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ABSTRACT

The occurrence of PCBs in raw materials, processes, products and environmental samples were
analysed with the aim of resolving the sources and pathways of PCBs in the processes and
environment of paper mills producing recycled paper products. In the wastepaper grades
examined, PCBs were observed only in archival paper (0.47-1.0 mg/kg). In the deinking process,
PCBs were observed in deinking sludge, but it was not observed in pulper stock, recycled fibre
pulp, tissue paper reject or process waters. In deinking sludge, PCBs were mainly observed in
samples from a pulper that used wastepaper from offices as its raw material. Between 1993 and
2002 PCB concentrations in the latter decreased from 1.3 mg/kg to 0.14 mg/kg. PCBs were also
obscrved in the wastewater treatinent plant in sludge, but not in wastewater. Between 1993 and
2004 concentrations in biosludge decreased from 0.56 mg/kg to 0.13 mg/kg. The PCB fingerprint
in raw material and process samples corresponded to the fingerprint from Aroclor 1242. The
greater proportion of recycled paper products did not contain PCBs. Low concentrations of PCB
were however observed in hand towel sheet (0.02-0.07 mg/kg) and toilet tissue (0.02-0.14). The
PCB fingerprint in the recycled paper products corresponded to the fingerprint from Aroclor 1242.

The PCB concentrations in pike (Esox lucius) caught in Lake Melasjéarvi, a small lake basin
downstream from the Ménttd mill and {rom lakes from the region of Tampere and Nokia were low
(0.02-0.07 mg/kg). The PCB concentrations in sediment from lakes upstream and downstream
from the Ménttd mill were below 0.05-0.15 mg/kg, except in samples from Ménténlahti (0.12-0.23
mg/kg) just below the paper mill. PCBs were also observed in soil and sediment at the former
industrial site of Ménttd mill (0.05-0.08 mg/kg). In the case of the Ménttd mill it was notable that
the fingerprint of PCB in fish, soil and sediment did not correspond to the fingerprint from Aroclor
1242, which was observed in the paper mill processes, but corresponded to the fingerprint from
Aroclor 1260, which has been used, for example, as a dielectric fluid in transformers. For the
purpose of comparison PCB concentrations in sediment were also determined in lake basins
downstream from the Nokia and Kaipola mills. PCBs were observed (0.05 mg/kg) only in
sediment downstream from the Kaipola mill. In the latter mill it was notable that the PCB
fingerprint in sediment corresponded to the fingerprint from Aroclor 1242, which is typically
observed in paper mills using wastepaper as a raw material. On the basis of these results it could
be concluded that the production of recycled fibre pulps and recycled paper products were not the
main source of increasing PCB concentrations in mussels incubated in the vicinity of Méanttd mill.
The most probable source was Aroclor 1260, which was found in sediment just downstream from

the Ménttd mill.
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ABBREVIATIONS

ASE accelerated solvent extraction
mg/kg dw mg/kg dry weight

mg/kg fw mg/kg fresh weight

LLE liquid-liquid extraction

LOQ limit of quantification

MAE microwave-assisted extraction
PCBs polychlorinated biphenyls

PCB 8 2,4'-dichlorobiphenyl

PCB 18 2,2',5-trichlorobiphenyl

PCB 28 2,4,4'-trichlorobipheny]

PCB 30 2,4,6-trichlorobiphenyl

PCB 52 2,2'.5,5"-tetrachlorobiphenyl
PCB 101 2,2'4,5,5'-pentachlorobiphenyl
PCB 105 2,3,3'4,4'-pentachlorobiphenyl
PCB 118 2,3'4,4',5-pentachlorobiphenyl
PCB 128 2,2',3,3',4,4'-hexachlorobiphenyl
PCB 138 2,2'3,4,4'5'-hexachlorobiphenyl
PCB 153 2,2',4,4'5,5"-hexachlorobipheny]l
PCB 156 2,3,3',4,4'.5-hexachlorobiphenyl
PCB 180 2,2'3,4,4',5,5'-heptachlorobiphenyl
PCB 187 2,2',3,4',5,5',6-heptachlorobiphenyl
PFE pressurized fluid extraction

PLE pressurized liquid extraction
POPs persistent organic pollutants



SFE

SPE

SPME

TSS

USE

10

supercritical fluid extraction
solid phase extraction
solid phase microextraction
total suspended solids

ultrasonication extraction
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1. REVIEW OF THE LITERATURE

1.1 Introduction

Polychlorinated biphenyls (PCBs) were first synthesized by Schmidt and Schulz in 1881
and their industrial use started in 1929.'? Since then PCBs have been used worldwide in
different industrial and domestic applications because of their unique physical and
chemical properties (e.g., chemical and thermal stability, low or non-flammability, high
permittivity, low vapor pressure at ambient temperature) and because of their low acute
toxicity.>* The historically largest use of PCBs was in closed systems as a dielectric fluid
in transformers and capacitors.® One of the main applications of PCBs in open systems
was in carbonless copy paper as an ink carrier.> ¢7 They were also used in cutting oils,
hydraulic oils, heat transfer fluids, paints, pesticides and sealants.>* % ** In the period
between 1957 and 1971 more than 20 000 tons of a technical PCB mixture were used in
the United States in the production of carbonless copy paper.” This paper usually
contained between 2 and 6 % PCBs by weight.” The technical mixture of PCBs used in the
manufacture of carbonless copy paper was a type containing 42-43 % chlorine by weight
(Aroclor 1242, in Europe also Clophen A 30 and Fenclor 42, and in Japan Kanechlor-
300).5" The use of PCBs in carbonless copy paper in the USA and most other OECD
countries practically ceased during the seventies, but due to their persistence, traces of

PCBs in wastepaper can be detected even today."

