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A=A 270, B, sulfate)s UV 2 23IUAE 2ALsto] Eelistaitt. £49] ey 7kAg vl 7
(GO)8t TV (TOC)E wA5te] HEEHSILE UV 9224 low pressure mercury multilamp(8Wx2)9} Z5-13k
AWNE olgetion, 27EEE 10mgLE SIStk Bl ditolxe] AHdy A/ddi(a, B, sulfate)?] UV 32
Fm= A TR 48.2%, 50.0%, 76.5%R 01, 235 o] 83t Bl = 22 66.9%, 55.8%, 72.7%3t). 33E &
g dddEEN] Falasy 2 AT F-sulfated] IMEE7E Fst] 7P Woka A=At
-a, BE TEHX Afo)E KHolA] ggitt. E3E-NolA AT d-sulfate®] WS E AR E 5o, -9} <l
ST sulfate Afo]2] BhE BEYTEEE 2= 7117 W 7MY E 4 Qldth TOC 4R 5= deAduRwe] 57
A7} oF 20%~40% TFOE FAEH S-S HolFH, SAlel 7 =AM o] St Z2alNg-S FEstHA et
&Y SRS S AT T Uik sk AEARRE] el 718 2 TOC EA4AtEe] SAsHE B
Hr7) 12F S22 & B3l

Abstract — Endosulfan-a, endosulfan-f, and endosulfan-sulfate, which are classified as pesticides, were degraded by
use of UV energy and ultrasonic irradiation. The degradation residuals were analysed by gas chromatography with an
electron capture detector and TOC (total oragnic carbon) analysis. The reactions were conducted in a quartz annular
reactor equipped with a low pressure mercury multilamp (8Wx2) and a sonic generator. All the aqueous solutions were
concentrated as 10 mg/L initially. Endosulfans were degraded each to result in 48.2% (o), 50.0% () and 76.5% (sulfate) of
removal efficiency by UV energy, and 66.9% (o), 55.8% (B) and 72.7% (sulfate) by ultrasonic irradiation, respectively.
In contrast to the results of the single-component solutions, degradation of the endosulfan-sulfate was greatly sup-
pressed to result in the lowest degradation rate and removal efficiency in the three-component solutions. This finding
suggests that there should be a reversible reaction with a substantially low equilibrium constant between endosulfan-a or
-B, and -sulfate in the coexistence of the three endosulfans. TOC data showed the endosulfans were decomposed by
20%~40% toward complete mineralization, producing a quantity of intermediates induced by the radical reactions. We
found that all the decay reactions considered in this study nicely fell into pseudo first-order rate.
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Fig. 1. Molecular structure of Endosulfan-o, -p and -sulfate.
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Table 1. Some physical properties of Endosulfans

Solubility 1.47x107 mlo/m’
Melting point 70~100 °C(a-isomer), 208~210 °C(B-isomer)
Specific gravity 1.75

437107
Henry’s law constant ~ 2.98
20~25 °C based

Vapor pressure (Pa)

Remark

A7+ 19503 thel] 70k cyclodiene AIE]! 6, 7, 8, 9, 10, 10-
hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro-6, 9-methano-2, 4, 3benzo(e)-
dioxathiepin3-oxideZA] A=A F-a B, sulfate®] 3572 o|HAE
7ML QItkFig. 1). AEAR B AlgEE drdde o] o]
A S R0, -l AT =7 108~110 °C, A=A
208~210°C o™ tF-2] f7]8wlell 2 ==t ¢ze) el 7
7Rl E L Eolls =80t e =214 A Table 13150).
o] EAEol tlsto] TR SR HallE AlEste] 3l

