para-cxon in either system was small.
This is in agreement with in vivo studies
with wheat plants administered para-
thion, where only small quantities of
para-oxon were recovered based on
cholinesterase inhibition studies (5).
Schradan is converted to a more potent
anticholinesterase agent by the EDTA-
Fet?-ascorbic acid system (&), presum-
ably through an initial oxidative at-
tack at a niwogen. The oxidation of
thioether groups to their sulfinyl and
sulfonyl derivatives is rapid in plants
(74), while phosphorothionates and
&,N-dimethyl phosphoramidates usually
oxidize more slowly. It might then be
anticipated that the peroxidase-hydro-
gen donor system would also oxidize
the thioether grouping.

In addition t oxidation, peroxidase
and the EDTA-Fe*? complex catalyvzed
the hydrolysis of parathion and para-
oxon. The large amount of hydrolysis
products from parathion may explain
the low para-oxon vyields. The ratio
of hydrolysis products to para-oxon
formed has been found to be fairly con-
stant for the peroxidase-catalyzed re-
actions. On the basis of this observa-
tion and the greater stability of para-
oxon to hydrolysis by those oxidative
systems, the thiono sulfur must play an
important role in the hydrolysis reac-
tion. In contrast, parathion is consider-
ably more stable to hydrolysis by alkali
than para-oxon. This has been ex-
plained on the basis of the lower elec-
tronegativity of sulfur than of oxygen.
The approach of the hydroxyl ion for
nonenzymatic hyvdrolysis depends on
the relative electronegativities of the
central phosphorus atom and of the
attached substituents, on the degree to
which the transition state is stabilized,
and on steric hindrance by groups sur-

rounding the phosphorus atom (9).

The results presented are consistent
with the assumption of Buhler and
Mason (2) that oxygen is activated as a
free perhydroxyl radical by the peroxi-
dase-hydrogen donor system. Free
perhydroxyl radicals are formed by
the reaction of molecular oxygen and the
hydrogen donor (2) as distinguished
from the EDTA-Fe™?-ascorbic acid
system in which free hydroxyl radicals
are produced by the reaction of ascorbic
acid with hydrogen peroxide generated
in the reaction (2, 78). Free perhydroxyl
or hydroxyl radicals may bring about
the formation of an activared inter-
mediate of parathion which rapidly
decomposes by displacement of sulfur
or of an ethoxy or p-nitrophenyl radical.
Characterization of the hvdrolysis prod-
ucts from parathion would establish
the site of hydrolysis and aid in explain-
ing how a free radical causes both oxida-
tion and hydrolysis.

The results obtained with peroxidases
in vitro suggest that peroxidases in
plants may play a role in the metabolism
of phosphorothionates in vivo.
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GRAIN FUMIGANT DETERMINATION

Polarographic Determination of Methyl
Bromide, Ethylene Dibromide,
Acrylonitrile, Chloropicrin,

and Carbon Tetrachloride in Air

‘To EXPEDITE a factorial investigation
(7) of the concept that wheat may
behave as a chromatographic column
toward fumigant gases (3, 5), polaro-
graphic methods were developed for the
measurement of methyl bromide, ethyl-
ene dibromide, acrylonitrile, chloro-
picrin, and carbon tetrachloride in con-
centrations as low as 1073 M with a pre-
cision within =519 in air samples
taken in duplicate, and within =0.39
in aliquots of a given sample in solution.
These fumigants were applied singly and
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in combination with carbon tetrachloride
to the surface of 7!/»-foot columns of
wheat, following which the composition
of the gas-air mixture that emerged from
the bottom was determined as a function
of time. This report presents details of
the sampling and analytical methods
that were used.

