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S U M M A R Y  
I) 

The CERT project consists of a series of planned re leases  of radioiodine 
over different vegetation and during various meteorological conditions, with 

the prime objective being to measure the relationships involved in the passage 
of radioiodine through the air-vegetation-cow-milk-human chain. This report  

deals with the resu l t s  of the f i r s t  five tes t s  in the ser ies ,  which started in the 
spring of 1963 and is continuing. 

Each tes t  was conducted under measured meteorological conditions and 

over prepared sampling and grazing courses. Two t e s t s  were made over-open- 

range type vegetation, two over irrigated pastures, and one over snow-covered 
ground. Two t e s t s  were conducted under lapse conditions, two under inversion 

conditions, and one under neutral conditions. In each case, known quantities 

Of elemental 13’12 were released. Relationships determined include: (a) air-grass 
rat ios  (deposition velocities) which ranged from 0.1 to  1.0 cm/sec; @) effective 
half-life of I3’I on g r a s s  of 3.5 days and 5.5 days; (c) the t ime of peak activity 
in milk is at  tu.0 days following a release;  (d) milk-grass ra t io  (Ci/l:Ci/g) 

is 130; (e) total I3’I secreted in milk by cows to that ingested by COWS is about 

9.5 percent; ( f )  adult human thyroid uptake fraction (ingestion) was 0.19; (g) 
adult human thyroid uptake fraction (inhalation) was 0.30; and (h) based on a 
breathing r a t e  of 20  m /24 hours, the rat io  between infinity mills ingestion dose 

and infinity inhalation dose-for a single release was calculated to  be an average 
of about 130. 

3 

Data, descriptions of methods, and calculations are reported. Discussions 
of resuspension factors  and particle s izes  and behavior are also included. 

i O b l b 8 4  iii 

DOEIHQ 



CONTENTS 

. .  
ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i  

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iii  
I . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

II . SUMMARY O F  PROGRESS TO DATE ...................... 2 

1 . CERTI  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

1.1 General Information . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
1.2 Datasummary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

2 . CERTII  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

2.1 General Information . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
2.2 Meteorological Conditions ......................... 3 

3 . CERTIII  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

4 . CERTXVANDV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

5 . DATASUhlhZdiRI’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

III . DESCRIPTIOX O F  EXPERIMENTAL METHODS AND CONDITIONS . . .  8 

1 . SAMPLIXG GRID AND TERRAIN ........................ 8 

2 . IODINE RELEASE MECHANISM ......................... 12 

3 . METEOROLOGICAL ASPECTS . . . . . . . . . . . . . . . . . . . . . . . . .  13 
4 . MILK STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

5 . GRASSSTUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

6 . HUMAN THYROID DOSE STUDIES ...................... 31 

6.1 Ingestion Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
6.2 Inhalation Studies ............................... 31 
6.3 Ingestion to Inhalation Dose Ratios . . . . . . . . . . . . . . . . . . .  32 

. . . . . . . . . . . . . . . . . . . . . . .  36 7 . .  PARTICLE SIZE MEASUREMENTS 

8 . RESUSPENSION OF IODINE FROM PASTURE . . . . . . . . . . . . . .  39 

8.1 Results ...................................... 39 

s . PROJECTEDWORK ............................... 40 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I V  REFERENCES 41 c 

l O b l b 8 5  iv I DOE/HQ i . 



FIGURES 

1 . Vieu; of pasture area used during CERT I . . . . . . . . . . . . . . . . . . .  8 

2 . Sampling grid .. pasture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

3 . Sampling grid .. long distance . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

4 . Inversion test  grid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

5 . Sampling equipment .. CERT Il . . . . . . . . . . . . . . . . . . . . . . . . .  12 

6 . Relative crosswind integrated concentration . . . . . . . . . . . . . . . . .  14 

7 . Variation of carbon plate V with distance . . . . . . . . . . . . . . . . . . .  15 

8 . Iodine-131 activity in cows' milk .. CERT I1 . . . . . . . . . . . . . . . . .  19 
g . 

