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I GAS CHROMATOGRAPHY AND ITS APPLICATIONS

Chromatography is a term that covers a great number 
of different processes and is therefore a difficult term 
to define. Basically it is a separation technique; a 
sample containing a variety of materials is separated 
into its components which can then be measured individ
ually. This is done by passing the sample over a material 
which holds back some of the components and lets others 
pass through. The end result is that the components of 
the sample are separated from one another by both space 
and time. Prom this it is easy to see that there are 
several necessary elements for chromatography. Pirst, 
a carrier for the sample, some driving force to move 
the sample, a stationary separator, usually called the 
stationary phase, and finally a detector. With these 
components in mind we can now classify some of the dif
ferent kinds of chromatography and specifically gas chro- 
atography and it's applications.

Let us first look at the different types of chro
matography and see their relationship to each other.
Table 1 illustrates the four main types of chromatography 
with respect to their necessary components.

The type which I will be most concerned with is
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gss chromatography and its applications, a schematic 
diagram of a gas chromatograph (Figure 1) will aid in
the understanding of the necessary components described 
above and how they function together.

TABLE 1

DRIVING
CARRIER FORCE STATIONARY PHASE DETECTOR

bin layer 
omatography

Solvent Capillary
action

Absorbent on glass 
or plastic plate

Color developing rea
gent, fluorescence 
etc.

Paper
omatography

Solvent Capillary
action

Cellulose fibers 
or substance coat
ed on cellulose 
fibers

Color developing rea 
gent, fluorescence, 
etc.

Liquid
Omatography

Solvent Pump Solid particles, 
solvent immersible 
liquid absorbed on 
porous solid sup
port

Refractive index 
monitor, U.V. absorpt 
ion monitor, fluores
cence monitor

Gas
omatography

Gas Cylinder 
pressure

Solid particles 
high boiling liq
uid absorbed on 
porous solid sup
port

Thermal conductivity 
flame ionization, 
electron capture, 
flame photometry

FIGURE 1
Typical Lab Gas Chromatograph
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The carrier gas source and the driving pressure 

come from the cylinder on the left, the chromatograph 
itself is in the center, and some means of recording 
the results (strip chart recorder) of the analysis is 
on the right. It must be noted that various instru
ments differ greatly in the physical details of the parts 
shown here, but they are all present in one form or an
other. The flow regulator is an adjustment used to set 
the flow rate of the cai*rier gas through the instrument. 
The sample injector is generally a device containing 
a soft silicone rubber septum through which the sample 
is introduced with a syringe. Some injectors are heated 
to vaporize the sample immediately upon injection. Oth
ers are designed so that the sample is deposited direct
ly on the separating column. This latter design is most 
often used with biological samples which tend to be de
graded if they come in contact with a heated metal sur
face.

The heart of any gas chromatograph is the column 
where the actual separation of sample components is a- 
chieved. Inside is located the stationary phase. The 
column itself is constructed of glass or metal (usually 
stainless steel), most often 1/8 or 1/4 inch in diameter 
and coiled to take up s minimum amount of space. Stain
less steel is inexpensive, durable, and can be bent to 
different shapes and fit, however if the sample (such 
as steroids) reacts with the metal then a glass column
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must be used. Glees columns ere more expensive, rath
er fragile, but tend to react less with samples than 
do metal columns. The solid support, type and amount 
of liquid phase, method of packing, length, and temper
ature of the column are important factors in obtaining 
the desired resolution of products. The dimensions of 
the column govern the total amount of gas and liquid 
it will contain. Analytic columns are ordinarily 1/16 
inch to 1/4 inch G.D. (outside dimension) tubing from 
5 to 50 feet in length. lengthening a column will in
crease the separation of products, sometimes substant

ially.
There are two main types of column packing; solid 

particles and liquids absorbed on porous solids. 3y far 
the more popular is the porous solid coated with a high 
boiling point liquid.

There is no fool-proof method for selecting the 
best liquid phase for a particular separation. The 
right selection is based mainly on experience and/or 
trial and error. There has been a considerable amount 
of literature regarding column technology published
recently and it might be advantageous to consult this

7source of information for the proper liquid phase.
Several requiremenrs of the liquid phase must be 

considered, however:
a. Good absolute solvent for sample components. If 

the solubility is low the components will elute
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from the column rapidly resulting in poor separa
tion.

b. Good diffential solvent for sample components.
c. Nonvolatile - vapor pressure of 0.01 to 0.1 mm at 

the operating temperature to insure a reasonable 
column life.

d. Thermally stable - instability can be promoted by 
the catalytic influence of the support as the tem
perature increases.

