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INTRODUCTION 

There has been relatively little investigation of the environmental 
effects of living at depths greater than 300 feet. That data which is 
available has usually been obtained during brief exposures to depth and 
on only a few subjects. In the past, conclusions that man could live 
and effectively work without detrimental effects to himself in a helium- 
oxygen environment at great depth have often been empirically derived. 

TpruMÏ??! 1S57 t0 May 1968* The DEEP SUBMERGENCE SYSTEMS PROJECT 
TECHNICAL OFFICE conducted a series of saturation dives at the U.S. NAVY 
EXPERIMENTAL DIVING UNIT. These dives were designed to train and select 
aquanauts for the open sea SEALAB III experiments as well as to measure 
the psychophysiological effects on man's ability to work at great depths. 
The psychophysiological research program during these dives was conducted 
by the DEEP SUBMERGENCE SYSTEMS PROJECT TECHNICAL OFFICE MEDICAL DEPART¬ 
MENT with the assistance of the EXPERIMENTAL DIVING UNIT, the NAVAL MEDICAL 
RESEARCH INSTITUTE, BETHESDA NAVAL HOSPITAL and tha NAVAL RESEARCH 
ORATORY. This research program represents the most extensive effort yet 
undertaken to determine the effects on the man living at very high 
pressures in a helium-oxygen environment. 

The purpose of this Summary Report is two-fold. First, it is designed 
to present the scope of the research program undertaken during the SEALAB 
saturation dives. Secondly, it will review those areas where physiological 
and psychological changes were found, and those areas where no changes 
were observed. ® 

The data in this preliminary report was obtained during 14 saturation 
dives, ranging in depth from 200 feet to 825 feet. Psychological studies 
were conducted during "wet" excursion dives to depths of 300, 600, 825 
and 1025 feet. Over 25,000 biomedical observations and measurements 
were obtained in the course of these dives. 

Most of the data in this report has not been subjected to an 
extensive statistical analysis. It is felt though that such analysis 
will only confirm the conclusions presented in this report. Statistical 
anaxysis is presently being performed and will be given in the final 
reports. 
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BLOOD STUDIES 

General Introduction: 

A comprehensive survey was undertaken to evaluate the effects of deep 

saturation diving on the formed and chemical elements of the blood. 

Blood samples were obtained at least once pre-dive and again post-dive, 

and usually daily in-dive. All samples were obtained by means of veni¬ 

puncture at 1800 hours following a six hour fasting period. The specimens 

of whole blood were then placed in appropriately prepared and vented 

Vacutainer tubes. Blood sample decompression was at a rate of 15 ft/min. 

This rate has been found to produce no foaming or hemolysis of whole blood 

specimens. After reaching the surface, clotted blood specimens were doubly 

centrifuged and the serum required for the chemistries was pipetted off. 

All samples which were not immediately analyzed were refrigerated until 

delivery to the appropriate laboratory. When possible, all analyses were 

performed within 18 hours after the specimens were collected. 

Hematology 

The following studies were done daily on each subject with the exception 

of the 200 foot saturation dives when only pre- and post-dive specimens were 

obtained: Hematocrit, hemoglobin, total white cell count and differential 

white cell count. 

The number of subjects sampled during each series of dives was: 

24 samples 

360 samples 

90 samples 

12 subjects 

32 subjects 

5 subjects 

200 ft. 

450 ft. 

600 ft. 

Reticulocyte counts were performed sporadically during the 600 foot dive 

noted above, and every other day on five subjects during an 825 foot 

saturation dive. All studies were performed immediately after decompression 

of the anticoagulated blood specimens. All analyses were made by laboratory 

technician Hospital Corpsmen attached to the Deep Submergence Systems Project 

Technical Office and to the Experimental Diving Unit. 

No individual or group changes were found in any of the above studies which 

might have resulted from the saturation exposures. 
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Blood Chemistry Studies 

The following determinations were made 

serum by the Clinical Chemistry Laboratory 
on specimens of doubly centrifuged 

at Bethesda Naval Hospital: 

a. Sodium 

b. Chloride 

c. Potassium 

d. Carbon dioxide content 
e. Total protein 

f. Albumin 

g. Calcium 

h. Alkaline phosphotase 

i. Total bilirubin 

j. Urea nitrogen 

k. Glucose 

l. Glutamic-oxalacetic transaminase 

The SMA-12 autoanalyzer, an automated system which requires only small 
amounts of serum was utilized to make the above determinations. 

The number of subjects sampled during 

200 fts 12 subjects 

ft. ; subjects 

600 ft. 5 subjects 

No changes were apparent in the above 
saturation dives. 

each series of saturation dives was: 

72 samples 

360 samples 

90 samples 

parameters as a result of these 

íanpn!termÍnaíÍOn! ?f SerUm haPto8lobins, lactic acid dehydrogenase with 

monoxideMp p!lospholiP^ds’ lipoprotein distributions and blood carbon 

.tti^róf "•These studies win be discussed in 
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LACTIC ACID DEHYDROGENASE 

Total serum LDH determinations and isoenzyme distributions were 

performed in order to ascertain whether saturation exposures using 

helium-oxygen mixtures cause any tissue damage detectable by these 

methods. 

These analyses were performed in the clinical chemistry laboratory 

at Bethesda Naval Hospital on the following number of subjects. 

200 foot 

450 foot 

600 foot 

825 foot 

8 subjects 48 samples 

24 subjects . 10 samples 

5 subjects 40 samples 

5 subjects 40 samples 

In contradistinction to the reported increase of the total LDH 

during SEALAB II (2), no significant change was noted during any of these 

exposures. During the 200 and 450 foot saturations the isoenzyme 

distributions remained normal (Fig. 1). However, a definite increase 

in LDH^ (myocardial fraction) was found during the 600 and 825 foot 

exposures (Fig 2.). This increase would ordinarily mean that damage 

to the myocardium had taken place, but in this case no firm conclusions 

can be drawn for several reasons. First, it was discovered, shortly 

after the 825 foot exposure that the dye used in staining the electrophoretograms 

was defective. The second post-dive sample was done using a new dye mix and 

was normal in distribution, while all the others, including the pre-dive 

samples showed the abnormal pattern. This may or maynot have been the cause 

for the change in the distribution late in the 600 foot dive. Secondly, all 

speclaens were refrigerated prior tc analysis and it is possible that cold 
may change the isoenzyme distribution. 

Further work in this area is planned during SEALAB III. 

4 





L
A

C
T

IC
 

A
C

ID
 

D
E

H
Y

D
R

O
G

E
N

A
S

E
 

IS
O

E
N

Z
Y

M
E

S
 

D
U

R
IN

G
 S

A
T

U
R

A
T

IO
N
 

D
IV

E
S

 

I 



HAPTOGLOBINS 

The investigation of serum haptoglobin levels was undertaken as 
another means of determining whether hemolysis was occurring in these 
slightly hyperoxic exposures. A fall in the hemoglobin binding capacity 
of haptoglobin indicates that hemolysis has taken place. 

The serum from venous blood samples was analysed in RADM CALVER's 
physical Chemistry Laboratory at the Naval Medical Research Unit on the 
following numbers of subjects. 

