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Weathersby PK, Homer LD. Solubility of inert gases in biological fluids and tissues: a review.

Undersea Biomed Res 1980; 7(4):277-296.-Data have been tabulated from more than 150 refer-

ences on the solubility of inert gases in fluids and tissues of biological interest. Thirty-two gases

have been studied in blood with measured solubility ranging from 0.005 to 16 ml ofgas at 37'C per

ml of blood per ATA (Ostwald coeffrcient). For most gases, solubility in other tissues such as

muscle or brain is between 6Vo and 3fi)7o of blood solubility. Measured solubilities in biological

tissues do not correspond well to solubility in water and oil. Most gases decrease in solubility by

lVo-6Vo for each'C rise in temperature. The effect ofpressure on solubility has not been well

studied, and only crude estimates can be obtained by using methods of chemical thermodynamics.

inert gas
solubility
partition coefficient

SCOPE

Central to most questions in hyperbaric physiology is a quantitative appreciation of the

equilibrium solubility coefficient of inert gases in biological fluids and tissues. This review

contains a summary and bibliography of reported gas solubility measurements and a brief

description of applicable theory and measurement technique. Other reviews should be con-

sulted for the physical chemistry of gas solubility ( 10, 61, ll7 , 144) or for gases used in clinical

anesthesia (34,37,81, 129). Reference 129 is particularly extensive, and its organization may

be more useful to some readers than the present report. English language reports from 1930 to

mid-1980 have been reviewed; a few earlier important studies have also been included. Except

for the authoritative water solubilities (144) and data cited as unpublished or private communi-

cation in review articles (34, 37) , the references used to obtain the tabulated data are the

original reports.
Our report focuses on the inert gases. At a molecular level, there is a blurred distinction

between inert gases that interact by nonspecific forces and active gases that selectively inter-

act with solvent molecules. In principle, a useful distinction can be made on the basis of

whether a saturation is evident; that is, whether a negative deviation from Henry's law ap-

pears at a discrete concentration of gas. Henry's law says that the dissolved gas content is
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directly proportional to the partial pressure of the gas phase. For most of the biologically
important solvents, however, such studies are lacking. For purposes of this report, two major
exclusions were made: l) solubil ity of oxygen and carbon monoxide in blood, which is domi-
nated by well-studied gas-hemoglobin association: and 2) solubil ity of the strongly acid gases
(SOr, SO3, NOz) in aqueous solution, which is dominated by complex buffer-ion equil ibria.

Some 32 gases have been studied. These range in molecular weight from 2 to nearly 200
daltons, and they include the inhalation anesthetics, the noble gases, the diving gases, and a
few gases that have only been used in research laboratories. Table I lists the values of
solubifity by increasing gas molecular weight in terms of the Ostwald coefficient, L, at3]-"C
(3 l0"K). This measure (Z) has units of gas volume, measured at ambient temperature and at I
ATA partial pressure, which dissolves in a unit volume (V) of fluid. Other common units that
are used can be related to the ostwald coefficient by the following formulas (61):

Bunsen coefficient (a) V of gas at srpD/V of fluid
: L (273"13101 

(1)

Kuenen coefficient (S) V of gas in ml ar srpD/g of fluid
: L (273"t310")tp \z)

where p is the fluid density in g/ml. We treated a few reports that used the Kuenen coefficient
as if they had used the Bunsen coefficient, because overall variability was greater than the
error of assuming a tissue density of 1.0 g/ml and because tissue densities were not measured
in those studies.

Henry's constant (Il) gas pressure/gas mole fraction in fluid
: 14131L (fbr water) 

(J)

The common units of Il are atmospheres of gas partral pressure per mole fraction of dissolved
gas' The numerical constant given in Eq. J is only valid for a dilute aqueous solution. A
generally lower value will apply for biological solvents that have a higher average molecular
weight than water.

partition coefficient (tr) ratio of gas concentration
rn substance l/substance 2 @)

If substance 2 is a pure gas phase at 1 ATA and if concentration is measured in milliliters of
gas at srPD or 1 ATA and 37'C, the partition coefficient is numerically equal to the Bunsen
and Ostwald coefficients, respectively. A few studies have directly measured partition coefTi-
cients between blood and some other biological substance; these results are summarized in
Table 2' Unfortunately, a number of investigators have not reported the unit of solubility they
used. In such instances, the tabulated values of solubilitv may be incorrect.

