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ABSTRACT: 

Thirtvfive different paper products and pulps have been investigated for tlieir content of 
PCDD/PCDF. In the extraction step, highest yields were obtained with toluene as solvent. 
Highest PCDD/PCDF concentrations, ranging up to 32 ng/k^ I-TEq, were found in colour 
print magazines, printed with the rotogravure printing technique. In paper products based 
on oxygen-bleached pulp only veiy low amounts of P C D D / P C D F could be detected. 
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Introdoctlon 

In the last three years, several authors [1, 2, 3, 4] have reported on the formation of 
PCDD/PCDF in connection with the use of chlorine in the bleaching process, as well as the 
occurence of PCDD/PCDF in paper products based on such pulps. Also, through the use of 
pentachlorophenol (PCP) as a biocide in the pulp and mper production process in the 
F.R.G. until the late 70's, additional amounts of PCDD/PCDF vrere introduced into pulp 
and paper products [S]. In paper production, different amounts and different types of 
bleached pulp or recycled paper pulp are used, ffigh quality papers may consist of up to 35 
% of chlorine bleached kraft pulp. 

As there have been, up to now, no comprehensive investigations on the contents of 
PCDD/PCDF in various types of paper, we have ana^^zed 35 different types of paper or 
paper products like newsprint, magazines, books, hygienic papiers based on origmal pulp 
(either chlorine or oxygen bleached) or on recycled paper pulp. 

Materials and Methods 

The analyzed products all were commercially available. The pulp samples were supplied by 
a paper mill. 30 - 140 g of sample were cut to pieces and transferred into a hot soxhlet 
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extraction apparatus. Then the sample was spiked with 1 ng of each of 10 different l^C-
labelled PCDD/PCDF standards, one for each of the tetra- to octa-chloro-homologues. 
After extraction for 24 hours with toluene, the extract was evaporated to 2 ml, then 
chromatographed over an alumina superactive column, a combined silica column and an 
alumina micro column successively. After concentration to 7 - 10 ^ in sitylated micro 
vessels, 2 - 3 ftl were injected for GC-MS-measurement [4]. Cean up procedure and GC
MS quantification are described in detail in another report in this votume [5], The detection 
limit varies, according to congener, between 0,09 ng/kg for instance for TeCDD and 
1,0 ng/kg for OCDD. Recoveries of internal standards, as determined against extemal 
stancwrds, generally varied between 60 -110 %. 

Resolts 

For choice of the most effective extraction solvent, two different types of paper were 
extracted each with etbancd (96 %), tcrinene/ethanol (32/68X and toluene. With toluene the 
overall extraction yields are significantly better, as Fi^ 1 shows. It has to be noted, however, 
that ethanol proved better in extracting higher chlorinated furans. 

Surprisingly high levels of PCDD/PCDF ranging up to 32 ng/kg I-TEq were found in colour 
print magazines, printed with the rotogravure printing technique (Tab. 1). Newsprint and 
hygienic papers based on recycled paper shows values up to 17 ng/l^ I-TEq f l i b . 2). A 
pocket book, printed in 1961 also shows comparabhr high contaminatioiL Newspapers 
printed on nonnal newsprint with no use of retycled paper show a considerably lower 
contamination (Tab. 1). Papers based on (^[gen-bieached or unbleached pulp also show in 
general a rather low contamination by PQDD/PCDF (Tab. 2). Here, the nonnally high 
values of 2,3,7,8- and 1,2,7,8-TCDF as typical for chlorine-bleached pulp, are reductxl to a 
veiy low level (F](. 2). Also, according^ to results ghren in Tab. 3 it seems possible to 
produce higb-quahty kraft pulp which is equally low ccmtaminated like sulfite pulp. 

From the data obtained in our investigations it can be estimated that the PCDD/PCDF 
contamination of sewaoe sludges whicfa normally contain up tn 7 % nf ranrr. is nnhr tn » 
rather low degree (approximately 1 ng/kg I-TEq)'caused by toilet paper. 
A possibly occurring contamination of indoor air for instance in hbraries through 
evaporation of PCDD/PCDF fiom paper was inves^ited. A n ^ ^ of the indoor air of the 
library of our institute showed no elevatioa in PCDD/PCDF values in compariston to 
outdoor levels. 

