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Abstract

Attention has been drawn to 1291, a radionuclide with a long half-
life and the potential for long-term accumulation in the environment as
a ;esult of low-level, chronic'relgases from nuclegr fadilities such as
nuclear fuel reprocessing plaﬁts. Ibe metaboiic and physiologic data on
iodine, as well as the currently accepted metabolic models, are summarized.
In addition, projections of iodine-129 production and release, as well as
eétimates of the potential hazards derived by various authors, are pre-
sented and discussed. The implications of these considerations on the
deep geélogic disposal of 1297 4re reviewed and summarized. At this time
there are limited data available to assess in detail the impact of re-
leaées of 291 to the environment from a geologic waste fepository. Since
this isotope is éssentially stable (has a low specific activity because of
its long'rédioactive half-life)'it.has been generally regarded as not con-
tribuﬁing significantly to the total population dose commitment. Therefore,
the'presence of this isotope in a waste repository should not significantiy‘
affect repository design and operation. However, additiopal research in
several areas such as the movement of '2°I from a repository to the. sur-
face by ground water and the influence on uptake fraction of the incorpora-
tion of !'2°I in fbodstuffs would be useful to more accurately quantify en-

vironmental effects.



Introduction

Ihe increased use of nuclear power generating facilities in the
energy production strategy of many countries implies the increased pro-

- duction of many long-lived fission products which in the past were con-
sidered gnimbértant. . The most notable of these is the isotope of iodine,
1297, yntil recently this isotope of iodine was one of the least

studied (Boulos et al, 1973, Gabay et al, 1973). Iodine-129 has é Half—
life of about 17 million years and is produced with a fission yield of
approximately 1% in the fission of 235U (Gabay et al, 1973). During
normal operation of a reactor, negligible amounts of iodine are re-
leased to the atmosphere at the reactor site. However, due to tﬁe long
Half—life of this radioisotope, it accumulates in the fuel during burn-
»up; During subsequent chemical processing of spent fuel at a reproces-
sipg plant, a much greater potential egists for discharge qf a portion
of the iodiné—129 present in the fuel. Thus, it was suspected that 1291
may become a problem from the public health point of view at the fuel re- -
- processing stagé of the fuel cycle (Magno et al, 1972).

‘It is estimated (Porz, 1974) that, in the fuel oﬁ an operating light-—
water moderafed reactor, 1311 - activity is about 33107‘higher than the
1291 - activity. However, bécause 1317 has a half-life of only 8fQ4*days,
after the spent fuel has been stored for 200 days, the 1317 - activity drops
to approximately the same value.as the 1291 - acfivity. And; ﬁhereafter,
the 12%T - activity represents the main portion of the iodine activity
in the fuel (Hibschmann, 1975). It has been estimated that the average
12971 throughpﬁt of a plaﬁt reprocessing one ton of fuel per day would

be about 20 mCi/day (Bryant, 1970). Bryant assumed the fuel was froém a



"10,000 MW(e) power program averaging 1,000 days irradiation.
Any radioiodine discharged to the atmosphere and reaching man
will accumulate in the thyroid gland. Critical pathways are either by
ingestion via the pastdre—cow—milk route or simply by inhalation. In
tﬁe case of the’short;lived iodine isotopes (e.g. !31I) the pathways
ére well documented and release limits have béen established in many
countries (see for example, Bryant, 1964; Baverstock and Vennart, 1976).
However, simil;r considerations have only recently been afforded 1297,
There remains a need for further work and study in this érea, especially
iﬁ resolving some of the conflicting conclusions reached by several au;hors.
This manuscript collects and summarizes the existing data on 1297
and on iodine metabolism based on the extensive studies of 1317, The im-
portance of 1291 jin the evaluation of the impacf of national waste repos-
itories is considered in detail. It is hoped that by anticipating potential

problems, an effective and timely response can be made to questions con-

cerning the hazards evaluation of 1297,

Projections of 1297 production and Release

'Ihe worldwide production of 1297 by the year 2060 has been'estimated
~ to be 2x10® Ci (Russell and Hahn, l97l); If a removal efficiency of 99% is
assumed at the fuel reprocessing facility, there could be 2x10" Ci.of 1291
4in‘the environment by 2060. Originally, reprocessing facili;ies were nét:
designed to remove iodine; hence, virtually all of the 1291 would be
released to the environment.

Russell and Hahn also estimated that, by the'year 2060, the U.S. pro—-
duction of 1291 would be about 9x10% Ci. For comparison to other es;imates,

the data used by Russell and Hahn gives a value of approximately 3,000 Ci



by the year:ZOOO. This estimate is not in complete égreement with that
proposed by Blomeke and Kee (1974). These authors estimated an 1291
accuﬁulation by the year 2000 of 7,400 Ci. Neither manuscript gives
sufficient ihformation to résolve these discrepancies.

