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PRELIMINARY I-129 MEASUREMENTS N THE SRP ENVIRONS

INTRODUCTION

Recently a preliminary program was begun to measure I-129 concentrations
in a variety of environmeutal samples, The objectives of the study were thrce-
feld: . First, to at least qualitatively estimate the impact of Savzunsh River
Plant (SRP) operations on the I-129 inventory in the surrounding area; second,
to determine prominent pathwsays of 1I-129 to man and to obtain, where possible,

citive estimates of their associated dos: rates; and third, to provide
nzgoeggary input data to help in the dESLgn and 1mplementatlon of more compre-
hensivae Follow-up studies,

Reasons for the recent increased interest in releases of I-129 to the
environment and possible effects on man are evident from the following general
comments.

Unlike I-131, ~129's very long hali-life of 107 years means that it poses
a long term potential hazard, particularly in view of the expanding nuclear
power industry. 4s a beta emitter followed by only a weak 40 keV gamma~ray,
the primary hszard to wman is thru ingestion with the thyroid being the eritical
organ since it coatains aboul 20 percent of the body's total jodine, Prior

te 1945, I-129 corcentrations in soil, arisire from cosmic interactf"h and -
natuool fizsicn, wevre estimetsd & Lz abo:: icmi? pCi/gm. Cin th:z s ha
the contribution fo pressent backgreound levels from atmospheric weap. tegting

fallout is calculated to be abeut 1x100 pCifgm in soil, based on tl.. unifiorm
deposition of 8.4 i of I-129 {(40uCi/kt » 2.1 x 105 kt) over land and water in
the northern hemisphere. 1 This concentretfon is in geod agreement with mezsure-
ment s made by Patelle Northwezt Laboratorics (3NWL)] where levels arouwud Horris,
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I1linois wvere found to be about 5 x 10 7 plifzm in the top l-inch of soil.

. Noting the dramatic increase in I-129 background levels caused by weapons
testing, it is logical to investigate the cvadiation dose-to-man that might -
result from world-wide nuclear fuel reprocessing. The environs of SRP are
a particularly valcable area for study because of the two decades of fuel
reprocessing at this sits

SUMMARY

A preliminary program for measuring I-129 concentvations in various types
of euvironmental samples, incleding air, soil, vegetation, milk and deer thyroids,
in an area extending to 100-miles from SRP has been completed. Measurements
were based on neutron activation analyses of iodine geparated from these samples.
: |

The technique involves separation of iodine by charcoal trapping following
oxygen combustion of samples. Quartz ampoules containing iodine from samples
and standards were irradiated in K-Area reactcr. The irradiated iodine was
separated from oathexr activation products and counted on a2 Ge(lLi) detector.
Programs were writien to use a programable calculator for direct reduction of
the spectral data. '

Measured I-129 concentrations in various types of samples were compared to
dispersion model predictions. The agreecment for air and soil samples was within
a factor of five out to about 25-miles. Vegetation samples were within a factor
cf ten. 1In all cases measured values exceeded predicted values and agreement
became worse with increasing distance from the plant., Within about g 25-mile
radius of the plant, 1-129 levels are expected Lo be moderatciy high and measured
values should be fairly accurate, The overall good agreement between calculated
and measured values in that area tends tc support the vaiidity of the data, At
greater distances, however, the larger discrepancies are attributed to sample
contamination which was difficult to avoid with previous laboratory facilities,
especially for vegetation, Efforts are presently underway to remedy this problem,

Averaged measured values for air, vegetation and miik samples, in the Plant
perimeter ~ 25 radius sector, were used to obtain human thyroid dose estimates
for infants and adults from a critical pathway model. The doses obtained for
infants and adults were 0.30 and 3.95 mrem/year respectively., A specific activity
model gave 0.8 and 3,0 mrem/year based on I-129/I-127 atcm ratios in infant and
adult thyroid equal to the average found in on-plant deer.

This study was intended to be preliminary in nature and to give only a broad
and cursory view of I-129 levels in the immediate area. Plans for a more compre-
.hensive and in-depth study cf I-129 in the environment ave being developed.

SAMPLE ANALYSIS

METHOD

Since the uptake of I-129 in man is governed by the ratio of radioactive to
natural icdine in the envirvomments that supply the sources of his bodily iodine,
a method which ecould measure both I-129 and natvral I-127 was needed, Neutrom
activation analysis was found to be hest suited to this task since it allews both
iodine concentratiens to be measured, and provides the hizh sensitivity neseded
for envirommental samples.

