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SUMMARY

The photochemical and thermochemical decompositions of a trichloro- and
a pentachloro-2-phenoxyphenol have been studied. The photolysis of the pentachloro-
2-phenoxyphenol. which is one of the impurities found 1in commercial 2.4 6-trichloro-
phenol. gave 1.2.3.8-tetrachloradioxin. two trichlorodioxins. a dichlorodioxin and a
dichlorodibenzofuran. The pyrolysis of the phenoxyphenols vielded a dichloro- and
a tetrachloro-dioxin. respectively. as the only detectable products. Consequently. we
believe that the devel of chloro-2-phenoxyphenols in commercial chlorophenol
formulations should be minimized. '

INTRODUCTION

Chlorinated phenols have widespread use as fungicides. bactericides. slimicides.
herbicides. etc.. and they are also used in the production of phenoxy acids (2.4-D.
2.4.5-T.etc)). The annual world production of chlorinated phenols is approximately
100.000 tons.

Technical formulations of 2:4.6-tri-. 2.3.4.6-tetra- and pentachlorophenol.
previously studied in this laboratory. were found to contain dimeric impurities, the
main constituents being chlorinated  2-phenoxyphenols with 4-9 chlorine atoms
(l)!-i. .
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Jensen and Renberg? arrived at the same result. and subsequently called titese com-
pounds predioxins. The nonachloropredioxin 11. investigated first. was found to under-
go an immediate ring closure to the octachlorodioxin 11l when analvzed by gas
chromatography with the injection block at 275° (refs. | and 4).
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The environmental hazards of chlorodioxins are well known?®, and during re-
cent years a major research effort has been devoted to the examination of many aspects
of dioxins. The toxicology of the chlorodioxins has been thoroughly investigated.
The maximum activity was found for dioxins with 4-5 chlorine atoms. while lower
and higher chlorinated products were found to be much less toxic. For 2.3.7.8-
tetrachlorodioxin. the LD;, for the guinea pig is reported to be 0.6 ugfkg®S.

The discussion of the origin of the dioxins has been focused on two potential
sources. namely the amount of dioxins present as impurities in commercial products
and the formation of chlorodioxins from chlorophenols by thermal decomposition or
irradiation. Until now. no attention has been paid to the possible formation of chloro-
dioxins from impurities present in chiorophenols or chlorophenoxy acids when they
are exposed to environmental conditions.

4.5.6-Trichloro-2-(2.4-dichlorophenoxy)phenol (V) can be prepared in good
yield from the chlorination of 3-chloro-2-(2.4-dichlorophenoxy)phenol (1V). which
is available as a commercial bactericide known as Irgasan DP 300. Comparison with
extriacts of commercial formulations of 2.4.6-trichlorophenol showed that V is one ot'

the impurities in this product.
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In this work, we found that both the thermal and the photochemical degra-
dation of the pentachlorophenoxyphenol V. yielded 1.2.3.8-tetrachlorodioxin (V1).
an isomer that is very similar to the exceptionally toxic 2.3.7.8-tetrachlorodioxin.
Poland and Yang® found that for highly toxic dioxins, the halogen atoms must oc-
cupy at least three of the 2-; 3-. 7- and 8-positions. This requirement is fuliilled by
the dioxin VL

hegt gr CI O O@\
irradiation
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The corresponding degradation reactions have also been studied for Irgasan (IV). In
this instance, only the thermal degradation vielded 2.8-dichlorodioxin (VII).

QIO =~ IO, 10,
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In the identification of these compounds. we used various chromatographic
methods in combination with mass spectrometry.

EXPERIMENTAL

Reagents :
Methanol (spectroscopic grade), diethyl ether (p.a.). chloroform (p.a.).
acetone (p.a.). diazomethane'. 2 8-dichloro-. 1,2.3.4-tetrachloro- and 1.2.3.4.7-
pentachlorodibenzo-p-dioxin®, and 5-chloro-2-(2.4-dichlorophenoxy)phenol (Irgasan

DP 300, Ciba-Geigy. Basel, Switzerland) were used.

4.5.6-Trichloro-2-( 2 4-dichlorophenoxy)phenol

This compound was prepared by chlorination of Irgasan DP 300 in carbon
tetrachloride using aluminium trichloride as catalyst. The yield was 619 of recrys-
tallized pale yellow product. m.p. 100-101 . A detailed description of the preparation
and the structure determination will be published elsewhere.

