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alkali required, this time was 15 sec. to 6.5 min. (11 min, for 12
dihydrochloride). The time at which pH 5.4 was reached was
taken as zero time for Fig. 1. More alkali then was added auto-
matically to maintain pH 5.4, and consumption (including that
added before zero tine) was plotted zs. time as shown in Fig. 1.

(b) Isolation and Re-acidification of Free Bases.—Each
thiolsulfonate (ca. 1 mmoles) was added to water (ca. 10 ml. )~
chloroform (20 ml.). The water contained exactly enough
sodium hydroxide to convert all ammonium groups to their frec
bases. The chloroform extract was separated and the aqueous
layer was extracted with two more 20-ml. portions of chloroforin.
Each of the three chloroform extracts was immediately extracted
with the same portion of hydrochloric acid (an amount of
acid in & ml. of water equiv. to the acid originally neutralized).

Vol, 7
The acid extract wag evaporated to dryness. ‘“Recovery, %"
(Table I) is based on the amount obtained after drying to con-
stant weight under reduced pressure. Infrared spectra of oll
bydrochlorides isolated corresponded excellently with those ol
starting material, showing that products were pure.
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Aziridine compounds, known for smme time to be cancer-inhibiting agents, are useful as insect chemosterilants.

Effective utilization of these chemicals required knowledge of their stability under different. conditions.

Inves-

tigations employing four different analytical procedures disclosed a high vulnerability of the aziridine chemo-

sterilants to even mildly acidic aqueous solutions.

product, which with the aid of n.m.r. was identified as ethylenimine.

Tepa in acidic or neutral solutions gave a stable degradation

The stability of ethylenimine in buffered

solutions was found to decrease with increasing pH, whereas the stability of tepa increased with increasing pH

of the medium.
sterilants,

The biological and physiological properties of azivi-
dine derivatives active as cancer chemotherapeutic
agentshave been investigated thoroughly during the past
ten vears,! but only scattered and often conflicting re-
ports of their chemical stability and reactivity have ap-
peared. Interest in these compounds was intensified
recently by the discovery of their activity as insect
chemosterilants (antifertility ageuts) and their po-
tential usefuluess as new and powerful tools for insect
control and eradieation.?

Chemicals sereened for sterilant activity were ad-
ministered by several routes, including incorporation
in the diet and addition to the drinking-water supply.
Since success or failure could depend on the persistence
of the compounds in the various media, experiments
were set up to evaluate stability under different condi-
tions. As a result of these investigations the use of
chemosterilants has been made more effective, a better
understanding of aziridine analysis has been gained,
and the degradative pathway of at least one aziridinyl
compound, tepa, has been demonstrated. Of particular
interest is the high sensitivity of tepa and other aziri-
dinyl compounds to even mildly acidie substiates.

Experimental

Materials, Aziridine Compounds,—These ure identified In
Table T and will be referred to in the text by their conimon names.

Tepa.—The solvent fromy an 859 methanolic solution of the
chewical, obtained from Interchemical Corp., New York, N. Y,
was removed under reduced pressure and the residue cooled to 0°
for several hours, The crystals were triturated, washed with
bexane, filtered, pressed dry with a rubber dam, snd placed in »

() L. o Duvall, Cancer Chemotherapy Ropt., 8, L36G (10150),
(2) A. B. Botkovee, Scvencea, 137, 1033 (1962).

Regulation of the pH of insect diets resulted in a marked increase in activity of added chemo-

TasLe 1

Colgon naue Chewieal naue Other designations

Tepa Trig-(1-aziridinyl)-phosphine  APO; aphoxide
oxide

Apholate 2,2,4,4,6,6-Hexahydro-2,2,-  APN
4,4,6,6-hexakis-( 1-aziri-
dinyl1)-1,3,5,2,4,6-triazatri-
phosphorine

Metepu Tris-(2-methyl-1-aziridinyl)-  MAPO; methuph-
phosphine oxide oxide

Tretamine 2.4,6-Tris-(1-aziridinyl)-s- T1M
triazine

Fithylenimine Aziridine or ethylenimine

vacuun desiceator over phbosphorus pentoxide and potassium
hydroxide. All transfers of the chemical were made in a drybox
because tepa is highly hygroscopic.  Our product nelted at 41-
+3° (lit.® n.p. 41°).