9 . Effective half-life in milk .. CERT 11 ..................... 20 

1 0  . Total accumulated ingested and recovered activtty .. CERT I and II . . 22 

11 . Initial deposition .. CERT I1 ........................... 24 

12 . Grass half-life data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

13 . Deposition of 1-131 on grass .. CERT V .................... 30 

14 . Iodine-131 concentration in milk .. CERT I . . . . . . . . . . . . . . . . . . .  34 
15 . Iodine-131 concentration in milk .. CERT II . . . . . . . . . . . . . . . . .  35 

16 . Distribution of activity by particle s ize  .. CERT II . . . . . . . . . . . .  38 

17 . Redeposition of iodine on grass .. CERT I1 . . . . . . . . . . . . . . . . .  40 

TABLES 

1 . Summary of Deposition Data . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

I1 . Meteorological Conditions During CERT Releases . . . . . . . . . . . .  '13 
XI1 . Median Deposition Velocities ........................... e 1 5  

IV . Milk Production Per Day. in Liters .. CERT I1 . . . . . . . . . . . . . .  17 

V . G i / l  of 1-131 Activity in Milk .. CERT II .................. 17 

VI . Total Consumption by Cows ..................... : . . . . .  21 

VI1 . Average Grass Activity .. CERT 11 ...................... 25 

l O b l b 8 b  V 



VIII. Activity of Pasture  Samples in pCi/g, Wet Weight -- CERT I1 . . . . . 
IX Activity of Pasture  Samples - i n  pCi/g, Dry Weight -- CERT I1 . . . . . 
X. CERT 11 Inhalation Thyroid Data . . . . . . . . . . . . . . . . . . . . . . . . 

26 

27 

32 

' v i  



i 1 .  CONTROLLED ENVIRONMENTAL RADIOIODINE TESTS 
A T  THE 

NATIONAL REACTOR TESTING STATION 

I .  INTRODUCTION 

The Controlled Environmental Radioiodine Tests (CERT) which are being 

conducted at the National Reactor Testing Station (NRTS) in Idaho consist Of 

a ser ies  of planned atmospheric re leases  of radioiodine under varying conditions 
of meteorology, vegetation type, chemical form, and distance. The project 

began i n  the spring of 1963, when a preliminary experiment was conducted 
to ascertain if the general experimental design was adequate. A major test i n  

the ser ies  was conducted i n  September of 1964, and a minor one in December 

of 1964. Two tests  under inversion conditions were accomplished; a pre- 

liminary in May of 1965, and a follow-up test  in June of 1965. 
The primary objective of the project is to determine the quantitative 

behavior of radioiodine as  i t  passes through the air-vegetation-cow-milk- 
human chain. To this end, measurements have included deposition velocities 

(air-ground ratios),  milk-to-grass-activity ratios,  half-times of radioiodine 
in milk and on grass ,  portable instrument readings relative to contamination 

levels, and human thyroid uptake fractions. The passage of radioiodine through 

a segment of the biosphere will be influenced by many factors. The CERT 
project is intended to define these factors as  they apply to  the NRTS and its 
environs, and to reveal which of these factors is the most significant. The 
resulting data can be of operational use at the NRTS in the development and 

review of reactor siting cr i ter ia ,  safety analysis report preparation, and in  

emergency planning and response. Since much of the investigation is of a 

ra ther  basic nature, the USAEC’s Division of Biology and Medicine has con- 
tributed support funas to the project. 

The purpose of this report  is t o  acquaint the reader with the development 
of the project, the data obtained thus far ,  a description of the experimental 

methods used, a comparison of the data with published information, and a 
discussion and interpretation of results. Since many readers  will not be interested 

in experimental details or technical discubsions, a rmmmary of progress has  
been included in this report  as Section II. . (  

1 0 b l b 8 8  
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I I .  SUMMARY OF PROGRESS TO DATE 

As was stated in  the introductory paragraph, five tes ts  have been 
accomplished. Each of the f ive is discussed below. The f i rs t ,  o r  preliminary, 

experiment is designated as CERT 1; the second, a major release over irrigated 

pasture, is designated as CERT II; and the third, a minor test over snow- 

covered ground, i s  designRted as CERTIII. The two inversion tests are identified 
a8 CERT N and CERT V. 

1. CERTI 

1.1 General Information 
The preliminary experiment was conducted during May and June of 1963. 

The area chosen for this experiment was near  the southern boundary of the 

NRTS in an a rea  uhich had been planted to Crested Wheatgrass for the purpose 
of noxious weed control. Two pasture areas were established in this area, 
one for control purposes and one to be contaminated. N o  irrigation of the 
pastures was employed. Five iodine generators were oriented along a 150-meter 
line to simulate a short line source and assure lateral  distribution of the 
radioiodine. The source line was 50 meters  upwind from the "hot" pasture. A 

sampling grid based on pretest  meteorological studies extended 300 meters  
dounwind, w i t h  one additional arc at about 1000 meters.  The release of approxi- 

mately one curie  of iodine-131 was accomplished on May 27, 1963. Six cows 
were procured through arrangement with Montana State College, Bozeman, 

Montana, and were acclimated for two weeks pr ior  to placing themon the con- 

taminated pasture hlag 28, 1963. Seven human volunteers consumed 500-ml 
portions of the resulting contaminated milk over an 18-day period. Human 

thyroid activities were measured periodically over a 39-day period. Full 

1.2 DataSummary 

About one curie of iodine-131 was released in the form of molecular, 

elemental I2 gas under moderately unstable conditions and a wind speed of 
about 7 meters/sec.  