THEORY OF SOLUBILITY

Henry's constant is the unit most frequently used in thermodynamic calculations involving
solubil ity changes caused by pressure, temperature, or composition (117). Solubil ity is an
equilibrium property, so all the theoretical and semiempirical approaches that have been used
in the chemical process industry might be applied when specific data are lacking (l l7). The
equation that describes the equil ibrium is the generalized Henry's law:

P y y : H x g  ( j )

where P is the total gas pressure,Il is Henry's coefficient, y and x are the mole fractions of sas
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Hyd  rogen

N i t r o u s  O x i d e

D ie thy l  E the r

X  enon

P. K.  WEATHERSBY AND L.  D.  HOMER

TABLT] 2

TISSUE-BLOOD PARTITION COEFFICENTS
( m l  g a s  8 3 7 ' C / n I  t i s s u e ) / ( m l  g a s  € 3 7 " C , z m I  b l o o d )

B r a i n Musc le  O the r

1 . 1 ( 5 4 )

I . 0 9  ( 1 3 8 )
1 . 0 6 ( 8 2 )
0 . 9 r ( 5 1 )

0 . 7 3 ( 4 )
0  . 9 2  ( 2 3 1

K i d n e y  1 . 0 ( 8 )

H e a r t  1 . 0 5 ( 3 I )
H e a r t  I . t 3 ( 3 I )

L i v e r  1 . 0 6 ( 5 3 )
U r i n e  0 . 6 8 ( I 3 5 )

K i d n e y  0 . 5 8 ( 4 )
K i d n e y  0 . 6 5 ( 2 3 )
F a t  T i s s u e  9 . 4 ( 4 )
L i v e r  0 . 7 2 ( 4 )
C a r t i l a g e  0 . 5 4  ( I 0 9 )
S y n o v i a l  F 1 . 0 . 5 8 ( I 0 9 )
c s F  0 . 5 0  (  2 3  )

H e a r t  0 . 6 9 ( 4 )
H e a r t  0 . 7 2 ( 2 3 )
E y e  0 . 7 2  (  4 7 )
L i v e r  0  . 7 0  ( 2 7 \
T e n d o n  0 . 3 6 ( 1 0 9 )
L i v e r  0 . 7 0  (  2 3  )
F a t  T i s s u e  9 . 8  ( 7  9 )

0 . 6 3 ( 4 )
0  . 6 9  ( 2 3 )
0 . 6 2  ( 1 3 7 )
0 . 7 ' t  ( I 4 I )
0 . 6 9 ( 1 0 9 )

in the gas and fluid phases, respectively, and 7 and f are gas activity coefficients in the gas and
liquid phases, respectively. The product on the left side of Eq.5 is called the "fugacity" in
thermodynamics. In an ideal dilute solution of ideal gases both 7 and 4t are unity, and a
simplif ied equation such as Eq. J results.

The virtue of Eq. 5 is that specific nonidealities of either the gas or the liquid can be isolated
fromtheequi l ibr iumconstant , f l .  Forexample, theef fectofpressureonsolubi l i ty isg iventoa
first approximation as

Hz :  Hr  exp [V,  (P,  -  P ' ) /RT]  (6)

where RT is the product of the gas constant and the temperature (2s,400 ml . ATA,/mol, at
body temperature) and V" is the partial molar volume of the gas in the fluid. For small inert
gases in aqueous liquids, v* is in the range of 25-40 mvmol (10, l17, 135). Because the
Ostwald coefficient is inversely related to Henry's coefficient, the effect of increased pressure
is expected to be a slow exponential decrease in the solubil ity per se. In practice, the pressure
effect on either the gas or fluid phases is likely to change solubility more than the effect of Eq.
6 .

The change in solubility with temperature is given by a version of the Clausius-Clapeyron
equation.

Hz : Hr exp fh (T, - Tr)/RTlT2) (7)

where ft is the partial molar enthalpy of solution, and R the gas constant. Enthalpies are
tabulated for many gases in water (144) and fats (148) and can be estimated for other systems
(ll7). Equation Z is usually accurate over a modest temperature range and will probably be
satisfactory over physiological temperatures. The data of Table 3 are given in a linear form,
i.e., percentage of change per degree. If more than a few degrees of extrapolation must be
performed, an exponential extrapolation as suggested by Eq. Z is to be preferred. Methods for
estimating the gas-phase activity coefficient, 7, are given in physical chemistry texts and
compilations (ll7). For the gases of interest in diving (helium, oxygen, nitrogen) sufficient
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TABLE 3

DEPEIIDENCE OF SOLUBILITY
chanEe per  degree)

Bloocl Other Tissue

- 0 . 2 ( 3 3 )
+ 1 . 6 ( 2 I )

- c . 4  (  3 3  )

28'�?

