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Ehvironmental  problems created by o rganoch lo r ine  p e s t i c i d e s  have 
lead to the i nc reas ing  use of  carbamate and organophosphorus com- 
pounds which tend to  be less  p e r s i s t a n t  i n  water bodies (A ly  and 
E l -D ib  1971 ; E1-Dib and A ly  1976 ; A l y  and Badawy 1982]. 

P e s t i c i d e s  may reach sur face waters,  e i t h e r  f resh  or  sea water 
through the d ischarge o f  dra inage water  from t rea ted  lands,  ae r -  
i a l  d r i f t  and / o r  acc iden ta l  s p i l l s  (Faust  and A ly  1964]. With 
regard to  aquat ic  environment,  most o f  the prev ious  s tud ies  were 
concerned w i th  the pe rs i s tence  o f  organophosphorus i n s e c t i c i d e s  i n  
f r esh  water  (Furemann and L i c h t a n s t e i n  1974]. The present  work 
dea ls  w~th the s t a b i l i t y  and f a t e  of  methyl para th ion  i n  sea water .  

~.~'r ANO #ETHOOS 

A n a l y t i c a l  grade re fe rence  compounds namely, methyl para th ion (0, 
O-dimethyl-O-p-~ n i t r opheny l  phospho~~'thioate],  amino methyl pare-  
t h i on ,  monomethyl pa ra th ion j  end p -n i t r opheno l  were used. 

For the analysis of methyl parathion and its degradation products, 

a known volume (50 mL] of  water samp].es was a c i d i f i e d  to pH 3 
using HCL, sa tu ra ted  w i th  NaC1 end ex t rac ted  3 t imes w i th  20 mL 
po r t i on  of IS ,,{, methylene c h l o r i d e  i n  n-hexane. The combined e x t -  
r a c t s  were dehyratedp concent ra ted to *about 2 mL us ing gen t le  s t r -  
eam of  n i t r ogen  end t rea ted  w i th  ex[,ess d~.azoethane f o r  30 minu- 
tes a t  room te~,perature. A f t e r  removal o f  excess rea~nent, the 
res i dua l  s o l u t i o n  was d i l u t e d  to  10 m[ w i th  n-he• and analyzed 
by GLC. 

~"~" ~.~.§ ~d~th . . . . . . .  capture  da t -  A Var ian @LC, Nodal ~/uO, ~ . . . . .  i'~l. e ;ec tzon 
ac to r  anu a ~q]ass column (4 ram T.D. and 2 meter" ~ " '  ~ 
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The column was packed w i th  3 0& OV - 17 on 80/100 chromosorb ~V. The 

column, d e t e c t o r ,  and i n j e c t o r  tempratures were 170~176 
230~ r e s p e c t i v e l y ;  N i t rogen  was used as a c a r r i e r  gas at  e f l ow 
ra te  o f  40 mL/min, 

A 0.01 N Na OH s o l u t i o n  was prepared usin~ CO_-free d i s t i l l e d  and 
sodium hydroxide f ree - f rom carbonate.  Phosphate b u f f e r  s o l u t i o n s  
having pH values of  5 . 0 , 8 . 5  and 11.0 were prepared by mix ing the 
appropr ia te  amounts o f  0.1 ~ monobasic sodium phosphate and 0.1 N 
d i b s i c  sodium phosphate, and d i l u t i n g  to ob ta in  a 0 .0  1 ~,1 ~.~orking 
b u f f e r  s o l u t i o n s ,  The pH o f  the f ine& s o l u t i o n s  ~.;as ad jus ted  to  
the requ i red  va lue w i th  Na OH or  phosphor ic ac id  so lu t i ons ,  Sodium 
c h l o r i d e  ~as f i n a l l y  added to o ive  the s ~ ] i n i t y  ~h~ch represen ts  

r~l NaCL] or sea water ~3 ~..r NaCL) t rack4 sh v~ater k ',~" ,,' . 

