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Up la today atxiut 2O0 chlorinated compcxjnds formed during bleactiing of pulp tiave tieen 
identified. It has been suggested tiy Buser, Rappe and covroricers that one hittierto 
unknown group of compounds could be chlorinated and metiiylated cStjenzofurans. We 
have now synthesized polychlorinated 4-methyldibenzofurans (4-mDF) and 4,6-dinnetiiyl-
dibenzofurans (4,6-dimOF) as reference compounds to be used in subsequent analysis of 
samples from kraft pulp bleaching. 

The results finom determination of pc^ychlorinated 4-mDF and 4,6<limDF in samples taken 
at different stages in pulp miO bleaching sec|uences tiave stiown ttiat these compounds can 
be fomned during ttie first ctilorination step. 

Ancdysis of black Uquor sample from kraft pulping also incficated ttie presence of 4-mOF 
and 4,6-dimDF as pc^ssbie precursors. 

Bleactiing of oxygen prebleactied pulp using a low ctilorine ratio results in a formatitDn of 
polyctilorinated 4-rfiDF and 4,6-dimDF in very low levels, less than a few ppt in pu^ and 
less ttian a few ppq in effluenL 
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Figure 1. Dibenzofuran vere methylated by treatment with 
butanelithlum followed by mettiyliodide to acliicve 4-BDF and 4,6-
dimDF. The structure of the proiiucts forsed were confirmed by H 
and •'•^C-WlR-spectroscopy and El-mass spectrometry. The methylated 
dibenzofurans were chlorinated to give a total of 39 mono- to 
hnnrai^hlorlnated 4-iiiDF and 26 mono- to hexachlorinated 4,6-diinDF. 
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Figure 2 . Zdsntificatlon of the precursor cocnpounda In 

black liquor by analysis of the most abundant ion fragments 

,SXR-GC/HRMS. Peak 1 refer to 4-mDF, peak 2 to 4,G-dlnDF( M 

-0113'̂  ion) and peak 3 refer to 4f6-dijuDF. 
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Ficrure 3 . Ion chroma'togram of - te-trachlorinateci 4-mDF i n 
e f f l uen t from f i r s t c h l o r i n a t i o n s'tage ( IA and IB ) and 
t e t r a c h l o r i n a t e d 4-jaDF in t he re fe rence mixttire { 2 ) . The 
masspectrum r e f e r t o fche major isomer i n re fe rence ai ixture-
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F i g u r e 4 . I o n c h r o m a t o g r a m o f t e t r a c h l o r i n a t e d 4 ,6-di i i iDF i n 

e f f l u e n t f r o m f i r s t c h l o r i n a t i o n s t a g e ( IA a n d I B ) a n d 

t e t r a c h l o r i n a t e d 4 ,6-c l in iDF i n t h e r e f e r e n c e m i x t u r e ( 2 ) . 

T h e m a s s p e c t r u m r e f e r t o t h e m a j o r i s o m e r i n r e f e r e n c e 

m i x t u r e . 
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