Tretamine (Chemirad Corp., East Brunswick, N. J.).—This
compound was crystallized twice from ethyl acetate. 1t melted
at about 139° dec. if the melting point was taken rapidly.?

Apholate* (Squibb Institute for Medical Research, New Bruns-
wick, N. J.), Metepa, and Ethylenimine (Interchemical Corp.)
were used as received.

Buffers for Thin Layer Chromatography.”—The following
butfer solutions (MacIlvaine’s and Sorenson’s) were used: pH
3.0, 790 ml. of 0.1 M citric acid diluted to 1.0 L. with 0.2 37 sodium
dihydrogen phosphate; pH 5.0, 480 ml. of 0.1 M/ citric acid diluted
to 1.0 1. with 0.2 37 sodiun dihydrogen phosphate; pH 7.5, 165
ml. of A//15 potassiumn monohydrogen phosphate diluted to 1.0
1. with 37/15 sodium dihydrogen phosphate.

Deuterated Buffers.—A saturated solution of potassium di-
hydrogen phosphate ju deuterium oxide was brought to u desired
pH by the addition of solid sodium hydroxide. The solution was
evaporated to dryness in vecuo und a sufficient amount of deu-

ohp ML Bextis, b, 566, 210 (1050).

¢4y R. 1. WL Ritz and C.J. Grundemann, U. 8. Patont 2,858,306 (Oct.
28, 1958).

) L R Gokdbaun awd b Wazyak, dnal. Chene,, 28, 1289 (1056G).
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terium oxide was added to achieve solution. The evaporation
was repeated 3 times. Nuclear magnetic resonance spectra of
the buffer solutions showed only one peak which was consistent
with the 0.29; water content of commercial deuterium oxide.

Methods. Titration of Aziridine Function.—This procedure
was based on the thiosulfate method of Allen and Seaman.é To
5 ml. of a 209 aqueous sodium thiosulfate solution was added a
5-ml. sample containing about 0.3 mequiv. of aziridine function
while a gentle stream of nitrogen blanketed the solution. The
stirred mixture was titrated (pH meter) with a constant slow
flow of 0.1 N sulfuric acid until the pH of the solution remained
unchanged at 4.0 for 15 sec. Stirring and nitrogen addition, dis-
continued while the solution stood for 30 min., were resumed and
the titration was completed by adding 0.05-ml. increments of 0.05
N sodium hydroxide until pH 11 was reached; pH was recorded
after each addition. The end point or volume of sodium hy-
droxide needed to neutralize the excess acid was determined by
plotting the pH change per increment of titrant »s. volume of
sodium hydroxide.

Then
@ aziridine function =

(ml. H;80,)(0.1) — (ml. NaOH)(0.05)
100 X :

mequiv. of sample

The titration procedure does not always give theoretical results
even for pure compounds. Thus, pure tepa titrated 92-969,
apholate 1009, and tretamine 969 of theory.

Colorimetric Determination of Aziridines.—The procedure of
Epstein, et al., was followed.?

Thin Layer Chromatography.—The apparatus of Stahl® and
silica gel G (Brinkmann Instruments, Inc., Great Neck, N, Y.)
were used. The gel, in layers 250 u thick, was deposited on glass
plates in accordance with the directions of Stahl.? After drying
for 5 min., the plates were activated for 45 min. at 105-110°.
About 2 to 3 pl. of 2 29 w./v. chemosterilant solution (equivalent
to 40 to 60 ) in the appropriate buffer or water was applied from a
micropipet at a line about 2.5 c¢m. from the end of the plate.
After 15 min. the plate was inserted in a developing chamber at
room temperature (23-25°) containing a 1-cm. depth of develop-
ing solvent and a paper lining saturated with the same solvent.
After the solvent front travelled 11-13 cm. past the point of spot-
ting, the front was marked and the plate removed. The solvent
was allowed to evaporate and the plate placed in a chamber con-
taining iodine crystals until spots appeared. A more sensitive
means of making the spots visible was to spray with 0.1 M aque-
ous potassium hydrogen phthalate and then with a 59; acetone
solution of 4-(p-nitrobenzyl)pyridine. After heating the treated
plates at 110° for 30 min., they were allowed to cool and then
were sprayed with 3/ aqueous potassium carbonate. Intensely
blue spots appeared where aziridine-containing compounds oe-
curred. An outstanding feature of this method is that it makes
visible only those compounds containing aziridine functions,
whereas the iodine method responds to & great variety of organic
materials.

