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Quantitative analyses of aldrin and dieldrin were carried out by mass chromatography.
The m/z 66 and 79 fragment ions of aldrin and dieldrin and the m/z 81 ion of the heptachlor
epoxide as internal standard were sclected for the measurements. The method is free from

sample related interferences.

Recoveries of aldrin and dieldrin which had been added to

the soil were approximately 909, and the limit of detection was 5 ng for these compounds.
The mass chromatographic method was applied for field soil samples.

INTRODUCTION

Aldrin (1,2,3,4,10,10-hexachloro-1,4,4a,5,8,
8a-hexahydro-exo-1,4-endo-5,8-dimethanonaph-
thalene) and dieldrin (1,2,3,4,10,10-hexachloro-
6, 7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-cxo-1,4-
endo-5,8-dimethanonaphthalene), chlorinated
cyclodienes, had been widely used for the
control of a range of soil pests. Many reports
on organochlorine pesticide residues in field
soil and crops have been published.!”® The
contamination of livestock products and cow’s
milk by these insecticides has caused toxicity
to men, and the use of these compounds has
therefore been controlled in Japan. However,
aldrin is transformed to dieldrin, and dieldrin
persists in soil for more than 18 months,* thus
these compounds can still be detected in soil.®’
A suitable analytical method is required for
the determination of aldrin and dieldrin
residues in soil.

Several analytical methods have been report-
ed to determine these compounds.®~'” Gas
chromatography equipped with an electron
capture detector (GC-ECD) is highly sensitive,

* The major part of this work was presented at
the 17th Meeting (1974) of The Noyaku Kenkyu-
kai in Japan

but this method requires a complicated clean-
up procedure to remove interferences in the
sample that produce peaks having the same
retention times on the gas chromatogram.

Mass spectrometric analyses have been
developed for the identification of compounds
in biological and biomedical fluids.’*=*® We
have reported previously on analysis of
organophosphorus pesticides by mass chroma-
tography (MC).?” This mass chromatographic
method enabled the simultaneous determina-
tion of many compounds.

In this paper, the method was successfully
applied to the determination of aldrin and
dieldrin residues in field soils.

EXPERIMENTAL

1. Chemacals and Reagents

Aldrin, dieldrin and heptachlor epoxide were
purchased from Wako Pure Chemicals Ind.,
Ltd., Osaka, Japan. These chemicals were
dissolved in acetone. [Ilorisil (60-100 mesh)
was also obtained from Floridin Co., Tal-
lahassee, Florida, U.S.A.

2. Physico-Chemical Properties of Soil
Yamagata upland soil (alluvial) was used

and its physico-chemical properties were as

follows: texture; clay loam, clay content;
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22.99,, clay mineral; montmorillonite, total SOIL SAMPLE (100 9)
. o . "
carbon conte_:nt, 2.53%, and C.E.C.; 21.3 mEq/  ACETONE (200 m)
100 g dry soil. SHAKEN FOR 30 MIN AT ROOM TEMP.
FILTERED
3. Gas Liquid Chromatography (gic) RESIDUE FILTRATE

A Shimadzu GC-4BM instrument equipped
with electron capture detector was used. The
glass column (50 cm X3 mm i.d.) was packed
with 59, OV-17 on Gas chrom Q, 60-80 mesh.
The carrier gas was nitrogen (40 ml/min). The
temperature of the column oven, detection and
injection were 160°C, 275°C and 275°C, re-
spectively.

4. Gas Chromatography-Mass Spectrometry
(GC-MS)

A Shimadzu LKB 9000 GC-MS-computer
system was used with 19, OV-1 on Chromo-
sorb  WHP (60-80 mesh) column (50 cm x
3mm id.) and helium (30 ml/min) as the
carrier gas. Conditions were as follows: ioniz-
ing energy; 70 eV, column temperature; 190°C,
sample port temperature; 255°C, separator
temperature; 240°C, temperature of ion source;
270°C and scan interval; 4 sec.

5. Determanation of Aldvin and Dieldrin in

Field Soils

A mixture of 100 g of soil sample and 200 ml
of acetone was shaken for 30 min at room
temperature and filtered. The filtrate was
added with 500 ml of 19, sodium chloride
solution, and extracted twice with 150 ml of
n-hexane. The organic phase was dried over
anhydrous sodium sulfate, and evaporated to
dryness at 40°C in vacuo. One ml of internal
standard solution, heptachlor epoxide in -
hexane (10 ng/ul), was added to the residue.
After suitable dilution, a 3-ul aliquot of the
acetone solution was taken for analysis by
mass chromatography.

Gas chromatographic determinations of al-
drin and dieldrin are shown in Fig. 1.

6. Recoveries from Fortified Soil

From a standard solution containing 1,000
ng/ul or 100 ng/ul aldrin or dieldrin in #-
hexane, I ml was added to 100-g of soil sample.
After a few minutes of shaking, the treated
soils were extracted following the procedure as
described above.

1 % NaCl SOLUTION (500 ml)

EXTRACTED WITH n-HEXANE
(150 ml x 2)

AQUEQUS PHASE ORGANIC PHASE

COLUMN

FLORISIL, 10 g,
30cm x 2 cmid.
(60-100 mesh)

ELUTED WITH

n-HEXANE (100 mi): ALDRIN
AND 6 % ETHER-PET. ETHER
(150 mi) : DIELDRIN

GC-MS GLC

Fig. 1 Procedure for determination of chlo-
rinated pesticide from soil.

