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ABSTRACT

Analytical techniques and instrumentation which had been developed
during the previous contract years were further evaluated for the collection
and analysis of carcinogenic and mutagenic vapors occurring in ambient air,
The areas of investigation included: (a) the development of a permeation
system for delivering precise quantities of organic vapors for calibration
of instrumentation, (b) the development of procedures for the preparation of
glass capillary columns for effecting the resolution of complex atmospheric
vapor mixtures, (c) the characterization of organic vapor emissions from
preset controlled fires, (d) the survey of ambient air samples taken at
various sites around the Continental U.S. for the detection of N-nitroso-
amines, (e) the identification and quantification of N-nitrosodimethylamines
at samples collected in Baltimore, MD and the Kanawha Valley, WV, and (f)
the characterization of ambient air for hazardous and background pollutants

from several geographical areas within the Continental U.S.
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SECTION 1
INTRODUCTION

This research program on the development of analytical techniques for
measuring ambient atmospheric carcinogenic vapors has attempted to furnish a
comprehensive and systematic approach to this problem. It has attempted to
develop and evaluate the sampling device, field collection methodology, and
‘the entire procedure of the data analysis of carcinogenic vapors in the
atmosphere. Until this research program was initiated, the ability to
3>c011ect and analyze a wide variety of chemical classes from the atmosphere
" which contained toxic and/or carcinogenic organic compounds was not pos-
-sible. For this reason, research programs to determine and evaluate the
health-impact of carcinogenic compounds in the environment had not been
conducted. The ability to execute comprehensive studies on the levels of
carcinogenic agents in all media in addition to air and the correlation of
this exposure to body burden and health effects on man, was also not pos-
sible. Thus, a well-defined epidemiological approach which is required in
this type of study, to establish whether an association of relationship
existed suffered from the lack of appropriate technology in order to achieve
these goals.

The main reasons for identifying and determining environmental carcino-
genic organics even at low concentrations are as follows:

(1) A knowledge of the presence and concentrations of mutagens and
carcinogen in the air is mandatory for a better understanding of
our genetic diseases and the future carcinogenic and mutagenic
problems which may arise after a long induction period.

(2) If the incidence of cancer in the US is to be understood and con-
trolled, it will be necessary to determine the concentrations of
environmental carcinogens. It is necessary to also understand the

complete organic composition of the atmosphere since there are



antagonistic and synergistic relationships i.e. anti-and co-
carcinogenic factors which may occur and contribute to the observed
incidence of cancer. ‘

(3) It is known that the higher cancer mortality rates have been shown
to occur near various sources of air pollution and in statistical
studies, it has been demonstrated that cancer associated with the
respiratory system is higher wheie hi~h air pollution occurs.

(4) Becavse the recent estimates indicate that chemical synthesis adds
some 1/4 of a million new chemical compounds each year to the
several million already in existance, these new compounds can be a
serious source of air pollution and may have a significant affect
on the health of the human populace.

and (5) The development of a analytical technique for measuring ambient
atmospheric carcinogenic vapors must provide a thorough analytical
approach which will measure a wide number of potential environ-
mental carcinogens and mutagens as well as their precursors and
various co-factors and anti-factors.

The development of analytical techniques for measuring ambient atmos-

pheric carcinogenic vapors has attempted to provide a conceptual approach

which will allow the answering of questions cited above.



SECTION 2
CONCLUSIONS

The design specifications for the cryogenic capillary trap on the
inlet-manifold were delineated and evaluated for efficient transfer of
. vapors from the sampling cartridge to the high resolution gas chromato-
graphic system. The results of this study indicate that a Ni capillary trap
of a trans-axial configuration with the dimensions of 0.5 m x 0.04 in i.d.
is an optimum design will yield a 100% trapping efficiency for highly vola-
tile vapors such as butane. The compatability of this capillary trap with
sample introduction into glass SCOT capillaries without degradation of
resolution was also demonstrated.

A permeation system for synthesizing air/organic vapor mixtures for
calibration of instruments was designed. The preparation of a series of
permeation tubes for calibrating the glc/ms/comp system for analysis of
field samples was also achieved. Permeation rates (g/min/cm) ranged from 1
‘X 10-6 to ~1 x 10_10 were achieved using plastic materials (TFE, FEP and
polyethylene). The permeation rate was highly dependent on the vapor pres-
'sﬁre, the chemical properties of the substance and the plastic material
. chosen for the preparation of permeation tubes. The use of permeation tubes
" appears to be a feasible technique for synthsizing accurate and reproducible
mixtures of organic/air vapors.
| A technique was developed for the preparation of glass capillary SCOT
columns. The method increases the reproducibility of preparation of glass
SCOT columns while reducing the overall fabrication time to about a 2 day
procedure. The preparation of glass SCOT columns utilizes silanized fumed
silicon dioxide (6-8 £) suspended in a heavy densify solvent (methylene
> chloride or chloroform) containing the surfactant benzyl triphenylphos-
phonium chloride and a stationary phase (2-3%). A coating oven was designed
- and fabricated in order to deposit the stationary phase and finally divided

:support on the wall of the open tubular column. The coding procedures for



0V-101, DEGS, and Carbowax 20M stationary phases yielded capillaries with
HETP values of 0.7-0.9. One hundred meter capillaries can be easily pre-
pared utilizing this technique.

The organic vapors emitted from controlled preset fires were charac-
terized by high resolution glc/ms/comp techniques. The composition of the
organic vapors was highly dependent on the stages of burning. The major
constituents emitted from the fire during Lhe open flame were benzene (320
ng/2), toluene (891 ng/2), furfural (627 ng/2), p-xylene (529 ng/£) and
limonene (622 ng/£). During the open flame period, the major emissions were
alkanes, alkenes, and a large distribution of oxygenated compounds (analogs
of furan). During the smouldering period, the predominant species were
alkanes, and alkyl aromatics. Fewer oxygenated compounds were evident. The
major constituents were benzene, toluene and xylene.

The identification and quantitation of N-nitrosodimethylamine (DMN) in
ambient air in the Baltimore, MD and Kanawha Valley, WV areas were also
~ tonducted. Organic vapors in ambient air on or near an industrial site in
Baltimore, MD were collected by adsorption onto a sorbent (Tenax GC 35/60).
The pollutants were recovered by thermal desorption and analyzed by gas-

- liquid chromatography/mass spectrometry/computer using glass SCOT columnms.

