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strain M1 is taxonomically related, but has additional require-
ments for growth (Bryant er al., 1971). These include an
exogenous source of Cofactor M, a recently identified cofactor
required for methane formation (McBride and Wolfe, 1971a).
This surprising difference in the susceptibility of rumen mi-
crobes and pure cultures of nonrumen methanogens to in-
hibition by DDT may be due to differences in cell membrane
permeability, preferential uptake by nonmethanogenic rumen
microbes, or nonspecific absorption by other components of
crude rumen fluid. Cellular uptake of DDT in rumen fluid
is reported to be rapid and greater than 95%, (Kutches and
Church, 1971).

Some polychlorinated compounds are potent inhibitors of
rumen methanogenesis and alter the composition of rumen
fermentation metabolites. However, a single exposure to
relatively high concentrations of DDT and several other
polychlorinated insecticides does not appear to have a major
direct effect upon in vitro rumen fermentations. The effect
of long-term exposure in vivo is unknown.
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Analytical Method for Determination of Residue Levels of Hydroxycyprazine

(2-Hydroxy-4-cyclopropylamino-6-isopropylamino-s-triazine) in Corn

An analytical procedure for determination of residue
levels of hydroxycyprazine (2-hydroxy-4-cyclopropyl-
amino-6-isopropylamino-s-triazine) in corn silage
and grain has been developed. The procedure is

based on extraction and separation of hydroxycyp-
razine, followed by its conversion to cyprazine (a
chlorotriazine), which subsequently is determined
gas chromatographically.

marily on corn, Zea mays. Cyprazine (2-chloro-4-

cyclopropylamino-6-isopropylamino-s-triazine, 1) is a
recently introduced member of this class of compounds.
The metabolism of cyprazine in corn plants was investigated
using 1“C ring-labeled cyprazine applied both foliarly and to
the soil. Cyprazine, upon foliar application to corn plants
in the 3-6 leaf stage (the recommended time of treatment), is
converted rapidly and nearly quantitatively to a polar metab-
olite(s) (Riden and Asbell, 1969), later found to be analogous
to the glutathione conjugate reported for atrazine (Lamoureux

Chloro-s-triazines are widely used as herbicides, pri-

et al., 1970). Time studies showed that this conjugate hy-
drolyzes sequentially through the ~-glutamylcysteine conju-
Cl OH
N J\N N ) N
>—HN/KNJ\NH<] >—HN/J\NJ\NH<
1 2

gate to hydroxycyprazine (2-hydroxy-4-cyclopropylamino-6-
isopropylamino-s-triazine, 2) and then to dealkylated products
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(Riden ef al., 1970). These metabolic products, containing
the s-triazine ring, do not translocate from the treated leaves
and are lost from the corn plant when these leaves naturally
senesce and are shed. A field study on the uptake of soil-
applied !*C ring-labeled cyprazine into young corn plants
showed the possibility of 2 being present in the leaves. The
difficulties inherent in low level radioassay techniques pre-
vented determination of an exact level of 2. However, this
study indicated that no more than 0.05 ppm could be present
in the corn leaves with none found in the stems or ears. It
was, therefore, necessary to develop an analytical procedure
to determine the levels of 2, if any, which might appear in
the grain and silage of corn treated with 1.

Identification techniques for hydroxy-s-triazines have been
reported, including various types of chromatography (Fish-
bein, 1970; Flint and Aue, 1970; Harris, 1967; Montgomery
and Freed, 1964), and mass spectrometry (Montgomery
et al., 1969). None of these methods were found to be suit-
able to residue analysis, due either to lack of sensitivity or
interference by naturally-occurring materials.

Hydroxycyprazine exists as a tautomeric mixture involving
ring-protonated structures similar to those reported for other
hydroxy-s-triazines (Chen, 1967). Its chemistry, therefore,



is neither like an alcohol (or phenol) nor an amide. Almost
all of the reagents we investigated which are purported to
react with alcohols or amides failed to react satisfactorily with
2.