Hydr ogen

He l  i um

l4e thane

lJeon

Ace ty l ene

Ca rb on l . lonox i  de

E thy l  ene

N i t r o g e n

E thane

Oxygen

Argon

Cyc lop ropane

Carbon  D io : l i de

l i l i t r ous  O> t i de

D i e t h y l  E t h e r

K ryp ton

F  r  eon -2  2

F  1u  r  o> :ene

T r  i c h l o r o e t l r y l e n e

Xenon

S u l f u r  l l e : r a f l u o r i d e

i i e t i r o ) : y i i u r a n e

l i a  1o  t hane

TEI,iPERATURE
(pe r  cen t

I I a t e r

- 0 . 0 2 5 ( r 4 4 )

+ 0 . 3 3 ( 1 4 4 )
+ 0 . 3 ( 2 I )

- 1 . 1 7 ( 1 4 4 )

+ 0  . 0 2 I  (  1 4 4  )

- 1  . 3 3  (  1 4 4 )

- 0 . 8 4  (  1 4 4  )
- 1 . s ( r 1 2 )

- 1 . 4 r ( 1 4 4 )

- 0  . 7  2  ( r 4 4 )
- 0 . 9 ( 2 1 )
- 0 . 9 ( 1 3 9 )

- t  . 8 9  (  1 4 4  )

- 0 . 9 5  (  1 4 4 )
- t  . 5  ( 2 2 )

- 1 . r 4  (  1 4 4 )
- I  . l  ( 6 )

- 2  . 0 2  (  L 4 4 )
- 2 .  ( 3 6 1

- r . 9 7  (  1 4 4 )

- 2 . 2 I  ( I 4 4 )
- 2 . 3  ( 2 r )
- 2  . 2  (  4 B )

- 8 . 9 ( 9 )
- 2 .  ( 5 s )

- 1 . 4 r  ( 1 4 4 )
- 3 . 0 ( 7 4 )

- 6 . 2 ( r 0 8 )
- 3 . 2 ( 1 3 )

- 3 . 3 ( I 0 2 )

- 6 . 9 ( r r 1 )

- r  . 7 6  (  r 4 4  )

- i  . 5 r  (  r 4 4 )
- r . 4 ( 6 )

- 7  . 0  ( 7  6 )
- 3 . 9 ( 6 5 )
- o  .  \  J o ,

0 .  ( 5 6 )

0 . 0  (  2 1 )

- 1 . 6 ( 3 3 )

- 7 . 8 ( 9 )
- 2 .  (  5 s )
- 4 . 9  (  5 0  )

- 4 . 6 ( 1 3 1 )

o i r  - 3 . 6  (  1 1 2 )
R B C  G h o s t  - 1 5 . ( l I 2 )

c i l  - 0 . 4  (  r r 2 )

o i l  - 0 . 2  (  r r 2 )
P las rna  - I . 7 (22 )

o i l  - 3 . r  ( r 2 )
o i r  - 2 .  (  3 6  )

c i r  - r . 1  ( 1 4 8 )

P L a s m a  - 8 . 0 ( 9 )

B r a i n  - 2 . 0  (  1 4 7 )
E y e  - 3 . 8 ( 7 4 )
i . l u s c I e  - 2 . 0 ( L 4 7 ,
c i r  - 0 . 3  (  1 4 8 )

c s F  - 5 . 5 ( 1 3 I )

P , r a i n  - 2 . 0  ( 1 4 7 )
l l u s c l e  - 2 . 1  ( 1 4 7 )
o i r  - r . 0  ( 1 4 8 )

c s F  - 4 . 2 ( r 3 r )

P l a s n a  - 6 . 2 ( 7 6 )
D r a i n  - 2 . 2 ( 6 5 )
c i . r  - 5 .  ( 3 6 )
E r a i n  0 .  ( 5 5 )
c s F  - 4 . 2 ( I 3 I )

- 1 . 9 ( 3 3 )

- 6 . 5 ( 1 i r )

- 5  . 7  ( 7  6 \
- J . J \ O l '

- 8 . 7 ( 1 2 0 )
- 6 . ( s 6 )
- 3 . 6 ( r 3 1 )
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data exist to predict gas phase behavior to within a few percent. Virtual ly no data are avai lable
on the behavior of the t issue-phase activi ty coeff icient, f .  More detai led treatments of Eqs.
5-7 can be found in many physical chemistry texts and especial ly in reference l17.