PCBs have been among the most studied environmental contaminants for more than three
decades because of the large quantitities (leakage, disposal, evaporation, etc.) released into
the environment, their persistence, and their potential toxicity to a broad spectrum of

organisms."* PCBs were identified as pollutants initially in 1966 and since then intensive
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efforts have been made to locate the major sources and pathways of PCBs in the
environment.'' One of the possible routes by which PCBs are introduced into the
environment is the recycling of paper and paper waste.* 7 '? Although at present no PCBs
are found in carbonless copy paper, recycled paper from discarded archives can be
contaminated with PCBs originating from that use in carbonless copy paper.” '* In the
aquatic environment PCBs tend to accumulate in sediments and biota because of their
hydrophobic character and consequent low solubility in water.* *'* Sediments act as a
sink for PCBs and are therefore important in pollution studies and monitoring.* > The

amounts of PCBs in sediments also reflect regional or global discharge of PCBs.'?

1.2 Determination of PCBs

1.2.1 Methods

In the literature on PCBs there are hundreds of methods for the determination of these
compounds in solid and liquid samples. Since the aim of this study was not to develop and
validate new methods for the determination of PCBs in paper, pulp, sludge, fish, sediment,

soil and water samples, only a brief overview of the methods currently in use is presented.

The methods typically used for the extraction of PCBs in solid samples are Soxhlet
extraction, Soxtec extraction, ultrasonication extraction (USE), supercritical fluid
extraction (SFE), microwave-assisted extraction (MAE) and accelerated solvent extraction
(ASE).'*?" Impurities interfering with the quantitative analysis of PCBs have been
removed from samples, for example by shaking with concentrated sulfuric acid or by

column chromatography (e.g., alumina, Florisil or Silica gel).> '*'”- %% Elementary sulfur
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has been removed from samples by activated copper, or mercury.” '*2%3° Quantitave
determination has been carried out by a gas chromatograph equipped with two electron
capture detectors (ECDs) or a gas chromatograph coupled with a mass spectrometer

(GC/MS)Z 14,17, 29, 31-32

Soxhlet extraction, originally used for the determination of fat content in milk has been the
traditional method used in the extraction of PCBs from solid samples (e.g., paper, fish and
sediment) and it has been the main reference against which the performance of other
leaching methods has been compared.'? '¢1":2% 3335 An improved extraction technique,
based on the Soxhlet system, is Soxtec. The technique was invented in the early 1970s and

commercialized in 1982.'%3¢

A common conventional alternative to Soxhlet extraction is ultrasonication extraction,
USE (also known as ultrasound-assisted extraction, ultrasonic extraction and sonication),
which has been applied for the extraction of PCBs from sludge samples and various solid

environmental samples (e.g., sediment and soil),'* 1729303740

Analytical-scale supercritical fluid extraction (SFE) was first introduced by Stahl and
Schiltz in 1976, but it was not until 1986 that it was applied to the extraction of persistent
organic pollutants (POPs) in environmental samples.*'*> Consequently, SFE has been
applied in several investigations for the extraction of PCBs from sewage sludge and

environmental samples (e.g., biota, sediment and soil).'” 2

The first attempts at analytical-scale microwave-assisted extraction (MAE) were
performed by Ganzler ef al.>® using a domestic microwave oven with solvents normally

used in Soxhlet. Since, several applications utilizing MAE for the extraction of PCBs from
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solid samples (e.g., sewage sludge, biota, sediment and soil) have been published during

the last few years 5 13 17295457

One of the latest contributions to the increasing number of extraction techniques for solid
samples is accelerated solvent extraction, ASE (also known as pressurized liquid
extraction, PLE, and pressurized fluid extraction, PFE). The first publications refering to
the method appeared in 1995, but it was only in 1996 that the details of ASE as a
technique were reported by Richter ez al.'” % Consequently, several studies on the methods
for the extraction of PCBs in solid matrices (e.g., sludge, biota, sediment, and soil) have
heen published during the last 10 years, 2535967 Accelerated solvent extraction is also

a proposed method in the United States (U.S EPA Method 3545).%46°

Liquid-liquid extraction (LLE), solid phase extraction (SPE) and solid phase
microextraction (SPME) have been the methods of sample pretreatment most frequently
used for the determination of PCBs in water.? 2 77 The methods typically used for
sample clean-up are shaking with concentrated sulfuric acid, and column chromatography
by alumina, Florisil or Silica gel.> ™ Elementary sulfur has been removed from wastewater
samples by activated copper, or mercury.” Quantitative determination has been carried out
by a gas chromatograph equipped with two electron capture detectors (ECDs) or a gas

