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Figure 1. Liquid chromatograms of a mixture of 4.1 ng each of
25-OH-D, and 25-OH-D; standards (A) and a cow serum extract
(C) on the Zorbax ODS column; mixture of 7 ng each of 25-OH-D,
and 25-OH-Dj; standards (B) and a cow serum extract (D) on the
Zorbax Sil column.

Table II. Results of the Same Samples Analyzed for Total
25-OH-D and for 25-OH-D, (ng/mL)

total 25-OH-D 25-OH-D, difference
61.9 58.6 3.3
58.9 59.5 -0.6
62.4 59.5 2.9
67.2 63.9 3.3
mean 62.6 + 3.4 60.4 = 2.4

mode of operation for the specific determination of 25-
OH-D;. Another difference is that we did not have to use
the optional microparticulate silica pre-LC column (Partisil
20) for the cow serum.

Figure 1 shows chromatograms of standard mixtures
25-OH-D, and 25-OH-D; on the C;3 bonded silica column
(A) and on the nonbonded silica column (B) and cow serum
extracts on the bonded (C) and the nonbonded columns
(D), respectively. The concentrations in the samples were
calculated by comparison of peak height responses of a
25-OH-D, standard injected along with the samples. It is
possible to calculate the total 25-OH-D concentration from
the 25-OH-D; standard because 25-OH-Dj and 25-OH-D,
have very similar molar absorptivity and therefore com-

parable response on a UV detector. On both LC systems,
the peak height responses were linear to concentration
within the range of interest and very reproducible for
quantitation. Vitamin Dy and its known more polar me-
tabolites and trans vitamin D, were all well resolved from
25-OH-D;. Replicate analyses of a pooled cow serum
showed a mean concentration of 67.3 + 5 ng/mL of 25-
OH-D; (n = 7, range 61.2-73.8 ng/mL). This sample was
then analyzed after fortification with an ethanolic solution
of 25-OH-D; at the levels of 10.3, 20.5, 41.0, and 82.1
ng/mL. The results were 77.0 £ 1.9 (n = 7), 84.9 + 4.1
(n=4),102.8 £ 7.3 (n = 4), and 142.1 £ 9.0 (n = 4) ng/mL
at the four levels of fortification representing mean percent
recoveries of 94, 86, 87, and 94 %, respectively. In another
experiment, a serum sample was analyzed 16 times by a
new analyst (acknowledgement to K. M. Kennedy, The
Upjohn Company). The results showed a range of
43.8-54.1 ng/mL with a mean of 49.7 + 3.3 ng/mL.

Table II shows results on samples analyzed for total
25-OH-D on the C;3 bonded micro-silica column and
specifically for 25-OH-D; on the nonbonded micro-silica
column and the differences between the two results. This
difference should be the concentration of 25-OH-D, in the
sample. In this particular sample, the difference was too
small for any analytical interpretation.
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A Semimicro Apparatus for Essential Oil Determination of Multiple Mint Samples

by Steam Distillation

An apparatus is described which allows simultaneous steam distillation of ten individual plants for
essential oil determination. Volume of recovered oil can be read to 0.01 mL. Tests on mint oil for accuracy
and reproducibility gave a mean recovery of 89.9 = 1.1%. Yields of oil from plant leaves of five species
and varieties of mint (Mentha) ranged from 3.45 to 8.90%.

The apparatus described in this paper was designed to
determine the essential oil content of individual mint
(Mentha spp.) plants (oil content < 10%, leaf dry weight
3-10 g) grown under controlled environment conditions.
The equipment consists of three different parts, a series

of distillation units, a frame, and a steam generator. Ten
plant samples can be distilled separately at one time.

