Committee, using only human
data, concluded that since the low dose data were incomp~ete,
one should conservatively assume a linear no-threshold dose-effect
curve drawn through data obtained at high doses and dose rates.
The corrunittee further suggested that if this linear no-threshold
curve is assumed to be correct, it follows tk.at 6, 000 cases of
cancer would be produced each year in a population of 200, 000, 000
people exposed at a rate of O. 17 Rem/yr. (This is the FRC RPG
for population groups - see Table 1, ) For the Enewetak population
of less than 500 exposed at the same level, one can make the
following estimate:

6 X 103 cases /\-r X 500 Deople = 1.5 X 10
-2

cases of cancerlyr
2 X 10~ people

Using a linear dose-effect curve, exposure at thelevel of the
recommended criterion of O. 25 Rem/yr would give 2.2 X 10-2
cases per year. The Task Group vie~w 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
O. 25 Rem/yr over that time period.

. ....... .. ........... ......
““”i...................—

Most of the exposure to whole body, at Enewetak, and in fact,
to all organs ~~ill come from internal emittei-s. The shape of the
dose-effect curve for exposures from internal emitters is most ,
uncertain because of lack of experience and lack of confidence
in extrapolation oi high dose and dose rate effects into the very
low dose and low dose rate situation. A lack of confidence in

-111-12
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statistics and risk estimate drawn therefrom has therefore
the Task Group to have serious reservations about their

mlidity. The Ta s-k Group holds the opinion that such estimates
cannot be used in any definitive way to draw conclusions on
whether current radiation standards are too high or too low
or as a basis for decision-making relative to resettlement of
Enewetak Atoll. If%ile the risk associated with doses at the
level of current standards is possibly not zero, it is tie-wed
as being very low as described by FRC, ICRP, and LNCRP.
The basic FRC standards, conservatively applied, are viewed
as suitable for Enewetak rehabilitation pro~ided there is also
a serious and concerted effort to keep exposures as low as
practicable.

..........................----------

...-............ .. .................. .. . ........... .................. .. .................. ...... III-13



.

●

.:23
................................/.......

The Enewetak people advise that catchment rainwater is the customary

principal source of water for human consumption. Except in
,

emergencies, water from underground lenses is not consumed.

Samples of underground water were not obtained during the survey,

and radiochemical analytical data on lens water is limited to that

obtained from a few samples taken on JANET in 1971. A thorough lens

water sampling, analysis, and assessment program requires sampling

through a full rain-dry seaso~ cycle, 12 consecutive months at

a minimum. Arrangements for sampling fresh water lenses are
.

being made. This work will be done by AEC.

● It is. the opinion of the Task Group that the results of additional

air” sampling or lens water sampling pr”obably would not significantly

change the dose estimates in Z?VO-140 nor change the reconnendations

-) nf thl= Taqlc ~rnlm..

9
RADIATION CRITERIA IWC03DIZWED BY THE TASK GROW

A review of the radiation protection standards and guides considered by

the Task Group to be applicable to Enewetak is presented in Appendix 111.

This review indicates that the numerical standards and radiation protection

philosophy of both national and international standards bodies are similar.

Summarizing that appendix, the specific guidance and criteria used by the

Task Group in its assessment of the datz and reco~mded fcr cleanup and

rehabilitation of the Atoll, are as follows:

o The population dose to the Enewetak people should be ‘kept to the

minimum practicable level.

.

““””3
.................... ...............................................

e The Federal Radiation Council (PRC) Radiation Protection Guides

(RPC) for individual and gonadal exposures are recommended as the

criteria to be used in evaluating the various radiation exposure

-4-
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options. The

factors of .50

numerical guidance therein should be reduced by the

percent for individual exposure and 20 percent for

●

....>. .......- ......... ..

gonadal exposure considering that exposures cannot be precisely
..

predicted. The detailed rationale for these reductions is provided
..._—

in Appendix 111. The resulting guides for planning cleanup actions

will then be:

Whole body and bone marrow - 0.25 Rem/yr

Thyroid - 0.75 Rem/yr

Bone - 0.75 Rem/yr

Gonads - 4 Rem in 30 yr

Since there is no adequate scientific information which would support

general guidance for cleanup of plutonium contaminated soil,
.

guidance can only be developed on a case-by-case basis using con-

servative assumptions and safe~y factors? With this in mind, the

Task Group recommends the following for use in making decisions

239
concerning Pu cleanup operations at Enewetak:

a. c 40 pCi/gm of soil - corrective action not required.

b. 40 to 400 pCi/gm of soil - corrective action determined on a

case-by-case

co > 400 pCi/gm

basis* considering all radiological conditions.

of soil - corrective acticm required.

THE RESULTS OF’A.LTEPJJATIVECORRECTIVE ACTIONSASSESSMENT OF DOSES AND

The Task Group approach for development of judgments and recommendations

for the radiological cleanup and rehabitation of Enewetak was to consider

a number of alternatives for exposure reduction that may be feasible. Basically,

the procedure involved four steps:

....-

““-”’”3
.......................... *See Appendix III for-additional guidance...... ... ..... ............. .—
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