/-> «-i "1 1 tt -i m r\-r»4- -P Qt.ro-r-Vo o ortl ■n+’oo Of*

interest at the column temperature.
The liquid phase chosen depends on the composition

of the sample. Hopefully, the type of components likely 
to be present in the sample will be known before the 
analysis is made. The more you know about the sample 
(suspected components, boiling ranges, structures) the 
easier it is to select the proper column, packing and 
operating conditions. For the most efficient and normal 
separation the liquid phase should be similar in chemical 
structure to the components of the mixture. Example: 
hydrocarbon compounds are best separated with hydrocarbon 
solvents: polar compounds with a polar solvent. If the 
components of the sample are of different chemical class
es, but close in boiling point, liquid phases of differ
ent polarity must be used.

This brings us to the question of what to use for 
solid support m our column? The purpose of the solid 
phase is to support a thin uniform film of liquid phase. 
An optimum support should also have certain character
istics:
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1. A large specific surface area — from 1 to 20 

sq. meters/gram.
2. A pore structure with uniform pore diameter 

in the range of 10m or less,
5. Inertness — a minimum of chemical and adsorp

tive interaction with the sample.
4. Regularly-shaped particles, uniform in size 

for efficient packing.
5. Mechanical strength — it should not crush under 

handling.
It should be noted that no material has yet been described 
which fills all of these requirements. Several suitable 
supports are’commercially available however. Usually 
one must choose between inertness or high surface ai’ea.
The raw material for most gas chromatographic supports 
is diatomite; also known as diatomaceous silica, diato
maceous earth, and the German word, Kieselguhr. Diato
mite is composed of the skeletons of diatoms, microscopic 
unicellular algae, which are primarily composed of micro- 
amorphous hydrous silica with minor impurities such as 
metallic oxides. The individual diatom skeletons are 
very small, uniform in size, highly porous and have a 
high surface area. Diatomaceous supports are not inert 
and they differ significantly in adsorption and catalytic

i

activity. Surface interaction can be recognized by tail
ing and distortion of peaks during separation.

The amount of liquid phase used should be enough 
to coat the particles with a thin uniform layer. Too 
much liquid phase collects in pools between particles
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and efficiency of the column decreases. Efficiency de
creases drastically for liquid phase loadings exceeding 
50% on diatomaceous earth supports. Several years ago^° 

loadings of 15-50% were common on diatomaceous supports. 
Now? the trend is to lightly-loaded columns (2-10%) and 

more rapid analysis. On teflon supports the maximum 
load is about 10% by weight. Glass beads have such a 
small surface area that liquid phase loadings should 
be kept below 0.25% by freight. The retention time is 
proportional to the grams of liquid phase present, so 
that light liquid phase loadings mean fast,efficient 
analysis.

We must of course have some means of measuring the 
sample's components as they appear after separation by 
the stationary phase in the column. Dozens of detectors 
have been invented, but most gas chromatography done 
today uses only three; the thermal conductivity detector 
(TOD), the flame ionization detector (EID), and the elec
tron capture detector (EOD).

The TCD is the most rugged, most universal, least 
troublesome, and least sensitive of the three. In its 
simplest form it consists of two tungsten-rhenium alloy 
filaments. One of the filaments is in the gas stream 
coming out of the column and the other is in a reference 
stream of pure carrier gas (Figure 2). Both filaments 
have a small current of electricity passing through them
to raise their temperature above that of the block, which
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is heated in order to prevent condensation of the sample 
inside the detector. The temperature of the filaments 
depends of two things, the amount of current used and 
the rate at which they lose heat to the slighrly cooler 
block. Helium is usually used as a carrier gas because 
it has a -thermal conductivity about ten times as great 
as any other gas except hydrogen. As a result, when a 
component; of the sample enters the detector it dilutes 
the helium and the new mixture has a lower thermal con
ductivity. The sample filament heats up slightly due 
to electrical resistance created by the component of the 
sample while the reference filament remains the same.

Through a somewhat complex electronics system these changes 
in filament temperature are converted into a pen move
ment on a recorner. After the component leaves me <etec- 
tor everything returns to normal leaving a resultant
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peak on the chart paper. Hydrogen causes the inverse; 
it has a higher thermal ■ conductity than helium and 
so the peak is drawn downscale instead of upscale. The 
beauty of the TC detector is that it will respond to 
any substance that is different from its carrier gas.
It has a limited sensitivity and loses much of its sen
sitivity in the low part-per-million range.