Aspects of Research Methods

In the initial stages of development of
the methods, carbon tetrachloride was
determined spectrophotometrically by
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the Ramsey method (78), emploving the
Fujiwara pyridine-alkali reaction.
However, since the cumulative time
required to fit several thousand samples
of unknown concentrations to the rel-
atively narrow range of optimum meas-
urement (0.1 to 1.0 mg. of carbon
tetrachloride) was considerable, the
Ramsev method was replaced by the
direct polarographic method of Kolthoff
et al. (73), moditied as described herein.
Methods for acrylonitrile (8) and
chloropicrin  (77) determination were



Polarographic methods were developed for rapid measurement of methyl bromide,
ethylene dibromide, acrylonitrile, chloropicrin, and carbon tetrachloride in amounts as low

as 10—°M with a precision within =5.19% in air samples taken in duplicate.

Methods are

described for quantitative separation of binary mixtures containing carbon tetrachloride,

and of methyl bromide—ethylene dibromide mixtures.

Sampling of fumigant gases in

absorption vessels was improved by use of a "bubble-fractionating’’ gas-dispersion tube.

similarly time-consuming and, in addi-
tion, the presence of carbon tetra-
chloride in high concentrations affected
the accuracy of measurement. The
titrimetric method (7) for acrylonitrile
was accordingly replaced in this work
by adapting the polarographic method
of Fuller and Norris (72) in which the
cathodic wave of acrylonitrile (£, =
approximately —2.1 volts »s. S.C.E. in
aqueous solution with 0.05Af tetra-
methylammonium hydroxide as sup-
porting electrolyte) afforded direct meas-
urement in amounts as low as 1.08 X
1073A{ acrylonitrile with no interference
from carbon tetrachloride.

Chloropicrin was rapidly measured
by preliminary hydrolysis in capped
sample tubes for 4 hours at 60° C.
with 3.59, monoethanolamine in 609,
1-propanol to yield inorganic C1=. Up
to 72 samples at a time were thus hydro-
lyzed; under these conditions carbon
tetrachloride did not interfere. The
anodic wave of hydrolyzed chloropicrin
at +0.22 volt vs. S.C.E. was measured
more rapidly and reproducibly with the
D.M.E. than with the rotating platinum
electrode. Development of an equally
new, but direct, method by which
chloropicrin could be measured by its
polarographic reduction at approxi-
mately —1.8 volts in 959 ethanol was
not attained because of generally erratic
and uncertain wave plateaus. The
direct method has since been substan-
tially modified (6) to give highly repro-
ducible results down to 9.13 X 107¢Af
chloropicrin without interference from
carbon tetrachloride, methyl bromide,
ethylene dibromide, ethylene dichloride,
or chloroform.

Quantitative separation of methyl
bromide-carbon tetiachloride, methyl
bromide-ethylene dibromide, and ethyl-

ene dibromide—carbon tetrachloride
mixtures was initially accomplished
by differential alkaline hydrolysis,

followed by amperometric titration of
the Br~ and Cl~ (2). When Br— was
present together with Cl=, the Br~
was selectively oxidized to BrO;~ (75),
the starch-iodide end point being deter-
mined amperometrically (2). In at-
tempts to measure methyl bromide
directly, reconnaissance tests after von
Stackelberg and Stracke (79) were
undertaken. Methyl bromide was re-
duced at —1.6 volts in 809, methanol

with various quaternary ammonium com-
pounds as supporting electrolytes, but
losses due to its volatilization during
oxygen removal with nitrogen were
appreciable even at 0° C., and therefore
the hydrolysis method (2) was retained,
with modifications as described herein.

Ethvlene dibromide vyielded a well-
defined, stable, and highly reproducible
wave (E;2 = —1.55 volts) in 859
methanol with 0.05M tetramethylam-
monium hydroxide as supporting elec-
trolyte, and this served as the basis for a
new, simple, and direct method. The
wave for ethylene dibromide coincided
with the second wave of carbon tetra-
chloride. In a mixture of ethylene
dibromide and carbon tetrachloride, it
was possible to measure both compounds
in a single sample by first determining
the carbon tetrachloride by the height
of its first wave at —1.2 volts. The
second wave at —2.0 volts represents
the sum of ethylene dibromide and car-
bon tetrachloride, and the concentration
of ethylene dibromide as such was deter-
mined by subtracting from the wave
height the amount corresponding to the
carbon tetrachloride, calculated by mul-
tiplying the height of the first wave by an
empirical factor.