chromatograph coupled with a mass spectrometer (GC/MS).*'=* 7

1.2.2 Earlier results

PCB concentrations in carbonless copy paper were determined for the first time in the

early 1970s in Japan. Masuda et al.® analysed PCBs in different layers of carbonless copy
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paper. The highest PCB concentrations were observed in the surface layer of the paper
(64.7 mg/g, 30.7 mg/g and 31.6 mg/g, respectively) and the lowest concentrations in the
lowest layer of the paper (0.24 mg/g, 0.28 mg/g and 0.20 mg/g, respectively). In the
middle layer of the paper the PCB concentrations were 63.8 mg/g, 26.0 mg/g and 22.2
mg/g, respectively. The PCB fingerprint in carbonless copy paper corresponded to the

fingerprint from Kanechlor-300.

Shahied et al.” determined PCB residues in 1971 in, among others, three samples of
newsprint manufactured from recycled fibre pulp. PCBs were observed in only one sample
(1.38 mg/kg). The PCB fingerprint in newsprint corresponded to the fingerprint from

Aroclor 1242,

Welling, in her study in 1991 observed, that the PCB concentrations in the magazine and
newspaper shavings used in the manufacturing of recycled fibre pulps were 0.01 mg/kg fw

and 0.02 mg/kg fw, respectively. The PCB fingerprint was not reported.

Neukum et al.®' reported in 2001 that in Germany the average PCB concentrations in
recovered paper fractions were clearly lower in 1999 than in 1993. The average PCB
concentrations in 1993 and 1999 in brown recovered paper fractions were almost 0.6
mg/kg and 0.027 mg/kg, respectively, and in graphic recovered paper fractions over 0.3

mg/kg and 0.005 mg/kg, respectively. The PCB fingerprint was not reported.

In 1990 Welling®? observed PCBs in two pulper stock samples (pulper 060 and pulper
080) and in two deinking sludge samples (deinking 060 and deinking 080) from a paper
mill in Ménttd. The first pulper used wastepaper from households and the second one

wastepaper from offices as their raw materials. The PCB concentrations measured in the
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pulper stocks were 0.31 mg/kg dw and 0.23 mg/kg dw, respectively, and in the deinking
sludges 0.20 mg/kg dw and 0.80 mg/kg dw, respectively. The PCB tingerprint in pulper

stock and deinking sludge corresponded to the fingerprint from Aroclor 1242.

In 1990 Ettala® measured the quality of deinking sludge in five European paper mills. The
average PCB concentration in deinking sludge (n=17) was 2.1 mg/kg dw and 80 % of the
PCB concentrations were between 0.45 mg/kg dw and 7.3 mg/kg dw. Ettala also
determined PCB concentrations in three wastewater and five wastewater sludge samples
and in the leachate downstream from a deinking sludge landfill. The PCB concentrations
in the wastewater samples and in the leachate downstream from the deinking sludge
landfill were low (<0.01 pg/1) due to effective sorption to solids. The average PCB
concentration in wastewater sludge was 0.46 mg/kg dw. Ettala also reported that the
percentage partition of PCBs in the deinking process between deinking sludge, wastewater
sludge and wastewater were 68 %, 30 % and 2 %, respectively. Ettala pointed out
however, that the results gave only a tentative view of partition due to the limited amount

of data.

PCB concentrations in deinking sludge were also determined in 1990 in one English, one
Finnish and one Swedish sample, and in 1991 in two Swedish samples (Katrinefors,
Nyholm).® 3 The PCB concentrations in the English, Finnish and Swedish samples were
1.3 mg/kg dw, 1.9 mg/kg dw and 4.7 mg/kg dw, respectively, and in the samples from
Katrinefors and Nyholm 8.8 mg/kg dw and 0.34 mg/kg dw, respectively. The PCB
fingerprint in the first three samples corresponded to the fingerprint from Aroclor 1242.

The PCB fingerprint in samples from Katrinefors and Nyholm was not reported.
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Raitio®® reported PCB concentrations in deinking sludge from three Finnish paper mills
(United Paper Mills Ltd. in Kaipola, Nokian Paperi Oy in Nokia and Kerdyskuitu Oy in
Sunila) in 1992. PCBs were observed in all samples and the concentrations ranged
between 1.1 and 1.4 mg/kg dw. The PCB fingerprint in deinking sludge corresponded to

the fingerprint from a mixture of Aroclor 1242 and Aroclor 1254.

In 1981 Walter and Zambrano® published the results of an investigation in which PCB
concentrations were determined in wastewater from paper mills producing board, tissue or
fine paper. A summary of the results from the fine tissue mills is presented in Table 1.1.
The PCB fingerprint in wastewaters commonly corresponded to the fingerprint from

Aroclor 1242 and Aroclor 1254.

Table 1.1. PCB concentrations in wastewater from paper mills manufacturing tissue

papers between 1976 and 1978.°

Mill Number of Number of positive Range

analyses analyses pg/l
B* 13 2 <0.5-3.0
F 14 6 <0.06-12.0
G 5 1 <1.0-13.0
L 11 3 <0.01-18.0
N 11 6 <0.1-45
P 13 4 <1.0-1.5
Q* 4 2 <1.0-2.7
Total 71 24

*Untreated wastewater.