HIV* -P~l m 4 zws 4 rr 4- 4 /"Wi o 4- o 4~ /->-r-» 4 n* nY>TOTi rx-vn wn+T\"l TT OXliv -L. J_ will Xz U.vZ*.xJ_4JVAX/-*-XZ».x kA. V U V \Z V \Z-J- z_ vz x*. y-iiivy xz xz u_ »z»

thousand times more sensitive than TO,. but it is select
ive as to what it will detect. It responds only to those 
components of a sample which produce charged ions when 
burned in a hydrogen flame. This means that it will 
detect practically all organic compounds but will ignore' 
C02, inert gases, and certain other compounds, among 
which is water ('this lack of sensitivity for water can 
be a great advantage if the sample is in an aqueous solu
tion). The flame ionization detector is a very simple 
device (Figure 5) z. as the carrier gas leaves the column 
it is mixed with hydrogen and burned at the tip of a 
small jet. Any ions that are produced during this burn
ing precess are collected by two electrodes, this in 
turn amplifies the current which is recorded on paper.

The electron capture detector is even more sensitive, 
it will detect as little as 10 x grams of some materials, 
but this type of detector is extremely selective. It 
will detect only those compounds capable cf adding on 
an electron to f^riu a negative ion. This limits the
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E0 to mainly halogenated compounds. It’s main use is 
in studies involving pesticide residues, most of which 
are chlorinated compounds. Sometimes you can modify 
your sample so that the EC will detect that group which 
you are looking for. For example: If you are looking 
for a very low level of some compound with a hydroxyl 
group (such as one of the sugars), the entire sample 
can be treated with a reagent to replace the OH group 
with chlorinated silyl ether (Cl,Si 0"). The chlorines 

will now give very high EC sensitivity for the sugar 
derivative.

FIGURE 5. Flame Ionization Detector

from
Celurnn

The EC detector is also of relatively simple con
struction (Figure 4). It contains two electrodes, one 
of which is coated with a radioisotope such as tritium 
or nickle 62. These decay end emit electrons which in 
turn produce a number of secondary electrons by inter-
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action with gas molecules from txie column. These elec
trons are collected by the other electrode, so that nox'— 
mally there is a small out constant flow of current across 
the detector. When some electron-capturing molecules 
enter from the column, they tie up some of the electrons 
and the current is reduced. The signal is therefore 
made smaller instead of larger as in the TC and FI de
tectors. To alleviate this problem the signal is invert
ed in the amplifier so that the peaks appear in the 
proper way on the recorder.

FIGURE 4. Electron Capture Detector

Gas chromatography is a relatively new concept which 
has only in the past few years come to be realized as 
opening vast areas of clinical applications. It has 
been found to be quite valuable in areas where component 
separation followed by component measurement are needed. 
This is particularly true where the sample is a complex 
mixture which would require lengthy sample preparation
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before actual measurement could be made
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II BIOCHEMICAL AND CLINICAL APPLICATIONS

Gas chromatography is being used very successfully 
in several areas. One of which is cholesterol. The 
combination of multiple screening tests and the concern 
over hypertension and related conditions has created 
a great increase in the demand for total cholesterol and 
cholesterol ester determinations. Driscol et al. 
describe the use of gas chromatography for the determin
ation of cholesterol content. The sample workup consists 
of saponification of the serum (for total cholesterol) 
followed by a simple extraction with heptane. The extract 
is then injected directly into the chromatograph. A 
single instrument handies a daily work load averaging 
eighty samples. With manual injection this requires about 
four man-hours; an automatic injector can be added to 
the instrument and the time is reduced to about two man
hours, including calculation time. A normal hydrocarbon
is used as an internal standard to avoid errors due to
the volatility of heptane, and a very simple chromatogram 
is obtained (Figure 5)•

Many laboratories are running large numbers of drug 
samples. Many of the screening procedures are run on 
thin layer chromatography (TLG). The use of gas chro
matography requires only about 1/5 the time and detects 
all drugs present in the sample. The use of gas chroma
tography is especially crucial in clini ;s where street
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drug samples are mislabeled or adulterated and proper 
and rapid identification of the drug is needed in over
dose cases.

FIGURE Cholesterol Analysis'
1971 Analytic Chemistry. Vol. 45, No. 10, Fig. 2, p.1197

4
I

-4-
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Gas chromatography is especially useful in the iden
tification of illicit drug samples; Figure 6 demonstrates 
the power of gas chromatography methods in this field. 
(Figure 6. Gas Chromatograph of Dangerous Drugs. Cour-fces/ 
Montana State Dept. of Health and Enviromental Sciences. 
Alcohol Countermeasures Laboratory).

