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Abstract 

The experiments showed the decline of PCB 158 in aqueous Ca(0H)2 sohitron. However, the ex­
pected acetylated phenol peak ofthe degradation product did not appear in the chromatograms. So 
we conchide that the nucleophilic substitution of PCB 158 by hydroxide ions does not lead just to 
mono-hydroxy biphenyls. 

Introductron 

Aromatk conqwunds containing electron-withdrawing substituents, e.g. Chlorine, can undergo nu­
cleophilic substitution reactions^. These reactions proceed the better, the more of these substituents 
are present. While the preparatbn of phenol fiom chtorobenzene (Dow-Process) needs drastic con­
ditions, hexachbrobenzene abeady reacts in aqueous sodium hydroxide sohition at tenqieratures 
between 100° and 200° C ^""l Thus it is no wonder tiiat in 1983 Brunei! and Singekon reported the 
reaction of polychbrinated b^henyls (PCB) with polyethylenglycol (PEG) and potassiumhydroxide 
for the decontamination of transformer oil ' \ This chemKal dechloronatbn is now a widefy recog­
nized altemative to thermal treatment of chlorinated aromatic hydrocarbons ^\ Because of the low 
water solubility ^ the reactk>n seemed to be restricted to non-polar media. From PEG and potasshun 
hydroxide the corresponding alkoxide is formed whkh conducts the nucleophilic attack on the halo­
genated aromatk c o n ^ u n d . At tenqieratuies between 75° C and 200° C the conversk)n took place 
in 10 to 120 minutes. The degradation rates were good, and the PCB-0-P£G-ether coukl be isolated 
as the reaction products. Similar in princq>le are the reactions of PCB with PEG/sodiumhydroxide or 
the use of thkilate nucleophiles * ' \ 

E}q)eriments to decontaminate soils using PEG/KOH were successfiil on spiked sand and on native 
soils with less than 2% water content. However, rates decreased strongly with rising amount of wa­
ter in the soil samples '"l Excavated soils can be treated similarly at teiiq)enitures between 100° C 
and 200° C. This procedure, however, destroys soil texture and its microflora " \ 
An Australien paper of 1994 reported the nearly quantitative degradatk>n of halogenated aromatk 
hydrocarbons by griiKiing the contaminated matrices with Calciumoxide in a baU mill '^ ' . The results 
were not discussed, but at least for the more volatile substances ev^wration fix)m the niatrk:es may 
be probable because ofthe high tenq>eratures caused by the griodin^process; but in anatogy to the 
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reaction of e.g. PEG/KOH with PCB a nucleophilic substitution of chlorine by hydroxide ions fit)m 
Cakiumhydroxide may be possible as welL 
Using CaO/Ca(OH)2 for the decontamination of PCB contaminated soils would have the advantage 
that the excess reagent could be neutralized with CO2 to result CaCOs, a natural soil component. 
Moreover, modified CaO had already been used to immobilize PCB in soil "I 
We decided to investigate the nucleophilic substitution of chlorine in PCB by hydroxide using a sim­
ple experiment. A single PCB isomer (PCB 158) was adsorbed on the wall of a reaction flask, wttch 
then was filled with an aqueous solution of Ca(0H)2. According to its (low) solubility some of the 
PCB will be solved and shoukl react with the hydroxide 'tons. Analysing the time depending concen­
tration shift ofthe PCB should indicate whether a reaction takes place. It can, however, not be ex-
chided that the nucleophil reacts with the sorbed molecule. The experimental curve wouM show the 
overall degradation rate. Ifa reaction takes place, the product supposed should be extracted from the 
aqueous sohition after derivatisation and be quantified as well 
We used 2,3,3',4,4',6-Hexachlorobq)henyl (PCB 158) 1 as an exanq>le because of being not co­
planar and the supposed reaction will not easily lead to the corresponding polychlorinated dibenzofii­
ran (PCDF) in a subsequent reactu>a 

+0H 

-a" 