A great personal engagement has been shown in perfonning the investigation by A. Lattner, 
W, Mann and S. ReiB. 
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Fig.1: COMPARISION OF THE EXTRACTION 
EFHCJENCY FOR 2 , 3 , ^ ^ - S U B S T r r U T a D 
PCDD/PCDF WITH THREE DIFFERENT SOLVENTS 

ng/kg 

HxCDD HxCDD HpCOD OCDD TeCDF HpCDF OCDF I-TEq I-TEq 
U.a.».7.« 1.£.S.4.«.T.t i.t...4...T.m 

.Jt.*.T.... 3.X.7.* 

^ M Etbanol ^ § Ethanoi/Toluene ISS Toluene 

RECYCLED FM>ER HYQIENIC FKPER 

B g . 2: MASS FRAGMENTOGRAMS OF TeCDF FOR SELECTED SAMPLES 

Tetra-CDF 
ZUJ 
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lab. ll coMTBina or PCOD/PCOT I » llf^9A^:^ll1|t, MBWSPXPBRS AND BOOKS [ng/kg] 

PCDD/PCDF 

TaCDD (2,3,7,8) 
SU TaCDO 

FaCDD (1,2,3,7,1) 
8u PaCDD 

HXCDD(1,2,3,4,7,8) 
HXCDD(1,2,3,6,7,8) 
HXCDD(1,2,3,7,8,9) 
SuHXCDD 

HpCDO(l,2,3,4,6,7,8) 
BURpCDD 

OCDD 

T«COr(2,3,7,t) 
SuTaCDF 

r*CDr(l,2,3,7,8)+(4,8) 
PaCDr(2,3,4,7,8) 
•UFaCDF 

HXCOr(l,2,3,4,7, 8)+ (7,9) 
HXCDr(l,2,3,6,7,8) 
HXCDF(1,2,3,7,8,9) 
HXCDF(2,3,4,6,7,8) 
SUHXDCr 

HpCDr(l,2,3,4,6,7,8) 
HpCDF(l,2,3,4,7,8,9) 
SUHpCDF 

OCDF 

TEq (BGA/UBA) 

r-TEq 

Ktgal 
colour Print 
1 2 3 

n.d. 
n.d. 

n.d. 
13,1 

5.0 
51,2 
47,2 

393.0 

1040.1 
1907.7 

912.9 

40.4 
70.4 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n,d. 
n,d. 

n.d. 
n.d. 
n.d. 

n.d. 

29,9 

25,7 

3.0 n.d. 
3,0 n.d. 

n.d. n.d. 
1,2 4,1 

n,d, n,d. 
10.I 11.0 
6.0 8.3 
74.0 92.5 

103,0 123.5 
192,3 232,8 

159,4 125,4 

198,3 278,4 
371.1 465,4 

6,6 1.6 
6.5 n.d. 

20.6 1.6 

0.6 n.d. 
n.d. n.d. 
1.5 2.4 
n.d. n.d, 
5.0 S.S 

27.1 57,7 
n.d, n,d, 
42.4 90,6 

65.5 215,6 

30.0 35,1 

29.5 32,2 

ln«« 
oeoolof,• 

4 

n.d, 
n.d. 

n.d. 
n.d. 

n.d. 
7,1 
n,d. 
47,7 

27.6 
61.7 

9S.9 

23.5 
39.0 

n.d. 
n.d. 
1.8 

n.d. 
n.d, 
4.8 
n.d, 
13,1 

121.9 
n.d, 

184.1 

467.8 

6.4 

5,6 

Solantltio 
5 

n.d, 
n.d. 

n,d. 
n.d. 

n,d, 
n,d, 
n,d, 
n,d. 

2,5 
4.5 

26,3 

1,3 
11,2 

n,d, 
n.d, 
7,4 

0.6 
n.d, 
n,d. 
n,d. 
9.4 

1.7 
n.d, 
2.4 

12.8 

0.5 

0.3 

Dally 

6 

n.d, 
n.d. 

n,d, 
n,d. 

n,d, 
n,d. 
n,d. 
n,d. 