I 

details of the experiment have been published in IDO-12035 [ 11 . 

Deposition velocitiee averaged 0.6 cm/sec. 

Effective half-life on grass was 3.5 days. 

2 



Ratio of milk (pCi/l)’to grass  @Ci;/g) was 240 la] .  
Peak activity occurre: in milk after 2 days. 

Effective half-life in milk (after removal from the hot pasture) wa8 1 day. 

Human thyroid uptake factor averaged 0.19. 

2. CERT I1 

2.1 General Information 
During the summer of 1963, construction began on the m e r i m e n t a l  Dairy 

Fa rm which is located about seven miles northeast of the Chemical Processing 
Plant. The a rea  was chosen because of the availability of the land, the existence 

of an adequate well, safety considerations, and relative accessibility. Twenty- 

seven ac res  of land were leveled, diked, and fenced. A dairy barn, pumphouse, 

sprinkler system, and cor ra l  were constructed. Construction problems resulted 

i n  the pasture g ra s s  being seeded too late for adequate fall growth; hence, the 
a rea  was replanted in  the spring of 1964. Gmwth of the grass  was deemed to 
be adequate for test  purposes in September of 1964, when CERT 11 was conducted. 

The experimental design was almost identical with that used during CERT I. 
2.2 Meteorological Conditions 

Approximately the same quantity of 
the same chemical form of iodine-131 

was released under generally the same 
meteorological conditions which existed V o r  Deposition 

during the CERT I release.  The wind 
speed was somewhat greater,  beingabout 

9 meters/sec.  The deposition velocities 

‘TABLE I 

SMIARY OF DEPOSITION DATA 

Velocity 
( cm/sec 1 Deposition 

Medium Test I Test I1 

0.61 0 $8 Grass vg’ on various media for both tes t s  
are summarized in Table I. Soil 0.84 0.38 

The deposition velocities a r e  gen- Carbon 0.57 0.73 

0.14 0.41 erally higher for CERT 11. except on 
soil. I t  is interesting to note that if the 

Sticky Paper 

f 
[a] The . method used to calculate milk-to-grass ratios wa8 changed after , 

CERT 11. The new method I s  explained in  Section 2.2. 

t U b 7 b 9 0  3 DOEIHQ 



P 
grass  Vg's  a r e  divided by their particular average grass  densities, 153 and 

during both tests. This shows the strong influence of grass density on the 

calculation of deposition veEwtt1es. The soil contamination indicates the 

same influence wNch manifests itself i n  an inverse relationship with g r U 6  
density. The deposition velocities on carbon plates and sticky paper wfiich were 
used as standard deposition media were significantly higher for CERT 11. This 

suggests that the meteorological factors were different enough between the two 

tests to influence deposition rates. However, at  present,no definite relationships 
to the friction velocity and the meanwind speed have been found. 

2.21 Grass Half-Life. In the. f i r s t  test  no specific area was used to measure 
the half-life on the grass.  The daily samples which were taken to measure 

activity consumed by the cows were used to develop a half-life figure. This 

turned out to be 3 to 4 days whereas i n  the second case a plot was established 

which showed the half-life to be between 5 and 6 days. The latter value agrees 
well with the literature. The method used during CERT I was used as a check 

during CERT 11. With this system, the half-life number came out to be 4 to 5 

days. The reasons for these disagreements have not been determined and are 
discussed in Section III. 

246 g/m2 i n  CERT I and 11, respectively, the deposition is practically the same ( 

2.22 Milk Activities. In both tests the cows reached peak milk activity 
in a b u t  2 days. During CERT I,  activity levels in the milk produced by the 
high and the low COW were within a factor of two. In CERT 11, the difference in 
activity levels between the high and the low cow was consistently about a factor 

of five. Possible reasons for this are discussed in Section III. 
During CERT 11, all slx cow6 wereplacedunder controlled grazing on the hot 

pasture f o r  two weeks. Following this period, three cows were  removed to the 
cor ra l s  and fed stored feed. The other three were allowed to graze the entire 
pasture without control. After five more days, all cows were placed on cold 

pasture. A s  can be seen in  Section III of this report, milk activity decreased 
wfth a half-life of about 1 day for the first few days. The decay scheme then 

became a good deal more complex and varied widely between individual cowe. 
2.23 Milk-to-Grass Ratio. One of the objectives of the CERT project is to  

determine the relationship between the iodine concentration on the grass and in 

the milk. The most reasonable way to define this is by using the ratio of peak 

activity in the milk (pCi/l) to activity on the grass @Ci/g) at the time grazing was 

started. On C'ERT I, the average initial activity was 788 2 153 pCi/g on the back c 
4 