For kinetic studies, all solutions were transferred to stoppered 

bottles covered with aluminum foil, brought to the desired temp- 

eratures by incubating in a water bath (+ O.S~ befor mixing, kno- 

wn amouts of standard methyl parethion solution (I mL--1 mg) ~ere 

mixed w@th 500 mL of the appropriate buffers. The initial concent- 

ration of the insecticide [about 8 m~L) was immediately determined. 

The rate of hydrolysis was determined by measuring the residu~l con- 

centration of methyl parathion at various time intervals. By plott- 

ing the lo~ (~,!, residual ester') versus time, e straight line we, s obt- 
ained indicating that the reaction is first order L.JAess.,on I_~,I, 

Aly end El-Oib 1~q71). The half - life time (t~) was calculated 

accordino to  the equat ion:  t~_ = O. m_~o, where K I i s  the f i r s t  o rde r  
2 K1 

C r~te cons tan t ,  The second o rder  ra te  constant  (K2) was ,a-cu la ted 
from the equat ion : K 1 . 

COH-) 
For b i o l o g i c a l  degradat ion ,  methyl para th ion  s o l u t i o n  was mixed w i th  
sea water  to  g i ve  a f i n a l  concen t ra t i on  o f  about 200 pg/L.  I n  a 
second run,  the sea water  was f o r t i f i e d  w i th  0 ,5  ~(, s e t t l e d  sewage 
to supply excess microorganisms and t race  n u t r i e n t s .  A phosphate bu-  

+ 
f f e r  (Standard Methods 1980] was added to  main ta in  a pH o f  ?.0~0. I .  
F ive  l i t e r  p o r t i o n s  o f  each s o l u t i o n  were placed i n  a pyrex g lass  
c o n t a i n e r  and kept  a t  room temperature (25_~_20C). Aerobic  c o n d i t i o n s  
were  mainta ined i n  s o l u t i o n s  by bubbl ing a gen t l e  stream o f  a i r .  
Samples were  p e r i o d i c a l l y  withdrawn and analyzed f o r  the concent ra-  
t i o n  o f  the  i n s e c t i c i d e  and i t s  degradat ion  produc ts .  

For experiments lasting long periods, two liter portions were with- 
drawn weekly and replaced by the same volume of sea water conta- 

ining 200 ~g/L insecticide. When chemical analysis showed that 
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Fig I. Effect of pH and salt content on the hydrolysis of methyl 

parathion 

the i n s e c t i c i d e  was almost complete ly  oxSdized,  o n e - h a l f  o f  the 
conten ts  o f  the b o t t l e s  was syphoned, rep laced w i th  bu f fe red  sea 
water  end redosed ~&th the i n s e c t i c i d e  s o l u t i o n  o f  the des&red 
concentrations. 

RESULTS AND DISCUSSION 

Results of chemlcel hydrolysis are oiven in Tables I and 2, end 
presented in Fig I. It is evident that hyd~lysis of methyl per~ 
t h i on  proceeds as a r eac t i on  o f  p s e u d o - f i r s t  o rder ,  The va lues 
o f  the ra te  constant  (K1) and the h a l f - l i v e s  a t  the s tud ied  pH 
values indicate the reIative stability of methyl parathion in 
a c i d i c  and neu t ra l  aqua t i c  so lu t i ons ,  However, the i n s e c t i c i d e  
was s e n s i t i v e  to  hydz~oxide ions  and a t  pH 8 ,5 ,  which p r e v a i l s  un-  
der  na tu ra l  cond i t i ons ,  the h y d r o l y s i s  r a te  inc reased,  The h a l f -  
l i f e  t ime was a lso  reduced to  38,5 days, Such en increase i n  
the h y d r o l y s i s  r a te  under a l k a l i n e  c o n d i t i o n s  suggests t ha t  the 
r e a c t i o n  i s  more e f f e c t i v e l y  ca ta lyzed b y ( O H - )  Sons than by hyd- 
ronium ions  o r  neu t ra l  water  molecules (Faust and Gomaa 1972), 
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Table I. Hydrolysis rates and life time of methyl parathion at 

different pH values and seiinites. 

