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Mary M. Matzen 
. 'Naval .Medical Research Institute 

Novat Medical Research and Drvclop- 
ncnt Command, Work Unit No. MF85524. 
314.205d The opinions ond stalemcnh 
rontained herein are the privorc ones of 
'he wrilcr ond arc not be be construed as 
3lficial or rcncciing chc views of the Navy 
Department or Naval Service at lorgc. 

The collaboration and assistance of 
LCDR P.U. Weathersby, MSS USN in the 
rporting of this information is gratefully/ 
~cknowkdg~d. 

Developmcnt of a method for 
.omputing safer dccompression 
chedules for Navy divers is a maior 
nission of thc Hyperbaric Medicine 
'rogram Center a t  the Naval Mcdical 
iescarch Institute (KMRI) in 
3ethesda, Maryland. 

- To improve air decompression 
schcdulcs, diving researchers need a 
better understanding of nitrogcn up- 
take and ciimination in the human 
body. 

As part  of a study of nitrogen cx- 
change, NMRI researchers combined 
their expertise with that of rcsearchcrs 
a t  the Lawrence Livcrmore Labora- 
tory (Livermore, California) of  the 
University of California in t h e  fall 
of 1980. The purpose of the  cxperi- 
ment  was directly to mcasurc whcre 
and h o w  fast nitrogen enters a diver's 
body. The  protocol rcquircd that  the 
subjects breathe trace amounts  of 
radioactive nitrogen. 

PRIVACY ACT MATERIAL REM(lF* 

Pcrsonncl and Rationalc 

Dcsigncrs of thc cxperimcnt wcrc 
LCDR P. K. Wcathersby, MSC, USN, 
Dr. L. 0. Homcr and CAPT E. T. 
Flynn, MC, USN, of NMRI, and 
physicist P. Meyer of the Livermore 
Laboratory. The  subjects were inves- 
tigators and divers from NMRI: 
CAPT LCDR D 

HCMS(DV) , HMl(DV) 
, HTl(DV) e 

HT1 (DV) and 
ETZ(DV) 

The  subjccts werc highly moti- 
vatcd, yet  a bit apprchensivc about  
thc radiation exposure. Divers a re  
accustomed to taking big risks in 
thcir w o r k - t h y  have bccn trained 
and arc knowlcdgeable and c o m p o  
tcnt  in thc hazardous diving cnviron- 
ment. Brcathing radioactive gas was a 
novel cxpcricncc for all, but  a sourcc 
of particular conccrn to LCDR 
Weathcrsby and CAPT Flynn, whosc 
role was t o  ensure- tha t  the p r o c c  
d u m  were safe. 

-. ~ g u r e  I: 3ubjecls and investigators porlicipating in rhc cxpcrimcnl from N h f  RI :  fronl row. 1.r: ET2(DV) , HTI(DV) 
, orrd tlCMS(DV) ; bacR row. I-r: HMI (DV)  1, H T I ( D V )  , LCDR . andCAPT 
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Most divcrs havc a t  somc timc urf- 
fcrcd dccomprcssion sickncss (bcnds), 
rcsulting from bubblcs formcd in thc 
tissucr aftcr rapid dccomprcssion. 
The offcnding bubbles 'arc assumed 
to be causcd by thc incrt gas in.the 
diver's brcathing . mixturc. The 
rationale around which most dccom- 
pressidn schcdules have been dcvcl- 
oped assumed that, under increased 
pressure, thc diver's body absorbs CX- 

cess nitrogen and that this excess 
nitrogcn gcncratcs bubbles that form 
in thc blood strcam if thc pressure i s  
rapidly reduced. Adequate dccom- 
pression schcdules allow the excess 
nitrogcn to be cxhated; thus inhibit- 
ing bubble formation and preventing 
the Occurrence of decompressipn 
sickness. nie crux o f  the problem is 
to define cxacrly how fa5t inhaled 
nitrogen enters and leaves pa- of 
the diver 3 bo&. 