Gas chromatographic systen:
Feor the gas chromatographic (GC) runs. a Pye Model 64 instrument equipped

with a flame ionization detector (FID) was used. Optimal separation was achieved
with a 1.5-m glass column. 1.D. 4 mm. filled with 17, OV-17 on 100-120 mesh Dia-
tomite CQ. The operating parameters were: injection block. 2757 : column. 200-260 "
detector oven. 300" : and nitrogen carrier gas tflow-rate. 40 ml/min.

Prrolvzer svstem _

For the pyrolysis experiments. we used a Pve Curie point pyrolyvzer attached
to a Pye Model 64 instrument. The column and GC conditions were as above. The
wires were cleaned by heating in a micro-flame. After cooling, 2 cm of the wire tips
were tmmersed in a 10Y, (w/v) solution of the phenoxyphenol in acetone. The wires
were dried in air for 30 min and then introduced into the pyrolysis head and pyrolyzed

for a period of 15 sec.

Gas chromatographic—-mass spectrometric (GC-AS) svsiem

An LKB 9000 mass spectrometer equipped with a Pve Unicam Model 84 eas
chromatograph and a split to an FID was used. The column and operating conditions
were as above. except that helium at a flow-rate of 30 ml/min was used as carrier gas.
The connection between the gas chromatograph and the mass spectrometer was
maintained at 2207 : additional parameters were: separator. 230°: jon source. 270°.
operating at 70 eV.

“The GC-MS system was connected with an on line Multi-8 (Intertechnique)
computer system (16K bytes core memory) for saumpling and processing the mass
spectral data.
Phorol ysis :

A solution of 100 mg of the trichloro- or pentachloro-2-phenoxyphenol in
methanol (100 ml) was illuminated with a Hanau Q 80 UV lamp (%,,,. = 290-430
nm. which is close to solar radiation). Aliquots were taken in order to follow the
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Fig. 1. Decomposition of trichlorophenoxyphenol (1V) and pentachlorophenoxyphenol (V) followed

by GC.

photochemical degradation (GC) (Fig. 1). When 109 of the starting phenoxyphenol
remained. the irradiation was stopped (30 min for the trichloro- and 60 min for the
pentachlorophenoxyphenol}. The reaction mixture was carefully evaporated to dryness
and the residue dissolved in 10 ml of diethyl ether. Prior to GC-MS analyses and
thin-layer chromatographic (TLC) clean-up. a portion of the solution was treated
with an ethereal solution of diazomethane.

Thin-laver cliromatographic clean-up

A 5 ~ 20cm glass plate covered with a 0.25 mm laver of silica gel HF.g,
(nach Stahl) was used. and 200 #l of the untreated ethereal solution were applied as
a band with 1.2.3.4.7-pentachlorodioxin as an internal standard. The plate was de-
veloped in carbon tetrachloride, and the bands were made visible in UV light. A
typical chromatogram is shown in Fig. 2. The dioxin band was scraped off and eluted
with I ml of acetone. The eluate was carefully evaporated to dryness. and a GC~-MS
mvestigation completed the analysis.
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Fig. 2. Thin-layer chromatogram of the photolyzate (60 min) of pentachlorophenoxyphenol (V).
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Quantification

In order to determine quantitatively the tetrachlorodioxin formed during the
photolysis of the pentachloro-2-phenoxyphenol, an attempt was made using 1,2,3.4-
tetrachlorodioxin as an internal standard. However, no satisfactory separation be-
tween these two isomers could be achieved on the columns used. In this situation.
the relative response between 1,2.3.4,7-pentachlorodioxin and 1.2.3.4-tetrachloro-
dioxin was determined and the pentachlorodioxin added before the TLC separation.
assuming that the two tetrachlorodioxins gave the same response in the FID.

RESULTS

Phorochemical degracdarion

The photolysis of 4.5,6-trichloro-2-(2.4-dichlorophenoxy)phenol in methanol
yiclded a large number of products, as can be seen from Fig. 3, which is a chromato-
gram of the photolyzate. Several of the products could be identified by a comparison
of MS data before and after treatment with diazomethane. Peaks 1.2, 3. 5 and 6 are
identified as lower chlorinated 2-phenoxyphenols. This means that the main reaction
is a photodechlorination. as has previously been found for polychlorinated biphenyls
(PCBs). pentachloronitrobenzene (PCNB) and other halogenated aromatics. Other
products identified are chlorinated 2-phenoxyphenols with one methoxy group and
hydroxy-PCBs with one or two methoxy groups. A detailed description of this