18 subjects 84 samples 
24 subjects 168 samples 
5 subjects 90 samples 
5 subjects 45 samples 

There were no significant changes noted during either the 200 or 825 foot 
exposures (figs 1 & 2). During the 450 and 600 foot exposures, however, 
there was a rise in the haptoglobin levels on the 3-4 day of each dive (Fig 3&4). 
These elevated levels persisted throughout the entire 450 foot exposures and 
immediate post-dive samples. The levels during the 600 foot exposure tended, 
during the last 2 days of decompression, to drop and post-dive were at the 
same level as the pre-dive samples. 

The important conclusion that can be reached from these findings is 
that no hemolysis occurred during these exposures. The rise in the hemoglobin 
binding capacity during the 450 and 600 foot exposures is, at this time, 
unexplainable. High levels of haptoglobins are known to occur during 
inflammatory processes but there was no other evidence many of these subjects 
of such a process. No correlation was found between the types of haptoglobins 
and the changes. Further work will attempt to provide an explanation for these 
findings. 

200 foot 
450 foot 
600 foot 
825 foot 
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BLOOD CARBON MONOXIDE STUDIES 

A study was undertaken to determine the carboxyhemoglobin levels: of 
subjects during long saturation dives. Such a study was considered 
desirable for the following reasons: First of all, elevated levels of 
carbon monoxide were reported in the habitat atmosphere of SEALAB II (2). 
Concurrent with this elevation there was a marked increase in the incidence 
of severe headaches among the aquanauts. Despite this experience it has 
never been satisfactorily resolved whether the physiologic effects of 
carbon monoxide are dependent upon its partial pressure or upon its 
percentage concentration. Secondly, the effect of a slightly hyperoxic 
state upon the affinity of hemoglobin for carbon monoxide is unknown, 
hirdly, the degradation of the heme molecule is known to produce carbon 

monoxide as a metabolic byproduct. It was considered important to know 
whether this process represented a significant and serious source of 
atmospheric contamination of carbon monoxide during long, deep saturation 
dives. Lastly, determination of carboxyhemoglobin levels in man has been 
shown to be a sensitive test for detection of the presence of intravascular 
nemolysis in man. 

In order to investigate this area, specimens of whole blood were 
analyzed for carbon monoxide by the Physical Chemistry Laboratory of the 
Naval Medical Research Institute, under the direction of Dr. F. RODKEY and 
LCDR R. ENGEL, MC, USNR. Chamber gas samples were obtained at the same 
time that the blood samples were drawn. These gas samples were analysed 
by the Chemistry Division of the Naval Research Laboratory 

The following number of specimens was obtained during each series of 
saturation dives: 

200 ft. 
450 ft. 
600 ft. 
825 ft. 

12 subjects 
20 subjects 
5 subjects 
5 subjects 

72 samples 
180 samples 
90 samples 
50 samples 

On the basis of the data obtained it appears that the follov.'ing statements 
can be made. First, there is no evidence of intravascular hemolysis resulting 
from these prolonged exposures to a slightly hyperoxic environment. Atmospheric 
levels of carbon monoxide rose steadily throughout the dives. This was probably 
due to the metabolic production of carbon monoxide. Metabolic production of 
carbon monoxide does not appear to oe of significant quantity to produce 
dangerously high levels of carbon monoxide over a two week exposure period. 
Blood carboxyhemoglobin levels of smokers and non-smokers were found to 
equilibrate after approximately 24 hours confinement in a hyperbaric chamber. 

Next, it appears that the saturation of hemoglobin with carbon monoxide 
is directly related to the partial pressure of carbon monoxide in the atmosphere. 
Lastly, the slight degree of hyperoxia present during these dives did not appear 
to appreciably alter the affinity of hemoglobin for carbon monoxide. 

This study will be continued during SEALAB III to better delineate this 
area during a 2 month exposure period. 



BLOOD COAGULABILITY STUDIES 

Changes in bleeding and clotting times have been noted in animal 
experiments at extremely high pressures (4). During a 600 foot saturation 
dive with 6 d«.ys of bottom time, a study was therefore undertaken to 
investigate b, rod coagilability in men exposed to high pressures of a 
helium-oxyger ftmosphere. 

The procedures of this study included a standard bleeding time using 
an ear lobe puncture, and a standard three tube (Lee White) coagulation 
time. Five subjects were studied pre-dive, post-dive, twice at 600 feet, 
and three times during the decompression. All tests were performed by a* 
physician. 

No changes in either bleeding time or coagulation time could be 
demonstrated during a 6 day exposure to 600 feet. 

13 



BLOOD LIPID STUDIES 

During an 825 foot saturation exposure blood specimens were 
obtained from 5 subjects for a study of stress reaction as reflected 
by changes in the blood lipids. Analysis of the samples is being 
performed by the Environmental Stress Laboratory of the Naval Medical 
Research Institute for individual phopholipids, lipoprotein distribution, 
neutral lipids and haptoglobin levels. Blood samples were obtained at 
1800 hours after a six hour fasting period pre- and post-dive, and every 
other day in-dive. 

No results as yet available for inclusion in this report. Results 
of these studies will be presented in the final report of these saturation 
dives. 

14 



URINALYSIS 

. Fre!h^ volded urine specimens were collected at least once ore- 
and post-dive, and daily in-dive at approximately 1800 hours XL 
specimens were decompressed along with the blood samples 

attacheS8toetíeS SeeD°Snbd ^ Uboiatoc>' ^^"l^an Hospital corpsmen 

to the^xperimental^lvlng^nit? ^ TeChniCal 0f£lCa aai 

a. Appearance 

b. pH 

c. Glucose 

d. Protein 

e. Occult Blood 

f. Microscopic examination of centrifuged specimens 

The number of subjects studied during each series of dives was 

12 subjects 24 samples 

32 subjects 360 samples 

5 subjects 90 samples 

Urinalyses remained within normal limits throughout the above 

saturation exposures. No changes were found which might have resulted 

from these deep saturation dives. 

200 feet 

450 feet 

600 feet 
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FLUID INTAKE AND OUTPUT 

It has been reported that two subjects experienced a marked diuresis 
during a 650 foot dry saturation dive (1). This diuresis dramatically 
disappeared during decompression. 

Diuresis during water immersion is a well recognized phenomenon. 
A 10% decrease in plasma volume has been reported during a six hour period 
of immersion (3). Changes in intravascular fluid volume could conceivably 
alter the rate of inert gas uptake and elimination, and thus affect decom¬ 
pression. Therefore, during two 450 foot saturation dives with 600 foot 
excursions, eight subjects measured and recorded their fluid intake and 
urinary output for the entire in-dive period. Intake and output measure¬ 
ments were also obtained for the 24 hour period immediately pre- and post¬ 
dive. Fluid intake was estimated by knowing the capacity of cups, soda 
cans, etc. Urinary output was measured with an ordinary measuring cup. 

The results of this study showed a definite decrease of fluid intake 
throughout the in-dive period. Urinary output decreased during the initial 
24 hour in-dive period. However, during the remaining in-dive period, 
output was generally slightly greater than the volume of fluid intake. In 
these dives there was certainly no sudden diuresis upon compression. 

It is felt that the decreases in fluid intake and increases in urine 
output resulted from the very high humidity during these dives which 
markedly reduced insensible water loss. 

16 



BLOOD PRESSURE AND PULSE 

Bradycardia has been reported to occur in divers during deep 
saturaticn exposures (1). Therefore the pulse rates and blood pressures 
of eight subjects were measured throughout two 450 foot saturation dives. 

