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SUMMARY

’ ed Environmental Radiciodine Test (CERT) program ocnsists of

a series of fleld releases of various types of radioiodine over different
under various meteorclogical conditions with two major objectives: (a) to
data on the hazard of iodine and (b) to obtain data on the quantitative move-
ment of iodine through the air-vegetation-cow-milk-human chain, The series was
the spring of 1963, This report ocontains the results of the sixth and
seventh tests in the series, It contains the results of recently initiated Iaboratory
and also the status of some of our analytical efforts. Leboratory

The sixth test was originally designed to be s full-scale study of the
behavior of CHSI (methyl iodide) in the milk-food chain, The vials containing
the CH3l were broken during shipment, and the program bhad to be reduced
drastically, However, the results indicate that the deposition of CHgl is at
least a factor of 100 less than I3 (lodine vapor) under similar conditions
and that the dose potential (deflned a: he ratio of standard-man ingestion
dose to inhalation doee) is at least a factc .f 400 less, The metabolic behavior
of CH3l in humans appears to be verysimilar to other chemical forms of iodine,

The seveath test was designed to provide information on the movement

of radiciodine under typloal late~fsll or early-winter oonditions. The dose
potential was a factor of 2.7 greater than the 150 observed in CERT-2, The

increase was largely a result of two parameter changes:

(1) Grass half-life — 6.5 days (CERT-2 — 5.5 days)

(2) Praction of iodine seoreted in milk — 0.20 (CERT-2 — 0.09).
Other significant results for CERT -7 were:

(1) Deposition velocity — 0,8 cm/sec

(3) Peak milk activity to initial grass activity ratio — 230 (C1/1:CV/p.

(3) Adult human thyroid uptake — 0,30 of that inhaled.

uwwummmmpmmmm'
acoursts assessment of levels of radiolodine activity in milk as well as the
expected thyroid dose., The dose potential has been evaluated as a function

of season and age groups, and it is estimated that the probable ingestion dose
tﬂ aMidren imhdam bmdaal oA . s .- A N
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CONTROLLED ENVIRONMENTAL RADICICOINE TESTS
PROGRESS REPORT NUMBER 2

I, INTRODUCTION

The Controlled Eaviroomental Radiciodine Tests (CERT) were originally
proposed as a project %o determine the fate of radiclodine ia the eavircament
from the paint of release to its ultimate deposition in humans.® As ia other aress
of interest in the flalds of nuclear safety and radiation safety, little information
has been available to allow reliable extrapolstion to all comditions. The CERT
program oonsists of fisld relesses of various types of radiciodine over different
vegetation and various meteorclogical conditions, We are sttempting to gather
data, over 2 spectrum of Mﬂm.anwmmm
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i1, CERT-¢

1, INTRODUCTION

1.1 Geperal Informaticg |
In recent years, much attention huboc,udmto the characteristics of CH3l
(methyl iodide). At a recent symposium (1], a mmber of papers and discussions
indicated ‘that different chemical forms of radioiodine may exhibit
different bebavior. Since a significant fraction ofthe iodine released to the atmo-
sphere from a reactor accident might be inthe form of CH3l, it is of considerable
interest to examine its movement through the food chain,

To this end, a fleld test was scheduled for the late summer of 1965, and the
methyl iodide was ordered. Unfortunately, several of the visls, each containing 2
curies of methyl iodide-131, were accidentally broken in transit or were leaking
-whea received. Those that were not broken were subsequently opened in the hot
cell of the Idaho Chemical Processing Plant (ICPP), and the methyl iodide (2 to
6 curies) escaped to the atmosphere from a 76-meter stack, The stack was located
approximately 4 kilometers upwind of the test grid at the Experimental Dairy
Yarm (EDF).

1.2 Test Sampling :

R had been planned that the test sampling at the EDF would be similar to that
used in the CERT-3 test (3], as shown in Pigure 1, However, because of the
leaking sources, it was not possible to conduct the test as originally conceived.
Prior to the release atthe ICPP, the high-volume air samplers in the C arc were
turned on s0 that some fleld measurements couldbe taken, Each air sampler was
equipped with a BM-2133 prefilter and a BM-2306{2] carbon cartridge, the same

system used in previous tests [3],

Grass samples were taken prior to and after the release, These were col-
lected near the base of each high-volume air sampler and at selvcted locations
onthe A and D arcs, Sagebrush was sampled at 2 and § idlometers downwind from
the release point. Grass and alfalfa were sampled about 40 kilometers downwind
(the distance to the nearest farm areas downwind).

Six cows were allowed to graze over the entire 27-acre pasture, The cows
were grazing during the time of release and remained on pasture for two days.
They were milked twice daily., The iodine concentration in the milk was deter-
mined by counting 900-ml samples in conventional well counters, Activity in grass -
samples was determined in the same oounters, Several individuals were inad-
vertently exposed to airborne radioiodine from the leaking and broken containers,
-and efforts were made to obtain data on the retention of this form of iodine in
humans,

1.3 Metaorvlogioal Conditions

A summary of the meteorological conditions during CERT-6 is shown in
Table 1. The stmospheric stability at the EDF was estimated to be slightly
unstable to near neutral (Pasquill’s stahility class C to D).

