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1. PROJECT NO, 50 - Final Report on the Physiological 8ffects of Ingestion
of Large Quantities of Bursoline Treated Water.
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. 8. Authority - First Memc Indorsement SPMDO, ASF SGO, dated 10 November
<ﬂ 1944 to Mexorandum dated 30 Octobex 1944, Director Technical Division, SGO to
Director Ceccupational Health Division, SGO.

b. [urposs - To study the behavior and rerformance of military personnel
-when drinking large quantities of water treated with Bursoline while working in
high temperaturee and humidities; to study the effect ¢f Bursoline on the basal
metabolism; and to determine the fate of the ingssted iodins,

2. DISCUSSION:

a., Bursoline is an iodine preparation which has been recommended for
+uss by troops in the fieid for individual sterilization of water. This agent has
-been shown to act more rapidly and to constitute a nore effective cysticidal agent

than chlorine preparations. The specifications call for 8.2 mgm. free iodine and
8.2 mgm. iodine combined in diglycine hydriodide in each tablet (see Sanitary
Engineering Report No. 4, CMR of OSRD enti‘led, “Summary Report of the Effective-
ness of Bursoline #3 Tablets in the Disinfection of Water in Canteens," dated

1 July 1944).

b. In the present experiments, 1, men lived and worked in the simulated
Jungle environment of a laboratory hot room for 45 days. FPor 38 days 10 men, group
B, consumed water treated with Bursoline in a concentration equivalent to 2 tablets
per quart. The remaining 4 men, group A, formed a control group and drank salted
Port Knox tup water. During the last 6 dayn the groups were reversed and group A
drank Bursoline treated water and group B untreated water. All men marched 5 hours
daily in a severely hot humid environment. This nesessitated the ingestion of
larges quantities of water and provided a more rigorous test of the genersl physio-
logical effect of Bursoline than would ordinarily be encountered in the field, The
small number of men involved, prevented any evaluation of the incidence or impor-
tance of lodine sensitivity.

3. CONCLUSIONS:

\ »
“a. Bursoline in quantities of up to 20 tablets per working day was con-
sumed by the subjects without complaint as to taste or appearance ¢I the treated

water. _ :
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b. “There was no evidence of any ill sffect rroduced by urinking Bursoline
treated water upon the subjects working in a hot humid environment under the cir~
cumstances of this test.

¢. The iodine ingested with the treatsd water was rapidly sliminated by
the subjects. lhree to five days aftor stopping Bursclim, plasma and urine lodim
had fallen to very lcw levels,

L. RECOMMENDATIONS:

That the results of thess tests be distributed to agencies responsikis
for Army water purification procedares.

5. NOTE:

The conditions and limited magnitucde of the (ests herein reported pes.. "
no conclusions as to the importance of jodine sensitivity among troops ingesting
Bursoline treated water. Juesticns relatiwva to prevalence of iodine sensitivity,
whether or not drinking Bursoline srcated water induces or increases the severity
of iodine sensitivity, and the extant to which the incidence of sucn ssansitivity
might offset the stated advantages of Bursoline for wster purification,can be
answered only in field tests of adequate magnitude.
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AFFENDIX 1
SXF AR IMNTAL CONDITIONS ANU FROCZEDURES

1. }lan of Test:

The purrose of the *est was to observe the effect of ingestion of
large quantities of Bursoline treated water on the health of a group of young men.
Thirteen men were closely observed for 45 days, living and working in the control-
led heat and husddity of a laboratory hot room. The subjects were divided into

v two groupo, A anad B, drinking Bursoline treated water and living in moist heat, as
outlined below,

SCHEDULE OF EXPOSURE TO BURSOLINZ ANL TO MOIST HEAT

Cool Comtroll Period of Molist Heat Cool Control
Feriod Pariod
‘ 6 Days 38 Days 1 Day 6 Days 3 Days
GROUP
Days -6 Days 1 Day 39 Days 40 Days 46
thru -1 * thru 38 thru 45 thre L8
A T S S B T
B T B S S T

T = Tap water, untreated
S = Tap water, saltea to 0.1%
B = Bursoline treated, chlorine-free mater, salted to 0.1%

2. Enviromment:

The test environment selected demended a high water intake during
the five hours of work performed each day. Between OR0O and 1630 hours the dry
bulb temperature was kept between 91° and 92°F and the relative humidity at 95%.%
Generally the temperature variationg around the desired temperature did not sxceed
1.0°F but occasicnally greater fluctuations occurred,. Regzulation was most diffi-
cult at the start of the work day when the surfaces of the room and the ambient
air had not reached equilibrium,

At 1630 hours the wen left the room for approximately 30 minutes and
ths room was partially dried and cooled to approximately 82°F dry bulb temperaturs.

¥ During the 2nd 3 day period the dry bulb temperature was reduced about 1°F
because of the large number of minor casualties,
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This teupersture was maintained untii 0800 the following day, with relative
humidities varyinr between 30% and 508, Fairly large fluctuations in ‘emperaturs
occurred in this reriod. The men remainsd in the room at all times excert for a
30 minute period at 1630 and epproximately 10 minutes at 0745, at which times they
were exrosed to the laborutory atmosphere of approximately 706? dry bulb tempers-
ture.#

3. erinental Subjects:

Fourtcer enlisted men from a tank destiroyer battalion served as
subjects. They were divided into two groups--group A of 3 men and group B of
10 men. In making the separation, comparability as to age, body build, home state,
average heart rate, rectal temperature and sweating rates after work in the cool

environment were taken into account (see Table 1). Differences in average water
intake and urine output appeared duri.ng the exposure in the hot enviromment.

L. Clothing:

All men used previously worn 2-piece herringbone twill fatigue
isidforms during work periods. Clean dry uniforms and socks were provided at the
start of sach morning and afternoon work period in the heat. When not working,
the subjects ordinarily wore only shorts. Standard service shcos were usually
worn, but at times, jungle boots were used,

5. Preliminary Training:

The subjects had all been in the Army for 22 months, and had been
taking regular exercise with some marches. During the week before ths start of
work in the heat the men marched from 1 to 3 hours each morning and afternoon.
Some of this marching was done in the experimental room and observations of the
type carried out later in the heat were made in order to familiarize the subjects
with procedures, and to obtain control data.

6. Activity in the Hot Environment:

All men performed the same work of moderate intensity and long
duration, walking single file around the room at a rate between 2,7 and 2.9 miles
per hour, carrying a 20 pound pack. Unless incapacitated the men marched 3 hours in
the morning and 2 hours in the afternmoon., ihhen special procedurss were carried out
early in the morning, the schedule was reversed and the walk lasted 2 hours in the
morning and 3 hours in the afternoon. Date were always obtained at the start and

# ‘Toward the close of the experiment men were occasionally out of the room for
several hours in the evening but were never exposed to temperatures below 65«70°F.

#% One subject from the original group of 4 dropped out after 43 weeks in the hot
room and has been omitted from the averages. Hie loss fram the control group
regsulted in differences in average pulse and rectal temperature owing to the
seallness of the group. These were not considered of significance in interpre-
tation of the results,

Incl. #1

S aw




finish of the work reriods. and at times heart rates and rectal temperature were
obtainad .t howrly intervals, No work was done on Sundays, and the high tempera-
ture and husidity were reduced Sunday afterncon to the night ranges,

7. Pood:

Regular garrison rations were supplied from the company mess. The
galt used for both cooking and seasoning was iodine free,

8. Ngter and Bursoline:

Non-iodiged salt was added to all water to a concentration of 0,1%.
Group A drank salted tap water (without Bursoline) for the first peried of 39 days
in the hot room, and Bursoline treated, unchlorinated water durirg the last 6 days
in the hot environment. Men in group B drank Bursoline treated water during the
first 38 days, and salted water cduring the last 7 days. Unsalted tap water was
uscd by all during the control periods at the start and at the end of the test,

The water for both grouvs was from the same source--this was the lost

water plent which is chiefly suprlied from well scurces, A typical analysis is
given in Table 2, ¥ater for Bursoline treatment was secured at the plant befors
chlorination and transported to tine laboratory in a 250 gallon trailer three times
a week, Each day's water requirekent was sepa—ately treated with Bursoline. The
treated water stood in aluminum containers for approximately 20 hours and was then
decanted into 5 gallon pyrex buttles from which it was dispensed to the subjects.
Zach bgtch was analyzed for total and free iodine just before use., The experience
of the first 6 days of the experiment indicated that there was a moderate but un-
desirable degree of variation in the Bursoline tablets. Thereafter a preliminary

snalysis was made on each batch at the time of preparstion, and appropriate adjust-

ment was made to give a total iodine concentration of between 33 and 36 mgm/liter,
(34,7 mga/liter corresponds to the concentration given by 2 tableis per guart of
water, The specified iodine content of a single tablet is 16.4 mgm.,) The average
total concentration for the entire study (45 days or batches) was 34.8 mgm/liter,

with a maximum of 39.1 and a minimum of 31.5 mgm/liter. The free iodine concentra-

tion averaged 11.4 mgm/liter (32.7% of the total), ranging from 8.4 to 13,6

mgn/liter. The Bursoline use’ was the product designated Bursoline No. 3, produced

by the Burnham Solubls Iodine Company, Auburndals, Massachusetts, Lot Nos, 589-1
and 5894,

