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SUMMARY PAGE 

THE PROBLEM 

To investigate the effects of short hyperbaric exposures repeated at 
frequent intervals for evaluation of cumulative effects on metabolic processes. 

FINDINGS 

The responses of serum components indicate that mild stresses result from 
brief (45-50 min) repeated exposures to air at 6.7 ATA.  In most cases, when 72 
hours of recovery intervened between dives, temporarily disrupted serum metabolite 
levels returned to control values before the next dive. Five daily dives, on the 
other hand, produced cumulative residual serum changes that were corrected or 
perhaps overcorrected about 7 days following the last dive. 

No diuresis or changes in glomerular filtration rate were demonstrated to 
result from the repeated sequences of compression and decompression. 

APPLICATION 

No strong evidence was obtained during these experiments to contradict the 
working assumptions that brief dives to at least 6.7 ATA in air may be made on a 
daily basis. However, since biochemical responses do occur and continue for 
several days following such hyperbaric exposure, careful attention to details of 
allowable exposure times and proper decompression routines must be paid in order 
to perform repeated short-term dives safely. 

ADMINISTRATIVE INFORMATION 

This investigation was conducted as part of Naval Medical Research and 
Development Command Research Work Unit MF51.524.014-9016 - "Effects on serum 
constituents and urinary metabolite excretion of repeated compressed air dives". 
The present report is Number 5 on this work unit.  It was submitted for review 
on 10 Aug 1978, approved for publication on 29 Aug 1978, and designated as 
NSMRL Report No. 877. 
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ABSTRACT 

Eighteen qualified U. S. Navy divers underwent either of two series of 
dives to 6.7 ATA for 45-50 minutes in compressed air in a dry chamber:  4 dives 
at 3-day intervals or 5 dives performed daily.  Serum and urinary components 
were monitored before and after the dives to compare the biologic influence of 
repeated diving with the known effects of hyperbaric saturation exposures. 

No diuresis or changes in gloraerular filtration rate were demonstrated to 
result from the repeated sequences of pressurization and decompression. 
Biochemical evidence supports the previous finding of a hemodilution resulting 
from repeated short-term pressure exposures.  The increasing extent of metabolic 
changes during the first few dives leads to the conclusion that adaptation to 
repeated dives may begin to play a role after two or three dives particularly 
when performed at three-day intervals. While no cumulative effects beyond those 
associated with 2-3 dives are apparent when dives are performed with a few days 
intervening, limited biologic changes occur when dives are performed daily and 
seem to require an extended recovery period to allow metabolic processes to 
return to a state of predive equilibrium. 

Repeated diving Serum constituents (changes) 
Compressed air diving Urinary metabolites 
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INTRODUCTION 

Exposure to increased pressure 
and decompression from elevated pres- 
sures result in alteration in blood 
and urinary minerals, electrolytes, 
protein metabolites, and hormones 
(Alexander, et al, 1973; Radomski and 
Bennett, 1970). 

Severely decompressed rats have 
been shown to exhibit mineral and 
electrolyte alterations for up to 5 
days post-decompression (Heyder and 
Tappan, 1973A). In men exposed to 
air at 2 or 7 atmospheres pressure 
for 45 minutes, changes were evident 
in urinary minerals, electrolytes, 
and protein metabolites for at least 
4 days (Heyder and Tappan, 1973B). 
Similar results have been observed 
for up to 7 days following simulated 
dives in air to 100 feet of sea wa- 
ter (fsw) for 60 minutes (Tappan and 
Heyder, 1974). 

Although exposures to hyperbaric 
environments result in biochemical 
alterations of several days' dura- 
tion, when the relationship between 
interdive interval and the cumula- 
tive effect of repeated pressuriza- 
tions was studied by Heyder and 
Tappan (1974) using a 28-day inter- 
val between exposure to air at 6.7 
atmospheres, no apparent biochemical 
carry-over for this extended period 
was observed.  On the other hand, 
certain potential effects of diving 
such as aseptic bone necrosis appear 
to accumulate and may be related to 
the frequency and type of pressure 
experience (Elliott, 1971; Kawa- 
shima, et al, 1973). The present 
study was performed to investigate 
the effects of short exposure at 
frequent intervals on metabolites, 
electrolytes, and fluid shifts for 
evaluation of cumulative effects on 

metabolic processes. 

