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Carbaryl (N-methyl-l-naphthylcarbamate) has been shown by 
STEWART, et al. (1967) and LAMBERTON and CLAEYS (1970) to degrade 
af ter estuarine application to products which are toxic to some 
marine species, and solution pH, l igh t  and temperature have been 
shown by LAMBERTON and CLAEYS (1970) and K/~RINEN, et al.  (1967) 
to be s ign i f icant  factors in determining the rate and pathway of 
degradation. We have studied the kinetics of the hydrolysis of 
carbaryl in simple NaOH solutions and have found that the mechanism 
given by DITTERT and HIGUCHI (1963) and BENDER and HOMER (1965) 
for methylcarbamates appears to apply and adequately describes 
observed hydrolysis rates in sea water as well .  Light i r radiat ion 
of carbaryl solutions of various pH has shown that i t  is the 
naphthoxide ion produced by carbaryl hydrolysis in basic solution 
which is par t icu lar ly  sensitive to photooxidation. One photo- 
oxidation product has been ident i f ied.  

During this investigation a paper by ALY and EL-DIB (1971) 
appeared in which the hydrolysis of carbaryl and three other car- 
bamate insecticides was studied in NaOH solution and in phosphate 
buffers. Our kinet ic results in general confirm thei r  findings 
for NaOH media and are presented only in summary form. However, 
the i r  results on buffered media, which were taken to indicate a 
difference in hydrolysis rate constants between sea and d i s t i l l ed  
water, appear to be in error. 

Materials and Methods 

Because the products of carbaryl are weakly acidic, base is 
consumed by the reaction above pH 8.5. A Radiometer syringe 
t i t r a t o r  was used in the pH-stat mode to monitor OH- consumption. 
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Using the t i t r a t o r ,  99 ml of d i s t i l l e d  deionized water was brought 
to the required pH and 1 ml of a 95% ethanol solut ion of recrysta l -  
l ized carbaryl was then added. 0.I N NaOH was used for t i t r a n t ,  
and pseudo-f i rst-order t i t r a t i o n  curves were obtained in al l  cases. 
Convenient reaction times were obtained in the pH range 9.0-10.0 
and calculated second-order rate constants were independent of the 
pH. 

Hydrolyses were run in a dark-amber glass bot t le  which was 
immersed in a water bath, and the solut ion was kept under a n i t ro -  
gen atmosphere. Temperature control was to wi th in O.OI~ pH con- 
t ro l  and reproduc ib i l i t y  was wi th in 0.03 un i t .  I n i t i a l  carbaryl 
concentrations were 3 x IO-4M. 

A IOOW Hanovia high-pressure xenon-arc lamp, which closely 
simulates solar rad ia t ion,  was used for i r rad ia t i on  of basic 
solutions of carbaryl in the cav i ty  of a Varian E-4 EPR spectro- 
meter. A mass spectrum of the products was obtained by ac id i f i ca -  
t ion of the extract  onto the d i rect  i n le t  probe of a Varian Mat 
Gmbh CH-7 spectrometer. S i l i ca  gel G TLC plates of the extract  
were also developed using 9:1 benzene-acetone. 

Results and Discussion 

Observed pseudo-f i rst-order ha l f - l i ves  and calculated second- 
order hydrolysis rate constants are given in Table 1 along with 
some previously reported values for comparison. 

An Arrhenious plot  (In k 2 vs. I /T  ~ shows good agreement 
of the data, considering the w i n  range of experimental condit ions, 
except for the higher temperatures and the uncertain point for 
3.5~ of KARINEN, et al .  (1967). Thus, there appears to be l i t t l e  
difference in carbaryl hydrolysis rate constants in NaOH solut ion 
VSo sea water, and ALY and EL-DIB's (1971) reported much larger 
hydrolysis rate constant in pH 7, 8, 9, and I0 phosphate buffers, 
at 20~ appears to be in error.  Since the i r  dif ference is a con- 
stant one for the 4 pH's, the d ispar i t y  cannot be ascribed to the 
s l i gh t  phosphate catalys is observed by BENDER and HOMER (1965). 