All water was dispensed from a container (shown in Fig. 1) to ths
subjects by a trained technician, The volume was measured and recerded on an
approrriats form, The dispsnser had an automatic overflow outlet and was adjusted
to deliver exactly 400 ml. of water into the papsr cup from which cech subject
drank. BEach man had a separate cup which was marked clearly with his name and
group. Since most of ths water was drunk while the subjects were walking, there
was inevitably some spilling, and upon occasions the subjects purposely let water
drip on their chests while drinking. Such infractions of water discirline were
kept as low as ,ossible by the technicians and officer on duty in the room at all
times during the work periods., During the last week of the test all subjects drank
winile standing still in front of a technician or officer,

Five hundred rl. of milk, ccffee or fruit juice v -re rermdtted with

each meal Lut the averi;e aount of {iuid, ctuer Luan water, cosumed »is 1285 tian
3 liter jer day.
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Tne men slept on canvas cots. Xight hours of sle2p were scheduled
each night and ths men often slept 45 minutes to cne hour after lunch.

10, Observations during and after work:

a&. GCeneral appsarance - Obssrvations xere made on flushing, vigor, alert-
ness, and general reaction of the subjects to work in the heat. Symptoms of head-
ache, dizziness, palpitation, naussa, and gsstrointeastinal cramps were noted,

b, Heart rate - At the start and finish of each morning and afternoon
work period, and often at hourly intervals during work, the pulse rate was counted
with the subject erect (standing still before the walk and marking time during and
after work). ’

¢, Hectal temperatures - These were rsccileu b o same intervals as the
puls. save, Clinicsl rectal thermometers, checked for accuracy, were used.

d. Weight - At the beginning and end of each work period the subjects were
weighed (to within 15 grams) after removing clothes &nd {-welling off. Vater in-
take and urine output were recordad for sach period to psrmit estimstion of the
race of sweating,

e, Additional observations -~ Other observaticne, including blood pressure
measurements, sweail collections, etc., wers made at various times during the exper-
igent,

11. General observations:

Careful measurements of the neck were made before and after the
period of exposure to hcat and use of Bursoline treated water. The feet were
inspected regularly and treatmert of blisters, bruises and arch difficulties were
effected promptly. The skin was inspected at regular intervals. Appropriate
measures were taken to control prickly ieat and fungus infections.

12. Jodine Studies:

a, Vater control ~ Burscline treated water was dispensed and recorded as
noted above (Section 8).

b. Urine collection - Consecutive 24 hour collections of urine were made
on each subject for iodine analysis. Before going to the latrine to defecate,
each subject was instructed to empty his bladder into the collecting bottle., Dure
ing the clean-up periods an enlisted man was on duty in the latrine. It is probable
that in spite of these precautions some urine was lost. During the walk, all
subjects voided into a graduated cylinder and the quantity of urine was recorded
for calculating sweat loss,

¢. llasma iodine was determined on 10 to 20 ml., samples of whole blood
obtained in the fasting state or 20-30 minutes following the end of the afteruoon
work period. The usual schedule included bleedings Monday morning snd afternoon,
Wednesday szfternoon and Saturday morning and afternoon.
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d. Sweat iodine collecticns frux tne entire body were mude by using
suits of dry clotuii, and dry towels to prevent drijfins auring: an hour’s walk,
and fron the arm by use of & full arm lenstn ruboer gauntlet,

¢, lodine determinations were nade on consecutive 7 duay collections of
feces from 2 men,

f. Skin sensitivity to the local applicaticn of U.S.I. tincture of
fodine was tested during the Ath, 5th, and 6th weeks of the test, lo control test
was done prior to the use of Bursciine by group B,

13, Basal Metabolism:

The basal metabtolic rate ot each subject was determined on 3 occa-
sions in the preliminary control cool envircnment. During the subseguent G-week
pericd in humid heat, the rales were determined on 1, cccasions, or a;rroximately
twice woskly, On retum to the cool environment, 4 further determinations were
made. All subjects were without focd 12 hours before the tests were made. They
were awakened 5-1C minutes before esch deternination after 7-8 hcurs of sleep., The
tosts were made in the exerimental room kept at the night temperature of DBT
20-85°F and relative humidity of 30-5Gf. The metabolic apparatus was wheeled to
each subject who, in the majority of cases, had nct moved from his bed.

Two Sanborn Waterless and two Benedict-Roth metabolisin testing
machines were used, Bach machine was calibrated prior to use and frequently tested
for leaks during the £ weeks of use, The average test period lasted 12 minutes and
none was less than & nminutes in duration. Durlicate determinations on test days
usually could not be made because of limitations in tiue.

Results were calculated fron. the slope of the grarhic record ol
oxygen consumption. Correction factors for temperature and barometric pressure were
taken from a standard table; surface area was deternmined according to Dubois and
corrected for changes in weight during the progress of the experiment. The rates
wvere expressed in terms of per cent above or below Krogi:'s modification of the
Aub=-Dubois standards,

163 of a total of 286 determinations, or 68f, were accepted as
reliable measurements. Tests were excluded for several reasons: (1) if the grarhic
slope was not straight, (2) if the respiratory pattern was abnormal or deviated
markedly from the subject's usual pattern, (3) if the calculated rate showed a
striking deviation from the usual results for a given subject despite an otherwise
satisfactory respiratory record.® VWith a few excertions, unsatisfactory determin-
ations pave hizh motabolic rates. As the subjects became accustomed to the pro-
cedure, the incidence of poor tests decreased,

14. Details of the snalytical procedures and collection of material for
jodine analysis are given in Appendix 3.

# Lot Lore than 2% of results wers excluded on this basis,
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APPENDIX IX
RESULTS

l. Acclimatization and Ferformance:

It has been previously observed that working men when first exposed
to a hot envircnment do not drink enough water to replace that lost as sweat,
This was true in both group A and group B. During the pericds of drinking salted
water and later of drinking Bursoline treated waior the intakes of group A were
higher than those of group B. This appeared to be a characteristic of the group
rather than an effect of Bursolins, Mild ubjection was raised to the taste of
Bursoline treated water at the start of the test. At the end of tiie test, however,
the subjects complained that water without Bursoline tasted flat,

In Chart 1 are given the group averagea for final post-work heart
rate, rectal temperature, and sweat loss per hour for work in the contrel periods
and work in the heat. Data have been compressed into averages for tluwe days and
include morning and afternoon work periods. The most obvious difference in re-
sponse of ths groups to work in the heat is the tendency for group B to have a
relatively high pulse rate and low ractal temperature and for group A to have a
less rapid pulse rate and a higher rectal temperature. This difference results
chiefly from the reaction of one subject in group A who had a very slow pulse rate
and relstively uigh rectal %‘emperature after work.* If hs is omitted from the
calculations the lines for group A and group B are much closer together. It is not
considered that the differences between the groups has any relation to the ingestion
of Bursoline since tiie differences are apparent in the control pericds, and persist
durinrg the week when the groups reverse their Bursolino intake progran,

The phenomena of acclimatizdtion were the same in the two groups and
showed no significant differences in any of the subjects. Flushing of the facs,
edema of the hands, and the depression of morale sppeared upon first exposure to
heat and decreased #t about the same rate to virtually disappear in all subjects by
tha end of a wesk. It was not possible to distinguish the controls from those
taking Bursoline by their complaints of subjsctive distress, their arpearance and
behavior, or by the alterations of heart rate and rectal temperature during the
sarly stage of acclimatization or later in the progress of the test.