Conditions pH K I (day) t• (day] 
2 

Sea water 5.0 2,3xI0 -3 30 ! .3  
-3  

Brackish water 5.0 2.~xI0 277.0 

Fresh water 5,0 4 .5x i0  - 3  15~.0 

Sea water ?.0 3.0x10 - 3  231.0 

Brack ish water ?,0 3 . 7 x I 0  -~  18d,8 
-3  

Fresh water  %0 5.1x10 13S.8 
-3  

Sea water B. 5 18 x 10 38.5 
-3 

Brack ish  water  8.5 30 x 10 23.1 
- 3  

Fresh water 8.5 44 x 10 15.? 

Table 2. Kinetic data for hydrolysis of methyl parathion at pH 11 
and different temperature. 

, i 

Tamp K 1 K2 Q 10 t~ Ea 

h -I mei-l,h - I  (h) K. Cai, 

-I 
mol 

20~ 11.5xi0 -2 11.5 6.0 9.9 

30~ 20.7x10 -2 20.? 1.8 3.3 9.9 

40~ z~S.Ox10 -2 z~5.O 2.2 I. 5 9.9 

i il , i 
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Fig 2. Effect of Temperature on rate of hydrolysis of methyl 

parathion. 

Ac~ordlng~ " to ~rolfe C198D) neutral hydrolysis of oroanophosphorus 

pesticides v,ill result in loss of alkyl ~roups ,~hereas a!kaline 

hydrolysls ~lll lead to t~e zoss of aryl group. This is because 

hydroxide ion is about 10- times better as a nucleophile tov~ards 

saturated carbon. 

Results obtained (Table ~] indicate that th~ rate of chemical 

hydrolysis of methyl parathion decreased with the increase of salt 

content in solution. Sodium chloride does not seem to be involved 

in the hydrolysis process. However, as the ionic strength incre- 

ases, the mobilty [or activity coefficient) of the hydroxids ion 

tends to decrease which may affect the rats of hydrolysis (81asst~on 
IRS") .  According to karinen et a l  (1967] about 50 o/, of s e v i n ,  i n  
sea water a t  20~ and pH 8 .0 ,  was hydro lyzed i n  4 days. The same 
r a t i o  o f  h y d r o l y s i s  was achieved i n  f reshwate r ,  under s i m i l a r  con- 
d i t i o n s ,  w i t h i n  1.3 days on ly  (A ly  end El=Dib 1971). Fukoto e t  a l  
(1967) also reporated that the first order rate constant (KI) for 

the hydrolysis of p-nitro-N~ethylcerbamete increased with decrea- 
sing the ionic strength of the phosphate buffers. Consequently, 

methyl parathion will be relativsly more stable in water of high 
salinity such as sea or ocean waters. Under such conditions, the 

insecticide is more liable to exert its toxic effects on aquatic 

llfe. 
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Results of kinetic studies (Table 2) showed that the second order 
rate constant OK2) was nearly doubled for each 10~ rise in temp- 
erature (temperature coefficient, Q). Fig 2 shows the plots of the 
logarithm of the second order rate constant (K) versus I/T accor- 
ding to  A r rhen ius  equat ion:  l og  K 2 = log  A - E~ , where A i s  

t , ,  

2.363 RT 

a cons tan t ,  Ea i s  the a c t i v a t i o n  energy, T i s  the abso lu te  temp- 
r a t u r ~  and R i s  the gas constant .  The va lue o f  Ea was s K. ca l ,  
mole , In  ~enera l ,  the pe rs i s tence  o f  organophosphorus compounds 
w i th  larger Ea values will show a g rea te r  dependence on temprature 
then those ,,,,ith lower  Ea's (Freed e t  e l  19~9). 

