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volatile anaesthetics in blood or other fluids [l-31], are of two types: either 
indirect, in which the anaesthetic is separated from-the blood priorto injection, 
or direct, in which the gas chromatography is performed on- a sample of whole 
hind Tha~indir&t tehninnac fhnd knwva matfin& flL71 entvritit adrswfirrn IL11I. A-u _-u-I -.a-yu- \Y_ apyuc _~yIIYuy LA . J ) OVI.“y.” -vL-u”.l 

[S-22] and distillation [23,24] ) are time consuming [1,2,6,28,30;31], require 
complicated pretreatments 1291 involving a potential loss of the agent 1301 
and may be difficult to apply to small samples 1301. Furthermore, solvent 
extraction procedures may be complicated by the deposition of lipid materials 
on the columns [2] and by the production of soivent peaks of large area 
which may interfere with the estimation of the anaesthetic peak and/or result 
in prolonged elution times [ 11,14,16] _ Direct inj&ion me&& :[2~5--311; 
in contrast, are rapid and apparently simple-f16] and can be used with’small 
samples of blood [l] _ They may, however, suffer from problems assoi=iated 
with contamination of the columns wi*& non-volatile blood Components 
[2,6,30] and subsequent baseline drift due to the slow elution of such com- 
pdnenk 12,301, clogging of the syringes used for injection 16,301, distortion 
and broadening of the peaks [2;6,16,30], ghost peaks [6,30] .and poor repro- 
ducibility [X,2] . 

In this paper we describe the design and construction of an exte.& injec- 
tion port which allows the injection of a small sample of whole blood into 
the preheated carrier gas sheam of the gas chromatograph. Flash evaporation 
removes the non-volatile components and only the volatile components enter 
the column. This external injection port in combination with the use of an 
internal standard avoids the problems discussed above and permits the rapid 
analysis of halothane, diethyl ether, methoxyflurane and &h~oi in whole 
blood over the approximate range of l-100 mg%. 

MATE- AND METHODS 

Halothaue (Hoechst Pharmaceuticals, Montreal_, Canada), methoxyflurane 
(Abbot Laboratories, Vancouver, Canada) and diethyl ether (spectroanalysed; 
Fisher Scientific, Montreal, Canada) were used without further purification. 
Isobutanol (reagent grade; Mallinckrodt, St. Louis, MO., U.S.A.) was dried 
over anhydrous potassium carbonate and puri&d by fractional distillation 
[32]. Ethanol was dried by r@luxing with magne&m tu+ngs and puGSed 
by distillation 1321. AU other chemicals employed were of reagent grade 
or better_ Silicone rubber O-rings 3/16 in I.D. and- 5/16 in 0-D. HT8 low 
bleed septa were obtained from Applied Science, -State College,. Pa., U.S.A. 
01..,,- ----1- 3 n* -113 *ner -.__-r-1---1 .I--_ r-i-- mm--21*- UIIL”LLI”J”L” A”l, L”O) I”3, ^_--I ‘Inm -__^ 

a1u LU1 weEe punarm rrom Ju~ly1sLI1vllle, 

Denver, Cola., U.S.A. and Reacti-vi& and Mi&ert valves from Pierce, R&k- 
ford, IX, U.S.A. 

The external injection port 

Design / L.. : 

The design of the external injection port is shown diagrammatically. in 
Fig. 1; Fig. 2 shows detailed engineering- drawings. The external -injection 
port consists essentidly of a heat ‘reservoir- .zind ‘a rot;arS valve both .of which ._ ..- .:. 
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contain channels for directing the flow of carrier gas. Both the reservoir and 
rotary vaIve are consfxucted of brass, their respective plane face plates being 
separated by a l/32-in, Teflon gasket against which the valve rotates. Mounted 
on the front of the rotzy valve are: (a) a spring which can be used to tighten 
the valve again& the Teflon- gasket to achieve a gas tight: seal, -(b) a gas chro- 
matographic injection poti of conventional design se&d with _a septum and 
(c) a pair of handles w@$h &ow.r&ation of the valve. The reserv&r is main- 
tained at 180” wi’th a heater, set into a well drilled into ‘Je body of the reser- 
voir, a similar well contains a thermometer. The base of the port is attached, 
by a gas tight seal, to the ir;jection portsystem of the gas chromatograph and 
can be readily modified for use with a variety of instruments. The carrier 
gas enters the port through a Swagelok fitting sealed into the side of the 
reservoir; this requires a diversion of the carrier gas stream prior to the point 
where it enters the original inject&n port of the gas chromatograph. 

