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Figure 2. Gas chromatogram eof extract from PCP by Jensen method
before methylation. For peak identification, see Figure 1.

the Jensen and Rappe methods. The octa-CDE eluted with
hexa-CDD, hepta-CDF eluted with hepta-CDD, and octa-
CDF eluted with octa-CDD.

The technical PCP was analyzed by EC-GC before and
after the methylation steps of Rappe and Jensen methods.
If pre-CDD were present, conversion of the pre-CDD to the
CDD during EC-GC would be expected; thus, the CDD
level would be higher in the unmethylated sample than in
the methylated sample. In previously reported results (Jen-
sen and Renberg, 1972; Rappe and Nilsson, 1972) and in re-
sults found in this laboratory on other PCP preparations,
the CDD levels were much higher before methylation than
after methylation. In the technical PCP analyzed here,
however, the octa-CDD and hepta-CDD levels were only

GC-MS STUDIES OF ETHOXYQUIN

slightly higher in the unmethylated sample, Figure 2, than
in the methylated sample, Figure 1A. The levels were 1.4
and 1.2, respectively.

Two large new peaks appeared in the methylated sample
(Figure 1A). By GC-MS analysis, these new peaks were
identified as the methylated pre-CDD which convert to
octa-CDD and hepta-CDD. The failure of most of the pre-
CDD in the unmethylated sample to convert to the CDD
suggests that this technical PCP may contain most of the
pre-CDD in the iso pre-CDD form.

Jensen has suggested that the iso pre-CDD is an isomeric
form of the pre-CDD in which the hydroxy group is in posi-
tion 1 or 2 on the ring. Ring closure to the CDD is thereby
prevented.

LITERATURE CITED

Crummett, W., Dow Chemical Co., Midland, Mich., private com-
munication, April 2, 1973.

Crummett, W. B., Stehl, R. H., Environ. Health Perspect. 5, 15
(1973).

Firestone, D., Division of Chemistry and Physics, Food and Drug
Administration, U.S. Department of Health, Education and
Welfare, Washington, D.C., private communication, Nov 22,
1971.

Firestone, D., Ress, J., Brown, N., Barron, R., Damico, J., J. Assoc.
Off. Anal. Chem. 55, 85 (1972).

Jensen, 8., Renberg, L., Ambio 1, 62 (1972).

Pli(mmer, J., Ruth, J., Woolson, E., J. Agric. Food Chem. 21, 90

1973).

Pohland, A., Yang, G., J. Agric. Food Chem. 20, 1093 (1972).

Rappe, C., Nilsson, C., J. Chromatogr. 67, 247 (1972).

Villanueva, E., Burse, V., Jennings, R., J. Agric. Food Chem. 21,
739 (1973).

W?olson, E., Thomas, R., Ensor, P., J. Agric. Food Chem. 20, 351

1972).

Received for review February 24, 1975. Accepted June 30, 1975.
Use of trade names is for identification only and does not consti-
tute endorsement by the Public Health Service or by the U.S. De-
partment of Health, Education, and Welfare.

Gas Chromatographic-Mass Spectrometric Studies of Ethoxyquin

in Some Organic Solvents. I

Janneche Utne Skaare* and Hans K. Dahle

The stability of 6-ethoxy-1,2-dihydro-2,2,4-tri-
methylquinoline (ethoxyquin, EMQ) was studied
in n-hexane and chloroform with emphasis on the
color changes of the solutions and the quantitative
changes during 1 month of storage in the absence
of light. Visual observations, gas-liquid chroma-
tography (GLC), and GLC combined with mass
spectrometry (MS) were used as the methods of
analysis. The antioxidant was found to be ex-
tremely labile on exposure to light, and in chloro-
form solutions an increase of color intensity was
observed together with a 35-70% loss of GLC mea-
surable EMQ, the tenfold dilute solutions (0.1

mg/ml) being the least stable. The ethoxyquin dis-
solved in n-hexane, however, was found to remain
unchanged even after the storage period. In con-
clusion, n-hexane is therefore recommended as
the solvent for use in analytical work and for ex-
tractions from biological systems containing eth-
oxyquin. GLC using a 3% SE-30 column operated
at 160° has been found to be suitable for quantiza-
tion of EMQ when residues are to be determined
in food products for example. The mass spectra of
the GLC peaks were examined for characteristic
fragmentation patterns.

