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For the determination of HEOD, the total” chlorine method is recommended on
account of thie simplicity. The method is, however, not specific for HEOD but for
every halogen compounds. It is accordingly required to separate HEOD from contaminants
in the sample before the determination. The present investigation was undertaken to
devise a clear-cut chromatographic separation of HEOD, in 'which p-methoxy-azobenzene,
a yellow dye, was used as an indicator. The indicator can follow up so closely the

‘movement of HEOD in the course of the procedure that only the coloured fraction in

the effluent is collected and subjected to the determination of HEOD. The separation of
HEOD from its mixture with each of p,»’-DDT, r-BHC, and-aldrin were also described.

During the cource of an investigation of
_dieldrin it became desirable to have a method
- of scparating a micro quantity of the toxicant

from contaminants.

By literature three typical methods are avai- -
lable for determining’ dieldrin chemically or .

_ physically; that is, total ‘chlori'ne" %3, infra-
red spectrophotometric®®, and colouxjxmefric”
method. Although the infra-red spectrophotome-
tric and the colourimetric_method are specific
for HEOD ( 1, 2, 3, 4, 10, 10-hexachloro-6, 7-

epoxy-1, 4, 4a, 5, 6, 7, 8, 8a-octahydro-1, 4,5,

8-dimethanonaphthalene), the main insecticidally

active ingredient in. dieldrin,
On the other hand, the

total ‘chlorine method does not ‘require such

fairly purified sample.

purificatibn of the sample, bt it is non-specific
for HEOD, because it cannot distinguish HEOD
from other organic halogen-compounds. However,
when thgre is no halogen—compound except
HEOD in the sample, the total chlorine method
is applicable to determination of HEOD with
advantages of simplicity? or high sensibility®.

Therefore it is necessary to devise a method of
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they require a -

) B )
" quantitative separation of HEOD from cont-

‘aminants before the determination. .,
To HEOD,

chromatograpraphy has been often employed”®,

isolate small quantities of
which may be one of the most suitable for that
purpose_. The toxicant, however, being colourless,
it was difficult in any cases to follow up HEOD.
on chromatogram or in effluent. To eliminate

this difficulty, it seems convenient to use some

_ ‘colouring matters as indicator, which makes the

operation very easy. Beckmann® presented a
partition chromatography of dieldrin with two
indicator dyes, but the procedure failed to detect
the HEOD front in the effluent.
this -disadvantage,

Regarding -
DuPont
Dye,

an andther dye,
G Base

presented!™ as an adequate one, but details ’

Anthraquinone Green’ was
were not given.

This paper proposes an adsorption chroma-
tography of dieldrin with p-methoxy-azobenzene
which

makes it possible to trace the movement of

(MAB), a yellow dye, as an indicator,

HEOD during the course of the procedure; the
HEOD front is effluted quite together with that
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of MAB, co]lectmg all amounts of the yellow-
coloured effluent gives a quantitative recovery
of HEOD, and, if necessary, the MAB is easily
removed from the HEOD thus separated.

Reagents

Technical Dieldrin:
supplied by Shell Sekiyu Kabushiki Kaisha,
Japan.

HEOD:
recrystallization from ligroin, mp 178.5-9°.

2 -Methoxy-azobene ( MAB): Prepared by me-
thylation of p-hydroxy-azobenzene with dime-

purified from Technical Dieldrin by

thylsulfate in methanol in presence of an excess
of potassium cafbonate, recrystallized from
. petroleum ether, mp 57-8°.
Aldrin:

102°, slightly impure.

Recrystallized from ethanol, mp 99-
7-BHC: Recrystallized from benzene, mp
113.5-4°. '
2.p-DDT: Recrysta]hzed from ligroin, mp
1109-9.5°. .
" Active alumina: *Aluminium oxide standard-
ized for chromatographic adsorption analysis

acc. to Brockmann®, so-called “Brockmann’s

alumina”, a product of E. Merck A.G., Germany )

(Brockmann’s alumina), or “Alumina, activated
for chromatographic adsorption analysis, 200
mesh”, a pro/duct of Wako Pure Chemical
(Wako’s alumina).