Fig. 3 illustrates the flow paths of the carrier gas within the.external injec- 
tion port when the rotary valve is in the “tin” operational and the -“off” 
non-operational positions_ In the “on” position the carriet gas passes succes- 
sively through the fixed channels a and b located, respectively, in the body 
of the heat reservoir and’the rotary valve. It then proceeds via the fixed channel 
c located in the reservoir, into a glass U-tube (3/16 in. O.D.) connecting c with 
the tied channel d located in the body of the reservoir. The carrier gas then 
passes throiigh fixed channels e arid f located, respectively, in the rotary 
valve and the rest+voir and enters the gas chromatography column through 
the base of the injection port. The U-tube is located on the left side (see 
Fig. 2) and is sealed into position with silicone rubber O-rings lightly lubricated 
with a high-temperature. vacuum grease. Before ins&ion the ends of the 
U-tube were also lubricated with the same vacuum grease. A lever attached 
to the reservoir (see Fig. 2) prevents the ejection of the U-tube when the valve 

. 
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Fig. l~-I)~tk ~pre.s&z&oa of $he front view of the extegd injection port. 
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Fig. 2. Engineering drawings of the ed.ernd i&&io~ port. 
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Gas chromatogrcrphy 
Gas chromatography. was performed .on..a -Iiewlett-packard 76lOA & 

cbromatograph fi+d with’dual -flame ion&&ion detectors using dual 6 ft_ X 
2 mm I.D. glass cohunm% containing Chromosorb 101 (SO-100 mesh) prc~ 
grammed from. 110-180” at S”/min. The injection. port of the chromate- 
graph was maintained. at ZOO”, the external injection port at 180” and the 
flame ionisation detector at 250”. Gas flow-rates employed were as follows: 
carrier 25 ml/min; auxillafy 35 ml/mini hydrogen 50 ml/min and-air 470 ml/min. 
Both helium and nitrogen could be used as &er gas. Range resis&nce of the 
electrometer was set at lo8 s2. 

Peak areas were me,asured with a ffewletf-Packard 3370B electronic inte- 
grator operated at Up and Down slope &nsitivities of 0.1 mV/min. Injection 
volumes were chosen to -yield a minimum anaesthetic peak area of 5 X 
104 pv sec. 

Andy tical methods 
~_______ L--L_- ---_ >_l__2___2 L__ Ll__ nesponse raczors were aecermmea vy me gC3.S i3iXGi~tC@Zi$ii~ S3ii&fSk Of 

solutions of known composition containing the agent and the internal s&m- 
dard isobutanol with the equation: 

peak area agent wt. isobutanol 
Response factor = X 

peak area isobutanol wt. agent 

Analyses of blood samples were performed on EDTA anti-coagula~ blood 
.r&-rr D~~,.tz .&.31” A.-B#xL .-w8..;--na &+x.x n marrnd-ia-a d+m’~n bar srra 9 nIKm;V-anrC u311lg ILeuLlrl-v- C:L1I;U cqu’ppcu “71_ Q rurrl;llCU1& uwrr&Lrs “az Llllll a I.KULIl1GJ.U 
valve. Water was added to the vial such that the remaining volume, when the 
vial was filled to the rim, was 0.5 ml. A standard solution (50 ~1) containing 
an accurately known quantity of isobutanol in water (approximately 260 mg 
per 100 g) was added and the vial was completely filled with the blood sample 
to be analysed (450 ~1). The quantities of blood and internal standard em- 
ployed were established by weighing the vial at the appropriate times. The 
samples were mixed and gas chromatography was performed on aliquots of 
4-40 ~1. The concentration of the anaesthetic was calculated from the formula: 

Anaesthetic concentration = 
peak area anaesthetic X wt. IS. X concentration IS. 

peak area IS. X wt. blood sample X response factor 

where IS. = internal standard. 
The effect of- storage on the halothane concentrations of blood samples 

was tested as follows. Reacti-vials (1.0 ml), containing a glass bead, were 
fiued with blood samples, containing an accurately known quantity of halo- 
&me, in such a manner that no air bubble was trapped in the viaLThe sam- 
ples were stored at 4” for 7 and 14 days, thoroughly mixed and analysed by 
gas chromatography. 