MATERIALS AND METHODS 

The studies described were per- 
formed in the Naval Submarine Medical 
Research Laboratory's dry, man-rated 
473 M3 hyperbaric chamber maintained 
at 25.5°C. The divers' body temper- 
ature, however, were not monitored. 
Each simulated dive commenced at 
0830 exposing the divers to air un- 
der pressure equivalent to 188 fsw 
(6.7 ATA).  The men, all qualified 
navy divers, were compressed at a 
rate of 75 ft/mln.  Bottom time was 
45-50 minutes and decompression was 
performed according to standard U.S. 
Navy diving procedures using the ta- 
ble for a 50-minute exposure to air 
at 190 feet (U.S. Navy Diving Manual, 
1970). 

The study was divided into two 
experiments:  (a) a series of four 
dives at 3~day intervals and (b) a 
series of five daily dives.  The 
dives were performed using 7 and 11 
different subjects, respectively. 
However, since three of the divers 
in series B required recompression 
for symptoms of dysbarism after their 
first or second dives, they were o- 
mitted from the remainder of the 
study. Prior to his first dive, each 
man collected five consecutive 24- 
hour, acidified urine samples to 
serve as controls.  Similar urine 
collections were also made during 
the experimental periods and for up 
to 10 days after completion of the 
final dive in each series. Since no 
individual voidings were collected 
during the dives, the urine samples 
for the first post-dive days con- 
tained the urine produced during the 
dive periods.  Individual fluid in- 
take logs were maintained by the 
subjects during the studies. 

To provide serum control data, 
three blood samples were drawn from 



the subjects prior to their initial 
dives, after overnight fasts.  In 
series A, blood was withdrawn one 
hour post-surfacing, and on the 
first and third days following each 
dive with the samples for the third 
post-dive taken just prior to the 
next dive in the series.  In series 
B, blood was taken daily one hour 
after completion of each dive. Blood 
specimens were also obtained one 
hour and 1, 3, 5, and 7 days follow- 
ing the final dive in both series. 
With the exception of the one-hour 
post-dive samples, blood specimens 
were taken at 0730. 

Calcium was measured by atomic 
absorption spectrometry while so- 
dium and potassium levels were de- 
termined by flame photometry. Phos- 
phorus, urea nitrogen, uric acid, 
proteins, and creatinine measure- 
ments were made using technicon 
auto-analyzer techniques. Serum 
cortisol was measured by competitive 
protein binding using schwarz/mann 
3H cortisol kits. Freezing point 
depression was used to determine 
osmolality. 

The significance of changes 
occurring during the experimental 
periods were determined by paired- 
T analysis in which the data for 
each subject was compared against 
mean values for that man obtained 
during the control period. 

RESULTS 

In order to concisely present 
the voluminous data collected, 
figures 1 and 2 show the control 
values for each parameter with any 
statistically significant changes 
from those control values indicated 
by arrows.  The changes depicted 
are at the 5% level or better with 
mean control values generally fall- 
ing within the accepted ranges of 
normality. 

In figure 1, it may be seen that 
the most significant disruptions in 
serum metabolite levels tended to 
occur soon after return of the sub- 
jects to one atmosphere pressure 
following pressuring action.  The 
responses of the individual serum 
components indicate mild stresses 
occur rather than consistent major 
biochemical changes resulting from 
the brief dives.  In most cases when 
72 hours of recovery intervened be- 
tween the dives (Series A), the tem- 
porarily disrupted serum metabolites' 
levels returned to control values 
before the next dive. 

Figure 2 presents data on chan- 
ges from control values for dally 
excretion of metabolic constituents 
into urine throughout the experimen- 
tal periods.  The trend most appar- 
ent from these data is the reduced 
excretion of several components be- 
ginning shortly after the first dives 
of each series and which extended 
through the dive periods and contin- 
ued for several days following the 
dives.  The most consistent changes 
seem to occur among the nitrogenous 
metabolites, urea nitrogen and uric 
acid, with similar alterations evi- 
dent for osmolality. 