A chlorination reaction was ultimately developed which
gives excellent results and is the basis for the method described
below. Separation of 2 from other compounds was a signifi-
cant problem which was overcome by the use of two chromato-
graphic columns for preliminary cleanup.

EXPERIMENTAL SECTION

Sample Preparation. A 300-g aliquot of a composite corn
grain or silage sample is ground in 900 ml (some grain samples
may require more) of methanol for 3-5 min in a Waring Blen-
dor. The brei is squeezed through cheesecloth, with the re-
sultant liquid introduced into a clinical basket centrifuge and
filtered through Whatman 54SFC filter paper lining the basket
of the centrifuge. The plant tissue is reground in a Waring
Blendor with 300-500 ml of methanol. The brei is again
squeezed through cheesecloth, and the liquid is filtered through
the centrifuge. The blender is rinsed with 50 ml of methanol,
which is used to wash the solids remaining in the centrifuge.
The filtrates are combined in a 2-1. graduated cylinder.

Extraction with Toluene. An aliquot of the combined fil-
trates representing 50 g of crop sample is placed in a separatory
funnel, and 0.15 times its volume of water is added. This
solution is extracted twice with 0.4 times its volume of toluene.
The toluene phases, which contain any cyprazine residues, are
discarded (or separately analyzed for cyprazine). The aque-
ous methanolic phase is concentrated on a rotary evaporator
at 50°, under aspirator vacuum, until the residual toluene has
been removed and the solution is homogeneous.

Cation Exchange Column. A 25-g portion of AG50Wx4
cation exchange resin is prewashed by slurrying and decanting
with the following series of washes: 50 mlof 7.5 N ammonium
hydroxide, 50 ml of water, 50 ml of 3 N hydrochloric acid, and
50 ml of water. The resinis placed ina 20 mmi.d. X 150 mm
chromatographic column, allowed to settle, and held in place
with sea sand. The methanolic plant extract is acidified with
6 ml of 6 N hydrochloric acid and placed on the column.
The flask is rinsed once with 50 ml of 50 % aqueous methanol
and once with 50 ml of water, both washes being sequentially
added to the column. A 30-ml wash of 5% aqueous dieth-
ylamine solution is added to the column and the eluent is dis-
carded. The hydroxycyprazine on the column is eluted with
100 ml of the 5% diethylamine solution and collected in a
300-ml round-bottomed flask. This eluent is evaporated to
dryness (Caution; initial foaming) on a rotary evaporator at
50°, under aspirator vacuum. The resulting residue is dis-
solved in 5 ml of 0.5 N hydrochloric acid and evaporated
to dryness on a rotary evaporator at 50° at less than 5 mm
pressure.

Silica Gel Column. This column is prepared from SilicAR
CC-7 (200-325 mesh) which has been suspended with meth-
anol, decanted, and washed with three portions of chloroform.
A plug of glass wool is placed in the bottom of an 18 mmi.d. X
100 mm chromatographic column with a 26 mm i.d. X 100
mm reservoir, and the slurry of SilicAR in chloroform is
poured into the column to yield a column of silica gel about
60 = 5 mm in length. This is gently settled by tapping and
held in place with sea sand. The column is washed with
25 ml of chloroform. The dry, acidified residue from the
cation exchange column is partially suspended in 10 ml of
chloroform by swirling the flask in an ultrasonic cleaner for
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about 2 min. The suspension is then transferred with a
pipet to the top of the silica column.

This suspension and transfer process is repeated on the
residue in the flask with a second 10-ml portion of chloroform
and then an 8-ml portion of a 2597 methanol in chloroform
(v/v) solution. The hydroxycyprazine on the column is
eluted with a 20-ml portion of 259 methanol in chloroform,
which is collected directly in a 50-ml round-bottomed flask.
This eluent is evaporated to dryness on a rotary evaporator
at 40°, under aspirator vacuum. The flask is then stoppered
until the chlorination step is to be carried out.

