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A method for the determination of residues of naphthaleneacetic acid (NAA) and the 
corresponding methyl ester (MENA) in potatoes is based on the separation of MENA from 
interfering plant substances by gas-liquid chromatography and subsequent determination 
of absorbance of collected fractions at 281 or 224 mp. The NAA i s  first esterified with 
diazomethane to form MENA prior to separation by gas-liquid chromatography. Several 
varieties of potatoes were treated with MENA, and a decline study of MENA and NAA 
residues was made for 0 to 90 days after the initial application. The disappearance of 
MENA residues followed a logarithmic decline curve. Only traces of MENA penetrated 
the skin of the potatoes. Evidence i s  presented for the partial hydrolysis of MENA residues 
to NAA during storage of potatoes. 

HE first observation that the methyl T ester of naphthaleneacetic acid 
inhibited bud growth in potators was 
reported by Guthrie in 1939 ( 3 ) .  Other 
investigators studied the effect of MEKA 
vapors on sprouting inhibition (2. J ) .  
Since then, a commercial formulation of 
M E S A  has been marketed as a "potato 
fix" and recommended as a sprouting 
inhibitor of poi.atoes placed in com- 
mercial channels. 

Because of the ne\r Federal Food and 
Drug legislation on plant growth regula- 
tors and other food additives, a sensitive 
and practical method had to be de- 
veloped for the residue determination 
of MENA and its possible metabolite. 
S A A .  The  only available sensitive 
assay for this compound was the bio- 
logical test utilizing the hyponastic 
response of MENA on the first well 
developed leaves of young potato plants 

Recently, a method for the residue 
analysis of the insecticide Thiodan by a 
combination of gas-liquid chromatog- 
raphy and infrared spectrophotometry 
( 7 )  was developed. An analogous tech- 
nique has now been developed for trace 
determinations of NAA and its methyl 
ester in potatoes. Briefly, a crude. con- 
centrated chloroform extract of potatoes 
\vas fractionated by gas chromatog- 
raphy at  220" C. The  effluent frac- 
tion was collected at  a predetermined re- 
tention time and analyzed in the ultra- 
violet at  281 or 224 mu. 

(7 ) .  

Equipment and Materials 

Gas Chromatograph Apparatus. Aero- 
graph Model A-100C, equipped with 

heated fraction collector. terminating in 
a 7 /  15 f outer joint; hot-wire tungsten 
filaments katharometer detector; Brown 
1-mv. recorder with a 1-second pen 
speed response. 

Column and Packing Dow-11 high- 
vacuum silicone grease (30% w./w.)  on 
Chromosorb 30 60 mesh, 6-foot (1 4- 
inch diameter) spiral stainless steel col- 
umn. 

Pipet. A 1OO-pl. Hamilton syringe- 
type pipet was used for the quantitative 
work. 

Collector. The collector consisted 
of a tapered 1.0 X 14 cm. glass tube 
fitted with a 7 15 -$ outer joint and was 
identical to the one described by Zweig 
et  al. (7). 

Sample Tube A McNaught and 
MacKay-Shevky-Stafford sedimentation 
tube (6.5 ml.) was used for the final 
concentration of plant extracts. 

Spectrophotometer Beckman, Model 
DU.  

Stock Solutions. Double-distilled 
methyl ester naphthaleneacetic acid 
(Thompson Chemicals Corp., Los Ange- 
les, Calif.). Standard solutions in mixed 
pentanes contained 2.0 mg. per ml. for 
readings at 281 mp and 0.2 mg. per ml. 
at  224 mp. 

Diazald. Stabilized form of diazo- 
methane (.Y-methyl-N-nitroso-p-toluene- 
sulfonamide) was obtained from the 
Aldrich Chemical Co. Diazomethane 
was freshly prepared by reacting Diazald 
(251 mg. in 8 ml. of dry ethyl ether) 
with potassium hydroyide (112 mg. of 
potassium hydroxide in 0.5 ml. of water 
and 15 ml. of diethylene glycol mono- 
ethyl ether-Carbitol) a t  70" to 75" C., 
and the mixture was distilled. Diazo- 
methane distils with the ethyl ether and 
is condensed in an  icebath. Because 
diazomethant is verjj poisonous. all rfactions 
must be carried out i n  fume hood (6).  