The excretory volumes (Table 1) 
reveal a remarkable correspondence 
between the incidence of metabolic 
shifts evident in the serum and 
urine chemistry data (figures 1 and 
2) and the total quantities of urine 
produced. Note, for example, the 
data for the second days after dives 
1 and 3, (experiment A) when both 
solute excretion and urinary volume 
decreased markedly.  In the first 
three of the four dives of series A, 
volumes were higher on the first day 
following each of the dives than on 
the next two days. When dives were 
repeated daily in series B no simi- 
lar phenomenon occurred. No consis- 
tent changes in creatinine or osmolal 



FIGURE 1 

SIGNIFICANT DIFFERENCES OBSERVED IN   SERU«    CONST]TÜTENTS OF REPEATED DIVES TO 6.7 ATA 

PAIRED T-TfcSTS DETERMINES DIFFERENCE FROH CONTROL VALUES 

KftlPJi 

CONTROL "* 
6 

ICA 

10.01 

9.68 

PHOS 

3.11 

3.17 

139. J 

111.3 

K 

1.28 

1.07 

1.08 

CRT 

.988 

1.090 

1 
16.1 

13.0 

ua 
5.36 

6.12 

QSJ 

.300 

.279 

IE 
7.36 

7.32 

ALB 

1.15 

1.77 

GLOB 

2.87 

2.57 

US 
1.53 

1.87 

BJil 
,58 

.13 

1ST 

DIVE POST-DIVE 

1 HOUR t f * * t t 
1 DAY 1 
3 DAYS f 

1 
2ND 

DIVE HOST-DIVE 

1 HOUR ♦ ♦   * t V 

1 DAY * 
3 DAYS ♦ 

t 

3RD 

DIVE POST-DIVE 

1 HOUR t 1 ♦ t t H M 
1 DAY ♦ t 
3 DAYS 1 

V 

iTM 

DIVE POST-DIVE 

1 HOUR t t t 
1 DAY 

3 DAYS \ ♦ ' 
STM 

DIVE POST-DIVE 

1 HOUR V * t 
1 DAY 

3 DAYS V t V T 

POST-DIVE 

5 DAYS \ * 

1 DAYS t f t T t t t ♦ 
==~ 

* CA - CALCIUH, HG/DL 

P1I0S • INORGANIC PHOSPHORUS, 

itt - S001UH, MEO/L 

K - POTASSIUM, MEO/L 

«6 - HAGNESIUA, HG/DL 

CRT - CREATIVE, HG/UL 

UN ■ UREA NITROGEN, HG/DL 

* A: 1 DIVES - 3 DAYS APART 

Bi 5 DIVES - DAILY 

HG/DL 

UA - URIC ACID, HG/DL 

0SI1 - OSHOLALITY, 0SM/K6   lt20 

TP -   TOTAL PROTEIN, G/DL 

ALB - ALBUMIN, G/DL 

GLOB - GLOBULIN, G/DL 

A/G - ALBUMIN/GLOBULIN RATIO 

BILI - BILIRUBIN, HG/DL 

•P «.05 



FMK1 
SIUIFICMT WfFEIOKB «SavQ III TOTM. UHIKAAY COBTITUEIITS OF »WTO DIVES TO 6.7 ATA 

HltD T-TBTS EETEMIIICS DIFFUS« FW1 COJTWL VALUES 

PERIOD ,. 

CONTROL   i 

11 
2,1«) 

2.201 

EXC 

1.525 

1.112 

* 
J5.9 

21.2 

a 
.171 
.171 

p 

1.0» 
1.255 

* 
.1« 

.123 

M 

205 

ltt 

1 
83.0 

64.« 

jM/K 

2.6} 

3.14 

1 
15.5 

20.1 

.717 

1.105 

SI 
Mil 
1.936 

091 

1.141 
.982 20.44 

lir 
DIVE POST-DIVE 

1DAV * u 4    4 + V 4 4 i 
2 DAYS t 4 i 
SOWS 

DIVE POST-DIVE 

1 MY * 4 * 
2 DAYS t 4 + 4 i 4 
5 MYS 4 t 

DIVE POST-DIVE 

1 DAY t 4 u * 
2 MYS I + * 4 + 4 + 
3 DAYS ♦ 4 f 

im 

DI* POST-DIVE 

1DAY 4 * 4 
2 DAYS * 4 4 
3 MYS t 

5T« 

DIVE POST-DIVE 

1 PAY 4 
2 DAYS 4 
JDAVS * 

POST DIVE 

it DAYS 4 ♦ t t 
5-6 DAYS 4 4 * 4 U 4 4 
7-8 DAYS I * * 4 4 * * 4 4 4 u 
9-10 DAYS 4 * * * h * 4 

