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INTRODUCTION 

Four main sources for dioxins have been identified and intenslvefy discussed: 

1) Manufacture and application of Ckirganlc pesticides and PCSs; 

2) Combustion processes, esp. municipal waste intdneration, but also aiAamobile exhaust, 

(»pper smelters, residential buming; 

3) Pulp and paper industry; 

4) Manufacture, acddental fires and discharge of brominated flame retardants. 

Amongst the atxwe sources the subject "pulp & paper" and "dioxin* is a relatively recent one but 

very evident Within the last few years much public cTiscussion and concem has arisen. This 

development is reflected by the increasing number of publi(ations. Table 1 shows the number of 

publications listed in the File CA of the Chemical Abstract Sen/ice (CAS. (^lumbus, Ohio) dated 

on August 30. 1990 that mattSws both PCDD/PCDF (m several variations) and pulp or paper 

listed: 

Table 1: Numbers of Publications on Dioxins AND Pulp and/ot Paper Usted by CAS 
(Update: OS/30/1990) 

Year 

Before 1987 
1987 
1988 
1989 
1990 

OlOXIN'ag 
DlOXtN'90 

Number 

0 
2 
5 

35 
2 

33 
23 

tt shoutd tie noted that papers presented at the annual Dioxin conferences are published in the 

foilowing years; so at least 33 comn"btitJoris from the Toronto cwnference have to be added to 

the 1990 number. And another 22 for this meeting in Bayreuth. From the atiove tatile it can tie 

seen ttiat conc»m about the occurrence ot dioxins in ttie pulp and paper prjxjuction and resul-
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ting possible risks to environment and humans started about 3 years ago and probably reached 

its peak in 1989. 

STATUS: PAST - PRESENT- FUTURE 

Discussions started about the release of halogenated organic chemicals Into the environment In 

the course of the National Dioxin Study in 1987 \ when the pulp and paper industry was asso

ciated with the presence of chlorinated organic compounds and especially dioxins. 

The formation of dioxins In the pulping process using chkirine bleaching can be proven analyti

cally, when, from precursors, a characteristic bleaching pattem can be identified. A typical 

isomer pattern of CI^DF and O^DD found in fhe effluents of a pulp mill differs from that from a 

municipal waste Incinerator the typical incineration pattem contains c*iaracterlstlcally tha 

1,3,6,7-CI,jDF and 1,3,7,9-CI^DF and only minor amounts of the toxic" 2,3,7,8-substitLrted com

pounds whereas the pulp mill effiuent Is dominated by the 2,3,7,8-CI^DF, 1,2,7,8-Cl4DF, and 

2,3,7,8-CI,,DD isomers ^. Occasionally, 1,3,6,8- and 1,3,7,8-CI^DD are the dominating isomers. 
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Fig. 1: Comparison of a^DF and CI^DD pattems in a spent-bleaching liquor and in a typi
cal Incineration sample (from Ref. 2) 

At Dloxin"89 In Toronto Clement et al. ^ reported that the highest levels of tetrachlorinated 

dioxins and furans were found in the bleached Kraft mlHs, whereas higher levels of ttw tiigtier 

chkirinated PCDD/PCDF were detected In other process mills finctudirvg t)leactied Kraft-sutfite, 

semi-bleached Kraft, semi-ctiemic^ mechanical pulping, and groundwood). 
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RELEVANCE OF DIOXIN LEVELS DURING MANUFACTURE AND IN PRODUCTS 

Problems Arising 

a) Environmental impact through chloro-organics (mainly effluents) 

b) Migration/mobility of PCDD/PCDF from packaging into food, e.g. milk cartons and thereby 

human exposure 

c) Paper as waste (dumping, Indneration). 

Present Demands 

Bleaching Is not a question Of aesttieti<» but is a form of purification. Furthermore ttiere is still a 

public demand for bleached pulps because of its Improved quality, e.g. colour, brightness, stabi-

fity, tensile strength, softness, at»sorptivity, stiffness, cleanliness, etc.). Unbleached pulps are 

mostly used as newsprint and in packaging. 

For softwcHjd Kraft pulps, bleaching is generally performed by stK«essive treatments with otito-

rine (C,), alkali (E^), chlorine dioxide (D,), alkali (Ej), and chlorine dioxide (Dj). Sometimes, a 

hypochlorite stage (H) Is inserted bebveen E.,- and D,-stages. Typical prebleaching conditions 

(C,- and E.|-stage) in 1988 wiere: 

C,-stage: pulp (sluny consistency -3%) is treated with about 60-70 kg elemental chkxine/ton 
of pulp at a temperature of 15-20 °C; the final pH is 1.5-2.0. 

E,-stage: chkxinated pulp (consistency -10%) win be extracted with 35-40 kg alkaB/ton of 
pulp at a temperature of 5 5 - 7 0 1 ; the final pH is atxjut 11. 

Ttie Various Bleaching Chemicals Are: 

Hypochlorite in various fomis and c^ilorine (Cy : inexpensive, non-specific; 
Chlorine dioxide (CI^O): more expensive, difficult to handle, selective; 

- Hydrogen peroxide (HjOg), molecular oxygen (Oj) used as brightening agents, induded in 
alkaline stages; oxygen is mostly used before the first bleaching stage = oxygen preblea
ching: expensh/e, spedal equipment necessaiy. 

They can be used in one or more chkjrination stages and an equal number of alkaline extraction 

stages. 

