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CHROMATOGRAPHlC EVIDENCE FOR THE FORMATION OF CHLORO- 
DIOXINS FROM CHLORO-2-PHENOXYPHENOLS 

CARL-AXEL NILSSON. KURT ANDERSSON. CHRISTOFFER RAPPE and SVEN-OLOF 

SUM 

The photochctnicttl and thermochemical decompositions of a trichloro- and 
a pentachloro-2-phenosyphenol have been studied_ The photolysis ofthc pentachloro- 
I-phenosvphenol_ which is one of the impurities found in commercial 1.4_6-trichloro- 
phenol. gave 1.2.3.S-tetrtlchlorodiosin, two trichlorodiosins. a dichlorodiosin and a 
dichlorodibcnzofL~r~~~i_ The pyrolysis of the phcnosyphenols yielded a dichloro- and 
:I tetrachloro-diosin. respectively. as the only detectable products_ Consequently. \ve 
believe that the ievel of chloro-Lphc;~osyphe~~~~ls in commercial ~l~lorophe~~ol 

f~xxnulations should be minimized. 

INTRODUCTIOX 

Chlorinated phtx~ols have widespread use as fungicides. bactericid&_ slimicides. 
herbicides_ etc._ and they are also used in the production of phenosy acids (7.3-D. 
2_4_5-T_ etc_)_ The annual world production of chlorinated phenols is approsimatcly 
100.000 tons. 

Technical formulations of 2.4.6-t&. Z&4.6-tetra- and pentachloropheno1. 
previously studied in rhis Ittbortitory, were fottnd fo contain dimcric impurities, the 
main constituents beins chlorinated 2-phrnosyphcnols with 4-9 chlorine afoms 
( 1)‘-3_ 
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Jensen and Renberg’ arrived at the same result. and subsequently called these com- 

pounds prediosins. The nonachloroprediosin II, investigated first. was found to under- 
go an immediate ring closure to the octachlorodiosin 111 when analyzed by gtl~ 

chromatography with the injection block af 275’ (refs. 1 and 4). 
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The environmental htlzards of chlorodiosins are well known’. and during t-e- _ 
cent years :L major research eKart has been devoted to the examination of many aqxcts 
of diosins_ The toxicology of the chtorodiosins has been thoroughly investigated. 
The maximum activity WIS found for diosins with 4-S chlorine atoms, while lower 
and higher chlorinated products xcrc found to be much less toxic. For Z_3_7_S- 
tctrrichtorodiosin_ the LD,, for the guinea pi _r is reported to be 0_6&k~$‘~_ 

The discussion of the origin of the diosins has been focused on t\vo potential 
sources_ namely the amount of diosins present as impurities in commercial products 
and the formtltion of chlorodiosins from cblorophcnois by thermal decomposition or 
irradiation. Until now_ no attention hzts been paid to the possible formation ofchloro- 
diosins from impurities present in chiorophcnols or chlorophrnosy acids ~~hcn they 
are exposed to environmental conditions_ 

~_S.b-Trichloro-~-(2_Lf-dichlorc~pl~et~os~)phe~~~~I (V) can bc prepared in good 
yield from the chlorination of 5-chloro-2-(2_3-dicIlIorophenos_v)phenol (IV). \vhicI? 
is available as Z.I commercial bactericide known as Irgtsan DP 300_ Comparison \vith 

e-w-acts of commercial formulrttions of2.4_6-trichlorophenol sho\vtd that V is one of 

the impurities in this product_ 

cJQzcJa$k- :QQ&, 

Cl 
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In this \vork. \vc found rhat both the thermal and the photachemica1 dsgra- 
dation of the pentachlorc~p~~enos_vphenol V yielded I .I_j_S-ts-trachlarodiosin (VI)_ 
an isomer that is very similar to the e.xceptionalIy tosic I.j_7_S-trtrachIorodio.\;in. 
Poltlnd and Yang9 found that for highly toxic diosins, rhc hnlogcn a~onls must oc- 

CUP_V at least three of the 2-, 3-. 7- and S-positions_ This requirement is fullilled by 
the dioxin VI. 