Steroid analysis is another important application, 
and in this area gas chromatography has replaced many
of the traditional chemical methods which are quite time
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consuming and. may lack the required specificity. A 
total urinary 17-Ketosteroid assay is useful for general 
diagnosis of adrenal or gonadal disease. Fractionation 
of the sample is best done chromatographically. Ap
proximately twelve 17-Ketosteroids, plus pregnanediol 
and pregnanetriol, may be measured with a single sample 
injection.

There are many other application in clinical and 
related fields. Some of the analyses involved are: fatty 
acids and alchols, long chain aldehydes, steroids and 
related compounds, blood gases and volatiles, anaesthetics 
in blood and respiratory gases, intermediates in the 
Krebs cycle, carbohydrates, alkaloids, various amines 
including seroronin, histamine, and tryptamine, urinary 
aromatic acids, vitamins, and many others. The applica
tions of gas chromatography are just beginning to be
exploited.
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PIGURE 6. Chromatogram of

1 ft

i f I 
A

9

b I 10 II

Dangerous Drugs

Drug
1) Methamphetamine
2) Barbital
5) Butabarbital
4) Pentobarbital
5) Glutethimide
6) Phenobarbital ,
7) Methadone
8) Cocaine
9) Morphine

10) Heroin
11) Quinine

M Zn «tes
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III LIPID ANALYSIS AMONG ANAEROBIC BACTERIA

Materials and. Methods:
Anaerobic bacteria - Courtesy Montana State Dept. Health 

and Environmental Sciences Labor
atory Division: Microbiology Lab
oratory.

Culture Media: Cooked meat and dextrose:. (CMD)
ground beef (fat free) ...... 500 g
distilled water ............  1000 ml
1 normal NaOH ..............  25 nil

Use lean beef or horse meat. (I used a prepared form 
of meat pellets.) Remove fat and connective tissue be
fore grinding. Mix ground meat, water, and NaOH and 
bring to a boil, stirring. Cool to room temperature, 
skim fat off surface, and filter, retaining both meat 
particles and filtrate. To filtrate, add sufficient 
distilled water to restore I liter original volume.
To this filtrate add:

trypticase or peptone ....  50 g
yeast; extract ............  5 S
potassium phosphate ......  5 S
resazurin solution .......  4 ml
dextrose .................  0.5%

Boil, cool, and add 0.5 S cysteine, adjust pH. Dispense 
7 ml into tube containing ^eat particles 'use 1 part 
meat particles to 4 or 5 parts fluid).



Just before use, the cooked meat and dextrose media 
is boiled for ten minutes in a water bath and then placed 
in cold water. This drives cff any peroxides present 
which inhibit growth if present in the media.

Anaerobic bacteria were inoculated into CUD media 
and incubated in CO^ for at least 48 hours* At the end 
of this time the fluid portion of the media is extracted 
from the culture tube. This fluid is acidified to a 
pH 2 or below using about 0.1 ml of 50/ aqueous h^SO^ 
(v/v) per 6 ml culture. I have found that due to the 
varying amounts of fluid obtained and the variation in 
bacterial growth, 0.2 ml of 50% aqueous assures
a pH 2 or below. The salt form, of the fermentation acids 
(R-CQGWA) is soluble in water but not in ether. At a 
low pH (eg., 2 or below) the fermentation acids are in 
the free acid form (R-COOH) which is soluble both in 
water and in erher <in most cases they are more soluble 
in ether).

Procedure for Analysis of Volatile Fatty Acids:
1. To prepare ether extract:

a) Place acidified culture into a conical centri
fuge tube. (Usually between 5-7 nil)

b) Add spproximently 5 ml ethyl ether (1 ml ether/ 
2 ml acilified culture): stopper tube tightly.

c) Kix ethyl ether and culture by inverting the 
tube gently about 20 times.

d) Centrifuge immediately for 5 minutes at 2,000 
rpms to break the ether - culture emulsion.



19,

e) Place in freezing compartment of a refrigerator 
until aqueous phase is frozen. (.1 placed tubes 
in freezer at -70° C fox* 15 minutes which worked 
very well).
If thermal conductivity detector is used; pour 
the ether layer into a small test tube, (12 x 
75 mm), add anhydrous MgSCL to equal about one- 
half the volume of ether in the tube, mix gently 
by inversion,stopper and let stand at least ten 
minutes. The MgSOz, removes any dissolved water 
from the ether. Alternatively: Pipet the ether 
layer off of the aqueous layer without freezing 
using care not to contaminate the ether with 
water. Then add anhydrous MgSCL . If a flame 
ionization detector is used the addition of 
KgSG,, is not necessary as PI will not detect water.

