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Abstract

Dibenzofuran (DF) and dibenzo-p-dioxin (DD), potentlal precursora In the formation of polychlorknated dibenzofuran (PCDF)
and polychiorinated dibenzo-p-dioxin (PCDD), wera chiorinated In an aqueous modium. The reaction products were analyzed for
PCDO and PCDF. The typlcal pulp effluent Isomer pattern Is dominated by 2378-TCDF, 1278-TCDF and 2378-TCDD. Dominant
reaction products observod were dichloro and trichloro congeners for the room temperature reactlons, and trichloro congeners
for the 80° reactlons. It appears that the 2378-tetra substituted Isomer Is the most abundant among the tetrachioro congeners
produced.

Introduction

The prasence of PCDD and PCDF among the chicrinated compounds observed In paper pulp mil effiuents was confirmed
In 1988 [1]. Research efforts and government controls have resulted In reductlons of PCODs and PCDFs In pulp and effiuents from
the pulp and paper Industry (PPI) since thelr discovary. However, little Is known about the mechanlsm of formation of these
compounds.

The obfectives of the study are as follows: &) to galn more Information regarding potentlal precursors of dioxing and furans
In the PPJ; b} acquire Information regarding the mechanism of dloxin formation In tho bleaching process of the PP which will aiow
more efficlont ressarch and development on the Inhibition and ellmination of dloxin formation. In this Investigation potential
precursor compounds have been chlorinated In an aqueous medium. The products were analyzed for chiorinated dioxins and
furans.

Bagkaround

Paper pulp 18 made from cofiulose based materlals, primarly hard and soft woods. The wood stock i3 chipped,
maochanically or chemically pulped, chemlcally bieached, and finally converted Into paper. The pulping and bleaching steps are
designed to solectivety remave lignin (a highly complex aromatlc potymer) from the cellulose.

Kringstad, et al. [2] have concluded that dloxin formation must take place In the first chiorinatlon step of the pulp bleaching
sequence. Chiorination reactlons with aromatic lignin fragmants may lead to the formation of dioxins. Howaver, according to Voss,
et &l. [3] non-chiorinated dibenzofuran (DF) is belloved to be a major precursor for PCDF In pulp and paper mili effluenta. Thelr
lnvestigation showed DBF as a contaminant in ol based defoaming solutions, as woll as a ublquitous contaminant in alr, water,
and possibly the odghal woodstock. Citing a paper by Gray and Dipinto [4], Voss Indlcates that the typlcal PCOF Isomer pattern
found in pulp and paper mill efiluents Is similar to that produced by direct, non-aqueous chlorination of DF (le. 2378-TCDF
dorninates, abowt hatf as much 1278-TCDF, trichloro-COF, and minor amounts of other tetra and ponia isomers). de Sousa, et al.
18] report that the 2378-TCDF and 2378-TCDD Isomers are present In the highast concentrations.
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Larson and Marley {6] sludied the aqueous chiornation of terpenas which produces toxaphenae-iike compounds found
In bleach plant effluents. The behaviour of chiorne in water is described:
CL+ HO <~ + H + HOQ pK, = 34
HOCt « H* + OCI pK, = 7.5

Exparmental

Inttial chiorination experiments were done using DF as the precursor and O, as the chlorinating agent. An aqueous
chiorination procodure described by Larson and Marley was used for all chlorinations using NaOC! as the chiorinating agent [6].
The experimential condiions are summarized In Table ).

Reaction flasks were wrappod In tinfoll during chiorination In an attempt to minimize the fosmation of CF free radicals
through exposure of Cl, to UV radiatlon.

Salety precautlons were taken when using Cl, as the chiorinating agent. An N, purge iine aifowoed excess C, gas to be
flushed through the regulator valves after a reaction was complsted. Additionally, a ventliation line was directed from the reaction
flask Into a 1M NaOH solution to trap unreacted chiorne.

The aquecus chlorination solutions were extracted with toluene, dried with Na,§0,, fitered through sintered glass
crucibles, and then reduced to 2.0 mL or loss. All extracts were analyzed on an HP 6880 GG with ECD, using a 0.32 mm x 30 m
DB-5 column {4 & W Sclentific), and an HP 5§70 GC-MSD, using a 0.25 mm X 30 m DB-§ column {3 & W Sclontific).