Various methods of sampling gas-air
mixtures were tested. Reproducibility
of measurement was obtained by taking
air samples of 25 to 100 ml. with pre-
calibrated glass syringes fitted with a
mechanical stop, as described by Chaney
(70). The samples were discharged at a
rate of 30 to 33 ml. per minute, at first
manually through 20-gage, 6-inch stain-
less steel hypodermic needles, and later
semiautomatically by controlled vacuum
(7) into chilled gas-trapping solvent,
asindicated in Figure 1.

Apparatus and Reagents

REcorpINg  PoLaro-
GrAPH. A Radiometer Model PO,
(Radiometer Co., Copenhagen, Den-
mark) with a galvanometer sensitivity of
0.00035 pa. per mm. full scale was used
to record polarographic waves. The
m?3116 values of the D.M.E. capillary
were 2.404, 2.375, 2.334, 2.234, and
2.126 mg.?3sec. 712 at — 0.4, —0.75, —1.2,
—1,75, and —2.0 volts at 25° C. All
D.M.E. potentials were measured against
an external saturated calomel reference
electrode.  Three salt-agar bridges,

Apparatus,
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modified as shown in Figure 2, were
used, respectively, to simplify changing
the cell assembly from one potential
range to another in measuring the vari-
ous fumigants.

PoLaroGraPHIC CELLs. One dozen
cells were made by cutting off the lower
ends of 25-mm. borosilicate glass test
tubes 2!/, inches from the bottom (Figure
2). Such cells are easily filled, emptied,
and washed and were preferable to the
standard H-cell for work with thousands
of samples. They permitted measure-
ment in from 2 to 20 ml. of solution with
unimpaired accuracy. Deaeration time
was lowered when smaller samples were
used.

SampLe TuBes. Two types were used:
125 X 16 mm. outside diameter, boro-
silicate glass, without rim (Kimble No.
45048), when hydrolysis was not re-
quired, and 125 X 16 mm. outside
diameter, borosilicate glass, fitted with
Bakelite screw-cap and Teflon liner
(Kimble No. 45066-A) when hydrolysis
of methyl bromide or chloropicrin was
required.

ConstaNT TEMPERATURE Bath. This
was maintained at 60° = 0.5° C. to hold
racks of sample tubes immersed to a
depth of 4 inches.

Grass SvyRINGES, hypodermic, Luer-
lok. These ranged in capacity from 25
to 100 ml. and were fitted with mechani-
cal stops (70) and calibrated by weighing
designated volumes of water. Stainless
steel needles, 18- and 20-gage and in 2-,
4-, and 6-inch lengths, were used
according to requirements,

Gas ApsorpTioN AsseMBLY (Figure 1).
This consisted of a machined brass
sampling head, 4, to which was fitted a
gas inlet tube, B, of 14-gage stainless
steel (s.s.) tubing, to accommodate a
Luer-lok syringe with 18-gage needle
placed on top. The s.s. tube projects
upward by 3/ inch and is fitted with a
perforated serum rubber stopper, small
size (Scientific Glass Apparatus Co.,
Bloomfield, N. J.), to ensure a snug fit
to the shoulders of the syringe needle.
The bottom of the s.s. tube is closed,
except for two pairs of holes for the gas-
air outlets at £.  The rubber stopper, C,
is machined to fit a test tube, D (lipless,
16 X 125 mm.). The two pairs of holes
of the “bubble-fractionating” tip, £
(shown also in the inset of Figure 1),
were drilled with a 0.022-inch watch-
maker’s pivot drill, with one pair at 90°
to and slightly above the other. Two
pieces of 24-gage s.s. wire were placed
through the holes, and the wire ends
crimped, as shown in the inset. The
crossed wires fractionated the gas-air
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Figure 1. Gas absorption

assembly

bubbles and yielded a steady stream of
fine bubbles when slight vacuum was
applied through the air outlet, /. The
air outlet led to a flowmeter (Scientific
Glass Apparatus Co.) that was operated
by needle valve—controlled vacuum to
permit discharge of the sample in the
syringe at a rate of 30 to 33 ml. per
minute.

