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Gas chromatographic separation of hexachlorobenzene and the «,- -, y- and
d-isomers of hexachlorocyclohexane

Hexachlorobenzene (HCIB) is a selective fungicide for the control of bunt
of wheat, and was introduced for seed treatment by YERrsIN! in 1945. It may occur
as a residue in feeds and foods?.

The most widely used stationary phases for gas chromatographic analyses
of pesticide residues arce the mixture DC-200 4 QIF-12; OV-17, either alone3-5 or
mixed with QI%-1Y%; and SIE-30, cither alone’? or mixed with QI7-18, The separation
of HCB and the o-, -, - and d-isomers of hexachlorocyclohexane (HCH) on these
phases has not been reported.

Some workers reported the separation of the isomers of HCH on several
phases’11, It appears that only SIMMONS AND TATTON have described the separation
of HCB, ¢-HCH and y-HCH along with other compounds. They used cyanosilicone
oil XE-60, which cannot separate the f-HCH from the 6-HCH, as was proved
during this study.

The primary objective of this work was to find a packing suitable for separating
HCB and the &, -, - and 6- isomers of HCH. As a secondary requirement, the
packing should allow the separation of these compounds along with the group of
chlorinated pesticides that are usually sought in {oods, i.c., heptachlor, aldrin,
heptachlor epoxide, p,p’-DDE, dieldrin, 0,4-DDT and $,6'-DDT. A further good
reason for having such a packing is that the mixed phase DC-200 -+ QI-1I cannot
separate HCIB from the a-isomer of HCH ; this is probably the reason why relatively
large amounts of a-HCH residues are frequently found in the gas chromatographic
determination of pesticide residues in milk and cheese extracts.

Experiments and vesulls

The gas chromatograph used was a Packard, Model 409, instrument connected
with a Hewlett-Packard 1 mV strip chart recorder.

The chromatographic operating conditions were as follows. Temperatures:
injection block 220°, oven 190°, detector 305°: carrier gas: argon with 109% of
methane; flow-rate: 40 cmd3/min; electron capture detector: concentric design,
3Ni 10 mCi source, operated with pulsed voltage; pulse width 0.5 usec, pulse period
50 usec, sensitivity: 2.5 X 10~ ads,; attenuation x 8 or x 4.

The chromatographic conditions were the same for all the columns tested.
All the columns were made of glass, the injection was “‘on column’’ and the columns
were packed as described by BoNIrorTi2,

The following three columns were prepared and tested: (1) a coiled glass
column, 2,40 m X 4 mm I.D., packed with 59 by weight of OV-1 on 8o~100
mesh silanized Gas-Chrom IP; (2) a coiled glass column, 2.40m X 4 mm I.D., packed
with 59 Dby weight of OV-61 on 8o~100 mesh silanized Gas-Chrom P; and (3) a
coiled glass column, 2.30 m X 3 mm I.D,, packed with 3% by weight of XE-Go on
8o~100 mesh silanized Anakrom AS.

Table I shows the retention times relative to aldrin of the pesticides under
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TABLLI I
RETENTION TIMES OF PESTICTDES RELATIVE TO ALDRIN

Tor description of columns sece text.

Colutmun (1) Colimn (2) Colitmn (3)
Compound Rel, KT Compound el, RT Coni pound Rell RT
e-HCH 0.36 HCT3 0.39 -IC13 0.2
HICH3 0.4 a-HCTL 0.4} «-F1CT1 0.89
B-T1CH 0.1 p-FCTI 0.58 Aldrin 1.00
y-HCIL 0.4 p-TICTT 0.03 w-TICT 1.28
O-HCH 0,47 Heptachlor 0.78 Heptachlor
Heptachlor 0.78 A-TICTI 0.82 epoxide 2.28
Aldrin 1.00 Alcdrin 1.00 PP -DDL 2.91
Heptachlor Heptachlor Dicldrin 3.5