The corresponding degradation rcxtions have t~lso been studied for Irgasnn (IV). In 
this instance, only the thermat degradation yicldcd ‘,S-dichlorodiosin (VII). 
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In the identification of these compounds. we used various chromatographic 
methods in combination with mass spcctromctry. 

EXPERIMENTAL 

Methanol (spectroscopic grade), diethyl cthcr (~.a.). chloroform (pa_)_ 

acetone (p_~_), diazon~ethane’i’_ Z_S-dichloro-_ 1.2.3_4-tetrachloro- and I ,2.3.4.7- 

pcntachlorodibenzo-~~-diosing. and 5-chloro-2-(2.4-dichlorophe:~osy)pl~e~~~~~ ( Irgas:~n 

DP 300, Ciba-Geigy, B:~sel. Switzerland) were used. 

This compound wxs prepared by chlorination of Irgasan DP 300 in carbon 
tetrtrchloride using alun~iniun~ trichloride as catalyst. The yield \vas 6 I ‘:.,; of recrys- 
tt#ized pale yellow product. m-p- 100-101 . . A detailed description of the preparation 
and the structure determixltion wiII be published elsc~~lm-e_ 

Fm- the gas chr~~mrttu~rr~phic (GC) runs _ a Pyc hlodel 64 instrument equipped 
with :L lhne ionization detector (Fl D) was used_ Optimal separation was achieved 

\x3h :I 1_5-111 glass CO~LII~II, I-D_ LE mm_ filled with I I’;, OV-I 7 on 100-1~0 mesh Dia- 

tomitc CQ_ The operating parameters were: injection block. 175’ : col~~mn_ ZOO-160.: 
detector oven_ 300 ‘: :md nitrogen carrier 2:~s flo\v-rate_ 10 ml/min_ 

For the pyrol_vsis experiments. NY used CL Pye Curie point pyrolyzer attached 
to ;t Pyc Model 63 instrument_ The column and GC conditions \vere as above. The 
\vires \vert’ clrtlnrd by heatins in a micro-flame_ After cooling, 2 cm of the \vire tips 
were inlnlcrsed in ;L IO’!-;, (\t-iv) solution of the phr~~oxyphc~~ol in xetone. The tvires 
were dried in air for 30 min and then introduced into the pyiolysis head and pyrolyzed 
tbr ;L period of 15 sec. 

An LKB 9000 IIXLSS spectrometer equipped with :I P,e Unicam Model S4 g-as 
chronxttograph and :L split to an FID \v;ls used_ The column and operating conditions 
were ;LS above. esccpt that helium at a flow-rate of 30 ml,‘min \v;ts used as carrier sas. 
The connection bet\veen the gas chrmnstograph and the III;E.S spectrometer was 
maintained at 120’ I rLddition;tl paranwtcrs were: separator_ 250 ‘: ion source_ 170-_ 
opcratin, L n -it 70 eV. 

The GC-MS system \V:LS connected lvith :LII on line Multi-S (tntertechniquc) 
computer s_vstem ( 16K bytes core memory) for sampling and processing the 111ass 

spectral data. 

Phorol_wi_s 
A solution of 100 mg of the trichloro- or peIltachIoro-,-phenos_vphenoI in 

methanol (100 ml) WLS illuminated with a Hanau Q SO UV lamp (II,l,,,_ = 290430 
nm. which is close to solar radiation). Aliquots were taken in order to follow thr 
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Fig_ I. Dwomposition of tricfiIor~~pheno?t?_phcnol I IV) and pentachIorophenos\-phenol (VI followed 
bx GC_ 

photochemical degradation (GC) (Fis_ I). When lo::, of the startine phenosyphenol 
remained. the irradiation was stopped (30 min for the trichloro- and 60 min for the 
pentrtchlorophenosyphenol)_ The reaction mixture was carefully evaporntrd to dryness 

and the residue dissolved in 10 ml of diethyl ether_ Prior to GC-MS analyses and 
thin-layer chromatogrrtphic (TLC) ciertn-up. a portion of the solution \vas treated 
with an ethereal solution of diazomerhane. 