Figure 1 showz a list of the reactions iunvelved. The short hali-life of
I-125, from reaction 1, requires that samples be counted within absuit 5-6 hours
aftevy dirradistion if a natural jadine econcentvation in ro be detereinoed,
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Reactions 1 and 2 are the heart of the methud since it is the comparison of
I-128 and I-130 count rates in samples, with standards, which allows the I-127
snd 1-129 concentrations in the samples to be calculated. As is usualiv the
case in zctivation analyses, scveral interfering reactions (3, & and 5} can
cause problems due to increased counting backgrounds. Reaction 3 can be mini-
mized by using very small amounts (1 nCi) of I-125, & tracer spike added to
samples to A~termine chemical yield., Rersticn 4 is induced by fast nxwvitious,
and can best be avoided by irradiating samples in a flux with a high siow to
fast neutron ratio. Since envirommental samples usually contain a significant
amount. of bromine, reaction 5 can only be avoided thru chemical separatlon of
iodine either before and/or after irradiationm. . :

PROCEDURE

. A simplified flow chart outlining the processing of samples is shown in
Figure 2, Samples are initially spiked with a known amount of I-125 which is
counted in the final step to determine the iodine chemical yield thru the
procedure. Air samples are actually activated charcoal canisters which collect
the iodine from a known amount of air. Soil and vegetation samples are dried
initially while deer thyroids are analyzed on a wet-weight basis. Todine from
water and milk samples is collected on anion-exchange resin.

Samples or ion-exchange resin are thern loaded into a quact“ furnace tube
dnd combusted in an 05 stream at 1000°C. A charcoal trap following the furnace
tube collects the iodine driven off the sample. This charcoal is inturn
burned and the jiodine trapped a second time on about 1.5 gm of charcoal in a
small diameter quartz tube. The tube is sealed at one end, evacuated, and
then hested to drive the iodine off the charcoal to the sealed end of the rtube
which is immersed in liquid nitrogen, A second seal is then made to form an
ampoule” about an inch long containing the iodine. :

Foux sample ampoules and two containing I-127 and I-129 standards are
welded into a single aluminum irvadiation capsule. Following irradiation for
two hours at a thermal neutron flux of about 107 in the K-Area rzbbit, ampoules are remcved
from the capsule and brought back to the Laboratory for iodine separation from
other activation products by multiple extractioms into €Cl,. Samples and
standards are mounted on source cards as a AgI precipitate and then counted
for I-<128 and 1-130 on a Ge(Li) detector in a low-level counting facility.,
After a several day decay period, a low-energy photon detector is used to count
the I-125 spike for a yield determination.

DATA REDUCTION

. To facilitate handling and. reducing the data, programs were written to
utilize a programsble calculator interfaced directly to the mwltichannel
analyzer used to accumulate the iodine sa=_lz snectra, An example of *vrnical -
~utrut from the data printout o&nd p[zal dintesral-y program is givel. 3o Figare 3.

The operator fir-st inputs the sample name zlong with the times out of the reactor
and counted so L.at decay corrections can be made., Next the channel numbers in
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which the analvtical peaks for I-122 and 1-130 are to be found are agsigned, . The
calculator then prints these channels, followed by a reques“ fbr'ﬁh'énergy siope
factor. After the volue is input, the caleulator echor it snd princs the results
of the peak 1nt9grarions. The peak zt 443 keV belongs to 1 128 as does the
smaller one at 527 keV, The 536 keV pealr belongs to I-130.

After the above progrem is run for all four samples and the two standarde,
and the I-125 values are obtained in a similar way, the data is input into a
second program as shown in Figure 4. The calculatdr asks for the sample
name and values for counts/min and sigma for I-125, I-128 and 1I-130, echoing
them as they are input The program then priants out the yield and corrected
count rates for I-128 and I-130. After this is done for the semples and stand-
ards, the calculator aguln asks for a sample name and SamplL size, and then
calculates the pg of 1-127 and I~129 along with the pCi of I-129 and the I-129/
I-127 atom ratio in the” sample.

. . .

RESULTS

F and H STACK AIRS

‘Measurements of I-129 concentrations released to the atmosphere by the
separations areas were obtained from analiyses of one-week long primary and
back-up charcozl canisters routinely taken by Health Physics perscdnel. The
total I~129 concentrations are summarized in Table 1. The data. for the various
months are really only a reflection of a single weeks® activity in that month,
and can ouniy be axpected to average-cut over a number of months. Hence extra-
polated values at the bottom of the table should be viewed as order-vi-magnitude
type numbers,

Estimated releases for 1975 were not available at the time of this writing.
The lower extrapoluted total 1-129 concentrations measured for 1975 compared with
the estimated 1974 concentration reflect the reduced operations in cne of the
separations areas during the year. - '