. N-nitrosodimethylamine was identified from its mass spectrum as a consti-

tuent of the atmosphere by comparison of its mass spectrum with that of
authentic DMN. Identical retention times were observed for the unknown and
DMN peak on three different capillary columns. N-nitrosodimethylamine levels
in ambient air were also determined for an area surrounding this industrial
site in Baltimore, MD. Using a Tenax GC cartridge for concentrating DMN and
glass capillary gas-liquid chromatography/mass spectrometry with specific ion
(m/e 74) monitoring, DMN was quantified. The limit of detection was ~0.3 ppt
at 25°C. On the industrial site, DMN levels reached 32,000 ng/m3 (10.6 ppb)
of ambient air. The concentrations of DMN in ambient air collected in the

. Kanawha Valley were several orders of magnitude lower. The highest values
were ~980 ng/m3 at a location on the plant site in Belle, WW. Many in situ
reaction studies were conducted in order to demonstrate whether the formation
of DMN on the sampling cartridge could occur in the presence of high concen-

trations of dimethylamine, NOx and ozone. Laboratory and field experiments



indicated that trace amounts (<30 ppt) of DMN can be formed when very high
levels NOx (>5 ppm), 600 ppb ozone, and 1-5 ppm of amine occur. The concen-
tration of DMN found in the atmosphere was higher than those levels which
could be attributed to any type of in situ reaction occurring on the sampling
cartridge.
‘ The detection of N-nitrosoamines in samples collected at many different
geographical locations within the Continental U.S. was conducted utilizing a
computer search of selected m/e ions on previous gc/ms/comp data. Ambient
air samples which had been collected over a period of 15 months were subjec-
‘ted to mass fragmentography for N-nitrosodimethylamine, N-nitrosodi-
.fe;hylamine, N-nitrosodi-n-butylamine, N-nitrosopiperdine, N-nitrosopyrroli-
dine, N-nitrosomorpholine, N-nitrosohexylmethylimine, N-nitrosocyclohexyl-
amine, N-nitrosomethylbenzylamine, and N-nitrosophenylamine. Of all these
" samples which were examined, only those which were taken at the Eisenhower
Tunnel in Colorado indicated the presence of N-nitrosodiethyamine (DEN). N-
-nitrosodimethylamine was tentatively identified. The concentration of DEN
was estimated to be ~.100 ppt.

The characterization of a number of ambient air samples collected from
several geographical areas (Houston, TX and vicinity, Kanawha Valley, WV,
St. Louis, MO, Denver, CO, Central and Northern NJ, and Los Angeles, CA
Basin) were characterized for hazardous organics. Many halogenated, oxygena-
'(ted, and nitrogenous organics were detected. The presence of alkanes,
alkenes, and alkyl aromatics were ubiquitous in these samples and are probably
" derived primarily from fossil fuel burning. Several halogenated compounds
e.g. freon 11, methyl chloride, methylene chloride, chloroform, methyl-
...chloroform, trichloroethylene, tetrachloroethylene, monochlorobenzene,
idichlorobenzenes, and trichlorobenzenes are present as a general background
in all of the samples. The relative amounts however do vary with the sampling
site. It is believed that the atmosphere is widely contaminated with low
levels of these halogenated compounds. On the otherhand, many halogenated
compounds were also detected which were site specific.

The Tenax GC sampling cartridge has proven to be a viable approach for
" the collection, characterization and quantification of organic vapors occur-

ring in ambient air. The performance of this sampling cartridge has been



demonstrated by many studies in geographical areas where a variety of indus-
trial and photochemical types of pollution occur. The technique has per-
formed satisfactorily for the collection of organic vapors under a variety
.of different meteorological conditions ranging from high to low humidity and
temperatures. Some limitations do exist for the highly volatile material
such as methyl chloride, methyl bromide, vinyl chloride, vinyl bromide and

~ vinylidine chloride. However, the many other advantages offset the minor
- disadvantages.



SECTION 3
RECOMMENDATIONS

Six major phases of research should be expanded and pursued: (1) the
sampling cartridge should be further examined for potential in situ reac-
tions which might occur during field sampling. This activity should deline-
ate any problems associated with the sampling of atmosphere containing
molecular chlorine, bromine or iodine in combination with olefins and NOx,
502 and ozone. Other potential in situ reactions on the sorbent bed should
also be examined such as the ozonization of olefins by moderate to high
atmospheric concentrations of ozone. (2) The examination of alternate new
sorbent materials as a backup or substitute to Tenax GC should be pursued.
This may involve the synthesis of analogs or a modified polymer base of
Tenax in order to incorporate the desired retention volume properties for
~organics without increasing the overall background contribution and reten-
tion of inorganic gases and water. (3) Further development of capillary
'Itgchnology is recommended. New techniques for the modification of the glass
capillary wall to minimize adsorption properties of the semi-polar and polar
constituents should be developed. Techniques which circumvent the use of
silanization should be pursued. An overall improvement in resolution and
column capacity is recommended in order to improve the quantification of
complex air mixtures. (4) Extensive sampling of numerous sites for hazar-
dous atmospheric pollutants should be conducted. The methodology for collec-
tion, resolution, and identification of hazardous vapors in ambient air
which was developed during the past three years under Contract No. 68-02-
1228 should be applied to field sampling of numérous sites within the Con-
tinental U.S. with a major thrust toward the characterization and identifi-
cation of carcinogenic and mutagenic vapors. The selection of sites should
be based on the high incidence of cancer occurring in these areas, the types
of industrial activity or the unique photochemical atmospheric reaction

- which take place. The selection of sites should include a wide variety of



meteorological conditions in order to evaluate the overall techniques. (5)

Identification and quantification of hazardous vapors in atmospheric samples

should be performed. The identified hazardous vapors should be quantified

in ambient air samples and the technique should be evaluated as to its
accuracy and reproducibility for monitoring organic vapors in ambient air.

And (6) Pollution profiles indicative of individual sites should be deve-

loped. Pollution profiles should be assembled for the various geographical

areas postulated to contain hazardous vapors. These profiles should indi-

~cate site specific pollutants and those vapors which are ubiquitous.



SECTION 4
PROGRAM OBJECTIVES

The general aim of this research program has been to develop and per-
fect methodology for the reliable and accurate collection and analysis of
.mutagenic and carcinogenic vapors (hazardous vapors) present in trace quan-
tities in the atmosphere down to ng/m3 amounts. This information is needed
to determine the physiologically active vapors present in polluted atmos-
pheres so that researchers can ascertain their biological impact on popula-
.ted areas and their overall relationship to the incidence of cancer. The
major objectives were:

(1) To further evaluate the inlet-manifold for recoverying organic

vapors from sampling cartridges,

(2) The development of a permeation system for synthesizing air/
organic vapor mixtures for calibrating instruments which will be
used for the quantification of hazardous vapors in the atmosphere.