6-Ethoxy-1,2-dihydro-2,2,4-trimethylquinoline, EMQ
{ethoxyquin), is a remarkably effective antioxidant and is
gaining increased application as a feed additive (Monsanto

Department of Pharmacology and Toxicology and the
Department of Food Hygiene, Veterinary College of Nor-
way, Oslo-Dep., Oslo 1, Norway.

Chemical Co., 1961; Opstvedt et al., 1970, 1971). The neces-
sity of understanding the chemistry of feed and food addi-
tives, and the fate of these substances in various biological
systems, require that the compounds in question be stud-
ied under defined conditions, and that procedures for the
exact determination of the additives and their breakdown
products are available. In this paper we report some inves-
tigations on the choice of solvent for work with ethoxyquin
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Figure 1. Gas chromatogram of 2 ul of a 0.1 mg/ml n-hexane solu-
tion of ethoxyquin analyzed on a 3% SE-30 column (160°) using a
flame ionization detector.

(EMQ) with special reference to the application of gas
chromatography for the determination of the antioxidant.
The identity of the GLC peaks has been confirmed by mass
spectrometry and the mass spectra have been examined for
characteristic fragmentation patterns.

MATERIALS AND METHODS

Reagents. Chloroform and n-hexane were of analytical
grade and obtained from E. Merck, Darmstadt, Germany.
Ethoxyquin (pure) was obtained from Koch-Light Labora-
tories Ltd. Standard solutions were made by transferring
100 mg to 100-ml volumetric flasks and diluting to volume
with chloroform or n-hexane. Working solutions were made
by diluting the standard solutions tenfold. All solutions
were analyzed immediately following preparation and also
after given time intervals during storage in darkness.

Instruments. Gas Chromatograph-Mass Spectrometer.
An LKB Model 9000 mass spectrometer coupled to a gas
chromatograph was used. The column was a 3 m X 3 mm
i.d. glass tube packed with 3% SE-30 on acid-washed,
DMCS-treated Chromosorb W, 80-100 mesh (Applied
Science Lab., Inc., State College, Pa.). Operating condi-
tions were as follows: temperatures, column at 185°, flash
heater at 200°, molecular separator at 230°, and ion source
at 270°; flow rates, helium (35 ml/min) was used as carrier
gas. When recording gas chromatograms only, using the
total-ion current detector (TICD) the ion source was oper-
ated at 20 eV. When scanning mass spectra the electron en-
ergy was changed to 70 eV automatically. For the quantita-
tive work a Varian Model 2100 gas chromatograph
equipped with a flame ionization detector was used. Oper-
ating conditions were as follows: temperatures, column at
160°, inlet at 180°, detector at 180°; flow rates (milliliters
per minute), carrier gas (nitrogen) 30, hydrogen 30, air 300;
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Figure 2. (a) Mass spectrum recorded at the GLC retention time of 5
min; (b) mass spectrum recorded at the GLC retention time of 5.8
min.

range, 10711, 10719; attenuator setting, 8; 0.1-2.0 ug of the
standard solutions was injected. EMQ (10 ng) injected on
the column could be determined utilizing the described op-
erating parameters.

RESULTS AND DISCUSSION

Characteristics of the Solutions. All of the ethoxyquin
solutions were found to be sensitive toward light as they
turned yellow-brown to dark-brown on exposure. Even
when kept away from light the chloroform solutions were
observed to change color, the degree of which depended on
the concentration of ethoxyquin. The hexane solutions,
however, remained about colorless even after 1 month of
storage in darkness.

Concentration Changes during Storage. All the fresh-
ly prepared solutions had comparable concentrations as de-
termined by GLC. Linearity was observed from 0.05 to 1
mg of EMQ/ml. The EMQ content of the hexane solutions
as measured gas chromatographically remained unchanged
during storage. In the chloroform solutions, however, de-
creasing concentrations were observed together with an in-
crease in color intensity. For the standard chloroform solu-
tions there was, after 1 month, an approximately 35% loss
of GLC measurable EMQ, and for the dilute solutions a
70% loss was found. These observations were all in agree-
ment with those reported by Contreras (1970).