Reagents. FUMIGANT STANDARDS.
The methyl bromide and chloropicrin
standards, ranging in concentration from
5.0 to 0.01 mg. per ml. in 60% 1-pro-
panol, were made from stock solutions
of 50 to 100 mg. per ml. that were
checked polarographically after hydrol-
ysis against standard Br~ and CI-
solutions, Primary methyl bromide
standards were prepared from weighed
ampoules as described by Busbey and
Drake (9). Secondary standards were
made by dispensing through gas dis-
persion tubes into chilled 1-propanol
predetermined volumes of methyl bro-
mide, 999, pure, from a 1-pound lecture
bottle of compressed gas (Matheson Co.,
East Rutherford, N. J.). Acrylonitrile
standards, ranging from 5.0 to 0.01 mg.
per ml. of water, were made from freshly
distilled acrylonitrile (American Cy-
anamid Research Laboratories, Stam-
ford, Conn.). Ethylene dibromide and
carbon tetrachloride standards, 10.0 to
0.05 mg. per ml. of 859, methanol, were
prepared from stock solutions made from
the redistilled fumigants. All standards
were kept in the refrigerator in Teflon-
lined screw-cap reagent bottles until

required.
Tetramethylammonium  hydroxide,
polarographic  grade = (Southwestern

Analytical Chemicals, Austin, Tex.).
Tetrabutylammonium bromide, po-

larographic grade (Southwestern

Analytical Chemicals, Austin, Tex.).
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tube

Cell assembly and bridge

A. Saturated calomel reference electrode

B. Polarographic cell

C. D.ME.

D. Capillary tube for nitrogen, placed above
surface of solution after oxygen removal.
Hole in stopper is slightly oversize to permit
venting of nitrogen

E. Salt-agar bridge tube, filled in one of
three ways described in text, according to
voltage span required

Methanol, 859% (v./v.), used in
sampling ethylene dibromide and carbon
tetrachloride in air.

Monoethanolamine, 3.59; (v./v.) in
609, 1-propanol, used in sampling and
subsequent hydrolysis of methyl bromide
and chloropicrin in air.

Nitric acid, approximately 8.V.

Gelatin solution, 1% (w./v.), prepared
in a boiling water bath, and stored be-

tween use in a refrigerator. A fresh
solution was made after 5 days.
NITROGEN FOR OXYGEN REMOVAL,

Tank nitrogen, ‘“high purity, dry,”
99.999 pure (Linde Gases Division,
Union Carbide Canada, Ltd., Toronto,
Ont.), presaturated with a portion of
the blank solution, was used in deaera-
tion of some of the fumigant solutions in
the measurementcell. Oxygen removal
was necessary only in measurement of
carbon tetrachloride and ethylene di-
bromide, and occasionally measurement
of acrylonitrile was improved when oxy-
gen was absent. It was found empiri-
cally that 5 minutes of deaeration with
nitrogen, regulated by a flowmeter to
emerge in small bubbles through a
capillary tube at a rate of 30 ml. per
minute, gave satisfactory oxygen removal
in 8 to 10 ml. of sample solution, and
accordingly 10 ml. was designated as the
standard volume of solution prior to
measurement. While concentrations of
ethylene dibromide and acrylonitrile
were unchanged by deaeration for 10
to 20 minutes, periods longer than 5
minutes at 30 ml. of nitrogen per
minute at 23° C. contributed to signifi-
cant losses of carbon tetrachloride, and
therefore 30 ml. of nitrogen per minute
for 5 minutes were used throughout the
experimental procedures.