(3) The development of techniques for the preparation of glass capil-
lary SCOT columns for effecting the resolution of the complex
organic pollutants profiles which are observed in ambient air sam-
ples.

- (4) The characterization of organic vapor emissions from controlled
preset fires to ascertain the presence of any hazardous organic
vapors.

(5) The identification and quantification of N-nitrosodimethylamine in
ambient air by capillary gas-liquid chromatography/mass spectro-
metry/computer in selected industrial areas suspected to be

involved in the production or use of DMN.



(6)

and  (7)

The detection of N-nitrosoamines utilizing selected m/e ions and
computer search techniques of gc/ms/comp data obtained on ambient
air samples over the past fifteen months.

The identification of hazardous organic vapors in ambient air from

several geographical areas in the Continental U.S.

10



SECTION 5
FURTHER STUDY ON INLET MANIFOLD FOR RECOVERYING ORGANIC VAPORS
FROM SAMPLING CARTRIDGES

In previous reports,(l_a) we have described an inlet-manifold and had

~ evaluated it in terms of the thermal desorption efficiency of the desorption
unit; however, the design specifications for the capillary trap which inter-
faces the vapors from the sampling cartridge to the chromatographic system
had not been thoroughly examined. Some questions about the performance of
‘this capillary trap were (1) the trapping efficiency for a given length and
diameter of the capillary, (2) the delineation of whether gold coated Ni
capillary or virgin Ni should be used as the fabrication material, (3) the
maximum volume of the capillary trap which would be compatible with discrete
sample introduction into the glass SCOT capillary column and (4) the con-
”figuration of the capillary trap necessary for the cooling and heating cycles
“in order to ensure efficient trapping and sample introduction into the
capillary system.

An experimental evaluation of the capillary trap on the inlet-manifold
: system was performed and is described in this section.
EXPERIMENTAL

An inlet-manifold system as previously described(l’z’a) was used to
evaluate the capillary trap. Capillary traps were constructed of Ni tubing
in length of 0.25, 0.5, 1.0, and 1.5 m with an internal diameter of 0.02".
Capillary traps were configurated as shown in Figure 1. Two configurations
were examined. The first was a co-axial type in which the tubing was wound
‘around the axis of entrance and exit of the purge gas stream and the second
was a trans-axial in which the tubing was wound parallel to the entrance and
".exit of the purge gas.
Gas-liquid chromatography (glc) was conducted on a Perkin Elmer 900
;fseries chromatograph (Perkin Elmer Corp., Norwich, CN) equipped with dual

11



trans-axial

co-axial

Capillary trap configurations for inlet-

manifold.

Figure 1.
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flame ionization detectors. A 400 ft stainless steel SCOT coated with OV-
101 stationary phase was used for resolving synthetic air/vapor mixtures.
The column was programmed from ambient temperature to 220°C at 6°/min with
an initial and final isothermal periods of 2 and 10 min, respectively.
Carrier gas (mitrogen), hydrogen and air flow rates were 6, 30, and 250
ml/min, respectively. The operating parameters for the inlet-manifold were
as follows: The thermal desorption chamber temperature was at 270°C, the
valve temperature 220°C, and the capillary was cooled to -195°C for trapping
vapors and to 180°C for sample introduction into the capillary systeﬁ. Two
purge gas rates were evaluated as to their effect on trapping efficiency (10
and 30 ml/min) during the thermal desorption cycle.

The sampling cartridges loaded with standard air/vapor mixtures con-
tained 1.5 x 6.0 cm of Tenax GC (35/60).

Air/vapor mixtures were loaded onto the Tenax GC sampling cartridges
using an exponential decay flask. Known amounts of each organic compound
were expanded into a fixed volume and then purged onto the sampling cartridge
for capillary trap evaluation.(l’s)

RESULTS AND DISCUSSION

In order to ascertain whether the various trap length and configura-
tions efficiently trapped the organic vapors which were desorbed from the
Tenax GC cartridges, the exhaust gas from the capillary trap was routed into
a backup Tenax GC cartridge. Using this arrangement, it was determined

whether organic vapors had passed through the trap during the cryogenic

" cooling step. Tenax GC cartridges were loaded with acetone, hexane, ben-
zene, heptane, toluene and chlorobenzene. The Tenax GC cartridges were then
desorbed with the vapors passing through the liquid nitrogen cooled capil-
lary traps of co-axial and trans-axial configurations. The backup Tenax GC
cartridges were then analyzed by thermal desorption and glc to determine the
trapping efficiency of the capillary during the desorption of the front
cartridge. By comparison of the quantity of vapors which were trapped in
the first step with those which were recovered from the backup Tenax GC
cartridge, it was possible to determine the percent trapping efficiency.

The results of this study are summarized in Table 1. The percent trap-
ping efficiency for capillary traps of 1 m and 0.5 m lengths were 100% when

the trans-axial trap was 50% submerged into liquid nitrogen. In contrast

13
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Table 1. PERFORMANCE OF CO-AXIAL AND TRANS-AXTAL NICKEL CAPILLARY TRAPS
ON INLET-MANIFOLD SYSTEM

Capillary Trap Dimensions

Test Compound

Percent Trapping Efficiencya

Co-axial Trap

Trans-axial Trap

0.625 0.d. x 0.020 i.d. x 1 mP

0.625 0.d. x 0.020 i.d. x 0.5 o’

0.625 0.d. x 0.020 i.d. x 0.25 mP

0.625 o.d. x 0.020 i.d. x 0.5 m°

acetone
n-hexane
benzene
n-heptane
toluene
chlorobenzene

acetone
n-hexane
benzene
n~heptane
toluene
chlorobenzene

acetone
n-hexane
benzene
n-heptane
toluene
chlorobenzene

acetone
n-hexane
benzene
n-heptane
toluene
chlorobenzene

(continued)

90
81
86
84
95
100

89
75
84
85
95
100

84
72
81
80
93
100

100
100
100
100
100
100

100
100
100
100
100
100

97
89
95
96
99
100

97
87
90
98
99
100
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Table 1 (cont'd)

