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ABSTRACT

RADIATION-INDUCED DEGRADATION OF PIRIMII’HOS METHYL IN AERATED
SOLUTION. Degradation of pirimiphos methyl insecticide as Ainawet 250 EC formulation in
aqueous solution was studied. The absorbance, pH, COD (chemical oxygen demand) in
acrated solution, and the analyses of degradation products a various irradiation doses with

dose rate of 5 kGy/h were measured. The absorbance decrea:ed with the increasing dose. At
low doses (= 10 kGy), the absorbance decreased rapidly at a:id pH (pH 3.6), while at high

doses (> 10 kGy) decreased slowly. The optimum irradiation dose for pirimiphos methyl
degradation in aerated solution of Minawet 250 EC was found obe 15 kGy at pH 3.6. At that
condition, more than 99% of pirimiphos methyl has been de jraded and the COD decreased
about 82%. Meanwhile, at doses < 5 kGy, the pHs of solutions decreased sharply to 3.5, and
at doses > 5 kGy the pHs decreased slowly. The analysis of irradiated samples at optimum
condition showed that 2-ethylamino-6-methyl-4-oxo0-3,4-dih* dropyrimidine and oxalic acid
were formed, as identified by GC-MS and HPLC, respectively.

ABSTRAK

PENGARUH RADIASI PADA DEGRADASI PIRIMIFOS METIL DALAM
LARUTAN YANG DIAERASI. Penguraian pirimifos metil f"ebagai formulasi Minawet 250
EC dalam larutan telah dipelajari. Pengukuran dilakukan tcrhadap absorbansi, pH, COD
(kebutuhan oksigen kimiawi) dalam larutan yang diaerasi, dan analisis produk degradasi pada

berbagai dosis dengan laju dosis 5 kGy/jam. Absorbansi larutan berkurang dengan
bertambahnya dosis. Pada dosis rendah (s 10 kGy), absorbansi menurun dengan cepat pada

pH asam (pH 3,6), sedangkan pada dosis tinggi (> 10 kGy) m :nurun secara perlahan. Kondisi
iradiasi optimum untuk penguraian pirimifos metil dalam lirutan Minawet 250 EC yang

diaerasi ialah dosis iradiasi 15 kGy dan pH 3,6. Pada kondisi ( :rsebut > 99% pirimifos metil
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telah terurai dan COD berkurang sebanyak 82%. Selain itu, jada dosis < 5 kGy, pH larutan
menurun dengan tajam sampai 3,5, dan pada dosis > 5 kGy pH larutan menurun dengan
perlahan. Analisis sampel yang telah diiradiasi menggunakan ( C-MS and HPLC menunjukkan
bahwa 2 diantara senyawa hasil degradasi ialah 2-etilamino-6-metil-4-okso-3,4-

dihidropirimidin dan asam oksalat.

INTRODUCTION

Along with rapid development of industry, the use of various organic compound are
increasing. In Indonesia, pesticide industries have develope! fastly, and this will produce
waste from the raw materials and active ingredients. If it is not managed by good handling, the
waste will cause pollution to the environment.

Some methods for treatment of waste water such as by absorption using activated
charcoal, aeration, coagulation, or oxidation using ozon had been conducted, but so far no

satisfactory results was obtained. So, more effective and effici :nt methods are still needed.
SUN and PIGNATELLO (1] reported that 60% of 2,4-di shlorophenoxy acetic acid could
be degraded by UV irradiation combined with the addition of Fe3*/H,0, as catalyst. Oxalic

acid was identified as an intermediate compound.

The use of ionizing radiation to eliminate non biodegradable organic pollutants in raw
material of drinking water and waste water had been investig ited by many researchers (2-4),
Based on the previous research, the degradation of fenitrothior and prothiophos insecticides in
acrated aqueous solution using gamma radiation could reach 9"'% (initial concentration was 50
mg/L) at the dose of 6 and 8 kGy, respectively !5:6]. One o” the degradation products was
oxalic acid.