Experimental Methods 
Extraction. Whole potatoes, skins, 

or flesh, 1 to 2 kg., were placed in the 
boivl of a Hobart food chopper and 
chopped for abuut 25 seconds to reduce 
to appropriate size. Five hundred grams 
of the chopped potatoes were weighed 
into a tared, 1-gallon paint can. Three 
hundred grams of anhydrous sodium 
sulfate powder were mixed into the pulp. 
and 1 liter of technical chloroform was 
placed in the can. Each can contained 
a stainless-steel baffle to improve the 
extraction efficiency. The cans were 
sealed and rolled for 1 hour with a gen- 
tle and continuous rolling action a t  
approximately 35 r.p.m. on a U. S. 
Stoneware ball-mill roller. The result- 
ant chloroform mixture was dried with 
anhydrous sodium sulfate, decanted, 
filtered, and the solution was then 
stored in glass containers. 

Preparation of Extract for Gas- 
Liquid Chromatography. A suitable 
aliquot of the stripping solvent corre- 
sponding to as much as 100 grams of 
sample was concentrated to dryness in 
vacuo a t  50 to 60" C. The  residue was 
dissolved in 2 ml. of mixed pentanes 
(b.p. 30-60" (2.); filtered quantitatively 
through 1Yhatman No. 1 filter paper 
into a 6.5-ml. sedimentation tube, and 
washed several times with the pentanes. 
The solution and washes were combined 
to an approximate volume of 6 ml. The  
sedimentation tube was immersed in a 
warm water bath, and the solvent was 
evaporated under a stream of dry air 
to approximately 200 pl. The  inner 
wall of the sedimentation tube was rinsed 
bsith two washes of 1 ml. of mixed pen- 
tane, and the solvent was again 
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Figure 1 .  Representative curve for 
MENA obtained on the gas chromato- 
graphic apparatus 

Temperature 
Column 
Helium flow 
Filament current 
Attentuation 
Sample 

220°  c. 
Dow 1 1  
50 ml./min. 
250  ma. 
none 
60 pg. 

evaporated to a final volume of 200 
PI .  

Gas-Liquid Chromatography of 
MENA. Just prior to the analyses of 
plant samples, appropriate amounts of 
known standards (1.0 to 100 pg.) were 
chromatographed at  220' C. with a 
helium gas flow of 50 ml. per minute. 
The  signal could be detected J\ith a 
conventional hot-wire katharometer a t  
the higher concentrations (25 pg. and 
up) ,  and the retention time for collec- 
tion ranged between 3.0 to 7.5 minutes 
(Figure 1). 

.4ppropriate aliquot volumes of residue 
extracts warmed in hot water were 
chromatographed under identical con- 
ditions. and fractions were trapped in 
the collector between 3.0 and 7.5 minutes 
over absorbent cotton saturated with 
95yc ethanol. Fractions thus collected 
were eluted from the collector with 
several portions of 95% ethanol, and 
the final volume was adjusted to 5.0 ml. 
in a volumetric flask. These solutions 
were analyzed by ultraviolet spectro- 
photometry a t  281 or 224 mp, 

.4fter each analysis, the chroniato- 
zraphic column was backflushed with 
helium for 20 minutes by introducing 
the gas stream into the collector and 
removing the rubber diaphragm of the 
inlet port. 

Ultraviolet Spectrophotometry. Ab- 
sorbances of the final ethanolic solutions 

I k 3 4 5 6 7 8 9 10 I1 I2 I3 1 4 1 5  
WAVE LENGTH,  MICRONS 

Figure 2. Infrared spectra for MENA before gas chromatography (A) and 
after gas chromatography ( E )  

of collected fractions were measured in 
1-cm. cells a t  224 mp  and if the ab- 
sorbance were above 1.0, a t  281 mp, 
Suitable column blanks were obtained 
in the manner described above, and 
their absorbance ranged from 0.03 to 
0.08. Higher blanks were noted if the 
packing in the glass collector were not 
thoroughly washed with dieth>-l ether 
and ethanol before collecting another 
fraction. 

Straight-line standard curves for 
MENA were obtained a t  281 and 224 mp 
before and after gas-liquid chromatog- 
raphy. 

Residue Determination of NAA. 
Standards of NAA and unknown samples, 
suspected to contain NAA: were first 
esterified with diazomethane prior to 
separation by gas-liquid chromatog- 
raphy. 