[a] Bureau of Mines Aooroval Number 2306,
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FiG, | SAMPLING SYSTEM AT THE EXPERIMENTAL DAIRY FARM,
2. DEPCSITION AND MI1X -
STUDIES
IARLE T 2.1 Deposition Analyses
METEROLOGICAL CONDITIONS : Todine-131 was not detected onthe
DURING CERT-6 grass samples collected from the
pasture, on the sagebrush samples,or
on the graas and alfalfa samples col-
Temperature . . 17.8°C lected 40 kilometers downwind, Based
' - on background acti of 10 d/m/
Relative humidity 33 per ent (wet weight) and ‘vlty dmityf
at the time, of 300 g/xgsu(;otwedw),
Wind speed at im 15 m/sec it is estimated that iodine activity
' was no greater than
Stability Slightly unstable L '
1x10° uCi/m2 or b x 1077 pCi/{gl.
)
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approximately 15 m/sec, the material
reached the grid in about five minutes and the off-site farmland in about one

bhour, The dissociation of CH3I in the atmosphere was of interest because even
iodide at short distances, at somse distance downwind,
the dissociated iodine component might creste an ingestion hazard,

32 Milk Apalyses -
Milk samples collected for three days after the release did not show any
iodine-131 above background levels (30 pCi/1). On this basis, the net transport
was

|

e

vegetation, If the activity associated with the air samplers
had been elemental iodine rather than methyl jodide, a peak activity of approx-
imsately 8 x 103 pCi/1 should have been detected in the milk, based on the 130
p-g A pesk milk activity to 1 pCi/g initial grass activity found in CERT~1 and

3. BUMAN UPTAKE STUDIES

While preparations were being made for the planned CHgl test, an estimated
3 curies of lodine-131 escaped from a ruptured glass ampoule which led to
significant uptake of iodine by several individuals, The exposures ocourred over
s four-day period with s few pecple reoeiving multiple exposures, Because of
the interest in the retention characteristics of this form of lodine, a number of
®in vivo”® counts were tuken over a period of a month,

B was found that the behavior of thia mteriuinhmmmvﬂgfmauy
identioa]l to that observed in studies using other forms of lodine i*+*}, which
conforms with results of a recent study by Morgan (8], The ourve for the
individual receiving the greatest exposure is shown in Figure 3. The solid

linee recredsrt tha amictinna Auawm $a M dha Adaba Mmbad - 208 M-
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o —— While the actual amount inhaled is
Rt Camton = pot known, the iodine remaining in the
iy (08 -¢¢ body reasonably omt?trqm
RemLw : SN2 ——  derived by Lushbaugh et al [4];
Waaty .-q:ci"nmoo"—
“i\ R(t) = 0.8 exp ~ 2.1t
; —_ —'—‘_-M' : + 0.2 cxp - o.@ht
= ON R
s — -
* AN 4. CONCLUSIONS
0 ﬁt\lp On the basis of the above inform-
< Whate Boey-Thyeod ation, we have drawn the following con-
-7;2"00-0'21 clusions;
A ' (1) The dose potential of CHgl-131
(as the ratio of iCRP standard-
man (7] ingestion to inhalation
'°‘o ‘ ! S I S S} dou)i:‘huthno.a-a
4 factor 400 less than ob-
| Do Ol Egoam) ——— served for elemental {odine, as
FIG. 2 RETENTION CURVES FOR Ciyl IN= determined by comparison with

CERT-2 data

(3) The deposition velocity of CHgl is less than 0,01 ocm/sec in
a slightly unstable atmosphere

(3) Inhaled CH3l, once it is in the bloodstreain, behaves the same
as other forms of iodine,

1061594 | DOE /HQ



i, CERT-7

1. GENERAL INFORMATION

1.1 Test Otiectives

Previcus CERT experiments have been conducted in spring and summer
» And the results are not necessarily applicable to other seasons of the
Year, More data are needed before models canbe derived to confidently estimate
such factors as deposition, residence time, and transfer from grass to milk
over a wide range of conditions. Therefore, a fill-scals test was carried out over
dry pasture containing a mixture of grasses typical of late fall pastures in this
area. _

1.2 Test Grid and Sampling -

On November 22, 1965, at 1410 MST, 1.1 curies of iodine~131, as L,, were
released over the pasture at the EDP, The CERT-7 test grid, with
mentation, is {llustrated in Figure 3, The general design of the grid was similar
to those of past tests, The major change was that the BM-2133 paper of previous

|
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tests was replaced by Gelman AC -1, carbon~impregnated fliter papers, Charcoal-
covered paper (fallout carbon) and plain sticky paper, each having an
area 645 ocm?4, were located at every other high-volume air sampling station.
‘Low-volume air samplers were equipped with two-inch, GM-4 membrane
filters, and the electrostatic precipitator was equipped with an electron micro-

scope grid, A three-stage high-volume air sampler was tested. It was equipped
with three graded filters Lntagnm.

As in past tests, many grass samples were oollected immediately after
the relsase to determine the initial iodine deposition on the pasture, Grass
samples from an area of 1/2 m? were collected near the base of each high-
volume air sampler on the instrumented arcs (A,B,C, and D), and grab samples
( y clipped handfuls of vegetation) were collected at other arcs. Ten
1/2 x samples were ocollected daily for a total of 31 days after the test to
obtain estimates of the residence time of iodine on the pasture. In addition to the
grass samples, soil and sagebrush samples were taken to provide estimates of
total deposition per unit area, The data from these samples will be used in
estimating depletion of airborne activity (by deposition) over terrain similar to
that at the National Reactor Testing Station, In order to estimate the grass-to-
milk transport factors, the contarainated pasture was divided into 150- by 13-
meter strips for grazing, Each strip was surrounded by an electric fence to
conflne the cows, The six cows at the EDF were placed on a different pasture
strip each day, after the morning milking, and allowed to graze for the 24-hour
period. After the cows were removed from the strip, forage utilization was
measured, Grass samples were collected each morning from each strip that the
cows were to graze (to obtain estimates of the amount of activity consumed)., .
. Moisture coatent of samples was estimated for the purpose of minimizing
* variations in consumption estimates,

As before, the cows were milked twice daily (7 a.m. and 5 p.m.). A 900-ml
sample was taken from each cow at each milking, These samples were used for
gross gammasa analyses; the contribution from K-40 was subtracted from the
groes count before conversion to pCi of iodine-131 per liter of milk,

To obtain data on the retention of I; by inhalation, seven volunteers were
seated next to high-volume air samples on the D arc during the release period.,
The breathing rate of the individual volunteers, in a sitting position, was deter-
mined prior to the test. Since reliable air concentration data were available from
the air samplers, {t was possible to make good estimates of the lodine inhaled by
each volunteer. Two of the volunteers '
were wearing lapel samplers (2] equipped TABLE II
with & GM-4 membrane filter backed - .
by a charcoal-impregnated fliter paper SUMMARY OF THE METEOROLOGICAL

to obtain particle size data on the CORDITIONS DURING CERT-T
{nhaled iodine.