Percent Trapping Efficiencya

Capillary Trap Dimensions Test Compound Co-axial Trap Trans—-axial Trap
0.625 o.d. x 0.020 i.d. x 0.25 m° acetone - 74
n—hexane - 73
benzene - 70
n-heptane - 68
toluene - 76
chlorobenzene - 83
0.625 o.d. x 0.020 i.d. x 0.5 md‘ acetone - 0
n~-hexane - 0
benzene - 0
n-~heptane - 0
toluene - 74
chlorobenzene - 100

qInlet-manifold conditions were: thermal desorption chamber - 265°C, He purge range -~ 30 ml/min,
valve - 200°C, trap heat - 180°C.

bCo—axial and trans-axial traps were completely and 507 submerged, respectively, in liquid NZ'
CTrans-axial traps were completely submerged in liquid NZ'

dTrans—axial trap was 50% submerged in dry ice/isopropanol coolant.



the percent trapping efficiency varied considerably for the co-axial trap
which had been completely submerged in liquid nitrogen (1 m length). The
lowest efficiency was observed for n-hexane (81%). For a trap length of 0.5
m, n-hexane vapor was only trapped to an extent of 75%. Non-polar compounds
exhibited the lowest trapping efficiency while polar compounds or relatively
non-volatile substances exhibited the highest trapping efficiency. In
another study, the trans-axial traps were compictely submerged. For 0.5 m
or 0.25 m traps, the efficiencies were considerably reduced.

The efficiencies of a trans-axial trap cooled to liquid nitrogen and
dry ice temperatures were also compared (Table 1). The efficiencies were
highest when liquid nitrogen was used. Also when the trans-axial trap was
.half-submerged the efficiency of trapping was maximum.

A second study was conducted in order to determine whether any decom-
position and/or elimination reactions might occur during desorption of

organics into the Ni capillary trap or during the heating and injection step
1 onto a gas chromatographic column. To test this possibility, several com-
pounds were selected which were particularly prone to elimination reactions
(dehydration or dehydrohalogenation) forming the corresponding olefin. The
compounds t-butyl alcohol, 2-bromopentane and cyclohexane iodide were used
for this evaluation. These compounds were introduced into the capillary
trap via the thermal desorption chamber and cryogenically trapped into the
capillary trap followed by heating the trap and injecting the vapor onto the
chromatographic column. The corresponding olefin (which might be formed by
dehydration or dehydrohalogenation during the cooling and heating cycle of
the capillary trap) was monitored on the capillary column. The percent
olefin formation and/or parent loss of the compound was determined. The
results of this study are shown in Table 2. No dehydration or dehydrohalo-
genation was observed as either in the loss of parent compound or as the
appearance of the corresponding olefin.

In another experiment, decomposition of bis-(chloromethyl)ether (BCME)
was studied. BCME was introduced into the capillary trap followed by water
since it was known to hydrolyze.(s) As shown in Table 2, the presence or
absence of water vapor in the capillary trap during the cooling and heating

“-of BCME did not cause an appreciable loss of the parent compound.
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Table 2. CATALYTIC ACTIVITY OF NICKEL CAPILLARY TRAP
ON INLET-MANIFOLD SYSTEM®

b Parent Loss Product Formed
Test Compound ¢3) (%)

: f-amyl alcohol 0 0
bis-(chloromethyl)ether (-H50) ¢ 0 -
bis-(chloromethyl)ether (+H20)c 0 -
2-bromopentane 0 olefin (0)

. cyclohexane iodide 0 cyclohexene (0)

%Inlet-manifold parameters were: thermal desorption chamber - 265°C, He
- purge rate - 30 ml/min, valve - 200°C, trap cooling cycle - -195°C, trap
heating cycle - +180°C.

bApproximately 1 ug of each compound (except BCME) was tested for decompo-
sition.

cApproximately 200 ng of BCME was tested, 1 mg HZO was added to trap.

Gold coated Ni capillary traps did not exhibit better performance
characteristics using these experimental tests.

One of the problems that was evident in the use of a capillary trap
with an internal diameter of 0.02" was the freezing of the trap during the
introduction of vapors from a sampling cartridge which contained a rela-
-tively high amount of water vapor as a result of sampling in areas with high
‘humidity. The problem of obstruction of purge gas flow through the trap was
enhanced when the trans-axial trap was 50% submerged in liquid nitrogen. 1In
separate experiments, the use of a larger diameter capillary (0.04") was
examined. The trapping efficiencies were repeated using lengths of 0.25,
0.5 and 0.75 m with an internal diameter of 0.04". The trapping efficiency
“ifor the trans-axial remained unchanged when purge rates of 10 or 30 ml/min
;were used. High humidity sampling was conducted (90%, 90°F) and thermal
desorption analysis was conducted utilizing these traps. Obstruction of gas
f,flow'or complete plugging was not observed in these cases. However it was
{ found- that a minimum trap length of 0.5 m was still necessary in order to

efficiently recover all the vapors desorbed from the Tenax GC sampling

17



-0.5 m length trap with a 0.04" diameter provided quantitative recoveries of
thermally desorbed vapors for thermal desorption periods of upto 15 min.

The use of 0.5 m x 0.04" i.d. capillary traps was also examined for
compatibility with the glass SCOT columns. Particular attention was addres-
sed to the prohlem of band (peak) spreading which occurs when excessive dead
~volume is present in sample introduction mode. Experiments utilizing 400 ft
stainless steel SCOT capillaries, or 100 m glass SCOT capillaries coated
with OV-101 indicated that no band spreading occurred when the larger i.d.
trap was employed. The possibility of using this inlet-manifold system with
wall coated open tubular (WCOT) columns remains to be demonstrated since the

low dead volume requirements for these capillaries are more stringent than
for SCOT capillaries.
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SECTION 6
PERMEATION SYSTEM FOR SYNTHESIZING ATR/ORGANIC VAPOR MIXTURE
FOR CALIBRATING INSTRUMENTS

There are four general factors which affect the sensitivity of an analy-
tical procedure for analysis of carcinogenic vapors in ambient air. These
are: (1) efficiency of the sorbent medium in trapping organic vapors, (2)
the efficiency of the thermal desorption manifold in delivering collected
samples to the column, (3) the efficiency of the chromatographic column in
transmitting the desorbed vapors through the glass capillary and (4) the
response of the mass spectrometer. Calibration for quantitative analysis
must systematically account for all of these factors. The response of the
*“gic—ms system to known quantities of specific compounds may be observed;
‘however, this does not take into account systematic errors in sample col-
lection. It is also difficult to deliver aliquots of concentrations (ppt)
’_near'the lower detection limits so that calibration plots need to be extra-
’,polated out of their region of validity. Long term variation in sensitivity
" of the analytical system could occur as well. To overcome this, numerous
compounds could be used for calibration. Sensitivities of vapor relative to
standard compounds in the glc-ms system may be measured. Aliquots used as
standards may be added to samples before analysis. Errors in desorbing and
transfering vapors to the analytical system are circumvented.

