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Environlllental Physiology and 
Shelter Engineering 

With Special Reference to Domestic Animals 

XXXII. The Influence of Ambient Temperature, Air Velocity, 
Radiation Intensity, and Starvation On Thyroid 

Activity and Iodide Metabolism In Cattle 
CLIFTON BLINCOE AND SAMUEL BRODY 

INTRODUCTION 
The preceding progress reports in this series were concerned with the 

effects of temperature, humidity, air movement, and light intensity on feed 
and water consumption, milk production and composition, rectal and sur-
face temperature, heat production and cardiorespiratory activities, evapora
tive cooling, and several aspects of blood and urine composition including 
protein-bound iodine content , This report is an extension of the work on 
the effect of temperature, wind, light intensity and nutritional status on 
several aspects of thyroid activity. 

REVIEW OF LITERATURE ON THYROID ACTIVITY 
IN RELATION TO TEMPERATURE 

The Thiouracil and PBI Methods: Dempsey and Astwood,l using 
the thyroxine-thiouracil method, observed a decrease of thyroid secretion 
rate in white rats from 5.2Y /day at environmental temperature 1 ° C. , to 
1.7~ /day at 35° C. Using the same method, Hurst and Turner2 observed 
an inverse relation of thyroid secretion rate and ambient temperature in 
mice, as did Hoffman and Schaffner3 in cockerels. 

The protein-bound iodine (PBI) level of blood plasma has been widely 
used as an index of thyroid activity in clinical 'diagnosis. Rapport and 
Curtis,4 reviewing the literature to 1950, reported disagreement on the effect 
and direction of effect of season on PBI in man. Ershoff and Golub5 report
ed no significant difference between the PBI levels in rats maintained at 
2° C. for 45 days and at room temperature. H. G, Turner6 reported an in
creased PBI level in rats maintained 14 days at 7° to 10° C. over that in a 
control group at 25° C. Rand, Riggs, and Talbot,7 on the other hand, re
ported a slight decrease of PBI in rats at 1 ° to 7° C. as compared to room
temperature controls. Thus, in the rat, the plasma PBI is reported to in-

~ ...... ,; 

. Small numbers refer to Literature listed on page 36. 
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crease, to decrease, and to show no change on reducing the ambient terri=- ........ 
perature to near 0° C. Under controlled conditions the PBI level of dairy 
cows did not appear to change in the temperature range 7° to 105° F. (_14° 
to 40° C.).6 Under field conditions Lewis and Ralston8 found that the PBI 
level in cows was lower in November than in March through August. Since 
feed consumption-amount and composition-varied with temperature 
and season, these changes may have reflected the effect of nutritional status 
rather than of temperature. . 

Radioiodine Method: Radioactive iodine was first used to study thy
roid activity in rabbits by Hertz, Roberts, and Evans in 1938.9 The use of 
radioiodine for thyroid study has greatly expanded since 1946 when nuclear 
reactor-produced p31 became available. Most of the literature since that time 
has been concerned with the use of p31 in the clinical diagnosis and therapy 
of thyroid pathologies. Employing the radioiodine method, Werner and 
co-workers10 

11 reported that they could find no significant seasonal differ
ences in the uptake ofP31 by the thyroid glands of normal men and women. 
Leblond and co-workers/ 2 investigating the effect of ambient temperature 
on the radioiodine metabolism of rats, found that cold (0° to 2° C.) in
creased thyroid activity to a maximum during the first 26 days of exposure. 
Thyroid activity declined to the pre-exposure level during the subsequent 
40 days of exposure to this freezing temperature. Heat (32° to 34 ° C.) de
pressed thyroid activity during the first day of exposure, and this reduced 
activity persisted for at least 26 days of exposure. Schachner, Gierloch and 
Krebs,13 using the radioiodine-uptake method, reported first an increase 
in thyroid activity of rats during one to two weeks exposure to cold then 
a decline to normal on continuing exposure to the cold for four weeks, In a 
preliminary survey, Blincoe6 reported that the conversion ratio and the p31 
uptake by the thyroid a,t 95° F. (35° C.) in rabbits and cows was below that 
at 50° to 60° F. (10° to 16° C.) air temperature. 

The rate of biosynthesis of the thyroid hormone is under the control of 
the thyrotropic hormone of the anterior pituitary gland. Sellers and You14 
reported increasing thyrotropic hormone in the pituitary glands of male 
white rats on reducing the environmental temperature to 1.5 ° C. for two to 
three weeks. They assumed that this represented increased production and 
release of the hormone under the influence of declining temperature. 

The thiouracil and radioiodine methods have yielded results indicating 
a definite influence of ambient temperature on thyroid activity. Since the 
thiouracil method involved the use of large numbers of experimental ani
mals and their sacrifice for weighing the thyroid, it is not practical for use 
on cattle. Another method for measuring secretion rate in terms of micro
grams of thyroxine released by the thyroid gland per day has been proposed 
by Pipes, Blincoe, and Hsieh. 15 This method involved ascertaining th~. · 
amount of exogenous thyroxine injection necessary to block the thyroid 
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-- -- activity. The degree of blocking is determined by the radioiodine method. 
This method could not, however, be used in the present study because the 
administration of thyroxine would alter the metabolic rate of the animals, 
and the purpose of this project is to determine the metabolic rate and thy
roid activity of the animals as affected by environmental temperature and 
not by thyroxine injection. 

METHODS USED TO STUDY THYROID 
ACTIVITY IN CATTLE 

A general theory of radioiodine metabolism has been developed around 
the rate constants for the transfer of p31 between compartments in the 
body. 16 17 This theory has been adapted in the present research on thyroid 
activity and radioiodine metabolism in cattle. 18 These rate constants and 
their definitions are given below: 

Rate Constant: The instantaneous relative rate of a process. The speed of the pro
cess is obtained by multiplying the rate constant by the concentrations of the 
materials entering into the process. The rate constant is the speed of the 
process as if the material entering into it were present at unit concentration. 
The larger the rate constant the faster the process. Rate constants (k) 3t"e 
inversely proportional to the biological half-life (t .!), t i = ln2 = 0.693 . 

2 K k 
The following rate constants, symbols and definitions are here used. 

Symbol. Rate Constant For:· Definition 
kl + k2 Plasma Clearance The rate constant for the disappearance of 

radioiodine from the blood plasma. 

Thyroid Uptake 

Excretion 

Capillary Diffusion 

Hormone Release 

Hormone Excretion 

Peripheral Utili
zation 

The rate constant for the accumulation of 
1131 in the thyrOid: kl = U(kl + k2). 

The rate constant for excretion of 1131 

from the entire animal by all avenues. 

The rate constant for the transfer of 1131 
from the blood plasma to other tissue fluids. 

The rate constant for the release of the 
thyroid hormone from the thyroid gland to 
the blood plasma; it is measured by the 
rate of change of the plasma thyroxine-like 
1131 and/or the thyroid 1131 content. 

The rate constant for the excretion of the 
thyroid hormone by all routes from the 
animal. 

The rate constant for the utilization of the 
thyroid hormone by the body tissues. 

Carrier free: A preparation of a radioactive isotope which is essentially free from 
stable isotopes of the element in question. 19 

Conversion Ratio: The ratio of the concentration of blood plasma thyroxine-like 1131 
to the concentration of blood plasma total 1131. 

1131: The isotope of iodine of nuclear mass number 131. This isotope exhibits all 
. ~ the chemical and biological properties of ordinary iodine. 

·The symbols and terminology are those of Brownell.16 
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Millicurie (mc): A unit of radioactivity equal to 3.7 x 107 disintegrations per sec- ) 
ond. It is approximately the activity of 1 mg of radium.19 

Protein-Bound Iodine (PBI):** The iodine bound to the plasma proteins and precip
itated with them by the usual protein precipitating agents such as zinc hydrox
ide. 

Self-absorption: The absorption of radioactive radiation by the body of the substance 
emitting the radiation.19 For example, the absorption of the radiation from 
1131 by the blood plasma solids in a sample prepared for measuring the blood 
plasma 1131. 

Maximum Thyroid Uptake of 1131 (U): The peak level of 1131 in the thyroid gland 
at any time after the administration of 1131 (see Fig. 6). 

Thyroxine-like 1131 :** The blood plasma 1131 that is extractable by n-butanol and 
retained in the n-butanol after extraction with Blau's reagent 
(4 N NaOH - 5% Na2COg). 

Several methods using radioiodine as an indicator of thyroid activity 
have been proposed. The maximum uptake, V , of p 31 by the thyroid gland 
is the most frequently employed clinically. 20 It is the result of the rates of 
uptake and release of p 31 by the thyroid and of the excretion of p 31 in 
urine, milk, etc.16 17 This measurement, V, is a good index of thyroid activi
ty provided that the rate of excretion of p 31 is relatively constant, as the 
release of p 31 from the thyroid is so slow as to have little effect on the maxi
mum uptake. The rate ofP31 uptake by the thyroid gland can be measured 
directly (see Fig. 7) and might serve as an index of thyroid activity. The 
maximum uptake and rate of uptake of p 31 by the thyroid gland are indica
tive of the uptake (iodide fixation) phase of thyroid activity. They may not, 
however, necessarily indicate the release of the thyroid hormone from the 
gland since the iodine may be stored and the thyroid hormone released as 
needed.21 The synthetic activity and release of the hormone from the thyroid 
could thus change without a corresponding change of iodine uptake. 

The conversion ratio (ratio of thyroxine-like p 31 to total p 31 in the 
blood plasma) has been used in the clinical diagnosis of thyroid pathol
ogies.22 Since this parameter of thyroid activity is a ratio, it is iodependent 
of errors in the preparation of the dose of P 31, or standard; but because it is 
calculated from two non-identical measurements its error is relatively large. 
It has been customary to measure the conversion ratio in man 24 hours after 
ingestion of P 31 . This corresponds to the time at which the blood thyroxine
like p 31 level is approaching its maximum. 20 The times selected for meas
urement in our cattle were 21-24 hours and 69-72 hours after injection of 
the radioactive iodide. The first of these corresponds to the rapidly rising 

**The PBI131 and the thyroxine-like 1131 are in large measure the same 
radioiodine determined by two different methods . The PBl131 is probably more 
heterogenous than the thyroxine-like 1131. The PBl131 probably includes all the 
thyroxine-like 1131 plus additional materials such as diiodotyrosine-I131. 
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segment of the thyroxine-like p31 curve and the second to approximately 
the maximum concentration of thyroxine-like p31 in blood plasma (Figs. 1 
and 7). 