Experimental Proccdures 

Previously, medical rescarchers 
have had to approximate the tissue 
uptake and elimination rates of nitro- 
gcn. To gct a morc accurate picture 
of nitrogen cxchange in the body, 
rescarchers have had to use other 
gases which are more easily detccted 
in thc body (such as radioactive XC 
133) and assume that thcsc gascs b o  
havcd like nitrogcn. The few expcri- 
mcnts that attemptcd to measurc gas 
uptake and climination have gener- 
ally uwd ancsthetited animal sub- 
jects and hive uscd a short measuring 
time, such as 30 minuter Morc im- 
portantly, gas cxchange in a parti- 
cular rcgion of thc body has not 
bccn studied bccaux thc tech- 
niqucs measured eithcr espircd gas or 
venous blood samples that contained 
mixtures of gas from all organs in 
thc body. NMRl invcstigators sought 
to climinate many of thc assump- 
tions which havc to bc made in thcr  
types of expcrimcnts by trying to 
measure nitrogcn cxchange dircctly 
in humans. 
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Figufr 4: One of the subjects in position for the experiment. Mocrthpiecc i s  connected 10  
the " N ,  rebreathing bog in onother location in Ihe room. 'The hexogonol struclufe above 
the subject is one of the hcods of thc positron camcro (thc second i s  oul Of t i  * cw below 
the table). A seporote poir of positrun dclcclors is in place oruund the ruhjecfs Id1 krrte. 
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Nitrugcn is hard to mcasurc. It 
hds no color and no odor. It has no 
optical, clcctrical, magnctic, or 
nuclcar propcrtics that makc i t  casy 
to idcntify. In the Livcrmorc cxpcri- 
ment, thc subjects brcathcd a mix- 
ture.of 20 percent oxygen and 80 
pcrccnt nitrogcn . that includcd a 
small fraction of radioactive nitrogcn 
("N2). This nitrogcn, which bchavei 
chcmically thc same as normal " Nz , 
could be traccd anywhcrc in thc sub- 
jects' bodics. 

Physicist Paul Mcyer has asscmblcd 
the equipment and expertisc that 
makes the Livermore Laboratory one 
of thc fcw sites in the world 
whcrc "Na can be produced and 
studied in humans. The nitrogc? for 
this cxpcriment was prepared on-site 
because "N2 has a radiologic half- 
time of only 10 minuter This means 
that a 1-hour dciay in transporting 
would rcduce thc amount of radio- 
active gas by 98 percent. The ' 'N2 is 
prepared by bombarding pure nitro- 
gen with gamma rays (see explana- 
tion in Figures 2 and 3). This procc- 
dure was accomplished by remote 
control in a well-sealed accelcrator 
area. lntcnsity of the rays was such 
that 11300 second of exposure to thc 
direct bcam would be fatal. To gct 
sufficicntly "hot" nitrogcn to scrvc 
as an effcctive traccr, a SO-minute 
irradiation time \vas required. A dan- 
ger inhcrcnt in the procedurc was thc 

- 

chcmical risk thrt could a r k  from 
thc possiblc crcation of  noxious 
gases during preparation of thc radio- 
active nitrogcn. Howcvcr, gas moni- 
toring showcd that crcation of 
such gascs did not occur. 

An unavoidablc risk'in this cxpcri- 
mcnt was cxposurc of the subjccts 
to ionizing radiation as they brcathcd 
the 13N2 mixture. In fact, a major 
part of thc rescarchcrs' timc was 
spent in designing and monitor- 
ing the experimental proccdurcs to 
keep the cxposurc at an acceptably 
low levcl. 

During thc 30 minutcs that the 
su bjccts breathed the radioactive gas 
(at 1 atmosphcre in these first experi- 
ments) and for up to 90 minutes 
thereafter, the location of  the I 3 N z  

was identified and mcasured in thcir 
bodies as thcy lay inside a radiation 
device known as a positron gamma 
camera (Figure 4). The arcas in thc 
body of spccial intcrcst werc those 
most often affected by decomprer- 
sion "hits": thc shouldcr, kncc and 
inner car. 