Sampling of air doped with known trace quantities of vapors would
account for errors inherent in collection and analysis procedures, but such
low concentrations are subject to rapid depletion by adsorption onto surfaces
of vessels used for providing calibration standards. This problem could be
circumvented by the use of permeation tubes which at constant temperature
emit vapor at a constant low rate. A stream of air or nitrogen passing over
a group of permeation tubes in a thermostated chamber would pick up a low
concentration of vapor from each tube. Surfaces in the flow system should
become equilibrated with these compounds so that they would be delivered from

the system at the same rate that they were emitted by the permeation tubes.
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The permeation rate can be determined gravimetrically by weighing each tube
at periodic intervals.
A stream of nitrogen passing over a permeation tube could be used to

7-10—9 g) of a typical pollutant vapor or a

deliver a minute quantity (10~
standard compound to a cartridge. It also could be used to deliver very

small concentrations of vapor into a stream of air in order to imitate the
conditions which}are obtained during sampliag o] polluted air. Use of permea-
tion tubes for ~alibration of instrume.ts (e.g., glc-ms) should effectively
minimize systematic errors.

A flow system for the purpose of calibrating a glc-ms-comp system using
permeation tubes was designed and fabricated. Experiments have been con-
ducted to determine the most suitable materials for use as permeation tul.cs
and this section discusses these results.

- EXPERTMENTAL
The designed flow system is depicted in Figure 2. The components were
~ connected with 1/8" o.d. stainless steel tubiﬁg. The Pyrex permeation chamber
(25 mm i.d. x 44 cm in length) was enclosed in a jacket through which an
ethanol-water mixture was circtulated from a constant temperature bath (Haake
Model FE circulating pump and thermostated heater coupled with Haake Model
Cll refrigeration unit). Before entering the permeation chamber, the nitro-
gen was passed through a temperature equilibration coil which was approxi-
mately 4 mm i.d. x 1 m in length. Upon leaving the chamber, the nitrogen
vapor stream passed through a 100 ml mixing chamber before being split. A
flame ionization detector (Varian Model 1440, Walnut Creek, CA) served to
demonstrate whether the rate of sample delivery was constant as well as
providing a means for discarding a constant fraction of sample. A pair of
rotometers (Brooks Instrument Div., Emerson Electric Co., Hatfield, PA, Tfpe
1355, tube size R-2-15-AAA with glass float) were installed in each branch of
the flow system. A reproducibility of + 0.5 ml/min was observed throughout
its operating range for the rotometer which measured flow through the cart-
ridge. Reproducibility for the rotometer which was upstream of the flame
ionization detector was poor at flow rates >35 ml/min, due to the flow resis-
tance of the flame ionization detector and attached fittings. With the flame
‘ionization detector removed from the system, reproducibility for this roto-

meter was also + 0.5 ml/min throughout its operating range (Fig. 3). A large
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permeation chamber connected to the constant temperature bath and flushed
continuously by a 100 ml/min nitrogen stream was used to store permeation
tubes. This permitted calibration of the tubes without interfering with
operation of the flow system and immediate use of stored tubes without waiting
for equilibration of the permeation rate.

This system could be used either to load sorbent cartridges (Fig. 2) or
to deliver vapors to a stream of air entering a cartridge sampler (Nutech
Model 221, Durham, NC). The cartridge holder consisted of two Beckman Tef-
Ion(§>reducing unions (No. 830511) for holding sampling cartridges. The
upstream union was fitted with Teflon“~plug which had a 2 mm i.d. bore to
minimize dead volume.

In order to access the range of permeation rates which might be encoun-
tered among organic vapors of varying polarity, permeation tubes for several
typical compounds were prepared. They were made of approximately 7-15 cm
lgngths of plastic tubing. Four kinds of tubing were used. Surgical grade
polyethylene tubing of 0.082 in o.d. x 0.062 in i.d. was initially used, but
it gave permeation rates for most compounds which were too high compared with
the volume of the tube. Subsequently 0.25 in o.d. x 0.19 in i.d. tubing made
- of polyethylene (PE), and two types of Teflon\~) tetrafluoroethylene (TFE)

- and fluorinated ethylene and propylene (FEP), were used. The ends were
ivclosed with glass plugs secured by stainless steel ferrules. This technique
was used with dimethylamine which has a vapor pressure well above one atmos-
phere at ambient temperatures. The plastic tubing and the end plugs with-
stood the pressure, but the permeation rate from the polyethylene tube (7 x
107

lower volatility also had extremely high permeation rates from polyethylene

g/min) was too large to be useful. Many non-polar compounds of much

tubes.
RESULTS AND DISCUSSION

Performance of Permeation Tubes

Permeation rates obtained for typical organic compounds at 25°C are
v'shown in Table 3. The tubes were weighed on a microbalance at intervals of
‘about one week. The plots of weights (grams) vs time (min) were linear (Fig.
4). Permeation rates were determined from such data by two methods: (1) by

dividing the weight loss (g) by the time interval (min) and (2) by applying
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Table 3. APPROXIMATE PERMEATION RATES OF AMBIENT AIR POLLUTANTS
FROM PLASTIC MATERTIALS

N a
Permeation Rate

Compound (g/mi +/cm) Materialb
methylenc chloride 1.37 x 107° TFE
methylene chloride 2,83 x 10_8 FEP
chloroform 8.15 x 10_7 TFE
chloroform 4.07 x 10_9 FEP
carbon tetrachloride 8.57 x 10—10 TFE

' carbon tetrachloride 6.53 x 10710 FEP
phenylacetylene 4.09 X 10_9 TFE
phenylacetylene 4.17 x 10_9 FEP
toluene 7.70 x 107° TFE
toluene 6.87 x 10_9 FEP
m-dichlorobenzene 7.11 x 1078 TFE
m-dichlorocbenzene 1.21 x 10_8 FEP
1,1, 1-trichloroethane 2.57 x 1077 TFE
1,1,1-trichloroethane 2.27 x 1072 FEP
acetonitrile 2.5 x 10_7 PE
acetone 2.5 x 1078 PE
acetone 1.6 x 10-8 TFE
acetone 3.1 x 10_9 FEP
benzene 8.3 x 107° PE
benzene 8.4 x 1077 TFE
benzene 5.0 x 1077 FEP
2-propanol 5.7 x 10—8 PE
dimethylamine 6.9 x 10'-8 TFE
dimethylamine 8.0 x 10—9 FEP
trichloroethylene 1.1 x 10_7 TFE

8Rates were obtained for 25°C.
bPE = gsurgical grade polyethylene tubing (0.082 in o.d. x 0.062 in

i.d.), TFE and FEP = Teflons (0.25 in o.d. x 0.188 in i.d.)

