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Commercially produced pentachlorophenol that is used pr~marily as 
a wood preservative may contain up to 2000 ug/g of OCDD ~ along 
with smaller amounts of less highly chlorinated dioxins and 
furans. In comparison to some CDD's, OCDD is much less toxic 
(Mamantov, 1984). The poss ib i l i t y  that OCDD could be 
photo ly t ica l ly  degraded to some of the more toxic CDD's bas 
resulted in a number of publications that address that 
phenomenon. 

Buser (1976) demonstrated that i r radiat ion of solutions of OCDD 
or OCDF in hexane with y-rays or UV l ight  produced a number of 
d i f ferent  less hignly chlorinated dioxins or furans. The major 
reaction pathway was reductive dechlorination result ing in CDD's 
or CDF's with 3 fo 7 chlorines. 

For the photolysis of OCDD in hexane with natural sunlight, Dobbs 
(1979) ident i f ied the major HpCDD and HxCDD intermediate products 
as the 1,2,3,4,6,7,9-HPCDD and 1,2,4,6,7,9-HXCDD isomers, 
respectively. These results indicated that the replacement of a 
CI atom by H occurred most readily atone of the 2,3,7, or 8 
numbered C positions and that formation of 2,3,7,8-TCDD did not 
easily occur under these conditions. 

Studies of tne formation of OCDD from PCP on the surface of 
treated wood indicated that the PCP carr ier solvent could 
influence the levels of OCDD present (Lamparski et a l . ,  1980). 
For Dowicide EC7, when petroleum oi l  was used as the carr ier ,  the 

1Abbreviations: octachlorodibenzo-p-dioxin, OCDD; 
octachlorodibenzo-furan, OCDF; chlorinated dibenzo-p-dioxin, 

CDD; chlorinated dibenzo-furan, CDF; 
heptachlorodibenzo-p-dioxin, HpCDD-T-, hexachlorodibenzo-p-dioxin, 
HxCDD; tetrachlorodTbenzo-~-dloT6xTn-, TCDD; pentachlorophenol, 
PCP. 

Send repr int  requests to Leonard L. Ingram, dr . ,  at the above 
address. 
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concentration of OCDD was only about 1% of the amount found in 
technical PCP ( i . e . ,  there was no formation of OCDD from PCP with 
th is  P9-A o i l ) .  

Generally, the more highly chlorinated CDD's are photolyzed more 
rapidly than the less highly chlorinated CDD's (Mamantov, 1984). 
A l inear correlat ion between re lat ive biological potency and 
photolysis ha l f - l ives was also noted for certain isomers of 
CDD's. 

Choudhry and Webster (1985a, 1985b) determined the quantum yield 
for the photodegradation of CDD's using simulated a r t i f i c i a l  
sunl ight ,  These results also indicated that OCDD is less rapidly 
degraded than some of the other chlorinated CDD's. Desiderio e__tt 
a l .  (1979) photolyzed 2,3,7,8-TCDD in isooctane, hexane, and 
-~clohexane and found l i t t l e  difference in the rates of 
degradation with the d i f ferent  solvents. Other studies with 
2,3,7,8-TCDD examined the effects of so lub i l i za t ion  (Botre et  
a l . ,  1978), photochemical reduction (Crosby, 1978), and of 
d-Tfferent surfaces (Crosby and Wong, 1977). The primary 
objective of th is  study was to determine i f  the presence of 
d i f fe rent  solvents affected the rate of photolysis of OCDD and 
also to determine the effect of these solvents on the photolysis 
products, 

MATERIALS AND METHODS 

Octachlorodibenzo-~-dioxin (OCDD) was purchased from Analabs (New 
Haven, Connecticut, USA). Benzene (B & J) ,  hexane (B & J, UV), 
and ace ton i t r i l e  (B & J, UV) were used as solvents in this study. 
1,3-Cyclohexadiene, benzophenone, t r iethylamine, and cyclohexene 
were purchased from Aldrich Chemical Company, Potassium 
fer r ioxa la te  was obtained from Alfa Products, Ventron 
Corporation. Water was obtained from a Corning megapure s t i l l  
equipped with a Barnstead deionizing column. 