RESULTS 

An external injection port temperature of 180” was found to be necessary 
to maintain a gas tight seal between.the Teflon.gasket and -the face plates of 
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the rotary valve and the heat reservoir. Under these conditions the glass wool 
plug served the dual function of providing a large, heated surface area for 
evaporation of the volatiles and of a trap for the non-volatile components. 
Vhl. -cn ac -,-~-AZ,- me” ,W&-.-,M- ~,,c-~lL2 l..,, L-CL CL, ,-u.Lm4.z~l. ALAG 1-K “L ~“#.qJ”icr~“lI Wtw yLw-rr”q I;“lIlrL”Ll_ “Y “U_ CIZICS ~LF~cuwu~ 
of the carrier gas stream in the body of the heat reservoir and the dispersion 
of the injected blood sample. when liquid was deposited on a portion of the 
U-tube free of glass wool the fluid beaded and evaporated slowly, a phenome 
non accompanied by peak broadening ‘on gas chromatography. Successive 
injections of volumes of blood up to a totaz of 10 ~1 could be made before 
it was necessary to insert a fresh U-tube but use of samples of between 10 and 
40 ~1 necessitated the insertion of a fresh U-tube after each injection. The 
O-rings used to seal the U-tube into the port gave some bleeding problems 
when new. These could be eliminated, however, by heating the rings for 16 h 
at 160” before insertion into the port. The effective life of the rings was 
improved by light lubrication with a high-temperature vacuum grease. Rou- 
tinely the septum of the injection assembly, mounted to the front of the 
rotary valve, was changed once a we& it could, in any case, be used for at 
least 35-40 injections. 

Preliminary experiments were conducted to evaluate ffie use of methanol, 
ethanol, II- and isopropanol, n-, SW-, ferf- and isobutanol and isoamyl alcohol 
as internal standards for the estimation of halo&me and methoxyfl~e on 
one or more of the column packings Chromosorb 101,103,105, or 107 under 
either isothermal or temperatureprogrammed conditions. Isobutanol was 
found to be a cheap and convenient internal standard since it could be readily 
purified, was soluble in blood at tbe concentrations employed and bad a 
retention time intermediate between that of halothane and methoxyflurane; 
it also proved to be a good internal standard for both ethanol and diethyl 
ether. The use of a temperature programme resulted in..the splitting out of 
tbe water peak from the halo&me peak permitting accurate measurements 
of peak area, Chromosorb 101 was the preferred pa&big material since it 
gave little or no bleed and was very stable; the column has been in routine 
use for more than 12 months. Furthermore Chromosorb 101 can be employed, 
under the same operating conditions, for the rapid analysis of hslothane, 
methoxyflurane, ethanol and diethyl ether. Using the conditions specified 
above the system exhibited little or no baseline drift_ Such drift, when it_ oc- 
curred could be corrected by a single blank program run or by a short period 
of conditioning at 180”. Table L lists the sensitivity of the flame ionisation 
detector and tbe characteristics~of the electrometer and integrator when 
L”lP.CL.Beb m.z!&Lc.T7~.CI..-~~ zd-lB.xw-91 A&sC~~~l a4hcxr a”#4 ;.a-A,&~“#4 ma*a mwal_ IIcLL”IpIcLuFi) uGirrr”*J IIuAGuxFi, FiusIcuI”I) UszulJr Fisux~~ QIIU w”“u-a”l “k&1 cy*Lym 
yzed as described above. Fig. 4 shows sample chromatograms obtained from 
these analyses. 