AIR and SOIL

To intexpret the other data obtained in this study, dispersion models which
_predict desired air concentrations based on meteorlogical conditions and known
source terms.were us2d. One such model developed by R. E. Cooper,2 here at SRL,
utilizes known average weather conditions for the plant and surrounding area to
calculate x/Q, or concentration per unit source values at various distances from
the stacks. Multipling these values by the estimated stack release rates, gives
air concentrations at specified distances which can be compared with measured
values, Siwilarly, once air concentrations are known, one has only to multiply
by '‘an appropriate icdine deposition velecity and total exposure time to determine
soil concentrations,

A comparison between calculated and measured air and soil I-129 concentxations
at various distances from the stacks is shown in Table 2. The i :
comparison is quite good with the single exception of air at 100 miles where
the measured vaiue is high by about a factor of 40. It is csuspected that this
is due to a coantamination problem associated with handling low-level samples in
the laboratory where I-129 air concentrations are moderately high. However,
agreement between air samples can be expected to be so@ewhat poorer since ome is
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coaparing short term measurements with long term éverage caicuiatious,
VEGETATIOR ' -

Extending such model calculations glong the ecolegical chain te vegetaiion
can be done, but. results are less velisble since each step in the chain intreduces
additional parameters, which in gemeral can only be estimated. A better zpproach
is to use a measvred transference number which relates vegetation to air concen-
trations di<utliy. Such & number hos bec: Jeteswined by W. L. Marver2 iow

studies made following the 1961 SRP I-131 release.

The comparison between calculated and messured 1-129 valuves in vegetation
samples is given in Table 3. Calculated values are based on the measured tran-
ference number, detexrmined by Marter, and the model predicted air concentrations
at the specified distances, While agreement is not as good as it was with air
and soil, neither is the overall quality of the 'data. Caleculated valuzs are
more assumptive by nature and the potential for sample contamination, which
has been attributed as the cause of the large discrepancy at 100 miles, ie more
likely in view of vegetations' large affinity for airborm2iodine.

MILK

Insufficient data were available to attempt similar comparisions for milk,
since neither samples of actual cattle forage nor specific information on dietary
make-up was-sought in this preliminary-study. However, milk samples were
classified as originating from single cows or dairies, and it was found that
in goneral T-129 coucentrations in milk from single cows were higher. This of
course is reasonsble since single cowtg are mostly on pasture whereas dairy cattle
usually receive supplim2ntal feed.

Dairy milk samples, all from within a 25-mile radius of the plant, had an
average I~-129 concentration of € x 10-2 pCi/l, while the highest walue, that
from a single cow near the plant perimeter, wes 9 pCi/l. This shows there is
a wide variation in milk values, but all are well below the ERDA RCG value of
60 pCi/l for water. '

DOSE_ESTIMATES

Using the average measured values for 1-129 concentrations in various types
of samples in the plant perimeter - 25 mile radius sector, human thyroid dose
estimates were obtained from a critical pathway model for both infants and adults.
(For a detailed discussion of this model and methods of dose calculations see

Reference 4,)

__ Results are summarized in Table 4. Va‘ues are based on assumed thyroid -
masses of 2 gm for infants and 20 gm for adults along with the expected average
intake rates via the parhways shown at the bottom of the Table, The maJor pathway
for adults arucars to be thru leafy vege*ahloz, whereas normally wilk iz wuasidered
the dominant pathwij. This is duc oo the higher than eapccted weasursd vegetation
values noted above. 1In any event, the totals of 0.30 and 3.95 wrem/year are small
compared to the revised limits cited in Technical Standard DPSTS-RHE-W-0.1 (30 mrem/

Year).

Ls a footnote, a worst-case upper limit to the dose rates in Table 4 can
be cbtained from a specific activity model™ if ore assumes that the average
I-129/1-127 atom ratis, From measurements of on-plant deer thyroids, is not
likely to be exceeded in wan residing off-plant. Sixteen on-plant deer thyroid
samples were analyzed. The average I-129/I-127 ratio was 4.2 x 10~ An .-
outline of the calculations and the results of the model estimates are shown in
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TABLE 1

MEASURED I1-129 STACK RELEASES

Menth/Year ' ' 1-128 (mCi)
E 01/75 2.9
é 02/75 _ 2.1
! 03/75 | 3.3
| 04/75 . ' 7 5.6
05/75 *
05/75 2.7
07/75 ' - - *
08/75 ' : 5.6
1975 Total To Date 22;2
o 1975 Extrapolated . 44
1974 Fstimated 170

* Not measured,.
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, TABLE 2
COMPARISON OF MEASURED AND CALCULATED I-129 CONCENTRATIONS
_IN AIR AND SOIL
Distance Soil (pCi/gm)* Soil(pCi/gm) . Afr(pCifu®)* Air(pCi/n®)
~ Plant Perimeter’ 1.1x1072 C 2.1x107° - 57x10° . 6.5x107°
25 Mile Radius 3.1x10™° 5.0x107% 1.3x107% 5.6x1078
100 Mile Radius 3.1x107%  1.0x1072 1.3x107¢ 5.7x1078
* Calculated values,
‘ -
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COMPARISON OF MEASURED AND CALCULATED 1-129 CONCENTRATIONS