reaction will be given elsewhere.
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Fig. 3. Gas chromatogram of the photolvzate (60 min) of pcnmchlorophcnokyphcnol (V). Peaks: 1
and 2 = trichlorophenoxyphenols: 4 = tetrachlorodioxin: 3,5 and 6 = tetrachlorophenoxyphenols; .
7 = V.
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Fig. 4. Gas chromatogram of the dioxin band from TLC clean-up (Fig. 2). Peaks: 1 - dichloro-
dibenzofuran: 2 - dichlorodioxin: 3 and 4 - trichlorodioxins: 5 - tetrachlorodioxin.
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Fig. 5. Mass spectrum of 1.2 3 8-tetrichlorodioxin ¢ V) (peak 3 in Fig. $).
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Fig. 6. Mass spectrum of a trichlorodioxin (peak 4 in Fig_ 4).
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Fig. 7. Mass spectrum of a dichlorodioxin (peak 2 in Fig. 4).

Examination of Fig. 3 shows that the partly resolved peak 4 has a retention
time corresponding to a tetrachlorodioxin. and MS gave further support to this
assignment.

In this situation. we used a special TLC clean-up? to separate dioxins (and
dibenzofurans) from more polar components such as phenols and phenoxyphenols.
The cluate (see Experimental) was analvzed by GC-MS in order to identity the indi-
vidual components. Fig. 4 is the chromatogram of the eluate from the photolysis of
4.5.6-trichloro-2-(2 d-dichlorophenoxy)phenol. The mass spectrum of peak 5 is
given in Fig. 3. and this peak could be identified as 1.2.3.8-tetrachlorodioxin (VI).
The amount «f VI was determined to be about 4000 ppm. Peaks 3 and 4 could be
identitied by MS (Fig. 6) as two isomers of trichlorodioxins. and the sum of these is
estimated to be in the 10° ppm range. Peak 2 is the dichlorodioxin (Fig. 7) and peak
I is a dichlorodibenzofturan, the mass spectrum of which 1s given in Fig. 8. Chlorinated
dibenzoturans have been reported to be highly toxic impurities present in PCBs!'!.

The photochemical degradation of Irgasan in methanol was found to be faster
than the degradation of V (see Fig. 1). The photochemical behaviour of this com-
pound was diflerent. as no dioxin could be observed and the main product in the photol-
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Fig. 8. Mass spectrum of a dichlorodibenzofuran (peak 1 in Fig. 4).



C.-A_ NILSSON, K. ANDERSSON, C. RAPPE, S.-O. WESTERMARK

144
1
i
H
5
!
i !
| :
iv
I
i
i ;
I
]
H I
S |
Py i
P
1 ;
ji z i
6 I INT ¥
Al AT
/‘-, ; L_/\/ A L
R e

Fig. 9. Gas chromatogram of photolyzate (30 min) of trichlorophenoxyphenol (1V). Peaks: 1 = di-
chlorodibenzofuran: 2 and 3 == dichlorophenoxyphenols: 5 == IV: 4 and 6 = chlorinated metiioxy-

phenoxyphenols.

vzate was identified as methoxydichlorophenoxyphenol, peak 6 (Fig. 9). Peak 3 is
unchanged starting material. The relatively small peaks 2 and 3 are two isomers of
dichlorophenoxyphenols. However. this does not exclude photodechlorination from
being the main reaction, as it seems likely that dichlorophenoxyphenols decompose
even taster than trichlorophenoxyphenol. Peak I was identified as a dichlorodibenzo-

furan.

Thermal degradation
The investigation was performed using a Curie point pyrolyzer unit operating

at 358°. 310°. 770" and 980", attached directly to the column. The chlorinated
2-phenoxyphenols showed unusual stability. At 980°. a temperature at which most
organic compounds decompose completely into a large number of fragments. the pyro-
grams showed only two components (see Fig. 10). The mass spectra revealed that
in addition to the starting compounds 1V and V. the only compounds formed were
the dioxins VI and VII, respectively.

In order to establish the amounts actually pyrolyzed, two necedles were used
for each pyrolysis experiment. After identical application of substrate. one needle was
extracted with 30 x4l of acetone in a2 melting-point capillary tube. while the other needle
was first pyrolyzed for 15 sec and then extracted in the same way. By conventional
GC analyses of the first acetone solution immediately after the pyrolysis run, the sum
of predioxin and dioxin volatilized in the pyrolysis could be estimated as a percentage
of initial amount of predioxin. The relative response between the pentachlorophen-
oxyphenol and 1.2.3 4-tetrachlorodioxin was determined, and the estimation of the
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Fig. 10. Pyrogram of pentachlorophenoxyphenol (V). The other peak is 1.2,3.8-tetrachlorodioxin
(VI). -

1.2.3.8-tetrachlorodioxin formed was (as in the case of photolysis) made assuming that
the two tetrachloredioxins had the same FID response. The acetone extract from the
pyrolyzed needle was then injected in order to establish that no voiatile compounds
remained after the pyrolysis.

