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   The  photodegradation of  2,3,7,8-tetrachloredibenzo-P-dioxin (2,3,7,8-TCDD), 
1,S,6,8-

TCDD  and  1,2,3,4-TCDD  in 1,4-dioxane solutions  was  studied  under  xenon  lamp  irradiation.

Only  reductive  dcchlorination reaction  was  observcd  in the  photodegradation of
 
TCDDs.

2,S,7-Trichlorodibenzo-P-dioxin (2,3,7-TrCDD), 2,7-dichlorodibenzo-P-dioxin  (2.7-DCDD),

2,8-DCDD,  2-monochlorodibenzo-P-clioxin (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-MCDI),  2-MCDI)  and  DD  were  jdentified in thc  photo-

degradation  of  1,3,6,8-TCDD, whilc  1,2,3-TrCDD,  1,2,4-TrCDD,  1,2-DCDD, 1,3-DCDD,  
1,4-

DCDD,  2,S-DCDD,  1-MCDD,  2-MCI)D  and  DD  in the photodegradation  oi  1,2,3,4-TCDD.

In  the photodegradation  reactien,  chlorine  atoms  in the 2, S, 7 andtor
 
8-positions

 
were

dechlorinated  morc  rapidly  than  those in the  1, 4, 6 andlor  9-positions,

            INTRODUCTION

  Polychlorinated  dibenzo-P-diexins  (PCDDs>
have been recognized  as  by-products  of  certam

chlorinated  phenols and  the related  com-

pounds.i) Among  chlc)rinated  dioxins, 2,3,7,8-

tetrachlorodibenzo-P-dioxin (2,3,7,8-TCDD) is

the most  toxic, teratogenic, and  acnegenic.i,2)

  2,3,7,8-TCDD in methanol  solutions  easily

photodegrades under  sunlight  or  on  kieselguhr

under  ultraviolet  light,3i`) Althoug]i reduc-

tive dechlorination reaction  is shown  as  a

major  photodegradatien  pathwa}r  of  a  number

of  PCDDs5"O)  as  well  as  pelychlorinated
aromatic  compounds,'i'iD  photodegradation

products and  photodegraclation pathways  of

TCDI)s  have not  been clearly  clarified  yet.

  In the prcsent study  we  investigate photo-
degradation  products  of  2,3,7,8-TCDD, 1,3,6,8-

TCI)D  and  1,2,3,4-TCDD,  and  their possible

photodegradation pathways  in 1,4-dioxane

solutions  under  xenon  lamp  irradiation.

       MATERIALS  AND  METHODS

  Test compounds  2,3,7,8-TCI)D and  I,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-

chlorodibenzoiP-dioxin  (1,2,4-TrCDD), 1,6-

dichlorodibenzo-P-dioxin (1,6-DCDD), 2,3-

DCDD,  2,7-DCDD,  I-monochlorodibenzotb-

dioxin (1-MCDD), 2-MCDD  and  dibenzo-P-

dioxin (DD) were  also  purchased  from Gasu-

kure  Kogyo  Co. Ltd.

  TCDDs  were  dissolved in 1,4-dioxane to

makc  1-ppm  solutions.  A  3-ml  aliquot  of  each

solution  was  taken  into a  cubic  quartz  cell

(1 × 1 × 5 cm),  and  irradiated at  a  wavclength

of  252.6nm  with  a  JASCO CRM-FA  xenon

lamp irradiator. After irradiated for 16.7 min

to 266,7 min,  1 FLI of  each  solutien  was  s'ubjected

to GC-MS  for the analysis  of  photodegradation

products.
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Fig. I Total ion chromategrams  of  photodegradation  products  of  tetrachlorodibenzo-P-

dioxins (TCDDs) lormed  under  xcnen  lamp  irradiation.

Thrcc  kinds  of  TCDDs  in 1,4-dioxane solutions  were  irradiated at  252.6nm  for 266.7min. A:
2,3,7,8-TCI)D, B:  ],3,6,8-TCDD,  C: 1,2,3,4-TCDD, I: tetrachlorodibenzo-P-dioxins,  II: tri-
chlorodibenzo-P-dioxins,

 III: dichlorodibcnzo-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  (25m length,
O.33 pam  film thickness, O,2 mm  i.d.). Condi-
tions: head pressure, I056g!cm2; carrier  gas,
He;  EM  volts,  1800-2400; initial temp., 600C;
initial time, 1 min;  final temp., 2500C;  program
rate,  250C/min; interface temp.,  270eC; in-

jection temp,, 250CC,

        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  er  wia  nu-

cleophilic  displacement  reaction,i5)  As  ex-

pected, reductive  dechlorination reaction  was

observed  in the photodegradation  of  TCDDs.
The  capillary  GC  chromatograms  of  TCI)I)s in
1-ppm  1,4-dioxane solutions  after  266.7-min
irradiation at  252.6 nm  showed  the formation  of

]ess chlerinated  dioxins and  unc]ilorinated

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  l)CDD,  one  possi-
ble isomer of  MCDD  and  DD  were  observed

(Fig. IA). Compeunds  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  IIa was  identified as  2,3,7-TrCDD,
because  the compound  was  the only  one  possi-
ble trichlorinated dioxin originated  from  2,3,7,
8-TCDI).  Compound  IIIa was  speculated  as

2,8-I)CI)I), because  its retention  time  did not

correspond  to the retention  times  of  other  two

possible isomers, 2,3-DCDD  and  2,7-DCDJ).