Disadvantage: Due to the large amount of chemicals and the large volumes of water used in 

chemical pulping, the pulping industry has a potentially signifitxint impact upon thc k>cal aquatic 

environmenL Most interest has been focussed recently on the chlorine-bleaching of pulp rather 

than the actual pulping process *. 
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PCDD/PCDF Levels During Pulping 

In a Swedish suwey, dioxins were detected in ttie kw ppq-range (5 to 90 pg N-TEQ/kg of total 
effluent samples, Induding liqukl and fine particulate) *. In ttie United States 2,3,7,8-CÎ DD and 
2,3,7,8-CÎ DF were not detected in ttie processing water of pulp mills and 2,3,7,8-a^DD was not 
found in unbleached pulp (detection levels at 0.3-1 J) ng/kg); however, 2,3,73-C3^DF was found 
in three unbleached kraft pulps in ttie 1 to 2 ppt range, but was not detected in four ottiers ̂ . 

PCDD/PCDF Leveis in Final Puip and Rnistted Paper Products 

Typical levels of PCDD and PCDF found In Swedish Kraft bleached pine pulp were 5-15 ppt 
Nordfc TEQ and 1-S ppt Nordic TEQ in birch pulp ̂ . During ttie 104 MHI Study «, 2,3.7,8<a^DD 
was found in 7 of 9 bleached pulp samples (on ttie basis of dry vreight mecfian: 4.9 ng/kg) and 
2,3,7,8-a^DF in 8 ot 9 samples (median: 50 ng/kg). Wrthin ttie recent Swedish Dkwin Survey ̂  
ttie highest levels of PCDD/PCDF have been found In recycled paper pidps, whereas the two 
sulfate paper pulps contained exti-emely kiw levels of PCDD/PCDF. The unbleached tetdinlcal 
mechanical pulp and ttie unbleached sulfite process pulp both contained hepta-ctikvofurans 
and octa dioxins and furans. 

Although ttie Swedish Minister erf Environment and Energy dedared on June 20, 1988 ttiat all 
consumer pulp and paper products shtxiid be "dioxin-free" (below 1 pg/g) ttie results ol dtoxin 
analyses showed ttiat PCDD/PCDF were Wenttfied m aH - bleached and unbleached - paper 
products. Generally ttie levels in the unbleached samples were lower than in ttie con'esponding 
bleactied products. However, PCDD and PCDF couW also be determined in products at*«f-
tised as "dioxin-tree" or -dikxine-free"»(see Table 2). 

Table 2: Levels of PCDD/PCDF in various pulps ̂  arxl oxisumers' paper products (pg/g ot 
product' 

Pulp 

Recycled pulp 

Sulfate paper pulp (softwood) 
Sulfate paper pulp (hardwood) 
Technteal mechanhal pulp 
Unbleached sulltte pulp 

N-TEQ 

3.7 
4.2 
0.2 
0.1 
1.3 
0.6 

Paper products 

Diapers 
Ootti diapers (unwastied) 
Unbleached shopping bag 
Bleached shopping bag 
CSgaretta paper 
Tampons 
Cotton 
Unbleached coffee filter 
Bleached coHee filter 
Cartxixy-mettiyl Cellulose 

N-TEQ 

1.0 
<0.2 

1.9 
5.7 
4.4 
0.3 
0.4 
3.8 
8.2 

<0.1 
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ACTIONS UNDERTAKEN TO REDUCE ENVIRONIUENTAL IMPACT 

Whereas in 1988 ttie bleaching of a softvnxxj Kraft pulp generally resulted in the discharge of 
about 4-5 kg of organically bound chlorine per ton of pulp, a modem plant generates 1.5-2.0 kg 
TOCI/ttxi of bleached pulp. In Sweden new regulations will reduce ttie amount furttier to 0.1 kg 
TOCI/ton pulp. 

The consumption of molecular chlorine, expressed as the ratio between chlorine and the lignin 
content (C^-muttiple) is the most important parameter in the generation of dio)(ins. Formation of 
PCDD and PCDF increased drastically atiove a critical value of about 0.15; bekiw that level ttie 
formaticxi was either non-existent or barely detectable ®. The main decrease in the total amount 
of PCDD/FCDF when decreasing ttie Cl^"'""'''?'^ is mainly due to ttie reduction of tetradilori-
nated congeners. 

Ttie practical action steps taken to reciuce ttie generation of dkixins and chkiro-orgarucs, in US, 
Canada, and Scandinavia tiave included ttie foltowing suggestions'": 

1) To decrease ttie chlorine multiple to tielow 0.15 by increasing ttie level of chtorine dioxide 
substitutton in the chkyination stage; 

2) To minimize ttie entry of precursors into the bleach plant by careful selection of prcx̂ ess 
additives and by efficient washing such as ttiat obtained during oxygen trieadwig. 

Furttier, the following methixJs have tieen suggested from a limited small scale experimental 
database^ 

1) To i»e first chlorine and ttien chkirine dioxkle; 
2) To decrease ttie corx̂ enta-ation of chlorine by multiple additions or by decreasing con-

sisterx^ in ttie C-stage; 
3) To increase ttie pH, thereby possible decreasing chtoride ion cxjncentrab'on in tfie 

C-stage 
4) To increase ttie Ostage temperature. 

A furttier reccxnmendation has tieen made by NCASI* that mill operators should only tie pro
vided with defoamers tiased on virgin oil .̂ This is a further method of redudng the entry of 
dtoxin precairsors into ttie mill. 

National Oxindl of tiie Paper Industiy for Sti'eam and Air Improvement, Inc. (USA) 
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