In a typical run (7707, 13 sec). it was observed that 70%;, of the initial penta-
chlorophenoxyphenol had completely degraded and 3067 appeared on the pyrogram
as tetrachlorodioxin (3%)) and unchanged phenoxyphenol (27%,). The results of the
pyrolysis at various temperatures arc given in Table I. The amount of chlorodioxins
was found to increase at higher temperatures, thus the chlorodioxins scem to be even
more thermostable than the chlorinated 2-phenoxyphenols.

TABLE |
PYROLYSIS OF CHLORINATED 2-PHENOXYPHENOLS
Temperature Dioxin formed™ ¢°,)
(" Ci Co N
Pentachloro- Trichloro-
358 0.4 0
510 0.8 1.7
770 3.0 6.0
980 28 6.2

° Calculated on the initial amount of phenoxvphenol.

We also studied the pyrolysis of the potassium salt of V using the same tech-
nique. At 770°. the vield of the dioxin VI was approximately ten times higher than
that from the pyrolysis of the 2-phenoxyphenol. Contrary to the pyrolysis of 2.4.6-
trichlorophenol and its potassium salt, no dioxin (less than 0.1 %) could be observed.

DISCUSSION

The photochemical degradation of pesticides and pollutants has been the sub-
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Ject of many recent reports. Crosby er al.** reported that chlorodioxins decompose
rapidly in alcoholic solution and the rate of decomposition increased with a decreasing
number of chlorine atoms. The photodecomposition was found to be neglible in
aqueous suspensions and on wet or dry soil.

Plimmer and Klingebiel'® reported that the riboflavin-sensitized photooxi-
dation of 2.4-dichlorophenol gave 4.6-dichloro-2-(2.4-dichlorophenoxy)phenol. How-
ever. they did not observe any chlorodioxins. In contrast. the photodecomposition
of aqueous alkaline solutions of pentachlorophenol gave a small amount of octa-
chloro- and a heptachlorodioxin'*.

Plimmer er al** discussed the formation of chlorodioxins by photochemicat
reactions from chlorophenols. The rate of formation must be second order in chloro-
phenols. If consideration is taken of the dilution of chlorophenols and of the high
rate at which the lower chlorinated dioxins undergo photolysis. they consider it un-
likely that chlorophenols (and chlorophenoxy acids) will form dioxins in the envi-
ronment. This theory is confirmed by two recent reports by Crosby and Wong"-'* con-
cerning the photodecomposition of phenoxy acids. However. the situation is com-
pletely different when impurities such as chlorinated 2-phenoxyphenols present in
commercial chlorophenols are taken into consideration. The formation of chlori-
nated dioxins from the photolysis of these dimeric compounds is remarkable. The
environmental significance of this observation is discussed in the following section.

The thermal decomposition of chlorophenols has been the subject of two re-
ports!™15_In some of the experiments carricd out by these authors, it was possible
to identify small amounts of chlorodioxins. in others not. In all instances. commer-
cial samples were used contaminated with an unknown amount of impurities other
than chlorodioxins. ¢.g. chlorinated 2-phenoxyphenols'—*. However. chlorodioxins
are the main products of the pyrolysis of chlorinated 2-phenoxyphenols. and hence
the chlorodioxins observed previously may have been formed more or less exclusively
by pyrolysis of the impurities in the commercial samples.

ENVIRONMENTAL SIGNIFICANCE

The annual world production of chlorophenols and chlorophenate is approxi-
mately 160.000 tons. and majoretlorts have been made to minimize the level of dioxins
in these products. However. no efforts have been made to minimize the level of
chlorinated 2-phenoxyphenols (and their salts). Consequently. this level is 10°-10°
times higher than the level of chlorodioxins in many commercial formulations! .

The results reported here clearly show that chlorinated 2-phenoxyphenols are
casily metabolized to chlorinated dioxins (and dibenzofurans) under environmental
conditions. In the photolysis of V. we estimated the sum of chlorinated dioxins and
dibenzofurans to be approximately 1%, and the yield of chlorodioxin from the
pyrolysis is significantly higher. The level of chlorinated 2-phenoxyphenols is 1-3%.
Thus the amount of chlorodioxins that can potentially be formed in metabolic re-
actions is significantly higher than the permitted level of chlorodioxins (0.5 ppm).
Therefore, the level of chlorinated 2-phenoxyphenols as well as the level of chloro-
dioxins should be minimized.
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