The rate constant for hormone release, k4' appears to be the most useful 
parameter of thyroid activity. This can be determined from the slope of the 
curve for release of p31 by the thyroid gland after the attainment of maxi
mum thyroid uptake of p31 16 In dairy cattle the release curve has a half
period of the order of 300 hours18 and with the method used for determin
ing this slope, it is necessary to continue the determination past 300 hours 
after injection. In the present series of experiments, the environmental test 
periods were not of sufficient duration to permit use of this procedure. 

After injection of radioiodine, the total radioiodine concentration in 
the plasma and the rate of excretion of radioiodine in milk and urine de
crease exponentially with the same exponent. 16 17 18 This exponent is the 
rate constant for clearance of plasma radioiodine (kl + k2), which can also 
be ascertained from the rate of uptake ofP31 by the thyroid gland (see equa
tions on Figs. 5 and 6). If the maximum concentration ofP31 in the thyroid 
is known, the rate constants for thyroid uptake, kl) and excretion in the 
urine etc., k2' can be separated. These two rate constants describe the time 
relations of iodide in the animal, for radioiodide is either taken up by the 
thyroid glan.d or excreted in urine, milk, etc., with no other known pro
cesses occurnng. 

Radioiodine Metabolism in Cows at Constant Temperature: Since 
p31 had not been used extensively before for the investigation of thyroid 
function in dairy cattle, it seemed desirable to explore the behavior of the 
injected p31 in several normal cows under constant, normal C(comfort 
zone"), environmental temperature. 

For this purpose five Jersey U) and two Holstein (H) cows were inject
ed with 0.7 mc of p31 and the time relation of the p31 measured and plotted 
on arithlog (semilog) paper as shown in Fig. 1. The detailed methods of 
measurements, including theory, are illustrated in Figs. 2 to 7 and presently 
explained in the text. 

The upper row of rising and declining curves in Fig. 1 show the p31 in 
the thyroid; the second and third rows from the top show, respectively, the 
thyroxine-like p31 and the total p31 in the blood plasma; the bottom row 
of curves indicates the p31 excretion by way of urine in the dry cows and by 
way of urine and milk in the lactating cows. The details of p31 measure
ments and methods of analysis are given below. 

Radioiodine Metabolism in Cows During Changing Tempera
ture-Experimental Design and Schedules: These studies were made 
under the controlled temperature and other environmental conditions of 
the Psychroenergetic Laboratory.23 This laboratory consists of two inde- # . -
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pendently controlled chambers'each containing six cows in dairy-barn type 
stanchions. Temperature, humidity, air velocity and radiation (light) were 
controlled. Except at 95° F., the environmental conditions were maintained 
constant throughout a given test period of one to two weeks. 

Brief descriptions and vital statistics of the animals are listed in Tables 
1 and 2. 

Each experimental series started with ambient temperature 40° to 60° F. 
(5° to 16° C.) and progressed to higher or lower temperatures at two-week 
intervals. This procedure did not permit multiplicity of control measure
ments or provide an indication of the influence of advancing age, gestation, 
and lactation. Each experimental animal served as its own control and hence 
eliminated variation between necessarily small control and experimental 
groups. 

This bulletin presents data on the influence of three meteorological 
variables -temperature, air velocity (wind), and radiant energy (light)-

Cow No. Birth Date 

J&r
90
1 

May 10, 1944 
548 Mar. 25, 1948 
549 Apr. 13, 1948 
264 Feb. 20, 1948 

Holstein 
13Z Sept. 14, 1944 
178 Dec. 12, 1946 
184 Feb. 13, 1947 

Brahman 
zOO May 6, 1947 
189 Feb. 13, 1947 

Brown Swiss 
9 Mar . 27, 1948 

41 Dec. 6, 1947 
47 July 26, 1948 

Jer:a 
Mar. 25, 1948 

994 Oct. 20, 1943 
205 Oct. 7, 1944 
549 Apr. 13, 1948 

Holstein 
144 June 11, 1945 
154 Dec. 25, 1945 
118 Dec. 13, 1943 

Brahman 
zOO May 6, 1947 
189 Feb. 13, 1947 

Brown Swiss 
- -.. : 22 May 1, 1948 

23 Feb. 25, 1945 
47 July 26, 1948 

TABLE 1 -- IDSTORY OF THE COWS 

At Beginning of Ex~, 
Number 01. Approx. Approx. 

Date 01. Last Previous Date of Last Age Body Weight 
Calving Lactations Breeding 

Wln&r 1051-52 
Years lbs. 

Feb. 10, 1951 4 Aug. 29, 1951 71/2 900 
July 31 , 1951 1 Dec. 14, 1951 4 860 
Sept. 30, 1951 1 Dec. 12, 1951 4 830 
Apr. 23 , 1951 1 ------------ 4 790 

Sept. 24, 1951 4 Apr. 1, 1952 7 1250 
Oct. 6, 1951 2 June 19, 1952 5 1170 
Sept. 23, 1951 2 ------------ 5 1130 

June 29, 1950 2 ------------ 41/2 1070 
June 19, 1951 2 ------------ 5 990 

Sept. 26, 1951 1 Oct. 21, 1951 4 1090 
May 18, 1951 2 Aug. 15, 1951 4 1100 
Oct. 18, 1951 1 ------------ 31/2 990 

Spring 1952 

July 31, 1951 1 Dec. 14, 1951 4 860 
Dec. 9, 1951 5 ------------ 81/2 820 
Jan. 21, 1952 5 ------------ 71/2 970 
Sept. 30, 1951 1 Dec. 12, 1951 4 870 

Feb. 2, 1952 4 -------- ---- 7 1310 
Jan. 19, 1952 3 Aug. 3, 1952 6 1370 
Jan. 13, 1952 4 Aug. 3, 1952 8 1300 

June 29, 1950 2 ------------ 5 1080 
June 19, 1951 2 ------------ 5 1020 

Oct. 30, 1951 1 Jan. 3, 1952 4 1290 
Feb. 12, 1952 4 June 24, 1952 7 1380 
Oct. 18, 1951 1 ------------ 31/2 1030 

Average DIliing 
Oct. 1951, or 

Feb. 1952 
Milk 

lbs/day 

dry 
17.0 
24.6 
dry 

39.0 
28.8 
48.8 

dry 
dry 

50.0 
25.0 
32.0 

dry 
32.8 
30.0 
dry 

44.5 
56.6 
56.0 

dry 
dry 

29.2 
45.5 
22.5 

Butterfat 
% 

5.9 
4.3 

3.2 
3.9 
3.0 

7.5 
5.8 

4.9 
4.7 
4.5 

4.8 
7.8 
3.4 
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TABLE 2 -- InSTORY OF THE COWS 
At ~Iinni~ of Expt. 

Approx. Average During 
Number of Approx. Body Januar~ 1953 

Date of Last Previous Date of Last Age Weight Milk uHerfat 
Cow No. Birth Date Calving Lactations Breedinl Years lbs. lbs/dal % 

Holsteins 
330 Apr. 2, 1949 Oct. 16, 1952 1 Feb. 21, 1953 4 1200 39 3.0 
337 May 7, 1949 Oct. 29, 1952 1 Dec . 17, 1952 4 1200 47 2.9 
197* Nov. 2, 1947 Aug. 22, 1952 2 Nov. 14, 1952 5 1200 45 3.3 
314 June 4, 1948 Sept. 25, 1952 2 Nov. 19, 1952 41/2 1200 32 3.4 
132** Sept. 14, 1944 Jan. 5, 1953 5 ------------ 8 1400 51 4.8 
169+ July 30, 1946 Jan. 9, 1953 4 Apr. 11, 1953 61/2 1400 70 3.5 

Replacements 
357 Jan. 24, 1950 Aug. 2, 1952 0 Oct. 6, 1952 3 1200 26 3.5 
144 June 11, 1945 Feb. 2, 1952 5 Nov. 26, 1952 71/2 1300 dry 

Jersels 
27 Nov. 3, 1948 Nov. 5, 1952 2 ------------ 4 800 25 5.5 
511 Jan. 19, 1945 Dec. 22, 1952 5 Feb. 21, 1953 8 900 29 5.9 
271 Aug. 22, 1948 Dec. 28, 1952 2 Mar. 26, 1953 41/2 850 38 6.7 
518 Dec. 22, 1945 Jan. 2, 1953 5 ------------ 7 875 29 5.8 

Brahmans 
209 May 6, 1947 June 29, 1950 2 51/2 1100 dry 
189 Feb. 13, 1947 June 19, 1951 2 6 1100 dry 

.Removed from chamber. AbOrted May 17. 
**Removed from chamber April 13. Replaced by H-144. 
+Removed from chamber Feb. 16 -- operated and found hardware in rumen. Replaced by H-357. 

and also of starvation, on thyroid activity. Two of the three test periods were 
devoted to the study of ambient air velocity at several temperatures and 
one to the study of light intensity at several temperatures. The schedules 
and dates of assay of thyroid activity are presented in Table 3. The air ve
locity at other than 0.5 miles per hour (0.8 Km.lhr.) was created by large 
fans above and directed down on the COWS.

23 The production, spectral distri
bution, and intensity gradient of the radiation levels have also been describ
ed. 24 The radiations from fluorescent and incandescent lights were directed 
downward from the ceilings of the chambers. 