# INT - INTAKE, L 

EXC - EXCRETION, L 

HP -  HYDRO« YPROLINE, MG 

CA -  CALCIUM, 0 

P     -     INORGANIC PHOSPHORUS,   G 

MG -    MAGNESIUM,   G 

NA -     SODIUM,   OEq 

* Al  4 DIVES - 3 DAYS APART 

Bl  J DIVES - DAILY 

♦♦J 
05 

K - POTASSIUM, mEq 

NA/K ■ SODIUM POTASSIUM RATIO 

UN - UREA NITROGEN, G 

UA - URIC ACID, G 

CRT - CREATININE, G 

OSM - OSMOLALITY, OS MOLES 

KS • KETOSTEROIDS, MG 

ALL VALUES PER 24 HOURS 



co 
CM 

10 

O 

co 
en 

en 

00 
H 

CM 

OS 

CM 

00 
CM 

CM 

H 
H 

00 

CM 

O 

CO   t   CO 

<N 

Ö1 

CM 

co 

co   t   O 
H        CM 

CM m 
co CD   I 

CM H 

CO  CO 

i  o co  i 
o en 

* * 
CM CM r- in in O 00 CO CM \D vo in 
rH m in m CO O  fll H O*  ffl  1/1 O •* ■H 1-4 n 00 » V ^ <n n i-l H < • • ♦ • •        *»■■»• 
l-f r-< i-l *    H !-< ^^    ^^   f*"!    P™1    ^^   P*1   f"1 

3 
§ 

OT ro r- CO T «* co H H t> o en H 

g 
o o eg co o m in CM f- CM en CM 
CM • CM • « O CM • H en co co o en o 

s 
.  H c i-( CM CM CM MH W H  CM H  CM 

jZj 

.—. <K   *-s 

►3 > > > 
re  itf <d 

O o ^-*   s-«»   *«- 

o S 
§ a Ö E H g H B H 5 H i \0 CO o 

H N Mir    I     1    H ^ w Ö H H H M ö in r»   i 
3 ft Ö Q O Q Q Q en 

o 

8- 

10 

CM 

u 

o: 
a m 
P '   » 