8,2 
13,4 

11,4 

n,d, 
n.d. 

n.d, 
n.d, 
n.d. 

n.d, 
n,d, 
n.d, 
n,d, 
2,0 

9,8 
n,d, 
15,7 

30,4 

0,3 

0,2 

Nawapapara 

7 8 

n.d, 
n,d. 

n.d, 
n,d. 

n,d, 
n,d, 
n.d, 
9,5 

15.7 
28,0 

66.8 

7.3 
11,6 

n,d, 
n.d, 
n,d. 

n.d, 
n,d 
n,d, 
n,d, 
n,d. 

18,8 
n,d, 

33,1 

75,4 

1,4 

1,2 

n.d, 
n.d. 

n.d, 
n,d. 

n,d, 
2,9 
1,5 
15,3 

12.6 
23.1 

63,1 

10.2 
20.4 

0,6 
O.S 
3,3 

n,d. 
n.d, 
0.7 
n,d, 
3,6 

9,7 
n.d, 
14,9 

30.7 

2.2 

2.1 

Booica 
1947 1961 
9 10 

n.d, 
n,d. 

n,d. 
n,d. 

n,d. 
n,d, 
n,d. 
n,d. 

2,6 
2,6 

10,3 

1,S 
24,0 

n,d, 
n,d. 
7,6 

4,6 
1,9 
n,d, 
n,d, 
16,7 

5,7 
1,1 

11,3 

15,2 

1,3 

0,9 

n,d. 
14.8 

n,d, 
51,9 

n.d. 
12,8 
n.d, 
88,9 

58,0 
108.7 

196,3 

20.8 
84.3 

5.5 
n.d. 
5,5 

4,0 
1,7 
n,d, 
n,d. 
36.2 

31.2 
n.d, 

49,1 

32,0 

8,1 

5,3 

Datection 
Limit 

0,09 

0.26 

0,33 

0,78 

1,0 

0,07 

0,11 

0,19 

0,47 

0,98 

n.d. n not dataotabla, • Raoyoled Paper 
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Tab, 21 CONTENTS OF PCDD/PCDF IN DIFFEREHT KIND OF HYOIENIC PAPERS [ng/kg] 

zr 
et. 

PCDD/PCDF 

TaCDD (2,3,7,8) 
BU TaCDD 

PacOD (1,2,3,7,8) 
Su FeCDD 

HxCDD(l,2,3,4,7,8) 
HxCDD(l,2,3,6,7,8) 
HXCDD(1,2,3,7,8,9) 
SUHXCDD 

HpCDD(l,2,3,4,6,7,8) 
SUHpCDD 

OCDD 

TaCDF(2,3,7,S) 
SUTaCDF 

PaCDF(l,2,3,7,8)+(4,8) 
PaCDF(2,3,4,7,8) 
SUPaCDF 

HXCDF(l,2,3,4,7,a)+(7,9) 
HXC0FJ1,2,3,6,7,8) 
HXCDF(1,2,3,7,8,9) 
HXCDF(2,3,4,6,7,S) 
BUHxDCF 

HpCDF(l,2,3,4,6,7,8) 
UpCDF(l,2,3,4,7,8,9) 
SuNpCDF 

OCDF 

TEq (BOA/UBA) 

I-TEq 

pulp 
Chlorine Bleachad (n - 6) Oxygen fileaohed Unbleaohed 

Hin Max Hean 17 IB 19 20 

n.d, 
n,d. 

n,d, 
n,d. 

n,d. 
n.d, 
n.d, 
n,d. 

3,1 
4.7 

8.4 

2,6 
2.6 

n.d. 
n.d, 
n.d. 

n,d, 
n.d, 
n,d, 
n,d, 
n,d. 