2. Morale:
The morale of all subjects was very low for the first few days. It

‘ improved slowly and was higher tcwards the end of the experiment. The type of

incarceration &nd restraint necessary for proper control was very onerous, and con-
finement of 14 men in & small, unattractive room was naturally depressing. In the
course of 8 weeks the subjects walked more than 600 miles around a 65 foot track
shut up in a windowless room. kovies were shown three times weekly, ancd ths radio
or record player supplied forms of diversion which were only partially sstisfactory.
Nevertheless, no subject was lost to the experiment except for medical reasocns,

This type of response has been noted in a number of subjecta- See AARL Rerort
on Froject No. 2, dated 18 October 1943.
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Skin;

There were the usual prickly heat and non-syecific skin rashes, They
vere sliphtly =ere severe in the contrel yrcup during their jeriod on jcdine-free
water than they were in subjects ingesting Bursoline. There wuas no indication of
iodisic. One subject was found to be sensitive to iodine applied locally to a cut
on the leg., Tests to Jetermine ioaine sensitivity were dcne during the Lth, 5th
and 6th weeks, and this subject was the only <ne sensitive to iodine. He was
aware of no rrevious sensitivity and had used ne iodine on his skin for at least
twe years. It is not prossible to say whether he acquired his sensitivity during
the period of ingesting Bursoline or whether he nhad it at the start of ithe test,

L. Basal Metabolism:

The results of 193 tests accerted as raeliable individual determina=-
tions are presented in Table 3. The average of results for group A, group B, and
for both groups conbined are grarhically preSented in Chert 2. No significant
trend in metabolic rate can be observed either for individuals or for groups,

5. Weiyht loss:

There was a 8light loss of weight in most of the subjects during the
test, averaging 0.83 Kg. for group A and 1.48 Kg. for group B. This has been the
usual experience in this type of environmental exposure,

6. Thyroid Gland and Neck Size;

No changes occurred in the size or consistency of the thyroid gland
in these subjects and tnere was no chenge in the circumference of the neck during
or after ingestion of Bursoline by the subjects in either group A or group B.

7. Blood and Urine:

Routine blood and urine analyses were rerformed on samples taken in
the preliminary cool control environment and again after 38 days of exjosure to
heato

There was an aver:ge fall of 0.9 #r/100 ml. of hemoglobin in group B
and 0.6 mg/10C ml. in group 4. Such a fall has been noted in previous studies on
men living in the laboratory liot room and therefore does not appear to be an effect
of Bursoline. The white counts, differential counts, and smears showed no abnor-
malities excert in one case. Subject Fie showed a total of 4,350 white blood cells
per cu. mm. with 8% esosinophils in the control period and 4,120 white blood cells
per cu. mm, with 14% ecsinophils at the end of the Bursoline period. It was this
subject who showed evidence of iodine sensitivity.

The urine analyses showed nc albumin or sugar ond were negative on
microscopic examination except for cne case, This subjcet (Bur) showed albumin and
white blood cells before and after the test period, presumably resulting from a
chronic infection of the G-U tract.

£. Amount of Bursoline Ingested:

in order to ensure a severe test, the experiment was designed to
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rrovids iudine intake exceediny the highest levels likely to be found in military
service. The Bursoline tuble. contains sufficlent active iodine to rrovide
adecuats sisrilization of one quart of rost waters, Lowever, the necessity of
treatin: water of uich iodine demand is provided for in the directions for use of
the tublets which read: ®If the water contains rotten leaves, or is dirty and dis-
colcred, use 2 tablets" (per canteen). 4 table used in this laboratory as a rough
juide to water requirements is reproduced below with the inclusicn of Lhe «ppropri-
ate nuuler of Bursoline tablets for tis various situaticns., Compuriscn of this
table with the amounts actually in-csted in the ;resent study (Chert §) indicztes
that the Bursoline consumption reached the hishest probable amounts for the aost
severe ccnditions likely to be encountered.

ILIUSTRATIVE DAILY wiaTéX AND BURSCLINE R JUIREMZNTS

FUR SoViRal, DECHAsS CF OBK AWD RVIACHLLNT.1 STRISS
MODERATE SEVERS
ACTIVITY ILIUSTRATIVS DUTILS DESEAT CR DuSZRT OR
JULGLL JUNGLE#®
Desk work, ;uard and 6 qua .. 1C cuarts
Light KP duty ’ 6 or 12 tablets |1V or 20 tablets
'od ftoute .arch on level, 7 wuarts 11 guarts ~ .4
Loderate | . 1y operations 7 or 1 tablets yll or 22 tiblets ?
1
e Forced rarches, stevew G quarts 13 cuarte \
savy cerin-, entrerncuing 9 or 1€ tatlets |13 cr 26 tablets

# Desert: Adr temperature below 105°F. Jun-le: Air tezjersture -
below €5°F, =

** Desert: Air temperature above 105°F. Jun;le: Air temperature
above 859F,

From the stardroint of free iodins inteke, the jresent study also
represents an abncrmal situation inasmuch as 2 tatlets yer ju.rt would norually be
used only where water of high iodine demand is used whereas the witer emrloyed in
the yresent study had & regiipible iodine dermand. It is extremosly unlikely that

trcors would ever be recuired to drink water having as hirh free iodine cencentrations
as that used here,

9. Chemical Studias:

a. Generzl -~ The primary ;urrose o° th: razther extensive cnerdcal studies
in the present project wus to rroviae background information which would permit corre-
laticn of tiood levels uitn any obse:ved symrtcems or pour perforriance that nmight be
ascribed to iodine. No evidence was found toet iodine intake =t wie levels of the
present study interferad with performar 2 or produced s:iptoms. The chenical data
stund therefore, a8 detached inforticn un the levels obtained for given rates of
intuke which nay be useful in evaiuaiin.: subsecuent expurience .ith Zurscline. Also,
althceu h conplete iodine balance studies were not dene, it was possible to sostimate
tae relative irjertance of the different ratiis of iodine elininaticn.
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Flasma rather than whole blood was chosen for znalysis both because
sf he simplifisd dschnic of analysis {App. IXI) and the sxpectation that, since
the distribution of the iodide ion is similar to that of chloride (1) the plasma
shculd give a more stuble index of iodine concentration than doves whole blood.
In addition, a rrotein free filtrate provides a homogenous source of iodide ion
since the rrotein bound and organic icdine are removed with the protein precipi-
tate (2) (3). The available evidence (2) indicates that inpestion of iodine or
iodide primarily influerces the ionic lodide fraction of plasma. Ilodine present -
in body fluids is believed to exist exclusively in the reduced form. This is
suggested both by the redox potential of these fluids and demonstration (4) that
jodine is abaorbed only after reduction to iodide. Unless icdine or ifodides are
being taken there is normally nc ionic iocdide in the plasma or at mest only
minute amounts {5), certainly less thun 3 or 4 mi.rograms/100 ml, which is the
lower limit of detection by the method of analysis used here,

Briefiy the present studies indicated that the iodine in Bursoline
treated water is rapidly absorbed, distributed, and excreted. Since the data
from group A (3 men) were equivalent in every way to that from rroup B (10 men),’
the following aiscussion is chiefly limited to the results from group B. During
the first 38 days of exposure to heat when group A was on salted tap water, the
plasmas collected from the men in this pgroup were uniformly negative for icdine
( <10 microsruus/100 ml.); in four instances small amounts of iodine were found
in the urine of these men (probably contamination) otherwise 211 were negative
(<0,1 mgm/liter).

b, Plasme Corncentration of lodine - The rapid rise and fall of plasma
lodine is indicated by the curves shown on Chart 3. These plots show the plasma
iodine concentration and iodine intake (Bursoline water = apprpximately 35
ngm, iodine/liter) as functions of time, All of the curves show initial plasma
levels which represent chiefly the iodine remaining from the previous day and to
lesser extent the iodine intake during the night. With the onset of work, at about
0830 hours, rapid intake of water starte. By mid-morning the plasma iodine concer
tration has increased by several hundred micrograms per 100 ml., and rises still
further with the contirued intake during the remainder of the morning work period.
The data from Subject 0li, Chart 3 b, indicate that during the noon rest the slowed
intake may lead to & slirht fall in plasma level. The same pattern of continued
rise follows the increased water intaske durin- the afternoon work period leading to
& peak level shortly after the high rate of intake falls with the completion of
work. The plasma level then starts to fall arnd continues downward even though small
amounts of iodine are consumed during the nipght. By the following morning, the
level has faller to about 404 (30 to 50%) of its peak value. The uniformity end
rapidity of the disappearance of iodine from the plasma is indicated by Chart 4
where iodine level is plotted on a logarithmic scale against time, The linear plots
in Chart 4 sugrest that a uniform rate of disappearance (proportional to the con-
centration) prevails durin,< the eliminaticn of iodine. Fram the slope of the
averare line it is seen that if no more iodine is taken, plasma iodine concentration
£2113 Ly 3% (to 17% of its initial volue) in 24 hours, ke will be shown later,
the chief route of excretion is the urine,

The bleedir; schedule adopted for the regul:rir scheduled hleedings
w1s based cn ihis rapidity of chanpe and the weekly work pottern, This schedule
called for senjline Lonuay at G700, accin honday 20 to 3C ninutes after ihe end of
the fternoon work period, at the same interv:l after the .fternoon work pericds on

L
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Wednesday and Saturday, ard at 0700 Saturday. This gave the minimum lovel of ths
week (Monday morning), the last morning level of the work week, and three peak
values during the week, Both groups A and B were samrled assording 40 s same
pattern., Hlood samples in each group were secured on each of the succesding

three mornings after Bursoline was stopped and at several later intervals froam
group B. The individual analyses of the bloods collected acoording to this schedule
are collected in Table 4 and the averages for the groups in Chart 5. Chart 5, top
panel, illustratee the charscteristic weekly rattern of plasma iodine concentration
which results from the work schedule. On Nonday the level rapidly rises as the
Bursoline intake increases with the increased sweat output of work. The peak
levels reached at the end of each work day are maintained, or increase, in propore
tion to the watsr intake through the week and then fall abruptly over the rest day '
to a Monday minirmm, The Saturday levels can be taken as representative of the

" pormal diurnal chanpge in concentration. In Chart 5, Saturday merning concentrations

are connected by broken lines to the hegvily lined envelope of maximum concentra-
tions.