Acar Bripges. Three types were
used to encompass the polarographic
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Figure 3. Calibration curves for

carbon tetrachloride (first wave) and
methyl bromide

working range for the various fumigants.
The following agar mixtures were pre-
pared in a boiling water bath in 50.ml.
boiling flasks:

Agar A. 39 agar 4+ 239, KClI solu-
tion, w./v.

Agar B. 39, agar + 309 KNO,
solution, w./v.

Agar C. 3%, agar + 239 tetrabutyl-

ammonium bromide solution, w./v.

For use in the range 0 to —2.0 volts
(carbon tetrachloride and ethylene di-
bromide) a bridge tube (Figure 2} was
filled with agar A only.

For use in the range 0 to +0.45 volt
(methyl bromide and chloropicrin) the
bridge tube was filled to the parallel
mark with agar A, and then, after setting
of A, to the end of the sample-side arm
with agar B.

For use in the range —1.7 to —2.4
volts (acrylonitrile) the bridge tube was
similarly filled to the parallel mark with
agar A, and then with agar C.

Use of a 5-ml. syringe fitted with a 4-
inch, 18-gage stainless steel needle simpli-
fied the filling of the 4-mm. bore tubing
with hot agar solution, and eliminated
the entrapment of air bubbles. Diffu-
sion in the combination bridges of K+ or
Cl~ ions to the bridge-sample side inter-
face was slow and could readily be
detected in the blank. For continuous
use, combination bridges were replaced
every week or sooner, depending on the
amount of use. The sample-side end of
the various bridges became discolored in
due course from repeated immersion
in alcoholic alkaline solutions, and such
bridges were replaced whenever brown-
ing was observed.

Procedures

Carbon Tetrachloride, Using stand-
ard solutions of carbon tetrachloride as
indicated, prepare a calibration curve for
the range 0.05 to 10.0 mg. by pipetting
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acrylonitrile, chloropicrin, and ethylene
dibromide

the equivalent of 0.05, 0.1, 0.3, 0.5, 1.0,
2.0, 4.0, 6.0, 8.0, and 10.0 mg. of carbon
tetrachloride in duplicate into 859
methanol in 16 X 125 mm. test tubes
precalibrated to a 10-ml. mark. Add
0.5 ml. of 1M tetramethylammonium
hydroxide and adjust to 10 ml. with
859, methanol. Transfer the solution
to the electrolysis cell, deaerate for 5
minutes at a nitrogen flow of 30 ml. per
minute, and record the waves through
the range —0.4 to —2.0 volts. Two
waves, with Ey. of about —0.85 and
—1.75 volts, respectively, will be ob-
tained. Measure their respective diffu-
sion currents at —1.2 and —2.0 volts,
deducting the residual current of the
blank solution. Plot the diffusion cur-
rent values of the first wave of carbon
tetrachloride. The relationship be-
tween the diffusion current and concen-
tration should be linear (Figure 3).

To measure the contribution of
carbon tetrachloride to the total diffusion
current shown by a mixture of carbon
tetrachloride and ethylene dibromide,
multiply the data of the first carbon
tetrachloride wave by 1.69, and deduct
the resultant values from the total
diffusion current at —2.0 volts. The
factor 1.69 represents 0.925 X 1.83,
where 0.925 comprises the change of
m¥3¢18 characteristics between —1.2 and
—2.0 volts, and 1.83 represents the
ratio of the total diffusion current con-
stant to that of the first carbon tetra-
chloride wave [cf. Kolthoff et al. (73)].

