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Environmental Radioiodine Monitoring to Control Exposure 
Expected from Containment Release Accidents

C. Distenfeld and J. Klemish

Abstract

Reactor accidents may cause releases of radionuclides from 
containment. The active material would cause exposure to 
man through inhalation of gases or aerosols or through con­
sumption of food products containing deposited radioactive 
particles.

Certain aspects of internal exposure are considered. They 
are field assessment of the exposure potential of milk, and 
predictions of human thyroid dose commitment based on direct 
measurements of radioiodine incorporated within the human 
thyroid.

Radioiodine in milk may be inferred by measurements of radio­
iodine in cow thyroids, and by measuring deposited radio­
iodine on pasture grasses consumed by cows. Direct radio­
iodine measurements on milk were also considered.

Human thyroid exposure could be through inhalation as well 
as ingestion. Predictions of thyroid dose commitment can be 
based on measured human thyroid radioiodine content and 
known metabolic parameters.

The report is organized in the order of their introduction 
above starting with inferred milk radioiodine content based 
on measurement of radioiodine in the cow thyroid.
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Summary

Reactor accidents may cause releases of radionuclides from 
containment. The active material would cause exposure to 
man through inhalation of gases or aerosols or through con­
sumption of food products containing deposited radioactive 
particles.

Certain aspects of internal exposure are considered. They 
are field assessment of the exposure potential of milk, and 
predictions of human thyroid dose commitment based on direct 
measurements of radioiodine incorporated within the adult 
human thyroid.

Radioiodine in milk is inferred by measurements of radioiodine 
in cow thyroids, and by measuring deposited radioiodine on 
pasture grasses consumed by cows. Direct radioiodine measure­
ments on milk are also considered.

Inhalation is an alternate pathway to thyroid exposure. 
Predictions of thyroid dose commitment are based on measured 
human thyroid radioiodine content and known metabolic parameters.

The report is organized in the order of introduction starting 
with inferred milk radioiodine content based on measurement 
of radioiodine in the cow thyroid.
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1. PREDICTIONS OF RADIOIODINE IN MILK BASED ON COW THYROID MEASUREMENTS

1.1 Introduction

Minimizing ingestion depends on control of supplied milk. 
Radioiodine content governs whether milk can be accepted for 
general use, home consumption, delayed by diversion to cheese 
or dried milk, or be rejected. Radioactive content can be 
measured at farms, dairy collecting points or markets.

Farm measurements permit control of smaller milk stocks, re­
ducing the possibilities of contaminating larger dairy pools. 
Field determinations can involve direct pasture measurements. 
Extensive research allows prediction of radioiodine in milk 
based on direct measurement of radioiodine on pasture grasses. 
When feeding primarily stored hay, grain or processed feed, 
an alternate measurement system is required. Radioiodine 
intake is then only possible by respiration of aerosols and 
gases and not by consumption of pasturage.

Direct measurements on cow thyroids can be used to predict 
milk radioiodine content. Simple, external, under neck 
measurements can be used to predict radioiodine content in 
the milk. Measurement time can be less than a minute per 
animal. Representative herd determinations are possible in 
5 to 10 minutes for an average collected herd of ^100 cows, 
assuming 10 cows are representative.

1.2 Bovine Iodine Metabolism

Prediction of radioiodine concentrations in milk depends 
on iodine metabolism. Two models were considered, the first, 
developed by Dr. J.K. Miller,is designated the eastern 
model, and the second by Dr. C. Blincoe^ ' is designated the 
western model. Each model represents iodine metabolism some­
what differently and with different rate constants. The 
eastern and western models and rate constants are outlined in 
Figures 1.1 and 1.2. Time dependent calculations were made 
for both models for both single and continuous feeding.
Twice daily milking was assumed with 80% discharge for all 
milkings. Eastern model results, shown in Figure 1.3, in­
dicated that thyroid uptake of iodine reached a maximum of 
12.5% three days after a single intake. After 7.5 days of 
ingestion, iodine accumulated in milk and excreta reached 
levels of 9 and 80% respectively.

The western model provided very similar results for iodine 
transport in milk and excreta. The most striking difference 
between the two models was the magnitude of iodine uptake 
by the thyroid. The western study. Figure 1.4, predicted a

- 1 -



maximum thyroid uptake of about 41% of intake, about three times 
larger than the eastern model. Regional differences in stable 
dietary iodine supplements(3) and feed could be responsible.
Part of the data base for the eastern model included cows given 
a standard commercial concentrated feed containing iodized salt. 
Some degree of iodine blocking was likely^'. Extensive use 
of supplementary stable iodine may be related to the goitro­
genic^) nature of corn silage-soybean oil meal feed that was 
widely used.

The eastern model was adopted to provide some regional conser­
vatism for predicting general milk radioiodine content from 
thyroid uptake.

1.3 Measurement of Radioiodine in the Cow Thyroid

Practical predictions of milk-radioiodine content depend on 
direct measurement of thyroid radioiodine and the time de­
pendent metabolic relationship between thyroid uptake and 
milk release of iodine. Radioiodine assay of cow thyroid 
uptake can be made with CDV700 civil defense instruments 
fitted with standard D-103 GM probes or with specially fil­
tered Victoreen 6306 GM detectors.

The relationship between instrument counts per minute, CPM, 
and microcuries of in the cow thyroid was measured with an
appropriate cow thyroid phantom. A full scale model of a 
bovine neck sectionwas constructed containing a trachea 
and two flattened triangular thyroid lobes, laterally arranged 
(see Figure 1.5). The.hollow thyroid lobes were filled with 
a total of 37.5 cm^ ^ of radioiodine solution. The neck 
section was filled with water immersing the model thyroid 
lobes but leaving the model trachea dry.

1.4 Results

Measurements were made with probes arranged (a) longitudinally 
below the model trachea and centered between the model lobes, 
and (b) laterally orientated and centered. Results for var­
ious detectors are summarized in Table 1.1.

Slightly higher counting rates per unit activity were observed 
with longitudinal orientation. However, ease of lateral 
probe positioning probably makes this the preferred method.

Proper probe position for optimum detection of thyroid radio­
iodine uptake can be determined by palpation^). Placing one's 
fingers at the throat-neck juncture (Figure 1.6) and locate a 
lateral subsurface indentation corresponding to the arch of 
cricoid cartilage (see Figure 1.7). The probe should be placed 
to the rear of the arch, adjacent to the position of the Isthmus 
of thyroid.

2



The measured counting rate can be converted to thyroid uptake 
by use of Table 1.1. Iodine metabolism provides the relation­
ship between thyroid uptake and radioiodine in milk.

Two feeding scenarios are considered. Continuous feeding re­
presents maximum intake and transfer to milk, while single 
feeding results in smaller values. Single feeding results 
from dairy farmers switching their herds to stored feed to 
limit exposure or cattle inhaling radioiodine from a passing 
cloud while on stored feed.

The predicted cow thyroid net counting rate for milk contain­
ing 8.7 nanocuries per liter is shown in Figures 1.8 and 1.9 
for a 6306 probe and for single and continuous feeding. The 
family of curves labeled "Hours After Reactor Shutdown", allow 
adjustment for changing iodine isotope composition with time. 
The curves can be used by selecting a time after start of 
feeding along the abscissa. Follow a vertical line to the 
intersection or interpolation of time after reactor shutdown, 
and the corresponding thyroid net CPM is on the ordinate for 
a milk l^lj activity of 8.7 nCi/&. This value corresponds 
to ^1 rad dose commitment to a 2 gm thyroid for daily milk 
consumption of one liter,

1.5 Discussion and Results

Two uncertainties were perceived and were difficult to quan­
tify. They were regional variability in location and size 
of the bovine thyroid gland and in bovine iodine metabolism. 
Good agreement between the two models was apparent for the 
fraction of iodine intake that later appeared in the milk. 
However, the two models differed by a factor of three in 
bovine thyroid uptake. This would lead to similar uncertain­
ties in predicting radioiodine in milk from thyroid measure­
ments .

131Sensitivity of the method was based on an initial I milk 
concentration of 8.7 nCi/£ . Continuing intake corresponds 
to a projected dose commitment of about 1 rem to a 2 gm 
thyroid. This sensitivity can be achieved at the farm two 
days after reactor shutdown for continuous feeding and one 
day for single feeding, assuming normal 6306 probe background 
values.
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Table 1.1 131 I Calibration of Various Detectors with a

„ (!6) Detector

Cow Thyroid Phantom

Longitudinal
Net CPM/yCi

Lateral 
Net CPM/uCi

0CD-D-103 Probe 9.8+2% 9.2+9%

TGM Probe 54.6+1% 51.8+5%

b30t> Probe 110+7% 105+5%

(9)
MAMMARY

GLANDGl TRACT KIDNEY

OUTER
POOL THYROID

FECES

CENTRAL POOL

URINE MILK

Compartments and direction A SE
(per hour)

Ag] Central pool to kidney 1.80 .07
A]g Kidney to central 1.57 .05
Agj Central pool to thyroid .0258 .0013
A^3 Thyroid to central pool .00502 .00091
A73 Central pool to outer pool .837 +.172A6 3 -
A37 Outer pool to central pool .645 .066
Aq3 Central pool to mammary gland .173 .003
A3C1 Mammary gland to central pool - .576 +8.074A9i -
Ag 3 Central pool to GI tract .145 .039
133 GI tract to central pool .068 .016
A2g Kidney to urine .14515 - . 05126Ag1 -
A133 GI tract to feces .0321 .0077

Figure 1.1 Eastern Metabolic Model and Rate Constants
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Figure 1.5 Cow Thyroid Phantom
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Figure 1.6 Cow Silhouette with Trachea
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Figure 1.7 Cow Trachea with Thyroid

BOVINE THYROID COUNTING 
RATE* FOR 8.7 pCi/i 
,3,I IN MILK

SINGLE FEEDING

APPROX. MINIMUM 
DETECTION LEVEL IN 
NORMAL BACKGROUND

6306 PROBE

500 700 1000200 300

THYROID MONITORING TIME.HOURS AFTER SINGLE FEEDING

Figure 1.8 Cow Thyroid Counting Rate with a 6306 Probe for 
8.7 nCi/& 131i in Milk After Single Feeding
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2. MILK RADIOIODINE CONTAMINATION FROM GROUND DEPOSITED FISSION PRODUCTS

2.1 Introduction

Radioiodine contaminated pasturage consumed by dairy cattle 
results in radioiodine in milk. The magnitude of the radio­
iodine concentration in milk will be proportional to the 
amount of contamination. Thus, pasture measurements can be 
used to predict radioiodine concentration in milk.

The pasture contamination - measurement relationship was 
studied experimentally and extrapolated to field depositions 
expected from BWR and PWR release from containment accidents. 
A 20 meter diameter pseudo fallout field having .144 mCi/m^ 
was constructed, using 84 131j sources. The field was used 
to calibrate a number of instruments. Corrections were cal­
culated to adjust the instrument calibrations from a 20 meter 
diameter to the more appropriate infinite field case.

Fallout deposits contain a mixture of radionuclides, which 
varies in composition and depends on the type of accident and 
reactor. Previous calculations of time dependent ratios of 
radioiodine to total non-gaseous fission products were used 
to correct the 131p infinite field calibrations for total 
fallout.

2.2 Field Calibration and Extrapolation to an Infinite Field
Previous calculations^^ were used to design an adequate cal­
ibration range. The range consisted of a 20 meter diameter 
pasture like area on which were placed small point sources 
of 131x. Eighty-four small plastic petri dishes of 15cc 
volume were used as source containers. Five cc of activated 
charcoal followed by filter paper were placed in the bottom 
of the petri dishes. Radioiodine solution was dispensed onto 
the filter paper. Taped, plastic petri dish covers were used 
to seal the sources.

( o\
An adjustable volume Oxford' dispenser was used to provide 
reproducible 0.2cc aliquots of l-^I in 1/10 normal sodium 
hydroxide solution.

Twenty sources were loaded with 0.17 mCi and 64 sources with 
0.65 mCi. The sources were measured with an ion chamber to 
verify uniform loading. The few sources showing m!0% de­
viation from the mean were placed near the outside diameter 
of the calibration range. The resulting calibration range 
had an average deposition of .144 mCi/m .
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The center of the calibration range was organized into a 
cross like structure with 20 sources about 1.07 meters apart. 
The remaining sources, of 4 times the activity, were placed 
on a 2.14 meter grid shown diagramatically in Figure 2.1 and 
pictorially in Figure 2.2. Grid locations were marked with 
anchored white plastic coated paper cup lids; so that the 
sources could be dispensed rapidly and reproducibly.