Table II shows the results ob&ned .by analysis of blood samples containing 
accurately known weights of halothaue, ~methoxyflurane, diethyl ether and 
e&m&l over the approximate concentration range l-100 mg%. As can be seen 
excellent recoveries were obtained over the entire concentration range for 
all the compounds investigated. Rear&i-vials proved to be.efficient for storing 
blood samples containing halothane for periods as long as two weeks at 4”. 
Such storage permits efficient staging of analyses when the experimental 
design requires multiple samplings. 



.’ 

I 

T
A

B
L

E
 I 

.’ 
PE

R
FO

R
M

A
N

C
E

 
‘C

H
A

R
A

C
T

E
R

IS
T

IC
S 

‘6
~ 

T
H

E
 F

L
A

M
E

’ IO
N

IZ
A

T
IO

N
 D
E

T
E

C
T

O
R

, E
L

E
C

T
R

O
M

E
T

E
R

 
1 A

N
D

,, 
‘.

 ,
’ 

FL
E

C
T

R
O

N
IC

 
IN

T
E

G
R

A
T

O
R

 
, 

,; 
1 

.’ 
,‘,

 .’ 

Th
es

e 
pe

rf
or

m
an

ce
 ch

ar
ac

k&
ia

tic
 

da
ta

 c.
or

re
ap

on
d to

 p
ea

ka
 A

-i
,o

f 
tb

? 
sa

m
pl

e c
hr

on
&

og
ia

m
e in

 F
ig

., 4
, 

1’
 ,, 

* ,,!
 ,

:, 
“,

,, 
.
,
,
/
 

Pe
rf

or
m

an
ce

. 
ch

or
ac

te
ri

at
ic

 
‘,

, ‘.
 

:: 
Is

ob
ut

an
ol

. 
” 

H
al

ot
ha

no
, 

M
ot

ho
xy

- 
'
 

D
i
e
&
y
]
 

j 
E

th
&

j 
‘: 

.’ 
,:a

 
,’ 

‘:i
 

‘, 
1 
fl

ur
an

c 
,‘,

 et
he

r 
” 

;,,
 

sI
’: 

;, 
h,

’ 

62
 ,

: 
C

on
ce

nt
ra

tib
n (k

g%
)’

 
11

 
08

 
60

 
.‘,

’ 
,,6

6:
: 

; 
.; 

/ 
‘..

).
 :

 
,,I

 

V
ol

um
eo

f i
nj

ec
tio

n (
~1

) 
.‘

:1
6 

16
 

40
 

10
 .’

 
‘,

 
lb

 
: 

pc
t&

to
r’

ou
t@

tt a
t 

26
6 

x1
0*

0 
m

tii
m

uw
.(A

) 
,’ 

a’
 

a.
44

 x
10

-0
 

,4
.1

3 
x 

10
~0

 
f&

6 X
’l

O
lO

 
0.

61
 ;x

10
+

6 
:..

 
i ~ ,

,,’
 ,’

 
) 

.:.
. 

,I 
: 

,, 
..,

 
In

tc
gr

nt
or

 in
pu

t.a
t 

2.
66

 
ij,

i?
 

” 
4.

18
 

Q
&,

1 
” 

i’ 
‘; 

,, 
:. 

m
ax

im
um

 (m
V

) 
6.

60
 

,;’
 

,I,
,‘,

 
I 

I 
(r

eJ
ec

tr
om

o&
cr

 
ou

tp
ut

) 
,I 

,, 
(.

,, 
:’ 

,,m
’ 

_’
 

.I 
; 

Pe
ak

 ar
eq

(p
V

w
c)

 
1;

4i
2k

 1
0’

 
‘.

 
1.

30
3x

 19
” 

0.
64

3X
 lo

’,
 ,

;: 
‘.

1*
22

2x
 10

’ 
: 

;.8
64

xl
o~

 
:“

’ :
.’ 

,, 
,: 

‘.,
’ 

. 
a,

. 
,)

. 
,..

 
II 

.’ 
: 

.‘,
 

.’ 
,.,

 :
. 