1.3 Wmlb@g_l Conditions During Temperature 9.3°%
Test -~

, _ Relative humidity 34 percent
A summary of the metsorologioal :

| oondddgu during CERT-7 is shown in W{nd speed at Lim 5.4 m/sec

» Richardson number ;
[a] Mine Safety Appliances, Pittsburgh, (Ri) 4 to léa -0.20
Ps.

10b759b OF /HQ
D



The Richardson number indicatss the degree of atmosphere stability;
in CERT-7 it was slightly unstable.

3. DEPOSITION AND EALF-LIFE STUDIES

Figure 4 shows the distribution deposition velooity, Vg, tes for
vegetation at the EDF, These were calculated, after Chamberlain ™/, by the
fallowing:

Vg = total deposition icﬂma)
time integrated concentration (Ci-sec/m>)

The distribution appears to be log-normal with a median value of 0.82
cm/sec, This value does not appear to be significantly different from results
obtained in previous tests,

The obeserved half-life of iodine on pasture grasses i{s shown in Figure 5,
The 6.5-day effective half-time is longer thanthe effective half-time observed in
either CERT-1 (3.5 days) or CERT-2 (5.5 days) and longer than the 4- to §~day
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FIG, 3 EFFECTIVE HALF=_LIFK OF |ODINE=131 ON VEQETATION DURING CEAT=7,

half-times frequently reported in the literature [9], Further consideration of
the problems in predicting both depositionand half-life is discussed in Section V,

3. TRANSFER OF ACTIVITY FROM GRASS TO MILX

. A8 indicated earlier, the activity on the areas where the cows were to graze
was measured just prior to cow entry on the particular area, The results of
these measurements are shown in Table I in terms of pCi/g fresh weight and

PCi/g dry weight,

Because it rained and snowed in the days succeeding the test, the fresh
weight of vegetation (g/md) varied during the test. As a result, estimates of
the total activity consumed per day were based on total activity per gram of
dry weight, These estimates are found in Table IV,

These numbers- in Table IV were obtained by estimating the total forage
consumed in a given area, While this method is usually a reasanably acourate
method of estimating mean consumption of grass, we are of the opinion that
the grass consumption was underestimated. The cows were observed to choose

small spots to graze oleanly, consuming all standing
clippings, The cows did not consume enough forage

or body weight, This was apparently due to the decressed palatability of the
grass, These factors make the utilization and consumption estimates subject

to some question.

1061598
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TABLE 111 TABLE IV

MEAN DATLY PASTURE ACTIVITY ESTIMATED ACTIVITY
. CONSUMED BY COWS
pCi/g pCi/g
Date (fresh) (dry) Total Mean
Consumption Consumptica
11/23 740 2 120(a] 1350 2 150 by AlL Covs per Cov
’ . 11/23 12 12.0
<+
11/25 360 % 40 720 * 80 11/2L 52 8.7
11/26 Lio 2 so 520 2 60 11/25 4o 6.7
11/27 10ko % 8old] -— 11/26 29 4.8
11/28 520 * 60 550 % 60 11/21 29(a] L.8
‘ 11/28 30 5.1
11/29 530 % 100 560 * 100 '
11/29 31 5.2
<+
1/3 450 * 90 uéo 2 90 11/30 26 4.3 -
12/1 480 * 80 500 * 80 12/1 28 4.6
Total 340 56.0

{a] Hinety-five percent confidence
" interval. A

(a) Interpolated - estimate based
[b] Apparent error, data point on initial ©pasture contam- -
discounted. ination. ,

Average iodine~131 concentrations in milk are shown in Table V and Figure
6. The peak activity was reached on the fifth milking, 54 hours after the cows went
on contaminated pasture, Thereafter, activity in the milk remained at or near
level of activity until the cows were removed from the contaminated
pasture, It was planned that the cows would be moved ca more highly contam-
inated areas to counterbalance the loss of activity by weathering, After removal
the cows from the contaminated pasture, the milk activity decreased with a
half-¢ime of 0.8 days for 3 days, a half-time of 2.4 days from the fourth to the
ninth day, and finally decreased with a half-time of 6.8 days thereafter, Mathe-
matioally, this is expressed as follows:

g
i

A, = A (0.98 exp [-1.15t] + 0.009 exp [-0.86t] + 0.009 exp [-0.102t]
where A, is the concentratiocn in milk whenthe cows were removed from pasture,
The ratio of peak milk activity (pCi/liter) to initial grass activity (pCi/g)

at the start of grazing was 230, some 70 percent higher than was observed in
CERT-1 or -3, CERT-7 was conducted in November and December with dry
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TABLE V
MILK DATA FOR CERT-7

. Average Total uCi Average uCi
Total Liters Liters Excreted  Excreted
Average uCi Produced per Cov in Milk in Milk per