/ section of the pasture. There was a one-day delay before the cows were allowed 
to graze on the hot pasture. At this t ime, based on the observed 3-1/2 day 
effective half-life, the average activity would have been about 663 232 pCi/g. 

The mean peak activity in  the milk, which was observed two days later, was 

89,000 2 19,000 pCi/l. The resulting ratio of milk-to-grass activity is 130 2 40. 
During CERT 11, mean activity on the g ras s  a t  the time grazing commenced 

was 532 2 146 pCi/g. The mean peak activity in the milk was 71,000 f 33,000 
pCi/l, which again was observed two days later. The resulting ratio was 130 2 70. 
In view of the uncertainty involved, i t  is fortuitous that the ratios compare so 
closely. Nevertheless, it would seem that a reasonably accurate prediction of 
mean peak activity for a small dairy herd could be obtained by use of a ratio 
of 130. 

2.24 Human Thyroid Uptake Data. In the f i rs t  test, one cow was selected 

to furnish milk for human volunteer consumption. The data f rom the counting 

of th,e human thyroids after ingesting the milk showed the uptake fraction to 
be 0.19 2 0.04. In the second test ,  inhalation thyroid dose measurements w e r e  
made on three people who were on the test grid during the time of cloud passage. 

The infinity thyroid dose measurements were 15, 7.7, and 6.1 mrad, and yielded 

inhalation uptake fractions of 0.46, 0.24, and 0.19. Based upon the ingestion- 

thyroid uptake factor of 0.19 observed during CERT I,  a breathing rate  of 
10 m"/8 hours, and upon the ICRP recommended value of 0.23 for the inhalation 
uptake fraction, the dose expected from ingestion of one l i ter  of milk per day 

from the second test is roughly a factor of 75 greater  than the inhalation dose. 

To obtain this ratio, i t  was necessary to correct for the nonuniformity of 
the pasture contamination and to assume that the test continued for several 

weeks. A similar treatment of CERT I data yielded an ingestion-to-inhalation- 
dose ratio of 120. A detailed description of these analyses is presented in 
Section 11-1 of this report. 

3. CERT I11 

The third re lease,  'a scaled-down version of the first two, was executed 

over the snow-covered pasture in December of 1964. The meteorological 
conditions were much more  stable due to low cloudiness and the snow cover. 

The primary purpose of this test was to determine, through the use of various 
collection media (carbon plates, sand plates, sticky paper), the in'fluence of the ( 

5 
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more stable conditions on deposition and dispersion rates.  Deposition velocity 

on the snow wa6 found to be about 0.2 cm/sec,  which is i n  fa i r  agreement with 

other investigations 12’. However, the collection media showed an increase in 

deposition velocity, rather than the expected decrease, which indicated that 
the collection media themselves may be affected by temperature and humidity 
condition 6.  

4. CERT N AND V 

CERT IV involved the release in June of 1965 of 10 mCi of radioiodine 
through a CCI4 extraction and subsequent evaporation. During the test, unstable 

wind condltions and uncertainties about the form of released iodine made eome 

resul ts  undependable s o  only selected remlts are reported. A subsequent release 
(CERT V )  of 100 mCi of element 1-131 was made under early morning inversion 
conditions over open-range grass.  No cows were employed during this test. 
The average deposition velocity on grass out to 1OOO.meters from the single 
ground-level release point was 0.1 cm/sec, or about 15 and 10 percent of those 

measured during CERT I and CERT 11, respectively. 