Radioiodine Technics: For each assay of thyroid activity approximate
ly 0.3 me. ofP3l as carrier-free sodium radioiodide (NaP 31 ) was injected 
into one jugular vein of each cow. * Blood samples were taken from the 
other jugular vein 24 and 72 hours after injection. The blood was collected 
in flasks containing 10-20 mg. heparine (60 Toronto units per mg.) per 100 
ml of blood as an anticoagulant. Milk samples were collected from each 
milking for three to five days after injection using a standard milk sampler. 
Urine was collected as a composite 24-hour sample using a modification of 
the Hansard method for COWS.

25 In vivo measurements of the thyroid p3l 
content were made. The technique used was to hold a Geiger-Muller coun
ter in contact with the neck skin over the regions of maximum count rate 
corresponding to each lobe of the thyroid gland as illustrated in Fig. 2. 

*The Jl 3 1 used in this study was obtained from the Oak Ridge National Laboratory ___ 
on allocation from the U. S. Atomic Energy Commission. 



TABLE 3 -- SCHEDULE OF EXPERIMENTAL PERIODS 
Period (1951-52) lersey and Brahman Holstein and Brown Swiss 

From: To: Temp. Velocity 1131 Temp. Velocity 1131 
3 .m. 3 .m. of. miles r. In ected of. miles r.In'ected 

t. Nov., 0 O. O. 
Nov. 8 Nov. 22 14 51 4.2 19 51 4.5 -------
Nov. 22 Dec. 6 14 50 6.0 3 50 0.4 Nov. 26 
Dec. 6 Dec. 20 14 50 0.4 17 50 8.1 Dec. 10 
Dec. 20 Ian. 3 14 12-46 0.4 ------- 13-49 0.4 -------
Ian. 3 Ian. 17 14 15 3.8 Ian. 14 18 3.4 
Ian. 17 Ian. 31 14 17 7.6 Ian. 28 19 0.5 
Ian. 31 Feb. 14 14 19 0.5 Feb. 11 18 10.0 
Feb. 23 Mar. 6 12 66 0.5 ------- 64 0.4 
Mar. 6 Mar. 20 14 66 6.2 Mar. 10 66 8.8 
Mar. 20 Mar. 27 7 64 0.4 Mar. 24 65 6.4 

Ian. 7 
Ian. 21 
Feb. 4 
Mar. 3 
Mar. 17 
Mar. 31 

Mar. 27 Apr. 3 7 66 8.5 ------- 67 4.8 -------
Apr. 3 Apr. 10 7 66 8.5 Apr. 7 64 0.4 -------
Apr. 10 Apr. 24 14 80 7.7 Apr. 21 80 4.5 
Apr. 24 May 8 14 80 4.7 May 5 80 8.7 
May 8 May 18 10 80 0.4 May 13 80 0.4 

Apr. 14 
Apr. 28 
May 13 

May 18 May 20 2 94 0.4 May 19 81 0.4 -------
May 20 May 22 2 89 0.4 ------- 95 8.8 May 21 
May 22 May 25 3 80 0.4 ------- 78 0.4 -------
May 25 May 27 2 95 8.9 May 26 80 0.4 -------
May 27 May 29 2 76 0.4 ------- 94 0.4 May 28 
Relative Humidity: 52-72% saturated. 
Radiation Level: 14 cal/m2 /hr. 
Values of temperature and air velocity from Ragsdale, A. C., Thompson, H. 1., 

Worstell, D. M. and Brody, S., Mo. Agr. Exp. Sta. Res. Bui. 545 (1954). 

Period~(19 5~ ~ Holstein 
From: To: No. of 
3 .m. 3 .m. Da s 

Ian. Ian. V* 
Ian. 16 Ian. 22 7 45 5 
Ian. 22 Ian. 29 7 46 42 
Ian. 29 Feb. 5 7 48 86 45 v* Feb. 
Feb. 5 Feb. 12 7 46 131 45 5 
Feb. 12 Feb. 19 7 46 179 Feb. 13 46 39 
Feb. 19 Feb. 26 7 69 V 46 94 
Feb. 26 Mar. 5 7 70 7 Feb. 27 45 136 
Mar. 5 Mar. 12 7 70 44 45 190 Mar. 
Mar. 12 Mar. 19 7 70 98 69 V 

6 

6 

Mar. 19 Mar. 26 7 70 135 70 5 Mar. 20 
Mar. 26 Apr. 2 7 71 180 Mar. 27 70 40 
Apr. 2 Apr. 9 7 Irregular Irregular 
Apr. 9 Apr. 16 7 83 V 70 82 
Apr. 16 Apr. 23 7 80 7 A.pr. 17 70 129 
Apr. 23 Apr. 30 7 80 40 70 175 Apr. 24 
Apr. 30 May 7 7 80 95 80 V 
May 7 May 14 7 80 138 80 12 May 8 
May 14 May 21 7 80 161 May 15 80 40 
May 21 May 28 7 80 90 
May 28 lune 4 7 80 130 
lune 4 lune 11 7 80 156 lune 5 
Relative Humidity: 49-69% saturated. 
Air Velocity~ 0.5 miles/hr. 

_.,values of temperature and radiation from Brody, S., Ragsdale, A. C., Thompson, 
" H. l. z and Worstellz D. M. z Mo. Agr. Expt. Sta. Res. BuI. 556. 

*Variable, see Reference for details. 



Fig. 2 -Method of in vivo determination of the Jl 3 1 in the thyroid gland of a cow. 

Fig. 3-Model neck. Expanded view of the model neck section used to standardize 
the in vivo determination of thyroid 1131. The artificial thyroid is shown suspended about'" . 
the water-filled neck section. 



Fig. 4 -Planchetes for counting. Upper left, plasma thyroxine-like IJ:ll: upper 
right, urine total 11:11; lower left, plasma total Jl31; lower right, milk total 11 :11. 

Fig. 5 -Scintillation counter (on the left) and scaler. 
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Measurements were made on each lobe of the thyroid and the results aver- - -- ' 
aged. The average count rate thus obtained was compared with that obtain-
ed from a known amount of p31 in a model of a cow's neck (Fig.3), and 
calculated as percent of the injected dose of P31. Details of this method, 
including Figs. 2 and 3, were published elsewhere by the senior author. 26 

The total radioiodine content of the blood plasma, urine, and milk was 
determined in air dried samples representing one or two milliliters of the fluid 
in a 2.45 cm. diameter, cupped, stainless steel planchet (Fig. 4). Standards 
were prepared by adding a known quantity of carrier-free NaP31 to planchets 
containing the same volume of non-radioactive plasma, milk, or urine as 
the unknown and drying under the same conditions. The use of standards 
prepared from the same material and under the same conditions as the un
known, made sample self-absorption corrections unnecessary. The unknowns 
were prepared in triplicate and sets of five standards were used. 

The plasma thyroxine-like p31 was separated by extracting 10 ml of blood 
plasma once with 20 ml of n-butanol and twice with 10 ml portions of n
butanoL The emulsions formed were broken by centrifugation. In the second 
and third extractions care was taken to break up the gelatinous interphase 
material before centrifugation. The pooled n-butanol extracts were extracted 
twice with 10 ml portions of Blaus reagent (4 N NaOH-5% Na 2C03) to 
remove any diiodotyrosine and inorganic iodide present.2 7 The n-butanol 
fraction was evaporated under reduced pressure (boiling point 50° to 60° C.) 
to a volume of 1-2 mL This residue was transferred to a 2.45 cm diameter, 
stainless steel, cupped planchet and the distillation flask washed three times 
with 2-ml portions of n-butanol which were added to the cups. The liquid 
was evaporated under infra-red heat lamps until almost dry and then allowed 
to air dry at room temperature (Fig. 4). It was found that taking the mixture 
to dryness at elevated temperatures resulted in the formation of an uneven 
surface in the planchetes. Standards were prepared using previously counted 
samples by adding a known amount of NaP 31 with sufficient water to cover 
the bottom of the planchet and drying. Similar methods of preparation of the 
thyroxine-like iodine fraction have been used by many investigators. 28 

The radioiodine content of these samples was determined by counting 
with a scintillation counter and a binary scaler. The scintillation counter was 
composed of a cylindrical anthracene crystal 2.45 cm. in diameter and 0.61 
cm. thick viewed by a 5819 photomultiplier. The sample to crystal distance 
was the height of the planchets (7.7 mm) and the photomultiplier, crystal, 
and planchet were mounted coaxially. This equipment is shown in Fig. 5. 
The standard error of counting was less than + 3% except for a few cases 
where the standard error of counting was + 3 to +4%. 

In these experiments the rate of thyroid uptake, and maximum thyroid 
uptake were not used initially because of the difficulty of securing stable op
eration of the measuring equipment under a variety of adverse ambient con
ditions. These difficulties were overcome in the second series of tests reported 
here by the use of temperature-stable, halogen-quench, Geiger-Muller tubes, 
and modification of the operating pattern of the rate meter. 

Calculations: All data were expressed as percentage of the administered 
p31 dose to avoid errors of absolute standardization of radioactivity. Thes~ ' •. 
units give the same numerical value regardless of the size of the tracer dose, 
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and eliminate chance for error in preparation of accurately known doses and 
standard solutions. 

The conversion ratio is the ratio of the plasma thyroxine-like p31 to 
plasma total P 3\ that is ,blood plasma thyroxine-like p31 expressed as a 
function of the total-plasma P31. 

In averaging, all data were included unless in a given set of three or 
more values one point differed by more than a factor of two from the point 
nearest it in value, in which case it was rejected. Since the conversion ratio 
is the ratio of a part to the whole it may not have a value greater than unity. 
Any values of the conversion ratio greater than one were therefore rejected. 
Rejected points are indicated by a prime (,) in the Appendix. 

The time changes in the concentration of radioiodine, P31, following 
its injection into the blood stream are presented graphically in Figs . 6 and 7. 

Following its injection, the p 31 solution rapidly diffuses through the 
capillaries into the interstitial fluids. This transcapillary diffusion rapidly 
reduces the p 31 concentration in the blood, as shown by the steeply declin
ing upper-left curve in Fig. 6. 

2.8 

2.4 ~ 
Ct"Ae- K'3t. 