OCDD was dissolved in selected solvents by use of an ultrasonic 
water bath with the start ing concentration of OC~D in the solvent 
mixtures in the range of 4,3 x I0 "~ to 7.0 x I0 "~ M (- 28 ug/ml). 
Two mls of OCDD solutions were placed in Pyrex glass tubes ( I .0 
cm i ,d , )  and irradiated for selected times (4 to 48 hours) in a 
carousel type apparatus (Moses, 1969). The l igh t  source was a 
125 Watt medium-pressure mercury lamp contained in a quartz 
immersion well (Applied Photophysics). A solut ion of potassium 
chromate (0.27 g/ l )  and sodium carbonate ( i .00 g/ l )  in water 
(Bass and Cerfontain, 1979) was circulated through the lamp 
jacket between the mercury lamp and the reaction solut ions, This 
f i l t e r  solut ion transmits l igh t  in the region of 295-350 nm 
(Choudry and Webster, 1985). The reaction solutions were removed 
from the photochemical reactor at selected times and the amount 
of unphotolyzed OCDD was determined, Five repl icate samples were 
i r radiated for each solvent mixture, 

381 



The amount of OCDD remaining in photolyzed samples was determined 
with a Tracor 560 GC/ECD equipped with a Hewlett-Packard 3390A 
integrator .  The GC conditions were as fol lows: Pyrex glass 
column (1.8 m x 6.3 mm) packed with 3% SP-2250; i n i t i a l  
temperature, 170~ hold time, i0 minutes; program rate, 
8uC/minute; f inal  temperature, 300~ f inal  hold, 20 minutes; 
in ject ion temperature, 300~ ECD temperature, 350~ 

Mass spectral data were acquired with a Carlo Erba/Kratos MS8ORFA 
GC/MS equipped with a J&W DB-5 capi l lary  column (30 m x 0.25 nTn 
i . d . ) .  The operating conditions for the GC were as follows: 
I n i t i a l  temperature, lO0~ hold time, 2 minutes; program rate, 
8~ f inal  temperature, 300~ f inal  hold, 20 minutes. 
The mass spectrometer was operated in the electron impact mode at 
70 eV with a source temperature of 250~ 

The intensi ty  of l ight  was determined per iod ica l ly  throughout the 
experiments by using the potassium ferr ioxalate actinometer 
(Hatchard and Parker, 1956; Calvert and P i t ts ,  1966). After 2 
mls of potassium ferr ioxalate solutions (0.006 M) were irradiated 
in Pyrex glass tubes for 2-5 minutes, the OCDD solutions were 
i rradiated on the merry-go-round apparatus. The intensi ty of the 
incident l igh t  was calculated according to the method of Calvert 
and Pi t ts  (1966). 

RESULTS AND DISCUSSION 

The preliminary experiments of photolysis of OCDD solutions 
indicated that i r radiat ion time between 4 hours and 48 hours was 
the best reaction time for this study. Also, several experiments 
indicated that the presence or absence of oxygen had no 
measurable effect on the rate of disappearance of OCDD when 
irradiated in hexane or benzene. 

Table 1. Molar absorpt ivi ty values of OCDD 
in selected solvents. 

Solvent 
Molar absprpt iu 

(I mole "~ cm -~) 

Hexane 
60% Acetoni t r i le /water  

2251 (314 nm) 
2339 (314 nm) 

The molar absorpt iv i t ies for OCDD in hexane and 60% 
acetoni t r i le /water  are shown in Table I .  These UV absorption 
spectral data were used for the calculat ion of the quantum yields 
of OCDD in the respective solut ions. The measured molar 
absorpt iv i t ies of OCDD in the other solvents tested were somewhat 
widely variedo This variat ion was at t r ibuted to the low 
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concentrat ion of OCDD and to the low molar absorp t i v i t y  at th is  
wav~length. Benzophenone has a molar absorp t i v i t y  of 50 L mole " I  
cm'- at 313 nm and contr ibutes to the absorpt ion at th is  
wavelength~ 