RadialLreSSrWere taken Wlth 3 Standard aneroid sphygmomanometer. 
Í 8 Were C0Unted f0r 30 seconds and doubled to obtain a 

one minute pulse rate. All measurements were made by only one person 
and with the subject lying supine, both blood pressure and pulse rate 
were measured every four hours in-dive and every 4 hours during the 24 
hour period immediately pre-dive. * 

No changes could be demonstrated in either the blood pressure or nuise 
rate of these subjects, other than those which might be expected to result 
from the limited degree of activity permitted by ch.mber confíneme« 

17 



VENTILATORY DYNAMICS STUDY 

Because of the need for deep diving operations by the 
U.S. Navy it is necessary to know the limitations which are 
imposed upon human respiration by breathing high pressure 
helium-oxygen mixtures. There is little information presently 
available concerning the effects on the ventilatory dynamics 
of men breathing dense mixtures of helium and oxygen. 

Increased work of breathing and increased airway resis¬ 
tance may be expected to result from the greater density of 
gas. In practical diving the additional resistance in the 
tubes and valves of the diving equipment has to be taken into 
account. These further increase the total respiratory resis¬ 
tance and hence the total respiratory work. As man dives 
deeper, the acceptable breathing resistance of diving equip¬ 
ment must become progressively less in order that adequate 
ventilation and pulmonary gas exchanged can be maintained. 

The primary objective of this study was to quantitate 
the increase in pulmonary resistance occurring while breathing 
helium-oxygen at high pressures. Such quantitation would better 
define the acceptable resistances of diving equipment. 

A secondary objective was to examine the ventilatory 
effects of breathing neon at depth. Neon is an inert gas 
of low narcotic potency and offers poiaible advantage a in Multiple 
gas decompression from deep helium dives. 

The basic equipment used was a low resistance wedge 
spirometer, Model 270 (Med-Science Electronics, Inc.) used 
without CO2 absorbent. A smooth-bore breathing tube, 2" in 
diameter, and a large bore mouthpiece were used to maintain 
the low resistance characteristics of the system. Esophageal 
balloons, 1.2 cm. in width and 10 cm. in length, were affixed 
over the distal end of an 80 cm. length of polyethylene ca¬ 
theter. Multiple small holes had been made in the length 
of the catheter covered by the balloon. The pressure dif¬ 
ference between the mouthpiece airway and the esophagus was 
measured with a Sanborn differential pressure transducer. 
The electrical signals for volume, flow and the differential 
pressure were fed simultaneously into a Model 150 four chan¬ 
nel Sanborn recorder. 

18 



Volume calibration was performed prior to each use by 
injecting and withdrawing 7,000 cc of gas into the Wedge 
with a 1,000 cc syringe. Both volume and flow were also 

electronically calibrated. Flow calibration was checked 
oy calculating the slope of volume change. The pressure 
transducer was calibrated with a water manometer before 
each use. 

Seven normal male divers served as subjects for the 
entire study. Measurements of only lung volumes and forced 
expired volumes were obtained on three additional divers. 

Measurements were obtained on each subject who parti¬ 
cipated in the entire study while breathing quietly, during deep 
and fast respiration and while performing three forced maxi¬ 
mum expirations. After these maneuvers had been performed, 
the subject continued breathing from the Wedge and a gas 
sample was taken from the mouthpiece for analysis. 

mixtures used pre- and post-dive were 30% oxygen, 

haiînïo heHUm¿ 30!.oxy?en' balance nitrogen; and 30% oxygen, 
balance sulfurhexafluonde. Measurements of static pressure 
voiume properties of the lungs were made while the subject 

aur* At dePth' the breathing mixtures were 
either the chamber atmosphere (which consisted of 0.3 atmos- 
pheres of oxygen, 1.2 atmospheres or less of nitrogen, with 
the balance helium) or pure neon with O.35 atmospheres of oxygen. 

The same experimental procedure was followed at depth 
as pre- and post-dive, with the exception that static pressure- 
volume curves were not measured in-dive. Measurements were 
obtained on the subjects participating in the entire study 
in the following sequence; * 

a. 24 hours pre-dive (7 subjects). 

b. At 825 feet breathing the chamber atmosphere and 
breathing neon-oxygen. (4 subjects). 

c. At 750 feet breathing the chamber atmosphere (4 
subjects). v 

d. At 600 feet breathing the chamber atmosphere and 
neon-oxygen (7 subjects). 

e. At 450 feet breathing the chamber atmosphere and 
neon-oxygen (7 subjects). 

19 



f. At 300 feet breathing the chamber atmosphere and 
neon-oxygen (7 subjects). 

g. At 150 feet breathing the chamber atmosphere and 
neon-oxygen (7 subjects). 

h. 2-3 hours post-dive (7 subjects). 

In order to change from one gas mixture to another, the 
Wedge was filled with ten liters of the gas to be used. The 
subject then performed a series of maximum expiratory vital 
capacities to the atmosphere and maximum inspiratory vital 
capacities from the gas filled Wedge in order to wash out 
the lungs. After the final wash-out breath the Spirometer 
was left filled with 7-1/2 liters of the gas mixture, and the 
subject performed the maneuvers of the experiment. 

The following data is, or will be, available from the 
measurements obtained on each of the seven subjects at each 
depth, breathing each of the gas mixtures. 

a. Vital Capacity. 

b. Forced Expired Volume in 1.0 second. 

c. Maximum expiratory flow rate. 

d. Volume at maximum expiratory flow rate. 

e. Maximum mid-expiratory flow rate. 

f. Inspiratory Reserve Volume. 

g. Expiratory Reserve Volume. 

h. Volume - Flow loops and their interpretation. 

i. Dynamic Compliances. 

j. Pressure - Volume loops and their interpretation. 

k. Pulmonary resistance. 

l. Work of breathing. 

m. Isovolume pressure - Flow curves. 

20 



n. Static pressure - Volume curves, pre- and post-dive. 

The following data and calculations are available on one 

suM«rîcPre"d^e and^frc,m 825 feet to the surface, and on two 
subjects pre-dive and from 600 feet to the surface: 

a, 

b, 

Vital capacity. 

Forced expired volume in 1.0 second. 

c. Maximum expiratory flow rate. 

d. Volume at maximum expiratory flow rate. 

e. Maximum mid-expiratory flow rate. 

f. Volume - flow loops and their interpretation. 

frnm inforination has not yet been extracted 
rom the raw data. The Deep Submergence Systems Project 

ANTHONISEN fMCCeuqNRiCaf ^partment' together with LCDR N. 
ANTHONÏSEN, MC, USNR, of the Environmental Stress Division 

Tlal Me?lcal ^search Institute, are presently engaged 
inonï? data analysis required to complete this study. Conse¬ 
quently, only a few results are presented in this report. 