( 
. . 

1 
‘, 

‘, 
t’.

, 
2,

’ 
.’ 

: 
,,,

, 
. 

.”
 

: 
r 

* 
.‘,

 
; 

,I 
’ 

,:’
 

‘, 
‘8

 
, 

‘. 
; 

,,’
 

,,,
 

,.’
 

..I
’ 

(,
 

,, 
;:,

 
‘, 

81
 ;

 
,,”

 
; 

; 
.”

 
‘, 

.,’
 

,. 
.’ 

_’
 

,,’
 

.’ 
. 

, 
: 

., 
r,

 
.:.

 
., 

,I.
 

,.’
 

,: 
. 

_.
 

It 
““

’ 
;’ 

i:.
 

I 
i’ 

” 
,;’

 
.’ 

,, 
!’ 

..’
 

,’ 
‘,‘

, 
‘, 

,, 
‘. 

; 
,, 

‘I 
” 

.’ 
‘. 

: 
..a

, 
. 

.“
I, 

,I,
 

,’ 
” 

,. 
‘. 

‘.,
 

‘, 
.;’

 
,I 

’ ”
 

.1
, 



0 2 4 4 8 10 

w 

-,,cl 
-.. L 

I I, I II 1 I ,I,, , I,., 

0 2 4 6 8 12 14 

rime in Minutes 
1 

-‘&g. 4. Sample cb~~m&ograms from -the rural+ of halothane (A), methoxyftmari (B), 
diethyl_ e$her (C) and etl&nol. (D) u&g, in a.&. 9, isobutanol .(E, F, G, H) 86 internal 
st&dard._ The y&er peak in +ch .chromatogram .@. l~belled W. .The vertical iii+ *g 
‘theb~inesareevent.markersarising.fr;omthein~&r.: ., ._ 

-. 
.. ... 

_- .- 
As an ilhstratiwe example of the gene&l usefulness of this gasiiquid chm- 

ms+n-rrhim nr.-mdr~m ;n ‘l%ld~ TIT &.a ;nnIsrAed +hn mnral+n nC .a nwalk..L.srcr LYUYV~Y~LU” pa.-.d.auLb, LIl_ +uurG Ly se Lu’ut+usu -=. rwy+u “1 -Q &fZ_J 

study of the equilibtiii& di&bu%io~ of‘hal&h&e between. the cell and 
plasma of human blood at 4”. This experiment. was perfumed as -foUows. 
To React&vials completely fill@ with EDTA ~ti-coagirlatea human blood 
was added, with a nhr@h pipette who= tip was l&ted neir the.base of 
&he vial, a knoti volume of a solution of halo&me in 0.85% &.ine equal to 
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Re&~nsefaet.ar 0.207 f 0.608 0.242t 0.009 0.924 +~O.OOl 0.797 f 0.024 
(&0butan01=1) 

Retentiontime(min)* 6.21 t b.20 12.31 * 0.13 6.36 t 0.15 2.21 f 0Ioa 
Rehtiveretentiontixke 9.697 1.397 . . 0.608 0.382. 

(hoblltanol=l) 

Added Found- Added Found Added Found Added Found 
(m&s) (mgsb) (m&W (mp(X) (m&W -(m&W (mIz% (m@) 

102.7 105.2 110.4 111.3 111.6 115.3 119.7 121.7 
102.3 103.6 
94.1 90.9 
93.5 97.3 
92.8 90-4 
54.7 53.1 54.7 54.2 67.4 66.6 62.2 63.6 
15.3 15.0 24.4 23.5 
14.9 13.8 
14.2 14.3 
13.2 12.2 
11.4 12.1 10.3 10.7 : 12.7 11-S 11.5 11.7 
4.7 4.3' 5.0 4.9 5.2 6.5 
1.2 1.0 0.7 0.6 1.0 0.7 

t** 0.26 O-69 0.5 0.9 
d.tff* 

&_§ ~.s. iTI.6. 
-3 
N.S. 

