N.val Medical Research Institute

Bethesda, MD 208395507 NMRI 9303 January 1993

HUMAN CENTRAL NERVOUS SYSTEM OXYGEN TOXICITY DATA
FROM 1945 TO 1986

A. L. Harabin

[ ECTE
' L , S AUG1 91993

b
Naval Medical Resgarch 4
vel
Bethesda, Maryland. 20689.5606 93-19193
Department of the Navy ~ AR o >

Naval Medical Command
Washington, DC 20372-5210

. Approved for public release;
distribution is unlimited




NOTICES

The opinions and assertions contained herein are the private ones of the writer and are not to be
construed as official or reflecting the views of the naval service at large.

When U. S. Government drawings, specifications, or other data are used for any purpose other than
a definitely related Government procurement operation, the Government thereby incurs no
responsibility nor any obligation whatsoever, and the fact that the Government may have
formulated, furnished or in any way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise, as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to manufacture, use, or sell any
patented invention that may in any way be sglated thereto.

Please do not request copies of this report from the Naval Medical Research Institute. Additional
copies may be purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered with the Defense Technical
Information Center should direct requests for copies of this report to:

Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22304-6145

TECHNICAL REVIEW AND APPROVAL
NMRI 93-03

The experiments reported herein were conducted according to the principles set forth in the current
edition of the "Guide for the Care and Use of Laboratory Animals," Institute of Laboratory Animal
Resources, National Research Council.

This technical report has been reviewed by the NMRI scientific and public affairs staff and is
approved for publication. It is releasable to the National Technical Information Service where it
will be available to the general public, including foreign nations.

ROBERT G. WALTER

CAPT, DC, USN

Commanding Officer

Naval Medical Research Institute




UNCLASSIFIED

TECURITY CLASSIFICATION OF THIS PAGE
' REPORT DOCUMENTATION PAGE

Ta. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS ;
UNCL }
22, SECURITY CLASSIFICATION AUTHORITY 3. OISTRIBUTION/ AVAILABILITY OF REPORT ,
7b. DECLASSIFICATION / DOVWNGRADING SCHEOULE Approved for public release; ;
distribution is unlimited, - '
2. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
NMRI 93-03
62. NAME OF PERFORMING ORGANIZATION 6b. OFFICE STMBOL | 72. NAME OF MONITORING ORGANIZATION
Naval Medical Research (if applicable) Bureau of Medicine and Surgery
I i e
6¢c. ADORESS (Gty, State, and ZIP Code) 7b. ADORESS (City, State, and ZIP Code)
8901 Wisconsin Avenue Department of the Navy
Bethesda, MD 20889-5055 Washington, DC 20372~-5120
8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IOENTIFICATION NUMBER
ORGANIZATION Naval Medical Qf applicable)
Research & Development Command
8c. ADDRESS (City, State, and ZiP Code) 10. SCURCE OF FUNDING NUMBERS
s PROGRAM PROJECT TASK WORK UNIT
8901 Wisconsin Avenue ELEMENT NO. [NO. NO. ACCESSION NO.
Bethesda, MD 20889-5044
! 63713N MO099 .01C 1011

11. TITLE (Include Security Classification)

(U) HUMAN CENTRAL NERVOUS SYSTEM OXYGEN TOXICITY DATA FROM 1945 TO 1986

12. PERSONAL AUTHOR(S)
Andrea L. Harabin

13a. TYPE OF REPORT 13b. TIME COVERED . 14. DATE OF REPORT (Year, Month, Day) [IS. PAGE COUNT
Technical Report FROM _1986 T0_1992 1993 January 142

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Comtinue on reverse if necessary and identify by block number)

FIELO GROUP Su8-GROUP NS O2 toxicity, hyperbaric, diving, convulsions

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

This report contains a summary of all known results from controlled human exposures
to hyperbaric 0,. The data were collected for analysis and development of predictive
models relating the risk of developing a symptom of central nervous system 0, toxicity as
a function of time, depth, and condition of exposure. Data were obtained from
publications, technical reports and verified by original records and log books. A total
of 2,170 exposures, at depths ranging from 12 feet of sea water (fsw) to 100 fsw for up to
240 min are included. The data consist of exposure time, depth, fraction of inspired O,
temperature, whether or not subjects exercised, whether they were immersed in water or
exposed in a dry chamber, and outcome of the exposure, i.e., whether a symptom developed
or the exposure was completed safely. Studies conducted under the following conditions
wvere found: dry, no exercise; dry, exercise; immersed, no exercise; immersed, exercise;
the final category was divided into old (before 1972) and new.

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21, ABSTRACT SECURITY CLASSIFICATION
TAunalassiieomnLiMiTED ] SAME AS RPT. (] OTIC USERS Unclassified
22a. NAME OF RESPONSIBLE INDIVIDUAL _ ' 22b. TELEPHONE (Include Area Code) | 22¢. OFFICE SYMBOL
Regina E. Hunt, Command Editor (202) 295-0198 SD/RSD/NMRI
DD FORM 1473' 84 MAR 83 APR edrtion may be used until exhausted. SECURITY mss'FchT.oN OF THIS PAGE

All other editions are obsolete. UNCLASSIFIED




UHCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

tnlassified
SECURITY CLASSIFICATION OF THIS PAGE




ABSTRACT .

ACKNOWLEDGEMENTS

INTRODUCTION

Data Format

Table 1

DRY,

»

NO EXERCISE (OLD)

TABLE

Yarbrough 0.D. et al.,
Donald K.W.,

1946
Behnke A.R. et al.,

White W.A., 1945 .