= 2.88 e- 4.72t 

a: 2.0 t-----.\r-------t 
~w 
Z I- f-
e:(-
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a:w aU) -
20 4: 0 1.2 -

~~ 
e:( 0 
-.J ~ 0.8 -
a.. 

-o 
a a 0.4-
-.J 
(I) 
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-
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0.1 0.2 

~=(A-B)e- K3t +Be-(K,+Kz)t 

=2.54 e-5.33t +0.341 e-0.045t 
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I I I 

Ct=Be-(K,+Kz.l \. 

=0.3419-0.045t 
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24 28 32 

Fig. 6-Blood plasma p 3 1 concentration. Blood plasma total 113 1 concentration of 
cow)-504 for the first 30 hrs. after injection plotted on arithmetic paper (Fig. 1 shows 
these data on a semi-logarithmetic grid). The segment on the left shows the very rapid 

.. ,~ ) . decrease of blood plasma p 3 1 due to its transcapillary deffusion, and the segment on the 
right shows the slower loss OfIl 31 due to thyroid uptake OfIl 31 and excretion of P 3 1. The 
equations give the rate constants for these processes. (See also Fig. 7 and definition sec
tion.) 
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This predominantly diffusion phase in the loss of the injected Jl31. 
from the blood is followed by the predominantly excretion and thyroid-up
take phase. The Jl31 taken up by the thyroid gland is synthesized into the 
thyroid hormone which is then released into the blood (Fig. 7). 

In brief, the injected Jl31 passes through a series of consecutive-simul
taneous stages in its history, some as inorganic iodide; some as organic or 
protein-bound iodine. Some of the transformations are purely physical or 
physico-chemical, as the mixing and diffusion of the injected iodide solu
tion; some are biochemical, as synthesis of the inorganic iodide into the thy
roid hormone followed by catabolism -chemical breakdown -of the thyroid 
hormone and the reutilization of the Jl31. The inorganic iodine is excreted 
into the milk and urine. 

Oddie17 and Brownell16 investigated mathematically some of these 
complex time relations. The equations in Figs. 6 and 7 represent some of 
these time relations in numerical terms. 

The upper left segment in Fig. 6 shows the extremely rapid decline in 
the blood of the injected radioiodide. The decline appears to be exponential 
that is, the JI31 depreciates at compound interest at the relative rate of 4.72 
per hour, or percentage rate of 472 per hour; that is, for a period of about a 
tenth of an hour the JI31 level declines at the rate of about 47096 per hour. 

This extremely rapid predominantly-diffusion phase is followed by the 
much slower thyroid-uptake and excretion phase, resulting in decline of 

blood JI31, as a result of its uptake by the thyroid and its excretion in urine 
and milk, at the rate of only 4.5% per hour. The blood JI31 concentration 
declines during the second phase only 0.01 as rapidly as during the first, the 
diffusion phase . 

Fig. 7 carries out the same theme but with respect to the changes in the 
Jl31 concentration in the thyroid gland. The rising segment in Fig. 7 repre
sents the JI31 level rise in the thyroid. The amount of JI31 in the thyroid 
increases but at a declining rate. This decline in the increase is 4.596 per hour; 
that is, the same percentage as shown by the decline OfIl31 in the right seg
ment in Fig. 6. 

The equation maximum for the JI31 level in the thyroid, as given by U 
in the equation in Fig. 7, is about 50 percent of the injected dose. The actual 
Jl31 maximum is less because alongside with uptake OfIl31 by the thyroid, 
there is loss OfII31 from the thyroid in the form of the thyroid hormone. The 
actual maximum value is nearer 40 percent of the injected dose. The thyroid 
Jl31 declines, also exponentially at about 0.14 percent per hour. 

The k values in the equations represent relative rates or, when multi
plied by 100, percentage rates. For example, the right-lower segment in 
Fig. 6 has a k value of 0.045. This means that plasma total Jl31 declines at 
4.5 percent per hour. If the blood concentration were 0.1 percent of the dose, 
the decline in Jl31 would be 0.045 x 0.1 = 0.0045 percent per hour. The 
value of this decline represents the algebraic sum of the k's, kl and k2' of 
the thyroid uptake, kb and excretion, k2' of radioiodide. These k's are called . 
the rate constants for the processes; for example, kl is called the rate con-
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stant for thyroid uptake. The equation for separating these two k's is given 
in Fig. 7. (See Definitions, pages 5 and 6.) 

The value of the decline of the Jl31 in the thyroid gland, k4' corrected 
for thereutilization of Jl31 by the thyroid represents the relative rate of Jl31 

release by the thyroid, k4' termed by Brownell16 the rate constant for hor
mone release. 

DA T A AND DISCUSSION 

Effects of Ambient Air Temperature 

As explained in preceding bulletins, the environmental conditions in
cluded: (1) changes in ambient temperature only at constant air movement 
(slow, about 0.5 miles per hour) and light (dim, (about 5 Btu/ft. 2 /hr.); (2) 
changes in air movement (from 0.5 to 10 miles per hour) at constant air 
temperature and dim light; and (3) changes in light intensity (from 5 to 
180 Btu/ft. 2 Ihr.) at constant air temperature and air movement. In the air 
velocity and light studies, control periods were provided at each temperature 
level in which the air velocity was 0.5 miles per hour (0.8 Km.lhr.) and the 
radiation (light) level was 5 Btu/ft. 2 /hr. (14 Kcallm. 2 /hr.). The data from 
these dim radiation, low air velocity periods have been combined in this 
section since the only variable between them was ambient temperature (Fig. 
8). The number of assays from each breed of cow~ at each temperature level 
is given in Table 4. 

TABLE 4 -- NUMBER OF SAMPLES FOR POINTS IN FIGURES 8 AND 9 
Figure 8. Temeerature Alone Fi~ure 9. All Data 

Temp. Brown Brown 
OF. Jersey Holstein Swiss B-209 Jersey Holstein Swiss B-209 
10 4 3 3 1 12 9 8 3 
45 4 1 8 5 2 
50 4 3 3 1 12 6 6 2 
60 2 
65 4 3 3 1 12 9 9 2 
70 6 1 8 12 1 
80 8 9 3 1 16 18 8 2 
95 4 3 3 1 8 3 3 2 

Air velocity and light intensity at constant air temperatures were appal 
ently without effect on the conversion ratio. The data from these studies 
have been combined in Fig. 9. as though the only variable was temperature. 
The number of samples represented by each point is given in Table 4. 

Thyroid Activity: Figs. 8. and 9 present the conversion ratios as deter
mined 21, 24, and 69 to 72 hours after radioiodine injection. Increasing 
ambient temperature depresses the conversion ratio in all breeds. These data 
are presented numerically in the Appendix (Table 7) . 

The temperature range 32° to 60° F. (0° to 16° C.) has been defined as -
the ((comfort zone" for cattle. 29 In this range the present study reports data 
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Fig. 8-Temperature and thyroid activity. Semi-logarithmic plot of the average 
values of the conversion ratio for cows at 0.5 m.p.h . air velocity and 5 Btulft. 2/hr. light 
radiation level at the indicated air temperatures. Note decreasing trend of conversion 
ratio with increasing temperature. See Table 4 for the number of samples at each point. 
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at 45° and 50° F., and just above the comfort zone at 65° F. These data all 
lie within overlapping standard errors (Fig. 9) . Below the comfort zone, 
at 17° F. (-8° C.), the conversion ratio of Holstein and Brown Swiss cows 
shows little change from that at the comfort zone while the smaller Jersey 
and Brahman (Indian-evolved) cows show a distinct rise of the order of 60 
and 100 percent, respectively, based on the conversion ratio 72 hours after 
injection of P3l. At this low (_8° C.) temperature Kibler and Brody30 
found a rise in the heat production of the same (small) Jersey and Brahman 
cows of the order of 15 and 60 percent respectively, and no change in the 
heat production of the same (large) Holstein and Brown Swiss cows. This 
is also in agreement with the data on the effect of temperature alone as sum
marized by Worstell and Brody.29 Rising environmental temperature above 
the comfort zone (above 60° F., 16°C.) decreased the conversion ratio of 
all animals. The conversion ratio of Jersey cows at 95 ° F. (35 ° C.) was be
low normal by about 30 percent, of Holstein cows by about 65 percent, and 
of Brown Swiss cows by about 50 percent, based on the 24- and 72- hour 
data. The data on the one Brahman cow and the 72-hour data on the Hol
stein cows were too variable for comparison. On increasing the environment
al temperature to 95° F. (35° C.) the heat production was decreased by 
about 15 percent in Jerseys, 30 percent in Holsteins, and 20 percent in the 
Brown Swiss.30 Thus the general pattern of the change of the conversion 
ratio with changing temperature follows the course of change in heat pro
duction with changing ambient temperature. It is, therefore, concluded that 
at least a part of the change of metabolic rate with changing temperature 
was associated with, and perhaps due to, change in thyroid activity. 

The percentage decline in thyroid activity, as measured by the conver
sion ratio, was about twice as great as the percentage decline in heat produc
tion with increasing temperature. This would indicate that some mechanism 
is operating which damps the effect of thyroid activity on the metabolic rate, 
as reported by Boothby and Sandford3l who found that the thermogenic 
effect of thyroxine on heat production was not directly proportional to the 
thyroxine level. The greater percentage elevation of the thyroid activity 
than of the heat production with declining temperature indicates a less effi
cient use of the thyroid hormone per unit of heat production. In catalyzed 
chemical reactions such as heat production in mammals, the rate of reaction 
is directly proportional to the catalyst concentration at low concentrations 
but as the catalyst concentration increases above a certain level, the reaction 
rate increases less rapidly than the concentration of catalyst. 32 

Iodide Metabolism: The total rate of clearance of the blood with re
spect to radioiodide (kl + k2) did not change with changing temperature, 

__ ~ ,air velocity, and radiation level (see Appendix, Table 8). There was no sig
-, nificant difference between the clearance rates of Jersey, Holstein, and 
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-'Brown Swiss cows and the mean of all measurements of plasma clearance is 
0.028/hr. with a standard error of +0.013/hr. Since the total rate of clear
ance of plasma iodide is constant, either all processes removing iodide from 
the plasma are invariant with temperature, or the variations of processes 
clearing the blood are counter-balanced so as to leave the total clearance 
constant. 