Miner and Berger®” reported PCB levels in effluents from eleven deinking mills producing

mainly fine paper or tissue paper. PCB concentrations were determined in 612 samples in
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1990-1994. Only approximately one percent (9 samples) contained measurable levels of
PCBs (Aroclors). None of the measured values exceeded 1 pg/l, and all but one were

below 0.5 pg/l.

In 1990 Welling reported PCBs in biosludge (0.78 mg/kg dw) from a Finnish paper mill
(Ménttd) and in 1991 PCBs in sludge from sedimentation (0.66 mg/kg dw) from a
Swedish paper mill (Katrinefors).*>®* Both paper mills used wastepaper as their raw
material. The PCB fingerprint in biosludge corresponded to the fingerprint from Aroclor

1242, but the PCB fingerprint in sludge from sedimentation was not reported.

Sullivan ef al.®® reported PCB concentrations in fish and sediment in the vicinity of
recycling papcr mills at Lower Fox River, Wisconsin between 1976 and 1981. Over 200
fish samples, representing 15 different species were analysed. The PCB concentrations in
fish ranged from < 0.2 to 90 mg/kg. The average PCB concentrations in carp decreased
during this period from 40 mg/kg to 5 mg/kg. The PCB fingerprint was not reported. The
concentrations of PCB in sediment downstream from paper mill A ranged from 0.2 to 68
mg/kg and downstream from paper mill B from 56 to 100 mg/kg. The PCB fingerprint in

these sediments corresponded to the fingerprint from commercial Aroclor 1242.

Larsson et al.¥ reported concentrations of PCBs in pike (Esox lucius) and sediment from
the River Em (catchment area 4 460 km?, mean discliarge 30 m*/s at river mouth,
maximum estimated 270 m*/s) in Southern Sweden in 1990. Sediment and fish from a
small lake (26 ha, maximum depth 2.5 m, average depth 0.7 m, water residence time about
4 h) situated about 60 km from the river mouth showcd thc highcst Ievels. In the lake the
PCB concentrations in sediment were 14-100 mg/kg dw and in fish 0.85-2.2 mg/kg fw. A

paper mill situated just above the lake was assumed the source of the PCBs. The paper
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mill used recycled paper as raw material, and it was suspected that PCBs in self-copying
paper from old archives were the sources of the contaminants. The PCB fingerprint in fish

and sediment corresponded to the fingerprint from commercial Aroclor 1242.

In their study Herve et al.’®' observed increasing PCB concentrations in incubated
mussels in the watercourse downstream from a paper mill in Minttd. The PCB fingerprint

was not reported.

Piiroinen® reported PCB concentrations in pike (Esox lucius) from Lake Kernaalanjirvi,
Finland in 2001. Samples were caught in Tervajokisuu downsteam from the paper mill
operated by Tervakoski Oy. PCB concentrations varied between 0.20 and 1.1 mg/kg fw.

The PCB fingerprint in the fish corresponded to the fingerprint from Aroclor 1254.

Hurme and Puhakka®® determined the content and distribution of individual PCB
congeners in sediment from Lake Kernaalanjirvi. Total PCB concentrations ranged from
0.5 to 10.7 mg/kg dw. Comparison of PCB discharge documentation with congener
distribution patterns in sediment suggested selective removal of lower chlorinated PCBs
by physical processes. There was no evidence of in situ biotransformation of PCBs by

indigenous sediment micro-organisms. The PCB fingerprint was not reported.

In 2002 a preliminary investigation was conducted on the former site of the paper mill in
Minttd.’* In soil sample (1.0-2.0 m) from in front of a former acid plant a PCB
concentration of 0.74 mg/kg was observed. The PCB fingerprint in the soil corresponded

to the fingerprint from Aroclor 1260.
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PCB concentrations in toilet tissue samples, representing 11 different brands were
determined in Canada at the end of the 1970s.” Nine brands were positive for PCBs and
contained levels of PCBs ranging from trace amounts (0.03 mg/kg) to amounts as high as

21 mg/kg.

de Voogt et al.” determined PCB concentrations in magazine and various commercially
available tissue paper products in the Netherlands in the early 1980s. PCB concentrations
of 2.85 mg/kg in paper towel and of 3.95 and 12.40 mg/kg, respectively, in light and dark
toilet tissue were observed. PCBs were not observed in magazines. The PCB fingerprint

in tissue papers corresponded to the fingerprint from Aroclor 1242.

PCB contents in paper towels and toilet papers manufactured from recycled and virgin
fibre pulps were determined in Denmark in the 1980s.'> PCBs were found in all samples
manufactured from recycled fibre pulp, but not in the sample manufactured from virgin
fibre pulp (a Danish toilet paper). PCB concentrations in paper towels from West
Germany and Sweden were 0.11 and 0.05 mg/kg, respectively, and in toilet paper from
Denmark, The Netherlands, Finland and Yugoslavia 0.09, 0.21, 0.08 and 0.26 mg/kg
respectively. The PCB fingerprint in the samples corresponded to the fingerprint from

commcrcial Aroclor 1242,

Welling et al.*® determined the levels of PCBs in two Finnish hand towel samples in the
early 1990s. PCBs were observed in both samples and the concentrations were 0.33 and
0.02 mg/kg fw. The PCB fingerprint in hand towels corresponded to the fingerprint from
Aroclor 1242, PCB levels were also determined in three German (0.005-0.47 mg/kg fw),

one Austrian (0.13 mg/kg fw) and four Finnish (0.02-0.07 mg/kg fw) toilet tissue samples.
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The PCB levels were most often higher in the Central European, than Finnish samples.