A water filled whole body phantom was placed in the center of 
the field to provide realistic radiation shadowing. Standard 
probe monitoring positions were approximated for both a hand 
held probe extended ^18" and a probe retained in a CDV 700 
handle mount adjacent to the torso.

Calibration data error was controlled to less than +5% stan­
dard deviation of the mean by use of electronic scalers 
located in a trailer shown in the foreground of Figure 2.2. 
Results for I are shown on Table 2.1 in terms of Net CPS 
per mCi/mz and per mR/hr for the 20 meter diameter calibra­
tion pasture, and for different probes, and instruments. 
Infinite field results were obtained by correcting the 20 
meter diameter data by a calculated dose rate ratio of 
infinite field to 20 meter diameter field.

For uniformly deposited disc sources, the uncollided y fluence 
at point p for source S of y/cm^sec, and linear absorption 
length p is:

since zdz = rdr

0 r

(9)Adopting the Goldstein form of dose buildup factor for
point sources where K = iL_ - 1 = 2.3 for 365 keV y's produced

Pa

12



by the decay of Bp(ijr) - 1 + kyr

The buildup fluence is

‘t’b = 2
R

jo

e~VX(1 + kyr) — dr

Let yr = t; Note: r = a at R = o lower limit 
. ' . r = t/y; dr = dt/y

i _ s $b ~ ~2
ya sec e e 

ya

-t
t/y dt/y- ya sec e , -t,ke dt

ya

4b = /t? / \ T7 / \ _L 1 /• “ha pa sec e.(E-^(ya)-E^(ya sec e) + k(e - e )
t2 t3

where E^^Ct) = 57722-log t + t + 2l2 + 3L3 + •••

Since X a<j).E*y/a where X = dose rate in Roentgens/time

Assume E(uncollided) = E(buildup) and ya = .0129 for 100 cm
above the ground

%10M)_ (j>h(10M)_ 2.56
*oo 4boo 6-04

A slightly different approach was taken by Haynes^). He 
divided the infinite field calculation into regions above 
and below ya sec e = 1. For the smaller region closer to 
the source, he used the method outlined above. The buildup 
function for this other region was changed to the more 
accurate Berger(9) form.

BP 1 + Lyre-Byr

Parameters L and 3 were obtained by interpolating the dose 
buildup factors of Goldstein and Wilkins(10) for water, for 
365 KeV, and for yr = 1 and 2. Hayne's results indicate the 
infinite field correction factor was, 1/.406, in good agree­
ment with the derived value of 1/.42.

The calibration data were corrected by 1/.406 in preference 
to the Berger form of buildup function for absorption 
lengths >yr = 1.

2.3 Radioiodine Pasture to Milk Pathway
WASH 1400^^ related to radioiodine consumed by dairy animals 
to milk contamination. They assume an average cow consumes

13



11.8 kg/day of pasturage and obtains this quantity by graz- 
irg 45 m2 with 50% of the iodine deposited on the grasses.

Lengemann^^^ empirically determined the radioiodine frac­
tion, A, of daily intake that appears in milk as a function 
of time t in days.

. .021tr, -. 292t| . -1A = .0091e 1-e liter

Radioiodine pasture levels decline by radioactive decay and 
weathering. In WASH 1400, a weathering half-life of 14 days 
was assumed. Thus, the weathering factor, L, is e-*0^95t> 
Finally, 131i decays with an 8.06 day half-life leading to 
the radioactive decay factor Therefore, the radio­
iodine milk concentration, Q, in mCi/£ for a field deposition 
of C mCi/m2 is

Q=Cx45x .5xAxLxR

The expression was evaluated for a milk concentration of 
8.7 nCi/£ for decay times of 1,2,4 and 8 days. Results are 
shown in Table 2.2. It is interesting to note for a fixed 
milk concentration for times varying from 1 to 8 days after 
shutdown, the initial iodine deposition is roughly constant. 
Iodine released to milk increases with time for continuing 
feeding. This tends to compensate for weathering and decay, 
reducing the expected time dependence for the first 8 days.

Radioactive deposition from a release from containment 
accident contains a mixture of fission products. The effect 
of the mixture on instrument response was calculated (-* 3) 
earlier. The calculations provided time dependent ratios 
of iodine instrument response to total non-gaseous fission 
products for the 9 PWR and 5 BWR WASH 1400 hypothetical 
accident cases. A constant deposition velocity was assumed 
for all of the non-gaseous fission products. The earlier 
ratios were corrected for the calculated instrument response 
due to the total fission iodine compared to J I. Finally, 
the corrected ratios and the 131l fieldoo calibrations were 
used to predict the Victoreen probe instrument responses 
one meter above an infinite field contaminated with mixed 
fission products. Predictions were made for 1,2 and 4 days 
after reactor shutdown and for a pasture that would produce 
milk containing 8.7 nCi/ji 131j . Results are shown on Table
2.3 and indicate that the hypothetical BWR accident cases 
produce about twice the instrument response of the PWR's for 
a given concentration of radioiodine in milk. This is due 
to the larger fraction of iodine trapped in a PWR contain­
ment and therefore not available for release. BWR 5 was 
treated as a special case since the release composition and
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accident scenario were not characteristic oi the other BWR's. 
In this case, a large pipe break without core melt down and 
without use of the pressure suppression pool was assumed. 
Cladding failure and release of the gap activity to the con­
tainment were assumed. It was also assumed that the release 
was ultimately filtered and discharged by an elevated stack. 
Except tor the magnitude of noble gas release, the non-gases 
components may experience roughly the same conditions as the 
PWR casts. instrument predictions for a BWR 5 accident class 
closely match the PWR cases which follows this contention.

The data are graphically displayed on Figure 2.3. Normal 
background values for filtered Victoreen 6306 probes are 
less than 1 cps. Thus, the lower detectable milk concentra­
tions would be less than 1 nCi/ii of l-^l.

2.4 Summary
131A 20 meter diameter I calibration field was constructed 

to approximate uniform contamination. Calculations were 
made to correct the results to an infinite field. Earlier 
calculations were adopted to account for the contributions 
expected from other fission products for the WASH 1400 PWR 
and BWR hypothetical accident cases. The calculations were 
used to predict 6306 probe responses to pastures pro­
ducing milk containing 8.7 nCi/£ -*--^1 that were contaminated 
by mixed fission products from PWR and BWR accidents. The 
method can easily be used to evaluate pastures capable of 
producing milk of less than 1 nCi/f, of 131i.
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Table 2.1 Detector Response to Ground Deposited 131 I

Instrument BKG
CPM

---------------- Probe Hand Held Probe on Instrument "^Cs Calib 
Net CPS/mR/m

10 Meter Radius ,
Net CPS/mR/hr Net CPS/mCi/m

«> Field _ 
Net CPS/mCi/ni

10 Meter Radius
Net CPS/mR/hr Net CPS/mCi/m^ 00 Field 2 

Net CPS/mCi/m

L0CD-D-103-1 13+9% 7.9+5% 21.8+5% 54 6.7+3.5% 18.6+3.5% 46 9.3+ 2%
OCD-D-103-2 18+7% 8.0+2% 22.1+5% 54 7.0+6% 19.3+6% 47 9.5+ 2%
2V1 45+5% 95+3% 265+3% 652 84+4% 232+4% 571 J 76+ 1%
V 2 48+5% 108+2% 298+2% 734 89+2% 247+2% 610(599+4% 82+ 1%
V 3 47+5% 100+3% 276+3% 680 86+5% 240+5% 590 - ° 78+ 1%
V 4 49+5% 105+2% 292+2% 719 92+4% 255+4% 628] 80+ 1%
3TGM-1 19+7% 43+4% 120+4% 296 38+2% 105+2% 259 34+ 1%
TGM-2 20+7% 45+2% 124+2% 304 38+2% 106+2% 261 34+ 1%
^Ludlum 192+3% 565+2% 1566 3857 235+.5%

Notes: 1Std OCD-D-103 GM tubes in std CDV shield
^Victoreen 6306 GM tube in 1.27 mm Pb +0.8 nun Cu shield
^NP358 special 3.875 inches LOA by TGM Detectors Inc. shielded as 2 above 
^Ludlum model 44-3 Low Energy Gamma Scintillator with companion instr.



Table 2. Pasture Contamination to Produce a Q of 8.7 nCi/Ji. in Milk

Time
days

A
xlO3 L R

(m^m2)

1 2.4 .95 .92 .19

2 4.2 .91 .84 .12

A 6.8 .86 .77 .09

8 9.7 .67 .50 .12
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Table 2.3 6306 Probe16 Response to Pastures Contaminated by PWR and BWR Accidents Normalized to 
Resulting Milk levels of 8.7 nCi/£

Time 1'11I on Pasture Instr II/131I PWR1-9 ^ Intr. BWR1-4 Intr. BWR5 Intr.
days mCi/M CPS(131l)

8.7 nCi/£
ZFis.P/EI CPS(PWR)

8.7 nCi/£
TFis.P/EI CPS(BWR1-4) 

8.7 nCi/£
TFis.P/ZI CPS(BWR5)

8.7 nCi/£

1 .19 113 2.70 1.96 596 4.0 1216 1.49 453

2 .12 72 1.69 2.33 283 4.5 553 1.69 206

4 .09 51 1.16 2.70 159 5.88 347 2.0 118



0 64 LARGE SOURCES + 20 ONE-QUARTER SOURCES 
FOR 10 METER RADIUS, SMALLEST SPACING IS 1.0669 METERS
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Figure 2.2 Simulated 131, Semi-Infinite Fallout Field
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BWR 1-4

DAYS POST REACTOR SHUTDOWN

FISSION PRODUCTS FIELD TO PRODUCE 
8.7 nCI /£. I3II IN MILK

Figure 2.3 6306 Probe-on-Meter Response 1 Meter Above an
Infinite Fission Products Field to Produce 8.7 nCi/£ 
in Milk
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3. DIRECT MILK AND WATER MONITORING

3.1 Introduction

Potable water can be supplied by wells, streams, reservoirs, 
and cisterns. Historically milk was collected in 40 quart 
cans. The current method used by large dairies, typical of 
northern New York State, is tank truck collection.

A common feature of water and milk monitoring was a lack of 
a consistent sampling geometry. For this reason two sampl­
ing methods were studied for detection efficiency and ease 
of use. The first consisted of a container with a monitor­
ing port for GM probe measurements, and the other involved 
iodine trapping with bulk ion-exchange and measurement in 
an efficient, reproducible geometry.

Both methods employed GM probes and were sensitive to all 
gamma emitting fission products. The ion-exchange method 
of milk monitoring for radioiodine concentrated I- but was 
inefficient for cations. Milk collected frp^farms con­
taminated by fission products will contain Cs, -*-^^Cs, 
137Cs, 89Sr, 90Sr, as well as the iodines. Cesium ions 
will not exchange with an appropriate anion exchange material 
that will be efficient for radioiodine. Since the strontrium 
and their chains are only beta emitters, closed probe meas­
urements reflect a direct iodine response.

The container method of iodine sampling required an analysis 
of release fractions for various hypothetical reactor acci­
dents. Calculations were made to account for the enhanced 
response due to the presence of the cesium group along with 
the iodines.

3.2 Bulk Ion-Exchange Method
(14)The chloride form of Amberlite IRA-900C was used as the 

exchange media. A 3500 cc water solution containing 131x 
was placed in a one gallon plastic container. 200 cc of dry 
amberlite resin along with 25 mg of stable Nal carrier were 
introduced. The contents were mixed by rotating top to 
bottom for 1 minute, and the entire contents were rapidly 
strained through an empty, open, air sampling collector(15). 
Victoreen probe(16) and standard, closed, D103 civil defense 
probes were introduced into the counting port for calibra­
tion. Results were 2525+1% net CPM/yCi/Jl and 190+3% net 
CPM/pCi/£ for the 6306 and OCD-D-103 probes respectively.
Ion Exchange bed efficiency was 63%.
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131A measurement was made that allowed the I test solution 
to drip slowly through an Amberlite resin filled air sampl­
ing collector. The drip rate of 3 £/hr increased iodine 
exchange efficiency to over 80%. The relatively small effi­
ciency improvement was not balanced by the much longer col­
lection time, increased apparatus required, and clogging 
potential due to milk solids.