In this research, degradation of pirimiphos methyl irsecticide as Minawet 250 EC
formulation was studied. Generally, this insecticide is used or controlling a wide range of
pests of building and stored products, namely fruits, veget: bles, and other crops [7]. The
chemical name of pirimiphos methyl is O-(2-diethylamin >-6-methylpyrimidin-4-yl)-0,0-

dimethyl phosphorothioate. Its structural formula can be seen i ) Figure 1.
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Figure 1. Structural formula of pirimiphos methyl



EXPERIMENTAL

Reagents. The Minawet 250 EC insecticide formulatior containing 55% of pirimiphos
methyl was used without purification. The other reagent | sed i.e. methanol, potassium
dichromate, and ferro ammonium sulfate were of a reagent grac e.

Irradiation Procedure and Analysis. As much a: 500 ml of Minawet 250 EC
solution containing 100 ppm of pirimiphos methyl was placed n areaction vessel (& = 5.5 cm

, I =22 cm) and was bubbled through a porous plate at the botrom of the reactlon vessel. The
solution was bubbled with air during irradiation. It was then ir adiated w1th Cobalt-60 gamma
rays with doses of 5, 10, 15, 20, and 25 kGy at room tempe ‘ature. The dose rate (5 kGy/h)
was determined using Fricke dosimeter (G[Fe3+|= 15.6) [9]. The absorbance was measured
using a Shimadzu spectrophotometer uv-vis 160 at 304 nm. *he pirimiphos methyl and the
other compounds in Minawet 250 EC solution were analyzed u:ing a Shimadzu LC-9A HPL.C
(High  Performance Liquid Chromatograph) and a Fi nigan MAT GC-MS (Gas
Chromatography Mass Spectrometer). The organic acids wire identified by HPLC using

Aminex HPX 87H ion exclusive column.

RESULTS AND DISCUSSION

Effect of pH on Radiolysis of Pirimiphos M thyl in Minawet 250 EC
Solution. The solution of Minawet 250 EC has Amax at 304 n) 1. The absorbance of solutions
before and after irradiation are shown in Figure 2. The pirimipl os methyl with concentration of
100 mg/L. in aerated solution at various pHs (3.6 - 8.6) was i radiated with doses of Q - 25
kGy. Figure 2 shows that the percentage of absorbance at djses up to 10 kGy at pH 3.6
decrease fastly, then the decrease becomes slow at doses > 10 kGy. The absorbance at pH 3.6

is greater than at neutral and basic pHs.
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Fig. 2. Effect of pH of Minawet aqueou s solution
on the reduction of absorbance : t 304 nm

This shows that pirimiphos methyl degrade faster due to irradiation at acid medium (pH 3.6),
In an acidic aerated solutions, the following tranformations oce 1r [10,11] .

€y + H* — H (1)

H- + H;0, —— H,0 - OH- (2)

OH: + H,0, HO + HO» (3)

[n a basic aerated solutions, the following tranformations occur [10-12] ;

H- + OH —— ey + H0 (4)

O + Caq - Oy~ (3)
_ OH- —> 0O~ 4+ H+ (6)
. H202 S HOQ‘ + H+ (7)

Degradation of pirimiphos methyl at acid pH is greater than at basic or neutral medium,
since at acidic medium the oxidizing species (*OH and HO;*) increase due to the
transformation reactions (1) - (3), while at basic pH, the Oy~ formed from reactions (4) and
(5) is less reactive than HO,+ and OH- to attack pirimiphos m.:thyl. Besides, - OH and H,0,
molecules will dissociate producing less reactive species as st own in reactions (6) and (7).
Therefore, the irradiation of pirimiphos methyl at acid condiiion will be more effective to

degrade the insecticide as the oxidicing species will attack the ar »matic rin .




Change of pH, Concentration of Pirimiphos 1iethyl Remained, and Its

Degradation Products. Pirimiphos methyl (100 mg/L) a. Minawet 250 EC in acrated

solution was irradiated at various pHs and absorbed doses.
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Fig 3. Effect of irradiation dose on the
pH of Minawet 250 EC solution
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The results of pH measurements are shown in Figure 3. It arpears that pH of the solutions

decreased fastly after irradiation at 5 kGy, but at doses > 5 kGy the pH decreased slowly, or

even almost no significant change. From initial pH 3.6 to 8.6, the pH decreased until pH 3 due

to irradiation. The deciease of pH showed that pirimiphos riethyl molecules and the other

compounds in the Minawet 250 EC aqueous solution were deg) 1ded into acid products.