2. Inject about 14 microliters of the ether extract 
into the column and wait for separation.

If the samples contain large amounts of ethanol, 
this peak may not be separated from the ether peak. If 
the ether peak (off scale) is wider than normal, use 
2x attenuation until this peak has passed, then switch 
to lx attenuation. This should demonstrate the presence 
of the ethanol. If ethanol is still not resolved, lower 
the column or oven temperature by a few (2 to 4) degrees, 
or decrease the carrier gas flow rate by 2 to 5 cc/min.
If the ethanol peak is still not resolved this indicates 
tnat the column packing may be breaking down and the 
column should then be repacked.
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It must be remembered at all times that these anaer

obic bacteria are alive and they may form spores that 
are highly infectious. Care should be taken at all 
times when handling both cultures and extraction products, 
as spores may still be viable in the ether layer»

Chromatograph and Operating Conditions 
A V*Tr>-i or A o -nocfr* o xmlm c? o a 9APH nrc c; hqoH PpiT* qtio"1 —** . -- -- .-X- - O- £- -- *- --- --- ---- - —

ysis with both thermal conductivity and flame ionization 
as detectors. Other chromatographs that have been used 
successfully are a Dohrmann (Loenco) 15-03 or a Beckman
GC-2A.
1. Operating Conditions:

a) For thermal conductivity::
column temperature ...... . ........  120 C
detector temperature ..............  149 C
injection port temperature ........  149 C
attenuation ........................ lx
detector current ..................  200 milliamps
helium flow rate* .................  120 cc/min

b) For flame ionization:
column temperature ................  11? 0
injection port temperature ........  149 C
detector block temperature ........  149 0

* For this application, standard grade helium is 
entirely satisfactory. The expensive 'zero helium' 
(no hydrocarbons) is not required.
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attenuation ...............32-64
range ....................  10~^° amps/mv
hydrogen flow rate • •...... 50-60 cc/min
air flow rate.... . 300 cc/min
nitrogen flow rate ........ 120 cc/min

c) Recommended recorder speed is 0.5 inches/ min 
This gives an ideal peak height and spread.
A 1 milivolt full scale recorder was used for 
chromatograms.

d) A six foot by 1/4 inch stainless steel column 
was used packed with Resoflex.

2. Standard Solutions:
At 1 meq each/100 ml*

Formic .....
Acetic ......

.. 0.037 ml

.. 0.057 ml
Propionic ... .. 0.073 ml
Isobutyric .. .. 0.092 ml
Eutyric ..... .. 0.091 ml
T snvp.’i c - . .. 0.127 ml
Valeric •.•■< .. 0.125 ml
Isocaproic .. .. 0.126 ml
Gaoroic .....
Heptanoic ... 0.126 ml

* For convenience a 100 strength stock solution was 
made for each acid (e.g., 5-7 ml glacial acetic acid 
made up to 100 ml with distilled water). For working 
mixed standard, add 1 ml of each stock solution and 
make up to 100 ml with distilled water. All standards 
must be kept stoppered and refrigerated to prevent vol 
itilisation and loss of fatty acids.
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To use: Acidify and extract and proceed as for cultures.
A standard solution of volatile fatty acids is necessary 
to obtain the relative retention times of each fatty acid. 
Each type of column and it's packing together with dif
ferent operating conditions cause different relative 
retention times. It is necessary therefore to run the 
standard solutions periodically to determine the position 
of the fatty acids present in the samples and to deter
mine if the column is functioning properly, with the 
parameters used,

J. Column and Packing
I encountered a vast number of problems during the

duration of my endeavor. The first problem was finding
a column that was satisfactory for analysis of fatty acids 

11Some investigators suggest the use of a 5-m silicone 
gum rubber column, 3# SE 30 on Chromasorb G, AW-DMCS,
60/70 mesh packing in 6-mm outer diameter stainless steel 
tubing or a ?.5-m diethylene glycol succinate column,
6% DEGS on Chromosorb G, AW-DMCS, 60/70 mesh packing in 
4.7-mm outer diameter copper tubing. These columns, 
however, are ideal for the detection of straight-chain 
saturated and unsaturated methyl estors of fatty acids 
C^ to Cgg• In my work I would encounter only fatty acids 
of C^ to C? so these columns were undesirable. Initially 
I used a stainless steel column packed with 5# EEAP on 
Chromasorb G, 60/80 mesh, 6 feet long with radius of



1/4 inch. This type of packing has been shown to be s 
stable for long periods of time and showed good retention 
time for fatty acids. The fatty acids interacted with 
the PPAP and after approximately 100 injections the col
umn would not separate the mixture properly. I then 
found it necessary to x'epack the column, with Resoflex, 
LAC-l-R-296, standard concentration P. This type of 
packing proved far moi' suitable for my use and remained 
stable for a greater period of time.