  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 twe  pussible isomers  of  MCDI),  and

DD  were  observed  (Fig. IB). Compounds  Ib,
nlc, 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 photode.ffradation prod-
ucts  in a  1-ppm  1,4-dioxane solution  after  200-

min  of  xenon  larnp irradiation at  a  wavctlength

of  252.6 nm.
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   intensities to  each  unirradiated  parcnt TCDD.

MCDD  and  DD,  respectively,  by  GC-MS  based

on  cochromatography  with  the authentic

cornpounds  (Table 1 and  Fig. 2). The mass

spectrum  of  compound  IIId corresponded  to

that of  dichlorinated dioxin so  that cornpound

I"d  would  be one  of  the tour possible di-

chlorinated  products, that is, cither  1,2-I)CDD,
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-DCI)D seemed  to

be originated  from 1,3,6-TrCDD, and  1,8-

    s

         lez  ee]  3ee

            Mass/Charge

Fig.2  Mass  spectra  of  tetrachlorodibenzo-P-

dioxin  and  its photedegradation  products  formed

under  xenon  lamp  irradiation.

r: tetrachlorodibenzo-P-dioxin,  Ir: trichlorodi-

benzo-P-diexin,  III: dichlorodibenze-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.
IC). Compounds  Ic, IId, IIIL IVa, IVb and  V

were  identified as  1,2,3,4-TCDI) (the parent),
1,2,4-TrCDD, 2,3-DCDD,  2-MCDD,  1-MCDD

and  DD,  respectively,  by  GC-MS  based on

coclirornatography  with  authentic  compounds

(Table 1 and  Fig. 2). Compound  IIc was

tentatively identified as  the other  possible
trichlorinated product I,2,3-TrCDD.  Com-

pound  IIId showed  the same  retcntion  time  and

mass  spectrum  as  those  of  dichlorinated dioxin

1,3-DCDD  formecl in the photodegradation of

1,3,6,8-TCDD, Each  of  compounds  IIIg and

IIIe was  supposed  to be one  of  the  possible
dichlorinated products I,2-DCDD  and  1,4-
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Fig. 3 Proposed  photodegradation  pathways  of

2,8,7,8-tetrachlerodibcnzo-p-dioxin in 1,4-di-
oxane  solutions  under  xenon  ]amp  irradiation.

The  compeund  in blackct was  not  observed  in the
experlment,
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Fig. 5 I'roposed photodeg. radation  pathways  of

1,2,3,4-tetrachlerodibenzo-P-dioxin in 1,4-di-
oxane  solutions  under  xenon  lamp  irradiation,
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Fig. 4 Proposed  photodcgradation  pathways  of

1,3,6,8-tctrachlorodibenzo-P-dioxin in 1,4-di-
oxane  solutions  under  xenon  lamp  irradiation.

The  compounds  in blacket were  not  observcd  in
the experiment.

DCDD.

  As  shown  in Table 1, the formation ratio of

1,6-DCDD  was  relatively  higher than  that of

1,3-DCDD  with  the formatien  ratio  of  1-
MCDD  than  that of  2-MCDD  when  1,3,6,8-
TCDD  photodegraded. The  formation  ratio

of  1-MCDD  was  also  higher  than  that  of

2-MCDD  when  1,2,3,4-TCDD photodegraded.
Since the apparent  preferential less of  chlorine

atoms  at  the 2, 3, 7 and/or  8-positions has
been  observed  when  highly chlorinated  dioxins

photodegraded,i]'6) the above  results  and  the
apparent  absence  of  1,3,8-TrCDD, 2,7-DCDI)
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 andlor  8-
positions also  undergo  photodegradation more

rapidly  than those with  chlorine  atoms  at  the
1, 4, 6 and!or  9-positions in the phetodegrada-
tion of  less chlorinated  dioxins.

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

　キセ ノ ン ラ ン プ光照射 に よる テ トラ ク ロ ロ ダ イ

　オ キ シ ン類 の 光分解物

　　　　　　　腰岡政 二 ，山 巳日忠 男 ， 金沢 　純 ， 村井敏信

　ジ オ キ サ ン 溶 液 中 の テ ト ラ ク ロ ロ ダ イ オ キ シ ン

（TCDD ）類 の 光分解反応 は 還元的脱塩素．反応 で あ り，

2，3，7，8−TCDD の 光分解生成物 と し て 2，3，7一ト リ ク ロ

ロ ダ イ オ キ シ ン （2，3，7・TrCDD ）， 2，7一ジ ク ロ ロ ダイ オ

キ シ ン （2，7−DCDD ），
2

，
8−DCDD ，2一モ ノ ク ロ ロ ダイ オ

キ シ ン （2−MCDD ）お よ び ダ イ ベ ン ゾダ イ オ キ シ ン （DD ）

が ，ま た 1，　3，
6

，
8・TCDD の 光分解生成 物と して 1，3，6

TrCDD
，
1，3−DCDD ，1，6−DCDD ，

1−MCDD ，2−MCDD

お よび DD が ，そ し て 1，2，3，4−TCDD の 光分解生成物

と し て 1
，
　2

，
　3−TrCDD ，1

，
2

，
4・TrCDD

，
1，2−DCDD ，1，3−

DCDD ，1，4・DCDD ， 2
，
3・DCDD ，1−MCDD

，
2−MCDD

お よ び DD が GC ・MS で 同定 され た．還元 的脱塩素反応

は ，主 と し て 2 位， 3 位 ， 7 位あ る い は 8位 の 炭素 に 結

合し て い る 塩素 か ら優先的 に 起 こ る もの と推定 され た ．
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