The active alumina commercially available is

Industries, Ltd. Japan.

tested for its activity according to Brockmann’s
method!V.

of grade II, it can be used without any more

When the alumina shows an activity

treatments;' when an activity of grade I, its
activity is reduced to grade II by standing
overmght in wet air.
Petro]eum ether : Purified by treatment with
“conc. sulfuric acid and subsequent distillation,
bp 40-70°,

Benzene:

dried over metallic sodium.
Purfied by the’
petroleum ether, bp 80°,

similar way to
dried over metallic
sodium.
Mixed solvent:
(1 vol. ).with petroleum ether (4 vol.).
Stannous chloride solution: Prepared by dis-
solving stannous chloride, SnCl;-2H:0, (5g) in

Tan flakes; mp 125-150°, °

Prepared by mixing benzene

& ﬁ’f 24 9’»—'[

conc. hydroch]oric ‘acid (20ce) and subsequent-
diluting with distilled water to 100cc, stored in
a tightly stoppered bottle. \

Dil. hydrochloric acid: Prepared by diluting
conc. hydrochloric acid (1 vol.) with distilled
water (9 vol.). ‘

1

Apparatus and Procedure -

Here is described the procedure applicable
to samples containing more or less than 10mg
of HEOD in a rather pure state.

. .Chromatography : An adsorption column -is
prepared of the active ‘alumina (7g) using a
burette-shaped glass- tube of about 10mm in .
diameter according to either dry- or wet-process.

A solution of sample with MAB (1mg)
petroleum ether (about 10cc) is poured on the -
column, and as the solution passed into the
column, a yellow adsorption band is formed on
the upper end of the alumina layer. Added with
the mixed solvent, the yellow band, which is
not developed with petroleum ether, begins to
move downward, and is effluted at the lower
end of the column. The yellow-coloured effluent

is collected, the solvent is carefully evaporated

“to almost dryness on a boiling water bath, and

the last trace of the solvent is removed by gentle
aeration at a room temperature. The yellow
residue thus obtained contains all amounts of
HEOD in the sample.

Decolourization: The yellow residue is di-
ethanol (10cc), added with the
'and heated
slowly just to boiling; then the decolourization

ssolved in 9524

stannous chloride solution (5¢c),

is performed. The colourless ethanolic solution.

is transferred into a 500cc-separatory funnel,

| rinsing the container with 9522 ethanol (3X5cc)

and distilled water successively, and added with
the dil. hydrochloric acid (50cc) and a sufficient
amount of distilled water to make up the whole
volume to about 200cc. The solution is shaken

with petroleum ether (100cc) for 5 minutes, and
allowed to stand until separation. The aqueous

layer is discarded, and the remaining solvent
layer is washed with the dil. hydrochloric acid = .
(2x50cc) and distilled water (3% 100cc) successi-

vely. The salvent layer is transferred into a.

&7
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weighéd flask, and evaporated carefully as
described above. A colourless residue is obtained,
. which usually consists of crystalline HEOD.

. The decolourization process could be omitted

for the purpose of prepurification in the total

chlorine method.

Relationship ’ betv\veenr HEOD and MAB
in their chromatographic behavior.

To prove the adequate property of MAB as
the indicator, a series of chromatographic ex-
periments, over twenty, was carried out under
" such various, conditions as shown in Fig. 1. l

Procedure: A sample solution containing

HEOD (10rpg) and MAB (1 mg) was chromato-
graphed according to the procedure described
-above except that the effluent was fractionated
in lcc. After removal of the solvent the
fractions were determined for HEOD by the

total chlorine method, which is the slightly

" modified Stepanow’s mvethod, of x:ecovery of 9824,

_NO1’

3.0

Concentration of HEOD
in the effluent (mg/cc)
s

kg
=1
T

00— "5 20 30

Volume of the effluent fractionated (cc)
Fig. 1. Relationship between HEOD and
MAB in their chromatographlc behavxor .

Conditions applied:

" that in the above

No.of Kind of Activity Process of

Tempera-

,gg;h alutrhh?na a(l)lfxntl];r?a packing column ture (°C)
1 Wako Medium . dry 29
2 Wako High dry 33
. 3 Brockmann Low dry 26
4 Brockmann Medium wet 16
-5 Brockmann Medium . dey - 10

28

and accurate to within 1/ The HEOD con-
centration thus determined was plotted against

" the volume (cc) of the effluent fractionated.

Some of the results are given in Fig. 1., in which
the broken curves represent puahtatxve inten-

‘sity of the yellow colour in the fractions.

~ In Fig. 1. it 1s shown that MAB always follow
up - HEOD on any conditions, although the
volume of the fore-running solvent and sharp-
ness of the separation of HEOD are influenced.
This shows that MAB proves to be\adequéte
as the indicator. .- ’ )

Recovery of hemimicro quantity' of HEOD.:

Procedure : The same, chromatography, as

experiment except the
fractination was carried out on a column ,of'
Brockmann’s alumina (7g) prepéred by dry-
process. The first 15cc of the effluent after the
yellow front reached the lower end of the
column was collected as the main fraction.

