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EAvironmental problems created by organochlorine pesticides have
lead to the increasing use of carbamate and organophosphorus come—
pounds which tend to be less persistant in water bodies {Aly and
El-Dib 1971 ; E1-Dib and Aly 1976 ; Aly and Badawy 1982).

Pesticides may reach surface waters, either fresh or sea water
through the discharge of drainage water from treated lands, aer-
ial drift and / or accidental spills (Faust and Aly 19684}, With
regard to aguatic environment, most of the previous studies were
concerned with the persistence of organcphosphorus insecticides in
fresh water (Furemann and Lichtenstein 1974). The present work
deals with the stability and fate of methyl perathion in sea water,

MATERTALS AND METHODS

Analytical grade reference compounds namely, methyl parathion (0,
(Omciimethyle==p—nitrophenyl phosphorothioate), amino methyl para-—
thion, monomethyl parathion, and p-ritrophenol were used,

For the analysis of methyl parathion and its degradation products,
a known wolume {50 ml) of water samples was ecidified to pH 3
uysing HCL, saturated with NMeCl and extracted 3 times with 20 mb
portion of 15 % methylene chloride in n-hexane. The combinaed ext—
racts were dehyrated, concentrated to about 2 mi using gentle str—
gam of nitrogen and trested with excess diazoethane for 30 minue
tes at room témperature. After removal of excess reagent, the
residual solution was diluted to 10 mbL with n=hexanz and analyzed
by GLC.

53
A Varian OLT, Model 3700, fitted with N1 slectron capture det-
entar and a glass column {6 mm 7,0, and 2 meter length), was used,
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The column was packed with 3 °% OV - 17 on 80/100 chromosort %, The

colgmn, datector, and injector tempratures were 170%3,2000G,and
230 C, respectively; Nitrogen was used as a carrier gas at a Tlow
rate of 40 mi/min.

A 0.01 N Na OH solution was prepared using CO _~free distilled and
sodium hydroxide free-from carbonate. Phosphate buffer solutions
having pH values of 5,0,8.,5 and 11.0 were prapared by mixing the
appropriate amounts of 0,1 M monobasic sodium phosphate and 0.1 M
dibsic sodium phosphate, and diluting to obtain & 0.0 1 M working
buffer solutions, The pH of the Final solutions was adjusted to
tha reguired value with Na OH or phosphoric acid solutions, Sodium
chloride was finally added to give the salinity which repressnts

brackish water {1 NaCl} or sea water {3l NatL),

For kinetic studies, all solutions were transferred to stoppered
bottles coversd with aluminum foil, brought to the desired temp-
eratures by incubating in a water bath [+ D.SOC) befor mixing, kno-
wn amouts of standard methyl parathion solution {1 mL=1 mg) were
mixed with 500 ml of the appropriate buffers, Tha initial concent—
ration of the insecticide {about 5 mg/L) was immediately determined,
The rate of hydrolysis was determined by measuring the residual core
centration of methyl parathion at verious time intervals, By plott-
ing the log (% residusl ester) versus time, a straight line was obt-
ained indicating that the resction is first order {Glasston 1551;
Aly and El=-Dib 1871). The half - life time {t,) was calculated

VA S
=
=

according to the eguation: t, = 0,853, where K1 is the first order
= Ty
1 B
rate constant, The second order rate constant (K_} was calculated

from the eguation : K1 .

(or7)
For biological degradation, methyl parathion solution was mixed with
sea water to give a final concentration of about 200 ug/L, In a
second run, the sea water was fortified with 0.5 % settled sewage
to supply excess microorganisms and trace nutrients, A phosphate bu-
ffer (Standard Methods 1980) was added to maintain a pH of 7.0%0.1.
Five liter portions of each solution were placed in a pyrex glass
container and kept at room temperatures [25+2°C). Aeraobic conditions
were maintained in solutions by bubbling a_gentle stream of air.
Samples were periodically withdrawn and analyzed for the concentra—
tion of the insecticide and its degradation products.

For experiments lasting long periods, two liter portions were with-
drawn weekly and replaced by the same wolume of sea water conta-
ining 200 pg/L insecticide. When chemical analysis showed that
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Fig 1. Effect of pH and salt content on the hydrolysis of methyl
parathion

the insecticide was almost completely oxidized, one-half of the
contents of the bottles was syphoned, replaced with buffered se=a
water and redosed with the insecticide solution of the desired

concentrations,
RESULTS AND OJISCUSSION

Results of chemical hydrolysis are given in Tables 1 and 2, and
It is evident that hydrolysis of methyl pare—

presented in Fig 1.
The values

thion proceeds as a reaction of pseudo~first order.
of the rate constant (K,) and the half-lives at the studisd pH
values indicate the relative stability of methyl parathion in
acidic and neutral aguatic solutions., However, the insecticlde
was sensitive to hydroxide ions end at pH 8,5, which prevails un-
gder natural conditions, the hydrolysis rate increased. The half-
1ife time was also reduced to 38,5 days, Such an increase in
the hydrolysis rate undsr alkaline conditions suggests thet the
reaction is more effectively catalyzed by {OH ) ions than by hyd-
ronium ions or neutral water molecules (Faust and Gomea 1972),
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Table 1, Hydrolysis rates and 1life time of methyl parathion at
different pH values and salinites,

Conditions pH K, (day) ty (day)
-
Sea water 5,0 2.3x10 301.3
Brackish water 5,0 2.5x10™0 277.0
Frash water 5.0 4.5x10™° 154,0
Sea water 7.0 3.0x107 231.0
Brackish water 7.0 3.7x10-3 184,.8
resh water 2.0 5. Ax10™ 135.8
Sea water 8,5 B x 107 38.5
Brackish water 8.5 0 x 10 23.1
Fresh water 8.5 aa x 0 15,7