During the course of the sxperiment several factors combined to pro-
duce a gradual increase in the daily fluid intake; the work capacity improved, the
sweating rate increased, and the environment became scmewhat more severe as the
study rrogressed. This increase in iodine intake is shown by the intake values in
the center panel of Chart 5, and the reflection of this increase,in the gradual
increase in peak plasma iodins levels. That this is not a result of a gradual
accumilation in the rlasma with continued intake is demonstrated by the lom concen-
trations found in the Monday morning bleedings. These are all uniformly low and
bear little relationship to the peak Saturday level. This is to be anticipated,
for as indicated in Chart 4, not more than 5% of the concentration remains in the
Flasma after 48 hours of no intexe.” Consequently the Monday morning level is
chiefly determined by the iodine taken in on Sunday. The rapidity with which the
iodine is eliminated from the plasma after intake has stopped is apparent in Chart
5 as well as Chart 4 where the same data for group B are plotted on a semi-loga-
rithmic grid. In group 3, by the fourth day after stopping intake of iodine only
one man had a plasms iodine concentration above 10 micrograxs/100 ml.; in group A
all were below this level by the third day after stopping intake.

The average peak plasma concentrations of group B were well above
1000 micrograns/100 ml. in the last weeks of the study. The Lighest level was
above 1900 nicrograms/100 ml, (014) and levels in excess of 1500 were not infre-
quent. As mentioned above, the plasma concentration gradually increased with
increasing intake. The correlation between these is shown in Chart 6 where the
average intake for the 6 working days of each full week of the study is plotted
against the average rlasma concentration of the three afternoon samples of each
corresponding week, All of the men of group B are included., As indicated by the

:;positions of the roints for subject Fie, the lighiest man in the group, and Feam,
‘the heaviest, there is a correlation bstween body weight and the ratio of plasma
-level to intake. The correlation is, however, very low, and is striking only in

the case of these two subjects who are at the extremes of their group.s

¢. Routes of Jlimination - The chief route of elimination of iodine in
these subjects was thrcugh the urine. As shown in the lower panel of Chart 5.(see
also Table 5) about 754 of all the iodine given was recovered in the urine. An
attempt was made to muke short time measurements of the rate of iodine excretion in
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the urine in order to define the characteristice of urine excretion as s function
of plasma lewel and othsr 22cicis. liowever, tns tendency for all the subjects to
lag behind their water requirements during the period of active sweating, which

is also the period of high iodine level, and the consequent low rate of urine flow
made accurately timed collections of urine very difficult, The available data
indicate clearance rates of from 10 to 25 ml. plasma/min., with a tendency toward
higher clearance rates with increasing urine flow; such clearance rates are consis-~
tent with the slopes of the plasma disappearacne lines in Chart 4.

S8ince an arpreciable amcunt of iodine is required to produce iodine
levels of 100 to 200 micrograms/100 ml.*, the temporary retention of this amount
is apparent in the lag in wrine excretion apparent in the first few days of Burso-
line intake, as shown in Chert 5.

The sweat was of next importance in the elimination of iodine. Chart 7
and Tables 6 and 7 summarize the data on iodine concentration in sweat. In Chart
7, it is apparent that the sweat iodine is, to a degres, a function of the iodine
concentration in plasma; roughly the sweat iodine concentration was 35 of the
plasma iodine concentration. From Table 7 it can be seen that while the lodine
concentration in arm sweat was of the same order of magnitude as ths whole body
swaat it was neverthelsss uniformly higher in relation to the plasms lewvel than
whole body sweat by 25€ to 30%. This may be due in part to regicnal differencos
in concentration. Data pertiment to the question of the analogy in sweat secretion
between crloride «nd iodide was obtained in two experiments each on subjects Del
and Bur. In two sweat collections on each man by the two technics (suit and sleeve)
the ratios of sweat concentration to plasma concentration were; for the suit col-
lections, iodine, 0.27 to 0.33, chloride,0.35 to 0,40; and for the sleeve collec-
tions, iodine, 0.34 to 0.43, chloride,C.3C to 0.43. This suggests considerable
similarity in handling of the two halides by the sweat mechanisn. The total output
of iodine in the sweat was at times as much as 10 of intake (see Section d below).

Relative to the amount ingested, only minor amounts of icdine were
found in the feces. Complete collecticns of one wesk made on subjects Ful and Tho
led to recoveries of ornly 0.32% and 0.38% respectively for that weck.

Attempts to develop a satisfactory procedure for coliection of iodine
in the expired air were not successful, However, it is believed that had signifi-
eant amounts been present they would have been recovered,

d. Jodine Balance - A rigorously complete balance of iodine in the present
study would have required complete collection of zll sweat from the subjects, the
use of pans for defecstion both to collect the feces and to avoid urine loss at

the time of defecation, and other similar precautions. The prasent data, necessarily

# A crude mesasure of this is given by the slope of the line in Chart 6. This
indicatea that on the average, sbout 30 mgm. of iodine are rejuired for each
10C micrograms/100 ml. found in plasma, This is a somewhat larger amount than
would be predicted on the basis that its volume of distribution would be equal
to the extrscellular fluid volume (1).
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collected without the use of these rsfinsasils, neverineless appear capable of
supplying useful informatjon on the prcbable dispgsition of iodine ingested as
Bursoline,

L2

. . .
RIS SR S SO
NS ot e T R

The urine, which represents the chief path of elimination, accounts
for a large part of the ingested iodine, déspite the known incompleteness of
collection, Of all the lodine given to group B in the 38 days that they received
Bursoline, 7.8 was recovered in the urine (Table 5 and Chart 5). The same
recovery of Th% was found in group A while on Bursoline treated water. In each (
case the smounts excreted beyond the third day after stopping Bursoline contributed -
ineignificant quantities of iodine. In following the iodine excretion in the
urine it was necessary to take into saccount several factors. For sxample, iodine
which 1s initially retained 1s eventually recovered in the early days after stop-
ping iodine intake, The effect of this is apparent in the c.mulative recowveries
shown in the bottom panel of Chart 5., Although the lag in excretion wes short, it
was sufficient to prevent useful calculation of a daily yleld in the urine. Thus,
on a rest day when the intake wss low, there was invariably more excreted than
taken in (center ranel Chart 5). To obviate this cyclie irrsgularity, the device
of calculating urine return in terms of a moving 7 day average was used; in this

Y ¥ 9

v

way each 7 day period included one.rest day. The sverage 7 day yield is showm in

the bottom panel of Chart 5 and for the individual subjects in successive 7 day

psriods in Table 5. It is apparent from the data on the 7 day yield in Chart 5, ;
that a progressive increase in deficit occurred., This can be directly correlated *
with increased sweat output and undoubtedly reflects in some degree the increased }_
loss of iodine in sweat at the higher sweat outputs. . .