6 D O E I H Q  



5 .  DATA SUMMARY 

The following tabulation summarizes data accumulated to date: 

December 

-1.9 
71 .O 
6.0 

-0.04 

June 

9.9 
74 .o 
3.7 
6.10 

September 

16.8 
P.0 

9.3 
-0.10 

Late b y  

22.3 

21 .o 
7.1 
-0.13 

Time of Year 

Temperature ( 'c)  
Relat ive Buzldity (6) 
Wind Speed A t  k ( m / 5 )  

S t a b i l i t y  P a r m e t e r  ( R i )  

General k t e o r o l q i c a l  
Condi t i o c  L¶apSC Stable-  

Inversion 

Open- 
w e  

Lapse Neutral 

Pasture  Type open- I r r i g a t e d  Snov- 
Cwer  

Average Grass Density 

Grass Condition 

' h 6 b  ( e / $ )  2 u  .o 

Grovln& 
0.98 

( g n c s )  

Green- 

-- 
NO G M b S -  

S n w  Cover 

0.22 
( rnov) 

Deposit1 n Veloci ty  

(&) 
Eff T O n  Grass (Days) 

Time T i l l  Ped. Act iv i ty  

E f f  T In Elk (Days) 

f 

4 

pci/6) 

I n  Kiu. ( h y s )  

H l k - G r a 6 6  & t i 0  (Pci/l/ 

Percent Of T o m  Ingestcd 
By Cow6 To Total ExzreteC 
I n  Hllk 

Fract ion ( Inges t ioc)  

Fmct ion  ( I a h s l s t i o c )  

~ n g e s t i o n / ~ n i ~ d a t i o n  Dose 

E- Thyroid Uptake 

E ~ p a a n  Tbymld Vptske 

Calculated Ratio- 

3.5 5.: 

130.0 130.0 

9.3 4.7 

0.19 

0.30 Aversge 

11c .o 150.0 
(Eased on 2CLa3/24 h r s  
b r e a t h i w  r a t e .  See page 33) 

_- 

L1 covs mt involved in tbere t C 6 t S .  

l U b l b 9 4  
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111. DESCRIPTION O F  EXPERIMENTAL METHODS AND CONDITIONS 

1. SAMPLING GRID AND TERRAIN 

CERT 1 was conducted over somewhat rolling open range t e r r d n ,  as shown 

in Figure 1, and the CERT 11 and III tests Over flat terrain which Included an 
Irrigated field of mixed pasture grasses .  CERT Tv and CERT V employed the 
same general terrain and grass cover 88 CERT I. 

Fig. 1 View of pasture area ued during CERT I. 

As shown in Figures 2 and'3, the 881138 general gr id  design was used for 

the CERT I1 8s was used for  CERT I, the major difference being that the iodine 
. 

generators were placed an additional 50 meters  upwind to avoid heavy con- 

centrations of radioiodine on the upwind edge of the pasture. The CERT N and V 
grid design is shown i n  Figure 4. 

Air sampling Instruments used were Staplex High Volume atr samplers 

equipped with MSA 2133 paper prefilter6 and a 5-cm-thick activated charcoal 

filter. Deposition collection media used were 25 x 25 cm plots of sticky paper, 

sticky paper covered with sand, and stickypaper covered with activated charcoal. 

8 



Fig. 2 Sampling grid -- pasture. 
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Fig. 3 Sampling grid -- long clletance. 
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fig. 4 Inversion teat grid. 
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The sand was deleted during CERT 11. Anderson particle size samplers were 

used at  selected locations. A typical sampling station (excluding the Anderson 

sampler) is shown i n  Figure 5 .  

Fig. 5 Sampling equipment -- CERT II. 

2. IODINE RELEASE MECHANISM 

The same method of releasing the radioiodine was employed in four of the 
five tes t s  reported herein. A detailed description of the method can be found in 
IDO-12035. 

During CERT 1, General Electric personnel f rom Hanfordutilized the iodine 

release to  check some experimental samplers.  After returning to Hanford, they . 
independently checked the release system employed and reported that "The 
generation technique was tested in the laboratory and found to  produce elemental 
iodine gas  which was not collected by membrane filters. ...." l31. 

c ' 

I O b f b 9 9  
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3.  METEOROLOGICAL ASPECTS 

hleasurements of wind- speed and temperature profiles and vertical and 
horizontal turbulence statist ics were made during each release f rom 1 to at 
least 16 meters  above the surface. A summary of the temperature, wind, and 

stability for each release is giveninTableII. The Richardson number, Ri, shows 
the wide variation of atmospheric stability encompassed by the releases. 

ME'E0ROLOGICA.L COP'DITIOES DURING CE3T RELEASES 

Meteorologic %l 
Parme t e r  - CERT I CERT I1 CERT I11 CERT IV CERT V 

TenperLture e t  1~ ( " C )  22.3 16.8 -1.9 -1.8 9 09 

Kelative Hmid i ty  
(percent )  21 .G 32 .o 71 .O 99.0 . 74.0 

Wind Speed a t  h ( n / s )  7 *1 9.3 6 .o 3 -1 3 *7 

R i (  4-16~) 
( S t a b i l i t y  P z r m s t e r )  -0.13 -0.10 -0.04 +0.54 +O.lO 

The relative crossivind integrated concentrations, shown in Figure 6,  also 

indicate the stability of the' atmosphere. The crosswind integrated concentration 

at a given distance downwind is inversely related to stability. The f i r s t  two 

releases  were conducted during unstable conditions in the afternoon. CERT 111 
was conducted in near neutral conditions withlow cloudiness and snow cover. The 

last two CERT's were conducted during stable conditions at sunrise. 