Ethylene Dibromide. Prepare a
standard curve in the range 0.05 to 10.0
mg. of ethylene dibromide, as indicated
above for carbon tetrachloride, using

859 methanol and tetramethylam-
monium  hydroxide as supporting
electrolyte. Deaerate for 5 minutes

(longer periods may be used) and record
the wave (Ey. = approximately —1.55
volts) in the range —1.2 to —2.0 volts.
Plot the diffusion current values, cor-
recting for residual current (Figure 4).

Ethlyene dibromide-carbon tetra-
chloride admixtures in air are quantita-
tively differentiated in a single sample
by absorbing the sample in 9.5 ml. of
859, methanol (use an ice bath). Add
0.5 ml. of 1M tetramethylammonium
hydroxide, deaerate for 5 minutes, and
record the waves in the range —0.4 to
—2.0 volts. Determine the proportion
of carbon tetrachloride in the second
wave by the procedure indicated in the
previous section.

Acrylonitrile. Prepare a calibration
curve from standard solutions for the
range 0.025 to 5.0 mg. by pipetting the
equivalent of 0.025, 0.05, 0.1, 0.5, 1.0,
2.0, 3.0, 4.0, and 5.0 mg. of acryloni-
trile in duplicate into cool water in
16 X 125 mm. tubes. Add 0.5 ml. of
tetramethylammonium hydroxide and
adjust the volume to 10 ml. with water,
Record the acrylonitrile wave (Ey; =
approximately —2.1 volts) through the
range —1.7to —2.5volts. Itisgenerally
not necessary to deaerate the test solu-
tion, although sometimes waves with im-
proved definition are obtained after
3 or 4 minutes of oxygen removal. Plot
the diffusion current values vs. concen-
tration, correcting for the blank (Figure
4).

To separate acrylonitrile from carbon
tetrachloride in air, two separate samples
are necessary. The first is absorbed in
9.5 ml. of water and the second in 9.5
ml. of 859, methanol contained in
16 X 125 mm. tubes in an ice bath.
After absorption, add 0.5 ml. of tetra-
methylammonium hydroxide to both
tubes and process them separately for
acrylonitrile and carbon tetrachloride,
as already indicated. The presence of the
one will not interfere with measurement
of the other.

Chloropicrin. Prepare a calibration
curve from standard solutions for the
range 0.05 to 5.0 mg. by pipetting into
screw-cap Teflon-lined 16 X 125 mm.
tubes the equivalent of 0.05, 0.1, 0.3,
0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 mg. of
chloropicrin in duplicate into 609 1-
propanol containing 3.59, of mono-
ethanolamine (the total volume should be
approximately 8.5 ml.). Place the
capped tubes in a constant temperature
water bath at 60° C. for 4 hours, agitat-
ing the tube rack several times for a few
seconds during the reaction period.
After cooling, add 1 ml. of 8V nitric acid
and 0.5 ml. of 19, gelatin solution, and
adjust to 10 ml. Transfer to the polaro-
graphic cell and record the Cl~ waves
(Ey: = 40.22 volt) in the range 0 to
+0.45 volt. Deaeration is not nec-
essary. A double wave will occur at the
higher concentrations, but the plateau
of the main wave is very reproducible.
Graph the net diffusion current vs. con-
centration (Figure 4).

To separate chloropicrin from carbon
tetrachloride in air samples, two sep-
arate samples are needed. The first

is absorbed in 8.5 ml. of propanol-
monoethanolamine reagent and the
second in 9.5 ml. of 859, methanol.
Process as indicated for carbon tetra-
chloride and chloropicrin, respectively,
using the appropriate agar bridges.
Record the carbon tetrachloride and
chloropicrin waves in the ranges —0.4 to
—1.2 volts and 0 to +0.45 volt, respec-
tively. The presence of the one will not
interfere with measurement of the other.