Column Packing:
To repack a column, straighten column, being extreme

ly careful not to place a kink in the column as this 
renders it useless. Remove glass wool plugs from both 
ends, hold column in a verticle position and tap gently 
to remove packing. When all packing is removed place 
a small wad of fine grade glass wool in one end of the 
column and attach this end to a low vacuum. With the 
column lying flat, slowly pour Resoflex through a fun
nel connected by a piece of rubber tubing to the open 
end of the column. Top the column sharply and contin
uously during the packing, until the column is full and 
compact. Reverse the plug and vacuum, and pack the other 
end of the column if possible. If a vacuum is not avail
able, plug one end of the column with glass wool and hold 
column vertically. Slowly pour Resoflex into the column 
through a funnel connected by a piece of rubber tubing 
to the open end of the column. ’When the column is full,
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tap it gently along its length, starting at the bottom 
and working up. Fill again and retap. Continue this 
process until the column is full and compact. Ko spaces 
should be left in the column, but excessive hard tapping 
of column, pulverizes the packing and makes elution times 
very long. Plug the open end of the column with another 
wad of glass wool. Recoil column, being careful not to 
kink it, end install the column in the chromatograph 
oven. Ko conditioning is necessary. The first time 
the column is used, run helium gas at 120 cc/min for 
50 to 60 minutes at an oven temperature of 118 to 120 C 
before operation. For best results it is advisable to 
dry the Resoflex at 45 C for several days before packing 
columns.

Depending on the original pecking, columns are use- 
1*ful for 20 to 2,000 samples. As columns get older the 

elution times decrease, and ethanol finally is not resol
ved from ether. At first, formic acid may elute with 
propionic acid. If this occurs on new columns an inject
ion of 14 microliters of methanol will move the formic 
peak toward the origin. When ethanol is no longer re
solved from ether, or formic is no longer resolved from 
acetic remove column, empty, wash, dry, and repack column.

* A column packed with Resoflex has been in continual 
use for over three years at Montana State University. 
Bozeman, Montana.
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When the chromatograph is not in operation (over

night) leave the oven temperature on, turn the filament 
current off, and helium flow down to 2 to 4 cc/min.
To start operation again, increase the helium flow rate 
to 120 cc/min and turn the filament current on.

4. Sample Injection:
For the injection of the sample solutions the pre

cision commercial syringes are not satisfactory for use 
because 1) The metal plunger is ccrrodec. by the fatty 
acids present in the sample and 2) granules of magnesium 
sulfate jam them up. A syringe can be made very inex
pensively from materials ordered from one of the many 
large supply houses. The syringe I used was made in this 
fashion. The glass barrel was from Beckman 22405 glass 
syringe barrel assembly with needle. Beckman 97254 
teflon tips were used for the piston tip to eliminate 
corrosion. The metal plunger was made from brass welding 
rod 1/16 inch diameter, 5 and 9/16 inches long. This 
was threaded (1/4 inch of one end) with 0-80 threads/ 
inch. The threaded end was attached to the teflon tip 
and the other end was inserted into a knurled collar 
(handle) approximately 5/8 inch long. The collar can 
be attached with solder or set screw.

This injection system is inexpensive, easy to fill, 
easy to disassemble and rinse with cloroform and then 
ether between samples which prevents corrosion and jam-
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ming. Worn teflon tips can be spread by tapping the 
end of the plunger lightly on a table top.

For reproducability I measured 14 microliters of 
solution and marked the barrel 01 the syringe. With 
this process I found it easy to inject the proper amount 
of sample and it was easy to bracket the sample to insure 
accuracy. NOTE: Warm syringes make it very difficult 
to withdraw the ether extract from the test tube. For 
this reason it is advisable to place syringes in a re
frigerator between injections. The importance of clean
ing the syringe completely immediately after each inject
ion must also be stressed. This is achieved very nicely 
by rinsing with cloroform several times followed by sev
eral rinses of ether.

