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The photodegradation of 2.3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), 1,3,6,8-
TCDD and 1,2,3,4-TCDD in 1,4-dioxane solutions was studied under xenon lamp irradiation.
Only reductive dechlorination reaction was observed in the photodegradation of TCDDs.
2,3,7-Trichlorodibenzo-p-dioxin  (2,3,7-TrCDD), 2,7-dichlorodibenzo-p-dioxin (2,7-DCDD),
2,8-DCDD, 2-monochlorodibenzo-p-dioxin (2-MCDD) and dibenzo-p-dioxin (DD) were identifi-
ed as the photodegradation products by GC-MS in the photodegradation of 2,3,7,8-TCDD.
1,3,6-TrCDD, 1,3-DCDD, 1,6-DCDD, 1-MCDD, 2-MCDD and DD were identified in the photo-
degradation of 1,3,6,8-TCDD, while 1,2,3-TrCDD, 1,2,4-TrCDD, 1,2-DCDD, 1,3-DCDD, 1,4-
DCDD, 2,3-DCDD, 1-MCDD, 2-MCDD and DD in the photodegradation of 1,2,3,4-TCDD.
In the photodegradation reaction, chlorine atoms in the 2, 3, 7 andfor 8-positions were
dechlorinated more rapidly than those in the 1, 4, 6 and/or 9-positions.

INTRODUCTION MATERIALS AND METHODS

Polychlorinated dibenzo-p-dioxins (PCDDs)
have been recognized as by-products of certain
chlorinated phenols and the related com-
pounds.” Among chlorinated dioxins, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) is
the most toxic, teratogenic, and acnegenic.>®

2.3,7,8-TCDD in methanol solutions easily
photodegrades under sunlight or on kieselguhr
under ultraviolet light.>* Although reduc-
tive dechlorination reaction is shown as a
major photodegradation pathway of a number
of PCDDs*'® as well as polychlorinated
aromatic compounds,!**® photodegradation
products and photodegradation pathways of
TCDDs have not been clearly clarified yet.

In the present study we investigate photo-
degradation products of 2,3,7,8-TCDD, 1,3,6,8-
TCDD and 1,2,3,4-TCDD, and their possible
photodegradation pathways in 1,4-dioxane
solutions under xenon lamp irradiation.

Test compounds 2,3,7,8-TCDD and 1,2,3,4-
TCDD were purchased from Cambridge Isotope
Laboratories and Gasukuro Kogyo Co. Ltd.,
respectively. Another test compound 1,3,6,8-
TCDD was a gift from Mitsui-Toatsu Chemical
Inc. Other standard compounds 1,2,4-tri-
chlorodibenzo-p-dioxin  (1,2,4-TrCDD), 1,6-
dichlorodibenzo-p-dioxin ~ (1,6-DCDD),  2,3-
DCDD, 2,7-DCDD, Il-monochlorodibenzo-p-
dioxin (1-MCDD), 2-MCDD and dibenzo-p-
dioxin (DD) were also purchased from Gasu-
kuro Kogyo Co. Ltd.

TCDDs were dissolved in 1,4-dioxane to
make 1-ppm solutions. A 3-ml aliquot of each
solution was taken into a cubic quartz cell
(1x1x5 cm), and irradiated at a wavelength
of 252.6 nm with a JASCO CRM-FA xenon
lamp irradiator. After irradiated for 16.7 min
t0266.7 min, 1 xl of each solution was subjected
to GC-MS for the analysis of photodegradation
products.
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Fig. 1 Total ion chromatograms of photodegradation products of tetrachlorodibenzo-p-

dioxins (TCDDs) formed under xenon lamp irradiation.

Three kinds of TCDDs in 1,4-dioxane solutions were irradiated at 252.6 nm for 266.7 min. A

2,3,7,8-TCDD, B: 1,3,6,8-TCDD, C: 1,2,3,4-TCDD, I: tetrachlorodibenzo-p-dioxins, II: tri-

chlorodibenzo-p-dioxins, III: dichlorodibenzo-p-dioxins, IV: monochlorodibenzo-p-dioxins, V:

dibenzo-p-dioxin.