DESIGN CONSIDERATIONS
Determination of the essential oil content of plant ma-
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material and carries the oil up into the condenser. The
condenser oil collects on the surface of the condensed water
in the lower section of the graduated column. The plant
material is distilled for 1.5 h even though most of the oil
distills over in 20 min, If the volume of oil collected is less
than 1 mL, the level of water in the column may be raised
by connecting a water reservoir to the lower outlet of the
3-way stopcock forcing the oil into the calibrated 1-mL
section. This permits measurement of the oil volume to
0.01 mL and estimation to 0.005 mL. For oil volumes
greater than 1 mL the lower 10-mL section must be used.
This results in some loss in precision as graduations are
only to 0.1 mL. This lack of precision can be overcome
by calibrating individually the junctions of the two cali-
brated regions for each distillation unit and using both the
10-mL and 1-mL sections. Alternatively a column with
continuous graduations between the 1 mL and 10 mL may
be used in the original construction. Such columns with
continuous graduations were not available at the time of
fabrication of our units.

Weight of oil obtained is calculated by multiplying the
oil volume by the specific gravity measured for the oil type
under determination. Spent plant material is removed
after distillation for dry weight determination.

RESULTS

Accuracy and reproducibility of the distillation units in
the determination of the essential oil content of mint
plants was ascertained by distilling known quantities of
mint oil and measuring the quantity of oil collected.

A mean recovery of 89.9 + 1.1% was obtained on five
determinations.

Yields of mint oil varied considerably depending on the
species of Mentha and the condition of growth of the
individual plants. Table I indicates the yields of individual
plants of several species and varieties of Mentha. This
information is provided only as an indication of yields
obtained with this apparatus. A more comprehensive
account of yields from some of these species will be pub-
lished in due course.
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Residues of Fensulfothion in Selected Vegetable Crops

Fensulfothion, 0,0-diethyl O-[p-(methylsulfinyl)phenyl] phosphorothiocate, and three of its
metabolites—the oxygen analogue, the sulfone, and the oxygen analogue sulfone—were determined
collectively by a simplified method in spinach, table beets, cabbage, and carrots grown in treated soils.
Fensulfothion and its metabolites were oxidized with m-chloroperbenzoic acid to the single product—the
oxygen analogue sulfone. The sulfone was then analyzed as total fensulfothion by gas chromatography
using a NP thermionic detector with a nonvolatile rubidium glass bead as the alkali source. Field-treated
samples of spinach, table beets, and cabbage had residue levels of <0.01 ppm total fensulfothion. Residues
in carrots ranged from 0.15 to 0.60 ppm, depending on the nematicide formulation and rate of application

to the soil.

Fensulfothion, 0,0-diethyl O-[p-(methylsulfinyl)phenyl]
phosphorothioate, known as Dasanit, has been registered
for use as an insecticide and nematicide on onions, pine-
apples, pea forage, bananas, sugar cane, sugar beets, pea-
nuts and hulls, rutabagas, tomatoes, and several meat
products. Its three metabolites—the oxygen analogue, the
sulfone, and the oxygen analogue sulfone—were first de-
tected in cotton plants by Katague and Anderson (1967).
Fensulfothion and its three metabolites have also been
detected in carrots, cauliflower, and potatoes (Williams et
al., 1971) and in corn, grass, and milk (Bowman and Hill,
1971). Fensulfothion and its sulfone have also been de-
tected in muck soil (Williams et al., 1972). Previously the
residues of this organophosphate and its metabolites were
extracted; the extract was fractionated on a silica gel
column; and each fraction was analyzed by gas chroma-
tography with flame photometric detection, Anderson
(1973) simplified the determination of fensulfothion and

its metabolites by oxidizing with m-chloroperbenzoic acid
to form one product—the oxygen analogue sulfone. The
sulfone was then analyzed by gas-liquid chromatography.
This method has been successfully applied to fenthion,
disulfoton, and phorate and their metabolites (Bowman
and Beroza, 1969).

We undertook to determine the total residue of fen-
sulfothion and its metabolites in selected vegetable crops
grown in soils treated for the control of nematodes and
evaluate the level of this toxic nematicide.

EXPERIMENTAL SECTION

Solvents and Reagents. Fensulfothion and its oxygen
analogue sulfone of 93.8 and 96.0% purity, respectively,
were kindly supplied by the Chemagro Corporation,
Kansas City, MO. Acetone and chloroform were pesti-
cide-grade solvents from Fisher Scientific, m-chloroper-
benzoic acid was from Eastman Kodak Co., Hyflo Supercel
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