Discussion and Results
In discussing the analysis of free fatty acids from 

bacterial fermentation it might be wise to first look 
at where these acids are derived from.

of Fatty Acids
1) Acetic
2) Formic
5) Propionic
4) Iso-butyric
5) Butyric
6) Iso-valeric
7) Valeric
8) Iso-caproic
9) Caproic

10) Heptanoic
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From the Figure 7 it is evident that the fatty acids 
present start with acetic acid with one carbon and 
progressively go to heptanoic with seven carbons. These 
fatty acids are produced as excretion products by the 
bacteria as they grow in culture media.

Even-numbered branched-chain fatty acids like iso- 
caproaue and iso-butyrate can be oxidized to 00^ and 
HpO. Grafrlin and Green (19^6) postulated the following 
oxidation sequence.

CH-
CH-

■ ch2ch2ch2cooh --------
Isocaproic acid

B-oxidation 0H-
CH

CH„COOH + CHXCOOH- 2 5
isobutyric acic

CH-,CH„GOOH + CO'9 2 2

Propionic acid

Odd-numbered branched-chain acids like isovalerate 
are also oxidized to C0~ and H-0. The enzymatic trans- 
formations involved in the degradation of isovalerate 
have been studied in great detail by a number of inves
tigators (Bachhawat et al., 1955)•

Each genus of bacteria, and even different species, 
has a different metabolism that favors the production 
of certain fatty acids due to their genetic endowment. 
The practical application of this fact is that if we 
measure the relative concentrations of these fatty acid 
excretion products it might be possible to classify 
These anaerobic bacteria according to a chemical class
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ification of excretion products.

A breed classification of this type is possible
and proves highly useful as an aid to rapid identifica
tion of anaerobic bacteria. Prom the simple culture 
procedure, described earlier and the use of gas chrom
atography it is possible to limit the organism to genus 
and very often to the exact species to which it belongs. 
Fox- help in ideubixication ox cuibux-es, only the px-es— 

ence or absence and approximate amounts of fatty acids 
need be determined. Corrections must be made for small
amounts of acids in uninoculated media.

All anaerobic bacteria were identified through stand
ard biochemical reactions and growth on differential 
media as a positive identification procedure. Some of 
the chromatograms* were compared to those produced at 
the anaerobe laboratory Virginia Polytechnic Institute 
(VPI) and State University in Blacksburg, Virginia.1 

Some very remarkable differences were found which I feel 
are significant. The chromatograph which I employed in 
my work proved to have far greater sensitivity as exhi
bited by the fact that I was able to detect other fatty- 
acids than those indicated by the VPI.**

* There are a limited number of chromatograms from 
this source and there fore there was not a chromatogram 
for comparison in every case.

** These extra fatty acids were in greater conceurr«tion 
than those present normally in uninoculated media.
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Table 2 illustrates some of the bacteria for which I 
obtained chromatograms. A great diversity together 
with marked similarity can be noted.

Bacteioidies distasonis and Bacteroidles variabilis,. 
Bacteroidies fragilis, and Bacteroidies incommunis pro
duce very similar chromatograms and yet they can be dis
tinguished. biochemically. Bacteroidies fragilis has

1 •been shown in recent studies to nave over bcu subspecies 
all of which show very similar chromatograms but show 
slight variation in biochemical reactions. Another in
teresting similarity that can be noted from table 2 is 
that Eubacterium lentum and Clostridium filamentosum 
show remarkably similar chromatograms and yet Eubacterium. 
lentum forms no spores and Clostridium filamentosum does 
form spores.

Marked differences can be noted however between 
different species of the genus Clostridium. Eatty acid 
concentrations range from very little and very few in 
Clostridium filamentosum to a wide range of relatively
high consentrations in Clostridium bifermentans•

One indication on the reliability of this method 
is the fact that it does not matter how old the culture 
is (other than it must be at least 48 hours old) or from 
what source it was isolated. I received two Clostridium 
perfringens, from the Veterinary Research Laboratory 
m Bozeman, op<=> nf which was isolated from the intestine 
of a calf and the other from the small intestine of a
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cow. Both gave the chromatogram characteristics of 
Clostridium perfringens isolated from human hosts. Among 
the Clostridium perfringens slight differences can be 
noted from their chromatograms suggesting differences 
between the toxifying agents that they produce.

Table 5 is of the "finger prints" of the anaerobic 
bacteria for which I have chromatograms. Peaks are ar
ranged in decreasing order or magnitude; lower case let
ters represent trace amounts.