8 CM 

en 
o 
CM 

10 

en 

CM 

CM 
10 

CM      in 
en  )  uo 
CM 

eg 

CM 

CM 

m 
o 
co 

m  i 
eg 

en 
o 
CM 

vo      en      r» co 
IN   .   o»  I  mm   I 

CM CM CM   CM 

a m 

a w| • 

w w 

O 
H ^ 
2 H 

CM 

* 
H t~ H 
io CM m 
<*  <-t CM 

f           I ft 
H   M r-J 

en en en 
t> >* tj« 
en o * 

«.   t • 
i-l   CM CM 

a 
o 
a 
W 
A4 

> H N n 
Q 

(LI 
> 

en r» vo 
CM CM co 
OPIro •    •    • 
(NHH 

p» r~ co 
«*I O O 
m N M * »       ft 
CM CM  CM 

>H  CM  CO 

VD VO ft I t 

r- H 
r- CO 

•K « 
i£> o CO 
co co o 
r~ H CM 

t-\  H  H 

* 
CO O CO 
H in r» 
«5 H CM * » • 
CM CM CM 

a) 
> 
Q 

H   CM   CO 

o     «-I      r» CM 

r-      co      o CM 
r*-      t-      en co 

r* r^ co en co o en 
[*- co i-i vo co en CM 
co co vo m 1,0 co <n 

• i • • * • • 
H H H <-i rH H H 

cn ^* en co ^ i0 H 
co i0 ■<* o m en co 
H   CM  O CO CM CM CO 

•      •      • • * I t 
CM  CM CM CM CM CM CM 

cj   ftJ   frj 

0)                          IS 00 o 
> iH  CM  CO   "3"    I | H 

•ri                   ' in r>- i 
Q en 

u 
Hi 

1-1 

o u 
+i 
Ö 
o 
Ü 

8 
c 
0) 
n 
iw 
<w m 
•H o 

4J 
c 3 
o 

*H '   -   c» 
!M  4J    » 
-H CO 
C 0) 
D> -P 
•" <. 
CO   *» « 

4) 
> 

I 

co 
0 

cn 

I 

I 

a 
a "a 

H  H 
6   S 

a -   (0 
!? 0)   o 

(0  o 
CD 

<u a a) >l  >( 01 

«g n ■P   M   O 
(U •H   *   ß 

(Ö 4J H   0)   «J 
CO T3 •rf H   54 rt -  O   (0 

1   1 •0          CJ 
Ift 01   Q)  i-H 

(0   01 V -P   C   Ü 

> > ■» 
01 -H 
U   C M 

4J ü -rt   as 
C X +■> H 

•r( OJ   rö   o 
•* m 4)  6 

•H 
4»   >4    W 
C  U  O 

«ft     •■ 3 •H 
<   P3 ^ H   II    II fe ö  _   ^ 
0} 01 
4) 4> II 

M M h 
0) 01 Z 

CO CO H 

C<   Pi 
II    ^   A u o 
UEjS 
X! a! cß woo 



clearances resulted from the daily 
repeated dives« 

Table 2 presents the results 
from analyses of cortisol levels in 
the serum of the subjects of series 
A. These data were obtained for 
evaluation of generalized stress 
reactions experienced during repea- 
ted diving. Values for the hormone 
are shown both for samples obtained 
at the standard blood collection 
time, 0730, and for experimental 
samples collected at 1300, one hour 
following the dives. Since the 
production of cortisol occurs on a 
cyclic basis throughout the 24-hour 
day, control data are included which 
show cortisol values for blood col- 
lected at 1300 hours four weeks 
following the experiment. While 
significant differences occur be- 
tween the predive control samples 
and the one-hour post-dive samples, 
these can be accounted for by the 
changes in serum cortisol induced 
by the normal daily cyclic varia- 
tions. All of the values collected 
at 0730 fall within a very narrow 
range while those obtained at 1300 
are lower but also within equally 
confined limits. 

DISCUSSION 

Several questions continue to 
exist, concerning the role played 
by various pressurized gaseous en- 
vironments in the alterations of 
tissue fluid status that accompany 
brief exposures to hyperbaric pres- 
sures. Diercks and Eisman (1977) 
have recently observed a transient 
hemodilution occurring after a ser- 
ies of daily repeated dives, and a 
brief period of hemodilution con- 
sisting of an 8% increase in plasma 
volume has been reported for the 
series A dives which are discussed 
here (Jacey, et al, 1977). 

Although only changes signifi- 

cant at <.05 are depicted in figure 
1, in general the concentrations of 
serum components decreased following 
the dives. An apparent anomalous 
situation such as that encountered 
one hour following the third dive in 
the A series seems to have resulted 
from an accumulation of pressure/ 
decompression stresses which tend to 
be most severe at about this point 
in the sequence. The possibility 
that stresses were greater following 
this dive than for most of the others 
in the series has been substantiated 
by the concurrent observation that 
hemodilution, as measured by decreased 
hematocrit and increased whole blood 
and plasma water, peaked following 
this pressurization (Jacey, et al, 
1977).  It was also reported that 
hemodilution was much more marked at 
one day than at one hour follwoing 
these dives. The concentrations of 
the serum components, particularly 
following the third dive in series 
A, supports earlier observations 
that the biologic responses to the 
imposed compression/decompression 
stress follow a pattern of immediate 
mild hemoconcentration (figure 1) 
with an ensuing slight hemodilution 
(Jacey, et al, 1977). 

Another explanation for the bio- 
chemical changes occurring at the 
time of the second and third dives 
of series A is the stimulation of 
adaptive reactions in the subjects. 
Popular lore among diving personnel 
accepts the occurrence of diving 
adaptation. On the other hand, the 
minimal biochemical alterations 
occurring during these dives seem to 
agree with the performance data ob- 
tained which have been interpreted 
as indicating that there was no ame- 
lioration of the negative effects 
of elevated nitrogen pressures with 
successive exposures (Dr. George 
Moeller, personal communication). 

Since all of the subjects of 



TABLE 2 

SERUM CORTISOL LEVELS (Jig/dl) FOLLOWING 4 DIVES TO 6.7 ATA 3-DAYS APART. 
MEAN ±SEM.  N = 7 UNLESS OTHERWISE NOTED IN (   } . 

0730 HOURS 
CONTROL 17.52 ±.93   (21) 

POST-DIVE 

1 DAY 17.45 +1.30 

3  DAYS 18.82 ±1.00 

POST-DIVE 

1 DAY 18.46 ±1.44 

3 DAYS 17.25 ±   .98 

POST-DIVE 

1 DAY    18.10 ±2.16 

3 DAYS   16.93 ±1.60 

POST-DIVE 

1 DAY 

3 DAYS 

5 DAYS 

7 DAYS 

15.03 ±2.61 

19.62 ±1.33 

18.86 ±1.40 

16.87 ± .51 

1ST DIVE 

1300 HOURS 

CONTROL   12.55 ±1.35 (5) 