24



114

11.460
Wt = -2.57318 x 107/ (time, min) + 11.460403 g
8 =
6 -
C;
&
B
X
U 4 -
=
2 -
11.450 X . . .
0 10 20 30 40 50 60
Time (min) x 103
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linear regression analysis to the plot of weight vs time to obtain the nega-
tive slope of the least squares line. The first method was more rapid but
less precise. Linear regression analysis over a period of weeks was a slower
process, but tbe effects of uncertainties in weighting were minimized. A
disadvantage ~f the procedure was the weekly weighing of large numbers of
tubes which was very time-consuming. Thus it would be desirable to be able
to rely on the results of calibration over an « xtended period of time. The
literature on -ermeation tubes indicaies that permeation rates remain stable

(6)

for a long time. However the reported experiences involved the use of in-
organic or light hydrocarbons which were under substantial pressure in the
plastic tube. Most of the permeation tubes used in this program contained
organic liquids with lower volatilities. Another uncertainty was the length
of time required by a new permeation tube to reach a stable permeation rate.
During calibration it was evident that some of the tubes did not reach stable

. rates for more than a month. Accordingly, an investigation was made of the
length of the stabilization period and the reliability of previously deter-
mined permeation rates.

Several additional organic vapor permeation tubes were prepared in
January, 1976. These tubes and the one prepared in November, 1975 were
gravimetrically calibration during February and March, 1976. Results are
shown in Table 4. The first column of data gives the rate determined by
linear regression during the months of February and March. The second column
depicts the results obtained by extending the least square calculation to\the

. end of April. Vhere the results agreed closely, permeation rates had been
steady over the experimental period. For many of the tubes prepared in
January, the permeation rate had changed. In order to see whether the rate
had stablized by the end of the Feb.-Mar. calibration period, permeation
rates were determined from weight loss during a period of one week. The
third column shows the rate based on the weight loss during the final week of
the Feb.-Mar. calibration period. The fourth column shows the rate based on
weight lost from the end of the Feb.-Mar. calibration period to the end of
April. The latter figure was more reliable than the former because the
experimental interval was larger. If these rates were in substantial agree-
ment, the rate had stablized by the end of the Feb.-Mar. calibration period.

In many cases the rate had not stablized, and a new calibration period was
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Table 4. RATE OF WEIGHT LOSS FOR PERMEATION TUBES DETERMINED OVER

AN EXTENDED PERIOD OF TIME

Permeation Rate

By Linear Regression

g/min by

Interval Weight Loss

Date Extended to Feb.-Mar.

Started Compound Plastic Feb.-Mar. April (1 week) April
11-75 acetone PE 1.75 1.74 1.77 1.74 x 107°
11-75 TFE 4.15 3.97 4.05 3.96 x 107/
11-75 benzene FEP 6.00 4.87 5.64 5.90 x 1075
11-75 benzene TFE 2.48 2,44 2.47 2.42 x 1077
11-75 ) FEP 2.43 2.47 2.70 2.47 x 1078
1-76 benzene~d, TFE 1.03 1.64 1.52 1.70 x 107/
1-76 FEP 24.6 9.48 16.7 7.54 x 1078
1-76 dichloromethane TFE 6.43 2.28 2.52 2.06 x 1070
11-75 FEP 3.02 3.01 3.03 2.99 x 107/
1-76 chloroform TFE 1.14 1.14 1.15 1.14 x 1078
11-75 FEP 2.43 2.47 2.70 2.47 x 1078
1-76 toluene TFE 0.617 1.07 0.886 1.15 x 1077
1-76 FEP 4.49 4.07 3.04 4.09 x 1078
1-76 phenylacetylene TFE 2.76 4.12 3.78 4.28 x 1078
1-76 FEP 23.0 9.54 12.4 8.21 x 10>
1-76 1,1,1-trichloroethane TFE 13.8 8.75 10.8 8.63 x 107°
1-76 FEP 7.19 2.03 1.18 2.18 x 1077
1-76 tetrachloroethylene TFE 0.248 1.50 0.568 1.61 x 107/
1-76 FEP 11.6 6.52 9.50 6.16 x 10°°

(continued)
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Table 4 (cont'd)

Permeation Rate
By Linear Regression

g/min by
Interval Weisht Loss

Feb.-Mar.

Date Extended to

Started Compound Plastic Feb.~Mar. April (1 week) April
1-76 chlorobenzene TFE 0.823 1.07 0.892 1.10 x 10_7
1-76 FEP 2.78 1.31 1.68 1.18 x 107°
1-76 m-dichlorobenzene TFE 3.75 3.40 2.74 3.45 x 1077
1-76 FEP 5.56 2.57 3.68 2.29 x 1078
1-76 methyl ethyl ketomne PE 1.94 1.90 1.94 1.83 x 10—6
1-76 ethyl acetate PE 3.75 3.60 3.71 3.59 x 10—6
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nitiated to determine the eventual permeation rates that was attained.

Those tubes which had reached a stable permeation rate were to be subjected

. to an additional test. They have been placed in cold storage. After two

weeks, they will be returned to storage in a thermostatic chamber at 20°C and
their ability to return quickly to their former permeation rate will be
assessed. These results will be presented in the next annual report.

The carbon tetrachloride tubes did not perform as reliably as the other
permeation tubes. The TFE and FEP tubes never reached a sustained permeation
rate above 10"9 g/min. During some intervals they actually gained weight.

It was thought that this might have been caused by storage of dimethylamine
tubes in the same chamber, but the effects were later observed to be appa-~
rently independent of the presence of dimethylamine tubes. The polyethylene
tube, on the otherhand was stablized within two weeks, but permeated at a
very high rate and was depleted in a short period of time.

In summary, organic vapor permeation tubes may require two months or
more to reach a steady permeation rate (particularly for <1()“7 g/min rates).