DRY,

EXERCISE (OLD)

OF CONTENTS

1947

1935 . .

Hayter R. and White W.A., 1946 . . .
1971 .

Young J.M.,

IMMERSED, NO EXERCISE (OLD)

Donald K.W.,
Yarbrough O0.D. et al, 1947 . . . . .

IMMERSED, EXERCISE (OLD)

Donald K.W.,

IMMERSED, EXERCISE (NEW)

Piantadosi C.A.

1946

1946
Schaefer K.E. et al.,
Lanphier E.H. and Dwyer J.V.,
Alexander J.M. and Flynn E.T.,

Schwartz H.J.C.,

Butler
Butler
Butler
Butler
Butler

REFERENCES

F.K.
F.K.
F.K.
F.K.

F.K.,

and Thalmann E.D.
1986

1949 . .

et al.,
1984

and Thalmann E.D.
and Thalmann E.D.
and Thalmann E.D.

1979

» W W - - L[] L]
-
(1o
[+
s

1986
1986

i1

L] . . *

. L[] L[] L] . ] L[]

11
12

14

14
15

41

41
64

78

78
87
90
94

95

95
96
97
99
101
119°
126

137




ACKNOWLEDGEMENTS

This work was supported by Naval Medical Research and
Development Command Work Unit No. 63713N M0099.01C-1011. The
opinions and assertions contained herein are the private ones of
the authors and are not to be construed as official or reflecting
the views of the naval service at large.

This manuscript was prepared by United States Government
employees as part of their official duties and cannot be
copyrighted and may be copied without restriction.

The author gratefully acknowledges Drs. K.W. Donald, C.J.
Lambertsen, E.H. Lanphier, E.D. Thalmann, and J.M. Young for
information concerning original studies; Dr. R.W. Mazzone and Ms.
Bonnie Davis at the Naval Experimental Diving Unit for locating
some of the data and Ms. Shalini Survanshi of Automation

Counselors, Inc. for assistance in data formatting.

Accesion For

NTIS CRA& g
DTIC TAB
Unannounced 0
Justification

eeeeerssedemseannanmnmanauasee s

23— "
Dist. ibution |

Availability Codes

Ava‘il and]or
Dist Special

gl |

DTIC QUALITY mspReTED 1

iv




INTRODUCTION

This report contains a summary and raw data of all known
controlled human exposures to hyperbaric 0,. The data were
collected for analysis and development of predictive models
relating the risk of developing a symptom of central nervous
system O, toxicity to exposure depth, duration and condition.
Data were obtained from publications, technical reports and
verified by original records and log books. A total of 2,170
exposures, at depths ranging from 12 feet of sea water (fsw) to
100 fsw for up to 240 min are inciuded. The data consist of
exposure time, depth, fraction inspired 0,, temperature, whether
or not subjects exercised, whether they were immersed in water or
exposed in a dry chamber, and outcome of the exposure, i.e.,
whether a symptom developed or the exposure was completed safely.
studies conducted under the following conditions were found:
dry, no exercise; dry, exercise; immersed, no exercise; immersed,
exercise; the final category was divided into old (before 1972)
and new.

Data were obtained from 14 separate studies and divided into
20 files. An exact literature citation introduces each file.
When published summaries were supplemented by original notebooks
and logs this is also noted.. When there were differences in
detail, the results from the primary references were used.

Data Format

Each 2 line entry contains the results of 1 human exposure.




The first line describes the conditions and outcome of the
exposure and the second line describes the exposure profile.

First data line: contains 7 entries with the following
significance:

1l.- Outcome: safe (0), exposure-stopping symptom (1),

symptom reported, exposure completed (0.5)

2. Wet (1)/ Dry (0)

3. Exposure temperature (°F)

4. not used

5. Exercise level (none (0), some (1-3))

6. not used

7. Fraction inspired oxygen

Second data line:

t,,4,, t;,4;, ...t,d,, 0,0, t,,s,, t,,s,, ...t s,
where t is time (min), 4, is depth (feet of sea water) of the
nth portion of multi-depth exposure; t, is time of nth symptom,
s, is nature of nth symptom; n can be 1 for single depth, single
symptom exposures.

Symptom type (s,) was coded as follows:
1. nausea
2. irritability, dyspnea, sleepiness or dysphoria
3. headache
4. numbness, tingling
5. dizziness, vertigo
6. twitch

7. hearing disturbance




8. visual disturbance
9. unconsciousness, aphasia
10. convulsion

Table 1 is a summary of the data set.

, TABLE 1
DATA SET DEPTH TIMES Ndat
(fsw) (min)
)ry, No Exercise (01d)
Yarbrough, 1947 100, 80, 60 120-40 76
Donald, 1947 90, 60 3 100 42
Behnke, 1935 99, 66, 33 180-45 9
White, 1945 100 60 17
)ry, Exercise (014d)
Young, 1971 47-20 29-52 431
Hayter and White, 1946 62 43-180 13
Immersed, No Exercise (014d)
Donald, 1945 103-28 57-120 399
Yarbrough, 1947 100, 80, 60 20-120 220
(mmersed, Exercise (01d)
Donald, 1945 53-28 80-120 161
Schaefer, 1949 40, 30, 20 1.5-75 49
Lanphier, 1954 50-20 15-113 56
Alexander, 1971 13 240 9
(mmersed, Exercise (New)
Piantadosi, 1979 25 240 12
Schwartz, 1984 30 90-220 18
Butler, 1984, 1986 50-20 5-240 _658
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