In ideal circumstances, the infor- 
rnatiori (imagc) obtained from a posi- 
tron camera i s  threc-dirncnsional in 
nature. Howcvcr, thcsc experiments 
were limitcd by thc maximum spcci- 
fied radiation dosc to each subject. 
Thc "mcrc" 500,000 or so radio. 
activc disintcgrations rccordcd for 

rcconstruction of the "irnagc." Ex- 
tcnsivc computer programming and 
opcration are nccdd to "crunch" 
(or asrimilatc) thc data points into a 
uscful form such as shown in Figure 
5. Thc data should providc estimatcs 
of comparativc nitrogen capacity in 
the  shouldcr, kncc and inncr ear, as 
well as thc averagc time and varia. 
tions in thc amount of time that 
nitrogcn staycd in thcsc arcar 

Results 

This long overduc and important 
study will providc r d  information 
about the way air bchaves in the 
divcr's body. NM RI  rescarchcrs who 
arc attcmpting to dcvise a bcttcr 
model for computing air decompres- 
sion tablcs await this vital informa- 
tion. Conclusions u n ' t  be drawn 
unril the data is  analyzcd; but thc 
results of thc cxpcrimcnt could 
change old thcorics or add ncw oncs. 

Comrncnt 

On a lightcr notc: Thc divcr sub- 
jccts rcportcd disappointment that 
Livermore was not a bustling naval 
port  Thcir disappointmcnt was off- 
set, however, when they found 
thc local wincry was suitable for an 
occasional "cul turally inspiring" 
visit-an activity dear to a divcr's 

each subject do not providc a perfect heart. &. 

To Experiment Room 

Heavy - Lineor Accelerotor --+ Metal 

Electron Gun 
Nitrogen 
Bottle 

Figure 3: Producrion of rodiooctive nilrogen. Pure (stable) N,  is pumped into o gos bottle it, :he occcleraror cuvc (obout 30 feet beneath 
ihc experiment room). Clccrrons ore prodiiced and occelcrotcd to neorly the speed of light ond to over 50 timrs their rest mon before they 
ore rcotrerrd and their energy converted lo X roys ("nremrstrohliing'~. The X roys bombard :he nitrogen bortle ond cowc the nucleor 
re0r;ic.m :hat produces rodiooctive " N,. 
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7 protons 
6 neulrons 

7 prolons 7 neutrons 
7nculrons 

x-rays 

+ 
neutron 

Production 

7Urolons I> @ 6 proions 
. l3 N 6 ncu!ronr neutrons 

\ positron - /  

0 
--- O&ay --- 

Annihilation Positron Eleclrom - + * 
[ C o m T l  

Detection 
figure 2: Production, decay, and dhection of "N,. High energy X rays strike a stable " N, nucleus, causing the ejection of one neutron 
to produce the radioactive isotope " N,. Within on average of 14 minutes the unstable "N,  decays to eject a positron-on electron with a 
positive charge. Because the positron is the corresponding anti-matter particle to the electron, it soon interacts with an electron, and both 
ore annihilated. The positron and electron mosses are converted into energy In the form of two gamnia rays emitted in opposite directions 
When their direction of wave1 causes both to hit the faces of the two gamma cameras, the location and time of the annihilation is recorded 
as one doto point. 

THOUSANDS 

0 30 60 90 120 

N I N  

figure 5: Graph of amount of radioactive nitrogen (count of number of " N  disintegrations) plotred against time since the slart of t h e  
experiment. This in formarion was ohtoined from the shoulder of one of the NM R I  subjects and hos been corrected for the rodiologic half 
lime of N. Tbe sharp fall 01 30 minutes followed the switch from inspiring the " N ,  mixture to impiring room air. 
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PREFACE 

The Laboratory's basic sa fe ty  policy i s  t h a t  operations must be planned and 
cmducted in a manner t h a t  will  prevent injury to  personnel or  danage to  
property. 
accident-free work environment for  the human subject experiments w i t h  a i r  
tagged with radioisotopes in Wilding 194 are  s ta ted in the Operational Safety 
Procedure. 