After 1 week storage 18.8 17.8 . ~ 
iXfWr2we&56tomge 16.4 16.6 

*In these studies the retention timis for isobutanof were.8.91 5 0.56. 8.81 f 0.56, 8.81 + 0.58and. 
6.41i 0.48 for~~ofhaloth~e,me~~~e,dietholetfi~andethanolrespeetively. 
-Paired ttest[3S].Differencesbetaeenquaatitks eded apdfoundwrenot~cantlydiffesnt 
fromzero. 
"%Lf_pdegreeaofkeedom_ 
~N_S.=not+iificant. 

exactl$ one tenth of the volume of the vial. The vial caps were immediately 
replaced thus displacing- any excess blood and insuring. a bubble &ee sample 
(Le., no head space): The vials were rotated slowly at 4”. for various time 
periods and were then centrifuged at 2800 g -for 15 mini. The plasma was 
.ana&sed for halothane and the coixentraiion .&f the anae&thetic in the c&l- 
lular fraction calculated from the equation: 

[bloOdhalo] = 0.9 I$ [c*uO] + (i_O-9 UC) [pl+rn.&,&]. ~. _. _.- _ ,I. 

where I. 

, ...~ 

-. .I 
.:: .._:, /._ .- _. L ., 
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[bloodh& = added cdncenkation of halo&me in blood (29.7 mg%) 

O-9-= d&ion f&&x due td a@iti& 0-f the &J.&e s&&ion bf halo&au& to blood 

[cellha] ’ 4 concentration of. halothane ik -I% celluJ.ar component of blood 

From this eqiatioti the ~‘distributio~~_of h&o&&e. between. cells qd plasma 
canbe c&uiat&_ : 

‘IZle h&&iAne -solutioti’ was p&&et% by safxra&g 0.85% saline at 37” 
with the an&sthetic. Undti. -these. .&n&ions the &&ration concentration 
of hal&h&e as d&erniiued ‘by gas &roma$opphy was 297&S mg5% (n=5); 
at .4” ‘the value obtained tias 481k.12 -tig% (II=+). .PqssibIe los+zs -of halo&me 
_weti estimated in separate control ek~eriments by oti&ing the centrifugation 
&ep and determkikg the co&n&ation. of halo&me in the whole blood 
afkr‘_thk period of &@librati~n. St&istical an&xis of these’ data (n&9) indi- 
cated that there was no difference betwee&the qua&tie of halo&me added 
and .thati found by gas chro&&gkaphk dialysis. Significant haemolyti did 
not_ occur during the pee08 of time used in these equilibtition experiments. 

-. 
DISTRI&ION OF HALO- BETWEEN THE c&s AND P~~MA OF EDTA 
~-COAGUL.ATBD HUMAN BLoOD AT 4” 

&q~ples A and -B were obt&ed from tb& sarpe individ& on two se&ate occasions; they 
had haematkrits of 6.489 and 0.486 rkspectivefy. &mpie c, obtained from a different 
~jndividual, had a haematocrit of 0.507. Assuming that equilib&um is achieved after 16 h 
then the mean ratio: 

C=lhamol -.. 

CPla=-h&J 
= 2.0 f 0.2 (n = ll)_ 

SampleA Sample B Sample C 

Incubation &ll~] - ~-Incubation cce&W!o3 Irxubation C~h&l 
time(h)- [plasm~l time (h).. [p-l time @I IPAl 

3.5 : 0.6 i9.5 
: -.20.5 “- 

.. -1.8 18.0 1.8 
13.0 :. - i.r 2.1 18.5 16-s l;g -. 22.0 2.3 20.5. 

;I; 

-17.5 2.0 22.0 :. 1.8 21.5 2.4 
: ,:. ._ :.- 23.0.. : : 1.9 

_. _ 1 

:. : -:: ~- ; 
: .- -. 