EXPERIMENTAL METHODS

The procedure for determining solubi l i ty usually includes the fol lowing steps: I  )  the t issue is
al lowed to equi l ibrate with a gas phase; 2) the gas and t issue are separated;3) the t issue is
al lowed to equi l ibrate with a new gas phase ("extraction");4) the gas of interest is separated
from both gas phases: and 5) the quanti t ies ofgas and t issue are measured. The f irst steps may
be performed either in vitro or in vivo, and some of the steps may be omitted. For t issues other
than blood, the t issue is general ly minced and mixed with several t imes i ts own volume of
sal ine before equi l ibrat ion. Calculat ion of solubi l i ty is performed by using mass balances.

The equil ibrat ion t ime necessary is usually determined empir ical ly as the t ime beyond which
no further change in apparent solubi l i ty is measurable. This equi l ibrat ion usually requires
several minutes to a few hours. A few valuable experiments have not produced solubi l i ty data
because the  equ i l ib ra t ion  c lear ly  was no t  ach ieved (30 ,  46 ,  9 l ) .

The extraction and separation steps have been standardized by specif ic apparatus and
procedures by Van Slyke and associates ( I  39, 140). The need for careful work and application
of many temperature and pressure corrections has been emphasized (48, l06, 107) .  The detec-
t ion of the gas in these studies has tradit ional ly been indirect; that is, the residual gas after
oxygen and carbon dioxide absorption is presumed to be the inert gas under study. For some
reac t ive  gases  such as  ha lo thane (30) ,  cyc lopropane (1  l8 ) ,  and d ie thy l  e ther (55)  the  ex t rac t ion
is fbl lowed by a chemical reaction and measurement of the reaction products. More modern
s e p a r a t i o n t e c h n i q u e s u s e g a s c h r o m a t o g r a p h y ( 1 . 1 5 , 9 0 ,  l l 5 ,  1 4 6 )  o r m a s s s p e c t r o m e t r y ( 5 8 )
to separate the gases. In some studies the f inal gas detection is by specif ic electrodes (22),
f lame ionization (90, 146), infrared absorption (84), thermal conductivi ty ( l l5), or electron
capture detectors. The use of radioisotopes has al lowed solubi l i ty measurements to become
very specif ic with a minimum of sample handling, because the gas can be measured while st i l l
i n  the  t i ssue.

The precision of measurement on individual t issues has varied from 0.5Vc to 207c. For
macroscopic samples. one of the l imits on precision is the variabi l i ty of biological specimens
obtained. In general.  the reported values may be precise to about l0%. Some careful work has
estimated that the variabi l i ty of solubi l i ty among members of the same species may vary from
20Vr tt t  35'/c in the same t issue ( t28). The table entr ies have been prepared with the number of
signif icant f igures consistent with the precision of the original t lata; only the f inal digit  is
expected to contain the experimental imprecision. As a gauge to accuracy, the individual
reports of solubi l i ty in watcr have also been included. Comparison with the value of water
sofubi l i ty accepted in a recent careful review (144) can be used as a gauge to the experi-
menter 's  b ias .

TISSUE DIFFERENCES

No b io log ica l  t i ssue is  a  pure  so lvent ,  and s tandard iza t ion  o f  t i ssues  is  l im i ted  by  the
reproducibi l i ty of t issue samples. The variabi l i ty caused by biochemical factors is poorly
understood. Original ly, gas solubi l i ty in t issues was treated as a I inear combination of solubi l-
i ty of water and "f ir t ."  The measure of lat in the t issue is defined as the fract ion of material
extr:rcted intt l  midrange hydrocarbon solvents ( i .e.,  petroleum ether). We used ol ive oi l  to
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assess the intr insic gas solubi l i ty in l ipid: most of the "oi l"  entr ies in Table I use this oi l ,

though other vegetable oi ls were used on occasion. This "two-solvent" approach to predict ion

of solubilities has failed. For very simple gases such as krypton (70, 147) addition of a third

solvent to account for protein binding has some uti l i ty. In most instances, however, the

simpli f icat ion is inadequate either to indicate the range of t issue solubi l i t ies (nearly al l  mea-

surements span only a small fraction of the oil-water range) or to predict the value for a new

tissue or a new gas.