Table III summarizes the median deposition velocities on the various media 
f o r  all of the releases.  The deposition velocities were calculated by dividing the 
total activity deposited on the medium pe r  unit a rea  by the total integrated con- 

centrations from the high volume air samplers  at the 1-meterlevel. Median 
values were used to  minimize the effect of skewed distributions. The grass 

deposition velocity during CERT IV was omitted because background problems 

existed. The deposition on g ras s  was also calculated on a mass basis to minimize 

the effects of grass density changes on the deposition per  unit area. An empirical 

study of the relationship between g r a s s  density and deposition velocity using data 

IOb7700 
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Pig. 6 Relative crosswind integrated concentration. 

f rom the CERT I1 release,  in whfch the grass density varied ‘widely, showed 

that about half of the variabilityin depositionvelocity on grass could be explained 
by density variations. 

Figure 7 shows the variation of deposition velocities on carbon plates with 

distance downwind. From this figure there  seem to be no systematic variations 
with distance. However, plots of grass deposition @Ci/g), which were measured 
at nine distances downwind in the first two tests, indicate a systematic departure 

f rom a power law relationship for  CERT 1 and 11. This implies a systematic 

change of deposition velocity with distance because the integrated concentrations 

seem to obey a power law relationship. 

14 
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TABLE 111 

MEDIAN DEPOSITION VELOCITIES (RATIOS) 

1.0- 

0.8 

h 

0 0.6 
\" 
E 

9 

Q, 

0 
Y 

0.4 

0.2 

OO 

Deposit lo r ,  
Medim 

: 

Grass ( cm/sec ) 

Grass + S o i l  (cm/sec) 

Grass-mass 
Basis (cm3/g/sec 

Snor; (cm/sec) 

Carbon P l a t e s  (cm/sec) 

Sticky Paper (cr. /sec ) 

Sand (cm/sec) 

CERT I 

0.58 

1.38 

38.0 

- 
0.56' 

0.14 

0 0.19 

CERT I1 CERT I11 
0.98 - 

1.33 - 

44.0 

- 
0 -73 

0.41 

- 
0.22 

.( 0 83 1 
0.50 

CERT IV CERT V 
- 0.11 

3 100 , 150 200 250 300 350 400 
DlST ANCE DOWN WIND (meters) 

Fig. 7 Varlatlon of carbon plate Vg wlth distance. 
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The median depositicn velocities a re  proportional to the wind speed and are ,  

therefore, in general accordance with theory. The onlyexceptions a r e  the carbon 
and sticky paper deposition velocities for  CERT III. During this test ,  some snow 

had been deposited on the plates and therefore the data a re  not considered to be 
reliable. The deposition velocity of 0.22 cm/sec on mow seems to be in agree- 
ment with the findings of other investigators. 

4. MILK STUDIES 

The general methods of collection, handling, and counting milk samples 

have not changed appreciably from those reported inIDO-12035. Table IV 8hO~% 

the average daily milk production and Table V shows the average dally iodine-131 
concentration in milk for CERT TI. All iodine-13lvdues are corrected for decay 

to t ime of milking. The cows were placedon the contaminated pasture at 1100 hrs 
on September 3, 1964. 

Figure 8 il lustrates s m e r a l  important points. It shows (a) the immediate 
rise in the iodine-131 content in the milk the day the cows went on contaminated 

pasture; @) that the peak activity was reached on September 5 (on second full 
day of grazing); and (c) a decline of iodine-131 activity Ln milk for a 
period of 12 days, which was probably due to ever-decreasing ingested activity. 

The r i s e  in  iodine activity in milk on September 14 is a result  of the cows 
accidentally leaoing the controlled pasture and grazing for a time on more 
highly contaminated pasture. The graph also demonstrates the 1-131 con- 
centrations i n  milk after removal of cows f rom contaminated pasture. The 

three observations made on the effective half-life of 1-131 in milk after the 
cows were removed from the contaminated pasture a r e  in  good agreement 

with values reported in IDO-12035 and with findings of Kahn 14’ and Lenge- 
mann 15’. During the first two or three days, the obaemed half-life of iodine in 

milk was approximately one day with the half-life increasing to 86 much as 
three days on the fifth day (Figure 9). 