Date per Liter __per Day per Day __per Day  Day per Cow

11/23/65 "0.015 -33.5(a) 5.6(a] 0.510 0.0851
11/2k4/65 0.097 ~ 68.8 11.5 6.68 1.1
11/25/65 0.138 63.2 10.5 8.72 1.ks
11/26/65 0.1k9 56.2 9.4 8.24 1.37
11/27/65 0.132 57.8 9:6 7.64 1.27
11/28/65 0.133 55.1 9.2 7.33 S 1,22
11/29/65 0.149 55.9 9.3 8.31 1.38
11/30/65 0.154 56.7 9.5 8.72 1.k5
12/1 /65 = 0.139 5L. L 9.1 7.55 1.26
12/2 /65 0.091 : 57.2 9.5 5.22 0.87T1
12/3 /65 0.029 60.6 10.1 1.76 0.294
12/4 /65 0.0108 62.4 10.4 0.6Th 0.112
12/5 /65 0.00L5 61.8 10.3 0.272 0.0LS3
12/6 /65 0.0025 59.7 10.0 0.148 0.0247
12/7 /65 0.0012 62.3 10.4 0.0764 0.0127
12/8 /65 0.0009 60.7 10.1 0.0560 0.0093
12/9 /65 0.0008 61.8 10.3 0.0478 0.0080
12/10/65 0.0007 62.4 10.4 0.0421 0.0070
12/11/65 0.0006 66.9 flo.a 0.0336 0.0056
12/12/65 0.0005 51.7 8.6 0.02uk 0.00k1
12/13/65 0.0003 57.5 9.6 0.0194 0.0032
12/14/65 0.0003 60.2 10.0 0.0191 0.0032
12/15/65 0.0003 59.4 9.9 0.0173 - 0,0029
12/16/65 0+0003 58.9 9.8 0.0148 0.0025

[a] Only one-half output included (p.m. milking)

i0bT600 DOE/HQ
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FIG, ¢ MEAN MILK ACTIVITY DURING CERT=7,

pasture of less nutritive quality than in earlier tests conducted in May, June,
and September, In this regard,it has been suggested that a relationship exists
between the nutiritive quality of pasture and the levels of iodine inmilk; the
highest iodine-131 levels were reached when pasture quality was poorest {11],

This is borne out in other comparisons; the mean recovery in milk was
approximately 20 percent of the mean total iodine~131 ingested, This compared
with mean recoveries of about 10 percent for CERT-1 and -2, The mean daily
ingested lodine-131 seoreted per liter of milk also reflectad this increase; this
was less than 1 percent per liter in CERT-1 and ~2 and slightly more than 2
perocent per liter in CERT-7, At this time, it is not known whether the greater
recovery is related to (a) the difference in pasture quality, (b) if other factors
are working with the pasture factor to produce a net increase in iodine-131
secretion in milk, or (0) if the consumption data were hiased enough to cause
a difference in results,

4. INHALATION STUDIES

Mmpmﬂmmm.gtwmptauwbnnmdetommadimtcumpaﬂaon
of the dose from ingestion and inhalation, In CERT-7, as in CERT-2, seven
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voluntsers were seated next to air samplers on the D aro during the iodine
release, In CERT-2, a “standard” breathing rate was assumed sinoe no data
were available at that time on the individual variations or the mean bresthing
rate of these individuals in a sitting position, In CERT~7, respiration rates
were measured and estimated with the results shown in Table VI,

Based on the above breathing rates and on counts of thyroid activity fol-
lowing the test, the estimates of f, (fraction of the amount inhaled that was

deposited in the thyroid) are listed in Table VII,

TABLE VI TABLE VII
MEASURED BREATHIRG RATES FRACTIONAL UPTAKE OF
INEALED IODINE
Respiration
Rate 3 Volunteer : fe
Volunteer (liters/min) m”/sec -_-I;P——— . -
DP 8." 1.4 x 10~ .
JTC 0.
JTC 6.5 1.1 x 10~k - ‘32 1
) 002
L 8.5 1.hx107h w0 s
Jo 0.3
o 6.7 1.1 x 10-b - 3
JPC 0.32
JPC 16.0 2.7 x 10-4 J
O. ’
KB 8.3 1.k x107% = 2
0.u4
RE 9.5 1.6 x 10-b HH ——

Average 0.30

In CERT~2, the concentrations to
which volunteers were exposed were
virtually identical to those in CERT-7, The activity in the thyroids was also
about the same, This indicates that the fractional uptakes were about the same
and that the standard breathing rate used in the CERT -2 data analysis was too
high, : :

5. CONC LUSIONS

the basis of data from this test, it appears that iodine conoentrations
may be relatively greater in fall than in spring or summser months,
to an inoreased rate of secretion of iodine in milk, since changes

in half-life were not great enough to aocount for observed differences, Since
was conducted in late fall, these results may not be representative of

normal fall conditions. However, there is indication[13] that there is an increased
rata of seorstion in milk in fall; this can onlv ba nroved he forthan eb.as- -
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The median depositioc velocity, as messured, was 0332 ocm/sec, not
markedly different from previous tests, The observed half-life on vegetation
was 6.5 days. The average thyroid uptake of iodine was 30 percent of that

1067603
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IV. CERT LABORATORY EXPERIMENTS

The CERT Laboratory Experiments (CERTLE) were begun in lats 1964 snd
have two major functicns:

(1) To provide preliminary data to enable better system design
in fleld tests

(3) To -oomplement studies in the fleld to enable better inter-
pretation of fleld data, ‘

To this end, a plexiglass exposure chamber appraximatsly 3 by 3 by § feet was
built and installed in a controlled environment laboratory in the ID Health and
Safety Laboratory Building (Figure 7),Inthis chamber the temperature, humidity,

FiG, 7 SYSTEM DESIGN IN THE CERT LABORATORY EXPERIMENTS (CERTLE).

quality, quantity, and duration of light and air speed can be controlled, Experi-
ments are completely contained within the chamber, Off-gases are filtered
and ventad through a five-foot stack on top of the building, The stack vent is
monitored duriag every operation,

1. DEVELOPMENT OF AN IODINE SAMPLER FOR FIELD TESTING

Over the years, a number of attempts have been mads to devise a fleld
sampler that will discriminste between the various forms of radiciodine, In
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order to have a sampler that would adequately collect airborne CH3l in future
tests, dewelopmental work and testing have been started on a May pack type
sampler. The presest sampler design consists of the following:

(1) A Saplex High-Volume Air Sampler to operate (loadsd) at
abowt 10 ofm

@ Hn_tnhz_--lﬂcrooorm

(3 Seccad filter — two Gelman E glass fiber filters upcn which
fiasly divided silver metal has beea precipitated
(4) Third filter - Gelman AC-1 carbon-impragnated paper

(S) Pourth fiiter -— MSA 48727 (carbon charooal No, 85851)
enrbanoutridg!.