. . .- l.. ^ __. -. . ._ 
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DISCUSSION 

Direct injection methods for the gas chromatogkphic z&alysis of volatile 
~~..~.AL#.c;,.” G” LleaA am” l-us A&A&wa ;m+r. +krnn ncmTa_7 n-d~P~csE- Ia\ +knrn ;n 
QuawuLa~~~J aL* “A”_ UaaA UF cu”XU~ LLIW -cxz ~sa’cacu ti* CWUM. \cL, -v- LLI 

which the sample is injected into the-injection- port of the chromatograph 
[25,26,29], (b) those in which injection is made into a removable glass liner 
inserted into the injection port [27,30], and (c) those in -which injection 
is made into a heated precohmm device isolated from the columns and then, 
after a period of time, the volatiles are swept onto the column by a stream 
of carrier gas via a switching valve 128,311. The analytical system described 
here appears to combine ah the advantages of these systems without any 
of their disadvantages. Thus it permitted the rapid, direct, quantitative anal- 
ysis of the bldod concentrations of four volatile compounds on a stable, 
readily avaiIable cohumi +&ing. The difficulties associated with baseline 
drift 12,301, ghost peaks 16,301, interference from water [6,30], poor re 
producibility [1,2], contamination of the columns with non-volatile com- 
ponents [2,6,30], and non-uniform evaporation which necessitated a -pre 
heating period of the sample within the pm-column device 128,311 were not 
encountered. The use of. an internal standard coupled with the measurement 
of peak areas, rather than peak heights, obviated the need for calibration 
curves and eliminated problems assokiated with measurements of broadened 
or distorted peaks. Reference to Table II demonstrates that, with our proce- 
dure, accurate analyses can be performed over a wide range of concentrations. 

The external injection port can be easily constmcted from inexpensive 
materials and has proved to be reliable and simple to operate for routine 
purposes. Iustallation requires a minimum of modification of existing chroma- 
tographs and the-port can be readily adapted for use with other chromatographs. 
Furthermore the U-tube assembly appears to offer distinct advant&ges over 
previous systems [28,31] since it is easily accessible and can be rapidly chauged 
without interrupting the carrier gas flow. 

The equilibrium distribution of halothane between the cells and plasma of 
human blood at 4’ determined in this study, 2.0+0.2 (see Table III), differs 
from that reported by Han and Hehich 1333 who found that 70% of the 
halo&me was in the plasma. The latter value *as, however, estimated in- 
directly from calculations based upon the Ostwald solubiity coefficients of 
halothaue in plasma and cells at 38”. Moreover the Ostwald solubility co- 
efficients were determined after shaking the samples with liquid halothane 
and mercury for ‘1 h. 

increase with haematocrit. Experimental observations on this relation are, 
however, in conflict- Mapleson et al. [34] and Steward et al. 1351 found that 
in rabbits and dogs, respectively, halothane solubility decreased as the haen+ 
atocrit’ decreased. Furthermore, Steward et al. attribute solubiliw variations 
to the greater solubility in the cells. Cowks et al. 1361, however,_ found that 
haematocrit -did not affect the sohrbihty of halothane in dog blood. Similar 
disc&pan&s have been noted with studies of human blood. Several investi- 
gators [29,33,36] have reported a decrease in solubihty with an increase 
in haematocrit while other studies have shown that the solubility of hdothane 
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is independeait,. of the haematocrit [37,38 J , that halothan is less soluble in 
blO&& of low. htien%&crit -[19,3?] or tiixe tiohibie- in. blood of high haem- 
atocrit [38]_ On the _ot&er hand, 0th~ factors. affect solubility, including 
lipid concent+ion: [4,38]. and the albumiiMo_glob+ titio 1371. In vi&w 
of the r&A~.discussed above -it .is: impossible- to assess fully the significance 
of pub&&d data in this area. Our preliminary experiments do however demon- 
strate that t&e gaS .&r6&atographic procedure described her& provides a facile 
metho;d of examining this iiitere&ing contioversy. Experiments designed to 
study this problem in more detail are currently in progress. 

ACKNOWLEDGEMENTS 

This work was supported by a grant from the British Columbia Heart Foun- 
dation. One of us, Y.C.P., wishes to thank the University of British Columbia 
for the award of a University Graduate Fellowship and a University Summer 
Research Scholarship. 