POST-DIVE 

1 HOUR   12.75 ±.98 

2ND DIVE 

3RD DIVE 

4TH DIVE 

POST-DIVE 

1 HOUR       11.99    ±1.22 

POST-DIVE 

1 HOUR       12.87    ±1.69 

POST-DIVE 

1 HOUR       12.62    ±1.01 

NOTE:     No post-dive value was significantly different frei» its 
appropriate control. 



the series A dives wer able to com- 
plete the experimental program with- 
out symptoms of dysbarism, it must 
be assumed that this group contained 
no unadaptable individuals or those 
for whom the decompression table was 
inadequate.  In the series B study, 
however, the three subjects who ex- 
perienced mild bends may belong to 
another category of individuals for 
which adaptation to this particular 
stress sequence is more difficult. 
It has been demonstrated in animals 
that certain members of apparently 
homogenous populations are capable 
of adapting to specific stresses 
while others are quite incapable of 
doing so (Tappan, 1971).  Our ex- 
perience indicates that some indivi- 
duals are considerably more suscep- 
tible to the development of bends 
than others. Normal ranges of bio- 
logical variability, of course, 
would lead to the prediction that 
a particular subject may be able to 
adapt under some but not all condi- 
tions of health or psychological 
stress. Note that the subjects ad- 
versely affected by the repeated 
dives were forced to drop from the 
series B experiment at about the 
time of the second dive, when the 
adaptive processes seem to be most 
actively stipulated — or stressed. 

Several general observations 
regarding the influence of repeated 
diving may be made in the light of 
the data of these and earlier stud- 
ies.  Single dives to 188 FSW in 
compressed air and lasting less 
than one hour have not been shown 
to result in metabolic alterations 
that shift serum or urine components 
out of clinically normal ranges 
(Heyder and Tappan, 1974). However, 
during the series A study, signifi- 
cant electrolyte and protein chan- 
ges occurred indicating brief per- 
iods of both slight hemoconcentra- 
tion and hemodilution with the 

signs of hemoconcentration particu- 
larly evident at one hour after the 
third and fourth dives.  Alterations 
in blood water content and mosthema- 
tocrit changes for these dives re- 
ported by Jacey, et al (1977), seem 
to complement the picture of such 
cyclic blood volume fluctuations. 
It may also be noted that the ten- 
dency for immediate post-dive changes 
increases when two or three dives are 
carried out within the span of a few 
days. However, the changes do not 
progressively accumulate after the 
first few pressure exposures, and 
the serum components tend to return 
to control ranges between hyperbaric 
exposures if 72 hours are allowed to 
intervene between dives.  On the 
other hand, daily dives result in 
increases in serum creatinine and 
albumin/globulin ratio, and decrea- 
ses in phosphorus and osmolality for 
as long as three days following the 
fifth pressure exposure.  Thus it 
appears that there is a delay in the 
subject's ability to completely re- 
cover during the period when they 
are exposed to daily pressurizattons* 

In spite of some hetnatologic and 
biochemical indications of physio- 
logic stress accompanying short-term 
dives in air (Jacey, et al, 1977; 
Heyder and Tappan, 1973B) , no strong 
evidence has become apparent during 
these experiments to contradict the 
working assumptions that such dives 
may be made on a daily basis. No 
dive-related increases in serum 
cortisol or urinary ketosteroid le- 
vels were detected nor were there 
increases in protein metabolite ex- 
cretion that would Indicate increa- 
sed tissue catabolism.  To the ex- 
tent that serum uric acid levels 
reflect the degree of emotional 
stress perceived by the subjects 
(Clark, et al, 1975; Zir, et al, 
1973), we do not conclude that the 
men were apprehensive about the 



dives In which they were participa- 
ting, although several relatively 
novice divers were included among       4. 
the subjects. 

Despite the lack of large bio- 
logical alterations in divers sub- 
jected to repeated brief hyperbaric 
exposures, it must be remembered 
that three divers experienced symp-      5. 
toms of dysbarism during these ex- 
periments .  It should be noted how- 
ever, that no abnormal changes that 
might be predictive of dysbarism 
were observed in their serum or 
urine metabolites prior to the event.     6. 
A case of documented decompression 
sickness resulting from an exposure 
of approximately 30 minutes at 188 
FSW in compressed air has been re- 
ported from this laboratory.(Jacey, 
et al, 1976).  It is obvious that 
careful attention to details of 7. 
allowable exposure times and proper 
decompression routines must be paid 
in order to perform short-term 
dives safely and uneventfully. 
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