Results : 

of fhIherK-Waf a u™?11 (3_6%) increase in the vital capacity 
of the subjects while at depth. Post-dive vital capacities7 
were also noted to be slightly greater than pre-dive. (Figure 

There was a progressive, linear decrease in the 1 0 second 
»«xmum «pUed volume from sea level to 825 feet while bre«E- 

27% Of^roo7?611; Ai 825 feet this decrement amounted to 
rlL (Figure 2) Maximum expiratory flow 
rate fell to 50% of surface value at 825 feet. (Figure 3) The 
volume at which peak flow occurred was noted to lessen as gas 
ensity increased.(Figure 4) Maximum mid-expiratory flow rate 

progressively fell to 35% of the sea level value at726 atmo¬ 
spheres while breathing helium-oxygen. (Figure 5). 

to 70%aÍfUÍhpeforíÍmU? br?athin9 capacity was found to decrease 
to 70% of the sea level value at 825 feet. (Figure 6). 
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The average dynamic compliances for 3 subjects breath¬ 
ing helium-oxygen mixtures at rest and at increased ventila¬ 
tory volumes are presented in Table (1). 

TABLE 1 

DYNAMIC PULMONARY COMPLIANCES OF THREE 
SUBJECTS BREATHING HELIUM-OXYGEN 

C^ during tidal CL during in¬ 
breathing creased ventilatory 

DePth L/cm H?Q_ volumes L/cm. H9O 

Surface (pre-dive) .255 

150' .199 

300' .215 

.232 

.151 

.267 

450' .203 .197 

600' .215 .181 

Surface (post-dive) .200 .193 

There was no apparent change in pulmonary dynamic compli¬ 
ance in these subjects with increasing depth and length of ex¬ 
posure to a hyperbaric helium-oxygen environment. 

Both inspiratory and expiratory pulmonary resistances 
rose with increase in gas density. Figure (7) presents the 
average increase in pulmonary resistance during resting venti¬ 
lation, measured at a volume of 600 cc. During quiet tidal 
breathing, average inspiratory pulmonary resistance rose to 
3.2 cm H20 at 450 feet from a control value of 1.5 cm. At 
600 feet, inspiratory resistance fell slightly to 2.5 cm. 
of H2O. Expiratory resistance at sea level breathing 30% 
oxygen in helium was 1.85 cm of H2O, and it increased to 5.2 
cm. H2O at 600 feet. 

At elevated ventilatory volumes, mean inspiratory resis¬ 
tance did not appear to appreciably change from that present 
during resting ventilation. (Figure 8). Expiratory resistance 
increased linearly to 6.65 cm H2O from sea level values of 
1.75 cm. 
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Discussion : 

fragmentary pieces of information are presently 

rlmaínblf f^om,thls study as considerable data analysis Y 
remains to be done. J 

HiwocDuri?g so5e of the early 200 and 450 foot saturation 
,;i?erforined at the Experimental Diving Unit, pre- and 

KfÍ7dÍVe measuraments of vital capacity were obtained. 
notPd e^reases (2_3%) in the post-dive vital capacity were 
in vital nme lnles^ators hava reported precipitous falls 

¿xygeí? (2) * exposure to hi^ pressures of helium- 

HeÍthfraÍn_dÍue °r P°st-dive decreases in vital capacity 

were observed "sman StUdy' bUt rather sma11 inc-eases 
Dost-div^hav- ^creases in vital capacity in-dive and 
is £ot r^aSn! preyiously ^een reported (1, 12). The increase 

improvement1!^ ' bUt W6 feel that hi9h motivation and improvement in performance as a physiological subject may be 
partly responsible for this phenomenon in our study. 

e0™íi%ÜXpeSted ^he5e were Progressive decreases in the 1.0 
cond forced expired volume, maximum expiratory flow rate 

?ie changes ^ ^ 35 "aS density°Incret:sed. 
wpn Íh t? ^ 6 Parameters quantitatively agree 
el! with those found by other investigators at 650 feet (1) 

and predicted by Maio and Fahri (13). 

Peak flow occurs progressively earlier in expiration as 

frLd^h y b!comes greater. This phenomenon possibly results 
from the greater mechanical advantage afforded to the^espira- 

tureS?USCleS at fUU insPirati°n by breathing denser gas 

had fan!n5979ep' thfuCalculated maximum breathing capacity 
Turinn lJ- ^ pre-dive sea level value obtained 
Fhfi 9 ïmI0ïy9en breathin9• This decrement is less than 
tu?e rinaM f- y ^1° ^ Fahri (13)for breathing a ga£: mix- 
ture roughly five times as dense as that of sea level air. 

attributablP^n leSSer than Predicted decrement is 
bípaÍMnobÍ! to. the indirect method of obtaining maximum 
breathing capacity in our study. 

durinnyand1Cf?Ulm2nary C10mpliances were not observed to change 
during and after two weeks of breathing a helium-oxygen 9 
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atmosphere at pressures up to 19.2 atmospheres. It would 
appear that the elastic properties of the lungs were not 
altered by this exposure. Compliance has been reported to 
decrease in the presence of pulmonary oxygen toxicity (14) 
We tentatively conclude on the basis of our findings that 
breathing a slightly hyperoxic helium mixture at pressures 
up to 19.2 atmospheres does not alter dynamic compliance. 
Inclusion of the pre- and post-dive static pressure-volume 
curves and of the data on the four other subjects who par¬ 
ticipated in the 825 foot dive should support this conclu¬ 
sion. 

Pulmonary resistive forces appear to increase linearly 
to 600 feet. Inspiratory resistance, measured at about the 
mid-point of inspiration during quiet breathing and at three 
points during deep, fast respiration, was little more than 
doubled at 600 feet. The rather low value at 600 feet during 
quiet breathing may be in error. Further analysis and in¬ 
clusion of the data from the four subjects studied on the 
825 foot saturation dive should clarify this point. 

As expected, airway resistance in expiration was con¬ 
siderably more affected by the increased density of gas. 
It has been suggested that increased expiratory resistance 
during dense gas breathing may be partly due to trapping 
of gas in the alveoli with consequent partial bronchiolar 
collapse during expiration (15). Subsequent data analysis 
will delineate pulmonary resistances at depths of 750 and 
825 feet, and expand those findings thus far obtained. 
Furthermore, the data available on neon breathing in this 
study may permit us to predict the ventilatory limits in 
diving with very dense helium mixtures. 
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EXERCISE STUDY 

This study was undertaken to assess cardiopulmonary 
function during exercise while breathing helium-oxygen mix¬ 
tures from sea level to depths of 600 feet. It is important 
to establish man's ability to perform hard, useful work at 
extreme depths and to seek evidence of changes that may re¬ 
present physiological limitations. There is as yet, a paucity 
of information available concerning the physiological changes 
which occur during sustained heavy work at great depths. 

Methods : 

Two subjects in excellent physical condition partici¬ 
pated in this study. The physical characteristics of these 
subjects are presented in Table 1. 

SUBJECT J.W.M. P.A.W. 

Height 
Weight 
Age 
Vital Capacity 
Max. Breathing 

Capacity 

73" 
190 lbs 
27 
6400 cc 

204 L/Min 

69" 
153 lbs 
41 
5400 cc 

164 L/Min 

Table 1. Physical Characteristics of the subjects 
participating in the Exercise Study 

The conditions of physical activity studied were rest, 
moderate work (450 Kg-m/M) and heavy work (900 Kg-m/M). Each 
subject was studied pre- and post-dive while breathing 30% 
oxygen-balance helium and 30% oxygen-ba_ance nitrogen. The 
measurements obtained at 150, 300, 450, and 600 feet were 
made while the subject was breathing the chamber atmosphere 
which consisted of 0.3 atmospheres of oxygen, 1.2 or less 
atmospheres of nitrogen, balance helium. 