Standard solutions of NAA or potato 
extracts \vere evaporated to apparent 
dryness in vacuo a t  50' to 60' C. and 
redissolved in about 1 nil. of anhydrous 
ethyl ether. The  diazomethane solu- 
tion was added until the solution re- 
mained yellow; usually 1 to 2 ml. was 
sufficient. The  solution was taken to 
dryness with a stream of \varm air and 
redissolved in a small amount of mixed 
pentane (0.2 to 1.0 ml.). Aliquots of 
this final solution were processed as 
before by GLC and ultraviolet spectro- 
photometry. All absorbance readings 
of treated samples were reported as 
net absorbance by subtracting the 
absorbance obtained from the extrac- 
tives of an equivalent weight of untreated 
samples analyzed by the same experi- 
mental procedures. 

Treatment of Potatoes. EXPERIMENT 
1A. Russet Burbank potatoes were 

washed with water and sprayed to run- 
off using a fine nozzle with 1 volume 
emulsifiable solution of MENA (50% 
active ingredient) and 5 volumes of 
water. This represented about 11 times 
the recommended concentration for 
commercial use. 

EXPERIMENT 1B. Russet Burbank 
potatoes were treated with 1.8 times 
the amount of MENA as in Experiment 
1.4 (2 volumes 50% MENA formulation 
plus 5 volumes of water). 

EXPERIMENT 2. Four varieties of 
potatoes (Russet Burbank, Pontiac, Kat- 
ahdin, and White Rose) were washed 
with water and placed on a roller-type 
conveyor in a commercial packing house. 
The potatoes were thoroughly sprayed 
to run-off from a stationary nozzle with 
1 quart  of an  emulsifiable solution, 
(36.47, MENA as active ingredient) and 
diluted with 10 gallons of water; this 
\vas the recommended concentration 
for commercial use (5). 

Storage and Sampling of Potatoes. 
After treatment, the potatoes were 
stored in a constant-temperature room 
a t  50 F. and 80 to 9070 relative humid- 
ity. At time intervals varying from 0 to 
90 days after treatment: the potatoes 
\vere sampled and analyzed for MENA 
and N.4.4 as described above. Several 
batches of potatoes were peeled, and 
the peeling. flesh, and unpeeled whole 
potatoes irere analyzed separately. 

Results and Discussion 
Reproducibility and Sensitivity of 

Method for MENA. Samples of MESA 
were collected after gas-liquid chroma- 
tography at  220' C., and examined by 
infrared spectrophotometry (Perkin- 
Elmer 221) using the mull technique: 
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Figure 3. Ultraviolet spectra for 
MENA before and after gas chrorna- 
tography in such concentration as to 
show optical absorbance in the regions 
of271 and281 mp 

MENA (20 .0  pg./ml. 95% ethanol) 
1 -cm. cell path length 

before GLC . . . . . . after  GLC 
--- 

'i 23 

Figure 4. Ultraviolet spectra for 
MENA before and after gas chro- 
matography in such concentration as to 
show optical absorbance in the region 
of 224 mp 

MENA (1.0 pg./ml. 9 5 7 0  ethanol) 
1 -cm. cell path length 

before GLC 
. . . . . . after  GLC 
--_ 

and by ultraviolet spectrophotometry in 
95y6 ethanol over the range 220 to 
320 m p .  T h e  infrared spectrum of the 
recovered fraction was similar to that of 
the double-distilled standard a t  the 
major absorption bands where compar- 
isons \vere made. Such similarity in- 
dicated no decomposition (Figure 2). 
'I'he ultraviolet spectra \vere qualita- 
tively identical before and after GLC, 
exhibiting characteristic: absorption max- 
ima a t  224, 271, and 281 mp (Figures 
3 and 4). A comparison of the absorb- 
ance of a given solution of MENA (1 
pg. per ml.): holcever: indicated a loss 
of 34%) based on 281 nip and 247, based 
on 224 m p  as a result of gas chromatog- 
raphy. This discrepancy may be ex- 
plained by the fact that a t  this con- 
centration of XI13NA4 the experimental 
precision a t  281 m p  is subject to much 
greater deviations than a t  224 mp. 
'Phe loss of hIEK.4 on the gas chromato- 
graph was entirely reproducible a t  con- 
centrations ranging from 0 to 20 f ig,  

pi) M E N A I 5 m l  ( 9 5 %  ethonol l  

Figure 5. MENA standard curves after gas chro- 
matography measured at 281 mp and 224 mp 