epoxide 1.25 cpoxide 1.50 p-FICTI 3.70
b -DDLE 1.9V PP -DDLE 2.30 O-FICIL 3.82
Dieldrin 1.00 Dicldrin 2,30 o, p’-DDT 4.52
o,p’-DHDT 2.60 o p-DDT 3.606 - pp-DT 7.50
pop-OT 3.30 p.p-DLT 4.80
RT aldrin (min) 10.5 15.3 1.0
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TFig. r. Column (1): 1, «-HCH,; 2, HCB a.;xd B-HCH; 3, y-HCH; 4, 6-HCH; 5, aldrin,
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study and the retention time of aldrin for each column. In Figs. 1~3 are shown
some examples of separations.

On the basis of the results obtained, it can be said that columns packed
with OV-1 stationary phase do not give a good separation of HCB and HCH isomers
and cannot separate p, #-DDE from dieldrin.

Columns packed with OV-61 stationary phase do not separate f-HCH from
y-HCH very satisfactorily and cannot separate p,2’-DDE from dieldrin.

XE-6o stationary phase gives a satisfactory separation of the compounds
considered except for S-HCH and 8-HCH, which are not well separated and are
eluted too close to dieldrin. On the other hand, HCB has a short retention time
so that there is a certain risk of overlap with interfering peaks from incompletely
cleaned-up extracts.

Hence it was decided to mix the XE-60 stationary phase with other phases
in order to improve the separation between S-HCH and §-HCH and to obtain a
longer retention time for HCB. The following two columns were therefore packed
and tested: (4) a coiled glass column, 2 m X 4 mm ILD., packed witha 1 41 + 1
mixture by weight of the following three packings, which were previously coated:
X0 % by weight of DC-200 on 8o0-100 mesh Chromosorb W HP, 7.5% by weight
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TFig. 2. Column (2): 1, HCB; 2, «-HCH; 3, y-HCH; 4, -HCH; 5, §-HCH; 6, aldrin.
Fig. 3. Column (3): 1, HCB; 2, «-HCH; 3, aldrin; 4, ¥-HCH; 5, §-HCH; 6, 6-HCH,
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Fig. 4. Column (4): 1, HCB; 2, «-HCH; 3, ¥-HCH; 4,
heptachlor; s, aldrin; 6, 8-HHCH; 7, §-HCH; 8, hep-
tachlor epoxide; 9, p,p’-DDE; 10, dieldrin; 11, 0,p’-
DDT; 12, p,p ’-DDT,

Fig. 5. Column (4): 1, HCB; 2, «-HCH; 3, y-HCH;
4, B-HCH; 35, 5-HCH.
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Fig. 6. Column (5): 1, HCB; 2, «-HCH; 3, ¥-HCH; 4, heptachlor; 5, aldrin; 6, 8-HCH; 7.v o-HCH;
8, heptachlor epoxide; 9, p,p-DDE; 10, dieldrin; 11, 0,-DDT; 12, $,»’-DDT.

TABLE I1
RETENTION TIMES OF PESTICIDES RELATIVE TO ALDRIN
Compound Column (4) Column (5)
HCEB 0.41 0.40
o-HCH 0.53 0.54
y-HCH 0.70 0.73
Heptachlor 0.83 0.82
Aldrin 1.00 1.00
B-HCH 1.20 1.15
o0-HCH 1.29 . 1.31
Heptachlor
epoxide 1.60 1.74
p.p’-DDE 2.16 2,42 _
Dieldrin 2.46 2.74 o
0,#~’-DDT 2.65 3.39 o
p.#’-DDT 3.78 4.36

RT aldrin(min) 8.9 2.9

o
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Fig. 7. Column (5): 1, HCB; 2, -HCH; 3, y-HCH; 4, 8-HCH; 5, 5-HCH.

of QF-1 on 80-100 mesh Chromosorb W HP and 3% by weight of XE-60 on
80~100 mesh silanized Anakrom AS; and (5) a coiled glass column, 2 m X 3 mm
I.D., packed with a 1 4 1 4- 0.5 mixture by weight of the following three packings,
which were previously coated: 3 % by weight of OV-61 on 80-100 mesh silanized
Gas-Chrom P, 7.5 % by weight of QF-1 on 8o-100 mesh Chromosorb W HP and
3 % by weight of XE-60 on 80o-100 mesh silanized Anakrom AS.