#ith the information available on the urine, sweat, and feces it 1is .

possible to assemble a partial balance. This has been done in Table 8. The basis

for calculation of the various components is as follows: fecal output was calcu~
lated as a percentage of the total intake (based on the results from subjects Tho
and Ful of 0.38 and 0.32% respectively); sweat iodine output was calculated from
the total sweat output, as estimuted from the water intake less water output :
corrected for weight change, and an estimated iodine concentration in sweat derived
from the correlation shown in Chart 7 (Sweat I = 0.35 Flasma I) where plasma I was
taken as 0.77% x (average peak plasma concentration); the intuke and urine ocutput
were taken from the sources already mentioned, The resulting balance, though .
obviously based on crude estimates, probably gives a fair picture of the relative
contribution of the various paths of loss. Vhen the deficiencies of the data are
considered—the rrobable incormpleteness of urine collection, the estimates in the
case of sweat and feces, and the possibility that some spillage of Bursoline water
may have occurred at the time of drinking--the suggestion is strong that retention
was negligible, Note the data for subject Sce, for example, which show that 211
but 8.1% of ingested iodine was recovered,

¥ The factor O.77 was derived from curves of the type shomn in Chart 3 to approxi-
“mate an integrated average concentration for the work periods—the period of
.high sweat output.
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An added factor, already sentioned, which lends weight to the proba-
blity of negligidble iodine retention ie the great rapidity with which the plasma
and urine becoms clear ef iodine after intake is stopped., It seems unlikely that
any significant amount of iodine was retained by these men,

0. Symmary:

There was no indication that ingestion of large amounts of water
treated with 2 tablets per quart of Bursocline had any deleterious effect on
acclimatisation, performance or metabolism under the circumstances of this experi-
mnt. The iodine ingested in the treated witer was rapidly eliminated after
Bursoline intake was stopped.

11. References are at the and of Appendix III.

Inel. #2




APPENDIX IIX
ANALYTICAL }ROCSDURZS

1, 8182

a. GOeneral - The procedure finally adopted for the estimation of iodine
in urine, sweat and protein-free filtrate of plasma was based on the oxidation of
the iodine to icdats by rermanganate.‘ After reduction of the permunganate, iodide
was added and the iodine liberated by the acid iodate was titrated with thiosulfate.
In essence this is the Groak procedure (6) excert that the permanganate serves for
the destruction of residual interfering organic matter as well as iocdine oxidation,
and the reaction is carried out in an acid medium, Bromine rather than permanganate
has been used in similar procedures for both plesma (7) and urine (8); the amcunt
of iodine available for analysis in these procedures, however, was somewhat wore
than was available in the present studies. At the iodine levels encountered in the
present study, 0.1 to 4 micrograms, the bromine oxidation of residual organic
material was not sufficiently complete to avoid considerable end-point interference
in the titration., The final procedure was well adapted to the handling of large
nuzbers of analyses, and, in such routine use, was reliable to better than § 0.1

microgram (see below).
b. Reagents -

8 ¥ - 1 volume 858 syrupy Merck, R.G., mixed with
e 1 volume distilled water. "3 ’ ’

KinQy,, 1 N - Merck or Mallinckrodt U.S.P.
Nahop, 1 K - Merck, R.G.
Urea, 5 M - Merck U,S,P.

K, 255 - Larck, R.G. Prepardd daily with water thru which
nitrogen had been bLubbled for about § hour.

Starch, 1% - Merek soluble starch. Irepared fresh every 3 days.

Sodium Thiosulfate, 0,001 N - Frepared daily by dilution of
Jtandard 0.1 N Thiosulfate which was stored in the refriger-

ator.

. ¢. Frocedure - The method adopted was as follows: Appropriate aliquots
of sweat, urine, or protein-free filtrates of plasma were measured into 125 ml.

Erlenmeyer flasks and the volume made up to 20 ml. with distilled water. To these
wope added 0,25 ml. of 28 M H3FOy, 1 ml. of 1 N KinQOp, and 2 glass beads to avoid
bumping., The m:Xtures were brought to boiling over a battery of microburners. At
the end of 10 miuutes slow boiling, the flasks wers removed from the flame. The
sides were washed with water and 1 M KaNOp was added dropwise until the brown color
and all specks of MnC2 disarpeared with mixing. An excess of 1 drop of KaKO, was
added (total about 7 drops) and the walls of the flask again rinsed. Irzediately

1
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thereafter 4 drops of 5 M urea were added, the iixture wus shaken and the flask
sstumsed 0 the flazs, Oxidsticnes were done in rototion by pairs) with 3 minutas
elapsing between tresatment of each rair. The ccntente of the flask were evaporated
to about 5 ml. with vigorous boiling and stored in the refrigerator until titrated.

Titrations were carried out in the same flasks in which oxidation was
porformed. The flask was cooled in an ice bath, 0,125 ml. 258 KI and 3 drops 1%
starch were added to the mixture imrediately before titration. The liberated iodine
was titrated to the nearest cubic millimeter with 0,001 N sodium thiosulfate de-
livered under the surface of the fluid from a Rehburg burette. The flask was replaced
in the ico bath several times during the titration and was routinely cooled just
before the snd-point was reached,

. Singls analyses were performed on the material (plasma or urine) from
subjects who were receiving no iodine. The largest peraissible aliquots were used;
these vere 20 ml, of plasma filtrate and 0,2 ml. of urine., tositive results were
checked with lresh material. All other analyses were carried out in duplicate, one
aliquot being twice as large as the other. This provided a rigid control on the
whole precedure.

d. Recoveries - A total of 35 determinations on known amounts of KI added
to water and oxidized by the above procedurs gave the recoveries shown in Table 9.

2,. Plsepa Freparation:

a. General - The barium hydroxide--zinc sulfate deproteinization procsdure
of Somogyi (9) was chosen for plasma treatment rather than his sodium hydroxide-
sinc sulfate method, used by others (2) (3) (7) for iodine analyses, since the lower
salt concentration obtained in the filtrate by the barium procedure leads to more
favorabls snd-point conditions.

b, Reagents -

Fotassium oxalate--purified by yrecipitation with alcohol from a
. satursted aqueous solution,

w& .6!120, 51 'tvo/v()lo

Ba(CH)2 approximately 0.3 N - The barium sclution was adjusted so that
5 ml. zinc required between 4.7 and 4.8 ml. barium to produce a
definite pink with phenolphthalein,

For oxidation, as above (Section 1).

: €+ Procedure - Blood was collected in test tubes on the sides of which
potassium oxalate had been dried in sufficient amount to give 2.5 mgm/ml. of blood.
Filtrates representing a 1-2C dilution of the pluasma were prejpured as fcllows: One
volume of plasma was mived with 17 volumss of water in a centrifuge tube. To tids
were added 1 volunc of 0.3 N Ba(OH)s and, after mixing, 1 volume of 5§ ZnSC.6HC.
The whole was thoroughly mixed. The jr:cipitate wus separated by centrifugsticn,
and the swrernatant liquid filtered,
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Suitable aliquots (5, 10 or 20 ml.) were oxidized and titrated as above
(Section 1). Iodine concentration was calculated, using a factor which was hasad
on ihe recoveries of known amounts of KI sdded to plaswa filtrates,

d, Recoveries - Flasma from labérat.ory personnel was mixed with 1 volume
per cent or less of a solution of a suitable concentration of XI in 0.9% saline and
allowed to stand 20 minutes, after which it wies treated as described above, The
recoveries are shown in Table 9,

Recovery of iodine through the oxidation step was followed by analysis
of plasma filtrates to which KI was added. The plasma filtrates used for this were
prepared {rom the plasmas of subjects receiving no iodine. The filtrates were
analyzed before iodine addition. The results are shown in Table 9,

3. Urine Freparation:

a. Frocedure -~ 3ach day the urins for the preceding 24 hours was msasured
and a portion stored in the réfrigerator until analyzed., For analysis, urines were
suitably diluted with distilled water, 5 ml, urine to a final volums of 25 =ml. for
pen drinking salted water and 0.5 ml. to 25 ml. for those drinking Bursoline water,
Cf these dilutions, 1.0 and 0.5 ml. were transferred to 125 al. irlenmeyer flasks,

The volume was made ur to 20 ml. with water and oxidation and tit:-ation carried out
as described in Section 1.

b. Recoveries - The method was-checked by oxidation of portions of a
standard KI solution added to control urines, i.e. urines in which no iodine was
demonstrated by the above procedure. Results are given in Table 9,

L. Sweat Ireparation:

a. Suit collection - The suit was the same as that worn throughout the
experiment except that a pair of wristlets was added to keep the bottom of the
sleeves closed, The jacket was worn inside the troussrs and the trouser legs were
tucked inside the socks. The subject carried a towsl to wips off his face and hands,

and the pack was enclosed in a waterproof sack. Thése precautions were taken to awoid .

sweat loss by dripping from the skin and suit, and to prevent contuinuuon from sweat
in the pack,

All of the clothing, including the towel was given a thorough washing
before each use, This was carried out in a household washing machine and consisted
of 5:treatments including rinses. Soap and calgonite were used cn the first washing,
calgonite alone on the zecond, and tap water on the last thres. sSach washing lasted
5 minutes and the clothing was put through the wringer after each washing. The
clothing was dried, placod in a metal ran and brought into the hot room. After
about 15 minutes Ior thernal equilibration the initial weight was taken,

All collections were made during work periods. The subject stopped
walking, stripred, dried off with the towel he had been carrying, and was weighed.
He then donned the tared clothing, picked up the tared towel and began walking. At
the end of the walking period the subject strirped, replaced the clothing in the pan,
and dried off with the tared towel, which was also replaced in the pan.,
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The subject and the pan plus clothing were weighed again. Pinal
sinus initial pan-plus-clothing=weight gave unevaporated swest loss. Initial
men-woight plus water intake during test mimms urine excretion during test ainus

 final man-weight gave total sweat loss. Time on test was taken from initial to

final m18hto !