We note in passing that the measurement of the (constant) 
t i t r a t i o n  rate of a saturated carbaryl solut ion,  with excess car- 
baryl present, allows, with certain assumptions given by OHNISHI 
and TANABE (1971), the calculat ion of s o l u b i l i t y .  We obtained 
s o l u b i l i t i e s  using th is  method of 114 ppm and 67 ppm at 24 and 12~ 
respect ively,  which are considerably higher than previous estimates, 
e .g. ,  40 ppm at 30~ as reported by DAVID, et al .  (1960). The 
value at 12~ also agrees well with that obtained from a Beers- 
law calculat ion on the UV spectrum of a saturated solut ion,  but 
fur ther  invest igat ion is needed. 
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TABLE 1 

Reference pH or [OH-] Temp. ~ t !  ~ 102 x k 2 
2 

ALY and EL-DIB 
(1971) 9 x lO-SM 3 32 min. 0.242 

. . . .  13 11 O. 691 

. . . .  23 3.8 2.04 

. . . .  33 1.4 5.37 
th i s  work I0.0 pH 12 99 0.7 

. . . .  25 20 3.4 

. . . .  35 8 9.0 
" 9.8 25 27 4.3 
" 9.5 25 58 3.8 
" 9.2 25 116 3.8 
" 9.0 25 173 4.0 

KARINEN, et a l .  
(1967) 8.0 (sea water) 3.5 1 mo. 0.08 

" " 17 4.8 d. 1.0 
. . . .  20 3.5 1.4 
. . . .  28 1.0 4.6 

The data from ALY and ED-DIB (1971) are in simple NaOH so lu t ions ;  
the data from KARINEN, et a l .  (1967) are calculated from t h e i r  re- 
ported extents of hydro lys is  in sea water aquaria a f te r  a s ing le 
time period. 

In weakly ac id ic  so lu t ions carbaryl and l -naphthol  are stable 
for  weeks in e i the r  the dark or under laboratory  l i g h t .  Further-  
more, base-hydrolysis of carbaryl in the dark leads to formation 
of l -naphthol  as the only naphthyl product, as determined by UV 
spectra. In ord inary  room l i g h t ,  however, basic l -naph tho l ,  or 
hydrolysed-carbaryl  so lu t ions ,  turn ye l low,  then amber w i th in  24 
hours. Thus, i t  is  the basic form of l -naph tho l ,  l -naphthoxide 
ion,  which appears to be espec ia l l y  l i g h t - s e n s i t i v e .  BRYSON and 
MATTHEWS (1963) repor t  the pK~ of l -naphthol  to be 9.40 and thus 
an appreciable amount of l -na~hthoxide (6% at pH 8.2) w i l l  be 
present in marine environments, and the photodegradation of th is  
species appears to be the most important nonbiological  route fo r  
fu r the r  changes, a f te r  hydro lys is ,  in the naphthyl moiety of  
carbary l .  

In a recent repor t ,  TOMKIEW~Zetal. (1971) reported the 
observat ion of phenoxide ion photooxidat ion in aqueous NaOH. Using 
a f low system and Hg-Xe arc i r r a d i a t i o n  in the microwave cav i ty  of 
an EPR spectrometer, the EPR signal of~-benzosemiquinone and two 
oxybenzosemiquionones were i d e n t i f i e d .  Using t h e i r  technique wi th 
l -naphthol  we obtained a weak EPR signal using Xe rad ia t ion  but 
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were unable to resolve the complex signal which the naphthyl species 
no doubt exh ib i t .  However, ac id i f i ca t ion  of the resu l t ing amber 
solut ion immediately removed the color ,  and extract ion with ether 
removed al l  UV-absorbing species. The resu l t ing extract  gave a l -  
naphthol spot plus a broad orange smear on TLC plates,  and the mass- 
spectrum of the extract  was almost t o t a l l y  a t t r i bu tab le  to l-naphthol 
and 2-hydroxy-l,4-naphthoquinone (lawsone). The l a t t e r  has a quite 
character is t ic  fragmentation pattern,  and i den t i f i ca t i on  was con- 
firmed by the mass spectrum of the 2-methoxy analogue, obtained on 
treatment of the extract  with diazomethane. Both materials gave 
mass spectra in agreement with those reported by BOWIE, et al .  
(1965). 

Thus, i t  might be worthwhile to look for  lawsone residues 
in the environment where carbaryl has been extensively used. How- 
ever, lawsone is i t s e l f  no doubt l i gh t  sens i t ive,  and l-naphthol 
may form other photooxidation products under d i f fe ren t  condit ions: 
weeks-old basic carbaryl solut ions gave 5-7 colored TLC spots 
besides l -naphthol ,  when exposed for  that time to room (f luorescent)  
i l luminat ion.  None of these products have been iden t i f i ed .  
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