Methyl Bromide. Prepare a calibra-
tion curve from standard solutions of
methyl bromide in 609, 1-propanol for
the range 0.1 to 10.0 mg. in a manner
similar to that prescribed for chloro-
picrin. Place the capped tubesin a con-
stant temperature water bath at 40° C.
for 4 hours, agitating the tube rack
several times during the reaction period.
After cooling, add 1 ml. of 8V nitric acid
and 0.5 ml. of 19, gelatin solution, and
adjust to 10 ml. Transfer to the polaro-
graphic cell and record the Br— wave
(Eyes = +0.15 volt) in the range 0 to
+0.45 volt. As with chloropicrin,
deaeration is not necessary. A double
wave will occur at the higher concentra-
tions. Plot net diffusion current wvs.
concentration (Figure 3). Check against
standard Br~solutions.

To separate methyl bromide from
carbon tetrachloride in air samples, take
two separate samples. The first is
absorbed in 8.5 ml. of monoethanol-
amine-propanol reagent, and the second
in 9.5 ml. of 859, methanol placed in
tubes in an ice bath. Process as indi-
cated for methyl bromide and carbon
tetrachloride, respectively, using the
appropriate agar bridges. Record the
carbon tetrachloride and methyl bro-
mide waves in the ranges —0.4 1o —1.2
volts and 0 to 4-0.45 volt, respectively,

To separate methyl bromide from
ethylene dibromide in air, take two
samples and process by either of these
methods:

A. Hydrolyze the first sample in 8.5
ml. of monoethanolamine-propanol re-
agent at 3° to 5° C. (refrigerator) for 24
hours with occasional agitation of the
tube rack., [At this temperature and
time, ethylene dibromide will not react
(2).] Hydrolyze the second sample
similarly at 98° C. for 3 hours in a con-
stant temperature air oven (2) with
occasional agitation. (Use pliers to
tighten the tube caps.) Cool, stop the
reaction in both cases with 1 ml. of 8V
nitric acid, add 0.5 ml. of 19} gelatin,
adjust to 10 ml. with 609 l-propanol if
necessary, and determine the Br~ con-
tent in each sample. By deducting the
Br— value of the first sample (methyl
bromide) from that of the second
(methyl bromide + ethylene dibromide).
one obtains the Br— due to ethylene di-
bromide. Precede such determinations
by methods calibration data, using
aliquots of solutions of admixtures of
known composition.

B. Hydrolyze the first sample at 3°
to 5° C. for 24 hours with monoethanol-
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amine reagent as in the previous method
and determine the methyl bromide con-
tentas Br=. Absorb the second sample in
9.5 ml. of 859, methanol, add 0.5 ml. of
tetramethylammonium hydroxide, and
volatilize-hydrolyze the methyl bromide
by bubbling nitrogen through the sample
at a rate of 30 ml. per minute for about 20
minutes. (The optimum time for elim-
ination of methyl bromide can be deter-
mined empirically by pretesting with
known solutions of methyl bromide as
such and in combination with ethylene
dibromide.) Record the wave for eth-
ylene dibromide in the range —1.2 to
—2.0 volts as previously described.

Results and Discussion

Linear relationships between diffusion
current and concentration were obtained
for all five gases in the ranges specified
(Figures 3 and 4). Plot points below
0.1 mg. and above 8.0 mg. per 10 ml,
were necessarily omitted for purposes
of the illustrations, As indicated by the
different slopes, the current-concentra-
tion ratios varied with the nature of the
gas. Thus, methyl bromide, ethylene
dibromide, acrylonitrile, chloropicrin,
and carbon tetrachloride had i;/C
values of 3.50, 3.85, 10.02, 4.96, and 4.00
wa. per mg. per 10 ml. of sample solu-
tion at 25° C., or of 3.32, 7.24, 5.44,
8.17, and 6.16 pa. per millimole.