IN VEGETATION

Distance Calculated(pCi/g Dry)

M2asured(pCi/g Dry)

Plant Perimeter

2%10"2 9x10"®
25 Miles Radius 5x10 * 431077
100 Miles Radius 5x107°




TABLE %

ANNUAL THYROID DQSES FROM VARICUS PATHWAYS

' Dose (mrem/vear)
Pathway - ._Infant Adult
. - -1 =3
Inhalation 1.4x10 ~ 2.5x10
Ingestion
Via Milkk | 0.30 0415
Via Leafy Vegetables#®% 0 3.80
TOTAL ' . 0.30 3.95

* Based on 1 liter/day local dairy milk @ 5.5}:10_2 pCi/l.

“¥*Based on 73 kg/year leafy vegetables @ 7 pCi/kg: N
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LIST OF REACTIONS INVCOLVED IN REUTRON ACTIVATION ANALYSIS

OF IODINE SAMPLES

PERTINENT REACTION FOR IODINE _ACTIVIATIGN ANALYS] Ysls

‘ 1). 12/I(n,‘y) 123_1 - 128}(& ty = 25 min.-
.. y
; : 3
| 2y Pi(n,y) 1300 o P30 © g, = 12.4 hr.
) 2
INTERFERING REACTIONS
- ? N
3) 1251(n,7) 1“617a 126Xe t¥ = 13 d.
o .
4) 1271(n,2n; 126, |, 1264,
1
5) 8'Br(n,)’) 8231: - 82}(1' t25 = 36 'n_r.

FIGPE 1
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: ’ on Charcoal
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~

Irradiation and
. . I7 Chemistry

"Counting -

FIGURE 2
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1-129, SERIES $#348, SAMPLE #4 -
TIME OUT 07/08/75/G5/28 ?

COUNTED 07/08/75/14/07 - |
f - TYPICAL OUTPUT FROM BATA PRINTOUT AND PEAX

IaYEGREATOR PROTRAH

600 -
430 ° 14§ 168~~~ 182 - 188 - ibj - - 158 173 168 itz 150
L40 170 239 568 891 . 692 251 164 135 130 160
450 151 147 - 153 126 135 131 168 :

522 103 121 © 100 123 . 154 157 152 32 114 94
532 111 128 118 135 . 193 190 130 - - 118 104 107
542 96 102 103 .1¢5 100
Kev/eR. - 1.0000
PEAR "IRTEGRATOR _
COUNTIRG TIME ' 600.0000
ENERGY ' L 443.0437
COUNTS/MIN. ‘ 193.0833
SIGMA . ' 6.3397
ENERGY i 527.4303
COUNTS/MIN. : 17.5000
SIGMA o . 3.8588
" ENERGY T 536.4898
COUNTS/MIN. 24.4000

SIGMA : "7 3.9038
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SAMPLE NAME

355-2 ; TYPICAL OUTPUT FROM IODINE DATA REDUCTION PROGRAN
ENTER C/M 1-125 - N
3,266000000+02 - N .
* ENTER SIGMA
1.460000000:01 S

ENTER C/M 1-128
: 4. 048028800407
ENTER SIGMA )
1.767776000+06
ENTER C/M I-130
1.00070000G+04
ENTER SIGMA’

3.470000000+02 _ _
YYELD= . 3.495813134-01 o
. +CR~ 1.353548851-02 . _ -

1-123= 1,157964870+08
+0R~ 6.7582310694-06

1-130= 2.862567196+04
+OR 1.487866144+03

SAMPLE NAME

—

355-2

EHTER SAMPLE 53ZE
2.1250000004-00

UG 1-127 = 1.253631260401

+OR-  ° 8.304983388-01

UG 1-129 = 4.583760353-03

+OR- 2.664935499-04

PCY 1-129 = /.639600589-01

+OR- 4 .461560851-02
3.656386450-04

2%85-05

RATICG 1-129/1-127
+0R- 3.22277

FICURY 4




SPECIFIC ACTAVINY MCDEL - WORET CASE UPPER LIMIT

. . B "
I-126/7-127 ON-PLANT DEER TRYROIDS = 4.2 x 10 7

ADUL™ TITR0ID & 7 % 103';1.g I0NINY

6.2 %1077 x 7 x 10% = 0.29 pg 1-129 . | :

-
Lo A

THYROID DPOSE RATE = 3 MREM/YR .

INFANT THYROTD ~ 1.8 x 107 yig TODINE
4.2 x 1077 % 1.8 x 10% = 7.6 x 19"3.ug 1-125

THYROID DOSE RATE = (.8 MREM/YR