While the testing has not been completed, we have found rather marked separa-
ticas of collection between 1, and CH3l (Table VIII) , Purthermore, there appears
to be no appreciable of lodine :

from cne filter to another, at least overa
period of a few hours,

This system will allow reasonably
kigh flow rates (10 cfm) and still provide
data on the material form, Any change
ia material form with distance traveled
can be dstected by the relative change
in the ratio of collected activities on

TABLE VIII

PERCENT COLLECTION OF ACTIVITY
ON HIGH-VOLUME IODINE SAMPLERS(a)

Ip, CEI g

FPilter

Microsorban 2.0 <0.02 u46.0
4.2

4.6

Silvered Paper 87.0 <0.01

2.0

Carbon Paper 9.0

Carbon Pack 1.0 88.0 Uus.0

[a] Estimates of impurities in HI
release not known at this
time.

vegstation

time (8%°7, relative humidity 50 percent),
night time (65°F, relative humidity 100 percent), and dusty conditions (3 m/g
liter) were simulated. For I3, the results indicate that the night time deposition
is about twice that of day time deposition, Additions of particulate serosols
eliminated any apparent differences, The d ition of CH3l on grass appears to
be about three orders of magnitude less (10-Y) than I3 under the same coaditions,

Deposition ‘studies were conducted in this box over three different types of

griss (crested wheatgrass, bluegrass, pasture grass) and ¢ 1 range of areal
densitiss, While there were no significant variations among §.ass types, a very
distinot trend was observed with regard to deposition as a function of deansity,

The later section on the meteorologioal aspects of turbulent deposition
indicates & linesr relationship of deposition velooity/density, vg/D, to friotion
velocity, us. CERTLE studies have oarried these measurements up to densities
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of 2000 g/m3 wet weight; the results of which are shown in Figure 8, The slope
of the line is the same as found in field data from CERT-3, As can be seen, the
true relation is somewhat less than linear; as densities inorease, transfer of
iodine to lower parts of the plants is inhibited, Hence, the rate of inorease of
Vg, with an increase in D, becomes smaller. The deposition velocity in this
case is determined from the ratio of the collected activity on filters and the
total activity on vegetation, Autoradiographic studies have shown a definite
progression toward relatively greater deposition on upper parts of the leaves
28 grass density inoreases. It should be noted, however, that the assumption of
A linear relation is reasonable over the range of densities encountered in typica
Pastures in the Western United States (D < 500 g/m3 wet weight or 200 g/m
mml@t). Studies are continuing on this problem as well as studies on half-
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V. CERT ANALYTICAL EFFORTS

1. INTRODUCTION

The general objectives stated i the summary and introduction indicated the
scope and nature of the project. More specifically, there are four primary
objectives of the CERT project:

(1) To determine quantitative estimates of the thyroid dose due
to ingestion of iodine~131

(3) To derive a working model for deposition of lodine

(3) To derive a working model to estimate the effective resideace
time (half-time) of iodine on vegetation

(4) To derive a working model to estimate the transfer of iodine
from grass to milk,

Obviously, none of these objectives can be met after a single test, As the
program continues, efforts are made to continually upgrade the analytical effort
and preliminary models in order to meet these objectives, Over the last three
years,a great deal of progress has been made in meeting these objectives, and
this section contains information on the present status of several of these
efforts, :

2, METECROLOGICAL ASPECTS OF TURBULENT DEPOSITION

In trying to develop a working model for iodine deposition in the milk-food
chain, we are concerned with variables such as wind speed and atmospheric
stability which determine the transfer from air to ground surface and the kind
and density of vegetation and form of the depositing material, To derive such a
model, the relative affect of the variables on the net deposition must be con-
-sidered,

There have been many attempts to derive models that would adequately
describe the deposition of iodine onto surfaces [13 to 18], Of these, two [17,18]
are directly conoerned with deposition from the free atmosphere, .

If, as i{s assumed by these theories, the primary transport mechanisms are
eddy diffusion and molecular diffusion, the equation for the vertical transport
of matter to a s'r{ace can be represented as

[m + K(z)] gf = Vg_Xo &)

where

Vg, = deposition rate per concentration at the interface of plant and
atmosphere (m/sec)
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Xo = concemtration at the interface of plant and atmosphere (Ci/m3)

X = concentration at a height z (Ci/m3)

K(z) = ety diffusivity (m3/sec)
Dm = molecular diffusivity (m3/sec)

s = height above plant surface,
mm'“”.xisukmtobexdwhenz-o since most surfaces are not “perfect
8inks.® Three tests have been selected to compare results of deposition measure-
ments with theoretical caloculations. CERT-1, -2, and -7 were selected because

" they represent deposition inanunstable atmosphere, the stability condition, under
which the condition,
K(z) = ku,z 4 (4)

is most likely to be valid{19], Where us equals the friction velocity derived from
the wind velocity profile (m/sec), k = von Karman’s constant = 0.41,

and

ey v S ®
where
zo = the roughness length (m)
U = the mean wind speed (m/sec),

After substituting Equations (4) and (5) imto Equation (3), Equation (3) can be
solved with the following result:

ku ku

Vg = (X — Xo) . ~ X = Xo : .

o Xo 1in (l + kun) Xo u,z) ©)
Dm 1n
Dm
By definition,

. ' C c -

Vgo--x—oandVgl-yq _ : N

where

C = amount deposited/sec Vg; and X; as determined at some refsrence
~ bheight z1 so that

Vgoxo - VslH
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X, = %o Ku,
Vgl - ( xl ) (XU.Z) (8)
| in \ Tz

or
Xo

ve = (1 - %) ku, '

This transformation is made since Vg and X are more easily measured than
Xy and Vg,. In this case it is important to note that the percent retention of
material by a surface is

100 (1 - 22)

ot

and that the ®resistance® at the surface termed by Chamberlain [17] is also
related to the transport characteristics of the atmosphere as long as the surface
is not a perfect sink,

The retention and the calculated and measured depostion velocities are
shown in Table IX (assuming all airborne radicactivity was in the form of
I2. It can be seen that grass is far from a perfect sink, There also appears to
be a very definite relation between deposition and the mass or surface of the
plant as represented by grams of vegetation per meter3 (dry weight).