Sweat was extracted from the clothing with from 10 to 20 liters of
water; 1 ml. 108 NaHSO, was added to eacl: 10 liters of water to reduce the free
rine, thus preventing the oxidation and subsequent volatilization of iodine.

Extractions were carried out in large glass jars or in the washing machine. Ten
ninules vigorous agitation was used in either case, and the clothes were run through
the wringer eof the washing machine at 5 and 10 minutes. After this treatment the
distribution sas considered adequate and an aliquot was taken for analysis, 5x-
tractions carried out in this way in both dry suits and suits worn by subjects not
receiving fodine gave satisfactory recoveries of added iodide.

b, Sleeve collections « Collsctions of arm sweat were made in an am
length rubber-dam sleeve. The sleevs was in the form of an envelope cemented at
the bottom and sides, and held in place fram ths top by a cord around the subject's
neck. At the begimning of the collection, the subject's arm was bared, washed and
dried, the sleeve put on, and walking begun. At the end of the collection period
the sleeve was removed, the sweat being wiped off as well as possible by holding
the tep of the slesve as tightly as practicable while the sleeve was elipped off,
For soms experiments the arm was finally dried with a tared towel, and the increase
in bag and towel weight gave total lose of sweat. In other experiments the sweat
was simply poured into a graduate and measured,

¢. Analysis - Twenty and 10 ml. hiquou from the suit and 1,0 and 0.5

"mle aliquots from the sleeve collections were analyzed by the method given for

plassa iodine determination (Section I). Sweat dilutions in suit collection were
calculated from: :

Tota) Sn% Fo (£g.)
“Vol. extracting liquid (1.) ¢ uravaporated sweat loss (Xg.)

d. Peca) lodine De ion:

: The total fecal ocutput of each of two subjects was collected for cne
week. Collections were started at tiie same time each day and each day's specimen
was treated separately. The subject defecated into a tared aluminum wess can en
the top of which a standard toilet seat was placed. Zach day's output was weighed,
transferred with a small amount of water to a Waring blendor, and homogenized with

" twice its weight of AM-KOH. The blendor was rinsed with one additional weight of

XN-KOH, A few drops of caprylic alcohol were added during homogenization to prevent
foaming. All the resulting suspensions wsre combined for tihe one week period.
Analysis was carried out by the permanganate oxidation method of Riggs and kan (10),

e Concentration in Burscline Water:
The water mixed with Bursoline was originally dispensed in the hot room 3

froa aluminum containers, It was soon found that storapge in the hot room in aluminum
acceleraved the reduction of free iodine to iodide (uj to 20% reduction of free

By HEive "

I

Ircl. #3




'fodine in L hours). After the 6th experimantal dav th

the cottainers in which it was prepared and dhpo;:so;l in the hot room pyrex
bottles. o

, The analysis of free iodine concentration in Bursoline water f
edopted was direct titration of iodine in the presence of Hz90; and XI using 0.001 K
Nazi%();. Approxinately 1 gm. KI (msasured with a glass scoop) was diuolvtg in
35 ml,” Bursoline water by shaking. After the addition of 2.5 ml, &4 N H80,, the
solution was titrated until the yellow color had almost disarpsared. At this point,
3 drops of 1f starch were added and the titration finished,

Most of the earlier free iodine estirations were made without the
addition of HaSC,. After 27 experimental days, the policy of adding H SO, was

uniformly adopted. Concurrent analyses of water with and without the acid, showed
a slight increase in free iodine determined in the presence of acid.

Total iodine concentration was determined on 20 ml. aliquots of
Bursoline water. An aliquot in a 125 ml. Erlenmesyer flack was mixed with (.02 ml.
reagent bramine in the presence of 2 ml. 4 N H2S0,. The solution was boiled until
the yellow color disappeared., Residual bromine was removed by the addition of 10
drops 10% sodium salicylate, and the sides of the flask washed with 10 ml, dis-
tilled water. The mixture was heated to bofling, removed from the flams, cooled
"to room temperature and, after the addition of 1 gm. KI, titrated with 0,002 N
Na2S203. Determinations of both total and free iodine were mede in triplicate on
esach lot of Bursoline water. .
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TABLE 1:
CHARACTERISTICS OF GROUPS A AND B

GROUP A GROUF B
. 3 Subjects 10 Subjects
Age
Average 20 2044
Range 19 -2 19 - 22
Average Weight (kg) 73.6 72.2
Average Height (inches) 68.7 70.0
Complexion & Hair Color
Blond 1 3
Brunette , 2 7
OBSZRVATIONS AFTER STANDARD WALK IN COOL
DST 80°F, WBT 66°F
Average Heart Rate 104 106
Average Rectal Tesmperature 99.9 95.9
Average Weight Loss
per hour in grams 306 287
TARLE 1
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TAHLE 2

TYFICAL ANALYSIS OF WATER FRCM LULDRAUGH FLANT

FORT KNOX WATER SUFIFLY SYSTEM

Odor v

pH

Fthn alkalinity
MO alkalinity
Soap consuming power
Total hardness
Dissolved oxygen
Oxygen consumed
Total solids
Suspended solids
loss on ignition
Iron

Manganese
Aluminum

Silica

Calcium
Magnesium
Carbonates
Bicarbonates
Sulfates
Chlorides
Nitrites
Nitrates
Fhosphates
Residual chlorine

TABLE 2

Office of the Post Engineer, Sanitary Department

Chlorine
7-8
0.k
248
126
27
8-9

0-1.0
333
0
96
0
Trace
3.6
0
58
29
c.8
247
41
7.7
0
0

o
0.3-0.6
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TABLE 3

BASAL METABOLIC RATES (% NORMAL STANDARD)

Yy (-s i. -3 F2,1m 1| 2} S|'8 {1215 |19 |22 »ma 29 {33136 | L40o) L3 | LS} L6} LT | LB
OD{  CONTROL BURSOLINF $ HEAT HEAT _ CONTROL
Dev.l4s1 | 2 -5 | #7 | 43 -4 -5 i=11 {=15 |46 |-i4 ] -5 |-1 -5 |-L ]|-3 |#&1
Fie 0 +8 -6 | 1|1 -6 |-9 s |4 § -4 #3 |#14 |-11 |5
Kel #L |43 148 je2l j4h [#17 {417 {413 (426 #16 {#13 [#10 | 425 J#17 #17 | #10 #16
Lue ~12]47 -5 |-8 &3 -4 { -1 }{-12 |-11 |-15 !-8 o js |-15 ~2
| uag 43 8 {1 [+5 [s#2 s [-2 | -8 {01 Je7 |9 |-11 - o |2 [-2 [&
i a1 ~17 -1 i-1 [=3 410 |-5 =15 $2 _|410
Pea 6 #6 [410 +#11 -9 Ja5 j417 41
{?w -7 | -15 <5 s {3 b -3 a1 |- | a6jas |2 18 |ufasias)-7 jasj-nlo
Sce -2 -1 j#3 (-1 |#2 =9 +
__Tho s 1o j-11 -15 |-13 =10 -9 |-17 =13 |-6 }-7 |-3 J#6 |-7 }-3 [s2
11| b3} #0.7#2.7140.3|#0.2{ <5.0]| k1. 2| =2.9[ ~O k| =5.8] ~2.8] =7.0§ #3.5] ~0.3] =3.L] 43.G
HEAT ONLY BURS. + H CONTROL
s [0 145 (&5 [48 |45 (4 {41 [410 [411 {41 $1l 49 (412 {812
-3 |2 -2 <6 {42 1411 411 [s6 ]2 |36 {49 147
-6 -11 |-14 j-10 |-1 | O
#7 |#13 -5 |-8 {-9 {-3 ]-3 |-6 }]-13 |-5 |-3 |-5
0]45.0

TARLE 3
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# Bleeding started at the noted time; 10 to 20 minutes were mnocwu,..mm to bleed the group. .