7. Calibration Curves

The calibration curves for the determination
of aldrin and dieldrin by mass chromatography
were prepared by plotting the ratio of the peak
areas of aldrin (m/z 66) or dieldrin (m/z 79) to
that of the internal standard, heptachlor
epoxide (m/z 81), against the ratio of the weight
of aldrin or dieldrin to that of heptachlor
epoxide.

RESULTS AND DISCUSSION

In order to minimize the interfering com-
pounds, the requirement in mass chromato-
graphic determination is the use of stronger
fragment ions with higher mass range. How-
ever, mass fragmentation patterns of aldrin,
dieldrin and heptachlor epoxide were charac-
terized by their base peaks, m/z 66, 79 and 81,
respectively (Figs. 2-4). These base peaks are
fragment ions with low mass range, but were
free from interfering peaks in soils used in the
experiments. Therefore, quantitative deter-
mination of aldrin and dieldrin by GC-MS was
carried out by monitoring of these fragment
ions. Heptachlor epoxide was used as an
internal standard.

As shown in Fig. 5, the calibration curves of
both chlorinated cyclodienes were linear. The
recoveries of aldrin and dieldrin fortified with
10 ppm and 1 ppm in soil were calculated from
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Fig. 2 Mass spectrum of aldrin.
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Fig. 3 Mass spectrum of dieldrin.
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Fig. 4 Mass spectrum of heptachlor epoxide.
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Table 1 Recovery of aldrin and dieldrin from soil.
Amount added (ppm) Amount found (ppm) Recovery (%)
Aldrin Dieldrin Aldrin Dieldrin Aldrin Dieldrin
10 10 10.2 10.1 102 101
10.3 9.6 103 96
1 1 0.80 0.84 80 84
0.76 0.94 76 94
mean -+ SD 90+ 14 94+7
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Table 2 Residue levels of aldrin and dieldrin in field soil.

GC-MS GC-ECD
Aldrin Dieldrin Aldrin Dieldrin
(ppm) (ppm) (ppm) (ppm)
Yamagata T (1973)® <0.008 0.049 <0.01 0.04
<0.008 0.048 <0.01 0.04
Yamagata 1T (1973) <0.008 0.115 <0.01 0.06
<0.008 0.085 <0.01 0.06
Kanagawa (1973) <0.02 0.115
<0.02 0.111
2) sampling year.
the curves, and approximately 909, was 3) P. C. Kearney, E. A. Woolson, J. R. Plimmer
obtained (Table 1). The results of recoveries & A. R. Isensee: Residue Rev. 29,137 (1969)
indicate that it is possible to quantitatively 4) J. A. Onsager, H. W. Rusk & L. I. Butler: /.
analyze chlorinated pesticides in soil using Econ. Entomol. 63, 1143 (1970)
mass chromatography. 5) E.P. L1chtenste.31n,:l‘. W. Fuhremann & K. R.
. . Schulz: J. Agric. Food Chem. 19, 718 (1971)
A, mass ch.ro.matogram‘ (total ion monitor: 6) M. Suzuki, Y. Yamato & T. Watanabe: Bull.
A) in field soil is shown in Fig. 6. The large Environ. Contam. Toxicol. 14, 520 (1975)
peak at 4.2 min of retention time was similar 7) P. P. Williams: Residue Rev. 66, 63 (1977)
to the retention time of aldrin. But this peak 8) E. P. Lichtenstein: Residue Rev. 76, 147
seems to be an interfering peak, because it was (1980)
not present in the base peak of aldrin (m/z 66) 9) L. Johnson: J. Assoc. Off. Anal. Chem. 45,
on the mass chromatogram. Thus, this mass 363 (1962)
chromatographic method selectively deter-  10) P. A. Mills, J. . Onley & R. A. Gaither: J-
mined the compounds in crude extracts which Assoc. Qﬂ' Anal. Chem. 46, 186 ‘1963)
. . : 11) G. Zweig: Anal. Methods Pestic., Plant Growth
received no purification other than the extrac- ,
. . Regul., Food Addit. 2, 1 (1964)
tion shown Fig. 1. , S 12) G. Zweig: ibid. 2, 143 (1964)
Residue levels of aldrin and dieldrin dete.r— 13) J. Burke & L. Giufirida: J. Assoc. Off. Anal.
mined by mass chromatography are listed in Chem. 47, 326 (1964)
Table 2 in comparison with those determined  14) K. I. Beynon & K. E. Elgar: Analyst 91, 143
by GC-ECD. The results by the mass chro- (1966)
matographic method were in good agreement 15) N. F. Ives & L. Giuffrida: J. Assoc. Off. Anal.
with those determined by GC-ECD. Chem. 50, 1 (1967)
Minimum detectable amounts by this mass 16) L. Giuffrida & N. F. Ives: [J. Assoc. Off. Anal.
chromatographic method were 5ng, 5ng and ?}lem' 5.2’ 541 (1969) _
10ng for aldrin, dieldrin and heptachlor 17y G. Zweig: Anal.'Methods Pestic., Plant Growth
epoxide, respectively. Regul., Food,-Addu‘. 6, 268 (1972).
’ ) 18) L. C. Horning & M. G. Horning: Proc. Int.
. The method using mass chromatograghy was Symp. GC/MS Spectrometry, Milano, p. 485,
simple, rapid and selective for determination 1972
of these insecticides in soil. 19) R. Reimendal & J. Sjovall: Anal. Chem. 44,
21 (1972)
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