Radioiodine naturally secreted in milk appears as two chem­
ical species with available to anion exchange
resins.
In WASH 1400^^, several radionuclides contained in 
milk that could cause significant human exposure were con­
sidered. They were 133i} 89sr, 9()Sr, 134cSj 136qSj
and 1-^Cs. as mentioned earlier, this anion exchange resin 
will trap the iodine but not the cesium. The strontium 
group is a beta emitter and will not be significantly meas­
ured by filtered GM detectors.

Drinking water was assumed to contain the same radionuclides 
as milk. In general, soluble molecules are expected suggest­
ing salts of alkale metals, salts containing halogens, and 
nitrates. The halogens include iodine and will be trapped 
while the cations will not be retained.

Field use of the bulk ion exchange method for milk and water 
requires corrections. Adjustment must be made for the 
other members of the iodine family, and for milk the detec­
tor calibration factor must be reduced by 10% to account 
for the iodine bound by organics. Figure 3.1 contains the 
corrected results for the 6306 probe and the standard 
OCD-D-103 probe.

3.3 Iodine Measurement by the Container Method

The container used was a 5 gallon heavy wall polyethyl­
ene "Jerri" type measuring 12x9x10 inches wide. The size 
was selected to insure near maximum counter efficiency 
and to allow the results to be used directly with larger 
containers, including tank trucks. A 4.75 cm ID blind tube 
was installed to allow the GM probes to be positioned in the 
center of the container.
131I was introduced into the container that was previously 
filled with 1/10 normal OH- and an excess of stable I-. 
Mixing was accomplished by cycling the container ten times 
through 180°. Probes were calibrated end down within the 
sampling container and on top of the container.
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Results are listed on Table 3.1 for three GM probe types and 
a commercial thin Nal scintillator. All instruments were 
connected to a scaler and accumulation times adjusted to 
reduce the counting error to less than 5%. The error limits 
given on Table 3.1 are one standard deviation of the mean 
of several determinations.

Use of the CDV 700 meter readout constrains the user to 
statistical uncertainties governed by the instrument time 
constant (R.C.). The standard deviation, s, of a gross sin­
gle reading, a, in CPS is given by:

s = / a CPS 
2RC

where RC H integrator time constant with R in ohms and C in 
farads.

The minimum detectable level, MDL, depends on the uncer­
tainty ascribed to background. Taking 2s to be the MDL for 
the most sensitive range with a 6 second time constant, the 
MDL's range from 16 to 33 CPM. Comparing these values to 
the calibration with probe inside container, sensi­
tivities listed on Table 3.1 provided the MDL values for 
iodine shown below. The Victoreen probe is about 5 times

Probe BKG(CPM) MDL(CPM) MDL(nCi/l
OCD-D-103 12 16 120

TGM 19 20 29
6306 55 33 23

more sensitive for near background levels and about 11 times 
more sensitive for 131j concentrations of >1 yCi/7,.

13 A 136Account must be made for the presence of Cs, Cs, and
l^Cs. xhe magnitude of the effect depends on the relative 
fractions of cesium to iodine released from a hypothetical 
reactor accident. The method used to account for the vari­
ability, due to differences in reactors and accident sce­
narios, was to determine the most probable 6306 probe 
sensitivity for PWR's and BWR's.

Deposition on pasture was assumed to be independent of 
radionuclide. Transport through a "typical" dairy herd was 
adopted from WASH 1400.

The 6306 probe sensitivity, s, in CPM per yCi/£ was 
given by:

CPM 131I) rcPM zi ) rCPM EFiss.P]
pCi/a

^ > 131(CPM J I y
CPM El

, >
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The fraction A(Isotope,t) appearing in milk from daily 
ingestion is given
A(Cs,t) = (.0138+.000073t) (l-e~-3t) liter-1 
A (I,t) = .0091 e-021t (1-e-•292t) liter”1

Since

Q = Cx 45x%xAxLxR mCi/Jl

where all variables are defined in part 2.3

Q(Cs, t) = y (Cs) x f (Cs^ccid) x A(Cs,t) x R(Cs,t) 
Q(I,t) y(I) f(I,Accid) A(I,t) R(I,t)

where y = fission inventory

f = release fraction for a given accident

CPM(ZCs,t) _ Q(Cs,t) x CPM(ZCs,t) x Unit Act(to) 
CPM(ZI,t) Q(I,t) Unit Act(to) CPM(ZI,t)

CPM(ZCs+EI,t) = CPM(ZFissP,t) = 
CPM(ZI,t) CPM(ZI,t) 1 + CPM(ZCs,t)

CPM(ZI,t)

Time, Days 1 2 4 8

A(Cs,t)
A(I, t) 1.5 1.5 1.5 1.4

1 31CPM ZI(t) v CPM( J I)
CPM l;ilI(t) yCi/£ 1790 1120 760 665

Results are shown on Table 3.2 and Figure 3 2 for 1 to 8
days after reactor shutdown and for PWR and BWR accidents.
Calculations for the BWR results, Figure 3.2, indicate that 
the most probable and average probe sensitivity are similar. 
All of the 5 hypothetical BWR cases provide probe sensi­
tivities within a factor of 2 of the most probable value. 
Uncertainties appear to be much larger for PWR accidents.
The most probable sensitivity closely follows the locus of 
highest sensitivity. Table 3.2 provides a listing of 
6306 probe sensitivity in CPM per pCi/£ of I for 
all the reactor accidents considered. PWR 9 has the largest 
probabily and the highest cesium to iodine release fraction. 
This single case dominates the probability weighted detector 
sensitivities.
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3.4 Discussion and Summary

The sensitivities of the bulk ion-exchange and container 
counting method may be compared. For milk monitoring one 
day after shutdown, the bulk ion-exchange and container 
method provide similar 6306 probe sensitivities for PWR 
accidents. Since the bulk ion-exchange method does not 
include the longer lived cesium isotopes, the sensitivity 
declines more rapidly than the container method. The over­
all sensitivity can be increased by using a larger- volume 
of liquid. Use of 20 liters of liquid would increase the 
bulk ion-exchange sensitivity by factors of 2 to 5 depend­
ing on exchange efficiency. Assuming an improvement of 2, 
the 6306 probe would have a sensitivity, one day after 
release and shutdown, of about 1.2x10^ CPM per yd 131j/^> 
This would lead to a minimum detectable level of about 
3 nCi with normal backgrounds. Thus two advantages
exist for the bulk ion exchange method. The method is 
inherently more sensitive; since the iodine is concentrated 
by ion exchange and measured with higher efficiency. The 
required quantity is the radioiodine concentration in milk. 
The ion-exchange method discriminates against cation fission 
products, thus providing greater confidence in determining 
iodine concentration regardless of accident and reactor type.
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'able 3.1 Water and Milk Monitoring of 1 with a 20 liter Container131

Inst.(16) BKG, CPM

0CD-D-103-1 12+ 10%
OCD-D-103-2 18+ 7%

V-l 51.4+ 3%
V-2 55.0+ 5%
V-3 54.6+ 5%
V-4 56.4+ 5%

TGM-1 18.5+ 7%
TGM-2 19.7+ 7%

Ludlum 153+2 .6%

Inside (Net CPM/yCi/i)

132+ 1%
136+1.5%

1370+1.9% 
1519+1.1% 
1435+1.1% 
1489+1.5%

703+2.3%
662+1.6%

0utside(Net CPM/yCi/&)

55.7+3.7%
56.1+7.1%

652+ .7% 
683+1.7% 
640+3.1% 
654+2.4%

321+ 4%
300+3.7%

8052+ .6%

V = 6306 Probe

Table 3.2 GM Probe* Response to WASH 1400 Fission Products 
in Milk per yCi/£ ^^Ip

Accident Probability f (Cs)
f (I) 1 day 2 day 4 day 8 day

PWR 1 9xl0_7 .57 2115 1468 1167 1212
2 SxlO-6 .71 2198 1555 1268 1347

3 4xl0-6 .97 2350 1720 1458 1605

4 SxlO"7 .44 2040 1386 1072 1083

5 7xl0-7 .28 1951 1291 962 935

6 6x10-6 .29 1954 1295 967 941

7 4xl0_-’ .25 1933 1274 943 909

8 4xl0"5 4.76 4547 4067 4168 5266

9 4x10"4 5.51 5036 4592 4774 5910

Probability Wt. Avg. 4635 4160 4455 5440

BWR 1 mo-6 .98 2357 1724 1463 1611

2 6xl0-6 .55 2107 1459 1156 1197

3 2xl0-5 .94 2329 1695 1430 1566
4 2xl0_6 3.33 3719 3183 3147 3886
3 IxlO-4 1.94 2913 2319 2150 2539

Probability Wt. Avg. 2795 2190 1990 2320

*6306 Probe(16)
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DAYS AFTER REACTOR SHUTDOWN

I by Bulk Ion ExchangeFigure 3.1 Milk Monitoring for

PWR MOST PROBABLE

PWR 1-9

jo ID'

BWR 1-5 >

MOST PROBABLE

DAYS AFTER REACTOR SHUTDOWN a DEPOSITION

IN MILK MEASURED WITHIN A 20 LITER CONTAINER

Figure 3.2 6306 Probe Response to WASH 1400 Fission
Products in Milk Measured Within a 20 Liter Container

28



4. HUMAN THYROID DOSE COMMITMENT PREDICTIONS

4.1 Introduction

Direct measurement of the radioiodine content of the thyroid 
can be used to predict the dose commitment. Field measure­
ments of an exposed adult population could be used to set 
priorities for evacuation, for medical referral, and for 
confirmatory thyroid uptake determinations by qualified 
hospitals. Measurements, within a few hours after cloud 
passage, could be used to suggest administration of stable 
iodine to reduce the potential dose commitment.

The thyroid roughly resembles a butterfly and is located in 
the base of the neck. Most of the 20 gram mass is vertically 
arranged and the "wings" lie on either side of the trachea. 
The center of the thyroid is about 1 cm above the clavicle, 
but may lie below the clavicle in some people.

GM measurements can be made either with a probe arranged 
vertically along the front center of the neck, horizontally 
along the clavicle or end-on with the open window centered on 
the thyroid.

4.2 Methodology

Organ uptakes are usually expressed as constant fractions
of intake. Considering the short and variable decay times of 
the five fission iodine isotopes, metabolic and decay time 
must govern thyroid content for a given intake and time after 
intake. Realistically three time dependencies govern organ 
content; breathing time in the cloud (At), metabolic time 
(At + t2) and decay time from some reference (t) govern the 
amount and composition of the five radioiodines in the thy­
roid. Berman(20) calculated the time dependent fraction f(t) 
of inhaled stable iodine reaching the adult thyroid for t2 
hours after intake.

f(t) = .235 (e-.000453t2 - e •. lllt2 ) (1)
The measured counting rate, CPM, for radioiodine isotope i, 
with decay constant Ai, for equilibrium fission yield(H) 

per 10^ curies is given by equation 2

CPM = .235
1-5

RiYie-Xi(t+t2)
.(t2+At

, -.000453t -.lilt,(e -e )dt
t2

131where Ri is the detector response relative to I, Z is the 
adult thyroid phantom l^lp detector calibration factor in

(2)
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CPM/yCi, B is the breathing rate, and t2 is the time of 
measurement after start of inhalation exposure.

The dose commitment Ho° depends on the iodine activity in 
the thyroid integrated over 50 years and this is approximated 
by extending the integration limit to °o.

B j -Ait RiKi., -AiAt N- 5 ^5 e —(1-e ) (3)

where Hoc is the committed thyroid dose in rem, Ki is defined 
as .5928 EFEi(RBE)i x Ti where £FEi(RBE)i is the decay 
chain energy absorbed by a critical organ per decay of parent 
i, and M is the thyroid organ mass of 16 grams. Table 4.1 
is a listing of the 131i calibration results for a number of 
detectors with an adult thyroid phantom^^) . Table 4.2 
provides the values of R, Y, A and K for the five iodine 
isotopes.

4.3 Results

The ratio of equations 2 and 3 supplies the relevant factor, 
CPM/Hco, allowing a detector reading to be used to predict 
the dose commitment, at a given time after reactor shutdown, 
for a certain cloud breathing time and for a particular time 
after passage of the cloud. Results for radioiodine in adult 
thyroids detected by 6306 probes^1^ are given on Figure 
4.1 to 4.6 and in tabular form in the appendix. Figures 4,1 
to 4.6, respectively, are for .5, 1, 2, 5, 10 and 18 hour cloud 
immersion times. Separate curves are drawn on each figure 
for various times after reactor shutdown to start of intake.
The system of figures, or the tabular data in the appendix 
can be used to predict thyroid dose commitment from an 
instrument reading of radioiodine already in the thyroid.