Table II shows the retention time of aldrin and the retention times relative
to aldrin of the compounds studied for each column under the above chromato-
. graphic conditions. In TFigs. 4—7 are shown some examples of separations. There
was a good separation of the pesticides studied in an overall time of about 35 min.

Conclusions

In the course of this work some stationary phases were studied either alone
or in mixtures in order to achieve the separation of HCB and the «,-8-, - and
d-isomers of HCH. Furthermore, the behaviour of each packing was also examined
with regard to the possibility of analysing in a single run these pesticides and the
group of chlorinated pesticides that are usually sought in foods.

On the basis of the results obtained, it can be concluded that columns (4)
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and (5) give the best results; they give a good separation of twelve chlorinated
pesticides: HCB, «-HCH, y-HCH, heptachlor, aldrin, 8-HCH, 6-HCH, heptachlor
epoxide, p,p’-DDE, dieldrin, o0,p’-DDT and p,p’-DDT.

XE-60 is the stationary phase that produces the good separation of HCB,
«-HCH and »-HCH, but the separation of f-HCH from §-HCH is achieved only
by using a mixed phase. The optimum ratio of XE-60 to the other phases is considered
to be that in column (5). On this column, the separation of HCB and HCH isomers
is achieved in a few minutes under the described chromatographic conditions.

Some analyses of samples of milk and cheese on columns (4) and (5) were carried
out and a peak was identified as HCB. The identification was made from the
retention time of the standard compound and confirmed by the extraction value
between hexane and acetonitrile.

Packings such as those described above should enable the gas chromatographic
determination of chlorinated pesticide residues in foods to be extended to HCB
and enable «-HCH to be determined more precisely than is possible on the mixed
phase DC-200 + QI -1.

Laboratorio di Chimica, A. D1 Mucclo
Istituto Superiore di Sanita’, _ L. BoNIFORTI
Rome (Italy) : R. MONACELL1

1 YERSIN ¢f al., C. R, Acad. Agr., 31 (1945) 24.

2 J. A. BurkE AND W, HOLLSWADE, [. Ass. Offic. Anal. Chem., 49 (1960) 374.

3 C. A, BacHE AND D, J. Lask, . Ass. Offic. Anal. Chem., 51 (1968) 1270.

4 C. M. MENnz1E AND R. M. ProuTy, /. Gas Chromatogr., 6 (19G8) 64.

5 V., LeoN! AND G. PuccerTl, J. Chromatogr., 43 (1969) 388,

6 RR. S, HeNLy, R. I, KrRurpPA AND W, R, SurINA, J. Agr. Food Chemn., 14 (1066) 667.

7 K. A, JerFFs, K. A, Lorp aAND R, J. TurreN, J. Sci. Food Agr.. 19 (1968) 105.

8 K. A, McCuLLy AND W. P, McKINLEY, J. Ass. Offic. Anal, Chem., 47 (1064) 652,

9 S. PENNINGTON AND C. E. MELOAN, J. Chromalogr., 27 (1967) 250.

1o C, CurTto AND F. J. Biros, Toxicol. Appl. Pharmacol., 10 (1967) 261.
11 J. H. SitMmMoONSs AND J. O’G. TaTTON, J. Chromatogr., 27 (1067) 253.
12 L. BonNirorTl, Sci, Aliment., 17 (1971) 3.

Received April 27th, 1972

J. Chromatogr., 71 (1972) 340-346