0,5 
n,d. 
O.S 

2,2 

0,7 

0.5 

n,d, 
2,4 

n,d. 
9,9 

n.d, 
4,2 
3,0 

26,4 

19,9 
39,9 

155.5 

38,1 
68.7 

n.d, 
n.d, 
1,0 

n,d. 
n.d, 
n,d, 
n,d, 
2,5 

3,1 
n,d, 
7.0 

10,9 

4,3 

4,0 

/ 
2,4 

8 ^ 

/ 
3.5 
3,0 
14,8 

7,9 
14,0 

44.4 

12.3 
20.4 

1 
1 
1,0 

/ 
/ 
/ 
/ 
1,0 

1,6 
/ 

3,6 

5,3 

1.9 

1,7 

n,d. 
n,d. 

n.d, 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 

9,8 
15.7 

70.4 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

0.3 
n.d. 
n.d. 
n.d, 
1,9 

3.3 
n.d. 
8.3 

9.6 

0.3 

0.2 

n.d, 
n.d. 

n.d, 
n,d. 

n,d, 
n,d. 
n.d. 
n.d. 

3.7 
6.1 

26.7 

1,1 
1.8 

n,d, 
n,d. 
n,d. 

n.d. 
n.d, 
n,d. 
n,d, 
n,d. 

0,7 
n,d, 
1.4 

3,5 

0.2 

0,2 

n,d, 
0,5 

n.d, 
n.d. 

n.d, 
n.d. 
n.d. 
0,9 

8.8 
15,1 

49.5 

n.d. 
n.d. 

n.d, 
n.d, 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
0.4 

1.0 
n.d. 
2.5 

3.0 

0.2 

0.2 

n.d. 
0.4 

n.d. 
n.d. 

n.d, 
n.d, 
n,d, 
n,d. 

4,0 
6,9 

11.9 

n.d. 
n.d. 

n.d. 
n,d, 
n,d. 

n.d, 
n,d, 
n,d, 
n.d, 
n.d. 

n.d, 
n.d. 
n.d. 

n.d. 

<0.1 

<0,1 

Recycled Papara ( n - 7 ) 
Min Hax Maan 

n,d, 
n,d. 

n,d, 
7,3 

n.d. 
6,3 
3,6 

41,2 

30,0 
51.6 

123.6 

4.7 
8,1 

n.d. 
n.d. 
n.d. 

n,d, 
n.d, 
n,d, 
n.d, 
2,0 

3,9 
n,d, 
9,4 

15,3 

2,4 

1,9 

0,7 
75,6 

1,8 
65.2 

n.d, 
32.6 
12,4 

215,5 

515.2 
822,7 

2414.8 

69,3 
122,4 

1.5 
1,6 

11.8 

0,9 
0.9 
1,2 
0,2 
9,4 

42.3 
1.1 

126.6 

266,8 

17.1 

15.3 

0,7 
18,3 

1,8 
22,6 

17,3 

iJ:: 
137,5 
233,0 

1020,9 

28.1 
49.7 

1,4 
1,1 
4,6 

0,6 
0.3 
1,1 
0,2 
5.9 

27.7 
0,9 

52.5 

133,3 

9.8 

8,4 

n.d. K not dataotabla, Detaotlon Limits saa 'i'ab. 1 
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Tab 

PCDD/rCDF 

TMOD ( 2 , 3 , 7 , 8 ) 
Bu TaCDD 

raCDD ( 1 , 2 , 3 , 7 , 6 ) 
SU PaCDO 

B K C D D ( 1 , 2 , 3 , 4 , 7 , 8 ) 
B X C 0 D ( 1 , 2 , 3 , 6 , 7 , 8 ) 
H X C O O ( l , 2 , 3 , 7 , 8 , 9 ) 
SUBXCDD 

l l p C D D { l , 2 , 3 , 4 , 6 , 7 , 8 ) 
SuHpCDD 

OCDD 

T a C D r { 2 , 3 , 7 , 8 ) 
SUTeCDF 

» a c o r ( l , 2 , J , 7 , 8 ) + ( 4 , e ) 
P a C D r ( 3 , 3 , 4 , 7 , 8 ) 
iuPaCDF 

B K C D r i l , 2 , 3 , 4 , 7 , a ) + ( 7 , 9 ) 
BxCDr 1 , 2 , 3 , 6 , 7 , 1 ) 
H x C O F f l , 2 , 3 , 7 , 8 , 9 ) 
H X C D r | 3 , 3 , 4 , 6 , 7 , 8 ) 
SuaxDCF 

B p C D F ( l , 3 , 3 , 4 , e , 7 , 8 ) 
l l p C D F ( l , 2 , 3 , 4 , 7 , a , 9 ) 
SuBpCDF 

OCDF 

T l q (MA/UttA) 

I-TEq 

. 3 i CONTBNTS OF PCDD/PCDF 

c h l o r i n e B l e a c h e d P u l p 

K r a f t K r a f t S u l f i t e 
28 29 30 

0 .9 
1.9 

n . d , 
n . d . 

n . d , 
n . d , 
n . d , 
n . d . 

n . d , 
n . d . 