Effect of Air Velocity at Several Temperatures 

The thyroid gland is a major regulator of metabolic rate. But the met
abolic rate is also under the control of many other factors , including the 
rate of heat dissipation. The cooling effect of increasing air velocity from 
0.5 to 10 m.p.h. on heat dissipation in cattle has not been satisfactorily class
ified in spite of the considerable data obtained on it. 30 33 In general, increas
ing air velocity extended the range of physiologically tolerable temperature 
to a higher environmental temperature and increased the heat production 
at the lowest temperature (17° F.) employed, especially in the smaller Jersey 
and very dramatically in the Brahman cattle. 33 

Thyroid Activity: Within the limit of experimental errors, air veloci
ty in the range 0.5 to 10 m.p.h. (0.8 to 16 Km. per hr.) had no effect on 
the conversion ratio in the temperature range studied, 17° to 80° F. (-8° to 
27 ° C.), for Holstein and Brown Swiss cows and 17 ° to 95 ° F. (-8 ° to 
35° C.) for Jersey and Brahman cows. A graphical summary of the data is 
given in Fig. 10 and the numerical data in Appendix (Table 7) . 

At the higher air velocities at 17° F., the Brahmans shivered. Sellers 
and You 14 reported that sodium pentobarbital reduced the metabolic rate 
of rats at 1.5 ° C. to about that measured at 30° C. (rats maintained at 1.5° C. 
except for measurement) and concluded that most of the increased metabol
ic rate found at 1.5 ° C. was due to muscular activity rather than increasing 
thyroid activity. It thus appears that the increased heat production of our 
cows at high air velocities and a low temperature of 17° F. was due more 
to increased muscular activity at the time the measurements were made (not 
the entire day) rather than to increased thyroid activity. 

Iodide Metabolism: As was the case with ambient temperature alone, 
air velocity did not affect the rate of clearance of plasma iodide. The data are 
given in the Appendix (Table 8). 

Effect of Light Intensity at Several Temperatures 

Radiant (light) energy incident on an animal increases its thermal load. 
The effect of the light energy is complicated; it may either be absorbed or 
reflected. The absorbed energy may either be conducted into the body or 
reradiated with a wave length distribution characteristic of the animal's sur
face temperature. The detailed aspects of the interchange of energy between 

~- -"'animal and environment have been discussed by Stewart and Brody. 24 
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- .... 
TABLE 5 -- EFFECT OF RADIA'nON AND TEMPERATURE ON THYROID AC11VITY AND IODIDE IIETABOUSM 

EXCretion % or DOH llean Coneen-
Ambient Thyroid Uptake Thyroid Plasma Rate Excreted tratlon 1131 
Temp. Radiation % of DoH Conversion Ratio Clearance Clearance Constant 20-24 hra. 0-34 hrs. 
of. Levell n lira. Max. n lira. ag lira. (tl) hr-1 (kl+k2)hr-1 (tz) hr- l Urine IIIlIi TOtal Urine 1111& 

45 0 .030 .39 
'erael-

.70 8.2 8.9 .88 .58 
45 F 38 61 .028 .36 .016 .025 .0083 .51 9.3 9.8 .50 .75 
70 D 50 78 .022 .14 .019 .025 .0055 .58 9.& 10.2 .70 .75 
70 F 44 64 .026 .25 .015 .023 .0082 .77 &.8 7.& .59 .&1 
80 0 49 61 .021 .24 .017 .029 .012 2.9 7.2 10.1 1.8 .92 
80 F 34 50 .037 .39 .010 .023 .013 &.3 5.3 11.5 3.0 .88 • 

Holsteins 
45 F 12 18 .024 .28 .0053 .028 .023 1.1 9.7 10.8 .&3 .&1 
70 D 14 22 .12 .0080 .028 .022 2.3 &.& 8.9 1.3 .48 
70 F 19 30 .033 .15 .0082 .021 .015 10.9 .80 
80 0 34 41 .048 .31 .0083 .020 .012 2.5 5.1 7.& 1.& .42 
80 F 28 42 .089 .58 .0073 .020 .013 3.2 1.8 

Brahman 
45 0 .036 .21 .&6 .8& .80 
45 F 14 28 .032 .18 .0038 .015 .011 .27 .! .27 .32 $ 70 0 27 33 .08 .0043 .013 .009 .44 .44 .43 
70 F 20 40 .042 .17 .0059 .015 .009 .80 n .&0 .56 
80 0 9 33 .014 .13 .0086 .020 .013 1.8 ~ 1.8 1.7 
80 F 20 39 .043 .31 .0059 .012 .006 4.2 4.2 2.7 

tD '"' Dim, 5 Btu/lt2/11r 
F = Full, 180 Btu/ft2/hr 

Thyroid Activity: The several parameters used to measure thyroid 
activity are given in Table 5 (complete data given in Appendix, Table 7). 
Jersey cows showed a reduction in the maximum uptake, U, and also in the 
24-hour uptake of p31 by the thyroid gland, and a reduction in the rate con
stant for thyroid uptake, kl' when 180 Btu/ft. 2 /hr. (488 Kcallm.2/hr.) radi
ant energy was added at 70° and 80° F. (21 ° and 27° C.) air temperature. 
Holstein cows had a reduced 24-hour uptake of p3l by the thyroid gland 
and reduced thyroid clearance of p3l when under full radiation at 80° F. 
The data on Holstein cows at 70° F. especially with dim radiation was too 
variable to permit conclusions as to the effect of light energy at 70° F. The 
data on the one Brahman cow indicates little change in any of these para
meters following the addition of radiation at any temperature level studied. 
The conversion ratio data show no consistent change for any grouj>. It ~p
pears that the thyroid activity of Jersey cows at 70° and 80° F., and of Hol
stein cows at 80° F. is depressed by the addition of 180 Btu/ft. 2 Ihr. (488 
Kcall m. 2 Ihr.) radiant energy. This is substantiated by the depression in 
the heat production34 of these animals by superimposing light intensity of 
180 Btu/ft. 2 /hr. (488 Kcal/m.2/hr.) at environmental air temperatures of 
70° and 80° F. (21 ° and 27° C.). These results indicate that the reduction 
in heat production at 70° and 80° F. is in part through reduction of thyroid 
activity. 

n 

i 

Iodide Metabolism: As was the case with temperature and air velocity, 
superimposed radiation intensity had no significant effect on the rate of 
clearance ofP3l from the blood plasma (kl + k2). In this experiment it- ~ . 
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-iwas possible to separate this clearance into the rate constants for thyroid 
uptake (k l ) and for excretion (k2) of P31. The rate constant for excretion 
varied inversely with that for thyroid uptake as would be necessary to keep 
their sum constant (Table 5). Thermal stress increased the excretion rate 
constant and decreased the thyroid clearance. 

Table 5 (also Tables 9 and 10 in the Appendix) gives the partition of 
the excreted radioiodine between urine and milk. An inverse relation be
tween these two routes of excretion exists. The concentration as well as the 
amount of radioiodine in the urine rises as environmental stress increases 
whereas the amount of radioiodine excreted in milk decreases and its con
centration rises slightly~ 

Effect of Starvation at Constant Environment 
Our cows greatly reduced their feed consumption with increasing tem

peratures above 75 0 to 80 0 F. This has been considered a homeothermic 
mechanism reducing thermal stress and/or reflecting deterioration of the 
animal. 29 It has been shown that starvation in rats reduces thyroid activity 
as measured by the thyroid uptake ofP31 and the blood PBp31 leve1.35 

TABLE 6 -- EFFECT OF STARVATION ON THYROID ACTIVITY 
HOurs H-nil H-IM 

Post-Injection Control1 Starvea2 Controll 
Thyroid Uptake of 1131 

cpm over thyroid 
0 0 0 0 
3 1200 1100 1400 
5 2200 1100 2300 
9 4100 2500 5400 

Plasma Total 1131 
% of dose/l00 ml (x 10-3) 

8 22.2 18.8 28.9 
24 14.8 12.9 18.7 

Plasma Thyroxine_I131 

% of dose/loo ml (x 10-3) 
8 0.238 0.117 0.550 

24 0.801 0.202 1.841 

Conversion Ratio 
8 0.011 0.0062 0~019 

24 0.054 0.0157 0.102 

% of dose excreted in urine 
24 15.4 12.2 14.9 

Milk Total 1131 
% of dose/loo ml (10-3) 

12 38.6 22.4 dry 
24 12.3 34.1 dry 

tFu11 feed. 
~~itbout food for 4 days before injection of 1131. 

H-19'7 
Starvea2 

0 
1100 
1300 
1600 

20.4 
8.2 

0.0124 
0.0019 

0.00041 
0.00023 

33.5 

dry 
dry 



26 MISSOURI AGRICULTURAL EXPERIMENT STATION 

To investigate the influence of starvation on the thyroid activity of the 
cows, four Holsteins were maintained at 60° F. (16° C.) in the Psychro
energetic Laboratory on full feed for several days and then without feed for 
five days. The thyroid activity of three of these animals was studied, two 
on full feed and two after four days starvation. The data are presented in 
Table 6. The thyroid activity, as measured by thyroid uptake ofJ131 and the 
conversion ratio, 4re seen to decrease markedly in starvation The urinary 
excretion of J131 increased, reflecting the decreased uptake of iodine by the 
thyroid gland. It is thus concluded that starvation decreases thyroid activity 
in cattle. 

INTEGRATION 
A unique feature of these experiments is that the ambient conditions 

remained constant for one to two-week periods at a time. This experimental 
design was used to study the effects of temperature, air velocity, and radia
tion level on animals fully equilibrated with their environment. 