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

Temp K, K, 9 ts Ea
h-’I m01_1,h-1 (n) K. Cal.
n01-1
20%C 11,5302 11,5 6.0 9.9
0% 20.9x10° 20.7 1.8 3.3 5.9
a’c  46,0x10°° 46,0 2.2 1.5 9.9
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Fig 2. Effact of Temperature on rate of hydrolysis of methyl
parathion,

According to wolfe [1980) neutral hydrolysis of organophosphorus
pesticides will result in lass of alkyl groups whereas alkaline
hydrolysis will lead to tge loss of &ryl group. This is because
hydroxide ion is about 10" times better as a nucleaphile towards
saturated carbon,

Results ohtained (Table 1) indicate that the rate of chemical
hydrolysis of methyl parathion decreased with the incrsase of salt
content in sclution. Sodium chloride does not seem to be involved
in the hydrolysis process, However, as the ionic strength incre-
ases, the mobilty (or sctivity coefficient) of the hydroxids ion
tends to decrease which may affect the rate of hydrolysis (Blasstion
1951), According to-karinen et al (1967) ebout S0 % of sevin, in
sea water at ZDOG and pH 8.0, was hydrolyzed in 4 days. The same
ratio of hydrolysis was achieved in freshwater, under similar core
ditions, within 1,3 days only (Aly and E1-Dib 1971), Fukoto et al
(1967) also reporated that the first order rate constant (K,) for
the hydrolysis of penitro-Ne-msthylcarbamate incrsased with decreaw
sing the lonic strength of the phosphate buffers. Conseguently,
methyl parathion will be relatively 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 aguatic
life.
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Fig 3. Biodegradation of methyl parathion in sea water

Results of kinetic studies (Table 2) showed that the second order
rate constant (K_) was nearly doubled for each 10°C rise in temp-
erature (tempera%ure coefficient, Q). Fig 2 shows the plots of the
logarithm of the second order rate constant (K_) versus 1/T accor—
ding to Arrhenius equation: log K2 = log A - Ea , where A is

2,363 RT

a constant, Za is the activation energy, T is the absolute temp-
raturg and R is the gas constant., The value of Ea was 5.9 K., cal.
mole . In gensral, the nersistence of orgenophosphorus compounds
with larger Ea values will show a greater dependence on temprature
than those with lower Ea's (Freed et al 1979).

Biodegradation of methyl parathion in sea water and in sea water
fortified with settled sewage is presented in Fig 3, Degradation
proceeded with slow rate during the first addition. In presence
of settled sewage, microbial degradation of methyl parathion was
more effective, As bacterial population get adapted for ths
utilization of the insectlicide, its degradetion was attained in
relatively short periods during the second and third additions,
The percentages of methyl parathion remalning after two and four
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Fig &4 biodegradation rate of methyl parathion in sea water,

weeks (First sddition) were 50 % and 80 %, respecticely. Previous
study by Eichelberger and Lichtenberg (1571) showed that degrade-
tion of methyl parathion in river water amounted to 50 % and 30 %
after the same time intervals, respecticely, Such variations in
the degradation rates may be attributed to the stability of the
insectecide in sea water and the variation in bacterial populat-
ion {Graetz et a1 1570).

Zxpressing the results of biodegradation according to the first
order kinetics, i.e, log (% residual ester) versus time, the rate
constant (K,) was determined from tha slopes of straight lines
obteined (Fig 4). Data given in Table 3 clearly show that the
valuzs of K, increased as the bacterial nopulation get adapted
for the utilization of methyl parathion. GSuch & trend is also
indicated by the decrease in the welue of t,. Comparing the t,

values, at pH 7 for chemical hydrolysis {231 days) by that atta=
ined by biodegradation {34.5 days) clearly show that degradation
of methyl parathion in sea water is mainly due to microbial acti~
vity. Hemmett and Faust {1959) reported that biodegradation of
2,4 = 0 in aguatic systems confirmad with the zero order kinetics
and the valuss of the rate constant "K" increased by increasing
the concentration of microorgenisms., However, they also repor-—
ted that the rate constant was dependent on the concentration of
2,4 - 3, Results reached by this study assumaed that biodegrada-
tion could be expressed as a first order reaction, though the
rate constants were subject to increase as bacterisl accilimati-
zation proceeded and/or the appropriate enzymes reached an
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Table 3, Kinetic deta for biological degradation of methyl parathion
in sea water

* -
System K1 day ! t

(*H

1 st Addition

Sea water 6.1x10—§ 13,6
Sea water & sewage 7.6x10° 51.2
2 nd Addition
- -3
Sea water 8,3x10 83.8
Sea water & sewage 10.5x10 63,5
3 rd Addition
=3
Sea water 20.0x450 34.58
Sea water & sewage 26,0x10 26.6

* K1 = first order rate constant, t;, = hafe life time,
K]

appreciable level. In this regard, aerobic oxidation of organics
in water (Biochemical Oxygen Demand) is mostly assumed to follow
a First order kinetics (Sletten 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
first addition of the insecticide to sea water (Fig 3). Dealky=-
lation of both methyl parathion and its amino derivative 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 media, indicating

a hydrolytic degradation pathway. Methyl paraxon was not dete-
cted. Consequently, microbial degradation of methyl parathion inc-
luded reduction of nitro group, dealkylation and hydrolysis of the
gster linkage. Such degradation pathways bear similarily to that
taking place in soil (Mitchell 1972) and in plants (Fukuto and
Metcalf 1969; Miyamoto 1972).
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