Beaudts and Discussion
Cualitative results from the GC-ECD analyses showed the majorty of the chiorination products eluting in the same

retention window as tetra- and pentachlorinaled dloxins and furans (comparison with PCDD/PCOD* /PCOF lab standard) (Figure
1).

The maln chiorination products observed kn the total lon chromatograms (GC-MSD finsar scans) were klentHied from thelr
mass spectra as mono, di, tri, and sometimes tetra chiorinated congeners of DBF or DBD. GC-MS electron impact sefected fon
monkoring (EISIM) was used to confirm the identification [Figure 2], and quantitation. Quantitative results are summarlzed In Table
ii. 2378-TCOF was tentatively identifled in the DBF/H ECD traces. 2378-TCOF and 2378-TCOD werag identiiled In GC-MS EISIM
runs [Figurs 3].

The quathative and quaniitative GC-MSD results show that the dichioro and trichioro congeners are the most prevalent
of the PCOD and PCDF compounds formad in the room temperature reactions. Temperature and time varlations do not appear
to be sufficient to drive the chiorination reaction beyond the tetra substituted stage.

Conclusions
The typical tleached pulp PCOD/PCDF (somer pattern has not been observed In the aqueous chiornation experiments

ol DD and DF as described above. If 0D and OF are indeed major precursors of PCOD and PCOF In bleached pulp and pulp and
paper mM effiuent, other factors such as possible catalytlo effects from metal lons may ba responsible to form 2378-TCDD/TCOF
as the major dioxin products. Temperature and time factors, moro rigorous than those found In mill bleaching oporatlons, are not
sufficiant to drive the chorinatlon beyond tetra-substhuted congeners. Of the letrachloro- congeners produced, it appears that the
most abundant lsomers are 2378-substituted.
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Table I. Summary of experimental conditions.

No,  Precursor mass Solvet  vol  CiSource Yomp Time

A. DBF/Cl, (mg) (my) C)

1 50 100 65 sm

2 DBF 40 20% 200 Gl 20 5m

3 40  EIOH/H,0 200 80 30m

4 40 200 80 20m

B, DBF/H*

1 40 100 1t 90m

2 DBF 40 IMHO 100 NaOCI n 4h

3 40 100 (20mlL) n 23h
\ 4 40 100 80 23h

C. DBF/C

1 DBF 49 IMHO 100 Cly, 80 6h

D, DBD/H

1 1.0 10 t

2 DBD 1.0 IMHO 10 NaoC it 6h

3 1.0 10 (tomL) 80

4 +FeCl,(0.1g) 1.0 10 t

[ +Cu (1 .40) 1.0 10 n

E. DBF/H

1 1.1 10 n

2 DBF 11 IMHG 10 NaOQ nt 6h

a3 1.1 10 (1omL) 80

4 11 10 80

Table H. Summary of quantitation results,

0,000 I,CDD Lcpp Total
D.OBD/H g (%) ko) (%) ba) (%) (% rec)
1 40 & 160 10 0 2 44
2 30 29 220 14 4 3 46
3 28 2 410 27 19 11 4%
O,CDE T.COF LCOF Total
E. DBF/H ko) (%) ba) (%) ba) (%) (% rec)
1 300 20 20 18 89 5 4t
2 170 11 25 14 0 4 20
3 1Mo 7 890 51 19 10 68
4 150 10 760 43 W 7 60
B.2 140 24 130 20 20 3 47
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Flgure 2. Total lon chromatogram of GC-MSD SIM run.
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Flgure 1. Comparison of ECO traces of PCOD/PCDD*/PCOF Tom ST s Frye SATRTET S _W
tab standard wkh DBD/H. 1 s 2 e
t.oce] DBD/H 80° w1 (" N
4.0C4 \, 4.0C4
MER T N 2.8Ce
‘ a — a
: Zan 3Z) 90 smu. ftrar DATR:FEiI822.0
3 vaa «
€ .08 ~
&.0C4 ]
i.az4 - A
- 3,
g e
= % v e y azr n
T IV W e TR BRTAFSTRIT
DQO/H #9260
Figure 3. lon traces of M™* and #** lons of 2378-TCOD std
and DBD/H sample.

238 Organchalogen Compounds 3

1990






