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Degradation of PAHs in Aqueous Solution by UV Energy
and Ultrasonic Irradiation
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PAHs are major poliutants that are widely distributed in soil and groundwater environment, so that may be
regarded as carcinogens. We investigated the degradation kinetics of PAH in aqueous solution when low pres-
sure UV energy and ultrasonic irradiation were applied. Phenanthrene and pyrene were used as model
compounds. The degrees of degradation of these compounds with time were analyzed with a GC/MSD
(SIM-mode). UV photolysis experiments showed that phenanthrene was reduced by 90~67% at initial concen-
trations of 1 ppm to 8ppm whilst it decreased to 50% at 10 ppm. Under the same conditions pyrene was de-
graded up to about 75% at lower initial concentrations but the reduction efficiency dropped to a level of 34 to
29% at the higher concentrations above 8 ppm. The reaction orders for phenanthrene and pyrene were found to
be zero-th and ca. -0.4th order, respectively, thus implying that the reported assumption of pseudo 1st order re-
action for some PAHs would be no longer valid. PAH degradation was roughly proportional to the intensity of
UV (number of lamps), exhibiting maximum 92.5% of the degradation efficiency. The solution pH was lowered
to 4.4 from 6.4 during the experiments partially because the carbons decomposed by the energy reacted with
oxygen radicals to produce carbon dioxides. Ultrasonic irradiation on phenanthrene solutions gave relatively poor
results which matched to 50 to 70% of degradation efficiency even at 2 ppm of initial concentration.
Phenanthrene was found to be degraded more efficiently than pyrene for the two energy sources. Ultrasound al-
so followed the same reaction kinetics as UV energy on PAH degradation.
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Fig. 1. Molecular structure of phenanthrene(a) and
pyrene(b).

Table 1. Physicochemical characteristics of phenanthrene and pyrene

Solubility at Vapor pressure at (2) . ..
PAHs Mol.wt 95°C (ug/ ) 95°C (mmHg) Log Kow Carcinogenicity
Phenanthrene 1782 1290 0.016 46 Nc®
Pyrene 2021 135 0.0069 5.18 NC

(a) Kow - octanol/water partition coefficient
(b) NC : non-—carcinogenic
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Table 2. Kinetic rates (min™) and determination co-
efficients(r’) in parenthesis when pseudo
first order kinetics is assumed in UV pho-
tolysis with a single lamp

concentration uv
(ppm) Phenanthrene Pyrene

1 0.2716(0.9376) 0.1001(0.9487)
2 0.1240(0.9565) 0.1079(0.9834)
4 0.1253(0.9445) 0.1045(0.9669)
6 0.1150(0.9689) 0.1190(0.9653)
8 0.0950(0.9135) 0.0370(0.9533)
10 0.0508(0.9768) 0.0250(0.9658)
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Fig. 3. Photolysis of phenanthrene in aqueous solution
with a single lamp. (reaction volume : 2.0L,
reaction time : 120min)
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Fig. 4. Photolysis of pyrene in aqueous solution with a
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time : 120min)
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(reaction volume : 50mL, reaction time : 120min)
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Table 3. Kinetic rates (min™") and determination co-
efficientst® in parenthesis when pseudo
first order kinetics is assumed in UV pho-
tolysis with multiple lamps

uv
No. Lamps
Phenanthrene Pyrene
1 0.0508(0.9768) 0.0249(0.9658)
2 0.1359(0.9632) 0.0486(0.9756)
3 0.1589(0.9562) 0.0518(0.9664)
4 0.2217(0.9433) 0.1021(0.9345)
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Table 4. Kinetic rates (min™") and determination co-
efficients(t® in parenthesis when pseudo
first order kinetics is assumed

concentration Ultrasound
(ppm) Phenanthrene Pyrene
1 0.0619(0.9108) 0.0483(0.8485)
2 0.0501(0.8830) 0.0238(0.8787)
4 0.0383(0.9480) 0.0257(0.9338)
6 0.0355(0.9558) 0.0294(0.9286)
8 0.0258(0.8750) 0.0247(0.8676)
10 0.0251(0.9115) 0.0259(0.8360)
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Fig. 11. Pyrene decomposed by ultrasonic irradation.
(reaction volume : 50ml, reaction time :
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