The rniniinum safe ty  ru les  a n d  practices necessary f o r  achieving an 

Everyone in t h i s  building, i .e., v i s i t o r ,  maintenance and service employee, 
and regularly assigned employee, i s  required t o  a b i d e  by th i s  procedure and 
the  LLNL Health & Safety Manual t o  protect himself and other personnel fran 
injury. Regular building personnel a re  responsible f o r  ass i s t ing  others in 
the  building t o  understand the safe ty  regulations re la t ing  t o  what they are 
doing and to  abide by the safety requirements. 

This procedure was prepared by building management assisted by Hazards 
Control. Confer with the Hazards Control safety team assigned to  t h i s  
building f o r  interpretation of t h i s  procedure and  for  planning your operations 
t o  comply w i t h  safety requiremnts .  
use t n i s  guidance e f fec t ive ly  t o  avoid injury. 

Each individual in t h i s  building shal l  

This Gperational Safety Procedure has been reviewed by: 

R .  W .  Bauer E .  Division 

A. J. Toy Hazards Control 

0.  C. Shepherd Human Subject Cornmi t t e e  

This Operational Safety Procedure i s  approved by: 

John D. Anderson 
Associate Director 
f o r  Phys i c s 
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HUMAN SUBJECT EXPERIMENTS WITH 

A I R  TAGGED WITH RADIOISOTOPES 13N and 4 1 A r  

~ ~~ - 

A. INTRODUCTION: 

1. 

2. 
8 

General 

The purpose o f  t h i s  s tudy i s  t o  measure t h e  r a t e  of n i t r o g e n  and 

Argon uptake and e l i m i n a t i o n  i n  t h e  body o f  normal hea l thy  humans. 

The exper inents w i l l  i n v o l v e  brea th ing  o f  13N and 41Ar l a b e l l e d  

a i r  f o r  no more than 120 minutes. 

Chana2s 

Any r e q u i r e d  change i n  operat ions t h a t  a l t e r s  t h e  scope o r  
s i g n i f i c a n t l y  decreases s a f e t y  c o n t r o l  w i l l  n o t  be made u n t i l  a 

r e v i s i o n  o r  supplement t o  t h i s  procedure has been signed by t h e  

person author ized t o  approve t h i s  OSP. 

opgrat ions t h a t  does n o t  decrease t h e  s a f e t y  c o n t r o l  may be made w i th  

t h e  j o i n t  concurrence o f  t h e  LINAC Operat ions Manager and t h e  Hazards 

Cont ro l  Safety Team Leader. 

Any requ i red  change i n  

8. SCOPE 

1. T i i s  procedure au thor izes  t h e  exposure of human sub jec ts  t o  t h e  
fo l low ing :  

a) . Breath ing o f  air tagged w i t h  13N and 41Ar f o r  up t o  120 

minutes . 

I 1 2 1 1 8 3  
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Estimates o f  t h e  r a d i a t i o n  dose f r o m  I 3 N  and 41Ar a c t i v i t i e s  i n  
t h e  brea th ing  m i x t u r e  a re  based on c a l c u l a t i o n s  by Hazards Cont ro l ' s  

Heal th Physics Group (see l e t t e r  f r o m  K. Shingleton o f  A p r i l  12, 
1982). The dose p e r  mCi  p2r  l i t e r  f o r  13N i s  c 1000 m r  and f o r  

41Ar:  6400 m r .  To o b t a i n  ext imates o f  t h e  expected dose'we take 

t h e  gas mixes and decay a c t i v i t i e s  i n t o  account as seen below: 