Increasing temperature from 17° to 95° F. (_8° to 35° C.) decreased 
thyroid activity of the cows by 50 to 75 percent (Figs. 7 and 8) as measured 
by the conversion ratio. This decrease is of the same order as that reported 
for white rats. 1 The depressing effect of high ambient temperature on thy
roid activity has been demonstrated in rats,1 12 13 mice/ rabbits,6 chickens3 

and now on dairy cattle. Air velocities less than 10 m.p.h. (16 Km.lhr.) had 
no measurable effect on the thyroid activity but the addition of 180 Btu/ft.2 
hr. (488 Kcallm. 2 /hr.) of radiant (light) energy depressed the thyroid ac
tivity. Thus, increasing the thermal stress on cows either by increased am
bient temperature or by increased radiation (light) reduced the thyroid 
actlvIty. 

The trends of thyroid activity follow the trends of heat production pre
viously reported on these cows. At temperatures below the comfort zone 
(32° to 60° F. or 0° to 16° F.), the heat production and thyroid activity of 
the (small) Brahman and Jersey cows rose, but not that of the (large) Hol
stein and Brown Swiss cows. Above the comfort zone, the heat production 
and thyroid activity decreased in all cows. Percentage-wise the changes of 
thyroid activity, as measured by the conversion ratio, are about twice the 
changes of heat production. Since the heat production and conversion ratio 
exhibit changes in the same direction under various environmental condi
tions, one may conclude that the changes in heat production reflect at least 
in part the changes of the thyroid activity. 

Complete starvation for four days reduced the thyroid activity of 
(Holstein) cows . Reduced feed intake-due to reduced appetite with in
creasing ambient temperature-thus accounts for at least part of the reduced 
thyroid activity with increasing ambient temperature. 
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SUMMARY AND CONCLUSIONS 
Data have been presented on the effect of ambient air temperature, air 

velocity, radiation (light) level, and starvation on the thyroid activity of 
Jersey, Holstein, Brown Swiss, and Brahman (Zebu) cows, along with de
tailed discussion of technics and terminology. The conversion ratio (ratio of 
blood plasma thyroxine1like p31 to total P31) and the thyroid uptake of 
p31 were used as parameters of thyroid activity. The rate of plasma p31 
clearance was taken as an index of overall iodide metabolism and in one 
experiment this was separated into the thyroid uptake and total excretion 
rate constants. The excretion of P 31 in milk and urine was also measured. 
The following conclusions are drawn from these data: 

1. (a) Increasing ambient temperature above the comfort zone to 95° F. 
(35 ° C.) decreased the thyroid activity 30 to 65 percent in the four breeds of 
cows studied. Holstein cows showed the greatest decrease and Brahman the 
least. (b) Decreasing ambient temperature below the comfort zone (32° to 
60° F.,O° to 16° C.) to 17° F. (-SO C.) increased the thyroid activity in 
Jersey and Brahman 60 to 100 percent but not in Holstein and Brown Swiss 
cows. 

2. Air velocity in the range 0.5 to 10 m. p.h. (O.S to 17 Km.lhr.) had 
no effect on the thyroid activity of Holstein and Brown Swiss cows in the 
temperature range 17° to SOO F. (-SO to 27° C.), or in Jersey and Brahman 
cows in the temperature range 17° to 95° F. (-SO to 35° C.). 

3. The addition of1S0 Btu/ft. 2 /hr. (4SS Kcal/m.2 /hr.) radiant energy 
(light) reduced the thyroid activity of Jersey cows at 70° and SOO F. (21 ° 
and 27° C.), and Holstein cows at SOO F. air temperature. Brahman cows 
were unaffected. 

4. Starvation for four days markedly reduced the thyroid activity of 
Holstein cows. 

5. Overall iodide metabolism as reflected by the rate of clearance of 
plasma iodide was unaffected by ambient temperature, air velocity, or radia
tion level. 

6. As heat stress increased, the rate of clearance of plasma iodide by 
the thyroid decreased and the excretion rate and rate constant increased. The 
proportion of p31 excreted in milk decreased with increasing heat stress. 



APPENDIX 

TABLE 7 -- BLOOD PLASMA TOTAL 1131 , THYROXINE-LIKE 1131 AND 
CONVERSION RATIO 

Air % of DoSe~100 ml ~lasma x 10-3 
Cow Temp. Velocity Total 113- Thlroxtne-like 1131 Conversion Ratio 
No. of. m~h 24 firs. + 72 hrs. 2 hrs. 72 hrs. 24 hrs. 72 hrs. 

Air Velocltx: E!l?eriment 
1-999 19 0.5 19.0 2.5 1.63 3.67 .09 .43 

15 3.8 14.4 5.6 .87 1.94 .06 .34 
17 7.6 17.2 8.0 1.87 3.18 .11 .40 
50 0.5 24.4 12.9 3.34 3.84 .14 .30 
50 4.2 17.2 1.16 .07 
50 6.0 27.5 10.5 1.77 2.13 .06 .20 

1-264 19 0.5 17.0 11.0 2.35 8.61 .14 .79 
15 3.8 11.5 10.5 1.11 7.59 .10 .73 
17 7.6 16.8 11.4 3.41 5.52 .20 .48 
50 0.5 24.6 19.0 5.10 5.20 .21 .27 
50 4.2 12.1 3.78 .31 
50 6.0 17.5 14.0 1.23 5.45 .07 .39 

1-548 19 0.5 15.7 8.9 1.88 5.92 .12 .67 
15 3.8 11.3 6.8 1.79 3.50 .16 .51 
17 7.6 13.2 9.2 2.62 4.78 .20 .52 
50 0.5 20.9 10.8 3.52 4.38 .17 .41 
50 4.2 13.1 2.07 .16 
50 6.0 18.1 8.8 1.50 3.43 .08 .39 
65 0.5 15.2 8.7 1.79 4.76 .12 .55 
65 6.2 12.7 10.4 1.72 .14 
65 8.5 18.6 14.5 2.46 3.64 .13 .25 
80 0.5 24.7 13.7 4.61 2.41 .19 .18 
80 4.7 18.5 14.6 3.58 7.41 .19 .51 
80 7.7 5.6 4.6 2.02 1.09 .36 .24 
95 0.5 31.0 * 2.24 * .07 * 
95 8.9 20.2 * 3.17 * .16 * 

1-549 19 0.5 16.1 11.4 2.15 4.58 .13 .40 
15 3.8 12.6 8.6 2.62 5.23 .21 .61 
17 7.6 13.5 9.8 3.24 6.38 .24 .65 
50 0.5 18.8 14.2 3.19 5.13 .17 .36 
50 4.2 11.8 2.95 .25 
50 6.0 16.0 14.6 .77 6.50 .05 .45 
65 0.5 16.5 10.0 2.27 6.01 .14 .60 
65 6.2 13.0 1.72 .13 
65 8.5 19.9 15.1 2.89 10.8 .15 .72 
80 0.5 16.6 13.1 .83 .05 
80 4.7 15.5 11.5 1.94 .66 .13 .06 
80 7.7 4.9 3.1 1.92 .83 .16 .13 
95 0.5 27.7 * 1.31 * .05 * 
95 8.9 17.5 * 2.91 * .17 * 

1-994 65 0.5 13.5 6.5 .58 1.39 .04 .21 
65 6.2 11.0 .20 .02 
65 8.5 17.9 7.7 .66 1.05 .04 .14 
80 0.5 17.5 6.6 4.43 .62 .25 .09 
80 4.7 14.9 7.4 1.25 1.56 .08 .21 
80 7.7 4.3 1.7 .38 .98 .09 .58 
95 0.8 22.3 * 8.31 * .37' * 
95 8.9 15.1 * .90 * .06 * 
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-.it:: -' ( ) - Table 7 cont'd. 
Air 

Cow Temp. Velocity Conversion Ratio 
No. of. m2h 24 hrs. 7~ hrs. 

1-205 65 0.5 11.0 4.0 .47 1.23 .04 .31 
65 6.2 7.7 3.2 .30 .04 
65 8.5 14.3 5.2 .34 1.66 .02 .32 
80 0.5 20.0 5.6 4.23 7.80 .21 1.4' 
80 4.7 12.8 6.3 .28 1.29 .02 .21 
80 7.7 3.2 0.8 .50 4.50 .16 5.3 , 
95 0.5 13.6 • 2.01 * .15 • 
95 8.9 13.7 • .74 • .05 • 

Av. 1 19 0.5 16.9 9.9 2.00 5.70 .12 .57 
15 3.8 12.4 7.9 1.60 4.56 .13 .55 
17 7.6 15.2 9.6 2.78 4.97 .19 .51 
50 0.5 22.2 14.4 3.79 4.64 .17 .33 
50 4.2 13.6 2.49 .20 
50 6.0 19.8 12.0 1.32 4.38 .07 .36 
65 0.5 14.1 7.3 1.28 3.35 .08 .42 
65 6.2 11.1 6.8 .99 .08 
65 8.5 17.7 10.6 1.59 4.2.9 .08 .36 
80 0.5 19.7 9.7 3.52 3.61 .19 .14 
80 4.7 15.4 9.9 1.76 2.73 .11 .25 
80 7.7 4.5 2.6 1.21 1.84 .25 .41 
95 0.5 23.7 • 3.47 • .09 • 
95 8.9 16.6 • 1.93 • .11 • 

B-209 19 0.5 19.4 8.1 1.87 4.14 .10 .51 
15 3.8 14.1 6.2 .77 1.47 .05 .24 
17 7.6 21.6 11.3 2.80 3.70 .13 .33 
50 0.5 23.5 14.3 4.92 3.73 .21 .26 
50 4.2 16.4 1.98 .12 
50 8.1 23.0 9.4 2.62 2.57 .11 .27 
65 0.5 14.0 7.5 1.19 2.26 .08 .30 
65 6.2 15.1 .57 .04 
65 8.5 27.7 15.8 1.89 3.05 .07 .19 
95 0.5 26.3 • .58 • .02 • 
95 8.9 20.6 • 1.14 • .06 * 

H-178 19 0.5 7.2 4.5 1.44 2.21 .20 .50 
18 3.4 10.5 6.5 .56 2.96 .05 .46 
18 10.0 8.3 5.0 .54 1.69 .06 .34 
50 0.5 13.6 5.2 .60 2.44 .04 .47 
50 8.1 13.3 8.0 2.09 2.40 .16 .30 

H-132 19 0.5 7.1 4.1 1.28 1.71 .18 .42 
18 3.4 10.7 4.4 .69 2.00 .06 .45 
18 10.0 7.8 3.3 .32 .93 .04 .28 
50 0.5 10.4 4.1 .4,4 1.42 .04 .35 
50 8.1 12.9 8.3 1.80 5.24 .14 .63 

H-184 19 0.5 6.8 3.4 1.22 1.81 .18 .54 
18 3.4 9.6 3.6 .44 1.50 .05 .42 
18 10.0 6.9 2.9 .30 .66 .04 .23 
50 0.5 9.4 3.4 .91 2.04 .10 .60 
50 8.1 11.9 2.0 1.54 2.13 .13 1.1 , 



Table 7 (cont'd.) 
Air "% of" Dose 100 mi"piasma x 10-~ 

Cow Temp. Velocity Total Thx:roxine-like Conversion Ratio ...!. 