HkeS W B vwslic.
2. M= 3 dbH

2-1. M=

el F71E A S EQ AR el e B
(Accustandard, purity:100%), <% d t-sulfate(Accustandard, purity:
99.3%)5 717+ AR8-813It). 8 W(Philips)®] low pressure Hg arc®]
FeluA el uvaEEZE ARgskgla, ®= Adel Milli-Q
(Millipore Corp, Belford, USA) =5 ARESINALE &2 ik
2o ok 8 5mg/L, pH BYE 63~6.5011, TOC 3+ F 0.2~0.5 mg/L
olgltt, &S uY7)= Fuk7} 20 kHz, 0] Hof 120 wal
u]= Sonic & Materials Inc.?] VC130PBE- A8-515 Tt

22, FAdHRA

A= -q, B, sulfate(F2 27155 10 mg/L)E 27 35215k
2712 Lyell @1 DA T ZAF S HESAIZPEE A 22 242 2 mL
A At n-Bt 1 mLE FE53 5, 1 ulE 7RI RvEE T
3] (Hewlett packward HP 5890, ECD)oll 515t ok 43513
om o|ufe] BAZAL Table 20 VFERAGITE =8t §7)59] %
E3}% (mineralization)S 7838171 $ai4 30 mLE #3519 TOC
= A5t

2-3. UV AEER 2 2y

UV ZAF APARE Fig. 20 YERIQITE RES71F: 2 Ly
pyrex AAZE F=EA12E 319127, 8 W(Philips)2] low pressure Hg arc
o] FoUAIAR] UV HEZE W87 Adetiel 25 F2AA A
&S FiSict. FslAl Hke719] 2 W7 E T 25£2°C
= A fASISIT

Table 2. Operating parameters for GC

Column used DB-5(L,30 m; OD, 0.25 mm; ID,0.25 pm)
Oven temp 200 °C
Injection temp 250 °C

Detector temp, retention time 280 °C, 20 min

Carrier gas N, (99.999%)
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Fig. 2. Schematic diagram of a UV system for photolysis (left) and an
ultrasound generation system (right).
1. Quartz glass tube 3. Magnetic stirrer

2. UV lamp 4. Stabilizer
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Table 3. Kinetic rate constants (min') for single-component solutions
when pseudo first order Kinetics is assumed in UV photolysis
and Ultrasonic irradiation

Type of energy  Endosulfan-ou
uv 0.0482
0.0858

Endosulfan-f  Endosulfan-sulfate
0.0570 0.1137
0.0794 0.1118

Sonication
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Fig. 3. Endosulfans decomposed by photolysis (reaction volume: 2.0 L).
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Fig. 4. Endosulfans decomposed by ultrasonic irradation (reaction vol-
ume: 50 mL).
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Table 4. Kinetic rates (min™") for a multi-component solution when pseudo
first order kinetics is assumed in UV photolysis and Ultrasonic
irradiation

Type of energy  Endosulfan-a  Endosulfan-$  Endosulfan-sulfate

uv 0.0605 0.0679 0.0450
Sonication 0.0773 0.0608 0.0677
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Fig. 5. Endosulfans in mixture decomposed by photolysis (reaction
volume: 2.0 L).
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Fig. 6. Endosulfans in mixture decomposed by ultrasonic irradiation
(reaction volume : 50 mL).
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Fig. 7. Mineralization of endosulfan (o, B, sulfate) by photolysis.
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Fig. 8. Mineralization of endosulfan(c, f, sulfate) by ultrasonic irradiation.
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Table 5. TOC based kinetic rates (min™) for single component solutions

when pseudo first order kinetics is assumed in photolysis and
ultrasonic irradiation

Type of energy Endosulfan-oo  Endosulfan-§  Endosulfan-sulfate
uv 0.0667 0.0710 0.0899
Sonication 0.0412 0.0451 0.0677

-0.2

0.3

-LN(C/Co)

B Endosulfan-a

Endosulfan-b
-0.5

Endosulfan-sulfate

0.6
Time(min)

Fig. 9. Kinetic analysis of photolysis for endosulfan(a, f and sulfate)
(linear regression: pseudo 1st order reaction).
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Fig. 10. Kinetic analysis of ultrasonic irradiation for endosulfan(c, 8
and sulfate)(linear regression: pseudo 1st order reaction).
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