TABLE |4 SHEET 1
SUGIARY OF PLASMA TODIME CONCENTRATIONS
mezot | | A | B r lo | vl |g Ix x| u]
g lmm* | 0726 | 1604 1555 |063L | 1LL1j| 0659 | 1611 | 1606|0679 | 1626
& |oax 1 1 7 |10 |10 12 | 12 | W | 17 17
m m DATE 1-25| 1-25 1-31 | 2=3 | 2-3 |{2=5 | 25 | 2=7 | 2-10| 2-10
® I Nausm Pl grams /100 ml
1 | mw. <10 | < 10 <10 | < 10[<10 [<10 |« 10{<10 <10 |<10
2 Bur 4. 1<10 |< 10 <10 |-c10p No Sample <30 |<]0
a L3 Men mm <10 | < 10 <10 .,woruog 10 |~ l0l<10 [<10 |<10
L Del hm <10 i< 10 <10 | < 10{-.20 }l~20 |~ 10]-10 |- 20 I<10
AVERAGE hksmuo < 10 <20 |- 10/-10 <30 |~ 10/-10 |- 120 |-10
> He <10 | 155 s60 | 230! 465 (200 | LOS| 730 | 830 Q320 ¢
6| Sce 10 | 65 260 | 125|305 || 15 | aus| 75 | 165 | U5 |
B <10 | 38 L3S | 200| 625 | 205 | 225| mo | 380 | 925 I
p | B Tho mw. <10 | 135} 310 140 | 290 | 390 85| 325 || 90 | 3Lo| k55 | 225 ,. 580
9| Dev |37 |<10| 185 uss || 95 | 500 | 620 | 230, 565 [l125 | 630] 760 | 520 | 950
10| Mag mz <10 | 15| 290 |l 30 | L65 | Lo | 115| LBO || 50 | S20| 675 | 2LO | 875
1 Lue 5 g < 10 53| 240 || LO | LSS | L25 200 Lé65 85 | L30O[Lys | 265 | SB5
12 014 S |< 10 95 | 5701l 125 | 655 | 500 | 215] 300 [/105 | 560} 800 | LLO | 860 |
13 Kel T-w@-i.@m 305 i 105 | 455 | 585 | 310| k9o 11120 | 625 615 | L35 | 675
0 Pen < 10 75 | 260 | LS | 260 | 185 | 125|340 || 30 | 360) 365 | 195 | 590
AVERAGE <10 | 205|323 76| 1a7 | w6 | 2| 136 || 93 | Uak|ses | 370 |77 |




TABLE | SHEET 2
SUMMARY OF PLASMA IODINE CO CENTRATIORS

msmn [ # [ o [ r 1o inde oo v [afala]a]as
g |Tom [ 0657|1558 | 1603 | 0633) 2624 ] 0636 | 2603 |1 ..85 _ 1612 ﬁo&o_uom | 1603 o6t 160a
DaY vl | 22|l 2830, nlnial sl 38,
W DAY [l2-12 [2<12 | 2-1h [ 2-17] 2-171| 2-19 | 219 | 2-21 ,?@ -2l y 7-2¢'2-26 | 2-28 | 3-3 '3
| EANE _ Plasma Tod'ne, Wicrégraas/100 ml o
1 Thi <20 | <10]/<10 |<10 |<10 f~10 |< 10 Apo.;o?wo.:?wo_Qo;.hwﬁ_wwoufm.ﬁ
2 Bur <10 | < 10{<10 |<10 {<10 <10 [<10|<10[<20{<20{<10]-10].10 Amm,rMWQ-J_
3 Nen <10 | - 101< 10 |<10 |<10 {|<10 |<20|<10|<20]{<10 [l<d0]| - - l<10| -
L Del .20 |- 10]|<10 |<10 |<20 Jl<10 |<20]|<10|-20| <20 l.10 [<10| <30 <10 <10
AVERAGE ||. 10 | - 10 |- 10 |<10 |<10 <20 [<10/<10|<10|<10 <10 |<10|-10 |-10|<10L
S | Pe 200 | 855 | 800 |50 (1160 | 245 | 610 |1550 | S75| 900 || 175 | 960 | 1840 |1020 {1760 S
L 6 | S8ce A9 | 3751 LIS BMJI%mL.pFﬁIEle% 39011020 Jl 190 | 865 | 960 | LSO
7 Pil  fl 85| 975! 800 {370 {690 || 70 | 675 {110 320 7us || 85 | 755 {1310 | 635 1290
8 Tho 100 | 600| 675 300 {805 || S5 | 625 | 990 | 260 625 | 35 | S90| 910 | 510 {1090
9 Dev 165 | 785 | 960 | LB8S |1050 - 935 {1480 | 550 | 1090 || 145 | 910 {1480 | 815 [1530
10 | Mag 20 | 720) 800 |250 | 835 1175 | 900 |1340 | 2160|1100 | 35 | 870 |1k20 lﬁSo 1380
1 | e 56 | us5| 6o | 80 [205 | 10 | 525 | 750 | 220 595 | 50 | 575 | 725 | 270 | 80O
12 o1 110 | 845 1270 005 11200 || 140 | 980 {1790 | 6301210 §| 125 | 900 | 1940 1010 |1510
113 | &1 90 | 665 | $30 |370 (1090 || 220 | 1120 {1700 | LOO | 1220 || 165 [1140 |1710 {1140 |1560
1 Pem 35 | L6511 510 |235 [ 620 |l 55 | SBO | 885 | 135]| S80 || 20 | 565 | 800 | 320 o2
AVERAGE 98 | 674 | 782 |388 | 827 121 | 763 |12L6 | 3ITh| 909 | 103 | 813 {1310 | 686 |1282 m
-4
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' TABLE |, SHEET 3
SUMMARY OF PLASMA ICDINE CONCENTRATIONS
BLFEDING cl | | n . o | & 1 ni| & 2|t | W iJ
s MR 081h 0636 | 1601 | O743 | 1630 | 0631 | 0639 {1650 0811} 0733] 0657 |07L9
w m DAY 32 Lo % | L) | b2 | W3 | bS5 | LS b6 | 47 | U8 Ly
n |[ATB 3~4 | 3-5 j3-5 |3-6 {3-7 |3-8 [3-10]3-10 3-11 {3-12 | 3-13 |3-1
NAME Plasu: Iodine, l»mw.,u.nu.ml\hs nl
2 [ = J<10 [1260] - [asso| - [wms[ueo | 5[380 [s0 | 35]<10
2 | Bur | mm Ilc <10 f1040! = Jijkoo| - 510 | 1240 mw W,rurm 100 25 {<10
A |3 | Men g - - | - |- - | - - |- m g - |- 30
L | pex mw = 1<10| 760! -~ 1080 - | 4os | 960 ES 370 J ke | 20 .20 |
AVFRAGE Sl - |<10 nvuo»o - |13k3| - | LS53 {1120 o} 398 m..u. 23 |. 10 WJ.
3 *Eo 640 | 100 | - 20 - |<10 Aqu - - - | - <107
6 | sce 320| 50| - | 15| - j<10 |<20 | - - -] . e B
7 | Pu b50 | 55 | - | 15 | - |<10 J<10 | - - | =1 - l<10
8 | Tho mm 25| 25 | - |<10 - lc10 }<10 - - - |« <10
B lo | pev Ww 510 | 110 | - 30 | - |<10 |30 - - | =1~ 1.0 L
10 | Mag & 2715 | 26 | - <10 - [<10 |<10 - - - | - j<1l0 j
11 | Lue mm 10| 30 | - <10 - |<10 k1o - - - |~ {10 M
12 | o1 ] 510 75 | - s - |.20 <10 |} = - | - |- {-120
13 | Xel S0 | 95 | - 15 - |<10 |10 - - - 1 - l-10 |
1, | Pen 280 26 | - |~10 | - l<10 [<30 | - - | =_|=_1<10 b.
AVERAGE 385.] 89 [ - |13 | - f<10 f20 | - - | - |- 1o
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TABLE S

lodine Intake and Urine Excretion for All Subjects by Periods of One Week
Group B Received Bursoline Day 1 through Day R, Group A Day LO through Day LS