Chlorination. To the flask containing the dried hydroxy-
cyprazine residues eluted from the silica gel column is added 2
ml of acetonitrile, 2 ml of dimethylformamide, and 250 + 10
mg of phosphorus pentachloride and the flask is restoppered.
The flask is gently swirled until all of the residues appear to
have dissclved, placed in a 40° water bath for 10 min, re-
moved from the bath, and cooled in ice. One-and-one half
milliliters of concentrated (15 N) ammonium hydroxide is
quickly added. The flask is gently swirled in the ice for a
minute; then it is removed from the ice and its sides are
washed with about 4 ml of carbon tetrachloride and 5 ml of
water. The resultant mixture is transferred with a disposable
pipet to a 60-ml separatory funnel containing 15 ml of water.
The flask is rinsed with 5 ml of water and then 3 ml of carbon
tetrachloride, which are also transferred to the separatory
funnel. The cloudy carbon tetrachloride phase is collected
in a 125-ml Erlenmeyer flask, and the aqueous phase is ex-
tracted twice with fresh 10-ml portions of carbon tetrachloride.
The combined carbon tetrachloride phases, containing the
cyprazine generated from hydroxycycprazine residues, are
dried over anhydrous sodium sulfate and filtered through a
coarse glass frit. The sodium sulfate is rinsed with three
5-ml portions of carbon tetrachloride. The filtrates are col-
lected in a 100-ml round-bottomed flask and evaporated to
dryness on a rotary evaporator 4t 40°, under aspirator vac-
uum.

Aluminum Oxide Column. A 15-g sample of Woelm Basic
aluminum oxide, activity grade IV, is added to a 20 mm i.d. X
150 mm chromatographic column, gently settled by tapping,
and held in place with a layer of sea sand. The cyprazine
remaining in the 100-ml flask after evaporation of the carbon
tetrachloride is dissolved in 10 ml of tcluene and placed on the
column. The flask is given two additional 10-ml rinses of
toluene, which are also placed on the column. Each portion
of toluene is allowed to elute 1o the top of the sand before the
next is added. The column is developed with a 50-ml portion
of hexane followed by 100 ml of a 3% solution of ethyl acetate
in hexane. Cyprazine is eluted from the column with 150
ml of a 59 solution of ethyl acetate in hexane. This eluent
is taken to dryness on the rotary evaporator at 40°, under
aspirator vacuum. The cyprazine residues in the flask are
dissolved in 0.5 ml of toluene and transferred to a 2.5-ml
graduated stoppered centrifuge tube. Additional small
washes with toluene are made in order to bring the total
volume in the tube to 1.0 ml.

Gas Chromatography. A 4-ul injection of the cyprazine
solution is made into a Hewlett-Packard Model 5751B gas
chromatograph equipped with a Model 15161 A nitrogen de-
tector. A 6 ft X 1/, in. glass column containing 5%, UCW-
98 on 80-100 mesh Diatoport S is used to separate the cyp-
razine. The temperature of the column is maintained at
235°, with the injection port at 250° and the detector at 400°C.
Helium is used as. the carrier gas at a flow of 70 ml per minute.
The hydrogen and air flow rates are adjusted for maximum
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sensitivity for cyprazine. After an appropriate warm-up
time, with the range set at 102 and the sensitivity set at 16,
a 21.72-ng (4 ul of a 5.43 ug/ml solution) injection of cypra-
zine (equivalent to 20 ng of hydroxycyprazine) gives a peak
height of 50-70 mm in slightly over 3 min.