For clarity, the use of the figures is illustrated. First 
select a figure corresponding to cloud immersion time. A 
time along the abscissa corresponding to the measurement 
time after reactor shutdown is followed to the correct time 
after shutdown to start of intake. The corresponding 
ordinate provides the 6306 probe dose commitment sensi­
tivity factor. Other instrument probes can be used by 
adjusting the detector-dose commitment interpretation by the 
ratio of a phantom calibration for a different detector, 
given in Table 42, to the Victoreen probe calibration for 
horizontal probe geometry.

The approximate minimum detectable thyroid dose commitment,
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MDDC, for a cloud immersion of 1 hour starting immediately 
after shutdown and measured 300 hours later is about 2 rem. 
Reducing the measurement delay time to four days improves 
the MDDC to <1 rem.

It may be useful to consider the WASH 1400^-*-) release from 
containment accident cases. Assuming a wind speed of 1 m/s 
and a thyroid measurement made 4 hours after cloud passage,
0.6 rem is the MDDC, Table 4.3.

4.4 Discussion

The above method depends on use of an ADULT thyroid phantom, 
a metabolic prescription for general populations, and cal- 
culational parameters for adults. The technique could be 
adapted for use with children, but only if significant 
parametric adjustments were made. The infant thyroid lobes(22) 
have about half the diameter of adult lobes and are covered 
by about .73 cm of tissue compared to 1 to 2 cm for an 
adult(22)< Instrument response, per unit radioiodine in the 
thyroid, would be somewhat greater for the child than the 
adult, but the smaller gland results is a lower overall read­
ing per rem. Therefore, adjustments for tissue shielding 
and organ mass are necessary to predict a correct response.

Sensitivity of the method depends on a normal instrument 
background to detect 2 rem. Monitoring sites must be 
selected for normal, natural background readings with the 
same instrument types that are to be used for personnel 
screening. Use can be made of available structures for 
shielding. Below grade basement corner locations may have 
adequate background readings, assuming somewhat elevated 
values are observed outdoors.

Personnel to be monitored must be premeasured for surface 
contamination with standard open probe CDV-700 instruments. 
Change of clothing and decontamination by washing are neces­
sary to remove surface contamination prior to thyroid 
measurement for minimum detectable dose commitments.

Radioiodine thyroid measurements must be made with closed 
probe standard CDV-700 or other instruments listed on 
Table 1 for the results presented to be applicable. The 
probe should be centered on the front lower neck along the 
clavicle. Background meter readings must be subtracted from 
thyroid readings. The difference or net readings are used 
to predict the dose commitment.

Greater instrument sensitivity and accuracy can be obtained 
by counting the audible signal provided by the earphones
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for a predetermined length of time such as a minute. Again, a 
net value of counts per minute, CPM, is needed. This requires 
a similar audible count of background to be made and subtracted 
from the thyroid monitor measurement.

4.5 Summary

Direct measurement of radioiodine in adult thyroids can be 
used to predict dose commitment. Care must be taken in the 
selection of monitoring locations so that normal, natural 
background will allow thyroid uptake measurements to be made with 
optimum sensitivity. Minimum detectable dose commitment 
values of .2 to .6 rem were calculated for the nine PWR and 
five BWR hypothetical release from containment accidents 
outlined in WASH 1400 using a 6306 probe. The methpd 
must not be applied to children without detailed adjustment 
in the results given.
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Table 4.1 Thyroid Phantom Calibrations for 131l

Probe Orientation
Inst.(24) Vertical Horizontal 10 cm away End-on

(Net CPM/uCi in organ)

OCD-D-103-1 44+3.2% 47 + 1.7%

OCD-D-103-2 42 + 3.2% 49 + 2.2% 6.5 + 2.4%

V-l 446 + 1.3% 453 + 1.6% 75.4 + 2.5%
V-2 486 + 1.3% 517 + 1.2% 87.7 + 1.5%
V-3 406 + 1.6% 476 + 1.1% 72.4 + 3.4%
V-4 428 + 1.8% 511 + .9% 76.2 + 2.2%

TGM-1 214 + 3.0% 245 + 1.8% 35.5 + 3.6%
TGM-2 252 + 2.7% 266 + 1.9% 36.1 + 2.1%

Ludlum 574 + 3.4% 4890 +

V = 6306 Probe(16)
Ludlum(23)^ Model 44-3

Table 4.2 Parameters Used to Calculate Thyroid Uptake

li R Y A, hrs l K

131I 1 1 .003581 5.997
132-j. 4.468 1.412 .30347 .0575
133J 1.372 2.0 .03332 .0264
134I 4.737 2.235 .7952 .0132
135I 2.231 1.765 .10345 .2765

Detector Response Relative to I 
Fission Yield Per 10® Curie 
Decay Constant, Hrs 
.5928 ZFEi(RBE)i x Ti(17^

R = 
Y = 
A = 
K =
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Table 4.3 Minimum Detectable Dose Commitments 5, 10, and 30 Miles from 
PWR and BWR Accidents for a Wind Speed of 1 m/s and for the

6306 Probe

Release
Category

Time of Duration of ^Minimum Detectable Dose Commitment, Rem*
Release(hr) Release(hr) 5 mi. 10 mi. 30 mi■

PWR 1 2.5 .5
PWR 2 2.5 .5
PWR 3 5 1.5
PWR 42 3
PWR 5 2 4
PWR 6 12 10
PWR 7 10 10
PWR 8 .5 .5
PWR 9 .5 .5

.3 .4 .5

.3 .4 .5

.3 .3 .4

.3 .3 .4

.2 .3 .4

.3 .3 .4

.3 .3 .4

.3 .3 .5

.3 .3 .5

BWR 12 .5
BWR 2 30 3
BWR 3 30 3
BWR 45 2
BWR 5 3.5 5

.3 .4 .5

.5 .5 .6

.5 .5 .6

.3 .3 .4

.2 .3 .4

*To adult thyroid

6306 PjROBE/H^to adult thyroid 

Cloud Immersion-.Shours

min. detectable level

10 100 
Measurement time, hours after reactor shutdown

Figure 4.1 Conversion of 6306 Probe to Adult Thyroid
Dose Commitment
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6306 P^OBE/H,oto odult thyroid

Cloud Immersion- I hours

<">,

rv min. detectable level

Measurement time, hours after reactor shutdown

Figure 4.2 Conversion of 6306 Probe to Adult Thyroid
Dose Commitment

6306 F^ROBE/H^jto adult thyroid

Cloud Immersion-2hours

ou min. detectable level

10 100 
Measurement time, hours after reactor shutdown

Figure 4.3 Conversion of 6306 Probe to Adult Thyroid
Dose Commitment
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6306 PROBE/H^to adult thyroid 

Cloud Immersion - 5 hours

a/ min. detectable level

Measurement time, hours after reactor shutdown

Figure 4.4 Conversion of 6306 Probe to Adult Thyroid
Dose Commitment

6306 PROBE/h^to adult thyroid

Cloud Immersion-lOhours

fv min. detectable level

10 100 
Measurement time, hours after reactor shutdown

Figure A. 5 Conversion of 6306 Probe to Adult Thyroid
Dose Commitment
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/Wd0 tSN

6306 PROBE/H^to adult thyroid 

Cloud Immersion-l8hours

A/ min. detectable level

Measurement time, hours after reactor shutdown

Figure 4.6 Conversion of 6306 Probe 
Dose Commitment

(16) to Adult Thyroid
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Appendix A

Adult Thyroid Dose Commitment as a Function of Victoreen Probe Response 
for Direct Thyroid Uptake Measurements

where

H(inf) - rem dose commitment to the thyroid

t2 “ time of measurement in hours after reactor 
shutdown

dt - hours in the cloud

t - hours after reactor shutdown to start 
of intake
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C PM H ( inf) CPM H ( inf) t t dt
H( inf) CPM

T I ME IN CLDUD= 3.5
Iodine residence time in eodt^ C-
156.455 1. 081 15:3.3 0.00658 iZ 0 0 . Ij 0.5
1:38.760 1. 01 0 137.4 0.0U7£3 •z c.j 0.5 i j. 5
1E4.981 1 . 0 0 0 1 £5. 0 U. imyuu z 1 . 0 0.5
105.136 0.98£ 1 07. 1 0. Mn9:-:4 4. £ . 0 0.5
74.081 0.935 79.3 0.01868 i u 5.0 0.5
51.9£6 0.37 £ 59.6 0.01679 18 1 0. 0 0.5
£5.074 0.718 -i nr u • ij iz. y Z' o 3£ 3 Ij . Ij 0.5
9.948 0.431 8 0.7 0.04837 1 08 IJ 1 0 0. 0 IJ . y
4.894 0. £3 lit 18.7 0.05361 3 0 £ 0 3 01 j. 0 0.5
c. 098 0.11 £ 13.6 0.05363 5 08 5 0 0 . 0 0.5
0.35 0 0. 019 13.6 0.05363 1 0 0£ 0 1 0 0 0 . 0 0.5
IDDINE RES IDENCE TIME IN BE E y = 4

178.366 1. 0£ 1 175.8 0.00571 4. 0.5
166.356 1.01 0 164.7 0. 0 06 07 4. ij. 5 0.5
155.8££ 1. 0 0 0 155.8 0.00648 m 1 . 0 0.5
138.998 0.98£ 141.6 0. 0 07 06 6 £. ij 0.5
107.099 0.985 114.6 0.0 0373 9 5. 0 0.5
79.4£5 0.37£ 91.1 0.01093 14. IJ 1 0. 0 0.5
4 0.6£7 0.718 57. 1 0.01758 34. 31 j. i j 0.5
16.691 0.481 34.7 ij. uyyyy 1 04. 1 0 0 . 0 0.5
7.854 0. £ 3 0 31.5 0. 03174 3 04. 0 3 0 Ij . 0 0.5
3.543 0.118 31.5 0. 03175 5 04. 5 0 0 . 0 0.5
0.591 0. 019 31.5 0. 03175 1 0 04. 1 0 0 0 . 0 0.5
IDDINE PEEIDENCE TIME IN BOI •i=y

184.£63 1. 081 130.5 0.00554 3 LI 0.5
177.140 1 . 01 0 175.4 0.00570 3 5 0.5 0.5
170.638 1. 0 0 0 17 0.6 0.00536 9. 0 1 . 0 i j. 5
159.147 0. 93£ 168.1 0. 0 0617 i l . £. i j 0.5
133.883 0.935 148.5 0 . 0 07 u£ 18 5. 0 0.5
105.771 G. 87 £ 181.3 0.00384 13 u 1 0. 0 0.5
59.147 0.718 33.1 0. 018 03 33 IJ 3 ij. ij 0.5r i“ -?C- m o o r 0.431 CT •“» O 0. 01859 1 03 ij 1 0 0. 0 0.5
11.398 0. £3 0 49.5 0.08081 3 U £ IJ 3 ij i j. i j 0.5
5.565 0.118 49.5 0.08081 5 08 0 5 0 0. 0 0.5
0.9 £9 0. 019 49.5 0. 08081 1 0 08 1 0 0 0 . 0 i j. 5
Iodine REEIDENCE TIME IN BOI ■< = 16

159.975 1 . 08 1 156.7 0.00633 16 0 Ij. 1 j 0.5
156.438 1.01 0 154.9 0.00646 16 Cj 0.5 0.5
153.160 1. 0 0 0 153. 1 0.00653 17 IJ 1 . 0 0.5
146.936 0. 98£ 149.7 0.00663 18 0 £. 0 0.5
131.035 0. 935 14 0. £ 0. 0 0713 £1 5. 0 0.5
111.894 0.37£ 1 £7.6 0.00733 £6 1 0. 0 0.5
7 0.£88 0. 718 93.3 0.0 1018 46 0 3 0. ij 0.5
34.8 09 0.481 71.1 0.01407 116 1 0 0 . 0 0.5
15.378 0. £3 0 66.8 0.01497 316 IJ 3 0 0 . 0 0.5
7.518 0.118 66*. 3 0.01497 516 5 0 0 . 0 0.5
1 . £54 0. 019 66.3 0.01497 1016 1 0 0 0. 0 0.5
IODINE REE IDENCE TIME IN BOr y=84