The concentration of pirimiphos methyl , compound (I) COD of solution, and oxalic

acid produced due to radiolysis of Minawet 250 EC in aera ed solution at pH 3.6 (initial

concentration of pirimiphos methyl was 100 mg/L) are shown i1 Figure 4. Figure 4 shows that

the concentration of pirimiphos methyl before irradiation was snly 57% (checked by HPLC,

retention time = 5.825 min), and the second peak (compound I) appeared at retention time =

2.675 min. Atthe dose of 5 kGy, the peak of compound ( ) was greater than the control

solution (0 kGy), while pirimiphos methyl almost degraded cor pletely (98%). It suggests that

57% of pirimiphos methyl had been hydrolyzed into compounc (I) when the pH was adjusted

to acid pH using HpSOy solution. The concentration of compot nd (I) could not be determined

quantitatively because no standard compound was available. F owever if the highest peak of

compound I curve in irradiated sample of 5 kGy was assume! as 100%, the proporsions of

compound (I) present in every dose are as shown in Fig. 4 The HPLC chromatogram of
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pirimiphos methyl and compound (I) is shown in Fig. 5. An: lyses of compound (I) by GC-
MS showed that compound (]) is 2-diethylamino-6-methyl-4-oxo-3 4-dihydropyrimidine (Fig.
6). [tis agreeable with the theory that organophosphate insecticides will be hydrolyzed easily
in acid medium producing 2-diethylamino-6-methyl-4-oxo-3,4-dihydropyrimidine (I) (m/z

181) and O,0-dimethyl phosphorothioate compounds as the following reaction :

" CH, X CHy "L
CHg=0 T = H"/H,O s $
/P-—O \ /N | HO \ /N ———ie N (8)
CH3-0 N—( CH,-CHg N—-( CH,-CH N==( CH,-CHj
N/ N/ 2 3 N/ 2
“CH,-CHq NCH,-CHy ‘ “CH,-CHg
Pirimiphos methyl # Compound (I)
S
CH3-0 T
“P-OH
CHg-07

At the dose of 5 kGy, the amount of OH radicals was not e ough to attack compound (1),
because the OH radicals will be catched by scavenger radi :al that may be formed from
radiolysis of the other compounds in Minawet aqueous solutioi.. Therefore the amount of OH
radical for attacking the aromatic ring in compound (I) was 10t effective. At 10 kGy, the
compound (1) concentration decreased sharply, then at doses ligher than 10 kGy decreased
slightly. _

The COD of solution decreased from 288 mg/L. befor: irradiation to 33 mg/L. after
irradiation at the dose of 25 kGy. The concentration of oxalic acid produced was determined by
HPLC. Oxalic acid concentration increased until the dose of 15 Gy, then decreased at doses >
I5 kGy (Figure 4). It suggests that the oxalic acid degrade further into smaller compounds
(CO, and H0). From Figure 4, it can be seen that 15 kGy is the optimum dose for pirimiphos
methyl degradation. At this condition, the pirimiphos methyl  ad been degraded completely,
92% of compound I was also degraded, and COD of the solutio decreased 82% (from 288 to
{L:),

1!

52 mg

CONCLUSION

(Gamma irradiation can degrade the compounds in Minaw 2t 250 EC aqueous solution to
acid compound. The optimum condition for degrading § irimiphos methyl and other

compounds in aerated solution of Minawet 250 EC is irradiatior at the dose of 15 kGy and pH



3.6. At this condition, pirimiphos methyl and a hydrolytic product of pirimiphos methyl, i.e.
2—diethy!amin0ﬁ6—methyl—4-0xo~3,4—dihydropyrimidine can be degraded 100% and 92%,
respectively, and COD of the solution decreases 82%. The organic acid produced from

radiolysis of this insect :ideis oxalic acid.
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Fig. 5. HPLC chromatogram of Minawet‘. 2:0 EC in aqueous

solution containing pirimiphos methyl 100 mg/L
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Fig. 6. Mass spectrum

(CI mode) of 2-ciethylamino-6 methyl-

4-0x0-3,4-dihydropyrimidine (co npound I)