After removal of the solvent the fraction was
subjected to determination of HEOD by the
total chlorine method. No HEOD was found

_in other fractions than the main fraction. The
' rcsults are given in Table 1.

Table 1. Recovery of hemimicro q'uantityv
of HEOD. : ’
Recovered (mg)
Added(mg) Fore Main Back
) fraction fraction fraction

10.0 0.0 9.6 - 0.1

10.0 0.0 | 97 0.0

10.0 0.0 9.6 . 0.0

10.0 0.0 | 97 0.0

10.0 0.0 9.8 | 0.0

From the results givén in Table -1, it is

v'c_oncluded that 10mg of HEOD was recovered

quantitatively. ) )

To confirm cohxp]ete.elution of HEOD, the
columns were eluted with . methanol after ‘the
elution with the mixed solvent, and the.
methanolic eluates were determined by the same
method; thay gave usually 0.7-0.9mg of apparent
HEOD, while the same values were given also’

by blank test. Therefore the substance which
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gave the apparent HEOD should not be
HEOD, but, judged from its water-solubility,

it might be some inorganic salts, contained in

the alumina used.

Recovery of macro quantity of HEOD and
determination of HEOD in Technical Dieldrin.

Procedure: A ‘column was prepared of Brock-
mann’s alumina (20g) ‘using a glass tube of
20mm in diameter. A solution of HEOD (100.0
mg) or Technical Dieldrin (100.0mg) and MAB
(10mg) in petroleum ether (20cc) was chroma-
tographed on the column similarly. to the
procedure described above. When about 30-33cc
(at 30°) of the mixed solvent had passed into the
column, ' the yellow front appeared in effluent,
and the yellow effluent, usually 60-70cc, was
collected ‘as the main fraction. Both 10cc of the
effluent just before and after the main fraction
were co]]ecfed and determined for HEOD by the
total chlorine method. After removal of the
solvent, the .main fraction was decolourized
accdrdipg to the procedure described above; then
it gave a colourless crystalline residue, which
was then Weighed and measured its melting point.
" The residue gained from either HEOD or
Technical Dieldrin gave the identical infra-red
spectra with the authentic sample of HEOD,

used should be 89-902%.

Secparation of HEOD from other insecticides.

Procedure_:. A solution of HEOD (10‘mg),1each
(10mg) of other insecticides, 2,p’-DDT, y-BHC,
and aldrin, and MAB(1mg) was chromatographed
on a column of Wako’s alumina (7g) acgofding

~ to the same procedure described above except

that the fractionation of éffluent in lcc started
from the addition of the sample solution,
because some of the insectides had been eluted
readily with petroleum ether before the mixed
solvent was added. The fractions were deter-
mined for each insecticide by the total chlorine
method. _ . ' ,
_As shown in Fig. 2. it is evident that HEOD

could be separated clearly from other insecticides

and the mixed melting point was not depressed.

These facts indicate that the residues consisted
of pure HEOD. Then,
given in Table 2., it is concluded that 100mg of
HEOD was recovered quantitatively, and that
the HEOD content in the Technical Dieldrin

from the results

1

by this method.

A

Aldrin

£,¢-DDT

¥BHC

HEOD

Concentration of insecticide

in the effluent

104 B -20 ¢ 30
Volume of the effluent fractionated (cc)
Fig. 2. Separation of HEOD from other
insecticides.
A: The addition of the mixed solvent.
B: The front of the mixed solvent.

Table 2. Determination of HEOD in Technical Dieldrin.

\

Added (mg)

Recovéred (mg)

Sample (mp °C) - < - -
. I Fore fraction Maérr;;roaétlon Back fraction
HEOD 100.0 0. 0' 100.0 (177. 5:8. 5) 0.1 .
(As standard) 100.0 . 0.0 99.0 (177 *8) 0.0
: 100.0 0.0 99.6 (177 - -8) 0.0
(178.5-9) 100.0 0.0 99.0 (177 -8) 0.0
. B i 100.'9 0.0 89.9 (177 -8) 0.1
Technical Dieldrin 100.0 0.0 89.3 (177 -8) 0.0 .
(125-50) 100.0 0.2 89.9 (177 -8) 0.0
. 100.0 0.0 89.0 (177 -8) 0.0 )
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- An adsorption/éhromatography of HEOD with.
p-methoxy-azobenzene as indicator was investi-
. gated. The indicator makes it possible to trace
‘the movement of HEOD during the procedure,
and HEOD is recovered quantitatively.’
By this method,

and - also, HEOD was separated successfully
from its mixtures with each of p,p -DDT, -
BHC, and aldrin.
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