TABLE IX

VALUES OF DEPOSITION AND RETENTION FACTORS ON GRASS
POR SELECTED CERT RELEASES

vgﬁ?l) Percent Retention
Measured Perfect Sink Per Gram
Test (m/sec) (m/sec) Total (dry weight)
CERT-1 0.0058 0.02k2 2k 0.4k
CERT-2 0.0098 - 0.0270 36 1 0.45
" CERT-T 0.0082 0.0185 LL 0.40

Empirioal analyses of several of the tests (CERT-1, -2, -5, and -7) indloute,
as do the laboratory experiments described earlier, that grass deposition can be
estimated with a knowledge of time-integrated conoentration of radiocactivity in
air and either u, or {1, The formulas are X

A=1.76 x10 "y, X (10)
and v

A=1,8] x 10%0 w ¥ nn
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where - I : ,‘// Y

A = amount of activity deposited psr t.//

gram of vegetation (dry weight) s Veleuts
-LDx [} by
L

The data points and the lines representing * , b )
the above two equations are shown in .
Fgure 9, q ° L LI s

We bave found that estimates of i I ) 4
deposition based on dry weight are much e
less variable than those based om fresh i . A
‘weight, This is to be expected since dry //
weight is a more realistio inMcator of J v =
plant area, Again, a linear relation- . P laddnddhild
ship with grass density has been as- (&
sumed., All the tests conducted so far 2
havs been with mean dry weight densities 0 —~—
of 150 grams per square meter or less, 0.0 a2 @ 04 a3 a4 o7 a8 @
In this region, the assumption of a linear _
::tliﬁresulta When“more 132:"3@ rie-® ...Lg"‘ VeSS T e “Wiko

are encountsred, a correction from D1
to DO-8 in Equations (10) and (11) should
be made,

3. RESIDENCE OF IODINE ON GRASS

Up to the present time, there appears to have been no serious attempts
to explain the loss of ijodine on vegetation. In the absence of satisfactory
explanations, we have endeavored to identify the major variables associated
with iodine loss on vegetation, .

‘ 3.1 Growth Pactors

The concentration of iodine-131 on grass is reduced by simple dilution
when the grass grows. This being the case, t.hopouibdntyafmum
after a contaminating event must be considered (9],

Previous CERT eu:poﬁmem have shown that there is no significant
difference in activity on various parts of the leaves of the pasture grasses
(grass density 500 g/m2 wet weight). Thhbeingtboouo,chugulncmed
activity per unit mass of vegetation should be resscaably approximated b{
rate of increase inthass, all other factors being constant, A recent repart [20] hag
indicatodamhtiomhip of dilution with the rate of growth, If it is assumed that
the cows continue to graze a pasture sothat the total grams per unit area remains
reasonably constant and it is also assumed that the rate of new growth remains
-constant over the period of interest, hnmutumodaponauﬂunuoﬂou
per gram, should be appropriate, _
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In CERT-1, these conditions were met, The average rate of grass growth
was 5.2 percect per day. This would nearly acoount for the difference between
half-lives in CERT-1 and -4,

32 Weatherigg Factors

The resuspeasion experiment in CERT-2 indicated a2 exponential rate of
resuspension, corresponding to s rate of loss proportional to e-0.03t. various

studies have dealt o
ration (31 '2'2‘ P with the problem of resuspension, wind piokup evapo-

Several of these have indicated s rate of ptchxpthatupropomomlto
.tbelmnreoitbamnﬂndlpeod.mthonpoﬂbyﬂulytndhqulyl”l,m
conceatration mrmhﬂﬂtswmﬁehow and proportional to the
areal density of particles on the ground and the rate of resuspension, If the CERT
deposition area is regarded as effectively infinite in size, then the rate of loss
of iodine from ground may be described as

A aku2
u

If *k® is regarded as a constant and *u” is taken as the average wind speed
over the first five days of the test (CERT-1,u=T; CERT-2, u= 7; CERT-7,
u sS).ﬁ:enmentaoflonbymuspemion should be on the order of two times
greater in CERT-1 and -2 than in CERT-7. Since wind weathering appears to be
a significant factor in lodine loas from vegetation (as indicated by CERT-2

stadies), we have assigned & weathering rate of loss of activity
on vegetation in Cert-7 of 2 percent per day based on comparative wind speed.

' 3.3 Plant Pactors

In speculating on possible reasons for differences in residence time of
{odine on vegetation, two obvious possibilities have been mentioned -~ grass
growth and westhering effects. There should be at least one other set of phe-
nomens leading to {odine loss on vegetation, which is related to the physiology
of the plant itself, .

In analyzing CERT -2 data, there appearstobeabout a 3 percent loss per day
due to factors other than wind weathering and radioactive decay. One [34]
has indicated a relationship of half-lfe to temperature, and another (35] has
indicated that the rate of loss could be associated with the seasonal variation
in the rate of loss of waxy particles from the grass, Either of these factors
could account for the 2 percent per day loss in CERT-1 or -2, and either of
these factors would probably have little effect in CERT~7.