Measured l i gh t  i n tens i t i es  for  i r r ad ia t i on  times ~f 2.0, 3.0, 
4.0, and 5.0 minutes were 3o91 x i0 -u,  3.18 x i0 "u,  3.03 x 10 -6 , 
and 3.65 x 10 -6 e i n s t e i n s ' l ' l ' s  " I ,  respect ive ly .  These 
measurements indicated the actinometer was not depleted by 
5-minute exposures. The l i gh t  i n tens i t y  was calculated by using 
a quantum y ie ld  of 1.24 (Hatchard and Parker, 1956). In the case 
of 4 min. ~r rad ia t ions ,  t~e measured l i ~h t  ~ntensi ty ranged from 
3.03 x 10"2 to 3.44 x I0 "u e ins te ins~  - "s " i  with an average of 
3.13 x 10 -6 (Table 2). 

Table 2. Determination of i n tens i t y  of l i gh t  using 
KFeOx actinometer. 

Photochemical y intensi �99 , 
ce l l  number (10 -o e inste ins 1 - i  s -~) 

I 3 ,10 
I l  3.22 

I I I  3.03 
IV 3.18 
V 3.29 

Vl 3.03 
VI l  3.10 

V I I I  3.14 
IX 3,07 
X 3.10 

I r r ad ia t i on  time: 4 min. 
3,13 (0.08)*  

*Mean (standard dev ia t ion) .  

Regression analysis In(c /c^)  vs t data were used to calculate the 
�9 U 

pseudo f l r s t  order rate constants for a l l  experiments. This 
re la t i onsh ip  was essent ia l l y  l inear  throughout the ent i re  time of 
photo lys is .  

A comparison of the photolysis rates of OCDD in hexane and 
ace ton i t r i l e /wa te r  indicates the conversion of OCDD to products 
is about 30 times faster  in hexane than in ace ton i t r i l e /wa te r  
(Table 3).  The photolysis rate was increased when 
1,3-cyclohexadiene, t r ie thy lamine,  or cyclohexene was used with 
OCDD in hexane. There are a number of e f fects  that  could cause 
th is  increase. I f  the molar absorp t i v i t y  of OCDD increased due 
to the d i f ference in solvent p o l a r i t y ,  then the photolys is rate 
could increase. However, an increase in molar absorp t i v i t y  was 
not observed in the UV absorption spectrumo 
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Table 3. Comparison of photodegradation rates, ha l f - l i ves ,  
and quantum yields of OCDD in selected solvents. 

OCDD in F i rs t  order 
selected solvents rate_constant Ha l f - l i f e  

(10 -6 sec " I )  (hours) 

5% 1,3- 
Cyclohexadiene/hexane 

5% Triethylamine/hexane 
5% Cyclohexene/hexane 
Hexane 
5% Benzene/hexane 
5% Benzophenone/hexane 
Benzene 
60% Acetoni t r i le /water  

82.50 + 8.6 2.33 
72.77 u 6.3 2.65 
40.50 u 1.7 4.81 
22.60 u 1.2 8.52 
13.40 T 0.46 14.4 
11.19 u 0.51 17.2 
6.03 u 0.20 31.9 
0.75 T 0.27 257 

aMean + s . d ,  
bAll t~e values are the mean of f ive repl icate sample analyses. 

Ail of the cosolvents ut i l ized in these experiments, with the 
exception of benzophenone (~313 = 50), are transparent in the 295 
to 340 nm spectral region (Murov, 1973). The lack of UV 
absorption by these cosolvent molecules precludes the poss ib i l i t y  
that photosensit ization is a major factor in the photochemical 
process in these experiments. Likewise, the attenuation of 
incident l ight  by cosolvents other than benzophenone should not 
contribute to a decrease in the rate of photolysis. 

One explanation for the observed differences in photolysis rates 
is that some cosolvents are better H donors than hexane for the 
photo ly t ica l ly  generated heptachlorodibenzo-p-dioxin radicals. 
The s t a b i l i t y  of the newly generated solvent--radical would be a 
factor in determining the eff ic iency of H donor capabi l i ty of 
each solvent. That the commonly accepted order of radical 
s t ab i l i t y  is a l l y l  > 3 o > 2 o > I ~ > vinyl lends some support to 
th is explanation. 