Morley and Bryant (1976) estimate the discharge rate of 1291 by:the
year 2000 for the nuclear industry.throughout the.world will be about
2x103 Ci/yr. Blomeke and Kee (1976) gave reviséd estimates for the
annuallaccumulétion'of radioiodine from the U.S. muclear power industry.
By the year 2000, the anﬁual addition to the inventory will be ab§ut
370 Ci/yr. with a total inventory of more than 3600 Ci of 129I. This
estimate is.based on light water reactors (LWR) with 564.Gwe installed
capacity and liquid metal fast breeder reactors with a capacity of 61 GWe.
Further, they assume that 99.9% of'the iodine is recovered at the fuel
processing plant, converted to barium iodate, incorporated into cement;

. and, after storage for about one year, shipped to the repository. .Kee
et al (1976) publishéd additional data but these latter estimates were
essentiaily the same as those discussed above. |

Meésurements of thé.airborne radioactive effluents from a commercial
nuclear fuel réprocessing plaﬁt, located in West Valley, New York, have
been reported (Cocharn et al, 1970). These data indicate thaﬁ'the
gaseousAeffluentg from tHe plant éontain 5-10% of the total 1291 avail;-'
éblé from the dissolved fuel. However, these.data may not be indicative
of the true situation since it was reported that the sampling was con-
ducted only during the dissoiution process and not during the nitric
acid recovery process.

On the other hand, it has been speculated that a high percentage of



1291 (~90%) may be discharged as gaseous waste (Russell and Hahn, l§7l).
This estimate seems overly pessimistic, but it serves to illustrate

the magnitude of the potential problém. This problem may be increased
significantly with the increased reprocessing of high—burnup fuels which
contain a larger activity of 1297,

The iodine removal system installed at the commercial nuclear fuel
reprocessing plant under stuay consisted of a chemical scrubber followed
by silver reactors. The chemiéal scrubber was a 20-inch diamétér by
10-foot higﬁ.packed coleﬁn in which the dissolver off-gases were scrubbed
with a stream of ﬁercurous and mercuric nitrate solu;ion. The silver
reactor, consisting of ceramic Berl '"saddles" coated with silver nitrate,
never aéhievéd design conditions and was highly ineffective for iodine
absorption (Magno et al, 19725.

The AGNS-Barnwell Facility located in Barnwell, South Carolina has
an extensive system for iodine cleanup. During normal operation the
amount of iodine-129 input té the system is about 1 uCi/sec and a decon-
tamihétién factor (DF) of about 1000 is assumed. Thus, . the estimated'
stack release rate is abbﬁt 1073 uCi/sec. Fﬁrther reduction of thié
réleaée rate is poésible with the,addition of very simple systems to con;
dénse the water vapor énd frap more of the iodine before it is released
(Schneider, 1977). |

Tne iodine removal system designed for Barnwell utilizes a more
efficient system than that installed in the West Valley facility which
consists of traps follbwed by the absorption of iodine on silver zeolite
(a highly efficient absorber). Finally, the iodine is absorbed on
vermiculite in metal cannisters which are about 3% feet in diameter and

are nearly 8 feet high. It is assumed that the vermiculite will retain



the 1291 indefinitely (Schneider, 1977). Tﬁus, these cannisters containing
vermic;late represent the material for which ultimate disposal must be
planned. |

The.lzgl'discharged in the liquid wasﬁe, from the West Valley facil-

ity, has been estimated to be about 27 of the total present in the fuel

"processed each year (NFS, 1967-1970).

It now seems unlikely that, under normal operating conditions at a
fuel réprocéssing facility, a significant quantity of 1291 will be released
to tﬁe environment. Before the potential for significant 1291 buildup in
the environment was recognized it was common practice to process spent
fuel whicH has cooled for ﬁore than 200 days without using the installed
ipdine cleanup system (Martin, 1973). Now that significant 1?91 buildup
is reéognized 53 a poﬁentiél problem, iodine scrubbing systems are‘being

redesigned for use In reprocesing facilities.

Summaty of Metabolic and Physiologic Data

Metabolism: The size of the thyroid gland énd its uptake éf iodine
f£om the blpod are botH very dependent upon the daily intake éf stable
iodine. The intakes of stable iodine vary enormously among individuals
and élso more generally among populations of various countries. This,
in turn, is reflected in the size of the thyroid gland and perhaps ip
some of the other parameters of the metabolic model. The 1¢RP (ICRP; 1977)
has taken the fractiomal uptake of iodine by the thyroidAto be 0.3 for
theladult, Tﬁe thyroid mass is assumed to be 20 grams which is an appro- )
priate gize for the‘value selected for the fractional uptake.

Todine is absorbed rapidly and almost completely from the gastro-

" intestinal tract, mainly in the small intestine. In its latest report



(ICRP; 1977), the ICRP has assumed a value of 1.0 for the fractional up-
take from the gastrointestinal tract to blood.

Several models have been proposed'for ﬁhe metabolism of iodine
£Brownell, 1951; Riggs, 1952; Berman, 1968). The most complex of these
models was that suggested by Berman whicﬁ contained ten compartments,
six of which were considered to represent the thyroid gland itself. Both
of the models suggested by Brownell and hy Riggs are simpler and consist
of esSentially three compartments. Bernard (1970) analyzea Berman's
model, compared it to the model of Riggs, and compﬁted microcurie-days
residence times for 1231, 1247, 1251, 1261, and !311. He concluded
that the two models yielded essentially the same residence times. He
suggested that the model of Riggs was adequate for the‘estimation of
internal dose due to the isotopes of iodine he had studied.