1 3 N - a c t i v i t y  a t  t=o  (beam s h u t - o f f )  = 1.8 n - C i / l i t e r  

41Ar a c t i v i t y  a t  t=o (beam s h u t - o f f )  = 0.001 m C i / l i t e r  

T i e  breath ing gas concentrat ions w i l l  be: 

*N2 (80%) + O2 (20%) o r  *N2 (75%) + * A r  (5%)  + O2 (20%) 

Half  l i v e s  ( T  ) f o r  th2 isotopes a r e  13#: 10 min. and 41AR: 1/2 
109 min. Time elapsed f r o n  beam s h u t - o f f  t o  a d m i n i s t r a t i o n  w i l l  be - 20 minutes. With t h i s  in mind we o b t a i n  the  est imates a t  t=20 

nin. f o r  120 minute  exposure. 

Tota l  dose = ( W / m C i / a )  dore (conceniration)(activity) ( e  at)  

*5 + 02: (1000) (0.80) (1.8) (0.25) = 360 m r  

* A r  + *N + 0 * (6400) (0.05) (0.001) (0.881) + (1000) 
(0.75) (1.8) (0.25) 

2 2' 

2. Gas Hazards (NOp) 

To generate t h e  j3#  isotope, h i g h - p u r i t y  N2 i s  i r r a d i a t e d  w i t h  

bremsstrahlung. 

i o n i z i n g  environnent,  NO2 and N20 forms. 

c o n t r o l l e d  b y  m i n i m i z i n g  t h e  presence o f  O2 i n  the  n i t rogen.  

Some t r a c e  o f  O2 always i s  present  and in t h i s  

The concent ra t ion  i s  

The Ogerat ional  C o n t r o l s  i n  paragraph F w i l l  reduce t h e  above hazards 

t o  d n  a c c q t a b l e  l e v e l .  
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0. RESPONSIBILITIES: 

1.  

2. 

3. 
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Supervisor 

P a u l  fleyer i s  responsible fo r  assuring t h a t  a l l  work i s  ~erformed in 
conformance wi<h  t h i s  OSP and the LLNL Health SI Safety Manual. 
h i s  absence, the e-xperiment will  be terininated and a responsible 
person will be trained f o r  the experiment. 

In  

Employee 

A1 1 participating employees a re  responsible f o r  performing the i r  work 
according t o  the regulations of t h i s  OSP. 

a l l  reasonable precautions t o  protect  themselves and the i r  fellow 
employees and t o  perform only those tasks t h a t  they believe can be 
accomplished safely.  When participants have  any d o u b t  regarding the 
sarety o f  any phase o f  t h e i r  work, they a r e  expected t o  check with 
the  project supervisor before proceeding. 

They are expected t o  take 

Hazards Control 

The Hazards Control Safety Team assists management t o  in s t i t u t e  and 
t o  maintain a low-r-i-sk work environment. 
Control may request t h a t  management or employees s top an  operation 
when there appears t o  be  an imminent danger t o  personnel or  property 
(see Health & Safety Manual Section 1-06). 

In addition, Hazards 

E .  MATERIAL C O N T R O L S ~  

1 .  The target gases are: 

a )  AR: Zero grade 

b )  N2: iligh purity nitrogen ( s i l v e r  colored bot t les  w i t h  pink 
tcp) .  

1 1 2 1 1 8 5  
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2. Waste gas disposal is achieved with large voluinn blower which pumps 
gas from the site of the experiment to the outside of Bldg. 194 at 
the roof level. - 

F . OPER4TIONAL CONTROLS: 

1 .  A1 1 huiilai subjects shall receive a whole body radiation scan by 
Hazards Control before and after inhalation of radioactive gases. 

2. The radioactive gases shall be filtered with a HEPA filter before 
inhalation by the subjects. A visual inspection of the filter 
cartridge gaskets and canister will be made prior to filter 
installation. 
from Hazards Control Respirator Service will be installed in the 
filter canister. 