131.770 1 . 081 1 £9.1 0.00775 £4 0.5
189.691 1. 010 1 £8.4 0.00779 84 c: Ij. 5 0.5
1£7.678 1. 0 0 0 187.7 0.0O733 £5 0 1 . 0 0.5
183.341 0.9 8 £ 186.1 0. 0 0793 £6 £. 0 0.5
113.643 0.935 181.6 ij. O 03££ £9 5. 0 0.5
100.057 0.87£ 1 14.3 0.00371 34 1 0. 0 0.5
68.5 7o 0.718 96.4 0.01038 54 31 j . i j 0.5
36.36£ 0.431 75.6 0.01383 184 1 0 0 . 0 0.5
16.688 0. £3 0 l C. m C. 0.01335 384 LI 3 ij ij . ij 0.5
3.183 0.118 7 £. £ 0.01335 584 5 Ij Ij . Ij 0.5
1.356 0. 019 f C- m tZ. 0.01335 1 084 01 0 0 0. 0 0.5
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CPM 11 ( in f) CPM H (inf) t
2

t dt
H (in f) CPM

Iodine RE =■-1 DENCE T I ME I N B □ P v=43
79.8£1 1 . 081 7 Z1 . c. 0.01879 4 = . 0 0. ij 0.5
79.146 1.01 0 7 3.3 0.01876 4 E . 5 0.5 0.5
78.433 1. 0 0 0 7 0.01874 4 - . 0 1 . 0 0.5
77.193 0.933 i‘ 3.6 0.01878 cr 0. 0 8. 0 0.5
73.593 0.935 7 0.01870 r.j 5.0 0.5
33.333 0. S 7 8 7 3.4 0.01875 E E 1 0. 0 0.5
53.9 03 0.718 r 5.7 0.01380 l' E . IJ 3 0. i J 0.5
34.107 0.48 1 7 0.9 0.01411 14 E 1 0 0 . 0 0.5
16.184 ij, 83 0 7 0. ij 0.01483 8 4 E 3 ij ij. 0 0.5
7.377 0.118 7 0. ij 0.01483 cr 4 E 5 0 0. 0 0.5
1.315 0. 019 7 0. ij 0.01483 l r 4 E . 01 ij ij Li. 0 0.5
IODINE RESIDENCE T I ME I N B □ P t =96

45.866 1. 08 1 44.3 0.08855 9 E . U Ij. 1 j 0.5
45.094 1.01 0 44.6 0.08840 9 8 Cj 0.5 0.5
44.983 1. 0 0 0 44.9 lJ ■ l.l c. c! c. 6 9 1 . 0 0.5
44.538 ij. 932 45.4 0.02202 9 E 8. 0 0.5
43.681 0.935 46.7 0.08143 l 01 • IJ 5. 0 0.5
48.136 ij. 372 4 z> •■« 0.02069 i 06. 0 1 0. 0 0.5
37.374 0.718 Cj 0. 019 04 l c t 31 j. i j 0.5
87.540 0.431 Cj r ■ iZ. 0.01747 1 9 t 1 0 0. 0 0.5
13.349 ij. 33 0 5 3. 0 0.01785 2 9 t 3 ij ij . i j 0.5
6.588 0.118 5 3. 0 0.01785 c 9 8 5 0 0. 0 0.5
1 . 088 0. 019 5 3. 0 0.01785 1 L 9 8 . 01 0 ij ij . 0 0.5
IODINE RES I PENCE T I ME IN BOP = 3 0 0

17.170 1. 081 i 3. y 0.05946 ij r . 0 0. i j 0.5
17.139 1.01 0 i 7. 0 0.05394 2 ij f . 5 0.5 0.5
17.103 1. 0 0 0 i 7. 1 0.05346 7 01 . 0 1 . 0 0.5
17.047 0.938 i 7.4 0.05759 2 Ij 8 8. 0 0.5
16.864 0.935 i 3. 0 0.05548 8 Ij c . 0 5. 0 0.5
16.564 0.378 i 3. 0 0.05864 8 i c . Ij 1 0. 0 0.5
15.417 0.718 c 1.7 0.04616 2 3 f . 0 2: ij. 0 0.5
11.997 0.43 1 c4.9 0.04 01 1 4 0 0. 0 1 0 0. 0 0.5
5.333 0.2 3 0 2 ET Cj 0.03923 £ Li 0. 0 3 0 0 . ij 0.5
8.864 0.118 C- cj cr 0.03987 8 ij L . 0 5 0 0. 0 0.5
0.473 0. 019 25.5 0.03987 13 0 c . 01 0 00. 0 0.5
TI ME IN CLOUD= 1

Iodine reSIDENCE TIME IN BDDY = c.
343.£ 77 8. 031 16 i’ * r 0.00593 u • U 0. 0 1 . 0

303.981 8. 01 0 15 1.8 0.00661 c cr
0.5 1 . 0

873.741 1.991 13 -? crf ■ -_l 0.00787 E 1 . 0 1 . 0

£30.876 1.955 1 1 f m 0.00349 4. 0 8 • IJ 1 . 0

168.853 1.368 y7. 1 0.01143 . IJ 5. 0 1 . 0

113.738 1.733 A5.4 0.01583 1 8 1 0. 0 1 . 0

54.919 1.48 0 j I' ■ t 0.08536 O 8 . U 3 U. IJ 1 . 0

8 1.79 0 0. 961 c.2.7 0.04413 1 0 c ■ IJ 1 0 0. 0 1 . 0

9.4 06 0.46 0 2 0. 4 0.04391 2 Ij 8 3 ij ij . i j 1 . 0

4.594 0.885 2 0.4 0.04398 c Ij 8 . U 5 0 0. 0 1 . 0

0.737 ij. 033 8 0.4 0.04398 1 L Ij 8 . 01 i j ij 0 . i j 1 . 0

IODINE RE S-1 DENCE T I ME IN BDP Y =4
373.731 2. 031 134. 0 0.00543 4. 0 1 . 0

347.598 8. 01 'I' 178.9 0.00573 4 . 5 0.5 1 . 0

335.5S3 1.991 16 ~i cr 0.00618 rrTO 1 . 0 1 . 0

890.413 1.955 14 r!. 8- 0.00673 E . U STTi 1 . 0

3! 3' 3.77 S 1.368 18 0.8 0.00338 =• . 0 5.0 1 . 0

165.955 1.733 35 5 0.01047 14. 0 1 0. 0 1 . 0

34.8S3 1.48 0 trj ? ■ S 0.01673 4. 0 y ij . ij 1 . 0

34.874 0.961 C. 3 0.08757 1 0 4. fl 1 0 0 . 0 1 . 0

15.156 0.46 0 2.9 0.03035 2 04. 0 3 i j i j . ij 1 . 0

7.4 03 0.885 8.9 0.03036 c 04. 0 5 0 0 . 0 1 . 0

1. £35 ij. 033 'I1 8.9 0.03036 1 L 0- . 01 0 0 0 . 0 1 . 0

43



ro
 ro

 rij

CPM U( inf) CPM rl( inf) t 2
t d t

H(inf) CPM
Ini' ine RES IDENCE TIME IN EDI T — O

375.133 £. 031 134. 7 0.0 0541 £ . 0 0 . 1 j 1.0

36 Li. 635 £. 01 0 179.4 0.00557 £ Cj
0.5 1.0

347.333 1.991 174.5 0.0 0573 6 . 0 1 . 0 1.0

334.U03 1.955 165. 7 U.UU6U6 1 L . 0 £. 0 1.0

371.££fc. 1 . o9c! 145.6 0.00687 13 5. 0 1.0

£15.336. 1.733 1 £3.9 0. 0 08 0 ? 18 10.0 1.0

1 £ U. 4 i 7 1.4£ 0 34.3 0.01179 38 j u. U 1.0

5£.703 0.961 54.3 0.018£4 1 08 . 0 1 0 0 . 1 j 1.0

£3.193 0.46 0 5 0.4 0.01934 3 tj £ 01 j . 1 j 1.0

11.3£9 0. ££5 5 0.4 0.01934 5 08 . 0 5 1 j 0 . ij 1.0

1.391 0. 033 50.4 0.01934 1 0 08 . 01 0 0 0.0 1.0

I □!' I NE RES IDENCE TIME IN EDI Y = 16
331.6£4 £. 031 153.4 0.00631 16 1.0

314.615 £. 01 0 156.5 fl. fin9 99 16 cr
0.5 1.0

3 07.9£4 1.991 154.7 0.00647 17 1 . 0 1.0

£95.411 1.955 151.1 U. U 1.1666 18 £. Li 1.0

£63.54£ 1.36£ 141.5 0. 0 i j 7 ij 7 £1 5. 0 1.0
■Zf -i ■? cr ”il_ L_ . 1 J 1.733 1 £3.7 0.00777 86 11 j . 0 1.0

141.311 1.4£ 0 99.5 0. 01 0 05 46 0 ij . ij 1.0

6 o.77 6 0.961 71.5 0.01393 116 . 0 1 0 0 . 1 j 1.0

3 0.917 0.46 0 67. d 0.01433 316 ij 0 . 1 j 1.0

15.103 fl. 335 6 7. c! 0.01433 516 . 0 5 1 j 0 . ij 1.0

3.530 0. 033 6 7. c 0.01433 1016 . 010 0 0. ij 1.0

I □!' I NE RESIDENCE TIME IN EDI v •' £4
£64.03£ £. 031 13 0. 0 0.00769 64.0 1.0

359.395 £. 01 0 1 £9.3 0.00774 £4 cr
0.5 1.0

£' cr cr 1.991 1 £3.5 0.00778 •I'C . 0 1.0 1.0

£43.143 1.955 1 £6.9 0.00799 £6 £. 0 1.0

££7.710 1.36£ 1 ££. 3 0.00318 89 . 0 5. 0 1.0

£ 0 0.437 1.733 115.3 34. 0 1 0. 0 1.0

137.411 1.4£ 0 96.7 0.01034 54. 0 31 j. 0 1.0

73.390 0.961 75.3 0.013£ 0 134 . 0 1 0 0 . 0 1.0

33.317 0.46 0 7£. 4 0.01381 334 . 0 3 ij 1 j. 1 j 1.0

16.£76 0. ££5 73: 4 0.01331 5£4 . Ij 5 0 ij. 0 1.0

£.716 0. 033 7£. 4 0.01331 1 034 . 010 1 j 0. 1 j 1.0

I OX'I HE RESIDENCE TIME IN BQD t = 43
159.645 £. 031 76.6 0.01£7£ 48 . 0 0. 1 j 1.0

153.£94 £.01 0 7 9 7 0.01370 46 cr 0.5 1.0

156.963 1.991 79.9 0.01£68 49 . IJ 1 . 0 1.0

154.339 1.955 79. 0 0.01£66 5L . 0 8. 0 1.0

147.133 1.36£ 79. 0 0.01£65 cr “j " 5. ij 1.0

133.737 1.733 79.7 0.01371 cr . Ij 10.0 1.0

1 07.8 08 1.4£ 0 75.9 0.01317 r ■- 01 j. 1 j 1.0

0.961 7 0.9 0.01409 148 . 0 1 0 0. 0 1.0

33.343 0.46 0 70. 1 0.01437 348 « 0 9 0 ij . ij 1.0

15.755 0. ££5 70. 1 0.01437 548 . 0 5 0 U . 1 j 1.0

c!. 93 9 0. 033 70. 1 0.01437 1 048 . 010 1 j 0. 0 1.0

I OX' INE REST DENCE TIME IN EDI v = 9 6
9 0.533 £. 031 44.6 0.03344 96 1 j . 1 j 1.0

90.178 £. 01 0 44.9 0.08889 96 Cj
0.5 1.0

39.337 1.991 45. 1 0.0££16 97 1 . 0 1.0

1.955 45. 6 0.03193 9 £ 8. ij 1.0

97.3 99 1.393 4 6 . O 0.03135 101 5. 1 j 1.0

34.£6£ 1.733 43.5 0.08063 1 06 10.0 1.0

74.740 1.4£ 0 53.6 0. 019 0 0 136 1.0

55.073 0. 961 c "7i . 0.01746 196 . 0 1 0 0 . 0 1.0

39.9 94 0.46 0 58. 0 0.01733 3 9 6 . 0 3 ij 1 j . 1 j 1.0

13.043 0. ££5 53. 0 0.01733 596 . 0 5 00. 0 1.0

£.177 0. 033 58. 0 0.01733 1 096 . 01 0 0 0. u 1.0
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ro
 <_n

 ro

c PM H(inf) CPM 11 (i n f) L2 r dt
H( inf) CPM

I cm INE RESIDENCE TIME IN EDD T = 3 0 Ij
4. •-! C £. ij 31 16.9 0.05915 j 0 Ij . ij ij. ij 1. Ij