No. of. m2h 24 hrs.+ 72 hrs. 24 MS. 72 hrs. 24 hrs. 72 hrs. 

H-114 65 0.5 4.5 2.1 .19 .25 .04 .36 
65 5.6 7.0 3 .. 0 .87 1.85 .12 .61 
65 8.8 6.0 2.3 .61 .85 .10 .36 
80 0.5 6.9 2.5 .74 .96 .11 .39 
80 4.5 6.4 2.4 .66 .90 .10 .39 
80 8.7 6.1 2.8 .74 1.21 .12 .44 
95 0.5 8.6 * .30 * .04 * 

H-154 65 0.5 5.9 2.4 .17 .64 .03 .27 
65 5.6 6.6 2.9 .70 .92 .11 .32 
65 8.8 6.5 2.4 .31 .66 .05 .27 
80 0.5 7.2 1.3 .51 .79 .07 .60 
80 4.5 6.4 2.2 .52 .95 .08 .42 
80 8.7 6.1 2.2 .48 2.42 .08 1.1 , 
95 0.5 7.1 * .23 * .03 * 

H-118 65 0.5 5.3 1.1 .16 .29 .03 .26 
65 5.6 6.7 1.8 .76 .56 .11 .31 
65 8.8 5.1 1.1 .29 .45 .06 .42 
80 0.5 5.9 .8 .29 1.49 .05 1.9' 
80 4.5 5.0 1.5 .26 .49 .05 .33 
80 8.7 5.1 1.8 .21 .74 .04 .42 
95 0.5 8.2 * .25 * .03 * 

Av. H 19 0.5 .7.0 4.0 1.31 1.91 .19 .48 
18 3.4 10.3 4.8 .57 2.15 .06 .44 
18 10.0 7.7 3.8 .38 1.09 .05 .28 
50 0.5 11.1 4.2 .65 1.97 .06 .47 
50 8.1 12.7 6.1 1.81 3.26 .14 .46 
65 0.5 5.2 1.8 .17 .39 .03 .30 
65 5.6 6.8 2.6 .78 1.11 .11 .41 
65 8.8 5.9 2.0 .40 .65 .07 .35 
80 0.5 6.7 1.5 .52 1.08 .08 .49 
80 4.5 6.1 2.0 .48 .78 .08 .38 
80 8.7 5.8 2.2 .48 1.46 .08 .43 
95 0.5 8.0 * .26 * .03 * 

8-9 19 0.5 12.6 5.8 .93 1.14 .07 .20 
18 3.4 22.2 6.8 .27 .91 .01 .13 
18 10.0 15.4 5.9 .50 .85 .03 .15 
50 0.5 19.8 7.5 .23 .50 .01 .07 
50 8.1 18.0 7.2 .95 2.54 .05 .35 

8-41 19 0.5 12.4 5.6 2.13 2.69 .17 .48 
18 .3.4 17.5 6.7 .66 1.47 .04 .22 
18 10.0 10.6 4.8 .53 1.45 .05 .30 
50 0.5 18.1 6.6 .32 1.31 .02 .20 
50 8.1 17.6 12.5 2.02 1.14 .12 .09 

8-47 19 0.5 11.4 3.1 .23 1.10 .02 .36 
18 10.0 12.0 5.1 .36 .72 .03 .14 
50 0.5 16.0 6.0 .08 .46 .00 .08 
50 8.1 17.7 7.6 .92 1.89 .05 .25 
65 0.5 12.5 4.8 .22 1.27 .02 .26 
65 5.6 13.7 6.4 1.30 1.44 .10 .23 
65 8.5 10.6 5.0 .61 1.49 .06 .30 
80 0.5 14.5 6.3 .74 8.74 .05 1.4' 



'rable 7 (cont'd.) 
Air %ofbOse 100 rill plasma x 10-!J 

.... . " Cow Temp. Velocity Total I13~ Thxroxine-like 1131 Conversion Ratio 
No. OF. m~h _24 hrs.+ 72 hrs. 24 hrs. 72 hrs. 24 hrs. 72 hrs. 

8-47 80 4.5 15.4 7.3 .68 1.28 .04 .17 
(cont'd.) 80 8.7 13.3 7.0 1.00 1.42 .08 .20 

90 0.5 14.2 • .40 • .03 • 
8-22 65 0.5 11.6 4.2 .21 .55 .02 .13 

65 5.6 12.7 5.9 1.77 2.89 .14 .49 
65 8.8 11.6 6.1 .70 1.26 .06 .21 
80 0.5 15.0 7.0 1.43 1.98 .10 .28 
80 4.5 13.8 7.2 .86 2.15 .06 .30 
80 8.7 12.9 6.6 1.18 .75 .09 .11 
90 0.5 13.5 • .61 • .04 • 

8-23 65 0.5 10.7 3.9 .11 .52 .01 .13 
65 5.6 12.5 6.4 .57 .75 .05 .12 
65 8.8 12.4 5.0 .43 .66 .04 .13 
80 0.5 10.3 2.5 .50 .32 .05 .13 
80 4.5 13.1 5.4 .42 .72 .03 .13 
80 8.7 10.6 3.6 .50 .58 .05 .16 
90 0.5 14.3 • .26 • .03 • 

Av. 8 19 0.5 12.1 4.8 1.10 1.64 .09 .35 
18 3.4 19.9 6.7 .47 1.19 .02 .17 
18 10.0 12.7 5.3 .46 1.01 .04 .20 
50 0.5 18.0 6.7 .21 .75 .01 .11 
50 8.1 17.7 9.1 1.30 1.86 .07 .23 
65 0.5 11.6 4.3 .18 .78 .02 .16 
65 5.6 13.0 6.2 1.21 1.69 .09 .28 
65 8.8 11.5 5.4 .58 1.14 .05 .21 
80 0.5 13.3 5.3 .89 3.68 .06 .21 
80 4.5 14.1 6.6 .66 1.38 .05 .20 
80 8.7 12.3 5.7 .89 .92 .07 .16 
90 0.5 14.0 • .42 • .03 • 

% of Dose~100 ml ~lasma x 10-3 
Cow Temp. Radiationt Total HI Thnroxine-like U31 Conversion Ratio 
No. OF. I,.~vel 21 hrs.+ S§ hrs. ~- firs. S§ hrs. 21 firs. S§ firs. 

J-275 45 D 
Radiation EiPeriment 

11.0 S. 2.29 3.69 .21 .56 
45 F 23.5 6.1 .88 2.90 .04 .47 
70 D 21.8 7.0 .23 1.12 .01 .16 
70 F 22.5 9.4 .80 2.99 .04 .32 
80 D 19.9 6.9 .60 2.12 .03 .31 
80 F 12.5 5.0 .67 2.56 .05 .52 

J-511 45 D 24.2 10.1 .91 2.82 .04 .28 
45 F 23.4 7.1 .63 2.07 .03 .29 
70 D 22.6 7.3 .34 1.06 .02 .14 
70 F 25.0 7.8 .49 2.05 .02 .26 
80 D 37.4 16.3 .86 3.49 .02 .21 
80 F 17.5 7.5 .90 3.07 .05 .41 

J-271 45 D 26.6 8.0 .59 3.15 .02 .39 
45 F 20.2 6.2 .59 1.92 .03 .31 
70 D 20.6 6.1 1.16 1.07 .06 .18 
70 F 20.2 7.0 .64 2.00 .03 .29 
80 D 20.1 4.0 .27 1.08 .01 .27 
80 F 19.6 4.6 .54 1.96 .03 .42 



Table 7 (cont'd.) 