A comparison of total ingested activity with the total activity accumulated 
in the milk (Table VI, Figure 10) shows that abgut 10 percent of the ingested 

iodine is recovered in the milk of the dairy cow (9.3 percent recovery during 

16 DOEIHQ 



High 

Average 

LOW 

High 

Average 

LO I: 

High 

Average 

Low 

High 

Average 

LOW 

TAE.LE T V  

l < I X  PRODUCTIOR PER DAY,  IN LITEfiS -- CERT IT 

9/3/6h 9/4/61. 9/5/64 9/6/64 9/7/64 9/8/64 9/9/64 9/10/64 
15.5' 15.6 12.6 16 .6  14 .8  15.6 14.6 1 5 . 1  

10.6 10.7 11.0 11.1 11.6 10.6 11.5 11.1 

11.6 13.L 12 .9  13.2 12.9 1 2 . 0  12.9 13.2 

9/12/64' 9/13/64 9/14/64 9/15/64 9/16/64 9/17/64 9/18/64 
1 4  .O 1 4 . 6  15.6 1 4 . 4  15.4 14 .O 14.2 13.5 

1 2 . 4  12.7 12.0 12.4 12.1 12.0 11 .5  11.2 
9 .9  9.8 8.L 8.5 8 . 5  8.8 7.5 8.9 

9/19/64 9/20/6h 9/21/64 9/22/64 9/23/64 9 / 2 4 / 6 ~  9/25,64 9,26,64 
13 .5  12.5 12.5 13.5 13.2 13 .0  1 2 . 1  12 .5  

10.9 10.7 11 .2  10.9 10.7 10.6 10.0 11 .o 
8.1  E.0 9.2 8.7 8.4 7.8 8 .O 8.0 

9/27?61; 9/2?/61; 

13.6 1 2 . 2  

11.1 1G.O 

e . 1  7.2 

High 

Average 

L O W  

High 

Averiige 

L O W  

High 

Average 

LOV 

91 31 61 
(p.m. 1 
0.  o6E 
0.043 

0.021 

9/7/64 
(a.m. ) 

0.. 117 

0.057 
0.015 

9/4/64 9/4/64 9/5/6b 9/5/64 9/6/64 9/6/64 
(a.m.) (p.m.1 (a.m.) (p.m.1 ( a . m . )  . (p.m.) 
0.1oL 0.130 0.138 0.131 0.104 0.146 
0.054 0.066 0.071 0.066 0 * 057 0.068 
0.021 0.03L 0.024 0.024 0.022 0.023 

Dai ly  Average 

91 4 / 6b  9/5/64 

0 .'060 0.068 
0.117 0.134 

0.027 0.024 

2/ 6/64 

0.063 
0.022 

0.125 

9/7/64 9/8/64 9/8/64 9/9/6b 9/9/64 9/10/64 g/10/64 
(p.m.1 (a.m.) (P.m.1 (a.m.) (p.m.1 .(a.m.) ( p a . )  

0.125 0.107 0.114 0.083 0.091 0.091 0.094 
0.060 '0.052 0.055 0.044 O . O b 5  0.042 0.042 
0.019 0.018 '0.019 O.0lb 0.01b 0.013 0.013 
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TABLE V (Cont . ) 

uCi/l OF 1-131 ACTIVITY IN MILK -- CERT I1 

High 

Average 

Lou 

Daily Average 

q / 7 / 6 L  9/8/64 9/9/64 9/10/64 

0.058 0.053 0.044 0.042 

0.121 0.110 0.087 0.092 

0.017 0.018 0.014 0.013 

9/11/6h 9/11/61 9/12/64 g/12/6h 9/13/64 9/13/64 9/14/64 9/14/64 .O, ( p e n .  1 ( a . m . )  ( P . E . )  (a.m.) b . m . 1  1a.m.) ( p . m . 1  
High 0.078 0.086 0.069 0.072 0.066 0.070 0.081 0.084 

0.037 0.033 0.034 0.031 0.032 0.039 0.037 Average 0.035 

0.011 0.013 0.014 L O U  0.009 0.010 0.009' 0.011 0.010 

Daily Average 

' e/12/64 9/13/64 9/14/64 . .  
9/11 / 6L 

H i g h  0.082 0.070 0.068 0.082 
Average 0 :037 0.033 0.031 0.038 

0.011 0.010 0.010 0.013 LOV 

Daily Average 

High 

Average 

LOV 

High 

Average 

LoV 

High 

Average 

Low 

9 /  15/ 61 9/16/64 9/17/64 
0.066 0.055 o.ok6 
0.035 0.027 0.025 
0.011 0.009 0.007 

