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Incineration is the most widely used method for the disposal of PCBs, but
combustion often leads to the formation of more toxic oxygenated derivatives
such as dioxins and polychlorinated benzofurans (Borman 1993). Sunlight can be
a good energy source for the photodegradation of polychlorinated biphenyls
(PCBs) in the present of photosensitizers. Because most PCB congeners do not
strongly absorb wavelength above 300 nm, sensitizers are used in the transfer of
light energy to the PCB molecule (Hawari et a 1992). Many investigations have
focussed on the use of high energy, low wavelength (254 - 300 nm) radiation for
the destruction of PCBs (Bunce et a 1978; Hawari et al 1992; Lepine and Masse
1990; Lepine et a 1991; Ruzo et a 1973). In the presence of electron donors
amines can greatly enhance the overall quantum yields of certain chlorinated
aromatic compounds such as hexachlorobenzene (Freeman et a 1986). Titanium
dioxide has been shown to effectively photocatalyze the reduction of chlorinated
organics (Pruden and Ollis 1983; Borello et a 1989; Zhang et a 1993). Dyes can
be used to absorb visible light and then transfer an electron to carry out a desired
photodegradation reaction (Illman 1993). Sworzyn and Ackerman (1982) reported
that the photodegradation of PCBs at a wavelength greater than 290 nm is
possible on the industrial scale in terms of its cost and effectiveness.

The objective of this research was to study the effect of various sensitizers on the
photodegradation of Aroclor 1254 using simulated sunlight.

MATERIALS AND METHODS

Aroclor 1254, in transformer oil, was purchased from Sigma Chemical Company
(St. Louis, Missouri). One mL of Aroclor 1254 (100 pg/mL) was diluted with
acetone to 1.0 pg/mL. All glassware was cleaned by heating a 550 °C for 2 hr
(Thermolyne Muffle Furnace 1400, Dubuque, lowa). Teflon lined lids of glass
vials were soaked in methanol for 20 min to solubilize any contaminants. All
samples were stored in a refrigerator a 4 °C until extraction.
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Various sensitizers (lithium hydroxide, potassium hydroxide, diethylamine, diethyl
phenylene diamine, methylene blue, methyl orange, aluminum chloride, and
titanium dioxide) (purity: 98 - 99.9%) were purchased from Fisher Scientific,
Aldrich and Eastman Kodak Companies. Two mL of the Aroclor 1254 (1.0
pg/mL) was added to 18 mL sensitizer solution in glass vias prior to exposure
to simulated sunlight. Sensitizer solution (1.0 pg/mL in distilled water), ten times
higher than the concentration of Aroclor 1254, was used to enhance the
photodegradation.

Samples in glass vias were placed on a merry-go-round rack of the Ci35A Xenon
Weather-Ometer (Atlas Electric Devices Company, Chicago, Illinois). Light in
the Xenon Weather-Ometer was provided by a single water cooled xenon arc
lamp. The inner and outer filters of the xenon lamp are made up of borosilicate
for irradiation with light energy simulating natura sunlight at wavelength of 250
to 800 nm. Two exposure times, 16 and 32 hr, were used resulting in 20 and 40
kJ/'m*energy, respectively. The temperature in the Weather-Ometer chamber was
27+2 °C.

After exposure to simulated sunlight, 2 mL of hexane were added to the sample
for extraction, and the sample was shaken at 280 RPM for 45 min on an Orbita
Shaker (VWR Scientific, Philadelphia, Pennsylvania). This extraction procedure
was repeated once. All extracts were stored in a refrigerator at 4 °C before
analyses. Analyses were performed using a Gas Chromatograph (GC) equipped
with Electron Capture Detector (Hewlett Packard 5890). The temperature
program was 100 °C initialy for 2 min then to 170 °C at 4 °C/min, then to 280
°C a 3 °C/min. Fina holding time was 5 min a 280 °C. A DB 5, 30 m (i.d.:
0.32 mm) split/splitless column was used. The carrier gas was hydrogen (H,)
(Baker et a 1991). The recovery of control samples ranged from 85 to 107% (Lin
1995).

Analysis of Variance (ANOVA) and Least Significant Differences (LSD)
(P<0.05) were computed from the results of the three replicates.

RESULTS AND DISCUSSION

Samples with diethylamine and diethyl phenylene diamine showed the best result
in the degradation (73 and 61%) of Aroclor 1254 after exposure to simulated
sunlight for 32 hr (Fig. 1). Freeman et a (1986) found 83 and 17% of 1,234
tetrachlorobenzene dechlorinated to 1,2,4 trichlorobenzene and 1,2,3
trichlorobenzene after 30 min irradiation of UV light (254 nm) in the presence of
triethylamine. Zhang et a (1993) used titanium dioxide to catalyze the photolytic
process and reported 80% degradation of PCBs after 4 hr of radiation with
natural sunlight. The color and/or cloudiness from sensitizers titanium dioxide,
methylene blue and methyl orange (Fig. 1) in sample solutions may have inhibited
the penetration of simulated sunlight in our study reducing the degradation of
Aroclor 1254. Methylene blue and methyl orange were used as sensitizers by
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Figure 1. Concentration of Aroclor 1254 after exposure to simulated sunlight and various sensitizers
(Bars with different letters are significantly different from each other at P <0.05)




Stallard et al (1988), and the degradation of Aroclor 1254 was 79 and 22 % |,
respectively after 15 min irradiation with incandescent light compared to 35 and
34% degradation after 32 hr in our study with simulated sunlight.

Griller et a (1990) found that the degradation of Aroclor 1242 with lithium and
potassium hydroxide was complete in 10 to 24 hr with no light energy. In our
study, only 25 and 29% degradation of Aroclor 1254 with LiOH and KOH,
respectively, were observed. Wilwerding and Hoch (1992) reported that at
temperatures above 300 °C, PCBs were completely degraded in the presence of
aluminum chloride in 2 hr. In our study, 30% of Aroclor 1254 was degraded
without heating.

Based on these observations it can be concluded that simulated sunlight can be a
good energy source for the photodegradation of Aroclor 1254 in the presence of
diethylamine or diethyl phenylene diamine.
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