"Preparation of a Standard Curve. Standard solutions of
cyprazine in toluene are prepared. To adjust for the differ-
ence in melecular weights of hydroxycyprazine (mol wt 209)
and cyprazine (mol wt 227), concentrations of 2 are multiplied
by 1.086 to yield the concentrations of 1 which are used as
standards. A 4-ul volume from each solution of cyprazine
is injected into the gas chromatograph under conditions
described above. A plot of the logarithm of the concentra-
tion of cyprazine (1.086 X hydroxycyprazine) vs. the log-
arithm of the recorder response yields a straight-line correla-
tion.

The response of the nitrogen-sensitive detector is highly
dependent upon detector temperature and flow rates of car-
rier, hydrogen, and air, causing changes in response magnitude
over a period of time; therefore the standard should be re-
injected frequently.

RESULTS AND DISCUSSION

Known amounts of 2 were added to corn silage or grain
prior to extraction to determine the efficiency of the procedure.
Determinations of 2 from 50-g samples averaged 73 % (range
62-88 %7, standard deviation =7 %) for added levels represent-
ing 0.01,0.02, 0.05,0.10, and 0.20 ug/g (ppm).

Interfering plant background arising from untreated corn
silage or grain is usually nonexistent in this procedure. How-
ever, a peak at the retention time of cyprazine corresponding
to not more than an apparent 0.015 ug of cyprazine/g corn is
occasionally seen. A level of twice the natural background is
arbitrarily chosen as significant, which results in a sensitivity
of 0.03 ppm for this method. No hydroxycyprazine residues
(i.e., above 0.03 ppm, the sensitivity of the analytical proce-

Anomalous Effects of Humidity Control

dure) were found in any harvested field samples which had
been treated with cyprazine.

The chlorination reaction is not a simple exchange but in-
volves attack of a tautomeric amide form of 2 by a Vilsmeier-
type complex of the phosphorus pentachloride and dimethyl
formamide. The completeness of this reaction and workup is
the yield-limiting step in the analytical procedure. From 75
to 85 % conversion in this step is routine in the range of 1-50
ugof2,

There appears to be no portion of this method which would
preclude its application to any other 2-hydroxy-4,6-dialkyl-
amino-s-triazines, save a slight adjustment in the elution
volumes for the final alumina column.
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Oxidation of methyl linoleate supported on micro-
crystalline cellulose showed anomalous effects
when humidified to 4y, = 0.62. The highly catalytic

effect was shown to be due to diffusion of dinitrogen
trioxide formed in the saturated NaNQO, solution
through the vapor space into the samples.

liable means of producing static constant relative

humidity (water activity) conditions for study of ex-
perimental systems (Carr and Harris, 1949; Rockland, 1960).
In most cases no interaction is expected between the solution
and the system suspended in the vapor space above the solu-
tion unless some halide salt is used, such as KBr, which can
give off bromine vapors.

In studying the phenomenon of moisture sorption hys-
teresis and its effect on metal-catalyzed lipid oxidation, we
expected that a system mixed dry (cellulose powder—glycerol-
methyl linoleate) and humidified to a specific water activity
would oxidize at a much slower rate than that of systems
which were mixed directly with all ingredients including water
to that specific activity (Labuza er al., 1972). This is due to

E 51 aturated salt solutions have been a convenient and re-
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the fact that sorption hysteresis occurs with the direct mixed
system having a higher equilibrium moisture content and thus
a lower viscosity aqueous phase for transport of catalysts.
This phenomenon occurred at all water activities studied
[0.52 Mg(NOy), 0.68 SrCly,, 0.75 NaCl, 0.84 K.,CrO,, and
0.89 KNO;] except at 0.62. The latter water activity was ob-
tained by using a saturated NaNO. solution and holding
under vacuum for 24 hr.  As shown in Figure 1, the humidi-
fied sample at 0.62 (DH) oxidized faster than any other sample
and did not fit in the above hypothesis.

In order to determine if it was some factor contributed by
the salt solution, the experiment was repeated but all directly
mixed samples with water were held also in the desiccators
simultaneously during rehumidification of the other sample
set (24 hr). Oxygen uptake by the Warburg manometric