The metabolic model for iodine used by the ICRP in absorbed dose
and dose commitment éalculations for the adult is that proposed by Riggs
kl953). This model is a simple three compartment model (see figure 1).
0f the iodiﬁe entering the transfer compartment a fraction, 0.3, is
bassumed to be translocated to the thyroid thle the remainder is assumed
to go directly to excretion. Iodine in the thyroid is assumed to be
retained with a biological half-life of 120 days and to be lost from
tﬁe gland in the form of organic iodine. Organic iodine is assumed to
be uniformly distributed among all organs and tissues of the body other
than the thyroid and to be retained there with a biological half-1life
of 12 days. One-tenth of this organic iodine is assumed to go to feca;
excretion and the rest is assumed to be returned to the transfer com-

partment as inorganic iodine. In the latest draft of the ICRP Committee
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Figure 1: Schematic Diagram of Riggs' Model for Iodine Metabolism



IT material (ICRP, l97f), no mention is made of children and no guidance
is given for appiying the acceptgd model to the dosimetry of children.
Figure 2, compiled by Cowser et al (1967)Ashows the variation of the
biologicai half-life of iodine as é fun;tion of agé. This is an important
parameter which must be evaluated in the assessment of dose to lérge.
popul%tions whiéh consist of all ageé rather than just aduit radiation workers.

The Medical Research Council (1975) has published some simple equa-
tions for the qalculation of'dose_to the thyroid of a child and an adult
dde'to the raqioiodines. The six months-old child was assumed to represént
the critical population group for radiociodines. The quations were Qsed
to calculate the emergency réferencg_levels (ERL) which are used in the
United Kingdom. The ERL is defined briefly as the radiétion dose below
which counter-measures are unlikely ;o'be taken. No consideration was
given to the release of 1291; possibly dué to the fact that the ERL
afé intendéd for emergency situations only.

Physioiogic Data: The Reference Man Report (ICRP, i975) gives
data on an jiodine balance forAreference man. In general, tﬁe éurfent
literature_indicates that urinary excretion of iodine parallels and is
approximately equal to iodine intake. The'accépted values for intake
are 200 ug/day in foods and fluids and 0.5-35‘ug/d5y as airborne material.
Losses of iodine are 170 pg/day excreted in the urine, 20 pg/day in the
fores, 6 ug/day in sweat, and 2.3 ug/day in hair. Iodine excretion is

related to total body weight in adults by

Urinary I (pg) = - 45.8 + (2.59xw(kg)).
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Figure 2: Variation of Biological Half-Life of Iodine as a Function of Age



Thus, for a 70 kg man; I equals 135 pg/day. Note also, that some data
indicate that urinary excretion of iodine increases with age. |
Iodine, like chlorine, is found in all body secretions. The con-~
centration of urinary iodine in children does not differ significantly
from that of adults. Infants are reported to e#crete only 15-30 ug/day.
The total amount of iodine in the adult thyroid is about 12 mg (ICRP; 1975).
Actually, iodine is distributed widely, yet some geographical areas
are almost completely lacking in iodine. There are numerous estimates
of the natural abundance of iodine 1291 relative to stéble,1271.

Soldat. (1976) reports values as ranging from 10 12 to 10715 atoms of

1291 per atom of 1271, Several factors contribute to the wide rangé

‘of reported iodine intakes. The nature of the soil influences the

iodine concentration in locally grown‘foodstuffs and water. There are
aisp mafked seasonal yariations in the iodine content of plant foodstuffs
and in cow's milk. An additional variable (and genérally an unspeéified
;ource) is the use of jodized salt or other foods deliberately enriched
with iodiné.

The daily requirement of iodine is esgimated to be about 150 ugm,
but‘during adolescence, pregnancy, and lactation the requirement is
higher. 1In the artifically-fed infant, ioaine intake varies from 3-600
pug/day. 1In the breast-fed infant the intake of iodine is estimated to
¢ 25-140 ug/day, depending principally on the iodine concentration of
“human or cow's milk. |

The intake of lodine in drinking water is yariable accofding to:the
geolégical nature of the area. lFor example, the concentration in the

Washington, D. C. area is 4-6.5 ug/%, while values frdmvthe United Kingdom

10



range frdm 0.7-52.2 pg/l.‘ And, even wider variations inAtﬁe ibdine-con-
centration have been reported (ICRP, 1975).A
The concentration of iodine in air is reported to be 0.03 pg/m3 at
zefd altitude and increases .with height. The maximum value recofded,was
2.5 pg/m3. lHowever; results from sampling sites neaf the éea have
- included values in thé'rangé 1-2 ug/m3. On the basis of standard inhalation
and deposition fates it is estimated that reference man would have an intake
of 0.05 ug/day‘of iodine in inland areas. 'However,.fof éites near the sea
as much as 35 ug/day of iodine may enter the body via inhalation (ICRP, 1975).'
Thyroid Cland: The weight of fhe thyroid gland is perhaps more varied
than that of any other glan& in the body." Ité weight has been found to vary
witﬁ age. (see figure j), sex, diet, geography, climate, and extefnal and
internal stimuli, but perhaps‘the most impprtant factor is iodine intake.
There is strong evidenée to suggest that both thyroid weiéht and uptake
6f iodine by the thyroid‘are correlated inversely with the daily intake
of iodige (ICRP, 1975).
During prenatal.life the follicles.of ﬁhe thyroid gland (which are
_ the fundamental units) appear when the emBryo is 24 mm long or about 40
days of gestational age. At 65 days, or about 5 cm. in length, the
follicléé develop lumina, and at 70 days (embryo length ~ 6 cm) the col-
loid appears. Colloid is gelatinousAand is the.stored product of the
secretory activity of the f;llicles; By age 280 days the weight of tae
tﬁyroid is about 1.52 grams, however, one standard deviation ot this mean
is + 0.6/ grams.
Kay, et al (1966) have derived the following relationship for thel

f:avérage or typical weight of the normal thyroid (u thyroid) from a non-

11
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goitrous region with age from birth to 18 years:
T = 1.63 + 0.040A + 0.0001A?