In general,  added salt  decreases gas solubi l i ty in aqueous l iquids; data are avai lable on this

point for ethers (9, l4). Most gases wil l  dissolve in physiological sal ine to at least 90Vc of their

solubi l i ty in pure water. Lipid content does inf luence solubi l i ty: krypton and xenon dissolve

more in l iver as the tr iglyceride content increases (27,72), and some steroids increase the

oxygen solubi l i ty in serum (49). Blood l ipid levels are posit ively correlated with solubi l i ty of

halothane (122, 143) and sulfur hexafluoride ( 143). The correlations are too weak for quantita-

t ive predict ion, but in some cases a50%-80% change in gas solubi l i ty is associated with the

normal range of blood l ipid. Solubi l i ty of halogenated anesthetics in blood may increase by as

much as l lVc after eating ( l0l).

More recently, the solvent power of proteins has become appreciated (45). The strong

associat ion between hemoglobin and both carbon monoxide and oxygen is well  documented.

Hemoglobin is also known to associate with xenon (23,125), cyclopropane (52), nitrogen,

hydrogen. argon (99), methoxyflurane (38), and butane and propane (145). Myoglobin binds

cyclopropane ( 1 23), nitrogen, argon, hydrogen ( 99), and xenon (23, 124) .  For both hemoglobin

and myoglobin, the gas-bonding site is not the heme group, and the oxygen affinity of the

protein is not seriously affected. Albumin binds cyclopropane (100), xenon (23), and propane

and butane (145). Lysozyme, however, does not have a signif icant aff ini ty for propane or

butane (145). Xenon also appears to have a sigmoidal binding isotherm with proteinaceous

components of t issue (75).

Many gases have a solubility in blood that depends strongly on the concentration of red

cel ls, presumably because of interaction of hemoglobin and gas. The gases that have an

increased solubi l i ty with increased hematocri t  include hel ium; acetylene (53); nitrogen (44,

139) ;  e thy lene (24) l  n i t rous  ox ide  (73) ;  e thane (150) ;  cyc lopropane (24 ,77 ,150) ;  k ryp ton  (57 ,

7 l ) ;  t r i ch lo re thy lene (88 ,  l l l ) l  xenon (5 ,7 l ) ;  ch lo ro fo rm (88) ;  and su l fu r  hexaf luor ide  (150) .

Dimethyl ether (14,68, 150), acetone (150), and methoxyflurane (88) have a lower solubi l i ty in

blood as hematocrit increases. Reports are contradictory on the hematocrit effect for diethyl

e t h e r ( f 4 , 2 4 , 8 8 )  a n d h a l o t h a n e ( 2 4 , 5 6 . 7 6 , 8 8 ,  1 2 2 ,  1 2 8 ,  1 5 0 ) . T h e m a g n i t u d e o f  t h e c h a n g e s

can be ranked according to the rat io of gas solubi l i ty in packed red cel ls to that in plasma. This

rat io is less than 0.9 for dimethyl ether and acetone; 0.9 to 1.3 for acetylene, nitrous oxide, and

nitrogen; 1.3 to 2.0 for ethylene, krypton, and chloroform; and more than 2.0 for ethane,

xenon, and sulfur hexafluoride. Much of the controversy can probably be resolved by studies

using better characterized blood samples. For example, the apparent dependence ofhalothane

solubi l i ty on many plasma and cel lular components could be well  described by a l inear de-
pendence on tr iglycerides alone ( 122). Wherever possible, the data ofTables 1 and 2 have been

selected to refer to a blood of 50% hematocri t  or l5 g hemoglobin per 100 ml of blood.