The precision between replicates was
satisfactory, and was within =+=1.29]
at 10734 levels and within =+5.19
at 1075/ levels. It was generally not
necessary to measure in the 10 5Af
region because the concentration could
be raised by absorbing a larger sample.
However, where experimental conditions
impose limits on the size of air sample—
e.g., taking “point” samples of 5 to 10
ml. of the interstitial air of sacked grain,
flour, soil, packaged goods, etc., that
have been fumigated—one can use the
method of standard addition (74), in
which case fortification of the solution
with 1.0 mg. of fumigant standard is
suggested. Sample solutions that are too
high in gas concentration can be diluted
readily, although sometimes it is as easy
to prepare a Iresh sample by using a
smaller volume of air.

The gas absorption assembly (Figure
1) worked well, and was modified for
sampling of grain columns (7) and glass
fumigation flasks (&) to give results re-
producible to within *=2.39%, in the
range 0.25 X 107* to 10~*M. The
efficiency of gas absorption of a single
absorption tube was 98 to 1009, as
determined by placing a second tube
in series with the first. Major factors
in efficient absorption were the use of
chilled “‘trapping® solvent (ice bath
temperature), a slow rate of discharge
of air sample (30 to 33 ml. per minute),
at least a 4-inch path for bubble travel,
and the design of the bubble-fractionat-
ing tip which imparted a spin to the fine
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bubbles that emerged from the outlets,
and thereby increased the path of travel.
Since the final volume of solution in each
tube was only 10 ml., lower limits of
sensitivity of measurement were thereby
achieved, and this made it possible to
work with small gas-air samples (20
to 100 ml.). To absorb gas-air samples
larger than 300 ml., faster rates of sample
discharge would be required to maintain
the total sampling time within reasonable
limits, in which case an assembly with
two tubes in series should be used for each
sample.

The volume of sample solution was
standardized at 10 ml. for convenience
in use with the simple polarographic cell
shown in Figure 2. Once the sample is
in solution in the calibrated tube, brought
to volume, and mixed, placing a definite
or exact volume of solution in the polar-
ographic cell is unimportant to the final
result; the proportion of electro-oxidiz-
able or -reducible substance would be
the same in a 0.1-ml. aliquot as in the
original 10 ml. of solution, and the same
D.M.E. may be used in either case with
identical results. Although 2 ml. could
have been readily used in a narrower
polarographic cell with appreciable re-
duction of time required for deaeration,
this was not done for the grain column
investigation (7), but has been adopted
for current work.

The constantly renewable surface of
the D.M.E. gave results for Br~ and
Cl~ (methyl bromide and chloropicrin)
that were more consistently reproducible
at higher concentrations than ampero-
metric titration with Ag* and a rotating
platinum wire electrode. The platinum
electrode had to be cleaned often, and
a fresh sample was needed if the original
sample was too high in gas concentration.
In the latter regard, concentrations could
be more readily adjusted to the optimum
range when the D.M.E. was used, and
did not require repeat samples that were
sometimes unobtainable in a kinetic
study.

Differentiation between carbon tetra-
chloride and ethylene dibromide in a
single sample is relatively simple, since
carbon tetrachloride, if present, would
exhibit two well-defined waves (E,.
= —0.85 and —1.75 volts) and ethylene
dibromide would yield only one wave at
approximately —1.55 volts. Interest-
ingly, no wave is shown for ethylene di-
chloride in 809, methanol and 0.05M
tetramethylammonium hydroxide. This
can be applied in measurement of its
presence in a tertiary mixture with the
other two gases by first determining the
total organic halogen content of the
sample (2, 76, 77, 20) and then deduct-
ing the values of carbon tetrachloride
and ethylene dibromide determined by
the methods described here.

The methods can be used in deter-
mining residues in fumigated foods, tex-
tiles, tobacco, soils, etc. The method for
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acrylonitrile was adapted for such a
purpose (4). Measurement of fumigant
residues of grain in columns (7) was not
within the terms of reference of the
investigation and residues were therefore
not determined. In addition to applica-
tions for residue problems of concern to
agricultural research and Food and Drug
Administration agencies, the methods
may be applied to research in air pollu-
tion, plant and animal toxicology, in-

dustrial processing, reaction kinetics,
etc.
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