wherelT ;s the'weight of the thyroid.in grams and.A is the age of the in-
Adividual in mogths. “

There are seven'véry definite life-cycles in the dévelopment of the
.tthoid gland.. These are (1) thyroid enlargement of the newborn; (2)
regreséion during infancy; (3) thyroid enlargement during prepuberty and
puberty;’ 4) regressibn iﬁ postpuberty; (5) normal gland of the adult
during the height of iife; (6)‘age atrophy of the gland iﬁ the'declineiof'”
"life; and (7) possible rejp&enation of thyroid function in old age. 1In
the female,‘another life cycle in the development of the thyroid gland
is well-known. This stage is the increase in volume of the gland during
pregnancy (Aschoff, 1924).

The mean thyroid weigh; of malés (in a New York study)lover lS—yeafSr
old was found to be 17;5 + 6.8 grams. The mean weight for females~i§
14.9 + 6.7 grams. Nevertheless, the ICRP has assumed a mass of 20 grams

for a reference adult male and a mass of 17 grams for the female (ICRP, 1975).

Evaluations of 1291 Hazards

As stated previously, the long-livea isotope of iodine,'¥291;'hés
not received significant attention in terms of hazards evaluafion‘uﬁfil
recently, Further, most of the papers available in the open literaﬁure
have coﬂsidered the release of 1291 to the atmosphere from a fuel
processing facility.

Bryant (1970) calculated derived working limits (DWL) for the contin-

13



uous release of 1291 to the atmosphere. The derived working limit is
that lével of radioactivity which released in a controlled fashion is
"considered to represerit a minimum hazard. This concept is used extensively
in the United Kingdom aﬁd is in many wa?s similar to the Radiafion Protéc-
tiqn Guides recommended sy £he Federal Radiation Council in this country.
Bryant used two methods in her calculations; (1) the specific activity
method - and (2) a modified direct foliar contamination method which had
been used previquly for 1311, The latter method involvedAthé grass—cow—
milk—iﬁfant pathway which has been used éxtensively in the evaluation of
the impact of ]311.

The_results'of this study were values of DWL for various stack
heights and &istances downwind from the facility. Differences between
ghe DWL calculated by the two methods mentioned above was about a factor
of 3. However, Bryant concluded that 1291 will not‘be a serious problem
in‘the géseousAwaste of a éhemical plant serving a power program of up
to 100,000 MW(e), i.e. processing about iO tons of fuel per day; This
conclusion is in contrast with that of Magno et al (1972) who recommend
the operation of the iodine cleanup system in a facility.which is proces-
sing fuel regardless of the cooling time of the fuel or the throughput
of the facility. This.recommendation is based ﬁrimarily on their measufe—
ments around the West Valley facility. However, it glmost assufedl& Fékes
note of the fact that, by applying a 997 removal efficiency'to the
estimates of Russell and Hahn (1971), there would be 2x10% Ci of 12971
released by the year 2060.

A similar calculation was reported by Hiibschmann (1976) for the

14



. Karlsruhe Nuclear Research Center in Germany. -In these calculations
Hiibschmann calculated an age-dependent ingestion dose facto; for 1291
and'13¥I (see figuré 4) and also permissible iodine‘emission rates. ﬁe
 Acalculated that alcontinuous release of 1 pCi/day of 1291 (at equilibrium
with the various environmental parameteré) leads to a dose to the infant
thyroid which is 3.8 times that caused by a release of 1 pCi/day of 1311.
For iﬁgestion of 1291, the 0.5-year-old childvrepreseﬁted the critical
population group;~which is alsb true for all radioiodines.

This author also calculated two equivalent release rates for two’
particular stack heights based on an acceptable dose rate of 90 mrem/yr
to the child's thyroid.' However, Hiibschmann's results are‘sigﬁificantly~
different from those reported by Bryant in her evaluation. For example, .
for a 60-meter stack height, the release rates are different.by a féctqr
or more than 300.

It is interesting to note that not all authors had igﬁoréd,lzgl'
completely. Cowser, et al (1967) compiled a list of more thaﬁ 100 radio~
isotopes produced in nuclear explosions, This study was intended to
evaluate fhe impact of a sea-level canal across Panama constructed with
nuclear explosives. These authors calculated that the dose to the
‘thyroid gland over 70 years following the ingestion of a soluble form
of 1291 would be l3.5lrem/pCi. In a ranking of importance a@cording
only to the dose'delivered, 1291 yas listed second with only 908:
delivering more dose to the critical organ; The dose from 1291.yas
an order of magnitude higher than that from 239y and four orders

of magnitude higher than that from !37Cs.
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Probably one of the most comﬁrehensive papers oﬁ the impact}of
1291 on the environment was the wérk of Soldat (1976). 1In this paper
the author comﬁiled the biological and met;bolic parameters necessary
to calculate the dose due to 1291 to humans of several ages. The ages
éonsidered in the study‘were ages 1, 4, 14 and adult.