9 /  19/ 61 9/19/64 9/20/64 ~ / 2 ~ / 6 b  9/21/64 
(e .n .  ) ( p . m .  1 (a.m. ) ( P . D . )  (a.m. ) 
0.012 0.009 0.006 0.005 0.003 
0.0G6 0.005 0.003 0.003 0.002 
0.002 0.002 0.001 0.001 b.001 

Daily Average 

9/19/64 g 2 0 / 6 4  

0.010 0.005 

0.005 0.003 

0.002 0.001 

9/18/64 
0.024 

0.012 

0.004 

9/21/64 
( p  .m: ) 

0.003 

0.002 

0.001 

9/21/64 

0.003 

0.002 

0.001' 
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CERT 1 and 9.7 percent recovery during CERT 11). This Is a particularly lnter- 

3 COWS R E M O V E D  F R O M  C O N T R O L L E D  C R A Z I N G  ON C O N T A M I N A T E D  
P A S T U R E  T O  C O R R A L  AND F E D  U N C O N T A M I N A T E D  DRY F E E D .  

0 0 S A M E  3 COWS A S  ABOVE B U T  I N A D V E R T E N T L Y  H A V I N G  S P E N T  T H E  
N I G H T  O N  C O N T A M I N A T E D  P A S T U R E .  

x x 3 C O W S  R E M O V E D  F R O M  G R A Z I N G  C O N T A M I N A T E D  P A S T U R E  T O  
U N C O N T A M I N A T E D  P A S T U R E .  

- 

- .  

esting close comparison since It has been postulated by Lengemann et a1 and 
Glascock 16] that iodine recovery i n  the milk may vary with stage of lactation, 

t ime of year, and level of milk production. In this instance, all three of these 

factors  were quite different during CERT I and CERT 11, and yet the resul ts  
f rom these two t es t s  were quite close. This was probably due to a ‘balancing 
out” of the involved factors., 

L 
u- 
w 

I -  

O 

The CERT II data, with respect to clean-out time af the milk, mllk-grms 
ratios, and percent recovery of ingested activity, are in very good agreement 
with those found during CERT I. 

I 1 I I 
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TAaLE VI 

TOTAL CONSUMPTION BY COWS 

mt e 

5/26/64 
5/29/64 
5/30/6L 
5/31/64 
6/1/64 
6/2/6L 
6/3/a 
6/4/64 
6/5/64 
6/6/6L 
6/7/64 
6/6/ Q 

6/9/Q 
6/10/64 
6/11/64 

Date 
9/3/64 
9/4/64 
9/5/64 
9 / 6 W  
9/7/64 
9/8/64 

9/11/64 

9/13/64 
9/1h/64 
9/15/64 
9/16/64 

9/10/64 

9/12/64 

pci or I-13lIe 
of Vegetation 

773 
416 
237 (est) 
1b5 
189 

121 
81 
63 
76 
112 

93 
86 

3F 
5L 
21 

pci ( ~ 1 ~ 5 )  
kc of Vegetaticn 

14.5 
16.E 
11.6 

9 . 0  

6.6 
4.7 
4.8 
k . 5  
3.5 
3.9 
3.7 
3.5 
3.1 

Wet Weight h i 6  -- CERT 1 
kg of Vegetation pCi(x106) of 1-131 
Consumed/Cow/Day Consumed/Cow/Day 

36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 

27.7 
-14.9 
8.5 
5.2 
6.4 
4.4 
2.9 
2.2 

2.8 
4.0 
3.3 
3.9 
1.3 
1.9 
0.8 

Lh-y Weight &si6 -- CERT XI 
kg or Vegetation 
Consmed/Cow/Day ConsumedlCovlDay 

7.4 10.73 
6.8 11.42 
8.3 9.62 

9.2 8.2 
8.5 5.61 
9.9 k.65 
9.5 4.56 

pCi(x106) of 1-131 

9.0 k.05 

9.2 3.42 
' 8.7 3.39 

8.6 3.18 
8.5 2.97 
8.5 2.63 

Total pCl(x106) 
Consumed by All Cows 

166.2 
89 .4 
51.0 

3 8 . h  
, 26.4 

17.4 
13.2 

31.2 

16.8 
24.0 
19i8 
18.0 

7.8 
11.4 
5.1 

Total pCi(x106) 
Consumed by All Cows 

64. 38 
68.52 
57.72 
49.20 
33.66 

27.36 
27.90. 

24. 30 
' 20.52 

20.3h 
19.08 
17.82 
15.78 
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