The PCB fingerprint in the samples corresponded to the fingerprint from Aroclor 1242.
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2. EXPERIMENTAL

2.1 Background

The occurrence of PCBs in the production of recycled paper products in Finland has arisen
as a topic of public debate on two occasions. The first was when Welling ez al.*® observed
PCBs in recycled paper products in the early 1990s and the second was when Herve et
al’®®' observed increasing PCB concentrations in incubated mussels in the watercourse
downstream from the paper mill in Ménttd. The present study started immediately after

Herve et al. published their results in 2000.

2.2 Aims of the study

The aims of the study were

(i) to analyse the occurrence of PCBs in the paper mill at different stages of the
manufacture of recycled paper and recycled paper products

(ii) to analyse the occurrence of PCBs at different stages of the wastewater
treatment in a paper mill manufacturing recycled paper and recycled paper
products

(iii) to analyse the occurrence of PCBs in the environment of a paper mill
manufacturing recycled paper and recycled paper products

(iv) to analyse the occurrence of PCBs in recycled paper products sold to the

general public.
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2.3 Paper mills

The paper mill operated by Metsd Tissue Corporation in Miénttd (Figure 1) produces
deinked waste paper pulp, woodsfree paper, recycled paper and converted products.””'%®
Earlier the mill also produced sulfite pulp, but ceased to do so in February 1991." The
capacity of the paper mill in 2004 was 125 000 t paper.''° The detailed production data for

the years 1993-2004 are presented in Appendix 1.

The paper mill operated by Georgia-Pacific Finland Ltd. in Nokia (Figure 1) produces
deinked waste paper pulp, recycled paper and woodsfree paper.”’'% In 2001 and 2003 the
mill also produced undeinked waste paper pulp and in 2001 mechanical paper.'® '’ The
capacity of the paper mill in 2004 was 100 000 t paper.'® The detailed production data for

the years 1993-2004 are presented in Appendix 2.

The paper mill operated by UPM-Kymmene Corporation in Kaipola (Figure 1) produces
refined mechnical pulp, deinked waste paper pulp, mechanical paper and recycled paper.’”
1% The capacity of the paper mill in 2004 was 400 000 t newsprint.''” The detailed

production data forthe years 1993-2004 are presented in Appendix 3.

The wastewaters from the Ménttd mill are treated in mechanical and biological treatment
plants (activated sludge plant).'"""""? The wastewaters from the town of Méntti have also
been treated in the mill since 1996.'® The values of total suspended solids from the paper
mill during the years 1993-2004 are presented in Appendix 4.”'% Part of the deinking
sludge and wastewater sludge from the paper mill has been landfilled (for detailed

numerical data see Appendix 5 and Appendix 6).”'%
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Figure 1. Location of the paper and pulp mills and watercourses.
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The wastewaters from the Nokia mill are treated in a biological treatment plant (activated
sludge plant)."""""'? The values of total suspended solids from the the paper mill during the
years 1993-2004 are presented in Appendix 4.°7-'% Part of the deinking sludge and
wastewater sludge from the paper mill has been landfilled (for detailed numerical data see

Appendix 5 and Appendix 6).”"'%

The wastewaters from the Kaipola mill are treated in biological treatment plant (activated
sludge plant).""! The wastewaters from the settlement of Kaipola have also been treated
occasionally in the mill.?”** !> The values of total suspended solids from the paper mill
during the years 1993-2004 are presented in Appendix 4.°"'% Part of the deinking sludge

from the paper mill has been landfilled (for detailed numerical data see Appendix 5).°"'*

2.4 Sampling

Samples for the analysis of PCBs in Ménttd mill were taken from incoming wastepaper
and raw water used in the pulping and deinking processes (Appendix 7), from pulper
stock, recycled fibre pulp and tissue paper reject used in the production of recycled fibre
pulp (Appendix 8, table 1 and table 2), from deinking sludge (Appendix 8, table 3), from
process water (Appendix 8, table 4) and from the area immediately adjacent to the mill’s
electrical equipment (Appendix 8, table 5). Samples in the wastewater treatment plant
were taken from wastewater and wastewater sludge (Appendix 9). The flow chart of the
wastewater treatment plant and the municipal and industrial wastewater and treated water
sampling points are presented in Figure 2. The flow chart of the wastewater treatment
plant and the sludge sampling points are presented in Figure 3. Deinking sludge and

biosludge samples from the 1990s from the archives of the Ménttd mill were also utilized



26

during this study. All the samples were taken by Metsd Tissue Corporation, excluding
those from the areas immediately adjacent to the mill’s electrical equipment, which were
taken by the Institute for Environmental Research, University of Jyviskyld. Wastepaper
and deinking sludge samples were also taken from other sources. The wastepaper sample
(shavings) was a quality control sample taken by Paperinkerdys Oy. (Appendix 7, table 1).
The deinking sludge samples were from the paper mill operated by Georgia-Pacific
Finland Ltd. in Nokia (Appendix 8, table 3) and were taken by Pirkanmaa Regional

Environment Centre.