Soidat feported complete details on the ecological‘paraﬁeters (e.g.
deposition velocity, soil uptake, ecological half—life, etc.) necessary
for the-calculations. A summary of the selected parameters is given in
Table I. Table .II lists some of the available data on.the aquatic bio-
accumulation factors for iodine, while Table III summarizes the parameters
as a function of age whiéh should be used in calculating the thyroid
doée factors for 1291, .The resulting thyroid dose factors for 1291 are
l'shown in Taﬁle iV. These data include tﬁe dose per unit ingake by
iphalation and ingestion for the four age groups mentibned previouély.
The thyroid dose per unit concentration of 1291 in air are given in
Tabl§ V. This table considers four exposure pathways for each of ghe
- four ages. With the ex;eptionvof the milk consumption pathway, the .
adult receiQes the highest thyroid dose in all cases.

Soldat's paper has been criticized by Thompson (1976) who stated
that the food consumption data utilized in the calculations were extreme
and resulted in significantly elévated dose estimates for,lzgl in the
thyroid. Thompson utilized data supplied by the U.S. Department of
‘Agriéulture'aﬁdArecalculated the thyroid.dose‘eétimateg. The‘déta are
compared to those of Soldat in Table VI.. Soldat repiied to the criti—

cisms of Thompson by indicating that his calculations were for a hypo- -
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Table I . Estimated Ecological Parameters for Iodine#

Déposition velocity from aif to ground (m/sec). . . . . . . .
‘Fraétion of aerial deposition retained on plant . . .
'"Ecologiéal" half-life oﬁ plant (days). « ¢« « ¢« & o & « 4 &
Fraction of qepositéd iodine traéslocatedvto ‘

part of plant eaten - leafy vegetables. . . . . . . . .

other vegetables and grain. . .« « « « ¢ ¢ o « 4 ¢ o o0 o .

Soil uptake (pCi/kg plant (wet) per pCi/kg soil (dry» e e e s

Transfer from feed to milk (day/liter) - cow. . .
: - g0at .« . « . . . .

beef . . . . . . .

- POrk ¢« &+ ¢« ¢ 4 . o &

chicken. . . . . . .

Transfer from feed to meat (day/kg)

Transfer from feed to chicken eggs (day/egg). . . . . .

*
After Soldat, 1976.
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0.25

. 0.02
. 0.09
. 0.004

. 0.08
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Table II. Aquatic Bioaccumulation Factors for Iodine:

Organism

Fish
Invertebrates

Algae

Fresh Water A . - Salt Water

(Thompson, et al. 1972) (Thompson? et al. 1972) : (Freke, 1967)
15 | : w0 ‘ 20
5 - _ 50 a ' 100
40 | 4000° 10,000

These authors also reported a measured value of 1000.



Table III. Parameters Used in Calculating Thyroid Dose
Factors for 1291*

Parameter 1 year 4 years 14 years - Adult

fractional uptake via

ingestion ) 0.3 0.3 0.3 0.3
fractional uptaké via ‘

inhalation 0.23 0.23 0.23 0.23
biological half-life in A :

thyroid (days) 20 20 50 100
thyroid mass (grams) 2 _ 5 15 20
éoncentration of 1271 , ' »
~in thyroid (ppm) 90 180. - 280 350
weight of 1271 in N S ' A |

thyroid (mg) - 0.18 0.90 4,2 7.0
thyroid radius (cm) ‘ 1.4 2 2.7 3
inhalation rate (m3/day) 5.6 ' 7.0 13.5A 20

effective énergyAper o o
disintegration (MeV) 0.060 - 0.061 .. 0,063 0.064

After Soldat, 1976.
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Table 1IV.

Dose per Unit Intake .

mrem/pCi ingested

mrem/pCi inhaled

Equilibrium Dose Rate

mrem/yr per pCi maintained
in the thyroid

Thyroid Content of 1291 to Yield

1.5 rem/year

pCi
1291: 1271

pCi 1291/pg T
pCi 1291/g thyroid

. N
After Soldat, 1976

Thyroid Dose Factors for 1291%

1 year
1.33(-2)

1.02(-2)

5.59(-1)

2.68(3)

9.26(-2)

1.49(1)
1.34(3)

4

S

| T ~ R @ )]

year

.45(-3)
.18(-3)

;30(—1)'

.52(3)
.31(-2)
.25(0)
.39(3)

14 year

(P N N

.67(-3)
.58(-3)

.87(-2)

.91(4)
.66(-2)
.54(0)
.27(3)

Adulti

- 7.05(-3)

5.40(—3)‘

-5.94(-2)

2.53(4)
2.10(-2)
3.61(0)

- 1.26(3)



Table V. Thyroid Doses from Unit Concentration of
1291 4n Air* ,

mrem/yr per pCi/m3

Exposure Pathway ' i yvear 4 years 14 years Adult
" inhalation ‘ 21 11 18 39
miik consumption + 5800 2400 2000 3106
leafy végetable consuﬁption 0o 510 730 | 1500
béef consumption _ 4 0 320 500 1300

*After Soldat, 1976
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Table VI.