Exercise was performed by pedaling a Monarch bicycle 
ergometer at a constant rate in time with a metronome. A 
Collins Triple-J exercise valve and mouthpiece were used for 
breathing mixture administration. Expired gas was directed 
from the breathing valve through 2-1/2 inch smooth bore tub¬ 
ing, into a dry, rotary gasometer, and then into a 10 liter 
mixing chamber. At sea level while breathing air at venti¬ 
latory volumes of 70 L/min, inspiratory resistance was 1 cm. 
of H2O, and during expiration 1.8 cm. of H20. Ventilatory 
volume measurements were taken and recorded at one minute 
intervals in all the states studied. Respiratory frequency 
was measured and recorded on a minute by minute basis by means 
of a hand counter. 
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Mixed expired oxygen was sampled by a calibrated polaro- 
graphic high output oxygen sensor which was mounted in the 
distal end of the mixing chamber. A constant recording of 
oxygen tension was made on a Gilsen multichannel recorder. 
Mixed expired carbon dioxide was continuously sampled from 
the mixing chamber, through the chamber wall and to either 
a calibrated Beckman LB-1 or Beckman IR 215 infrared carbon 
dioxide analyzer. Output from the carbon dioxide amplifier 
wac connected to a Gilsen recorder. Electrodes were affixed 
to the subject's precordial region and heart rate continuously 
monitored by means of an electrocardiogram and recorded on 
the Gilsen. 

The following general procedure was followed. After 
the electrodes had been attached, the subject rested quietly 
for twenty minutes. After resting state measurements had been 
obtained, the subject performed first the moderate and then 
the heavy work. All work states were of fifteen minutes 
duration. For the first ten minutes of the work period, the 
subject was allowed to reach a "steady-state" status. The 
physiologic measurements presented in this report are those 
measurements obtained during the final five minute steady- 
state period breathing helium-oxygen. 

The following data and calculations were obtained from 
the measurements made on each subject during each condition: 

Ventilatory Volume 
Respiratory Frequency 
Tidal Volume 
Alveolar Ventilation 
Oxygen Consumption 
Carbon Dioxide Production 
Respiratory Exchange Quotient 
Alveolar Carbon Dioxide Tension 
Alveolar Oxygen Tension 
Heart Rate 

Results : (Tables 2 and 3). 

A. Ventilation 

Respiratory minute volume during rest, moderate and heavy 
work remained constant within each activity level from sea 
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crease in avJaa»' (Fl?ures 1 and 2» B°tf> divers showed a de¬ 
tida Ivoin^f 9 resP;rat°ry frequency and an increase in 

FÍom 15? to 605°?eeta ITS t0 150 feet in a11 activity states, 600 feet, both respiratory freauencv and 
volume were unchanged. (Figures 3, 4? 5 and 6? 

B. 
~ygen Consumption and Carbon Dioxide Production 

ido 0ne su^ect's (J.W.M.) (age 2?) oxygen consumption and carbon diox- 

o^nite0 ^utaBls°toetheUincreasing dèptîf6^ his0**^ ^ de' 

ÍvTnÍ°n and4:carbon dioxide production was seen to progressive- 

and MK33" r0,n 300 £e6t t0 the 600 foot dePth. (F^res 9 

C. Alveolar Gases 

changes'at'a 1 r ^rb°n dioxide tension showed only minor 

cise^eS (Figure fn !íUdÍed durin« t6“ and «ith Ler- 
chnwla gU^e ^1' At both rest and m°derate work, P.A W 
showed no major changes in alveolar carbon dioxide 

don2?<- uring hard work was not affected by increased qas 

to 2 ^Hg1 aaVmm « tMS dePth ' PAC02 rose9 
depthsf "Tpigure Lr ^6336 ^ that Seen “ shaIl°"at 

Heart Rate 

Mn r.üfart rate increased linearly with increasing work load 
No changes; were noted though that could be attributed to the 
increase in ambient pressure. 

Discussion; 

oerHei^TJ1 íÍ9h Preasure may possess pharmacological pro- 
pe ties, and stress and relative inactivity may affect cardio- 

of toisrexperimentaín eJerdise' but the Predominant variable 
in the densitv ”asJthe progressive increase 
Of breathina ï d^n^ breathln^ medium. The increased work 
rp^nnnf» 9 d ^ Produce changes in ventilatory 
tion°andfhearers^0naUin^tÍOn' alveolar carbon dioxide produc¬ tion ana heart rate during exercise. 
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A. Ventilation: 

Impaired pulmonary ventilation may result from breath¬ 
ing dense gas mixtures. It is impressive that men can re¬ 
spire more than 70L/min of a helium-oxygen mixture for pro¬ 
longed periods at 600 feet. Within each activity level in 

this stuay, respiratory minute volume appears little affected 
by the increased density of gas. 

From 150 feet to 600 feet, tidal volume and respiratory 
frequency did not seem to be influenced by the increasing 
ambient pressures. The initial decrease in rate of respira¬ 
tion and increase in tidal volume from sea level to 150 feet 
is characteristic of the breathing pattern reported for divers 
adjusted to high pressures (8). 

B- Oxygen Consumption and Carbon Dioxide Production: 

An increase in the work of breathing should reflect itself 
by an increase in oxygen uptake. In this study, J.W.M. did 
not demonstrate any apparent increases in oxygen utilization 
for any activity level from the surface to 600 feet. P.A.W. 
maintained a constant oxygen consumption during the resting 
state and during moderate work at all depths. His apparent 
progressive increase in oxygen uptake during heavy work at 
depths greater than 300 feet is quite likely the result of 
increased work of breathing at high ventilatory volumes. This 
subject was the smaller of the two physically dissimilar men, 
and would probably be more affected at high work loads by 
increased gas density. 

Chenges in the carbon dioxide production of both subjects 
with exercise paralleled the changes seen in oxygen uptake, 
which supports the validity of measurements. 

C. Alveolar Gases: 

Except when P.A.W. performed hard work at the 600 foot 
depth, carbon dioxide retention was not observed. At 600 
feet during heavy work, this subject's carbon dioxide produc¬ 
tion was over 3 L/min, while respiratory minute volume was 
not increased. Therefore an elevation in alveolar carbon 
dioxide tension was most likely present. 

Other investigators (1) have found significant increases 
in the alveolar carbon dioxide tension of subjects exercising 
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oxygen mixtures atW650WfeetleVThS Í*116 breathin9 helium- 

for obtaining false low^sure^ntTor^ UkelY feaS°nS 
faulcy carbon dioxide analvsiq* ^C02 ar6. 

of physiologic dead space in exerciJ2 tI°SS erestimation 
accurate C02 analysis wa^ „nifï Í Ifc 13 felt that in- 
assume that2values for Pfi ln thlS studV* We can 

as they were measured onA?R¡ surfïr/h^1119 State are Valid 
sampling and C02 analysis th» f by.means of end-tidal 
of the subject ' s dead sia^ T,he. ^s^P^on of the knowledge 
into our calculations of ai r flng exercise, which enters 
was based on the dead sLll t il dÍOXÍde tension, 
and on an estimated physioloafr^6 5reathln^ valve (300 cc) 
average tidal volume. 9 d6ad space VD based on the 

tensions foínd by^^her investi6 alveolar carbon dioxide 
(1) These investigators ^ falselY hi^h‘ 
exercise to determine PA T..end“t^dai sampling during 
to give erroneously hiqèC$iinpqhfS method has been reported 
tension in the exercise state c^bon dioxide 

D* heart Rate; 

depths of OSO^eet? ^his^hen1^ ln restin9 subjects at 
in this study, with exercise at^enth0“^ n0t be demonstrated 
in essentially the samemínnL Eth' heart rate nesponded 
that there is no special cârdfeîL“,S6a leVe1' saW«?ing 
moderate and heavy work to deptns o? eSo'felt? reSUltin5 from 

Conclusions and Recommendations; 

1. 