A 4 .-s. 20 cm glass p!ate covered with a 0.25 mm layer of silica sei HFLiJ 
(ntlch Stahl) WBS used. and 200,4 of the untreated cthcreal solution were applied as 
;i fxmd with l,2.3,4.7-pelitachIorodiosiu as an internal standard. The plate was dc- 
veloped in carbon tetmchloride. and the bands \vere made visible in UV light_ A 

typic4 chromatogram is shown in Fig. 2. The dioxin band \i’;ls scraped OK and eluted 
\vith 1 ml of acetone. The eluate \vas carefully evaporated to dr?ncss. and a GC-MS 
investigation compkted the analysis_ 

Fig_ 7 Thin-layer chromatogram of the photolyzatc (60 min) of penrachlorophenoxyphenof (W. 
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Quantlficatiott 
-In order to determine quantitatively the tetrachlorodiosin formed during the 

photolysis of the pentnchloro-2-phenoxyphenol. an attempt was made using 1.2,3,4- 
tetrachlorodiosin 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 .1.3.4.7-pentachlorodiosin and 1,2.3.4-tetrachloro- 
dioxin was determined and the pentachlorodiosin added before the TLC separatioa. 
assuming that the two tetrachlorodioxins gave the same response in the FID. 

RESULTS 

The photolysis of 4.5.6-trichloro-1-(2.4-dichlorophenosyfphenol in methanol 
yielded a large number of products, as can be seen from Fig. 3. which is a chromato- 
gram of the photolyzatc. Several of the products could be identitied by a comparison 
of MS data befMe and after treatment with diazomethnne. Peaks 1. 1. 3_ 5 and 6 are 
idcntilied as lower chlorinated 2-phenosyphrnols_ This means that the main reaction 
is a photodechlorination_ as has previously been found for polychlorinated biphenyls 
( PCBs). pentachloronitrobrnzene (PCN B) and other halogenated aromatics_ Other 
products identified are chlorinated 2-phenosyphenols with one methosy group and 
hydrosy-PCBs with one or two methosy groups. A detailed description of this 
reaction will be given elsewhere_ 

i 

30 20 10 mu 10 

Fig. 3_ Gas chromatogrxn of the phorolyzntr (60 min) of prnrnchlorophenos_\‘phenoI (V). Psaks: 1 
and 2 = trichlorophenoxyphrnols; 4 = terrxhlurodioxin: 3.5 and 6 -= trtmchlor~~phcnos~plienoIs: 
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Fig. 7. Xlass spectrum of :t dichlorodiosin (peak 1 in Fiz. 1). 

Esamination of Fig. 3 shmvs that the partly resolved peak 4 has a retention 
time corresponding to 3 tctrachlorodiosin_ and MS gave further support to this 
assifnnient. 

In this situation_ NC LISA :I speci:tl TLC clean-~p’~~ to sepatxte diosins (and 
dihenmfurans) tiom more polar components such as pf~enofs and phenosypf~enofs_ 
The cfuatc (see Esperinwntaf) v.xs analyzed by CC-MS in order to identity the indi- 
vidual con~poncnts. Fis_ 4 is the cfmm~atogran~ of the efuatc fi-oru tile photofysis of 
J-5.6-trichforo-‘-( 2.l-dicf~foropf~enos_v)pf~enof_ The mass spectrum of peak 5 is 
Gvcn in t-i** 5. and this peak could be identified as I.~.j.,Y-tstrr~cfilorodiosin (VI). 
?he an~ou~l~‘~t. VI \v;ls determined to he about 2000 ppm. Peaks 3 and 4 could he 
identified by AIS (Fig. 6) as t\vo isomers of trichforodiosins. and the SLIIII of- these is 
sstinxlted to be in tflc IO3 ppm range. Peak Z is the dicf~lorodio.sin (Fig. 7) and peak 
I is :I dicf~fc~r~~dibcnzofttr~ttn. the tIIitSS spectrum of~which is given in Fig. S. Chlorinated 
dibrnzot~urnns have been reported to he highf_v toxic impurities present in PCBs”. 