Nuclear Magnetic Resonance Spectrometry.—The decomposi-
tion of tepa (2.59; w./v.) in deuterium oxide (D;0) maintained
within a narrow pH range with deuterated phosphate buffer was
followed by observing n.m.r. spectral changes recorded with a
Varian Associates Model A-60 spectrometer. Tepa's 12 equiv-
alent protons are split into a doublet by the phosphorus atom
(Jup = 14 c.p.s.). Disappearance of the doublet, which ap-
peared between +2.60 and 2.73 p.p.m., depending on the pH of
the solution (between 4 and 9), served as a measure of the com-
pound’s decomposition. [All chemical shift data are in parts per
million (p.p.m.) from the water peak (in D,0), taking the high
field as positive.]

In a similar manner the decomposition of ethylenimine (1.6%;
w./v.), which appeared as a singlet at +2.26 to 2.40 p.p.m.,
depending upon the pH of the solution (between 4 and 7.2), was
followed in deuterated phosphate buffers by determining periodi-
cally the area under the singlet remaining,

Microdetection of Aziridine Compounds.—In the following
procedure as little as 1 v of tepa and 5 v of metepa or apholate
can be detected in a drop of eluate from a silicic acid chromato-

(6) E. Allen and W. Seawnan, Anal. Chem., 27, 540 (1953).

(7) J. Epstein, R. W. Rosenthal, and R. J. Ess, ibid., 27, 1435 (1955).
(8) E. Stalll, Pharmazie, 11, 633 (1956).

(9) E. Stahl, Chemiker Ztg., 82, 323 (1938).
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graphic column employing methanol as eluant. To the drop in a
micro test tube was added 1 drop of sodium thiosulfate solution,
2 drops of distilled water, and 1 drop of a mixed indicator (0.07%,
bromocresol green and 0.059 methyl red in 959, ethanol).
After stirring, the mixture became deep blue or blue green in
color. Upon addition of 2 ul. of 0.1 N sulfuric acid, a bright red
color appeared. When the test was positive, the original blue or
blue-green color reappeared within 3 min.; if negative, the red
color persisted.

Results and Discussion

Titrimetry, colorimetry, and thin-layer chromatog-
raphy (t.l.c.) were used for the quantitative determina-
tion of the aziridinyl compounds. The first method,
based on a reaction of the aziridine ring with thiosulfate
ion, provides a measure of intact aziridine functions, In
the case of tepa the method does not furnish a quanti-
tative determination of the intact tepa molecule and it
has to be supplemented with a method for distinguish-
ing between unreacted, partially reacted (1 or 2 rings
still intact), or fully reacted species. The colorimetric
method is based on a comparison between a standard
and a partially decomposed sample in which some of the
aziridine functions were destroyed. Again, no distinc-
tion can bie made between a mixture of intact and fully
decomposed polyfunctional aziridines, or a mixture of
partially reacted species. Specifically, in the degrada-
tion of tepa, neither of the two methods gives any evi-
dence as to the stability of the P-N bond, which is of
crucial importance in the decomposition.

Thin-layer chromatography provides a semiquanti-
tative estimation of the proportion of unchanged to de-
graded molecules, but it does not appear to give a clear
indication of the proportion of partially or wholly re-
acted species. Although the combination of the three
methods does not give the entire quantitative picture
of the degradation of tepa under different environmen-
tal ecircunistances, it indicates clearly the sensitivity of
the aziridine ring to temperature, pH, and light.

Effect of Temperature.—Figure 1 gives the stability
of 0.39, aqueous solutions of tepa and metepa as a
function of temperature, Estimated time in days
necessary for 509, decomposition of the imine function
in tepa at various temperatures is >200 (3°), 31 (25°),
7 (50°), <0.1 (100°), and in metepa >200 (3°), 72
(25°), 16.5 (50°), and <0.1 (100°). The pH of both
tepa and metepa aqueous solutions increases as their
decomposition progresses and the reaction gradually
slows down, probably because the decomposition rate
decreases with rise in pH, as shown in Fig. 2. In the
tepa solution the pH increased from 6.8 (1009, imine
function) to 8.45 (509, imine function remaining);
similarly, the pH inecrease in metepa solution was from
7.05 to 87. In all the experiments both the thio-
sulfate titration and the colorimetric methods were
used concurrently with no appreciable differences.