“ 4. £74 £. n l ij 17. 0 0.05366 3 i j 0. 0.5 1. Ij
1 4. £ 1£ 1.991 17. £ 0.05319 3 0 1 . Ij 1 . 0 1 . Ij
“ 4. 0 9 0 1.95'5 17.4 0.05735 3 fl 6. Ij £. 0 1. Ij
1 7 £4 1. S6£ 13. 1 0.U55££ 3 05. fl 5. 0 1. Ij
1 t; 1 £4 1 . 733 19.1 0.05£43 3 1 0. 0 1 0. 0 1. Ij
1 o. 331 1.4£ n £1.7 0.04607 3 31 j. o 3 0. 0 1. Ij
C 9 9 c. U .961 £5. ij 0.04007 - i j 0. 0 1 0 0 . 0 1. Ij
11. 7 ad. ij. 46 ij lL -1 » 0.039£4 6 i j 0. 0 31 j i j. t j 1. Ij

cr )' C-O U. c'a';. S S 0. 039£4 3 0 ij. Ij 5 0 0. 0 1. Ij
0. 956 n. ij 3 y cr cr 0.03934 13 tj i j. 01 0 0 Li. 0 1. Ij
Time in cldijr= d

InnINE RESIDENCE TIME IN BDDY=£
793.046 4 . 03’3 198.4 0. 0 05 04 £. 0 0. 0

707.739 •I . 933 1 f !' . f 0. 0 0563 £. 5 0.5
6d7.5 U4 £ . 946 161.6 0. 0 0619 3.0 1 . 0

536.380 . 977 1 3 3.9 0.00733 4.0 £. 0
377.375 3 . 697 1 0£. £ U. uij'ripy 7.0 5.0
£64.36.6 £ . 455 76-. 7 0. 0 1 3 04 1 £. 0 1 0. 0

1£7.399 . 339 45. £ 0. 0££ 1 £ 3 2 . 0 3 0. 0
5 0.745 1 .919 36.4 0.03733 10£.0 1 0 0.0

£1.9 05 c . 913 3 3.9 0.04193 303.0 300.0
10.699 f . 449 3 9.3 0.04194 50£.0 500.0
1.735 f . 075 it o • o 0.04194 1 0 0£. 0 1 0 0 0 . 0

I cm I NE RES IDENCE TIME IN EDI Y = 4
303.039 4 . 033 8 ij ij. 9 0.00498 4. 0 0 . 0

751.515 . 933 133.7 0.00530 4.5 0.5
703.930 7

. 946 173.4 0.00561 5.0 1 . 0
637.90 0 7 . 977 16£. 0 0. 0 06 1 7 6.0 £.0

483.3£1 7 . 697 1 3 0.9 0. 0 0 7 6.4 9 .0 5.0
353.3 05 -7 . 455 1 03.9 0.00963 14.0 10. 0

133.534 ■7 . 339 64.9 0.01541 34.0 30.0
75.400 1 .919 39.3 0.0£545 104.0 100.0

33.769 f . 918 7‘ . f 0.03303 304.0 300.0
16. U i j 6 L . 449 -j cr 7? 0.0£304 5 04.0 5 0 0.0
£.671 f . 075 ~i cr -7 0.03304 1 0 04. 01 0 00 . 0
Iodine residence time in EnDY=8

775.£97 ■4 . 022 19£. 3 0. 0 0519 3. 0 0. 0 2. ij
745.3£4 3 . 983 137. 1 0. 0 0534 3.5 0.5 2. ij
717.94o ■; . 946 181.9 0.00550 9. 0 1 . 0 2. 0
669.617 7

. 0 r r 17£. 7 0.0 0 579 1 0. 0 2. Ci 2. U
560.543 . 697 151.6 0.00660 13. 0 5. ij 2. ij
445.035 7 . 455 1 £3.3 1 j. 1 j 1 j 776 13. 0 1 0. U 2. 0

£ 413.31- 6’ t . 3£9 0 .OH 37 ■38. 0 3 D. 0 2. Ij
103.9££ 1 .919 56.3 0.01763 1 03. 0 1 U tj . 1 j 2. Ij
47.933 f . 918 cr •“--'it ■ it 0. 01916 3 08. 0 3: ij ij . ij 2 . 0

£3.413 f . 449 Cj “1 0.01917 5 03. 0 5 U1 j . 1 j 2. Ij

3.9 07 f . 075 Cj t' t> 0.01917 1 0 08:. ij 1 0 1 j ij . ij 2. fl

I □!' I NE RESIDENCE TIME IN EPI'T=16
649.531 4 . 022 161.5 0. 0 0619 16. 0 1 j. ij 2. Ij
635.4£4 3 . 988 159.5 0. 0 0637 16.5 0.5 Cl « 0

6£1.911 7 . 946 157.6 0. 0 0634 17.0 1 . U 2. Ij
596.633 7 03 7 1 53.9 1 j. 1 j 1 j 6 5 0 13. 0 2. 0 2. Ij
53£.£73 t .697 144. 0 0. 0 0695' £1.0 5. U 2. Ij
451.91£ t . 455 1 3 0.3 0.00765 £6. 0 1 0. ij 2. Ij
£35.405 2 . y 6 9 1 0 0.9 0.00991 46. 0 3 ij. 0 2. 0

133.9 06 1 .919 7 £. 4 0.01331 116. 0 1 U 0 . ij 2. 0

6 £. 4 4 £ f . 918 68. 0 0.01471 3 16 . 0 3: ij ij . 0 2. 0

3 0.5 03 f . 449 63. 0 0.01471 516. 0 5 1 j ij . 0 2. fl

5.09 0 f . 075 63. 0 0.01471 1 0 16 . 01 ij ij ij . ij 2. fl
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ru
 ro

 ro



ru
 ro

 ru

CPM H(inf) CPM 
11 (inf)

11 (inf)
CPM

dt

£94.38c' 
£73.459 
£15.fa£0 
138.43£ 
64.497 
31.511

. 697 

. 455 

. d C 9 
1.919 
U. 913 
U. 449 
U. u75

Iodine residence time in edd
131.004 
13 0.315 
179.633 
173.£9 U

4. m££ 

. 946

45
45
45
46

Iodine residence time in eod

174.4£6 3.697 47 . £' 0. 0£1 £ 0 101. 0 5. 0 £. 0

169.435 3.455 43 . 3 0. 03 051 1 06. 0 1 0. 0 £. 0

149.446 £. 3£9 cr - . 3 0. 01893 136. 0 3 0. 0 £. 0

11 0. 1 £ 1 1.919 cj -7 . 4 0. 01743 196. 0 1 0 0. 0 £. 0

53.376 0.913 C.“ . 1 0. 017 £ 1 396. 0 3 0 0. 0 £. 0

£6.079 0. 449 56 . 1 0.01731 596. 0 5 0 0. 0 £. 0

4.35£ 0. 075 C - . 1 0.01731 1096.0 l 0 0 0. 0 £. 0

Iodine RES I PENCE TIME IN EDI y=£4
5£9.913 4 . 06:2 131.3 0.00759 £4. 0 0. 0 £. 0
531.554 •t . 983 13 0.9 0.00764 £4.5 0.5 £. 0
513.46 0 r . 946 1 3 0. 1 0.00769 £5. 0 1 . 0 £. 0
493.033 • 0 < < 1 £3.5 0.0 0773 £6. 0 £. 0 £. 0
457.019 7 . 697 1 £ 3.6 0. 0 08 09 £9. 0 5. 0 £. 0
403.331 7 . 455 1 16.5 0. 0 0859 34. 0 1 0. 0 £. 0

C "*"? I-. -?C. 1 J • f >_• 1 7 . 829 97.5 0. 010£6 54. 0 3 0. 0 £. 0
146.331 1 .919 76.3 0. 0131 £ 1 £4. 0 1 0 0. 0 £. 0
6-6-. 866: f . 913 i' in ■ 0 0.01374 3£4. 0 3 0 0. 0 £. 0
38. 666* 0.449 i' it. . 0 0.01374 5£4. 0 5 0 0 . 0 £. 0
5.451 f . 075 \ C. m O 0.01374 10£4.0 1 0 0 0. 0 £. 0
IDD1NE RES I PENCE time in par ■,- = 43

319.£97 4 . 0££ 79. 4 0.01£60 43. 0 0. 0 £. 0
316.595 3 . 933 79.5 0.01£58 43.5 0.5 £. 0
313.943 7 . 946 79. 6 0. 01£57 49. 0 1 . 0 £. 0
303.784 7 ■ C' f f 79.6 0.01£56 5 0. 0 £. 0 £. 0

01 £56 
01 £63 
0131 £ 
014 07 
014£4 
U14£4 
014£4 
96
0££££ 
0££ 09 
0£ 197 
0£ 175

14 
34 
54 

1 04

1 L
31 1 0C 

3 01 

5 0 ( 
1 0 0 L

63.655 . 0££ 17 1 0.05353 > 0 Cl U u
68.532 7 333 17 iZ- 0.053 1 £ " M fl 5 fl
68.4 09 7 . 946 17 7; 0.05763 ■ I 01 0 1

63.164 7 . C' »■' r 17 6- U.05688 2 ij 2 ij 2
67.433 7

. 697 18 iZ- 0.05433 ■ 7 05 ij 5
66.234 7 . 455 19 c 0.05£16 10 0 10

61.649 7 . 829 £1 8 0.04539 ■7 31 j 0 3 0
47.973 1 .919 c ij 0.04000 4 ITO 0 1 0 0
£3.440 r .913 c C •_*

c 0.03913 6 0 0 0 3 0 0
11.453 C . 449 O c CJ 0.03913 8 ij 1 j 0 5 0 0
1.911 f . 075 ~i cr

l_
CJ 0.03913 13 ij 1 j 010 0 0

Time in cloud^ 5
Iodine residence time in eody=£

6727.365 9.79 0 278.6 0.00359 8 . 0 0 . 0 5. 0
£418.90S 9. 7 04 £49.3 0. 0 04 01 2.5 0.5 5. 0
£ 173.7 05 9.6£1 886'. 4 0.0044£ 3.0 1.0 5. 0
133£.765 9.466 1 9 3.6 0. 0 0516 4. 0 £. 0 5. 0
1£91.410 9. 05£ 1 4£. 7 0.00701 7. 0 5. 0 5. 0
9 05.193 8.483 1 06.7 U. 1111987 1 £. 0 1 0 . 0 5. 0
437.103 6.939 6£. 5 0.01599 32.0 30.0 5. 0
173.4£4 4.76 y 36.4 0.0£749 1 0£. ij 1 0 0 . 0 5. 0
74.862 iz!. 284 Z'C- • 0 0. 0:3051 3 1 j 2 . ij 3 0 0 . 0 5. 0
36.565 1.116 ■Z'lZ. ■ '7' 0.0305£ 5 0£.0 5 00.0 5. 0
6. 1 0£ 0. 136 32.8 0.0305£ 1 0 0£. 010 0 0.0 5. 0
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CPM H (in f) CPM H( inf) t
2

l dt

H(inf) CPM

I DDINE REE I PENCE TIME IN Ear T — ■r
£413.534 9, 79 0 £46.5 0 . 0 04 06 4. 0 0. 0 nr

££44.73U 9. 7 04 £31.3 0. 0 04 3 £ 4.5 0.5 cr

£ 1U£.596 9. 6c 1 £13.5 0 0453 5. 0 1 . 0 cr .

1375.493 9. 46 6 133. 1 0 05 05 6. 0 £. 0 5

1445.144 9. 058 159. 7 Ij. fl l.l 6 cl 6 . 0 5. 0 cr .

1071.7£3 8. 43 3 1 £6.3 Ij. 0 0798 14. 0 1 0. 0 cr

543.£04 6 • 9 3 9 73.4 Ij. 01 £75 34. 0 3 0. 0 cr |

££5.£15 4. 7 6 3 47. £ 1 j. 0£1 17 104. 0 1 0 0. 0 5

97.879 8. £34 4£. 9 Ij. 08333 3 04. 0 31 j 0. 0 5 1

47.3 09 i. 116 4£. 3 fl 0£334 5 04. 0 5 0 0 . 0 5. i

7.97 o 'j. 136 4£. 3 fl £>£334 1 0 04. 01 0 00.0 cr .