The pf~otochcn~icrtf degradation of Irgasan in methanol \vas found to be f:ister 
than tfw degradation of- V (see Fig. I). The pf~otocfwnicnf hehaviour of this com- 
pound \v;~s difkent. as no dioxin could be observed and the main product in the photof- 
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Fig_ 9. Cites chromatogrmn of phorolyzate (30 min) of trichlorophenox~phenol (IV). Peaks: I - di- 
chlorodibenzofurzn: 7 and 3 -7 dichlorophenos~phenolrr 3 :: I\‘: 3 and 6 =. chIorinrtred meriro.x~- 
phenox_vphenoIs_ 

yzate was idcntitied as methosydichlorophenosyphenol, peak 6 (Fig. 9). Peak 5 is 

unchanged starting material_ The relatively small peaks 1 and 3 are two isomers of 

dichlorophenosyphenols_ However_ this does not exclude photodechlorination from 
being the main reaction. as it seems likely that dichlorophcnosyphcnols decompose 
even faster than trichlorophenosgphenlol. Peak 1 w;s idcntiticd as a dichlorodibenzo- 
furan_ 

The investi_ration was performed usin, 0 a Curie point pyrolyzer unit operating 

at 35s:. 510’. 770’ and 9SO’-, attached directly to the column. The chlorinated 

2-phenoxyphenols sho\ved unusual stability. At 9SO’.. a temperature at which most 
organic compounds decompose completely into a large number of fragments. the pyro- 
grams showed only two components (see Fig. IO)_ The mass spectra revealed that 
in addition to the starting compounds IV and V, the only compounds formed \verc 
the diosins VI and VII, respectively. 

In order to establish the amounts actually pyrolyzed. two needles were used 
for each pyrolysis experiment_ After identical application of substrate_ one needle \\‘a~ 

extracted with 30,~l of acetone in a melting-point capillary tube. while the other needle 
\xas first pyrolyzed for 15 set and then extracted in the same way. By conventional 
GC analyses of the first acetone solution immediately after the pyrolysis run. the sum 
ofprediosin and diosin volatilized in the pyrolysis could be estimated as a percentage 
of initial amount of prediosin. The relative response between the pentachlorophcn- 
osyphenol and 1.2.3.4-tetrachlorodiosin was determined, and the estimation of the 
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Fis. IO. Pyregram of pen~achlorc~phcnos~pl~enol (V). The orhcr peak is 1.7,j.S-retr~chlorodiosin 
(Vi). 

1_2.j.S-tetr~chlorodiosin formed \vas (as in the case ofphotolysis) made assuming that 
the t\vo tetrrtchlorodiosins had the silme FID response. The acetone estract from the 
pyrolyzed needle was then injected in order to establish that no vofatife compounds 
remained after the pyrolysis. 

In :I typical run (770’. 15 set). it 1~:~s observed t!lat 7Oj’,, of the initial penta- 
chfor~~phenos_vpflenl~f had completely drgrtldcd and 3G I’;, :tppcared on the pyrogram 
;LS tetrachforodiosin (3 ‘16) and uncfxtnged phenosyphenol (27’,:,,). The remits of the 
pyrolysis at various temperatures iill, * given in Table 1. The amount of chlorodiosins 
W;LS tiund to incrcasc at higher tcmpcraturcs. thus the chlorodiosins SWIN to be even 
more thcrmostablc than thr chlorinated 2-phenosyphcnofs. 

I-ABLE I 

PYROLYSIS OF CHLORIx:\TED 7-PHEXOXYPHEKOLS 

35s o-4 0 

510 0-s I.7 
770 3-O 6.0 
9SO 2s 6.’ 