B iodegradat ion  o f  methyl para th ion  in  sea water and i n  sea water  
f o r t i f i e d  w i th  s e t t l e d  sewage i s  presented i n  F ig  3. Degradat ion 
proceeded w i th  slow ra te  dur ing  the f i r s t  a d d i t i o n .  I n  presence 
o f  s e t t l e d  sewagej m ic rob ia l  degz4adat-ion o f  methyl para th ion  was 
more e f f e c t i v e .  As b a c t e r i a l  popu la t ion  get  adapted f o r  the 
u t i l i z a t i o n  o f  the insectici, .~e~ .~ts de.oradat~or~ ~vas mttained ~n 
re la tJ .ve iy  s~er t  per iods  dt.mimO the second end t h i r d  add i t i ons .  
The percentages o f  methyl pereth.~.on remaining a f t e r  two anr.~ fou r  
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weeks ( f i r s t  sdd i t i on )  were s ~ and 80 ~ ,  r espec t i ce l y ,  Previous 
study by Eichelberger  and Lichtenberg (Is sho~d tha t  degrade- 
t-ion o f  methyl parathion in  r i v e r  water amounted to 5 0 ~  and 3 0 ~  
a f t e r  the same time i n t e r v a l s ,  respec t i ce ty ,  Such va~_ations in 
the degradation ra tes  may be a t t r i b u t e d  to the s t a b i l i t y  o f  the 
insectec ide in  sea water and the v a r i a t i o n  in  bac te r i a l  populat -  
ion (Graetz et  e l  1970), 

Expressing the results of biodegradation accarding to the first 

order kinetics, i.e. log (~ residual ester] versus time, the rate 

constant (KI) was determined from the slopes of straight lines 

obtained CFig 4). Oata given in Table 3 clearly show that the 

va].ues of K I ~ncreased as the bacterial population cet adapted 

for the utilization of methyl parathion. Such e trend is also 

indicated by the decrease in the value of t~, Comparing the t~ 

wilues, at pH ? for chemical hydrolysis (231 days) by that atta- 

ined by biodegradation (34.6 days] clearly show that degradation 

of methyl parathion in sea water is mainly due to microbial acti- 

vity. Hemmett and Faust (19G~) reported that biodegradation of 

2,4 - D in aquatic systems confirmed with the zero order kinetics 

and the values of the rate constant '~<" increased by increasing 

the concentration of microorganisms. However, they also repor- 

ted that the rate constant was dependent on the concentration of 

2.,4 - D. Results reached by this study assumed that biodeorade- 

tion could be expressed as a first order reaction, though the 

rate constants were subject to increase as bacterial accil~.mat!- 

zation proceeded and/or the appropr4_ate enzymes reached an 

46 



Table 3. K i n e t i c  data f o r  b i o l o g i c a l  degradat ion of  methyl para th ion  
i n  sea water  

System K I day t~ 

I st Addition 

-3  
Sea water 6.1x10 3 113.6 
Sea water  8 sewage ? .6x i0  91.2 

2 nd Add i t i on  

-3  
Sea water 8.3x10 ~ 83.6 
Sea water  ~ sewage 10.~xI0 63.5 

3 rd Add i t i on  

-3  
Sea water  20 .0x i0  3 34.6 
Sea water 6 sewage 26.0x10-  26.6 

K I = first order rate constant, t~ = hafe life time. 

appreciable level. In this regard, aerobic oxidation of organics 

in water (Biochemical Oxygen Demand) is mostly assumed to follow 

a first order kinetics (Slefiten 1966; Hammer 1975). 
The mechanism of methyl parathion degradation may be predicted 

from the sequence by which the metabolites were released into 

the water. Amino methyl parathion was the first metabolite recov- 

ered as the major byproduct within the first few days after the 

f i r s t  a d d i t i o n  o f  the i n s e c t i c i d e  to sea water  (F ig  3) .  Dea lky-  
lation of both met~l parathion and its amino dez~ivative resul- 

ted in the formation of monomethyl parathion and amino monome- 
thyl parathion, respectively. By the end of the second addition, 

p-nitrophenol was released into the aqueous medias indicating 
a hydrolytic degradation pathway. Methyl paraxon was not de~ 

cted. Consequently, microbial degradation of methyl parathion inc- 

luded reduction of nitro group~ dealkyiation and hydrolysis of the 

ester linkage. Such degradation pathways bear similar&ly to that 
taking place in soil (Mitchell 1972) and in plants (Fukuto and 

~ e t c a l f  1969; ~iyemoto 1972]. 
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