The reaction quantum yield (@) of OCDD was calculated using the 
fol lowing equation (Choudhry and Webster, 1985a): 

K 
2.303 I~ ™ L 

where: 
K = 

i = 

L : 

photolysis f i r s t  orner rate constant for an individual 
OCDD solution (sec "~) 
the intensi ty of the incident l igh t  of wavelength (~) 
(e inste ins/ l .sec)  
the molar absorpt ivi ty (I/mol'cm) at 313 nm 
the cel l  pathlength (cm) 
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The approximate quantum yields for the rea~tion of OCDD in.hexane 
and 60% acetoni t r i le /water  were 12.6 x I0"~ and 0.41 x I0 - " ,  
respect ively.  The quantum yield (0.41 x 10 -4 ) for OCDD in 60% 
acetoni t r i le /water  was in reasonably goo~ agreement with the 
previously published value of 0.23 x I0 - "  (Choudhry and Webster, 
1985b). This small difference is possibly due to the d i f f i cu l t y  
in determining the molar absorpt iv i ty coef f ic ient  at that 
wavelength. 

The major photoproducts of OCDD in selected solvents were 
ident i f ied by mass spectrometry. I t  was observed that for the 
photolysis of OCDD in hexane, 5% cyclohexene/hexane and 5% 
benzene/hexane, the predominant intermediate product was 
1,2,3,4,6,7,9-HpCDD. By comparison of the retention time of 
1,2,3,4,6,7,8-HpCDD standard with that of HpCDD, the f i r s t  
e lut ing HpCDD isomer was 1,2,3,4,6,7,9-HpCDD. As Buser (1976) 
suggested, the preferential loss of the chlorine atoms on the 
dibenzo-p-dioxin ring were the 2, 3, 7, and 8 posit ions. 
However,--for the photolysis of OCDD in 5% 
1,3-cyclohexadiene/hexane, preferent ial  subst i tu t ion of chlorine 
was on the 1,4,6, or 9 numbered carbons and the predominant 
intermediate seven chlorine isomer was 1,2,3,4,6,7,8-HpCDD. 

In the GC/MS analysis of substituted products in benzene, one 
compound with a molecular ion of 154 and two compounds with a 
molecular ion of 498 were observed. On the basis of the mass 
spectrum, the ident i t ies of these compounds were established as 
biphenyl and two isomers of phenyl-HpCDD, respectivelyo With 
OCDD in cyclohexadiene/ hexane, molecular ions of m/e 160 and 500 
were observed. On the basis of the mass spectrum, the ident i t ies 
of these compounds were established as dimers of cyclohexadiene 
and cyclohexadiene-HpCDD, respectively. With OCDD in 
cyclohexene/hexane, the mass spectrum had a molecular ion peak at 
m/e 502. The ident i ty of this compound was established as 
cyclohexene-HpCDD isomer, in which one chlorine atom had been 
replaced with a cyclohexene group. Also, the GC traces showed 
that these compounds had retention times longer than that of 
OCDD. Unidentif ied compounds with GC retent ion times longer than 
OCDD were observed with OCDD photolyzed in hexane (Dobbs, 1979). 

Results from this study show that the rate of photolysis of OCDD 
in the 295 to 340 nm region is great ly affected by the 
surrounding solvent medium. The measured f i r s t  order rate 
constants indicate that photolysis occurs more rapidly in 
solvents that are good H donors. The formation of 2,3,7,8-TCDD 
by photolysis of OCDD would not be expected to occur under these 
condit ions. 

In al l  solvent mixtures, except where 1,3-cyclohexadine was used, 
1,2,3,4,6,7,9-HpCDD was the preferred isomer of that 
intermediate. This resul t  is in agreement with previous 
publ icat ions. The ident i f icat ion of HpCDD-solvent substituted 
compounds had not been reported in the l i t e ra tu re  reviewed for 
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this publication, but the occurrence of these compounds is in 
agreement with the general mechanism suggested by Crosby (1978) 
for the photochemical reduction of aromatic halides. 
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