2. 

3. 

thaN^ant^re^hlírheíS-o^686 tWO SUbjeCts ««cates 
strenuous work at depths to 600^' can Perform 
tion, significant Son Side ret/î“10“ ^P^ntila- 
cardiovascular stress. etention or additional 

in Study toXth^o^or^t ad«tiOTal aubieots 
confirm the findings presented in íñ- ThlS Wl11 hoPe£ully 
data for statistical analysis 1S rep0rt and Pr°vide mo 

ofPthe actuaíaphysiologichdladtUdy WaS the determination 
subject breathing a h?aÍ a . PaCe ln the ««cising 
SYSTEMS PROJECT TECHNICAL OFFICE n^' Ihe DEEP SUBMERGENCE 
to clarify this area plans tQ dndcttake a study 
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HUMAN PERFORMANCE EVALUATION PROGRAM 

Background : Under the direction of DSSP and ONR, Lieutenant 
Berghage, MSC, USN, at the U.S. Navy Experimental Diving 

Unit, has for the past year been testing SEALAB III divers 
on a variety of performance tests. These measures are being 
taken in an attempt to assess and quantify the ability of 

man to perform cognitive and perceptual motor functions in 
extreme hyperbaric environments. By administering these syn¬ 
thetic tasks in a laboratory situation, it will be possible 
for the divers to concentrate completely on real work in the 
open s-ja experiment. 

Procedure : Four areas of human performance have been investi¬ 

gated. The selection of these areas was based upon the types 
of task that will be required of SEALAB III divers. No attempt 
has been made to obtain highly sophisticated measures of pri¬ 

mary human abilities. This degree of complexity is being ex¬ 
plored under another DSSP program. For each ability area a 
single performance test we.s selected, based upon consideration 
of easy administration and test durability. The following are 
descriptions of the actual tests used and what they are re¬ 
ported to measure: 

1. Bennett Hand-Tool Dexterity Test. A measure of pro- 
ficiency in the use of wrenches and screwdrivers. 
On the left-hand upright of the metal frame are mounted 
four bolts of each of three sizes. The task is to 
take apart the twelve fastenings and to reassemble the 
nuts, washers, and bolts in the right-hand upright. 

2. Purdue Pegboard, peveloped by Science Research Asso- 
ciates, 1943) as a measure of fine finger dexterity in¬ 

volving two hand coordination. Only the assembly sub¬ 
test is being used in the SEALAB III laboratory ex¬ 
periments. An assembly sequence consists of a pin, 
washer, collar, and washer using right, left, right, 
and left hands. The score is the number of parts 
assembled in 60 seconds. 

3. Digit Symbol Test. As a test of associative memory 
the Digit Symbol Test is to be found in a large vari¬ 
ety of intelligence scales, the most formidable being 
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the Wechsler Adult Intelligence Scale. The sub¬ 
ject is required to associate certain symbols with 
certain other symbols, and the speed and accuracy 
with which he does it serve as a measure of his in¬ 
tellectual ability. Administration of the test 
takes 90 seconds. 

4* TaPPing Test. Used to measure the speed of volun¬ 
tary hand wrist and arm movement. Its inclusion 
in the experiment was primarily as a measure of 

the retarding effects of water viscosity on hand 
and arm movement. The test consists of two 4 1/2" 
square stainless steel plates mounted on a wooden 
base eleven inches apart. The subject taps, as fast 
as possible, alternate plates with a metal stylus. 
The performance score consists of the total number 
ot contacts m a thirty second time period. 

Because of wide variability between divers in their 
level of motivation and their ability to adapt to stressful 

clSJions1fromVthen"'ent' .V® Very difficult to dra'" firm co.,- 
been œllec?ed andprs data; !ioweveri 518 data points have 
“!n fnd some general trends have been observed and 
are outlined below and in the enclosed table: 

!. Performance in the water was less effective than on 
dry land in all four tasks. The following mean de¬ 
crements have been observed in the water. 

a. Hand Tool Dexterity 

b. Purdue Pegboard 

c. Digit Symbol 

d. Speed of Tapping 

24% 

16% 

14% 

14% 

2. As the divers proceed to depth the performance picture 
becomes less clear and variations between individuals 
increase. There is a very gradual non-specific 
decrease in measured performance at the rate of about 
1-1/2 percent per 100 feet. As would be expected, the 
associative memory task showed the greatest decrement 
while the fine motor dexterity showed the least. 
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All cf the above findings are very tentative and far from 
firm conclusions, but indications are that man can effectively 
perform down to depths of 1,000 feet and beyond. 
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HUMAN LEARNING AND MEMORY STUDY 

Experienced Navy divers from the SEALAB program learned 
a memory task under ambient and hyperbaric conditions in order 
to study the effects of high pressure and he02 on information 
processing in man. The task consisted of ten series of num¬ 
bers paired with pertinent diving and salvage information, 
such as depth and time of dive and weight and volume of a 
sunken vessel. The numbers were 3, 4 and 5 digits in length. 
The divers were given five minutes in which to learn the 
paired items on a study sheet, and two minutes to complete 
two practice sheets, using the study sheet as a guide. The 
divers were then retested for memory thirty seconds, five 
minutes, and sixty minutes later. The tests were adminis¬ 
tered on the surface, and at simulated depths of approximately 
100, 600 and 825 feet. The divers breathed He02 at all depths. 
The study was conducted by an experimental psychologist of 
the Experimental Diving Unit, Lieutenant R. Biersr.cr, MSC, 
USN. 

The results (see enclosed Table A) indicate that long¬ 
term memory (measured sixty minutes after original learning) 
is significantly altered at great depths on He02. Early stu¬ 
dies revealed no significant differences in error scores ob¬ 
tained from the thirty second and five minute retesting ses¬ 
sions under any depth or surface condition, prompting the 
elimination of the thirty second retesting sessions from 
later experiments. Moreover, no differences were found be¬ 
tween surface control and depth control (100 feet) conditions. 
The data from these two control conditions have been com¬ 
bined on the enclosed table. This table further shows that 
short-term memory (retested five minutes after learning) 
varied little under any of the testing conditions. Only long¬ 
term memory changed, and did so only at great depths. 

The significant effect, therefore, is a latent one, and 
does not represent a general learning or memory deficit. It 
is possible that this change is related to stress or motiva¬ 
tional factors, but it is more likely due to some physiologi¬ 
cal effect of high pressure or He02. 

Although the diver« showed a significant memory change 
at 825 feet, this was noticeably less than that shown at 600 
feet. This probably reflects a sampling error related to 
the small number of divers tested at this depth. 
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hí/rto*118 8ÍUÍ? BU88estB that long-tem inforaAtion processing in nan is 
highly unstable at great depths on HeO«. Divers cannot be expected to 
remember newly learned information for2extended periods of time under „„„v, 
conditions. If th. sltuntlon require, diver. ?Ln^ m". 