I □!' I NE REE I PENCE TIME IN BaP V 3

£ 1 0 0.691 9. 79 0 £14.6 ij. 0 0466 0 0. 0 cr f

£019.479 9. 7 04 £ 03. 1 ij. 0 0481 . cr 0.5 cr
-J . 1

1945.£39 9. 6£ 1 £ 0£. £ ij. 0 0495 9. 0 1 . 0 cr j-

1314.349 9. 466 191.7 ij. 0 05 ££ 1 0. 0 3. i j cr .* -J . 1-

1513.3 03 9, 05£ 167.3 0. 0 0596 i: :. 0 5. 0 cr

1 £ 05.337 3. 433 14£. 1 fl 0 07 04 1 £ :. 0 1 0. 0 cr

674.3 09 6. 939 96.5 01 036 3 ■■ :. 0 3 0. ij c: f

£95.1£6 4. 7 6 3 61.9 Ij. 01615 1 Of 0 1 0 0. 0 Cj f

1£9.875 C- • £34 56.9 Ij. 01753 3 Of :. 0 3 01 j. 0 cr f

63.439 1. 116 56.9 o. 01759 5 Of :. 0 5 0 0. 0 cr f

10.537 0. 136 56.9 1 j. 01759 1 0 0:: :. 01 0 0 0. 0 5. L

I □!' I NE REE IPENCE TIME IN EDP Y- 16

1664.963 9. 7 9 ij 17 0.1 Ij. 0 0588 It .. 0 0. 0 5 f

16£3.676 9, 7 04 167.3 0 0596. It cr 0.5 cr |"

1594.041 9. 6£ 1 165. 7 0 06 04 17. 0 1 . 0 Cj <■

15£9.£6£ 9. 466 161.6 Ij. 0 0619 If 0 8 . ij cr

1364.£37 9, 05 £ 15 0.7 o. 0 0663 £1.0 5.0 cr

1153.311 3. 433 1 36.5 Ij. 0 0738 Elt ■ . 0 1 0. 0 Cj r

731.531 6. 939 1 04.7 o. 0 0955 46. 0 31 j. i j C f

356.034 4. 7 6 3 74. 7 Ij. 01339 lit.. 0 1 0 0. 0 cr

160.043 C- • £34 70. 1 Ij. 014£7 316. 0 3 ij 0. ij c f

73.133 1. 116 7 0.1 Ij. 014£7 516. 0 5 0 0. 0 c f

13.047 Ij. 186 70. 1 Ij. 014 £7 1 016. 01 0 0 0. 0 C f

Ini'ine REE I PENCE TIME IN EDP Y =£4

1336.738 9. 79 0 1 36.5 Ij. 0 0738 £4. 0 0. ij Cj J-

1315.6£5 9. 7 04 135.6 Ij. 0 0733 £4.5 0.5 Cj f

1£95.£ 07 9. 6£ 1 1 34.6 o. 0 0743 £5. 0 1 . 0 CJ 1*

1£56.£31 9. 466 1 3£. 7 0. 0 0753 31.. 0 £. 0 cr

115£.334 9. 058 1 £7.4 Ij. 0 0785 £9. 0 5.0 c r

1 015. 01 0 3. 433 1 19. t 0. U Uoob 34. 0 1 0. 0 C

695.674 6. QQ 99. 5 Ij. 01 0 05 54. 0 3 ij . ij Cj f

36 3.868 4. 7 6 3 77.4 0. 01 £9£ 1 £4. 0 1 0 0 . 0 C f

163.675 3. £34 7 3 ■ 9 Ij. 01354 3£4. 0 3 0 0 . i j Cj j"

3£.401 i. 116 r o . o 1 j. 01354 5£4. 0 5 0 0. 0 cr

13.751 ij. 136 f o ■ o Ij. 01354 10£4.0 . 0 0 0. 0 C f

I □!' I NE PEE I PENCE TIME IN EDP Y = 43

798.£13 9. 7 9 Ij 31.5 1 j. 01 ££7 4 '. 0 0. 0 C f

791.453 9. 7 04 31.6 1 j. 01 ££6 4 cr 0.5 C f

784.3£3 9, 6£ 1 31.6 Ij. 01 ££6 4 <. 0 1 . 0 C f

771.93£ 9. 46 6 31.6 Ij. 01 ££6 5 i. 0 £. 0 CJ |-

735.9£3 9. 058 31.3 Ij. 01 £30 5 . 0 5.0 C f

683.661 3. 483 8 0.6 Ij. 01 £41 nr . 0 1 0. 0 C

539.030 6. 939 77. 1 Ij. 01 £97 f . 0 3 ij . i j C

341.068 4. 7 6 y 71.5 Ij. 01398 14 . 0 1 0 0 . 0 Cj j-

161.£33 3. £84 7 i j. 6 fl. 01416 34 . Ij 31 j 0 . 0 Cj f

“7 —7 CT
t O ■ 1 i i. 116 71 j. 6 0. 01416 54 . 0 5 0 0 . 0 Cj f

13.146 0. 136 7 0.6 0. 01416 1 04 . 01 0 0 0 . 0 Cj f
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CPM H (in f) CPM H (inf) dt
1U inf) CPM

I □!' I NE RESIDENCE TIME IN Enr'T=9r.
45£'. £ U5 9.79 0 46. £ 0. 0 £ 1 6 Cj 96.0 0. Ij C 1

45 0.483 9.7 04 46.4 0. ij £ 1 5 4 96.5 0. Cj Cj
44c. 77 c; 9.6£ 1 46.6 0.0£144 97.0 1 . Ij C L

-J .
445.4£4 9.466 47. 1 0.0£ 1 £ s 98.0 6. Ij Cj

435.771 9. 05£ 43. 1 0.0307 7 101.0 5. 0 cr
4£u.9£9 3.433 49.6 0.0£01 5 1 06.0 10. Ij c

6.939 53.4 0.0137£ 1 66. 0 3 0. Ij c

£75.117 4.763 cr-? "7J i .1 0.0173 3 1 96.0 100. 0 cr
133.350 £. £34 53.4 0.0171 3 6 9 6. i j 3 i j 0. Ij Cj

35.154 1.116 53.4 0. 017 1
■j. c 96.0 500. 0 Cj

10.373 0. 136 53.4 0.0171 3 1 L 9 6 . 0 1 0 0 0 . fl C 1J .
I O DINE RES IDENCE TIME IN D □ D Y ■-= 3 0 0

171.5£1 9.79 0 17.5 0. 057 0 3 ij 0. 0 ij. o cr |
171.£14 9.7 04 17.6 0.0566 3 8 0 0.5 0 . Cj 5.

17 0.9 06 9.6£1 17.3 0.0563 0 8 01.0 1 . o 5,

170.£94 9.466 IS. 0 0.0555 8 0£.0 £. Ij c

163.469 9. 05£ 13.6 0.0537 05. 0 5. 0 c
165.47£ 3.433 19.5 0.051 £ 1 0. 0 1 0. 0 cr [

154.017 6.939 CL CL . 0 0. 0453 8 3 0. 0 30. fl Cj
119.35£ 4.763 £5. 1 0.0397 ■- 0 0. 0 1 0 0 . 0 Cj
53.559 £.£34 3 5.6 0. 039 0 ij t u l.l. IJ 3TiTl . Ij f, __

cl E: .61c! 1.116 35. 6 0.03900 8 0 0. 0 5 0 0 . 0 c

4.775 0. 136 35. 6 0.03900 13 ij 0. 01 0 0 0 . Ij Cj j-

IINE IN ci_aui'= 1 i

Ini'INE HE SIDENCE TIME IN BDI i' - d

7301.4£5 13.84£ 3 8 7.5 0.00£5 8 6. 0 0 . Ij 10.1

6475.656 13.693 346.4 0.0038 9 £. 5 0 . 5 10.i
533£.6 03 13.549 314.4 0.0031 3 3.0 1 . o 10.i
4906.493 13.£75 £63.5 0. 0 037 8 4.0 £. Ij 1 o.

3457.£31 17.535 197. £ 0. 0 05 0 c 7.0 5. o 1 o.

£4£3.£90 16.5 01 146.9 0.0068 1 1 £. 0 1 0 . Ij 1 o.

1170.163 13.715 O ^ J 0.0117 6 36.0 30. Ij 1 o.

464. c!7c! 9.4 33 49. £ 0. 0£ 03 3 1 0 £. 0 1 0 0 . 0 10.1

£ 0 0.413 4.5£7 44.3 0. 0££5 8 8 08.0 300. 0 10.1

9 7.339 £. £ 1 £ 44.3 0.0866 ij 8 08.0 500. Ij 1 0.

16.335 0.369 44.3 0.0666 0 1 c 0£. 01 0 0 0. o 1 0. f
I □!' I NE RES IDENCE TIME IN Ear', =4

5313.334 13.34£ 3 03.3 0. ij ij 3 8 4 4. 0 0 . Ij 1 0 . L
5411.36£ 13.693 339.5 0.0034 cr 4.5 0.

Cj
1 0. f

5069.133 13.549 373. 3 ij. ij 0 3 6- 6 5.0 1 . [j i o. r
45£1.674 13.£75 £47.4 0.00404 6.0 3. 0 1 0. c
3434.1£5 17.535 1 93.7 0. 0 05 0 9. 0 5 . 0 10.1

£533.349 16.501 156.6 0. 0 06 3 -i 1 4. 0 1 0 . Ij 1 0. f
1 6 iz! 1.6 7 6 13.715 96.4 0.0103 5 34.0 30. Ij 1 0. (
54£.975 9.433 cr "7 cr 0.0173 3 104.0 100. Ij 1 0 . L
335.979 4.5£7 5£. 1 0.0191 8 04.0 300. Ij 1 0.

1 15.£63 £.£!£ 5£. 1 0. 0191 9 if 04.0 500. Ij 1 0 . L
19.£35 0.369 5£. 1 0.0191 9 1 ( 04 . 01 0 0 0. Ij 1 0. c

I □!' I NE RES IDENCE TIME IN BDDY'^O
4610.£5£ IS.34£ £44.7 0. 0 04 0 9 3. 0 0 . Ij 1 0 . L
443£.0£ 0 13.693 £37. 1 0. 0 0 4 £ 6 3.5 ij . cr 1 0 . L
4£69.£ 0 0 13.549 33 0.3 0.0043 4 9.0 1 . 0 1 0 . L

13.£75 £17.9 0.0045 9 1 0. ij £. Ij 1 0. L

-!|J 17.535 190. 1 0.005£ 6 13. 0 5. Ij 1 0. L

3646. 37'd 16.5 01 16 0.4 0.0066 4 13. 0 1 0. Ij 1 0. c

1479.363 13.715 1 07.9 0.0096 33.0 30. Ij 1 0 . L
647.695 9.433 63.6 0.01457 1 03. 0 1 0 0. Ij 1 0 . L
£35.0£9 4.5£7 63. 0 0.0153 3 3 08.0 300. Ij 1 0. c

139.££7 £. £ 1 £ 68.9 0.0153 9 5 03.0 500. Ij 1 0. 1'
c! z>. d o 4 0.369 6£. 9 0.0153 9 1 L 08. 010 0 0. fl 1 0. c
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 ro

CPM a( inf) CPM H(inf) t d t
H(inf) CPM

Incine PE5IDENCE TINE IN EDT T = 16
343c.535 13.34£ 1 33. £ 0.00549 16 . 0 0 . 0 10.

57.714 13.693 179.6 0.00557 16 . 5 0.5 10.
Jet:t. :j 1 u 13.549 177.3 0.00564 17 .0 1 . 0 10.
31 j2.760 13.375 173.5 0.00530 13 . 0 £ . 0 10.
“‘•I 1£.644 17.535 1 6 0.4 0. ij 068'? £1 . 0 5. 0 10.

3 7,999 16.5 01 144. 7 0. 0 06:91 82 . 0 1 0. 0 10.
l1; 03.140 13.715 1 1 0. 0 0. 0 0 2 09 46 . U .3 Ij . 0 10.
734.008 . 4 33 f i' ■ o 0.01£36 116.0 10 0.0 10.
I o 9.959 4.5 £ 7 7£. 9 0.01373 16 . 1 j 3 0 0 . 0 10.
1 61.133 £ . £ 1 £ 7£. 9 0.01373 c 16 . 0 5 0 0.0 10.
26.393 0. 369 7£. 9 0.01373 1016 . 010 0 0.0 10.
IODINE REE IDENCE TIME IN EDI r=£4

270c.317 13.84£ 14 3.4 0.00697 £4.0 0.0 10.
£880.161 18.693 14£. 3 0. 0 ij? 03 £4 . 5 0.5 10.