Thyroid Doses from Uriit Concentration of

1297 in Air*

-Exposure Pathway

Age Categorieé

Adult -

1 4 14
(mrem/yr per pCi/m3)
Inhalation 21 - 11 18 - 39
Milk consuﬁption: o ,
Soldat - 5800 2400 2000 3100
Thompson 2934 - 1241 896 760
Leafy vegetable consumption: . -
Soldat 0 510 730 1500
Thompson 40 . 100 217 412
BeeflConsumﬁtion: : .
" Soldat 0 320 500 1300
Thompson 57 229 . 484 265

* After Thompson, 1976
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thetical "maximum individual." However, it is.igteresting to note that
for leafy vegetable and beef consumption in the one—year—old,_Thompson
obtains a much higher dose éstimate. With this exception, the data of
Thompson give lower dose rates than those of Soldat.

In a recentlappraisal of thyroid burdéns of 1291 from varigus die-
tar& sources, Book and his colleagues (1977) have evaluated the'impact
on the same four age groups as Soldat:. The two most important sets
of data from this study are shown in Tables VII and VIII. Aver;ge dietary
intake of major food items are given Table VII assuming a continuous
1291 concentration in air of 1 pCi/m3. Table VIII summarizes the data
'on daily intake, thyroidal burdgn, and dose.rate for 1291 from common
dietary sources. These data are, in most cases, slightly lower than
those reported previously by Soldat (1976). However, in a manner similar
to Thoﬁpson's analysis the dose rate for the one—year—oldfis higher
.tﬁan that estimated by Soldat. In fact, for leafy vegetable consﬁmptibn,
Soldat estimates a dose rate of zero for. the one-year401d while the
estimate of Book et al is‘l.l rem/y! | |

A recent paper by deMarsily and his colleagues. (1977) has'considéred_
the confining ability of geologic.formations for the threé major radionuclides
which have half~lives of the order of magnitudé of geologic times. - |
These are iodine-~129, neptunium—237; and plutonium-239. ' These authofs
reminded us of the point madé earlier in this manuscript. That is,
ivdine-129 1s generally coﬁsidered to be present in the spén; fuel or
in the liqﬁid waste, but pot'in the solidified waste. -Héwever, since

12971 release to the atmosphere is undesirable because of the potential for
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Table VII. Averagé Dietary Intake of Major Food Items
) by Representative Age Groups¥.

129 Daily Food Intake (gm)
Item’ (pCi/kg) 1 4 14 . Adult

Milk and Milk

products ' 1250 650 570 690 400
Meat 1600 100 130 240 340
Leafy vegetables 2900 80 80 100 110
Cereals 540 60 " 80 130 120
Other vegetables and

fruit 290 180 210 320 350

* After-Book et al (1977)
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Table VIII. Daily 1291 Intake, Thyroid Burden; - and Radiation Dose Rate to
Thyroids of 1-, 4-, and l4-year-olds and Adults from Ingestion
- --of Foods Produced at Locations w1th 91 Concentrations Equal
to 1 DCi/m Air*
Daily 129I_Intake Thyroidal 1291 Burden Thyroidal Dose Rate
(nCi) (nCi) (:em/yr)
: 1 4 14 Adult 1 4 14 Adult 1 4 14  Adult
Milk Products 0.81. 0.71 0.86 0.50 7.0 6.1 18.6 21.6 4,0 1.4 1.5 1.3
Meat 0.16 0.21 0.39 0.54 1.4_ 1.8 8.4 23.4 0.8 0.4 0.7 1.4
Leafy Vegetables 0.23 0.23 0.29 0.32 2.0 2.0 6.3 13.8 1.1 0.5 0.5 0.8
Cereals 0.04 0.04 0.07 0.07 0.3 0.3 1.5 3.0 0.2 0.1 0.1 0.2
Other vegetables
and fruits 0.05 0.06 0.09 0.10 0.4 0.5 1.9 4.3 0.2 0.1 0.1 0.3
Total 1.28 1.25 1.70 1,53 - | 11.1 10.7 36.7 66.1 6.3 2.5 2.9 4.0

* After Book et al. (1977).




léng—term buildﬁp in .the environment, it must be trapped in some sort
of filter and‘disposed of in some manner. -

In fhis study, the chief mechanism §f migration of-129I,‘$nd the
other radipnﬁclides considered, was the movement of groundwater. 'Such
a écenario is considered highly unlikely since the geologic’formations
selected for a repository have not been subject to water intrusion ovér.
periods measured in geologic time. However, moét authors assume water
intrusion into a geologic waste repository to provide a mechanism for
radionuclide migration. Thus, although perhapé»an unaccgptagle scenario,
it ‘is informative tov consider in more detail the studies of deMarsily
and his'colleagues. The authors selected five geologic fo;mations of
different éharacteristics for this study. These characteristics are'

‘listed in Table IX. Formation 1 has very poor confining properties
while formation 5 is a highly_éonfining layer and is almost éompletély
impervious. . In all five céges, the formations were assumed to be 500 -
meters fhick in order to make comparisons possible.

From these calculations a series of '"break-through" curves were ob-
tained. These éurves give the ratio of the concentration (or activity) -
of éffluents reaching thg environmeht to the concentration (or activity)
leaving theArepository; as a function of time. The data for 129I are
presented in Table X. Two parameters which characterize the role of the
formation are given in the tabulation. These are the.transmission rate
of the formation and the duration_of'trahsfer.

The first parameter is the ratio of the cumulated activity injected



.. Table IX.