A Hewlett Packard 5890 GC equipped with
a splitless injector and a 5970B series mass
selective detector were used with a cross-linked
methylsilicone capillary column (25 m length,
0.33 um film thickness, 0.2 mm i.d.). Condi-
tions: head pressure, 1056 g/cm?; carrier gas,
He; EM volts, 1800-2400; initial temp., 60°C;
initial time, 1 min; final temp., 250°C; program
rate, 25°C/min; interface temp., 270°C; in-
jection temp., 250°C.

RESULTS AND DISCUSSION

In most cases polychlorinated aromatic
compounds easily lost their chlorine atoms
photochemically. The parent structure may
be dechlorinated either via dissociation of an
excited molecule to a free radical or vz nu-
cleophilic displacement reaction.'® As ex-
pected, reductive dechlorination reaction was
observed in the photodegradation of TCDDs.
The capillary GC chromatograms of TCDDs in
l-ppm 1,4-dioxane solutions after 266.7-min
irradiation at 252.6 nm showed the formation of
less chlorinated dioxins and unchlorinated
dioxins (Fig. 1). No other photodegradation

products were formed via nucleophilic displace-
ments, ring hydration or ring fission.

In the photodegradation products of 2,3,7,8-
TCDD, one possible isomer of TrCDD, two of
the three possible isomers of DCDD, one possi-
ble isomer of MCDD and DD were observed
(Fig. 1A). Compounds Ia, IIIb, IVa and V
were identified as 2,3,7,8-TCDD (the parent),
2,7-DCDD, 2-MCDD and DD, respectively, by
GC-MS based on cochromatography with the
authentic compounds (Table 1 and Fig. 2).
Compound ITa was identified as 2,3,7-TrCDD,
because the compound was the only one possi-
ble trichlorinated dioxin originated from 2,3,7,
8-TCDD. Compound IIla was speculated as
2,8-DCDD, because its retention time did not
correspond to the retention times of other two
possible isomers, 2,3-DCDD and 2,7-DCDD.

In the photodegradation products of 1,3,6,8-
TCDD, one of the two possible isomers of
TrCDD, two of the four possible isomers of
DCDD, all two possible isomers of MCDD, and
DD were observed (Fig. 1B). Compounds Ib,
IlIc, IVa, IVb and V were identified as 1,3,6,8-
TCDD (the parent), 1,6-DCDD, 2-MCDD, 1-
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Table 1 Identification and recovery ratios of
parental TCDD and their photodegradation prod-
ucts in a 1-ppm 1,4-dioxane solution after 200-
min of xenon lamp irradiation at a wavelength
of 252.6 nm.
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Ia 11.26 0.107 2,3,7,8-TCDD
IIa 9.99 0.308 2,3,7-TrCDD
IIIa 8.01 0.063 2,8-DCDD
IIIb 8.98 0.116 2,7-DCDD
IVa 8.11 0.046 2-MCDD
A% 7.22 0.018 DD
Ib 10.51 0.079 1,3,6,8-TCDD
IIb 9.70 0.471  1,3,6-TrCDD
IIIc 8.99 1.099 1,6-DCDD
1IId 8.83 0.118 1,3-DCDD
IVb 8.15 0.217 1-MCDD
IvVa 8.11 0.128 2-MCDD
\Y% 7.22 0.135 DD
Ic 11.21 0.028 1,2,3,4-TCDD
IIc 10.01 0.015 1,2,3-TrCDD
IId 9.79 0.015 1,2,4-TrCDD
IIle 9.08 0.012 1,2-/14-DCDD
IIIf 8.98 0.052 2,3-DCDD
IIIg 8.89 0.049 1,2-/1,4-DCDD
II1d 8.83 0.018 1,3-DCDD
IVb 8.15 0.043 1-MCDD
IVa 8.11 0.030 2-MCDD
\% 7.22 0.029 DD

2)  The recovery ratios are shown as relative
intensities to each unirradiated parent TCDD.