Effect of Light.—There was no difference between
the rates of decomposition of aqueous tepa solutions ex-
posed to daylight and those kept in the dark as deter-
mined by the thiosulfate titration.

The Effect of pH on the Degradation of Aqueous
Chemosterilant Solutions.—Although the stability of
nitrogen—-mustard alkylating agents in buffered aque-
ous systems has been studied extensively,!®!* similar

(10) L. P. White, Science, 131, 1041 (1960).
(11) O. M. Friediman and E. Boger, Anal. Chem., 83, 806 (1961),
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Fig. 1..—Decomposition of 0.3¢, aqueous solutions of tepa
(———) and metepa (...... ) at different temperatures as de-
termined by titrimetric and colorimetric procedures.

studies on aziridine derivatives have not been ade-
quate.® When it became apparent that the acidity
of the medium in which a chemosterilant was adminis-
tered influenced significantly its physiological activity,
an effort was made to determine the rates of decom-
position of several aziridines in variously buffered
aqueous solutions. Both the thiosulfate and the
colorimetric methods indicate only the disappearance
of the aziridine function and it was expected that the
ring opeuing in a polyfunctional aziridine (i.e., tret-
amine and tepa) may not proceed simultaneously, but
rather in discrete steps that may have an important
bearing on the activity of the material. Thin-layer
chromatography experiments confirmed this supposi-
tion only in part.

Initial t.l.c. experiments were made with tretamine.
It moved as a single compact spot (&; 0.34) with 1:1
chloroform-acetone as the developing solvent. A
1.m.r. spectrum of the material recovered from the spot
indicatecd that the compound was unaltered. An ex-
periment was therefore set up in which 29, solutions of
tretamine in water and in buffers at pH 7.5, 5.0, and
3.0 at 23° were chromatographed with the aforemen-
tioned solvent mixture 0, 0.75, 2, 4, and 24 hr. after
the solutions were prepared. In the very first chro-
matogram (0 hr.) tretamine at pH 3.0 gave practically

Vol. 7
100
=
< gob . T~
~~_P
> Tx—
& 60 S -
[
prd
- 40 e
o 5P
(2 BN
> 204 .
O . ~.
()] \'\,
i ~ - pH 7
° | b~ln
B3 0 L ] | ) [
30 40 50
HOURS

Kig. 2. —Stability of 2.5% tepa in 1,0 buffered ut different pH
values as determined from n.m.r. spectra.

no spot at £; 0.34 but a dark spot, undoubtedly a de-
gradation product, at the origin. This result indicated
that tretamine is degraded almost immediately at pH
3.0. It was apparent that the amount of material re-
maining at B¢ 0.34 (and at the origin) could serve as a
semiquantitative measure of breakdown. Tretamine
degraded much more rapidly at pH 5.0 than at pH 7.5;
the spots at pH 5.0 were about 0.5 and 0.05 the mten-
gity of the spots at pH 7.5 after 4 and 24 hr., respec-
tively. After 24 hr., tretamine in the unbuffered solu-
tion had degraded only slightly more than that buftered
at pH 7.5, neither cliromatogram indicating very much
degradation,

The foregoing experiments were repeated with tepa,
one of the most effective insect chemosterilants, except
that absolute methanol was used as the t.l.c. develop-
ing solvent. The results paralleled those with tret-
amine very closely and if anything, tepa appeared to be
more susceptible to decomposition by acid than tret-
amine. The E; of tepa was 0.53. Both tretamine and
tepa yielded only two reproducible spots on the t.lc.
plates. The spot at the origin contained all of the deg-
radation products and the advancing spot coire-
sponded to the pure starting material. In order to de-
termine whether the high concentration of buffer at
the origin would interfere with the appearance of the
intermediate spots, a 3.19;, tepa solution was brought
to pH 4 by the addition of N H.SO, and the pIl was
maintained approximately constant (3.8-1.3) for 3 L.
Periodically, samples were withdrawn and their aziri-
dine-function conteut determined by thiosulfate titra-
tion. At the same time the samples were chromato-
graphed, but instead of making the spots visible by ex-
posure to iodine vapor, the more sensitive and specific
colorimetric method described under the t.l.c. proce-
dure was used. The results of the titration showed a
rapid decrease of aziridine function within the first 30
min., but then the decomposition slowed down con-
siderably. The samples analyzed by t.l.c. indicated a
complete disappearance of the tepa spot after 1.5 hr..
but the presence of aziridine function in the spot at the
origin persisted for 24 hr. It was thus established
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that at about pH 4.0 tepa decomposed rather rapidly
to an unknown aziridine intermediate(s) relatively
stable toward hydrolysis.