3.4 Gemeral

We have attempted to acocount for the differéences in observed hal{-lives in
CERT-1, -2, and ~7 on the besis of the above factors. In this, we have assumed
that all factors are &xponential by pature and that :

'§B-AG+XR+.xu+kP (13)
~here ' :

Ag = effective rate of loss

-
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AR * radicactive rate of decay
Ag = rate of loss by weathering
AP = rate of loss by plant factors,
This infinence is shown in Tadle X.
‘ TABLE X

HALP-LIFE PACTORS ON VEGETATION

CERT=-1 CERT-2 CERT-T
AR 0.086 0.086 0.086
Ag 0.052 0.000 0.000
Ay 0.030ls] 0,030 0.02(s]
Ap 0.020(®] 0.020(®] ~ 0.000
AR 0.188 0.136 0.106
T, oo (days) 3.7 5.1 - 6.5

{a] Extrapolated from CERT-2.

{b] Assumed.

These results, if 2 “P* of 0.02 is assumed for CERT-1 and -3, are not
significantly different from those actually observed.,

Although these are rather 'grosa estimates, it certainly seems possible
to account for observed half-life on the basis of a {ew parameters. '

Purther tests are being planned to refine these estimates and to provide a
more sound theoretical basis upon which to make these assumptions,

4, ‘ oM TO MILK

In the CERT program, we are more interested in predicting the transfer
ingested lodine to milk (and the confidence with which it can be predicted)
than in deriving & mathematical model which describes the phyaiological
fer process in cows, Prom CERT data presently available, it appears that
empirical model can be derived which will adequately predict the activity

in milk after a single contaminating event. .

gsgga

mmmmmm‘mmwmmmsﬂmm.uu
of importance to examine the interdependence of the various parameters.In
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many cases, the combination of two conservatively estimated parameters may
lead to an unduly conservative result, Therefore, in deriving a model, we have

ttampted to combine interdependent terms where possible,

From a mathematical standpoint, it appears that the data can be best
represented by referring to secreted activity as a percent of the daily ingested
activity per liter.

The average time from ingestion to arrival in milk appears to be on the
order of 4 to 8 hours so that the initial assumptions made are as follows:

(1) In the cow, the transfer time from the GI tract to blood is
abort enough so that it is assumed the material is instantly
absorbed in blood upon ingestion [26],

(2) Milk activity is assumed to be a constant fraction of blood
activity [37] so that any decrease of iodine in blood will be
marked by the same relative loss in milk concentration. This

presupposes that a diffusion compartment exists between blood
and milk (28], On this basis, for an acute exposure,

S =k IC exp [-Age] -ANM | 13)
where

k;, = the fraction of the dally ingested dose per liter of milk
1<)

I_ = the Initial pasture activity per gram of vegetation
° vy

C = the rate of consumption of vegetation in gram/day

Ap = the effective rate of loss of activity on vegetation

(day~1)
M = the activity per liter of milk (C1/1)

E .

= the effective rate of loss of activity from the blood

A
B (day1).-

The solution is
I Ck
M= ﬁ(exp [-XEt] - exp [-KBt])

and the total activity in uCi-days/liter is

jmﬁ-%:;f : | s
o ' A

1067613 | DOE/HQ



An alternate form that can be used to estimate delivered dose as a fmnction
of time is

t
- 1ex, 1 - exp [-Apt] _ 1 - exp l-Kg_t_J_' . .
P} L As

The value of ky, may be relatedto Fr, (the fraction of that ingested that ultimate
is seoreted in milk) by the following relatioaship: _

LMt Lx
F

m Iocfexp[-lxt]di-xa—

an

where
L= the average milk output (1/day}.

Values of k., were computed from the measured values of ¥, L, and p
compared graphically to the ratio of the actiﬂtypermerdnﬁlkmdwu
consumed per day (Pigure 10), The results are obvious. A second check
made by comparing calculated and measured values of peak milk activity
initial grass activity, The results are shown in Table XI,

s8 3k

S . TABLE XI

3 VALUES OF PEAK MILX ACTIVITY TO
INITIAL GRASS ACTIVITY

s (pc1/1/pC1/g)

3 Calculated 135 1k0 240

i : CERT-1 CERT-2 CERT-T
2

) Measured 130 130 230

It should be noted that caloulated
T T s T s s estimates are in all cases high (although

, Lo (epousnd S not significantly). This is due to the

Fia, 10 . vA‘LAU.:‘:‘oD' vpl‘a'.u:l?sgulpouo-‘;:g “mpuon Of no mr m tO M.
SCERETION. , The ocloseness of it illustrates that

this is not an unwarranted assumption.

. Ope of the questions that is always posed in any evaluation of dose is the
accuracy and/or possible variation, Since, in the CERT {ests and in most
hazards evaluations, s single consumption estimats is used, it seems possible
to combine variations in k., and C to evaluate the net variation in estimates
of the transfer of activity from grasstomilk, This has been done, andthe results
are shown in Table XII. At this point in time, it appears that the equations
presented earlisr adequately desoribe the transfer of activity from grass to
milk, ﬂexibilityhstillmainhimdinth&tkmmybanﬂodutmdonof
the stage of lactation or time of year, :
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TABLE X11
YALUZS OF FRACTIORAL SECRETION TO MILK

_Test Cov_humber L Ta t
CERT-1 S | 10.2 0.057 0.00T1
2 9.3 0.057 0.0079
3 16.3 0.113 0.0100
15.8 0.077 0.0061
5 15.5 0.101 0.0110
6 16.6 0.1l 0.0110
Aversge 0.092 0.0089
CERT-2 1 12.3 0.160 0.0075
2 12.2 0.106 0.0100
3 14.8 0.032 0.0025
4 -13.7 0.071 0.0060
5 10.4 0.0L6 0.0051
6 12.3 0.058 0.0055
Average 0.079 0.0061
CERT-T 1 3.8 0.06L 0.019
2 6.2 0.058 0.011
3 k.3 0.26L 0.012
4 11.b 0.289 0.029
5 2.0 0.0k2 0.024
6 - 1.9 0.351 0.033
Average 0.178 0.021 -

8. INGESTION DOSE ESTIMATES

On the basis of the discussed models and other sources of information, it
: ummuwmmumwmmmpmxmnhmmm
oqmtioutoutimtgm‘ninﬂ.nnydoutot_betbymidu

Dose (m)-( Mit)x I x CONV : (18)
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where

([ld)-th.tohlpnrumthmzlﬁ!