Performance of Permeation System

A study was conducted to determine whether background contamination was
occurring either from the nitrogen carrier gas in the flow system or from the
emission of vapors by the plastic tubing. Empty 10 cm lengths of poly-
ethylene TFE and FEP tubing were placed in the permeation chamber, and sampling
with Tenax cartridges was conducted for a period of 3 hrs with gas passing
through the system. Tenax GC cartridges were then desorbed and analyzed by
glc-fid. No evidence of background from these plastic materials was observed.

In order to demonstrate the feasibility of the fabricated permeation

. flow system, pilot experiments were conducted to test its ability to measure
and deliver aliquots of vapors to sampling cartridges. This ability depended
‘ upon two assumptions: (1) that the delivery rate was a function of the

_ permeation rate from the tube and not on the flow rate of the carrier gas

j (the flow rate being much larger than the permeation rate and constant) and

(2) that the carrier gas flow was split proportionately to the flow of entrai-

ned vapors. The validity of these two assumptions was examined for the flow
system and the effects of variations in pressure in the permeation chamber

and variations in room temperature were also investigated.
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During the operation of the system with the splitting of flow, a sinusoi=-
dal signal from the flame ionization detector was observed. When most of the
flow was directed to the flame ionization detector, this variation never
exceeded +4% of the total signal, but when only a small fraction of the flow
passed through the FID, the variation approached +20%. Thus the variation
appeared to be pressure dependent. An oil monometer was placed upstream from
the permeation chamber (Santovac-5 diffusion puup o0il, 1.18 g/ml, 1 cm =
0.846 torr = 0 017 psi). In this manner it was discovered that the sinusoi-
dal variation in the flame ionization detector tracing could be minimized by
maintaining the system at a pressure substantially below 10 cm of oil. The
problem apparently resulted from a variation in the downstream pressure of
the nitrogen regulator, a common problem with such regulators.

The effect of pressure on the performance of the system was also inves-
tigated. With all of the flow directed to the flame ionization detector, the
20 turn needle valve (Hoke 1335G2Y) was abruptly closed two turns from half
opened position. There was a momentary deflection .30 sec in the FID trace,
at which time it returned to its previous level, as did the rotometer float.
The o0il mometer indicated a slight increase in pressure. When this process
was repeated until a pressure above 10 cm o0il was reached, the flow rate
decreased and the flame ionization detector signal surged, then decreased and
become constant.

‘It was believed that the room temperature might also effect the flow
: system by causing variations in the amount of material adsorbed on the walls
of the non-thermostated connecting tubing. Daily variations of room tempera-
ture as large as 13°C were observed and a continuous variation over a 2°C
range was normal. To test the possibility of adsorption/desorption a heat
gun was used to heat a section of the tubing leading to the flame ionization
detector. Although this would represent a more drastic variation than was
normally observed in the ambient temperature, the response of the flame
ionization detector to this was negligible.

The assumption (No, 1) that the rate of the delivery of vapors was
- dependent on the permeation rate was tested by delivering a stream of nitro-
gen which had passed over a benzene permeation tube (2.57 x 10_7 g/min at
©20°C) to 5 cartridges (one at a time for 5 min) at a rate of 49 ml/min. The

flow rate was then changed to 32.5 ml/min and after equilibration:of the
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system 3 more cartridges (5 min per) were loaded. All the cartridges were
then thermally desorbed and analyzed by gc with flame ionization detector (a
200 ft OV-101 SCOT capillary was used on a Perkin-Elmer 900 programmed from
30-120° @ 4°/min). The peak areas were measured with a planimeter. The
results indicated that there was no significant change in the rate of benzene
delivered to the cartridges due to a 34% decrease in the flow rate, provided
that time was allowed for the concentration of vapor in the carrier gas to
equilibrate. Such variation as was observed in the peak areas was probably
due to continued small variations in the flow rate and to the uncertainty
(+5%) in the 5 min collection period.

When the flow was split ~1:1 between the cartridge and the flame ioniza-
tion détector, some inbalancing of the flow rate upon insertion of the cart-
ridge was observed. This was probably due to an additional contribution to
: flow resistance as offered by the cartridge. Somewhat smaller peaks than
would have been anticipated from the benzene permeation tube were observed.

The ability of the flow system to deliver aliquots of vapors to sampling
'cartridges was further tested by using it to calibrate a gas chromatograph
with flame ionization detection and a glc-ms-comp system. For the purpose of
calibrating a gc-fid system, dichloromethane, chloroform, benzene and toluene
were selected. Benzene and dichloromethane were used to calibrate the glc-ms
system.

Permeation tubes containing dichloromethane, chloroform, benzene and
toluene were placed together in the permeation chamber (Fig. 2). Nitrogen
carrier gas at a flow of ~6 ml/min was passed over the permeation tubes and
the effluent stream split. One portion of this stream was exhausted into a
fume hood and the other portion was passed through a Tenax cartridge.

Sampling cartridges were loaded with calculated amounts of each of the
vapors. The permeation rate and the loading time was related by the follo-

‘wing expression:
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where G g of vapors a loaded on cartridge

; = ml/min of flow to cartridge

B = ml/min flow by-passed
P_ = permeation rate for vapor a (g/min)
t = loading time

After the cartridges were loaded with known amounts of vapors, they were
thermally desorbed and analyzed by gc-fid (Perk‘n-Elmer Series 900 gas
‘chromatograph ~«uipped with a 200 ft CV-101 SCOT capillary). Peak areas for
each of the constituents were measured with a planimeter and a linear regres-
‘sion analysis of the data was performed. The linear regressions are shown
~in Figure 5. Also included are the 95% prediction intervals, which indicate
- that 1 out of 20 amalyses would fall outside of this range.
| Calibration of the glc-ms system was also performed for benzeme and
dichloromethane. Single ion monitoring was used in both cases (benzene-m/e
78, dichloromethane-m/e 49); however, in this case each compound was indivi-
dually examined. The calibration plots with the 95% prediction intervals are
shown in Figure 6.
The large prediction intervals indicated that improvements in the precision
" of the method were required. There were two evident sources of uncertainty
which could be minimized: (1) the fluctuation in the flow rate and the split
ratio during loading of cartridges, (2) inaccurate measurements of the time
. of loading because of the complicated procedure of replacing an empty tube
with a cartridge and fitting the connection to the sampling cartridge.
v Three modifications to the system were made in order to improve its
precision: (1) The flow rate and pressure of nitrogen carrier gas to the
system was stablized. Use of ordinary nitrogen pressure regylator with a
needle valve to regulate the gas flow was inadequate. The flow was not
constant but varied sinusoiduly and this effect was multiplied by the method
used to split the gas stream. Stabilization of the flow delivered to the
4 system was achieved using a Moore regulator placed in line immediately up-
stream of the permeation chamber. This permitted rapid equilibration of
chamber pressure and afforded a maximum resistance to changes in pressure
1$caused by changes in the split ratio or the flow rate through the chamber.
_(2) The oil monometer was replaced. The high viscosity of the oil precluded