ÄM«r^^:hOUld int'rV">e ietV"" th* Uml^ performance 
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TABLE A 

Mean Error Scores of Divers under Various Conditions 

Time Retested after Original Learnin* 

Depth at 
V/hich Tested 5 mins, 60 mins. 

Control Conditions 
(Surface and 100 feet) 

600 feet 

825 feet 

35,0 30.4 

33.6 86.8 

26.1 58.2 



VISUAL STUDIES 

Hi™ dy ¡¡f ! visual function of divers during an 825 foot saturation 
dive was conducted by LT J. KELUI, MC, USNR, of the Experimental Diving Unit 
This experiment was designed to detect defects in visual function which 
might result from the high inert gas partial pressure and from the effects 

f living in a confined enviroment tor prolonged periods. 

Knowledge of the size, simpe, color and luminosity of oblects in the 

toVothereoM aî°n8 HÍth position and movements in space in relation 
o other objects and to the observer, is obtained by means of sight. These 

processes^6 °btained by 8eries °f comPlex neurophysiological and motor 

Visual changes have previously been reported in the presence of inert 
gas narcosis. During nitrogen narcosis the frequency at which a flickering 
light is perceived as being steady (flicker fusion) is less than that in tL 

“?7ja{;C°Jlzed subJect* (6) Some investigators have predicted the onset of 
mild helium narcosis at a depth of 450 feet and the presence of severe 
helium narcosis al 1350 fact, the effects of which would be equivalent to 
air breathing at 300 feet. (7) ^uivarenc to 

rennifpHCÎemrî/?^VifUal ^ tendency toward «^otropia have been 
reported in individuals serving aboard submarines. (16) It has been 
suggested that this phenomenon is related to the limited range for viewing 

mÍcu r hUS i®®7®3 are alwayS accomodating and always converging, a 
circumstance which may cause a relatively fixed posturing of tJuTcrystalline 
ens in an accomodative state and a neuromuscular tendency to over convergence. 

METHODS: 

in t-h»«liCiw,/®8tin8 time and instrument limitation were considerations 
^es® preli,nijajy tests- All tests were performed on the surface prior 

^Äi^fi^isiciT'“and P08t-dl- Fo- —1 -- 

âou«ío“;rídu:tti«:t':lth red 8lass> Madd°i1 “ine 

2. Visual acuity was examined 20 feet and 14 inches, 

cbjcco °n a P°rtabla ^ perl"eter (”hlte 1 ■" 

ton/;, Si1!«,1”.“4 “:îrdael0n Were meaaured 88 “ lndlC8tl0" of th' 
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5. H-R-R pseudoiöochromatic plates were used to determine color vision. 

6. The regeneration of retinal pigment was timed after staring at a 

100 watt bulb for 60 seconds (after image). 

RESULTS: 

Statistical Significance was estimated by the Wilcoxen Matched-Pairs Signed- 

Rank Test. 

1. Visual Acuity (20 feet) - Armed Forces Clinical Visual Acuity Test 

Chart. 

Results: No significant change. All acuities were 20/20 or better. 

2. Visual Acuity (14 inches) - American Optical Company Standard Chart. 

Results: All read V-.50D print. 

3. Color Vision - H-R-R Pseudoisochromatic Plates 

Results: Plates 1-6 were all read correctly 

4. Optokinetic Nystagmus - This was inducted with 11/2 inch wide tape 

marked as a standard drum. Results were recorded as Normal, Reduced, 

or Absent. 

Results: All Normal 

5. a. Ductiors: The subject follows a light with both eyes and the light 

is moved along three m®ridians. 

b. Duction with Red Glass: Same as (a) with a red lens over one eye. 

Results: No diplopia induced. 

6. Maddox Wing: The subject reports the scale reading to nearest whole 

number. 

Results: All readings were within the normal range 

7. Prism Fusion: The subject attempted to maintain fusion while prisms 

of varying sizes were interposed, oriented first base-in, then base-out. 

Results: No significant change was noted at depth. Greater ability 

to maintain fusion was seen in the second surface trial, probably 

showing some learning effect. 
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8- Titmus Stereopsis. 

obseration.11 teSt patterns «ere labeled correctly at each 

9. Pupil size: This was estimated vith 
, , comparator card t„ miUlmat.rs, 

• range 7mm-3mm. Range at depth, 6mm-3mm. 

The°dlstance"at ^-5°° le“er wlth »«h cyee 
Inches. the °bJcct becomes blurred Is recorded 

H. PcrlpheralSneîds:' Thê^ubje^t'heid’ "h"86 “ '1'P':h: 3-75-3-5. 
radius and „as tested in six meridianí «tí a^L“"huf o^ect 

íuíííucanfsíg^HÍÍÍÍt1" fleldS fou"d *' dePCh but „as not 

“• a- ...„., 

Results! NO abnormalities reported. 

Snellen^hart „t“" 20/20 Une thc 
B . 8 at a 100 „att pressure shielded bulb. 
Resulf«? * . Results: wide i„dlvldual varlatlon utB 

DISCUSSION: 

However, it is teniativel^concluded0^?6 °f °nly 4 Ejects. 

vidí ce^íaT8« miîtUreS t0 ^X o S eT 'Z“™ "ot ^^cted 
nee Chat «suai acuity „as impaired by'^^-^, 

^Ody of d\ÜtÍ';r:ÍLVf,orCO“:enUaeÍcÍíatIr.ría,:*actÍ:aratíy.0L,UbJ*CtS and 
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AUDIOGRAMS 

Beacuse of several recent cases of decreased auditory acuity 
following deep experimental dives, including one c ,e of permanent 
bilateral deafness, it was considered essential to have baseline 
audiograms on all subjects before they made saturation dives. Standard 
audiograms using frequencies of 250 cps through 6000 cps were obtained 
on all subjects pre- and post-dive. 

There has been no evidence on any of these subject's audiograms 
of a decrement in post-dive audiotory acuity. Although no problems 
have arisen during the DSSPTO saturation dives, it is recommended that 
a recent audiogram be available on each diver. 
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1. 

2. 

3. 

during sfturatioi^iJinfoperationr^A0^''1"^ from sul=jeots 
mens and data oraaníü?L P 0ns- Analysis of the speci- 

HâsIsHEâ"1• the wet suit excursions. environment, end 

or favored^direc^effect^on'th"5 ina“«d 

antibioti^sensitivity.Chan9eS ^“hogeniiity^r 

MongUpersoníeÍnSf?Msfcôu?d°Kr9anÍSmS 00curred 

important i? c^efÍ^and^Soro^h^r^lo^e^niL 
for carriers of pathogens is no? done soreenin9 

ta0ncetU?ÍÍÍ£:c1tt-at“-r;e"/-«PtrbiHtLandfr:s1s- 

srÄsHSS’”":-- 
KH31V3;SH:““S:'“‘- mental animals. laboratory using experi- 

thedh?bitateo?cu?red^ld'U£> °£ "licroor9anisms within 

Experiment Procedure: 

microno?a^r?9t?é9??seS!«oS.rf?Îx?V:ÎÏ?"i??r?f4Se.^" 

4. 