Fish samples (Appendix 10, table 1) for the analysis of PCBs were taken from Lake
Melasjérvi, which is a small lake basin downstream from the paper mill in Méntti (Figure
1). Samples were collected by the Institute for Environmental Research, University of
Jyviskyld. For the purpose of comparison fish samples (Appendix 10, table 2) were also
collected from other watercourses, polluted or possibly polluted by PCBs. Samples were
taken in the region of Tampere and Nokia (Figure 1) from Lake Nésijdrvi (downstream
from M-real pulp mill in Tampere), from Lake Pyh&jdrvi (downstream from a former
capacitor factory and a current sewage treatment plant operated by the city of Tampere),
from Lake Kulovesi (downstream from Lake Pyhédjdrvi and from the region of Nokia) and
from Lake lidesjdrvi (downstream from a former landfill). Samples were collected by

Pirkanmaa Regional Environment Centre.
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Sediment samples were taken from lake basins (Appendix 11, table 1) upstream and
downstream from the paper mill in Ménttd (Figure 1) and from lakes (Appendix 11, table
2) downstream from the Ménttd mill (Figure 1). Samples were also taken from the
industrial site of the Ménttd mill and from sites downstrean from municipal and industrial
landfills (Appendix 11, table 3). Samples from the lake basins were taken by the Institute
for Environmental Research, University of Jyvéskyld, from lakes by the Water Protection
Association of the River Kokeméenjoki and from the industrial site of the paper mill and
from sites downstream landfills by Pirkanmaa Regional Environment Centre. For the
purpose of comparison sediment samples were also collected from other watercourses,
polluted or possibly polluted by PCBs. Samples (Figure 1) were taken from lakes in the
region of Tampere and Nokia (Appendix 11, table 5, table 7 and table 8) by Pirkanmaa
Regional Environment Centre and from Lake Pdijanne (Appendix 11, table 6) by the
Institute for Environmental Research, University of Jyviskyli. Soil and sediment samples
(Figure 4) for the analysis of PCBs were taken from a former industrial site of the paper
mill in Ménttd (Appendix 11, table 4). Samples were taken by IP-Engineering Finland Ltd.
A river water sample (Appendix 12) was taken from a site downstream from a former

municipal landfill. The sample was taken by Metsd Tissue Corporation.

Various commercially available tissue paper products were collected during the years
2000-2004. Samples for the analysis of PCBs were taken from hand towel (Appendix 13),
kitchen towel (Appendix 14), handkerchief (Appendix 15) and toilet tissue (Appendix 16).
Random samples from superstores (Lidl Seppild and Prisma Seppild) in Jyviskyld, from
the University of Jyvdskyld and from the Central Finland Regional Environment Centre
were taken by the Institute for Environmental Research, University of Jyvéskyld. Samples

from paper mills from different parts of Europe were their own quality control samples.
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Wastepaper samples were collected in 2-3 litre plastic bags. Samples were stored in the
dark at room temperature before analysis. Raw water, process water and wastewater
samples were taken in one-litre glass flasks according to the guidelines by Mikela e al.'”®
Samples were stored in a refrigerator in the dark before analysis. Pulper stock, pulp and
sludge samples were taken in one-litre glass jars. Samples were stored in a refrigerator in
the dark before drying. Samples were freeze-dried in the laboratory as soon as possible
after which they were stored prior to analysis in tightly closed glass jars in the dark at
room temperature. Fish samples were packed'" in aluminium foil and plastic bags after
the measurement of weight. Samples were stored frozen in the dark before analysis.
Sedimentsampling from lake basins was based on the guidelines issued by the Institute

5l14

for Environmental Research, University of Jyviaskyld''* and on the guidelines by Méakeld
et al.'” The samples were taken in plastic tubes suitable for sediment sampling. The tubes
were stored in a refrigerator in the dark before cutting into sub-samples. This has been an
accredited sampling method (FINAS accreditation) since 1998.""* Other sediment samples
were taken in-one litre glass jars according to the guidelines by Mikeld ef al.'"> Samples
were stored in a refrigerator in the dark before analysis. Soil samples were taken by a
heavy pneumatically operated earth auger. Samples were packed in 0.5-litre glass jars and
stored in a refrigerator in the dark before analysis. The river water sample was taken and
handled in the same way as the above raw water, process water and wastewater samples.

Recycled paper products were stored in their originally package in the dark at room

termperature before analysis.
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Acid plant

Coal field

Figure 4. Soil sampling points (6, LP1, LP3, LP5 and LP8) and sediment sampling point
(S1) on the former site of the paper mill in Méanttd

2.5 Apparatus, reagents and gases

Accelerated solvent extractor. Solid samples (except paper and fish samples) were
extracted with accelerated solvent extractor (Dionex ASE 200). A dried sub-sample was
placed in a stainless steel extraction vessel. An internal standard (PCB 30) was added to
the sample and the vessel was closed tightly. The extraction was performed with a mixture

of petroleum spirit, acetone, hexane and diethyl ether (9:5.5:2.5:1 v/v/v/v) at 1500 psi and
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a temperature of 80 °C. The heating phase was 5 min and static extraction time 20 min

(twu static cycles). Eluation was performed with 100 % of the total cell volume (11 ml).