Solubi l i ty is also known to dif fer between similar anatomic structures. For example, many

anesthetics are twice as soluble in the white matter of the brain as in the gray matter; these

include cyclopropane, f luroxene, diethyl ether, halothane, tr ichloroethylene, chloroform (88,

89), methoxyflurane (38,88), and xenon (66). Forstudies that include separate measurements

on the two brain tissues, the entries in Tables I and 2 presume a brain of 60% gray and 40Vo

white matter.
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Several papers have reported no dif ference in solubi l i ty measurements between completely
in vitro studies and those where t issue saturation occurred in a l ive animal (43,70, 130).
Interspecies dif ferences have also been documented. Blood, again, is the most studied t issue.
Dscussions of interspecies data are avai lable for kypton (70, 100), xenon (100), and other
gases (29. 150). Eel blood has an unusual pH dependence ofnitrogen and argon solubi l i t ies at
low temperatures ( 127).

EFFECTS OF TEMPERATURE

Over the range ofphysiological temperatures, al l  gases but hel ium show a decreasing solu-
bi l i ty in aqueous solvents with increasing temperature. Hydrogen and neon have a minimum
water solubi l i ty at body temperature (144). The l imited experimental data are summarized in
Table 3. which gives the temperature effect as percentage change in Ostwald coefficient per
'C. In 1973 a similar compilat ion was published that emphasized water and oi l  as solvents (2).
As actual solubi l i ty data are not l inear with temperature (cf.  EC.7), the value given should not
be applied to temperatures more than a few degrees from 37"C.

Table 3 also includes values for water. The rat io of t issue solubi l i ty to water solubi l i ty has
been found to be nearly independent oftemperature for blood solut ions ofoxygen (22, 60). and
n i t r c l u s o x i d e ( 2 1 ) , b u t n o t f o r h e l i u m o r n i t r o g e n ( 2 1 ) . F e w d a t a a r e a v a i l a b l e f o r o t h e r t i s s u e s .

EFFECTS OF PRESSURE

The most important environmental variable for hyperbaric operations is the least studied.
The f irst constraint on gases at pressure is the maximum part ial pressure ofa gas that can be
obtained at body temperature. Gases that can l iquify at37'C have their vapor pressure as a
max imum (  I  l7 ) :  ace ty lene,  60  ATA;  e thane,  50  ATA:  cyc lopropane,  9 .7  ATA:  d imethy l  e ther ,
8 .7  ATA:  n i t rous  ox ide ,  73  ATA;  ace tone,0 .49  ATA:  d ie thy l  e ther ,  l  .  I  ATAI  carbon d isu l f ide ,
0 .73  ATA:  Freon-22.  13 . -5  ATAI  ch lo ro fo rm,0 .42  ATA:  t r i ch lo roe thy lene,0 .  17  ATA:  su t fu r
hexafluoride, 73 ATA; methoxyflurane, 0.06 ATA; Forane, 0.49 ATA; and halothane. 0.48
ATA. Other of the tabulated gases are above their cr i t ical pressures. so that l iquifact ion is
impossible. and any pressure may be obtained: fbr example-hydrogen, hel ium, methane,
neon. carbon monoxide, ethylene, nitrogen. oxygen. argon. carbon tetraf luoride, krypton, and
xenon are far above their cr i t ical temperatures. Some gases are near their cr i t ical tempera-
tu res :  ace ty lene.3-5"c ;  e thane,32 'c :  carbon d iox ide ,3 l ' c :  n i t rous  ox ide ,36"c ;  and su l fu r
hexafluoride, 46'C. Phase behavior of these gases is errat ic, especial ly when they are subject
to compression near their cr i t ical pressures (general ly 45 to 75 ATA).

Theory can be useful ly invoked for pressure dependence. For water, Eq.6 is an excel lent
approximation for several gases through 100 ATA (42,135). The effect ofpressure on the gas
phase nonideal i t ies, however. f i rst must be treated by adjusting the activi ty coeff icients, y, in
E q .  J  ( 1 3 4 ) .

Experimental data on solubi l i ty above atmospheric pressure are almost nonexistent. Haw-
kins and Shil l ing found that hel ium solubi l i ty in blood fol lows Henry's law up to 6 ATA (59).
Xenon showed ev idence o f  sa tura t ing  b ind ing  s i tes  in  subce l lu la r  b ra in  components  in
pressures up to 4 ATA (7-5).