Only an approved and tested filter cartridge obtained 

3. Radioactive gas preparation: , 

The evacuated target gas bottle, located in the 0' cave, is filled 
from a standard gas cylinder containing either high-purity nitrogen 
(Nz) or Zero grade Ar. 
by L I NAC bremss trah 1 ung . 

Upon filling, the gas is being irradiated 

In the case o f  N2 as target gas, any undesired by-products come 
from small oxygen concentrations i n  the gas bottle. 
in principle, to NO2 and NzO. 
Hazards Control personnel, found concentrations of 125s than 1 ppm of 
NOZ and less than 22 ppm of N20 in an irradiated sample. The 
breathing mixture will be tested for NO2 and ozone befors it is 
adnin is tered . 

This can lead, 
Tests performed previously by 

G. PROCEDURE 

a )  Evacuatz target-gas bottle in O2 cave to < 50 microns. 

b) F i l l  target bottle with N2 or Nz + 40Ar. 
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Bleed r a d i o a c t i v e  gas as described below, i n t o  p l a s t i c  bag. 

Check m i x t u r e  f o r  NO2 (25 ppm) . 

M i x  a c t i v e  N2 with c lean O2 t o  4 p a r t s  *N2 and 1 p a r t  O2 
i n  p last i 'c  bag. 

Navy personnel w i  11 cont inuous ly  mon i to r  and h o l d  O2 

concent ra t ion  t o  approximately 20%. 

Exposure Procedure 

*N2 o r  *NZ + * A r  

The prepared and t e s t e d  gas m i x t u r e  i s  taken from T r a i l e r  930 t o  the 

sub jec t  i n  Bldg. 194 i n  a p l a s t i c  bag which i s  then connected t o  the  

brea th ing  valve.  The sub jec t  then breathes f o r  120 minutes from the  

bag. The exhaled gas i s  passed through a soda l ime  t r a p  t o  remove 

a l l  Co2 be fo re  r e t u r n i n g  t o  t h e  bag. 

O2 i s  maintained i n  t h e  bag and monitored w i t h  a bio-marine oxygen 
d e f i c i e n c y  meter o r  equ iva len t  du r ing  use b y  Navy personnel. A t  the 

end o f  t h e  120 minute p e r i o d  t h e  bag i s  disconnected and the  sub jec t  
breathes room a i r  w i th  t h e  washout be ing  vented t o  the  ou ts ide  o f  

Bldg. 194. 

A concent ra t ion  o f  -20% 

D i s t r i b u t i o n :  
Alvarez, R .  
Anderson, J. D. 
Bauer, R .  W .  
Burgin, C. 
C1 atworthy, J. 
Cos ts l l a ,  G .  
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of 13.6 g f u r  trachea; and assumed density of 1.0 for  gonad and marrow w i t h  
tissue/gas par t i t ion coefficients of 0.02 in gonad and 0.05 i n  marrow. 

Tissue 

Lung 

Trachea 

Gonad 

Xarrow 

N-13 

Ar-41  

N-13 

A r - 4 1  

N-13 

Ar-41  

N-13 

A r - 4 1  

SA(mCi/L) 

0.134 

0.0183 

0.134 

0.0183 

0.134 

- 0.0183 

0.134 

0.0183 

E (MeV) 

0.574 

0 - 550 

0.500 

0.462 

0.530 

0.498 

0.530 

0.498 

LCDR, PSC, USN I 

V/NL/g)  

2.'3/1000 

I 1  

.03/13.6 

I 1  

0.00002 

0 

0. 00005 

0.00005 

Tb (min) 

e1 

I 1  

88 

81  

1 7  

I 8  

6.6 

8 1  

Te (min) 

14.4 

83.9 

14.4 

83.9 

6.6 

70 

10 

78 1 

Dose (mrad) 

9 1  

69 - 
81 

55 

0.3 

0.5 

1.3 

1.3 

- 

- HllZ/AD/USN i i z i w  