Gas chromatographs. PCB concentrations were determined with gas chromatographs

equipped with two electron capture detectors (ECD).

A Micromat HRGC 412 equipped with two ®Ni electron capture detectors (ECD) and a
split/splitless injector. GC column A: a fused silica capillary column (NB-54, HNU-
Nordion), length 25 m, inside diameter 0.32 mm, film thickness 0.25 um. GC column B:
a fused silica capillary column (NB-1701, HNU-Nordion), length 25 m, inside diameter
0.32 mm, film thickness 0.25 um. Operating conditions: injector 250 °C, detector 350 °C;
injection volume 1 pl, splitless time 0.50 min; column initial temperature 150 °C, increase
at rate of 5 °C/min to 260 °C, isothermal run for 10 min at 260 °C; carrier gas: helium (2

ml/min); detector make-up gas: argon/methane (30 ml/min).

An Agilent 6890N equipped with two ®*Ni electron capture detectors (ECD) and a
split/splitless injector. GC column A: a fused silica capillary column (HP-5, Agilent),
length 30 m, inside diameter 0.32 mm, film thickness 0.25 pm. GC column B: a fused
silica capillary column (HP-50+, Agilent), length 30 m, inside diameter 0.32 mm, film
thickness 0.25 pm. Operating conditions: injector 250 °C, detector 300 °C; injection
volume 1 pl, splitless time 0.75 min; column initial temperature 80 °C, increase at a rate
of 20 °C/min to 200 °C, followed by an increase to 250 °C at a rate of 5 °C/min, isothermal
run for 20 min at 250 °C; carrier gas: helium (2.3 ml/min, 39 cm/sec); detector make-up

gas: argon/methane (40 ml/min).
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The quantitation of total PCBs was done by comparing the intensities of the main peaks to
the corresponding peaks of weighed standards of Aroclor 1242, Aroclor 1254, Aroclor

1260 and Clophen A 60.%

Standard mixtures. The following commercial and certified standard solutions were used
during this investigation:

(1) PCB 8 (Dr. Ehrenstorfer GmBH, L 20000800),

(2) PCB 18 (Dr. Ehrenstorfer GmBH, L 20001800),

(3) PCB 28 (Dr. Ehrenstorfer GmBH, L 20002800),

(4) PCB 52 (Dr. Ehrenstorfer GmBH, L 20005200),

(5) PCB 101 (Dr. Ehrenstorfer GmBH, L 20010100),

(6) PCB 105 (Dr. Ehrenstorfer GmBH, L 20010500),

(7) PCB 118 (Dr. Ehrenstorfer GmBH, L 20011800),

(8) PCB 128 (Dr. Ehrenstorfer GmBH, L 20012800),

(9) PCB 138 (Dr. Ehrenstorfer GmBH, L 20013800),

(10) PCB 153 (Dr. Ehrenstorfer GmBH, L 20015300),

(11) PCB 156 (Dr. Ehrenstorfer GmBH, L 20015600),

(12) PCB 180 (Dr. Ehrenstorfer GmBH, L 20018000),

(13) PCB 187 (Dr. Ehrenstorfer GmBH, L 20018700),

(14) Aroclor 1242 (Dr. Ehrenstorfer GmBH, X 20124200),

(15) Aroclor 1254 (Dr. Ehrenstorfer GmBH, X 20125400),

(16) Aroclor 1260 (Dr. Ehrenstorfer GmBH, X 20126000),

(17) Clophen A 60 (Dr. Ehrenstorfer GmBH, X 20306000),

(18) PCB 30, internal standard (Dr. Ehrenstorfer GmBH, L 20003000 and X

20003000).



34

Reagents and gases. The following reagents and gases were used during this

investigation:

(1)  Acetone (Rathburn Chemicals Ltd, RG 2001).

(2) Alumina, neutral, 70-230 mesh (Merck, 1077), heated to 750 °C for 16 h,
deactivated with 5 % water.

(3) Copper, powder (Merck, 2703), activated with 2 M HCI, rinsed first with
water (pH 7) and then with methanol and finally dried by a centrifuge
equipped with refrigerated solvent trap.

(4) Diethyl ether (Rathburn Chemicals Ltd, RG 2013).

(5) Hexane (Rathburn Chemicals Ltd, RH 1002).

(6) Hydrochloric acid, 37 % (Merck 317).

(7) Kicsclgel 60, 70-230 mesh, 0.063-0.200 mm (Merck 7754), healed Lo 150 °C
for 16 h, deactivated with 5.6 % water.

(8) Kieselgel 60, 230-400 mesh, 0.040-0.063 mm (Merck 9385), heated to 150 °C
for 16 h, deactivated with 6.3 % water.

(9) Methanol (Rathburn Chemicals Ltd, RH 1019).

(10) Petroleum spirit, 40-60° (Rathburn Chemicals Ltd, RG 2031).