Table 1. Recovery of MENA from Potatoes, Fortified with 1 P.P.M. of 
MENA 

Grams N e t  Absorbance" MENA, 
Sample Analyzed (281 mp) P.P.M.  Recovery, % 

Ab 50 0.214 0.71 71 
B-lb 25 0.140 0 . 9 3  93 
B-2c 25 0.151 1.01 101 
c - 1  h 50 0.242 0.81 81 
c-2c 50 0.294 0,98 98 

4 Optical absorbance readings corrected for blank (50-gram blank, 0.123; 25-gram blank. 

* Samples A: B-1 (2-1-1 p. p. m. VENA added prior to extraction. 
c Samples B-2, (2-2-1 p. p. m. MENA added after extraction. 

0.077). 

Table II. The Decline of MENA Residues on Russet Burbank Potatoes 
Experiment I B Days Experiment I A 

- I Vol.  50% M E N A  + 5 Vol. W a f e r  2 Vol .  50% MENA + 5 Vof. Wafer 

Sample 
Form 

\\.'hole 
\\.'hole 
\Vhole 
\\'hole 
\\'hole 
\Vhole 
Peel 
Flesh 
Peel 
Flesh 
Peel 
Flesh 

Last 
Appli- 
cation 

0 
3 
7 

30 
60 
90 
0 
0 

30 
30 
60 
60 

Nef  
Grams absorbance MENA 

anolyzed ( 2 2 4  mp) p.p.m. 

0.025 0,217 132.0 
0,025 0,230 140.0 
0 ,025  0.263 160.0 
0 10 0 181 43 0 
1 0  0 572 8 6  
5 0  0 926 2 8  
0 005 0 3530 1080 
1 0  0 218 3 3  
0 01 0 329 496 

10 0 0 148 <0 4 
0 1  0 712 104 

1 0 . 0  0.016 < 0 . 4  

Net  
Grams absorbance MENA, 

analyzed ( 2 2 4  m p )  p.p.m. 

0.025 0.361 220.0 
0,025 0,407 248.0 
0,025 0.408 248.0 
0,025 0.325 198.0  
0 .25  0.673 4n 8 
1 .0 1.017 15 1 

a Absorbance of appropriate chrcks ranged from 0 048 to 0 (-1 fcr tl-e Fee and 0.13 
to 0.146 for the flesh. 

per nil. (Figure 5). Each point repre- 
sented duplicate runs \vith a precision 
of +5.57,,  and lay on a straight line 
which extrapolated through the origin. 
Residue determinations \cere calculated 
by this standard curve \vhich takes into 
account losses inherent in the method. 

T h e  sensitivity of the method was 
limited by the readability of the absorb- 
ance with available instruments as well 
as by the extent to which naturally oc- 
curring plant substances surviving the 
separation process interfered hvith the 
analytical method. For example, an  
average background for 10 grams of 
untreated potatoes had an  absorbance 
of 0.238 at 224 m u  Lvith individual values 

V O L .  10,  N O  

ranging from 0.202 to 0.270. For 5 
grams of potato extractives. the absorb- 
ance ranged from 0.130 to 0.270. and 
for 2.0 grams or less from 0.042 to 
0.082. 'These latter values were in the 
neighborhood of the column b!anks 
ranging from 0.030 to 0.080. 'The 
relationship between the amount of 
potato extractives applied to the gas 
chromatographic column and the absorb- 
ance of the collected fractions was not 
linear. This might be due to materials 
other than plant extracts bleeding off 
the column and contributing to the 
absorbance. Thus.  setting twice the 
absorbance from a 10-gram check 
sample as the lower limit of significance, 
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Figure 6. MENA residue decline curves 
for Russet Burbank potatoes (Expt. 1 )  
using 10 and 18 times recommended 
dosage 

A Experiment 1 A  
0 Experiment 1 B  

Table 111. The Decline of MENA Residues on Several Varieties of Whole 
Potatoes 

Experiment 2. Samples treated with 1 liter of 36.4% MENA concentrate plus 40 liters of water 

Variefy 
Days since Grams Nef  Absorbance MENA, 
Applicafian Analyzed (224  m r )  P.P.M. 