13.377 18.549 141. £ 0. ij 07 08 Z'Cr
.0 1.0 10.

Z' c: 40.163 13.£75 139. 0 0. 0 0719 22 . 0 £. 0 10.
31 . 0 01 17.535 133.9 0.0 0753 c‘r . 0 5. 0 10.

2 i' 5£.3£5 16.501 134.4 0. 0 03 04 84.0 10.0 10.
1 4 Ob . b3t- 13.715 102.6 0. 0 0975 54 .0 30.0 1 0.
74';.. 841 9.433 79. 0 0. 01£65 1 £4 . 0 1 0 0. u 10.
1 41.056 4.5£7 ~7 cr "> 0.01337 ■£ £4 . ij 3 0 0 , 0 10.
1 66.61£ £ . £ 1 £ "7 cr 0.013£3 £4 . 0 5 n 0.0 10.
£7.804 0.369 7 ^. 3 0.01338 1 r £4 . 010 0 0.0 10.

I □!' I NE PEE IDENCE TIME IN EDI ■,•=48
1 ■; 95.914 13.S4£ 34.7 0. 01131 43 . 0 ij. ij 10.
l1: 3£. 4 0:3 13.693 34.7 0.01131 43 . 5 0.5 10.
l1: 69.153 13.549 8 4.6 0.01133 49 .0 1 . 0 10.
1 = 4 3 ■ 3't' 9 13.£75 34.5 0.01184 5 f . 0 2. 0 1 0.
1471.383 17.535 33.9 0.0119£ tr - . 0 5.0 1 0.
i.: 66.3 04 16.501 38.3 0.01£07 cj r . 0 10.0 1 0.
11 77.714 13.715 7 6.6 0.01373 78 . 0 3 0.0 1 0.
r 31.917 9.4 33 72.3 0.01334 143 . 0 10 0.0 1 0.7 22.372 4.5£7 71.3 0.01404 ■3 43 . 0 31 j 0. 1 j 1 0.
1 57.499 £. £ 1 £ 71.3 0.01404 c 43 . 0 5 0 U . 0 1 Ij.
£6.£33 0.369 71.3 0.01404 1 L 43 . 010 0 0. 0 1 Ij.
IDDINE REST DENCE TIME IN BED r' = 9 2-
03.391 13.343 47.9 0.06086 92 . Ij 0 . Ij 1 Ij.

c 9 9.4 9 13.693 43. 1 0.02077 2»6 .5 0.5 1 Ij.
2 96.545 13.549 43.3 0.08069 97 .0 1 . 0 1 0.
2 39.343 13.375 43.7 0.0£054 9 8 . 0 2 . 0 1 Ij.
2 7 0.5j9 17.535 49.6 0.03014 1 01 . 0 5.0 1 0.
c 4 0.9 03 16.5 01 51. 0 0.01963 1 06 . 0 10.0 1 0.
7 45.335 13.715 54.4 0.01339 1 2 . 0 3 0.0 1 0.Cr 49.614 9.4 33 c_■ ”* ■ C 0.01717 1 92 . 0 10 0.0 1 Ij.
- 66.4 0 0 4.5£7 c -i-JO . O' 0.01699 3 92 .0 300.0 1 0.
1 30.16£ £. £ 1 £ tr 0.01699 c 92 . 0 5 0 0.0 1 Ij.
£ 1.7£1 0. 369 cr ,3. 0.01699 1 f 92 . 0 1 0 0 0. u 1 0.

I Di' i ne PEE IDENCE TIME IN EDI y - 3 u 1 j
7 4£.655 13.343 13. £ 0.05499 -3 1.11. . U 1,1. 0 1 IJ.-7 4£.040 IS.693 13.3 0.05465 2 Ij L . 5 0.5 1 0.•7 41.4£6 IS.549 13.4 0.05433 7 01 .0 1 . 0 1 0.7 4 0. £ 0£ 13.375 18.6 0.05373 7 02 . 0 £. 0 1 0.
7 36.557 17.535 19.3 0.05310 2 05 . 0 5. 0 1 Ij.
7 3 0.57 0 16.. 5 01 £ 0. 0 0.04993 7 1C . 0 1 0. 0 1 Ij.
" i j 7.2' 2! 5 13.715 ££.4 0.04453 7 2: t . 0 3 0. 0 1 Ij.
7 39.433 9.433 £5.4 0.0394£ 4 0 L . 0 1 0 0. 0 1 Ij.
116.936 4.5£7 £5.3 0.03370 2 0 L . ij 3 ij 0. 0 10.1
57. 16 0 £. £ 1 £ £5.3 0.03370 8 0 L . 0 5 0 0.0 1 Ij.
9.5 3 9 U. 369 O Oj 1 j. 03870 13 0 c . 010 0 0.0 10.1
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CPM H(inf) CPM H(inf) t2 t dt
H(inf) CPM

Time in c.ldud= It
Iodine residence ti ME IN E□PY— 8

16612.14b 32.186 516. 1 1 j . 0 0194 C o 0. 0 1 z . U
14733.364 31.961 461 . 0 ij. 0 0217 8 s 0.5 1 z . 0

1327 U. 3 ii5 31.742 418. 1 0. ij 0839 ■z Ij 1 . 0 1 z . u
11 163.216 31.321 356. 4 0. 0 0231 4 0 C . IJ 1 z . u
7865.866 3 0.17 0 26 0. "7 ij. 0 0 384 7 5. ij 1 7 . Ij
5513.45n 23.534 193. 8 0. 0 0518 18 0 1 0. 0 1 Z . Ij
8668.357 24. 0 0 0 110. Q 0. 0 09 01 •Z'lZ. 31 j . 0 1 Z . 0

1 056.3 OS 16.717 6 3. 8 0. 01533 1 08 1 0 0. 0 1 z . Ij
455.979 8. 034 56. 8 0. 01762 3 08 II 31111. ij 1 z . u
222.717 3.925 56. 7 Ij. 01762: 5 08 Ij 5 0 0. 0 1 z . Ij
87.16 6 0.655 56. r Ij. 01762 1 0 08 01 ij ij ij. tj 1 z . ij
Iodine res IDENCE TIME IN EDPY = 4

12335.103 38.186 383 . c 0. 0 0261 4 1 z . Ij
11472.3S5 31.961 359. o 0. 0 0279 4 c 0.5 1 z . Ij
10745.964 31.742 - j C; 5 1 j. 0 0295 cr Ij 1 . 0 1 z . Ij
9535.313 31.321 3 06. ij Ij. 0 0327 6 Ij 8 . 0 1 z . Ij
-p Cj O C7 Cj 3 0.17 0 244. 3 o. 0 04 03 Q Ij 5.0 1 z . Ij
5477.395 28.534 192. 0 1 j. 0 0521 14 i ij. u 1 z . IJ
2301.763 24.0 0 0 116. z o. 0 0857 34 Ij 3 ij. 0 1 z . 0

1151.031 16.717 68. 9 1 j. 01452 1 04. Ij 1 0 0 . 0 1 z . Ij
500.241 8. 0 34 62. o 1 j. 016 06 3 04. Ij 3 ij 0 . Li 1 z . 0

244.341 3.925 62. c. Ij. 016 06 5 04. Ij 5 0 0 . 0 1 z . Ij
40.775 0.655 68. c 0. 016 06 1 0 04. 01 1 j 1 j 0 . 1 j 1 z . Ij
Iodine res IPENCE TIME IN EDI Y —8

9 063.879 32.186 281. 6 Ij. 0 0355 8 o 1 z . Ij
3712.393 31.961 tZ. l' C a 6 0. 0 0367 8 cr 0.5 1 z . Ij
3392.306 31.742 264. 4 Ij. 0 0378 9 Ij 1 . 0 1 z . Ij
7 887.876 31.321 249. 9 0 04 0 0 1 L . 2.0 1 z . Ij
6558.786 3 0.17 0 217. 2 Ij. 0 046 0 18 0 5.0 1 z . 0

5202.494 28.534 182. 3 0 0548 18 1 0. 0 1 z . u
29 09.253 24.000 121. 2 0 0325 38 o 31 j . 0 1 z . 0

1273.301 16.717 7 6. 8 1 j. 01313 1 02 Ij 1 0 0 . 0 1 z . Ij
S f. fi. 3 3 7 8. 034 69. r 014 34 3 03 Ij 3 ij 0. 'j 1 z . tj
273.7 05 3.925 69. 7 01434 5 08 Ij 5 0 0. 0 1 z . 0

45.675 0.655 69. 7 Ij. 014 34 1 0 0'8 01 Ij Ij 1 j . Ij 1 z . 0

Iodine res IPENCE TIME IN EDI Y = 16
6367.910 32.136 197. ■I; Ij. 0 05 05 16 0. 0 1 z . Ij
6889. 188 31.961 194. 9 Ij. 0 0513 16. c

0.5 1 z . 0

6 096.656 31.742 192. i 0. 0 0521 17 1 . 0 1 z . Ij
5343.393 31.321 186. 7 0. 0 0535 1'8 Ij 2.0 1 z . Ij
5217.926 3 0. 17 0 172. 9 0 0578 21 0 5. 0 1 z . Ij
4430.139 23.534 155. Z\ 0. 0 0644 86 Ij 1 0. 0 1 z . Ij
2797.353 24.000 116. 6 Ij. 0 0358 46 0 3 0 . i j 1 z . Ij
1361.709 16.717 81. cr 0. 01228 116. Ij 1 0 0. 0 1 z . Ij
612.13 0 8. 034 7 6. 8 0. 01312 316 3 i j 0 . i j 1 z . Ij
299.022 3.985 7 6. C 0. 01313 516 Ij 5 0 0. 0 1 z . Ij
49.9 0 0 fi. 655 7 6. d 013 13 1016 01 0 01 j . i j 1 z . Ij
Iodine res I PENCE TIME IN EDI Y =24

4917.356 38.136 152. 8 0 0655 24. Ij 1 z . 0

4339.749 31.961 151. 4 0 066 0 24. cr Ij. 5 1 z . Ij
4 7 6' 4.6 3 9 31.742 15 0. 1 Ij. l.l Ubb6

c: Ij 1 . 0 1 z . Ij
4621.441 31. 321 147. 6 M. fl 06 73 86 Ij 8. U 1 z . 0

4240.393 3 0.17 0 14 0. 6 0 071 1 89 o 5. 0 1 z . Ij
3 7 3 3 ■ 8 8 6 28.534 13 0. *9 0 0764 34. Ij 1 0. 0 1 z . 0

2559.155 24.0 0 0 1 06. 6 fl, iimn 54. 3 n. ij 1 z . 0

1356.943 16.717 31 . Cl l"l 01232 124. Ij 1 0 0. 0 1 z . Ij
620.499 3. 034 i f . d 01295 324. Ij ij ij . U 1 z . Ij
303.125 3.985 77. c 0. 01295 524. Ij 5 0 0 . 0 1 z . Ij
50.584 0.655 f r . iZ. 1 j. 01295 1 024. 01 0 0 0 . Ij 1 z . 1 j
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Lf
 i 

O
J

CPM H(inf) CPM H(inf)
H(inf) CPM

dt

IDDINE PESIDENCE T I ME I N EOD f = 48
£869.889 32.186 39. £ 0.01122 48 . 0 ij 0 13
£845.602 31.961 39. 0 0.01123 48 0 C7 13
2321.7 66 31.742 38. 9 0.01125 49 0 1 tj 13
£775.399 31.321 38. 6 0.011£9 5r fl 8 u 13
2645.949 3 0.17 0 2' r * 7 0.0114 0 cr - 0 cr 0 13
£457.886 28.534 3 6. 1 0.01161 58 fl 1 0 Ij 12
1938.0£4 £4.000 3 0. 8 0.01£38 0 -3 Li 13
1££6.£73 16.717 ■Z' * 4 0.01363 143 n 1 0 1 j Ij 13
579.712 8. 034 c. £ 0.01386 343 ij 3 ij ij IJ 13
c! S 3.2 21- 3.925 ii. • £ 0.01336 543 ij 5 0 0 Ij 13
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