-. 
REFERENCES 

7 
8 
9 

i0 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 

2”: 
24 
25 

26 
27 
28 
29 

30 

H. Yamamura, 33. Wakasugi, S. Sato and Y. Takebe, Anesthesiology, 27 (1966) 811. 
D * b..C,__ * D v-11__ --> 1 “_-- *___LL__:_I_-_ nn Ilncn. n-n I%._. PUUJrK, _.P. _.zUY ill&U c). uapp, -esUxesIol”gy, iso \IJ0,r, ID”. 
R.k Theye. Anesthesiology, 29 (1968) 101. 
B.R. Fink and K. Marikawa, Anesthesiology, 32 (1970) 451. 
P.D. Wagner, P.F. Naumann and R.B. Laravaso, J. Appl. Physiol., 36 (1974) 600. 
H.H. Beneken Kolman, GG. Burm, C.A. Cramers, J-M. Ramakers and H-L. Vader, 
Brit. J. Anaesth., 47 (1975) 1049. 
J.E. Heavner, J. Friedhoff’and R. Haschke, Anesthesiology, 45 (1976) 654. 
R-A. Buffer and D-W_ Hi& Nature (London), 189 (1961) 488. 
C-0. Rutledge, E. Seifen, M-H_ Alper and W. FIacke, Anesthesiology, 24 (1963) 862. 
_ __X”~ *tZ1 _. x5_ wolrson, fl.flj. r;lccareili and ES. Siker, &-it. J. Anaesth., 38 (i966j 29. 
B. Wolfson, H.E. Ciccarelli and E.S. Siker, Brit. J. Anaesth., 38 (1966) 591’. 
D.J. Wortiey, P. Herbet. J-k Thornton and D. Whelpton, Brit._J. Anaesth., 40 (1968) 
624. 
F.W. Cezvenko, Proc. Roy. Sot. Med., 61(1968) 528. 
R. Douglas, D.W. Hiil and D.G.L. Wood, &it. J. Anaesth., 42 (1970) 119. 
P.R. Allot, A. Steward and W.W. Mapleson, Brit. J. Anaesth., 43 (1971) 913. 
P.L. Jones, M.J. MoUoy and M. Rosen, Brit. J. Anaesth., 44 (1972) 124. 
M.M. At&ah and I.C. Geddes, Brit. J. Anaesth., 44 (1972) 1035. 
N-L. Davis, R-L. Nunna~y and T-L_ Mali&n, Bht. J. Anaesth., 47 (1975) 341. 
D.E. ElIis and R.K. Stoelting, Anesthesiology, 42 (1975) 748. 
N. Poobalasingam, Brit. J. Anaesth., 48 (1976) 953. 
F. Renzi and B.E. Wand, Anesthesiology, 47 (1976) 62. 
M-M. Halliday, I. MacDonald and M.H.G. MacGregor, Brit. J. Anaesth., 49 (1977) 413. 
R.H. Gadsden, K&H. Risiiger and E.E. Bagwell, Can. Anaesth. Sot. J., 12 (1965) 90. 
K Rackow, E. Salanitre and G-I, WoI& Anesthesiology. 27 (1966) 829_ 
H-J. Lowe and L.M. Beckham, in H.-A. Szymanski (Editor), Biomedical Applications of 
Gas Chromatography, Plenum Press, New York, 1964, p. 307. 
H.J. Lowe, Anesthesiology, 25 (1964) 808. 
L.H_ Iaasberg and B.E. Et&en, Anesthesiology, 26 (1965) 216. 
T. Yokota, Y. Hitomi, K. Ohta and F. Kosaka, Anesthesiology, 28 (1967) 1064. 
H.J. Lowe and R Hagier, in R. Porter (Editor), Gas Chromatography in Biology and 
Medicine, Ciba Foundation Symposium, J. & A. ChurchiU Ltd., London, 1969, p_ 86. 
M-J. Cousins and R.I. Maize, Anesthesiology, 36 (2972) 293. 



.- __ : : --;. .i.: ._ 
: ~.. :. _, . . 

:, 

I 
..- - .,~ _. 

.j 

. ‘1 : : 

:. --. .. 

_ 
-.: 

: 

~. .:. 

.- 
. .: 

-- 

: : 