Russet Burbank 0 1 . o  
Katahdin 0 1 . o  
Pontiac 0 1 . o  
White Rose 0 1 . o  
Russet Burbank 
Katahdin 
Pontiac 
TVhite Rose 

2 . 0  
2 . 0  
2 . 0  
2 . 0  

0.295 
0.272 
0.391 
0.317 
0.219 
0,249 
0,246 
0.275 

4 . 5  
4 . 2  
5 .9  
4 . 8  
1 . 7  
1 . 9  
1 . 9  
2 . 1  

Russet Burbank 14 4 . 0  0.143 0 . 6  
Katahdin 14 4 . 0  0.121 0 . 5  
Pontiac 14 4 . 0  0,063 <0 .4  
White Rose 14 4 . 0  0.348 1 . 3  
Russet Burbank 30 10.0 0.117 < 0 . 4  
Katahdin 30 1 0 . 0  0,289 0 . 4  
Pontiac 30 10.0 0.159 <0 .4  
LVhite Rose 30 10 .0  0,200 <0.4  

Russet Burbank 60 
Katahdin 60 
Pontiac 60 
It'hite Rose 60 

1 0 . 0  
10.0 
10.0 
10 .0  

0.000 
0.140 
0.040 
0.055 

< 0 . 4  
<0 .4  
<0 .4  
< 0 . 4  

a sensitivity of 4 pg. per 10 grams or 
0.4 p.p.m. was achieved (Figure 5). 

T h e  reason for backflushing the 
chromatography column after potato 
sample injection was that a number of 
compounds continued coming off the 
column up to 1 hour after the initial 
introduction of the sampl?, These late 
components gave high absorbance read- 
ings at  224 mp  and consequently in- 
terfered with successive analyses. Back- 
flushing eliminated this interference. 

Esterification of NAA. Several 5- 
pg. samples of NAA were esterified tvith 
diazomethane, yielding theoretically 5.37 

pg. of MESA.  These samples, analyzed 
by the GLC-L\' technique. gave an  
average of 4.75 pg. of M E S A .  an 88.5% 
recovery. As esterification of N A 4  was 
satisfactory, this method was suitable for 
residue determinations of possible hfENA 
hydrolysis products in treated potatoes. 
Analyses of MEX.4 formulations showed 
that no significant amounts of the free 
acid were present in the original mate- 
rial. 

Recovery of MENA from Potatoes. 
Samples of Russet Burbank potatoes were 
fortified with 1 p.p.m. MENA, added 
by pipetting appropriate volumes of a 

4 
Figure 7. MENA resi- 
due decline curve for 
Russet Burbank potatoes 
(Expt. 2)  using recom- 
mended dosage 

Table IV. Comparison of MENA 
Residues in Peel and Flesh with 

Residues from Whole Potatoes 
Russet Burbank, Experiment 1 A, initial residue 

Weight o f  
Tissue, MENA 

Sample Grams T P .  M. Tofal mg. 

IVholepotatoes 1028 132 135 70 
Peel 120 1080 129.60 
Flesh 894 3 . 3  2 95 
Total peel + 

flesh 1014 132.55 

standard solution in pentane. Twenty- 
five and fifty gram aliquot samples 
irere analyzed by the GLC-UV method 
at 281 mp. These results (Table I) 
show an  average recovery of 81 and 

respectively, when hlENA was 
added to the potatoes before and after 
extraction. 

Decline of MENA Residues in 
Potatoes. Russet Burbank potatoes, 
treated with about 11 and 20 times the 
recommended concentration of hlES.4 
(Experiments lA4 and lB),  sho\z.ed 
little decline from the initial deposit in 
the first 7 days of storage at  50" F. 
and a relative humidity of SOYc. From 
then to the end of the experiment-i.e., 
90 days after treatment-the residue of 
MENA declined almost linearly (Table  
I1 and Figure 6). 

\Vhen four different varieties of pota- 
toes, including smooth- and rough- 
skinned tubers. were treated with the 
recommended amount of MENA, the 
hfENA residue declined from an  initial 
deposit of about 5 p.p.m. to less than 
0.3 p,p,m.  after 60 days (Table 111). 
N o  significant differences in the decline 
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drolysis had occurred, the MENA loss 
at  the 30 to 60 days’ samples presumably Table V. Amount of NAA Resulting from Hydrolysis of MENA Applied 

Days 
since 
APPl. 