Parameters of the Geologic Formations*

Geologic
Formation

Darcy's

‘Permeability

(m/sec)

107°

1070
10”7

1078

10710

Hydraulic
G;adien;_
~1/10
1/50
1/50
1/50

1/50-

. Resulting Velocity of Water
Effective '

Porosity - Darcy's Mean Pore
(%) (m/sec) - . (m/sec)
2 1077 5x107°
2 2x1078 107°
5 2%10™° 4x1078
10 2x10710 2%107°
20 210712 BTt

% After deMarsily et al (1977)



Ceologic
Formation
. Type

Table X.

~Step Function Response for 1291
in Several Geologic Formationg*

. Mean Pore

Water
Velocity

' _ (m/sec)

5x10”°

1076

4x10’8

2x10-9

10x 11

Transmission
‘Rate of the
~Formation

(%)
100
100

100

99

93

Duration
of

Transfer
(years)
6"

29
725 -
14,500

2,840,000

* After deMarsily et al (1977)
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1

into the environment versus the radioactivity 1eéving the repository.
Radioactive decay during the transfer time is taken into account. The
parameter is a measure of the effectiveness of retention of the forﬁation.’
The duration of transfer is the amount of time needed for fhe step
function response to reach a maximum value. Thus, this parameter is é
measure of fhe delay introduced by the formation in the return of the
waste to the eﬁvironment. |
For iodiﬁe—129, using the deMarsily scemnario, the data indicate
that.gvén for a confining formationl(such as case &) nearly 100 percent
will return to the environment. The delay is less than 15,000 years
and ‘contamination will begin at about 4000 years after the waste starts
leaking. Even for an extreme geological formation (case 5), about 93%
‘of the 1297 will be transmitted wi;h a delay of less than 3 million
yeafs.
| To investigate the effects of containing the waste in a material
such as Borosilicatg glass before plaéement‘in the repositorybthe authors
postulated two hypotheses énd ﬁsed,these as input functions for a further
study of the five geologic formations. The two hypotheses are:
Case 1 - The structure of the borosilicate glass is ne&er
damaged and the ;elease of iodine-129 occufsvonly by diffusion
through the glass at a rate of 10-16 m?/sec. :
Case 2 - At 10,000 years after burial, the glass matrix
structure is’damaged, and the total load of iodine-129 is
released into the leaching water at a constant rate within -

5000 years.
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The results of their analysis are summarized in Table XI. These results
are from simplified calculétions which were based on the assumption thétl
transport by water begins immediately after storage. In thé table, the
data are given in terms of the concentration of the element in water
flowing over the repository, when it reaches the environment, divided by
the maximum permissible concentration in drinking water.

Theré is an apparent paradox shown in these data. That is, the more
confining the geologic formation the more concentrated will be the radio-
nuclides in the water feaching the environment. Tﬁis finding indicates
that the greater volume of water flowing fhrough the repository‘the less
toxic it will be when it reaches the environment. However, the results
of the study'are more easily understood when it is considered that,
.according to the assumpéioﬁs, the 1291 ig entering the leach watef at a
- constant rate. The radioactivity is reaﬁhing the biosphere at a constant
.rate, independent of the flow and volume of the leach water.. Thus, -the
concentration of-lzgl-in the leach water is inversely proﬁortiénal to’
the volume of water transporting the radionuclide. Nevertheless, from"
this analysis the authors conclude that, if the integrity of the glass:
matrik'cén be guaranteed for an indefinite period, the choice of the
geologic formation in whicﬁ the waste are to be confined is simplified. -

Several authors have considered the effect of partitioning the waste
before placing it in a geélogic repository. . One of the radionuclides
considered for partitioning (or removal) Qas the long-lived 12%9I., Cohen
(1976) concluded, iﬁ his evaluation of cost vs risk for partitioﬁing, that

on the basis of risk alone, partitioning was not justified. He saw
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Table XI, Concentration of Iodine-129 in the Water Reaching the
Human -Environment Expressed as Ratios to the MaxXimum

Permissible Concentrations in Drinking Water*

Geologic
Formation

[43

Transmission
Rate of the
Formation

(%)

100

100

100

99

93

Case 1
Ratio to Time when
MPC maximum
w . -
is observed
(years)
1.4x1072 5
7x1072 25
0.7 600
5.1 10,000
5.3 6

1.7x10

: Case 2
‘Ratio to Time when
MPCw maximum
is observed
(years)
0;58 10,000
2.9 10,000
28.0 10,700
250.0 20,000
170.0 1.45x16°

* After deMarsily et al (1$77)



partitioning as a further reduction of an already minor (post-1000 year) -
problem. This short paper did not present a breakdown of the individual
radionuclides present in the waste and considered only actinide~
depleted, light-water-reactor waste. The relative toxicity index

concept was used to compare the relative hazard of this waste to the
hazard from 0.2% uranium ore.

In a follow-on study, Tonnessen and Cohen (1977) investigated the
naturally occurring hazardous materials in deep geologic.formation in an
attempt to place the burial of wastes in the proper perspective. These
authors concluded their results indicated that, over time, nuclear
waste toxicity decreases to. levels below those of naturally occurring
hazardous materials. Again, no detailed listing of the radionuclides is
'given which would 1dentify the presence or. absence of 1291 in this eval-
uation.