_ Calculatrd on the initial anxount of phmox~phenol. 

We also studied the pyrolysis of the potassium saft of V using tfle same tech- 
niquc. At 77G-. the yield of tfte diosin VI W;EZ approximately ten times hig!xer than 
that from the pyrolysis of tke 2-phenosyphenof_ Contrary to the pyrolysis of X4.6- 
trichlorophcnol and its potassium salt, no diosin (less than 0.1 7:) 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 t’f a[_” reported that chlorodiosins decompose 
rapidly in tkoholic solution and the rate of decomposition increased with a decreasing 
number of chlorine atoms. The photodecomposition was found to be ne$ibIe in 
aqueous suspensions and on wet or dry soil. 

Plimmer and Klin~ebie113 reported that the ribotlnvin-sensitized photoosi- 
drttion of?_+dichlorophenol gave 4.6-dichloro-2-(2.4-dichloropI~enosy)pl~enol. How- 
ever. they did not observe any chlorodiosins. In contrast. the photodecompositioll 
of aqueous alkaline solutions of peiitachlorophelloi gave a small amount of octa- 
chloro- 2nd rt heptachIorodiosin”_ 

Plimnxr e? al_” discussed the formation of chlorodiosins by photochemical 
reactions from chlorophenok 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 diosins underso photolysis. they consider it UII- 

likely that chlorophcnols (and chlorophenosy acids) ivill form diasins in the envi- 
ronment_ This theory is confirmed by two recent reports by Crosby and WOI~~‘~~~~ con- 
cerning the photodecomposition of phenos~ acids. However_ the situation is eom- 
plctely diffk-mt when impurities such as chlorinated 2-phenosyphsnols present in 
commercisl chlorophenols are taken into consideration. The formation of chlori- 
nated diosins from the photolysis of these dimeric compounds is remttrkable. The 
environmental significance of this observation is discussed in the foIIo\ving section. 

The thermal decomposition of chlorophenols has been the subject of t\vo l-r‘- 
ports17-‘“_ In some of the experiments carried out bu these authors. it wus possible 
to identify small amounts of chlorodiosins_ in others not_ In :ill inst:mct’s_ commer- 
cial samples \vere used contaminated with an unknown amount of impurities other 
than chlorodioxins_ ~‘.g_ chlorinated 2-phenos_vphenols’-J_ Ho\vever_ chlorodiosins 
are the main products of the pyrolysis of chlorinated 2-phenosyphenols_ and hence 
the chlorodiosins observed previous& may have bren formed more or less csclusivcly 
by pyrolysis of the impurities in the commercial sampks. 

ENVIROKblEXT~AL SIGSIFICASCE 

The annual \vorld production of chlorophenols and chlorophenate is approsi- 

matcly ICO.000 tons-and major&orts have been made to minimize the level of diosins 
in these products_ However. no efforts have been made to minimize the level of 
chlorinated 2-phcnosyphenols (and thrir salts)_ Cunsequcntly. this 1~34 is 10’- 10J 
times higher than the level of chlorodiosins in many commercial f~~rlnu!tltions’--J_ 

The results reported here clearly show that chloritwted 2-phcnos~ph~nols a-t 
easily metabolized to chlorinated diosins (and dibcnzofuranr) under environmental 
conditions. III the photoIysis of V_ \vc estimated the sum of chlorinated diosins and 
dibenzofurans to be approsimately 1 ‘f-;‘,. and the yield of chlorodiosin from the 
pyrolysis is si@icantly higher_ The level of chlorinated 2-pll~nas:ph~nols is I-5 ‘t,_ 
Thus the amount of chlorodiosins that can potentially be formed in metabolic re- 
actions is significantly higher than the permitted level of chlorodiosins (0.5 ppm)_ 
Therefore. the level of chlorintttsd I-phenosyphrnols as ~3 as the level of chloro- 
diosins should be minimized. 
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