30 
(Ikpc-riment 1.4) 
Check 
60 
(Experiment 1B) 
Chrck 

0 
Check 
14 
Check 
30 
Check 
60 
Check 

to Russet Burbank Potatoes 
Absorbance. 

224 rnp 
Grams Before Affer MENA, 

Analyzed esterification esterification P.P.M. 

0 . 1  0.330 0.395 43.0 
0 . 1  0,049 0 ,049  

0 . 1  0.310 0.376 39.7 
0 . 1  0.049 0 ,049  
1 .o  0.331 0.438 4.10 
1 . o  0.064 0.103 
5 . 0  0.506 1.530 1 . 2 0  
5 . 0  0.130 0.238 
5 . 0  0,209 0.475 0.24 
5 . 0  0.130 0.238 
5 . 0  0.120 0.425 0 
5 . 0  0.130 0.238 

curves (Figure 7 )  for the different 
varieties of potatoes \sere noted. .4 
straiqht-line relationship existed. 

MENA Residues in Peel and Flesh of 
Potatoes. The  possible penetration of 
RIENA residues from the top surface of 
the peel into the flesh of the potatoes 
\vas studied. In one such study in Ex- 
perinicnt 1A of Table 11, the initial peel 
residuc \cas 1080 p.p.m.. \chile the 
flesh contained only 3.3 p.p.m. M E S A .  
This residue was less than 0.4yc of the 
total. ‘Thirty days after treatment the 
percentage of MENA in the flesh declined 
to 0.05%, of the total; after 60 days. 
there \cas no detectable MESA in 
the flesh. 

‘l’his experiment could also be val- 
idated by summing u p  the hIENA res- 
iducs in peel and flesh and comparing 
these results with MESA residues from 
\thole potatoes (Table IV).  

Additional analyses of peel and flesh 
from the four varieties of potatoes. Ex- 
periment 2, showed a similar pattern. 
‘l‘he initial ?rlEN,4 residue in the peel 
of Pontiac potatoes \cas 48.5 p,p,m..  
while the flesh contained no detectable 
rrsidur. Katahdin and Russet Bur- 

MENA 
+NAA, 
P.P.M. 

53.0 

5 0 . 0  

5 .10 

3.90 

0 .72  

0.58 

. .  

NAA, 
P.P.M. 

10.0 

10.3 

1 .oo  

2 .70  

0.48 

0.58 

bank peel had an initial residue of 46.5 
and 45.5 p.p.m.. respectively. No 
MENA \cas detectrd in the flesh then, 
or at  any other sampling dare. up to 
37 days after application. ‘Thus. the 
conclusion was that MESA did not 
penetrate appreciably through the skin 
of the potatoes even after 60 d a y  from 
the date of treatrnent. 

Determination of Residues of Naph- 
thaleneacetic Acid. Dissipation of 
MENA residues could presumably fol- 
low two alternate routes--volatilization 
and hydrolysis. The  latter pathway 
was in1,estigated b) detrrniining residue 
concentrations of SA.\ in treated 
potatoes. Potato extracrs \cere analyzed 
by GLC-U\’ before and after esterifica- 
tion. and the amount of 37AA4 calculated 
by taking the difference of the absorb- 
ance at  224 mp before and after esteri- 
fication (Table \-). 

Tiso samples with high initial I I E S A  
residues \cere analyzed 30 and 60 days 
after initial application. In  one sample, 
the MENL4 residue had dropped from 
132 to 43 p,p.m. (Experiment 1’4) in 
30 days and from 220 to 39.7 p.p.m. 
(Experiment 1B) in 60 days. If hy- 

would show up  as high NAA residues. 
Actual analysis of these samples. how- 
ever. showed only a residue of 10 p.p.m. 
N.4.4 for both samples (Table \’). 
Potato samples which had a considerably 
lower initial MENA residue (Experi- 
ment 2) had S A A  residues ranging from 
1.00 to 0.58 p.p.m. at  0 to 60 days after 
application. Therefore, the decline of 
high initial MENA residues \\as prob- 
ably due to volatilization rather than 
hydrolysis. At lower initial M E S A  
residues. a larger percentage of the ester 
was hydrolyzed to the free acid. How- 
ever. even the concentration of the free 
acid declined during storage. thus in- 
dicating three modes of dissipation of 
MMENA-hydrolysis of MEATA&. volatil- 
ization of hlES.4. volatilization of S A A .  
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