In the pressure range below I ATA, Henry's law has been veri f ied for a few systems: in
blood, for xenon (23. 78), nitrous oxide (26), ethylene and acetylene (53), and cyclopropane
(77): in plasma. for oxygen ( 22) ;  but i t  was found to be violated for others. Diethvl ether (3 9)
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andha lo thane(88,  l2 l )becomemoreso lub le inwaterw i th increas inggaspar t ia lp ressure .The

blood solubi l i ty of cyclopropane and methoxyflurane decrease with increasing gas part ial

pressure (88). This deviat ion is probably due to gas molecules saturating the avai lable protein

binding sites. Nonlinear solubi l i ty phenomena wil l  undoubtedly become more important under

hyperbaric condit ions, since the higher driving forces wil l  progressively recruit  more types of

specif ic binding molecules.

CONCLUSIONS

Because of the wide disparity in reported results. no single set of values can be recom-

mended. Those wishing to use solubi l i ty per se should choose measurements from studies that

agree best with well-establ ished values of gas solubi l i ty in pure water(144). Those wishing to

apply t issue-blood part i t ion coeff icients should choose pairs of values from the same study, or

direct ly from Table 2.

This compilat ion has attempted to summarize the equil ibr ium property of gas molecules

most important to hyperbaric research and operations. How much gas can actual ly dissolve in

the body'? Except fbr the well-studied cl inical anesthetics cyclopropane, nitrous oxide. and

halothane. and the common radiotracers krypton and xenon. the question remains unan-

swered. Of the more than -500 measurements tabulated in this repoft only a single determina-

t ion was found that pertains direct ly to the hyperbaric environment (59). The discrepancies

among dif ferent studies frequently exceeds a factor of 2. far too imprecise fbr most predict ive

work. The dearth of data is especial ly prominent for the peripheral t issues most at r isk in

hyperbar ic  exposures- i .e . .  jo in ts .  ears ,  bones .  and sp ina l  cord-and fb r  the  gases  most

l i ke ly  to  be  used- i .e . .  n i t rogen.  he l ium.  a rgon.  and hydrogen.

' f h i s  wo rk  was  suppo r ted  by  Nava l  Med i ca l  Resea rch  and  Deve lopmen t  Command .  Work  Un i t  No .
MF5t1524.014.0256. ' [he opin ions and assert ions contained herein are the pr iVate ones ol ' the wr i lers rnd arc not  to be
construed as of f ic ia l  or  ref lect ing the v ieu's of the Navy f )epartment or  the naval  serv ice at  large.  The authors wish to
thank M. M. Matzen and R. Bal lengel  for  their  edi tor ia i  uork in thc prcparat ion of  th is rvork.  fh is rcport  h:rs bccn
prepared in a machine readable format that is suitablc firr pcriodic updating. Rcaders arc invited to ctxrcspond tlircctly
wi th the authors regarding revis ions and addi t ions.  The numbered order o l  the rcfcrcnccs to th is papcr is  atypical  and u 'as
dictated by unusual  product ion problems that  are unl ikely 1o recur.  I lunt tscr ipt  r tc t i t td. l i r  l t t rh l i t r t t ion. l r tnt  1960:
rcyi . t ion ru t iyL,d Artqtr .s t  I980.

Weathersby PK, Homer LD. La solubi l i t i  des gas nobles dans les f lu ides bio logiques et  les t issues.

Undersea Biomed Res 1980: 7(4\ :277-296. Les donncjes de plus de 150 rdferences sur la solubi l i te
des gaz nobles dans les fluides et les tissus d'intOret biologique ont 6t6 dispos6es en forme de tables.
Trente-deux des gaz ont 6t6 studi6s dans le sang avec une solubilitd d6termin6e s'6tendant de 0.005

i 16 ml de gaz ir 37'C par ml du sang par ATA (coefficient Ostwald). Pour la plupart des gaz, la

solubilite dans les autres tissus telles que les tissus des muscles et du cerveau est entre ffiVc et30U7c,
de la solubi l i t6 du sang. Les solubi l i t6s d6terminees dans les t issus bio logiques ne correspondent
pas avec la solubi l i t6 dans I 'eau et  dans I 'hui le.  La plupart  des gaz diminuent en solubi l i te par

1%-6% pour chaque ascension'C en temp6rature.  L 'ef fet  de la pression sur la solubi l i te n 'a pas ete

bien studi6,  et  seulment les calculs par aperEus peuvent Otre obtenus avec les methodes de
thermo-dynamique chimique.

gaz noble
solubi l i te
coeffi cient de partition
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