% of Dose,lOO ml elasma x 10-3 
Cow Temp. Radiationt Total n 1 11l~roxine-llke fi3t Conversion Ratio . \ 
No. of • . Level U lirs. + tlU brs. ~- lirs. tlU lirs. U lirs. tlU lirs.~·" -

1-518 45 D 18.9 3.4 .58 1.07 .03 .32 
45 F 23.2 18.0 .47 1.07 .02 .06 
70 D 21.8 6.9 .15 .57 .01 .08 
70 F 22.3 6.7 .41 .80 .02 .12 
80 D 25.2 4.0 .47 .66 .02 .17 
80 F 31.2 4.4 .48 .85 .02 .19 

B-209 45 D 29.7 14.3 1.07 3.04 .04 .21 
45 F 31.6 18.1 1.01 2.82 .03 .16 
70 D 32.7 17.-8 1.46 .08 
70 F 34.9 17.1 1.48 2.93 .04 .17 
80 D 35.1 13.2 .49 1.63 .01 .12 
80 F 21.6 10.8 .91 3.30 .04 .30 

H-337 45 D 
45 F 12.5 2.6 .32 .63 .03 .24 
70 D 14.3 2.2 .33 .15 
70 F 14.2 5.2 .57 .41 .04 .08 
80 D 12.3 5.5 .65 1.66 .05 .30 
80 F 10.0 4.4 1.08 1.86 .11 .42 

H-330 45 D 
45 F 10.4 1.8 .29 .57 .03 .32 
70 D 5.5 1.6 .25 .16 
70 F 9.5 2.9 .36 1.12 .04 .38 
80 D 11.0 3.0 .44 1.25 .04 .41 
80 F 5.7 2.4 .28 1.86 .05 .76 

H-357 45 D 
45 F 
70 D 15.4 5.4 1.26 .23 
70 F 16.7 7.3 1.41 2.00 .08 .27 
80 D 14.1 8.5 1.13 3.28 .08 .39 
80 F 9.8 8.7 1.57 4.53 .16 .52 

H-132 45 D 
45 F 16.2 7.2 .20 .18 .01 .02 
70 D 16.6 7.0 .19 .03 
70 F 14.5 6.7 .34 .52 .02 .08 

H-144 80 D 12.6 5.3 .46 1.25 .04 .24 
80 F 9.7 2.6 .76 1.61 .08 .63 

H-314 45 D 
45 F 14.6 3.8 .37 1.19 .02 .31 
70 D 14.4 3.3 .28 .09 
70 F 16.4 5.6 .48 1.11 .03 .20 
80 D 18.7 6.0 .59 1.58 .03 .26 
80 F 11.9 5.0 .79 2.95 .07 .59 

H-197 45 D 
45 F 14.7 5.0 .43 1.33 .03 .27 
70 D 15.4 3.9 .30 .08 
70 F 17.5 6.0 .52 .73 .03 .12 
80 D 16.7 7.3 .59 1.71 .04 .24 
80 F 14.1 .99 .07 

+Hours after injection with n31 ,' "': .... - ::' ,-
• Experimental period too short to obtain data. 

. .;;. 

'Values not used for averages. 
tD = dim, 5 Btu/ft2/hr (14 Cal/m2/hr) 

F = full, 180 Btu/ft2/hr (488 Cal/m2/hr) 



TABLE 8 -- RATE CONSTANT FOR CLEARANCE OF PLASMA RADIOIODINE 
(Calculated from the rate of excretion of radioiodine in milk) _ 

Temp. Velocity - kk + k2 (111'-1) . Temp. Velocity k\ + k2 (111'-1) 
of. mph J- 48 J-549 OF. mph H-178 H-132 H- 84 8-47 8-9 8-41 

Air Velocity and Temperature 
19 0.5 .035 .048 19 0.5 .039 .027 .026 .028 .031 .044 
15 3.8 .036 .034 18 3.4 .035 .035 .048 .028 .034 
17 7.6 .020 .028 18 10.0 .044 .035 .052 .031 .045 .054 
50 0.5 .030 .028 50 -0.5 .022 .027 .021 .020 .018 .048 
50 4.2 .020 .032 50 5.0 No Data 
50 6.0 .040 .038 50 8.1 .031 .028 .038 .030 .026 .028 

J-994 J-205 
65 0.5 .044 .042 
65 6.2 .028 .036 
65 8.5 .026 .027 
80 0.5 .038 .039 
80 4.7 .030 .025 
80 7.7 .025 .025 
95 0.5* .056 .050 
95 8.9* .13 .12 

65 
65 
65 
80 
80 
80 
95 

0.5 
5.6 
8.8 
0.5 
4.5 
8.7 
0.5* 

H-144 H-154 H-118 S-47 S-22 S-23 
.053 .033 - -])!O - - .025 - .02S- -:-020 
.041 
.051 
.016 
.022 
.054 
.031 

.032 

.038 

.032 

.017 

.053 

.036 

.052 

.019 

.054 

.015 

.026 

.020 

.027 

.032 

.038 

.029 

.037 

.023 

.026 

.033 

.040 

.030 

.041 

.018 

.021 

.030 

.049 

.030 

.074 

Temp. -- -- ~-+ k2 (hI'-~J 
OF. Radiation~ J-271 J-275 J-511 J-518 H-1J7 H-337 H-132 H-314 H-330 H-357 

45 D .058 .058 
45 F .032 .033 
70 D .039 .033 
70 F .033 .033 
80 D .050 .050 

.033 

.029 

.035 

.039 

80 F .041 .046 .037 
*Determined from only 3 milkings. 
~D = dim, 5 Btu/ft2/hr (14 KcaI/m2/hr). 
F = full, 180 Btu/ft2/hr (488 Kcal/m2/hr). 

Ridiatlon and Temperature 
.039 
.029 
.033 
.030 
.039 

. . 043 

.035 

.035 

.029 

.033 

.033 

.050 

.039 

.043 

.019 

.013 

.025 

.035 

.039 

.039 

.039 

.050 

.053 

.043 

.053 

.050 

.043 

.046 

~ 
~ 
tll 

~ 
::x: 

g' 
e 
:::J z 
VI 
~ 
0\ 

\,)J 
\,)J 
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TABLE 9 -- EXCRETION OF 1131 IN MILK AND URINE TO 20-24 HOURS 
AFTER INIECTION 

(Radiation E!I!eriment~ 
HOlsteIn l'ersi ana Brahman 

Temp. Radiation· Cow - of Dose Excreted Cow % of Dose Excreted 
of. Level No. Urine Milk Total No. Urine Milk Total 
45 D 1-275 .72 1.65 2.37 H-197 
45 F .57 6.00 6.57 1.11 6.91 8.02 
70 D .69 4.45 5.14 1.89 6.83 8.71 
70 F .72 4.50 5.22 8.39 
80 D 3.47 6.82 10.29 2.06 4.28 7.03 
80 F 7.76 4.69 12.45 2.75 

45 D 1-511 .66 8.18 8.84 H-337 
45 F .60 8.19 8.79 .98 9.45 10.43 
70 D .68 9.44 10.12 2.85 8.95 11.80 
70 F .83 5.41 6.23 14.72 
80 D 1.90 .04 1.94 3.27 4.83 8.10 
80 F 6.27 .88 7.15 3.66 

45 D 1-271 .59 11.54 12.13 H-132 
45 F .39 11.21 11.60 .29 12.92 13.2 
70 D .52 11.56 12.08 .40 5.92 9.91 
70 F .84 6.52 7.36 15.48 
80 D 2.98 8.06 11.04 H-144 2.49 
80 F 5.12 7.34 12.47 2.23 

45 D 1-518 .82 11.32 12.14 H-314 
45 F .47 11.87 12.35 1.57 4.44 6.01 
70 D .44 12.85 13.29 3.06 3.92 6.98 
70 F .71 10.57 11.28 7.77 
80 D 3.21 14.03 17.25 2.46 2.89 5.35 
80 F 5.74 8.43 14.17 3.95 

45 D B-209 .66 Dry H-330 
45 F .27 .89 17.84 18.73 
70 D .44 1.29 6.77 8.06 
70 F .60 12.71 
80 D 1.84 2.02 8.41 10.44 
80 F 4.22 2.50 

iD - dim, 5· Btu/ft2 /hr (14 Kcal/m2Jhr ). 
F = full, 180 Btu/ft2/hr (488 Kcal/m2/hr). 



TABLE 10 -- EXCRETION OF 1131 IN MILK TO 48 HOURS AFTER INJECTION 
Temp. - velocitY 1{, of Dose- - - - Temp. VelocitY % of Dose-Excreted to 48 Hours 

of. mph J-548 J-549 of. mph H-178 H-132 H-184 8-47 8-9 8-41 

19 
15 
17 
50 
50 
50 

0.5 
3.8 
7.6 
0.5 
4.2 
6.0 

.90 
1.75 
1.44 
1.99 
2.01 
3.30 

.59 
1.36 
1.21 
3.72 
2.13 
3.16 

J-994 J-205 
65 0.5 2. 78 4.89 
65 6.2 5.61 9.43 
65 8.5 3.77 5.86 
80 0.5 3.24 4.33 
80 4.7 3.44 6.86 
80 7.7 5.25 8.08 
95 0.5 1.68 6.31 

Air Velocity and Temperature 
19 0.5 11.51 13.90 11.59 5.07 

6.57 
6.14 

11.27 
4.57 
4.75 

7.03 
18 3.4 13.90 17.54 
18 10.0 9.53 10.49 8.33 1.64 6.65 

5.31 50 0.5 8.02 5.97 6.80 5.24 
50 5.0 
50 8.1 

65 
65 
65 
80 
80 
80 

0.5 
5.6 
8.8 
0.5 
4.5 
8.7 

No Data 
10.14 10.51 8.70 5.92 7.49 7.68 

H-144 H-154 H-118 8-47 8-22 8-23 
9.20 3.57 12.06 4.44 5.29 7.90 
5.14 3.06 5.52 2.68 3.25 5.09 

15.18 7.36 18.78 4.08 6.56 9.65 
9.25 4.09 12.29 4.22 4.73 9.12 
6.25 7.16 19.40 4.81 3.40 10.53 

12.54 6.83 16.01 4.41 6.17 10.91 

Temp-. -Radiation· - -- --- ---- - - --- -%Of DOse 

of. Level J-271 J-275 J-511 J-518 H-197 H-337 H-132 H-~ H-330 H-357 
&: i ,== 
Radiation and Temperature 

45 D 14.92 2.07 12.17 15.80 
45 F 16.93 9.03 12.14 20.43 
70 D 15.89 6.53 13.49 17.93 
70 F 9.60 6.30 7.67 15.37 
80 D 14.96 8.60 20.00 
80 F 9.85 6.23 1.27 

*n = dim, 5 Btu/ftZ/lU' (14 Kcal/mZ/lU') 
F = full, 180 Btu/ft2/hr '(488 Kcal/m2/hr). 

10.31 
9.83 

12.01 
5.59 

11.27 
12.03 
20.51 

7.02 

22.72 
10.01 
23.19 

6.18 
5.40 

10.53 
4.11 

13.78 

10.40 
11.33 

2.64 
14.48 

3.41 

:::0 
ttl en 
ttl 
;> 
:;.:I 
(") 
::t 
tJ:j 
c:: 
t""' 
t""' 
ttl 
o-:l ..... 
Z 
VI 
-.....J 
0\ 

\j.) 
VI 
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