Experimental Methods 

Rfisigrade solvents used were purchased from Baker, the CaO p.a. fiom Merck and 2,3,3',4,4',6-
hexachtorobiptenyl (PCB 158) and 2,3,3',4,5'-pentachloro-4'-hydroxybq)henyl (RPM 21) fiom 
Promochem Water had Sera^ur quality. 
A solution of 50 ng/ml of PCB 158 in hexane was prepared. 100 ^1 ofthis solution were given into a 
10 ml round flask with a magnetic stir-stick and the solvent was ev^x)rated at 200 mbar ami 40 °C ( 
about 15 minutes) or btown off by nitrogen. 5 ml of a saturated Ca(0H)2 solutwn (pH 12,6) were 
added, the flask was closed and placed in a heated oil bath (65 °C ± 2 °C; 85 °C ± 2 °C) with vigor­
ous stirring for a certain time. After different times two flasks were aUowed to cool to room tem­
perature in each case and neutralized with 200nL acetanhydride for derivatization of possible pheno­
Uc products'^l 1 ml Hexane was given to tbe aqueous phase and the mixture was shaken vigorously 
for I minute. After phase sepaiatton hexane layer was transferred into a GC vial and the amount of 
PCB 158 in each vial was detennined twice by gas chromatogrqjhy. Measurements were carried out 
using a HP 5890 Series n GC/ECD fit>m Hewlett Packard with an autosanq>ler and a split/splitless 
injector fiirther equipped with a 30 m DB-S capillary column (J&W) and a IS m DB-1 capillary col­
umn (J&W), re^)ectively. Carrier gas were helium (1 ml/min) and makeup gas nitrogen (60 ml/min). 
Tbe ten^perature program started at 60 °C for 2 min, heated to 180 °C with 20 °C/min remained 
tiiere for 2 min and heated tiien to the final ten^ierature of 320 °C witii 30 °C/min. The final tem­
perature was kept for 5 more minutes. Quantificatton of the e}q>eriments was done by calibration 
curves. For determinatk>n of the recovery rates, the basic Ca(OH)2 sohition was changed to water 
and the flasks were heated briefly to the reactnn tenqierature. Rates were 95 ± S%. 
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Results and Discussion 

One can see fiwm the figure 1 that the interaction of hydroxide ions with PCB 158 leads to de­
creasing concentrations depending on the reaction time. The temperature effect seems of less im­
portance. At 
65° C as well as at 85° C tiie amounts of PCB 158 recovered is about 50% after one day and 30% 
after five days. 
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Figure 1: Decline of PCB 158 in aqueous Ca(OH)] solntion at 85 ± 2 "C (•, standard deviation -) and 65 ± 2 °C 
( • , standard deviation -). 

However, the expected acetylated phenol peak of the degradation product did not ^pear in the 
chromatograms. To investigate this fiirther RPM 21 was purchased as the most similar Hydroxy-
PCB expected and acylated under the same experimental conditions. This substance could be very 
well acylated and showed a distinct gas chromatographic peak. Conqiaring its chromatogram with 
that ofthe degradation ejqieriments one ofthe poor peaks qipearing next to the educt could possibly 
be the reaction product but its concentration was too less to identify the molecule by mass-
spectrometry. 
To verify that the concentration decline of PCB 158 was not due to an evaporation from the flask the 
reactions were repeated in closed Wheaton Vials. The mixtures were weighted before and after the 
degradation procedure, in no case a loss of material could be detected. Moreover, subsequent to the 
extraction ofthe reaction mixture, the vials were extracted with acetone in a supersonic bath to solve 
adsorbed molecules. Measurement ofthe combined organic solutions showed a better correlation of 
concentration decline and time but the resuhs obtained were very similar in the rates and the absolute 
concentrations, respectively, to the first ones. Again no phenolic degradation product could be de­
tected. 
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y = 3E-05x^ - 0,0096x + 1 
R̂  = 0,9316 
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Figure 2: Decrease ofthe amount of PCB 158 in aqneons Ca(OH)i solntion at 65 ± 2° C in Wheaton Vials. 

From the resuhs we conclude that the nucleophilic substimtton of PCB 158 does not lead just to 
monohydroxy biphenyls but to polj^ydroxylated derivatives which may react to chinoid products as 
reported recently '^\ That is why we could not find the acetylated derivatives ofthe expected poly­
chlorinated biphenylols. Another explanation for the absence of the proposed degradation product 
may be that the primary phenol will be deprotonated to give a phenohte ion. As this is much more 
nucleophilic then the hydroxide ions it may dimerize with another PCB molecule or even polymerize. 
The resuhing products e.g. decachlorodibiphenylether would not be detectable by gaschromatogra­
phy. E}q}eriments using thinlayer chromatogr^hy to detect any substition product are under study. 
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