GLC-MS. Figure 1 illustrates the gas chromatogram of
the dilute solution of EMQ in hexane. The identity of the
main GLC peak as 6-ethoxy-1,2-dihydro-2,2,4-trimethyl-
quinoline (EMQ) was confirmed by mass spectrometry.
The mass spectrum is shown in Figure 2a and the main
characteristics of the spectrum can be summarized as fol-
lows: (1) the molecular weight is found to be 217, and the



structure of the molecular ion is illustrated in formula I. (2)
The principal peaks below the parent ion region of the
spectrum are at masses 202, 174, 144, and 83. The forma-
tion of some of the fragment ions can be explained as fol-
lows: the base peak of the spectrum is accounted for by the
loss of a methyl radical in 8 position to the nitrogen atom
of the molecular ion producing the very stable quinolinium
structure (formula II) with a corresponding m/e value of
202. The intense peak at base peak minus 28 is attributed
to the loss of a CoHy neutral fragment resulting from a
McLafferty rearrangement (McLafferty, 1959) and a possi-
ble structure of this fragment is illustrated in formula III.
The fragment of mass 144 is a characteristic ionic feature
of a quinoline derivative.

Doing repetitive scanning of mass spectra, the GLC peak
at the retention time of 5.8 min is found to contain several
quinoline derivatives. One of the most abundant compo-
nents was identified by mass spectrometry to be 6-ethoxy-
2,4-dimethylquinoline. The molecular weight of this com-
ponent can be seen to be 201 from the mass spectrum in
Figure 2b. The structure of the molecular ion is illustrated
in formula IV. The relative abundance of the molecular ion
is 60% as compared to 12% for ethoxyquin. These relative
abundances reflect the different stabilities of the two mo-
lecular ions. The base peak of this spectrum is attributed to
the molecular ion undergoing fragmentation via the
McLafferty rearrangement. A suggested structure of the
base peak of m/e 173 is illustrated in formula V.

.
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GC DETERMINATION OF ETHOXYQUIN

When scanning mass spectra along the GLC profile of
the chloroform solution of ethoxyquin, a mass spectrum
with a molecular ion of mass 216 and a fragmentation pat-
tern comparable to that of ethoxyquin was seen. The struc-
tural formula of this compound may well be that of a radi-
cal which has been shown to be present in the solution by
electron spin resonance spectroscopy (ESR) (Skaare and
Henriksen, 1975). A radical with the quinoline structure in-
tact has also been proposed as the intermediate for the for-
mation of the dimer of ethoxyquin which is thought to be
the main oxidative product when EMQ is acting as an anti-
oxidant (Gordon and Maddy, 1958). However, using the
above-mentioned GLC conditions we did not succeed in
isolating or identifying any dimer of EMQ.

The stability of ethoxyquin in the hexane solutions as
compared to the observations of the color change and de-
crease in concentration when dissolved in chloroform indi-
cates that hexane should be used as solvent in analytical
and extraction work with ethoxyquin. Likewise, gas-liquid
chromatography using an SE-30 column seems to be appli-
cable as a method of analysis when the quantitative deter-
mination of EMQ is required. This method, applied to the
quantitative estimation of ethoxyquin in various biological
materials, will be published (Dahle and Skaare, 1975).
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Gas Chromatographic Determination of Ethoxyquin in Feed and Food Products. I1

Hans K. Dahle and Janneche Utne Skaare*

A procedure is described for the estimation of the
antioxidant ethoxyquin in feed and food products.
It involves homogenization of the samples, extrac-
tion with methanol, and extraction of the antioxi-
dant from the extract using n-hexane. Gas-liquid
chromatography (GLC) with a flame ionization
detector is used for quantitative determination,
and GLC combined with mass spectrometry (MS)
is applied for the confirmation of identity. Only

the oxidation inhibitor 6-ethoxy-1,2-dihydro-
2,2,4-trimethylquinoline (EMQ), which has not
been involved in the antioxidative processes, is de-
termined gas chromatographically. Recovery stud-
ies adding ethoxyquin at levels of 100 ppm to fish
meal, fish meat, and broiler meat showed that
about 30% of the GL.C measurable antioxidant was
recovered, whereas approximately 70% was recov-
ered from water.

Most of the methods described for the determination of
ethoxyquin in feed and food products are based on fluo-
rimetric principles built out for paper and thin-layer chro-

Department of Food Hygiene and Department of Phar-
macology and Toxicology, Veterinary College of Norway,
Oslo-Dep., Oslo 1, Norway.

matography (Gordon and Maddy, 1958; Weilmann et al.,
1972) or spectrophotometric equipment (Bickoff et al.,
1956; Gordon et al., 1964; Witt et al., 1973). Color methods
have also been used for routine work and some of these
methods are reviewed in Fishing News International
(1970). Gas-liquid chromatography (GLC) has previously
not been reported as an analytical procedure for the deter-
mination of ethoxyquin. This could probably be due to the
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