5. 

6. 
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Samplings were obtained with moistened sterile cotton 
swabs in 10% skim milk suspensior s which were immediately 
frozen at -60° C on removal from the chamber. Primary 
platings of serial dilutions of reconstituted, frozen, 
stored specimens were made to nine selected differential 
and enrichment media under both aerobic and anaerobic con¬ 
ditions. Identifications were based upon morphological 
and tinctorial characteristics along with selected bio¬ 
chemical tests and determinations of hemolytic, coagulase, 
bile solubility and fermentative activities where indicated. 
Selected isolates were examined for possible alteration in 
antibiotic sensitivity patterns. Bacteriological examina¬ 
tion of four saturation dives required in excess of 13,200 

primary platings. 

The first two saturation dives studied were conducted at 
450 feet with a 600 foot wet-pot excursion on the second 
day. Decompressions were completed on the ninth day. The 
next two dives were conducted at 200 feet with 300 foot wet- 
pot excursions on the second day and completion of decompres¬ 
sion on the fourth day. The last dive studied was to 600 
feet, with five subjects for six days bottom stay and seven 
days of decompression. There were no excursion dives during 
this saturation dive. Bacteriological examination of the 
specimens obtained from this dive has not yet been completed 
and therefore is not included in this report. 

Results and Discussion 

In general, during both nine-day saturation dives at 
450 feet, the total aerobic and anaerobic bacterial popula¬ 
tion of skin and ear samples increased sharply following excur¬ 
sion to 600 feet. The peak values were obtained on the third 
and fourth days. This was followed by a general return to¬ 
wards pre-dive values during the latter stages of decompres¬ 
sion. Total aerobic and anaerobic populations of oropharynx 
and nasal samples remained relatively constant throughout 

both dives. (Figure 1). 

During Dive No. 1, subjects 2 and 4 were found on the 
second day, to be harboring moderate numbers of organisms 
morphologically resembling Pneumococci in the oropharynx. 
The total numbers present in subject #2 increased up to the 
fifth day with the development of upper respiratory symptoms; 
the numbers thereafter decreased during the last days of de¬ 
compression. Strains from both subjects were penicillin and 
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[pneumochinn?taÂt thehsamedt°0Upre°lne hydrochloride 
the fourth and fm^Says rean-M^“48 #3 and 4' on 
harboring large numbers^f ®sp?ctJ-vely/ were found to be 

oropharynx. These disappeaÍed^uíina^h^H*113 COli in the period. ppearea during the decompression 

durin^Dive“# 2~laraspecimenseíin samPles obtained 
three other graii negative s™ld ïeVeal the Pr^ence of 
(Pseudomonas aeruqinosa Possible fecal origin 
Stratum) T5tif^¿r~2ba£ter aerosenes, and Bacterium 

increased steadily to valuesPof lo^nr^? ;°?a3 i®£H2iD£sa, 
by the sixth dav. Subject #1 alan or9aii®m/ml of sample 

spegsÜ22^ i^HSinosa throughout the^dlv^ln^hU 

any apPeoi^a¿¿Ldu“^gSÍLPhL1rs?0ÍLWre n0t ídUnd in 
in Dive #2, subject #4 was founH It l 50 f°0t dive* However, 
Staphylococcus which was Lnnííí ^>be 3 nasal carrier of a 
perties generally associated ¿ith^fth^911-3-6 Positive' Pro- 
carried a mannite positive coalla«! genÍClty* Subiect #2 
pre-dive nasal sperim^n. w,'t lase IJ^tive strain in his 
wet-pot excursion was ciaqulasL nn«??"18"1 recovered after his 
Staphylococcus were recovered durTha^"'.. Ma^lmum numbers of 
(fifth day for subject #4) thlrd to sixth day 
the presence of pathogenic‘stiphvíocorr-^and #3 did not show 
interval.) (Figure 2). Phylococci during any sampling 

showed a^er^high^Óncentratio^o^h 'h’'8" frOIri the wet Pot 
fecal streptococci ,Cindicatino°a E- «oli and 
Subject *3 showed á buiÍd-Í¿ of 0^ld'Up °f fecal Potion, 
ear samples which reached Ïn8 ^ negative bacilli from 
(Figure 3). 0 organisms by the sixth day. 

foot excursioniethe3total#numbeUrthfdaY/ 200 feet with 300 
flora from skin and ear samn?« Sv,°f aeroblc and anaerobic 
increase sharply following wet noï°ïed th® San,e tendency to 
pharyngeal samples gave fairlv uni fr.rCUrSt°n' Nasal and oro- 
runs. 9 rairly uniform values through the 
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the other subjects showed the presence of this strain dur¬ 
ing the short sampling interval. (Figure 4). 

Subject #1 in Dive #4, developed an external ear infec¬ 
tion with Pseudomonas aeruginosa as the only isolate. Total 
numbers of Pseudomonas rose sharply - again following excursion 
and reached a maximum of KT/ml on the fourth day. (Figure 5). 

In Dive #4, Subject #1, was found to harbor a pathogenic 
Staphylococci in his pre-dive nasal specimen. Subsequently, 
from subject #3, previously negative, a marmite and coagulase 
positive strain was found in his nasal specimens following 
wet pot excursion. Both subjects showed increasing numbers 
of Staphylococci for the next two days. (Figure 6). 

Generally, the recovery of yeast, molds, and fungi from 
skin and ear samples of all dives was sporadic, with numbers 
being extremely small. 

With regard to the fecal specimens, the values obtained 
throughout all dives on the specimens were within the numeri¬ 
cal range of usual aerobic and anaerobic enteric flora. Some 
tendency towards higher values was observed in a few subjects 
during the third to fifth day of saturation, but because of 
the sporadic number of samples obtained, no definite trend 
was apparent. Enteric pathogens (Shigella, Salmonella, etc.) 
were not encountered in any specimen. 

Summary: 

The epidemiological and bacteriological data so far 
derived from the four saturation dives sampled may be prudently 
interpreted as follows: 

1. The intioduction of a potentially pathogenic Staphylococcus 
strain into the habitat by an asymptomatic carrier ap¬ 
parently occurred in Dive #2, subject #4. 

2. Person-to-person transfer, or person-to habitat-to-person 
transfer of Staphylococcus, Pseudomonas and E. coli 
may have occurred. - - 

3. It appears possible that the replacement of a coagulase 
negative Staphylococcus strain by a coagulase positive 
strain may have taken place (Dive #2T7”^ - 
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4. A penicillin and optochin resistant organism morpho¬ 
logically resembling Pneumococci appeared, increased in 
numbers, and was associated with some clinical symptoms 
(DlV6 $1)• 

5. The increase in total numbers of potentially pathogenic 
organisms following wet pot excursion was observed. Al¬ 
though the numbers usually tended to return toward the 
normal pre-dive values during excursion, it cannot be 
assumed that a similar return will be obtained under 
other saturation, conditions where longer periods of ex- 
posure under increased pressures may be required. The 
effects are not known even empirically. 

6. It is felt that these data, obviously permitting only 
tentative conclusions, may indicate that as diving/under- 
sea living conditions become more stressful, more defini¬ 
tive interactions of medical importance may occur between 
microorganisms and subjects. 
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In general the results Indicate that man can effectively 

DD1473 ^r4ssirin) 

safely work at depths 
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