1.6 

5 , 1 
14 .6 

n . d . 
n . d , 
n . d . 

n . d . 
n . d . 
n . d . 
n . d . 
n , d . 

n . d , 
n . d , 
n . d . 

n . d . 

1.5 

1.4 

n . d . 
2 , 2 

n . d . 
2 . 6 

n . d . 
n . d . 
n . d . 
n . d . 

n . d . 
n . d . 

2 . 2 

1.8 
1 2 . 0 

n . d . 
n . d . 
n . d . 

n . d . 
n . d . 
n . d . 
n . d . 
n . d . 

n . d . 
n . d . 
n . d . 

n . d . 

0 . 3 

0 . 2 

n . d . 
n . d . 

n . d . ' 
n . d . 

n . d . 
n . d , 
n . d , 
n . d . 

4 ,9 
7 ,9 

3 0 , 1 

3 , 8 
6 , 4 

n , d , 
n , d . 
n . d . 

n . d . 
n . d . 
n , d , 
n , d . 
n . d . 

0 .6 
n . d , 
1.4 

2 . 8 

0 , 5 

0 ,5 

IM PULP 

D i a p e r 
31 

n . d , 
n . d . 

n . d . 
n . d . 

n , d . 
n . d , 
n . d . 
n . d . 

n , d . 
n . d . 

2 .7 

1.0 
1.6 

n . d . 
n . d . 
n . d . 

n . d . 
n . d . 
n . d . 
n . d . 
n . d . 

n . d , 
n . d . 
n . d . 

n . d . 

0 .1 

0 . 1 

AND PAPER PRODUCTS [ n g / k g ] 

c o f f e e F i l t e r 

B l e a c h e d u n b l e a c h e d 
32 33 

n . d . 
n . d . 

n . d , 
n , d . 

n , d , 
n , d , 
n , d . 
n , d . 

1.6 
2 , 6 

4 , 1 

5 .9 
1 1 . 5 

n . d . 
n . d . 
0 . 9 

n . d . 
n . d . 
n . d . 
n . d . 
n . d . 

n . d . 
n . d . 
n . d . 

n . d . 

0 .7 

0 .6 

n . d . 
8 .3 

n . d . 
13 .5 

n . d . 
n . d . 
n . d . 
4 . 1 

n . d , 
n . d . 

1.4 

n . d . 
n . d . 

n . d . 
n . d . 
n . d . 

n . d . 
n . d . 
n . d . 
n . d . 
n . d . 

n , d . 
n , d . 
n . d . 

n . d . 

0 .3 

< 0 . 1 

c a r d b o a r d 
34 

n . d . 
n . d . 

n . d . 
4 . 3 

n . d . 
n . d . 
n . d . 
2 . 5 

28 .2 
SO. l 

3 1 2 . 5 

4 .7 
7 .6 

n . d . 
n . d . 
n . d . 

0 . 8 
0 .4 
n . d . 
n . d . 
5 . 5 

4 .9 
1.6 

1 6 , 1 

30 .2 

1.4 

1.3 

Form 
35 

n , d , 
n , d . 

n . d , 
1,1 

n . d , 
10.2 

5.7 
64 .4 

10.7 
19.7 

18.7 

9 .4 
17 .3 

n . d . 
n . d . 
5.7 

n . d . 
n . d . 
n . d . 
n . d , 
0 ,9 

0 ,6 
n , d . 
0 ,6 

n , d . 

3 .3 

2 ,7 

n.d. B not dataotabla, Eataotlon Limits sea Tab. 1 
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