1 = the rats of intake by bumans in 1/day
CONV = a conversion constant from curies ingested to mean thyroid dose,

This equation may be modified to estimate the dose from the point of release
and may be expanded to include the major varisbles as follows:

k [-A.t.])FT ¢ x7.38x107
Dose(ren)'mex 'Y-ExCx n(exp h) vn!
Q D Aprg M a9

where
Q = the sourve in curies

XU . the relative dilution in m=3

Q
IE . the mass deposttion in m3/g-sec (deposttion velooitv in
m/sec + mass density in g/m2)

C = the rate of consumption of forage in g/day
k_= the per liter milk fraction

7\8 = the rats of removal of activity in milk

Ag = the rate of loss of activity in pasture

)‘B = the radicactive decay rate

t1 = the tims from production to consumption

P = the percent of forage obtained from pasture
‘ f' -thatrwtionofthl.tingntodthl_tmommothymid
E -mmmmmwp‘rmum
TE = the effective half-life in the thyroid

M = the mass of the thyroid
7.38 x 107 = g conversion ccnstant to dose.
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The bm.am %,mwwanmmmy«mwm

huadmc-ndund-poﬂucn.wunwmmnhum
chosen 50 that estimates of dose potential as a funotion of season and sge
Tables XIII and XIV, Unless other-

ves ia the re extrapolsted from CERT results
or ware dstermiased from data from Reference 30, '

Farameter Spring Summer Fall Winter
Ve/D 1.8210°3 1.8x1207°§ 1.8x100°3 1.8x107a
c 1.3 x 10° 1.3 x 10* 1.3 x 10° 6 x 100
K 0.016 0.008 0.016 0.016
g 0.90 0.90 0.90 0.90
g 0.176 0.13 0.136 0.116
"y 0.086 . 0.086 0.086 0.08 :
t, 0.5 0.5 0.5 0.5
P[3°] 0.05 0.75 0.35 0.02
TABLE XIV

UPTAKE FPACTORS

Age Crou: 1(31] . g(32] Tg(33] ul 34
-1 0.5 0.2 0.2 .0 2.0
2-% 0.5 0.2 0.21 4.5 2.5
L6 0.5 0.2 0.21 5.5 3.0
‘=12 0.75 0.2 0.22 6.0 5.0

13-19 -1.0 0.2 0.22 6.5 15.0
>20 0.75 0.2 0.23 7.0 - 20.0
Ou the basis of these paramseters, the dose lin‘rabloxv'u

derived, This was oompuud on the basis of 1 Ci-sec/m? over the pasture,
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TARLE XV

IMGESTION DOSE POTENTIAL
FROM 1 Ci-sec/m3 OP 1-13§rﬁ]

Age  ¥inter Spring Swummer _Fall

0-1 1000

2-3 900

3600

34,000 32,000

For nominal iaversioas (stable con-
ditions) with s 4-m/sec wind speed in
summer, tbe maximum ingestion dose

rem from inhalatica of 1 Ci-seo/m?,
at & breathing rate of 30 m3/day, From
this information, it further appears that
action taken (such as removing cows from
pasture) within two days after a coo-

3200 31,000 29,000

T7=-12 900 3200 31,000 29,000
13-19 kS0 1600 15,000 14,000

>20 290 1000 10,000 9,400

{a] A11 values must be multiplied
by the mean wind speed.

event would eliminate over90
b§ 900 3200 31,000 29,000 percent of the potential dose.

R should be noted that the use

Dose = Q x &%21 x Pl

’1’ adoeecouversionécnstantandtakasthaiormo!
[ -]

m
=5{ 9 rem
1.8 x 10 I X Ti-day/iiter

o

uqm-"a“-m known , caly the

umerical values in Table XV need tobe
(Do not multiply by the wind speed.)
fashion, consideration of wind
in the dose caloulation is elimin~
This is because an increase in
spoed will increase the values of the
conversion factors, but this will be
exactly counter-balanced by a corres-

g

i

TABLE XVI

CORVERSION CONSTANTS

of the relationship of deposition with
wind speed allows rapid evaluation of
. A typical computation involves

(20)

(nCi-day/1iter/uci/g)ls)

Spring 64
Summer - 620
Fall 580

Winter 18

(a)

'Q"z:' . P(exp [-Anti])

o
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TABLE XVII

DOSE CONVERSION CONSTARTS

rem/uCi[g£9]

Age rem/uCi-day/liter Spring  Summer = _Fall = [Winter
0-1 3.1 200 1900 1800 56
2-3 2.8 180 1700 1600 S0
b-6 . 2.8 180 1700 1600 50
7-12 2.8 180 1700 1600 50

13-19 1.1 0 850 8o 25

>20 0.9 €0 560 520 16

(a] Initial activity on grass (dry weight),

vary from case to case, dose for any given meteorological conditions or for
any given distance can be easily estimated. :

While some nrmtion may be expected from these mean estimates, these
three tables (XV, XVI, XVII) allow reasonably accurate prediction of probable
dose if data are gathered at any point in the transfer chain,

6. CONC LUSIONS

B now appears that the major questions regarding the gross transport
characteristics of radioiodine can be resolved in the near future, There still
are aresas of concern in estimating deposition of different chemical and physical
forms of iodine, in estimating lodine secretion into milk, and in estimating the
petention of lodine on surfaces, The preliminary models presented in this section
satisfactorily account for the data observed to date but, being largely of an
empirical nature and gathered at a single environment (NRTS), do not allow a
satisfactory theoretical accounting for the quantitative transport of iodine under
all conditions and for any type of iodine,

-
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