-rapid response to changes in line pressure. This often led to operation of
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the system under conditions of changing pressure (and therefore flow rate).
The monometer was replaced with a Matheson 63-3101 pressure gauge having a
range of 0-15 in water. (3) The process of introducing and removing cart-
ridges resulted in an uncertainty in the sampling time of about 20 sec. To
obtain acceptable precision longer sampling times were required. Reduction
in the uncertainty of the sample collection period was accomplished by
installing a by-pass (dashed lines in Fig. 2) to perﬁit the flow to be
maintained while the cartridge is inserted. Reduction of the time
variation by a factor of about 10 was achieved. Teflon plug three-way
stopcocks were used. They were observed to operate without leaking at

the pressures prevailing in the system.

The precision of the system could be further improved by installing

~ a flow controller in place of the needle valve used to direct carrier

gas to the cartridges. In the present system small variations in flow
resistance of individual cartridges result in slight alterations in the
split ratio. This effect is not a serious source of error but its

elimination could effect a further increase in precision.
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SECTION 7
DEVELOPMENT OF TECHNIQUE FOP. TL® PREPARATION OF
GLASS CAPILLARY SCOT COLUMNS

Glass open tubular columns have several advantages. They have superior
resolving power, generally require lower operating temperatures, are much
" less apt to catalyze rearrangements and/or degradation of reactive subs-
tances and can be demonstrated to pass compounds that normally would fa.i to
be transmitted through metal open tubular capillary columns.(7) There are a
number of methods in the literature which have been reported for coating
capillaries which implies that the coating technique has remained a major
problem area. Most of the methods that have been suggested fall into two
general categories: (1) those which utilize a dynamic method in which a
relatively concentrated (~10%) solution of liquid phase and an appropriate
solvent is passed through the column under highly controlled flow condi-

)]

- tioms, and (2) a static technique in which the column is completely
filled with a relatively dilute (.1%) solution of the liquid phase and as
the solvent is evaporated under vacuum and the residual phases deposited
hopefully as a thin uniform film on the inner column wall.(7)

A new method has been developed for preparing glass open tubular columns
which allows the preparation of capillaries in a very routine and simple
manner. The procedures that have been developed are described here and are
based upon the modification of the procedures reported by Jennings, et
El-»(S) 9,10) (11) __

- EXPERIMENTAL

A Hupe-Busch glass drawing machine (Hupe-Busch Karlsurhe Germany) was

German, et gl.,( and Pellizzari.

used for preparing capillaries of various diameters and lengths.

Prior to drawing the glass capillary, the tubing (8 mm o0.d., 4 mm i.d.,
and 2 m in length) was washed with acetone, methanol, methylene chloride and
dried. Prior to drawing short pieces (6-8 in) of tube are attached in order
to increase the effective drawing length. Lengths of up to 130 m can be

drawn for capillaries which have an internal diameter of 0.30 mm.

36



After drawing the capillary, the capillary was washed with 50 ml of
acetone and methanol. Glass capillaries were silanized with a 10% solution
of dimethyldichlorosilane and toluene followed by rinsing with toluene,
methanol and acetone using ~20-30 ml of each solvent. The coating solution
consisted of 0.1% surfactant (benzyl triphenylphosphonium chloride), 0.1% of
Silanox™~ and 2.0-3.5% of stationary phase in methylene chloride. Prior to
filling the capillary with the coating solution, a 1-2 ml quantity of methy-
lene chloride was introduced as a wettiﬁg plug in front of the coating
solution. The coating solution was forced into the capillary using a pres-

surized reservoir. The glass capillary was entirely filled with the coating
solution and one end sealed with a flame.

(8)
placed on the drive shaft of the oven and the spring-loaded drive-follower
was positioned. Two coils of the open end of the filled column was rotated
into the oven. Then the oven temperature was raised to 150°C and the inlet-
coil tube which passes the capillary through the oven wall was heated to
200°C. The drive motor was then energized at a rate of 13 revolutions/

minute. The drive shaft on the apparatus had a diameter of ~12.7 mm. A

A coating oven was fabricated as shown in Figure 7. The column was

period of .1.5 hr was required to drive a 100 m capillary into the coating
oven. All but the last two coils of the capillar§ was driven into the oven
and then the sealed end was broken. Through the capillary helium gas was
passed at a rate of ~4-6 ml/min for a period of 30 min. This step was neces-
sary to remove all residual solvent prior to cooling the capillary. The oven
.was then cooled and the capillary removed. The first and last five coils of
the capillary were discarded and the column was then ready for use.

- RESULTS AND DISCUSSION

z During the developmental stages, some difficulty was encountered in the
* drying step of the coating procedure. The deposition of the Silanox®which
served as a support material was often uneven. The position of the vapor
liquid interface did not always remain constant and some bumping occurred.
Adjustment of the percent of Silanox~to 0.1% yielded a more evenly coated
capillary. Perhaps the use of higher demsity solvent such as Freon 113
which has a boiling point similar to methylene chloride but a demsity be-
tween chloroform and carbon tetrachloride would be more appropriate as a

medium for suspending the Silanox(:2 The density provided by Freon 113 may
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ensure that the precipitation of the silanized fumed silicon dioxide (6-8 p)
would not occur and a more uniform deposition of the support could be achieved
on the inner capillary wall.

The mechanism for deﬁosition of the silanized fume silicon dioxide and
'liquid phase occurs during the introduction of the filled capillary into the
heated inlet zone of the coating oven where an aerosol is formed which
disperses the liquid phase and Silanox -’ onto the wall. Under these condi-
tions any liquid phase can be forced to coat the column, however whether it
remains as a thin coherent film probably depends upon the degree of attrac-
tion between the glass surface and the liquid phase as opposed to the cohe-
sive forces or surface tension of the liquid phase.

The procedures described here were used for preparing 0V-101, 0V-225,
DEGS, and Carbowax 20M stationary phase coated SCOT columns. The highest
success was observed for OV-101 and Carbowax 20M as judged from the observed
énumber of theoreti