The graphs that follow table 5 are actual chromat
ograms. They represent those chromatograms about which 
many of the bacterial chromatograms cluster.
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TABLE 2

Name of Bacteria Fatty Acids

AFP ^B0 B Val Val Cap Cap hep

Actinomyces m | tr tr •
Bacteroidies distasonis X j m tr tr X tr
Bacteroidies fragilis X i m 4--nUx tr x
Bacteroidies incommunis X m tr X tr
Bacteroidies variabilis X m tr tr X UJL*
Clostridium bifermentans m 4-^ X X tr X tr X —
Clostridium capitovale m tr tr X tr mu inil 1
Clostridium filamentosum m tr tr - ■ -
Clostridium glycolicum m tr X X tr X

Clostridium inocuum X tr tr m •
Clostridium perfringens m X X trL«| 1 II
Clostridium septicum r; tr tr tr m
Clostridium sordellii m X X tr X X

Clostridium tertium m tr X tr
Eubacterium lentum m tr tr tr
Eubacterium silvethorne m U J- 1
Fusobacterium m tr tr tr
Peptococcus prevotii

f"” -

X tr tr m tr
Propionibacterium acnes X m tr
Veillonella narvula i X m !

m — ma^or peak 
x = average peak
tr = trace peak

A = acetic acid Val = valeric acid
F = formic acid iso-Cap = iso-caproic acid
P = propionic acid Cap = caproic acid
iso-B = iso-butyric acid hep = beptanoic acid
B = butyric acid
iso-Val = iso-valeric acid
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TABLE 3

"Finger Prints" of Anaerobic Bacteria

Actinomyces A p b
Bacteroidies distasonis ...... P A iV ib b v
Bacteroidies fragilis ........ P A iV ib b
Bacteroidies incommunis .....  P A iV ib v
Bacteroidies variabilis .....  P A iV ib b v
Clostridium bifermentans ..... A IB iV iC b v
Clostridium canitovale .....  A B iv p ib
Clostridium filamentosum ....  A p b
Clostridium glycolicum ......  A iV P iB b f
Clostridium inocuum .........  B A p ib
Clostridium perfringens .....  A P B v

APB 
A B P

Clostridium septi cum ........  B A p ib f
Clostridium sordellii .......  A iB iV iC P b
Clostridium tertium .........  A B p v
Eubacterium lent urn ..........  A p b iv
Eubacterium silvethorne .....  A p
Fusobacterium ...............  A p b f
Peptococcus prevotii.........  A p f b v
Proprionibacterium acnes ....  P A iv
Veillonella parvula .........  F A

r»L

A (a) - acetic acid
F (f) - formic acid
P (p) - propionic aci zS
iB (ib) - iso-butyric acid
B (b) - butyric acid
iV (iv) - isovaleric acid
V (v) - valeric acid
iC (ic) - iso-caproic acid
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j 5<? -

II
8
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Clostridium capitovale
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Clostridium tertium

Clostridium sordellii

Clostridium septicum
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Veillonella parvula

Proprionibacterium acnes
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After the analysis of more than eighty anaerobic 
bacteria, through gas chromatography of their excreXtion 
fatty acids, it is apparent that this process is a val
uable tool for a more rapid identification of anaerobic 
bacteria. Several of the chromatograms which I have
— —— _ fi - - ~ — fj T— — — — — T— — —. — -» J— — — —- • -» .«*■ -I— — »-»• — -»— -» *-« ***■* ** ** -•'*» t''Ul'UU-ClCCU- IICVC UtfttLl OCLIU} CX O O U.jJp UX U X Lif^ CVJ-U-CU^^ i. ux one-
identification of specific anaerobic bacteria, to the 
Center for Disease Control (CDG) in Atlanta, Georgia.
Some of these chromatograms have also been used to 
facilitate the rapid identification of "unknown" anaer
obic bacteria received by the State Department of Health, 
Microbiology Division. The process of chromatographic 
identification of anaerobic bacteria is going to be 
implemented as a routine diagnostic procedure by the 
Montana State Department of Health.

This precess is by no means fool proof, but it greatly 
increases the accuracy of biochemical techniques for 
identification of anaerobic bacteria. Much work still 
needs to be done in establishing chromatographic pro
cedures and technique that can be reproduced in any lab
oratory. As it is now, I believe that each lab that 
employs this procedure will have to make its own initial 
set of chromatograms to check against unknowns. This 
is because different chro^t^graphs, columns, packing 
and temperatures all interact to produce sxightly differ
ent chromatograms.
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