In order to elucidate the nature of the intermediate
(s), n.m.r. spectrometry was employed. Tepa was dis-
solved in deuterium oxide (D,0) in the presence of deu-
terated phosphate buffer so that only the protons of the
aziridine ring were visible in the n.m.r. spectrum. It
was anticipated that the tepa doublet would diminish
with time in direct proportion to the disappearance of
the aziridine function as determined by the chemical
methods. The results obtained with tepa in pH 4.0
buffer are illustrated in Fig, 3. The tepa doublet dis-
appeared almost completely in 1 hr, with the concomi-
tant rise of a new strong singlet.

Tepa (I) appears as a doublet because of the spin
coupling between the 12 equivalent protons and the
phosphorus atom. Aslong as the P-N bond is intact a
singlet cannot be obtained. Only through cleavage of
the P-N bond is it possible to obtain a singlet, which
presumably would be due to N-deuterioethylenimine (II)
generated as shown in the following equation.

CH,—CH,
AN
L i
O0=P—N + D0 — O=P(OD); + 3 DN (1)
N N
N CH. CH,
4N
CH,—CH,
I II

By injecting N-deuterioethylenimine into the 1-hr. old
solution of tepa in pH 4.0 buffer, the singlet peak im-
mediately inereased in intensity, thus establishing un-
equivoeally the identity of the singlet-producing deg-
radation fragment.

However, as may be seen from Fig, 3, ethylenimine is
not the only decomposition product observable in the
n.m.r. spectrum at the 63-min. interval. The broad mul-
tiplets of indefinite character show that a substantial
amount of degradation products other than ethylen-
imine is found. These degradation products cannot
arise from ethylenimine because, as will be shown later
(Fig. 7), ethyleimine at pH 4.0 is rather stable, produc-
ing no more than a small percentage of decomposition
product in 63 min. Instead, these products must arise
mainly from hydrolytic cleavages other than those of
the P-N bond. Such cleavages would be expected to
give rise to the following compounds

CH,—CH, CH,—CH,
y N o
T 1\1') DCH,CH,0D
0=P—NDCH,CH,0D 0=P
i AN
N\ NDCH.CH.0D
ég—cm v
I
/NDCHZCHQOD
0=P~NDCH,CH,0D
NDCH,CH.0D
v

Eventually all of the degradation products will be
hydrolyzed to deuteriophosphorie acid and D;NCH,-
CH,OD.
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Fig. 3.—N.m.r. spectra of 2.5% tepa in D:O buffered at pH 4.0;
final pH was 5.32.
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Fig. 4—N.m.r. spectra of 2,59, tepa in D,;O buffered at pH 5.4;
final pH was 5.62.




48 MoxrToN BEroza AND ALEXES BB. BoRKovEC

NSRS M M |
Jmﬂw

|
@
o -

2 T3P

Fig, 5.—N.ur. spectra of 2.5%; tepa in DO buffered at pH 7.0;

final pH was 7.10. ’
)l 168 Hes
|
: '\’\'\.,/\‘/ww
./ “\\,_\,MvW

i 53 HRS.
// 24 HRSs.

Mo

vj 4 HR
l I !

0 | 7 3 BPM

Fig. 6.—N.mn.r. spectra of 2.5¢7 tepa in D;0 buffered at pH 8.0;
final pH was 8.15.

In order to maintain the pH of the tepa solutions even
approximately constant, saturated solutions of buffers
had to be employed which surely led to some reaction
between the buffer anion (phosphate) and the basic deg-
radation products, Consequently, structures III to V
are suggestive of the general type of products rather
than of actual entities isolated.