Aﬁ Group B Group A
]
>y - ® * o » o ® -t —t TR e -~
s| FlE| 2|83 |2 | &| &/ &) 3 8|8 & e E & 2 ¢
| 3 (3 o N m ) J ” ]
. >
8 21 5 | 6 7 6 | 9 |0 | n |12 |13 | w| T 1] 2 ” LN
1 |1=] 330] 207] 253 ] 307 ] 457 309 | 2u3| 273 | 350 k21| 32} - - [P R [
1 | thru| O 253| 157 93 176 | 223| 153 165 | 212 257 267 213 | == ce| -
L 18 771 76| 37| s7| M| so| 68| 78| 13} 63| ) ==l == o1 ==
5 I 700 LoL | 992 550 895! 765 69 | 903 | 1160 710 804} --]| -~ -] - -
2 | thrul 0 623 L31| 843 | LSo| 6v0| 81k | S10f 907 |20kS | LS9 | A| --| == == ==
11 | £ 89 87 8s 82 771 107 90 | 100 90 65 86 -l - .o -
12 |1 10L3] 598 | 1Lk92 932 | 1263 | 1410 933 1462 | 1h26 | 1142 | 1169 -l == -] -
3 | thruel 0 931} €©988 11338 829 902 {1149 | 669 1035 | 1302 | 1020 | 976 | - -| -~ -- ==
18 | 891 3001 90 89 le! 81| T2 n 91 89 B3 || ==} == R A,
19 |1 12551 1046 [ 1560 | 1231 | 1348 | 1595 791 12043 | 21kk; | 1402 | 1L39 - == - | =
L | thrul o || 1056| 1002 989 | 990 | 883{1230 | 523 14,28 | 1668 | 1074 | 1085 -] .- R
28 8 97 8y 80] 65| 11 661 10 7 11 T ==} - - | -
2 (1 13 1675 | 1LLS | 1225 | 1623 | 1679 | 1063 [ 2060 | 2367 | 1722 1622 -] - - =] -
S | thru| O | 1027 me 756 pom& 1197 bmm 790 pqu Swm 1096 | 1187} == | o= == =~
32 2 2 7 7 7 -co| - -] - =]
33 |1 u@m.lw&unwﬁ .dﬁﬂllmﬂw.nllnsz Immw{mmw{ 2L36 | 1881 | 17 e o] == =] <
6 | threl O 970} 1292 | 1005 | 1117 838y | 1222 662 (1298 | 1791 | 1171 | 1137 - | - - --
39 1% %9 7] 63 77 h72j 63 53| 6 | 72 62 6| --j == ==]==_|
- Lo (I 0 0 ) 0 0 0 0. 0 0 0 0 I 267L 12103 ~ 1888 |2222
7 {thru] O 28 29 36 39 25 9 7 19 27 17 2L || 1933 {1555 | 1399 {1629
16 coj ee] et o) o] e} o)} ==} == -Lf 72| 7 . W 13
MuJ* h - - - - - - - - - - - - - - - - - - - - - - 0 CA 0 0
8 | thruj o ce| el ea]| == e oo | ec|lecea] ca]l c=| o= 11 27 2k 21
L8 | % -co] 2=} == e} me| ce| ce] ee| =< -- - - e = | ea] -
w Ny
1-46 1] 1 63321 5677 | 1313 | 5699 | 7u60 | 7695 | LB37 | 8868 | 9883 7268 | 713 | 2674 | 2103 | 1888 |2222
—1o Il La88| 498k | 5065 | L09 | Lo | S702 | 3326 |6196 | 78uB | S10L | 5283 | 19uk |1582 | k23 1650
A 4 17 88 69 81 6o h 69 710 79 70 (N 73 75 75 L
LE@ — e ﬁ —— . -fv; X A
# I - Intake for the. period, mg.. .
0 - Output in the urine for the period, ags.

€ - Percent of the intake recovered in tne urine for the pericd.
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TABLE &

SULLRY CF SWEAT CULLJCTICN DATA

Lethed Time Collection Sweat. Loas Iodine Concentration
%4 ?;cb: conzg tien (lligpr:-:mt) Interval (Kin.) g/br.# ] Eicrogrm/l?o al.
Total | Walk | Total [opereh m,;:m [Sweate

20 | Thi | Suit 1045 38 30 {1530 | 17 - 0
w | Tho " 1034 38 30 | 179 | 1510 - 258
22 | Thi " 1426 38 30 | 1660 | 40 - o
| " | Tho " U15 38 30 | weo | 1320 - 21
22 [P | o 153 | 37 | 30 | o | 70 - 366
| » | Tho " 1543 37 30 | 150 | 30 - 316
2 | 1a " 1016 36 30 | 100 | 1 - 280
" | Tho " 1024, 38 30 | 183 | 1560 - 206
26 | tul " 1033 76 & | weo | 1290 360 196
o | Fa " 1508 79 60 905 760 505 306
" | Tho n 1042 77 60 | 1820 | 1530 25 110
" | Tho " 1516 7% % | 1336 | 10% 585 319
28 | Dev " 1042 7 6 | 180 | 152 1040 33
" | Dev " 51 69 50 1520 1280 1400 398
* " | Pem " 1030 73 60 | 1850 | 157 520 23
" | Pem " 1459 64 56 | 1720 | w30 790 210
38 | 014 | Sleeve 1438 62 62 - 257 1500 658
" | Sce n L3 50 60 - W7 870 326
43 | Bur n 1510 15 15 - 96 - 367
n | Del " 1508 16 16 - 13 - 295

»  * Sweat lodine corcentrrtion calculated on the total weight loss uncorrected for 00

Incl. #,

excess or respir.tory tract evaporation.
TABLE 6
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TLBLE 7
JIODILZ CULCOETRATION IN SwiaT FROM THS aHOLS MAN AND FRCM: THE ARM

_ Collection Sweat Loss # Iodine Concentration
Xethod Interval (¥in.) g/hr. Micrograms/100 ml.
_ Zxpe. | Subject of Tire
Day Collection| (Lidyoint) Unevapor- Plasma
Total Welk Total ated (Interpolated ) Sweat®
45 Bur Suit ﬁ 1013 40 30 1880 1530 g5C 281 .
" Bur Sleeve 1047 ) 15 - 208 910 394
" Bur Suit 1525 42 30 1660 1480 1240 398 | ™
. ™
- Bur Sleeve 1559 15 15 - 208 1620 475 &
. ~
" Del Suit 1022 38 30 24,80 2150 620 223
n Del Slaeve 1054 15 15 - 220 720 295
n Del Suit 1535 39 30 24,80 2010 " eeo 237
" Del Sleeve 1607 15 15 - 1es . 900 305

*+ SYweat iodine cocncentration calculated on the total weight loss uncorrected for CO, excess
or respiratory tract evsioration.

-

Incl. ‘b




TAELE 8

) APFROXIMATE IODINE BALANCE
See Toxt for Msthods of Zstimation

JODINE BALANCE

b1 ] ourT

’ # Correspond to same intervals as in Table §

Inci. #, ©

x tﬁg‘.
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TADLE 2

RECCVERIES OF KX ADDED TU FLASMA, PLASMA PILTRATE, URINE AND WATER

* MICROGRAKS JODINE
4 ¢ No. of Determined Per Cent
Added Exgperi- Added Icdine
to ments Avg. 8.D. Recovered
' PER 100 ml, PLASMA
2 751 73 - 95
A INgY 445 - 95
Plasma L T 38, - 102
Before
| Precipitation 2 285 266 - 93
: 2 95 95 - 100
. 2 725 | Vs - 113
) 89 380 366 $ 8.4 96
35 76 7 3 5.1 96
Plasma
Piltrate 20 19 20 $ 34 105
20 nl.
20 9.5 104 $1.9 110
K PER SANPLE
" lurtne 02m1. | 3 1.90 1.85] o8| 9
Olml. | 10 0.95 0.97] gc.us| 102
2 .| 22 0.76 0.70| go0a:3| 92
1 ). ¢ 0.38 0.31| go0.019| 82
TABIE 9

Incl, #‘0
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HEART RATE REGTAL TEMPERATURE, AND HOURLY WEIGHT LOSS
BY 3-DAY PERIODS

CooL
CONTROL T O T

BUNRSOLINE l cOooL
:!}Lcourno-

ROOM
TEMP

908 82 692 9C7 904 908

3

+

W

70.0
|
94.%

-y

.

AVG. HEART RATE BEATS PER. MINUTE

I

AvG. RECTAL
TEMPERATURE

A/G WT LOSS gm /hr

A7 1o, 2234 2648 294
EXPERIMENTAL 0AY

36-30 4042 4345 47-49
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BASAL METABOLIC RATE

THE EFFECT OF BUF™T
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PLASMA IODINE CONGCENTRATION, IODINE INTAKE AND URINE OC._.EK._.
GROUP A- AVERAGE OF 3 MEN, GROUP B- AVERAGE OF 10 MEN |
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CONCENTRATION OF IODINE IN SWEAT AS A FUNCTION OF PLASMA -

IODINE CONCENTRATION
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