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A Study on the Degradation Mechanism of Diazinon and the Acute Toxicity
Assessment in Photolysis and Photocatalysis

Ji-Yoon Oh - Moon-Kyung Kim - Hyun-Seok Son - Kyung-Duk Zoh'

Department of Environmental Health, School of Public Health, Seoul National University

ABSTRACT : Diazinon is a phosphorothiate insecticide widely used in the world including Korea. This study investigates the feasibility
of photolysis and photocatalysis processes for the degradation of diazinon in water. Both photolysis and photocatalysis reactiosn were
effective in degrdading diazinon, however lower TOC removals were achieved. In case of photocatalysis, approximately 40% of nitrogen
from diazinon was recovered as NOs, and less than 5% of phosphorus as PO,”. However, the sulfur in diazinon molecule was completely
recovered to SO,” from photocatalysis reaction, and the recovery from photolysis was 50%, indicating that P=S bond easily breaks first
during photolysis and photocatalysis. The poor recoveries of ionic byproducts and TOC from photolysis and photocatalysis indicate the
presence of other organic intermediates during reactions. The formation of organic intermediates were identified during reactions using
GC/MS and LC/MS/MS, and the main degradation products were diazoxon, and 2-isopropyl-4-methyl-6-hydroxypyrimidine (IMP), respec-
tively. Finally, the acute 48-hr toxicity test using Daphnia magna were employed to measure the toxicity reduction during photocatalysis
of degradation. The results showed that the toxicity increased until 180 min of the photocatalysis reaction (from ECso (%) of 69.6 to
13.2%), however, acute toxicity completely disappeared (>100%) after 360 min. The toxicity results showed that the intermediates from
photocatalysis such as diazoxon were more toxic than diazinon itself, however these intermediates can be degraded or mineralized with
further reaction.
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Fig. 1. Schematic diagram of the photocatalytic reactor.



Table 1. GC/MS operating parameters

Items Contents

DB-5MS capillary column

(30m x 0.25m x 0.25 um)

He (1.4 mL/min)

Split ratio 10:1

60 C (intial Temp.) — 5 C/min to 150 C
— holding at 150 C for 2 min

— 10C/min to 250 C

— holding at 250 C for 10 min

— Post run at 250 C for 3 min

Column

Carrier gas (Flow rate)

Oven Temp. program
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t}. Mass selective detector (HP 5973, Hewlett Packard)”}
Z2HE Gas chromatography (HP 6890 Series, Hewlett Pac-
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Fig. 2. Comparison of diazinon removals in TiO,-only, pho-
tolysis, and photocatalysis conditions (experimental con-
ditions: [diazinon]initia = 100 pM, [TiO,]=1.0 g/L in
TiO-only and photocatalysis, 0 g/L in photolysis, inten-
sity of UV-C=4.2 mW/em’).
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Fig. 3. (a) The production of ionic byproducts during dia-
zinon photocatalysis ([diazinon]initial =100 pM, [TiO;]
=1.0 g/L, UV intensity=4.2 mW/cm?®) (b) The pro-
duction of ionic byproducts during photolysis.
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A2l GC/MS chromatogram2- Fig 4(a)¢} (b)oll YERASITH
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Fig. 4. GC/MS chromatogram for photocatalytic degradation of diazinon (a) diazinon (b) 6-methyl-2-(1-methylethyl)-4(1H)-pyrimi-
dinone (IMP), one of the intermediates of diazinon.
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Fig. 5. LC/MS/MS chromatogram of (a) diazinon and (b) diazoxon, one of the intermediates from photocatalytic degradation of
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Table 2. Analytical conditions of LC-MS-MS

content nebulizer  spray cone capillary  skimmer cone
gas pressure  voltage  temperature voltage
condition 30 psi 4.5 kv 220C -40v

Table 3. The results of the 48-hr acute D. magna toxicity test
with the reaction solution during photocatalysis and

photolysis
Reaction time (min), 0 60 120 180 360
ECso(%) in 69.6 218 15.8 13210
TiO2+ UVassnm |(59.1-80.2)|(17.6-27.1)|(13.1-18.8)[(10.9-16.0)
ECs0(%) in 69.6 16.1 16.9 18.8 100
UVasiam  |(59.1-80.2)[(13.4-18.8)[(14.5-19.3)|(15.6-22.1)

The values in parenthesis are 95% confidence intervals.
>100 means that toxicity was not observed under 100% of treated water
concentration.

A g2 B4 #Fe et B 4 Yoy, 19
1 diazoxon< diazinon®.t} 2F 4,000~ 14,0008
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