The effects of pH on the stability of tepa and ethyl-
enimine solutions determined by the n.m.r. method are
summarized in Fig. 2-9. Insaturated phosphate buffer
solutions the rate of tepa decomposition increases with
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decreasing pH, wlereas the rate of ethylenimine de-
composition decreases with decreasing pH. In the
acidic and neutral pH range ethylenimine was estab-
lished as an intermediate in the tepa degradation.!?
It is not clear, however, whether the same is true in
the alkaline pH range. At pH 8 the prominent ethyl-
enimine peak is missing in Fig. 6 and even a cursory in-
spection of Fig. 2, 7, 8 and 9 reveals that ethylenimine

(12) Ethylenimine iutermediate in tepa degradation was suggested pre-

viously by A. W, Craig and H. Jackson, Beit. J. Pharmacol., 10, 321 (1450).
but no experiimental evidenee for this hypothesis was givew
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decomposes faster than tepa and that no appreciable
accumulation of it could be expected even if it were an
intermediate in the tepa degradation. Unfortunately,
the n.m.r. method is not sufficiently sensitive to enable
us to decide whether in alkaline solution the P-N bond
cleavage in the tepa molecule precedes the C-N cleav-
age in the attached aziridine ring. Other approaches,
which could resolve this important problem, are cur-
rently being investigated. Figures 8 and 9 indicate
that the degradation of tepa and of ethylenimine in
buffered solutions follows first-order kinetics. The
obvious deviation from the straight line (Fig. 8, pH 4)
was undoubtedly caused by the inability of the buffer
to maintain a constant pH throughout the reaction.

Both the t.l.e. and the n.m.r. methods gave informa-
tion concerning the disappearance of tepa, but only the
n.m.r. revealed the structure of the intermediate ethyl-
enimine. The other two analytical methods, thio-
sulfate titration and colorimetry, provided only quanti-
tative data on the disappearance of the total aziridine
function.

Recognition of the pH effects led us to examine the
acidity of the diets being used to screen insect sterilants.
The diet for the Mexican fruit fly, Anastrepha ludens
(Loew), contained orange juice crystals,’® which are
known to be highly acidic owing to the high citric acid
content. Setting up an experiment to check quantita-
tively the stability of tepa with orange juice crystals
required certain modifications of the usual procedure,
since tepa could not be titrated in the presence of the
acidic crystals. It was determined that almost 909
of the tepa could be recovered from aqueous citric
acid solutions by saturating the latter with sodium
chloride, extracting three times with equal volumes of
chloroform, and evaporating the chloroform. One
per cent tepa added to orange juice crystals was quickly
ground and exposed to a relative humidity of 509 at
25°.  After 1 hr. at least 909 of the tepa had de-
composed. On the basis of these investigations, the
diet of the Mexican fruit fly was replaced with one that
was peutral. The results were dramatic in that many
aziridinyl-containing compounds that were ineffective
became potent chemosterilants.

Honey was used in a diet for sterilizing mosquitoes.
A 509, aqueous solution of honey was found to have a
pH of 3.5, which is about normal. However, even
though it is acid, a potentiometric titration showed
that it contained but a small quantity of acid, 0.06

(13) McKee's® instant orange juice crystals. Mention of this proprie-
tary compound does not necessarily imiply endorsement of this product by
the U. 8. Department of Agriculture.
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Fig. 9.—Stability of 1.6% ethylenimine in D;O buffered at
different pH values as determined from n.m.r. spectra; log con-
centration vs. time.

mequiv. of base being required to bring a 5-g. sample to
pH 7.0. This small amount of acid did not cause much
decomposition of the sterilant, but it undoubtedly
caused some, For example a honey solution, initially
at pH 3.6, was found to be at pH 5.8 1 hr. after mixing
with tepa. The large pH shift could only be brought
about by degradation of the sterilant in part to an amine.
In subsequent experiments honey was replaced with
sugar water.

It is apparent that the initial pH of the solution may
be less important than the amount of acid available in-
sofar as the stability of chemosterilants is concerned.
The orange-juice crystals required 6.83 mequiv. of base
to bring a 5-g. sample to pH 7.0, about 100 times the
amount required for honey.

T.Le. investigations yielded other useful findings.
The fact that only the pure material migrated from the
origin suggested that it was only necessary to filter the
chemosterilants through a layer of the silicic acid to re-
cover the pure material from partially decomposed
samples. This procedure works, but recovery is not
complete. As part of this study the qualitative method
deseribed under ‘‘“Methods” was developed for detect-
ing as little as 1 to 5 v of aziridine-containing chemo-
sterilants in one drop of liquid.
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