‘.Burkholder et al (1975) investigated the incentives for separating
and eliminating various radionuclides (in particular the transuranics)
from radioactive waste prior to final geologic storage; In this situation‘
the-waste was assumed to be located in a non-salt particulate geologic
mediun and release is via the leach incident—transport pathway.' Exposure'
pathways’tc nan were definedAand the effects of changing transport
‘parameters on the potential dose to a "maximum' individual were calculated.
'Transportiparameters studied were leach rate, path length'and time of
initial release from the repository after the year 2000. Results of the
study indicated that, for reasonable storage conditions, the potential

incremental radiation dose would be approximately equivalent to the dose

‘'
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&ue to the natufal radiation background. They concluded thét the
incentiﬁes‘for.a sﬁecial effort to remove any radionuclides from high-
level waéte were extremeiy small. However, the study demonstratea
that there may be incentives for converting high-level calcine. into
glass.

Additional infofmation on this research can be found in Burkholder

et al (1976) and Bartlett et al (1976).

Summary and Conclusions

A'major portion of the information used:to evéluate the impact of
1297 5n man and his environment has been obtained from our ektensive,
knowledgé of 131f. Only recently (within iess than 10 years) has the
interest shiftgd to this long-lived radionuclide.

Some of the eQaluations presented to date indicate that»lzgl're-
~ leased to the environment from fuel reprocessing plants may, under
éertain conditions, have ‘the potential fof Aelivering significant dosés
to the.thyroid glands of selected population groups. For example,
Soldat (1976) estimated that in the one-year old the thyroid dose would
dapproach 6.rem/year for a concentration in air of 1 pCi/ﬁJ.

For isolation of radioactive waste in déep geologic formations,
it is expected that licensing procedures Qill require an evaluation of
the unlikely event of a breach in containmentipf the formation. One”
sﬁch scenario assumes a breach of the formation at the repository site,
intrusion by ground water, transport by migration of the fadio-
iodine to the biosphere, and its subsequent uptake by‘man through a food-

chain pathway. Thus, the primary pathways aré ingestion through drinking
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" water or foodstuffs containing the released radionuclides. There are
little data available at this time with which to evaluate the impact
of-l?gI and the ingestion ﬁathwa&. Additional environmental and
exchange data on iodine would be useful to more accurately quantify
this impact. - In particular, the evaluation of 1.291 ingestionvin
varioﬁs age groups is needed. |

It is highly likely that much of thé necessary input data are avail-
able in a complete compilation in the scientific literature, Tﬁus, the
initial step toward providing a better evaluation of the impact‘of 1297
would be to search for and collect these data. Many computer codes are
ayailable to calculate the dose to any particular population group once
the necessafy input data are obtained. for example, the data summarized
in Table XII are for the ICRP Referenée Man and use the standard iCRP‘
metabolic model discussed earlier. As can be.seeﬁ from the table, the
dose €quivalent per unit intake is calculated for three differenf in-
halation classes and for inge;tion.- However, these data are for an
adult man, for which the pgrtinent parameters have been compiled. No
complete cdmpilation of siﬁilar information is available for children,
the céritical population group.

There are a number éf questions which must be answered in such an
evaluation. In general, these deal with changes iﬁ metabolism of th;
radionuclide when it becomes incorporated into foodstuffs. For example,
does the amount transferred across the gastrointestional wall barrier
change due to the manner in which the radionuclide is bound? 1In the case

of iodine this appears to be unlikely, but this behavior has been noted
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Dose Equivalent per Unit Intake of

Table XII,
1291 — Reference Man
-Inhalation . Ingestion
Organ Class Dt Class W+T Class YTfT
' r(rem/uCi) (rem/pCi)
Stomach Wall 3.6-4% 5.8-4 2.7-4 7.8-4
Small Intestine 3.3-4 3.4-4 3.6-4 5.4-2
ULI Wall 3.6-4 4.4-4 4.7-4 7.2=4
LLI Wall 4.2-4 6.4-4 . 6.8-4 1.1-3
Kidneys 3.1-4 3.2-4 - 6.8-4 4.7-4
Liver 3.2-4 5.2-4 4.2-3 4.9-4
Lungs 1.2-3 4.3-2 7.9-1 5.8-4
Ovaries 3.2-4 3.2-4 3,2-4 5.0-4 |
Red Marrow 5.1-4 6.8-4 3.9-4 7.8-4
Testes 2.9-4 2.9-4 2.8-4 4,54
" Thyroid 5.7 5.5 5.4 8.6
‘Total Body 2.3-3 3.0-3 1.6-2 13.5-3

t Class D materials are assumed to be readily soluble and are expected

to exhibit maximal clearance half-times of less than one day.

t+ Class W materials are assumed to represent materials with maximal

clearance times from a few days to a few months.

tt+ Class Y materials are assumed to represent those materials which
are the most avidly retained and are expected to manifest maximal
biological half-times ranging from six months to several years.

*3,6-4 is read as 3.6x10""% rem/pCi
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for other elements. One of the most well-known of these is niobium.
When niobium is ingested in elemental form only about 1% of the material -
will cross the gastrointestinal barrier into the blood. However, if the
niobium is .incorporated in fopdstuffs, 60% of tﬁe material will‘croés-
the gastrointestinal wall.
’ Nevertheless; in order to perform a complete evaluation of the
impact qf 1231 on man and his environment, behaviors typical of that
above must be investigated so that models can represent accurately

the metabolism of the radioactive elements of interest.
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