MCDD and DD, respectively, by GC-MS based
on cochromatography with the authentic
compounds (Table 1 and Fig. 2). The mass
spectrum of compound IIId corresponded to
that of dichlorinated dioxin so that compound
IIId would be one of the four possible di-
chlorinated products, that is, either 1,2-DCDD,
1,3-DCDD, 1,4-DCDD or 2,3-DCDD, orig-
inated from 1,2,3,4-TCDD. Since 1,3-DCDD
was the only one common isomer of dichlorinat-
ed dioxins produced from both 1,3,6,8-TCDD
and 1,2,3,4-TCDD, compound IIId was tenta-
tively identified as 1,3-DCDD. Compound IIb
was speculated as 1,3,6-TrCDD, because the
identified 1,3-DCDD and 1,6-DCDD seemed to
be originated from 1,3,6-TrCDD, and 1,8-

Mass /Charge

Fig. 2 Mass spectra of tetrachlorodibenzo-p-
dioxin and its photodegradation products formed
under xenon lamp irradiation.

I: tetrachlorodibenzo-p-dioxin, II: trichlorodi-
benzo-p-dioxin, III: dichlorodibenzo-p-dioxin, IV:
monochlorodibenzo-p-dioxin, V: dibenzo-p-dio-
xin.

DCDD, which is originated from 1,3,8-TrCDD,
was not observed.

In the photodegradation products of 1,2,3,4-
TCDD, all two possible isomers of TrCDD, all
four possible isomers of DCDD, all two possible
isomers of MCDD and DD were observed (Fig.
1C). Compounds Ic, IId, IIIf, IVa, IVb and V
were identified as 1,2,3,4-TCDD (the parent),
1,2,4-TrCDD, 2,3-DCDD, 2-MCDD, 1-MCDD
and DD, respectively, by GC-MS based on
cochromatography with authentic compounds
(Table 1 and Fig. 2). Compound Ilc was
tentatively identified as the other possible
trichlorinated product 1,2,3-TrCDD. Com-
pound ITId showed the same retention time and
mass spectrum as those of dichlorinated dioxin
1,3-DCDD formed in the photodegradation of
1,3,6,8-TCDD. Each of compounds IIIg and
IIle was supposed to be one of the possible
dichlorinated products 1[,2-DCDD and 1,4-
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Fig. 3 Proposed photodegradation pathways of

2,3,7,8-tetrachlorodibenzo-p-dioxin  in  1,4-di-
oxane solutions under xenon lamp irradiation.

The compound in blacket was not observed in the
experiment.
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Fig. 4 Proposed photodegradation pathways of
l,3,6,8-tetrachlorodibenzo-p-dioxin in  1,4-di-
oxane solutions under xenon lamp irradiation.
The compounds in blacket were not observed in
the experiment.

Fig. 5 Proposed photodegradation pathways of
1,2,3,4-tetrachlorodibenzo-p-dioxin  in  1,4-di-
oxane solutions under xenon lamp irradiation.

DCDD.

As shown in Table I, the formation ratio of
1,6-DCDD was relatively higher than that of
1,3-DCDD with the formation ratio of 1-
MCDD than that of 2-MCDD when 1,3,6,8-
TCDD photodegraded. The formation ratio
of I-MCDD was also higher than that of
2-MCDD when 1,2,3,4-TCDD photodegraded.
Since the apparent preferential loss of chlorine
atoms at the 2, 3, 7 and/or 8-positions has
been observed when highly chlorinated dioxins
photodegraded,®'® the above results and the
apparent absence of 1,3,8-TrCDD, 2,7-DCDD
and 1,8-DCDD in the photodegradation of
1,3,6,8-TCDD suggest that chlorinated dioxins
with chlorine atoms at the 2, 3, 7 and/or 8-
positions also undergo photodegradation more
rapidly than those with chlorine atoms at the
1, 4, 6 and/or 9-positions in the photodegrada-
tion of less chlorinated dioxins.

Possible photodegradation pathways of 2,3,
7,8-TCDD, 1,3,6,8-TCDD, and 1,2,3,4-TCDD
in 1,4-dioxane solutions are shown in Figs. 3, 4
and 5, respectively.
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