(11) Concentrated sulfuric acid, 95-97 % (Merck, 731).

(12) Nitrogen, 99.9 % (AGA).

(13) Argon 95 % + methane 5 % (Agamix P-5, AGA).

(14)

Helium, with a purity of at least 99.99 % (AGA).
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2.6 Column chromatography

Alumina. One gram of neutral alumina (heated to 750 °C for 16 h, deactivated with 5 %
water) was placed into a Pasteur pipette (length 230 mm, closed with a hexane-washed
cotton wool plug). The sample was added to the column and the column was eluated with

10 ml hexane.

Kieselgel. Kieselgel 60 (70-230 mesh, heated to 150 °C for 16 h, deactivated with 5.6 %
water) was placed into a Pasteur pipette (Iength 230 mm, closed with a hexane-washed
cotton wool plug) to a height of 70 mm followed by Kieselgel 60 (230-400 mesh, heated
to 150 °C for 16 h, deactivated with 6.3 % water) to a height of 7 mm and closed with a
plug of hexane-washed cotton wool."® The column was washed with 5 ml hexane. After
that the sample was added to the column and the column was eluated with hexane to a

volume of 5.5 ml.

2.7 Determination of PCBs

The quality system of the laboratory during this study was based on standard SFS-EN
45001.""7"'® The laboratory also had previously validated methods for the determination
of PCBs in solid and water samples. The laboratory also participates regularly in
interlaboratory test comparisons for PCBs in conjunction with the methods quality
assurance procedure and the results of such tests have been approved.®®*> 2 Because new
methods were not developed during this study the methods used were not compared with

those presented in the literature. The methods used in this study for the determination of
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PCB congeners and total PCB in sediment and soil were accredited (FINAS accreditation)

in 2004 and 2005, respectively.'"

In solid samples concentrations both of PCB congeners (PCB 8, PCB 18, PCB 28, PCB
52,PCB 101, PCB 105, PCB 118, PCB 128, PCB 138, PCB 153, PCB 156, PCB 180 and
PCB 187) and of total PCB as Aroclor 1242, Aroclor 1254, Aroclor 1260 and Clophen A
60 were determined. In the case of PCB congeners both the observed concentrations and
the limits of quantification (LOQ) are reported in the appendixes. In the case of total PCBs
only the observed concentrations as Aroclor 1242, Aroclor 1254 and Aroclor 1260 are
reported in the appendixes. The absence of a numerical value in the table means that
Aroclor 1242, Aroclor 1254 or Aroclor 1260 was not obscrved in the sample. In water
samplcs only concentrations of total PCBs as Aroclor 1242, Aroclor 1254 and Aroclor
1260 were determined. Because PCBs were not observed in the samples only LOQs are

reported in the appendixes.

Wastepaper and recycled paper products. A twenty gram sub-sample of paper was cut
into small pieces. An intemal standard (PCB 30, 0.15 pg) was added to the paper sample
and the sample was Soxhlet-extracted for 6 hours with a solvent mixed from petroleum
spirit, acetone, hexane and diethyl ether (9:5.5:2.5:1 v/v/v/v). The extract was
concentrated to approximately 2 ml using a rotary evaporator (bath temperature 35-40 °C)
and stream of nitrogen, and then carefully shaken three times with 2 ml of concentrated
sulfuric acid. When needed, the extract (some wastepaper samples) was further cleaned by
a column of neutral alumina. Before the quantitative analysis by a gas chromatograph
equipped with two electron capture detectors the extract was concentrated to 0.5 ml using
stream of nitrogen. The LOQs for PCB congeners and total PCBs were 0.001-0.003 mg/kg

fw and 0.02 mg/kg fw, respectively.
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Wastepaper samples 010, 050, 070, 080 and 060 (Appendix 7, table 2) were analysed in
duplicate. In samples 070 and 060 the applicability of the alumina column for sample
cleaning was also confirmed. The results proved that alumina column was suitable for the
removal of impurities in wastepaper samples. In tissue paper products containing PCBs,
the results were confirmed by reanalysis. Soxhlet extraction with an organic solvent
mixture was also compared with the EN ISO 15318 method (reflux with ethanolic
potassium hydroxide solution).'” The results did not differ markedly from each other. The
EN ISO method, however, was more effective in extracting the impurities from the
samples than did the Soxhlet method; this was shown in the chromatograms as tailing
peaks. For this reason the need for column chromatography was higher in the case of

samples extracted with the EN ISO method.

Pulper stock, recycled fibre pulp and tissue paper reject. An internal standard (PCB
30, 0.3 ng) was added to a seven gram sub-sample of freeze-dried pulper stock, recycled
fibre pulp or tissue paper reject and the sample was extracted with an accelerated solvent
extractor. The extract was concentrated to approximately 2 ml using a rotary evaporator
(bath temperature 35-40 °C) and stream of nitrogen, and then carefully shaken three times
with 2 ml of concentrated sulfuric acid. Before the quantitative analysis by a gas
chromatograph equipped with two electron capture detectors the extract was concentrated
to 0.5 ml using stream of nitrogen. The LOQs for PCB congeners and total PCBs were

0.002-0.007 mg/kg dw and 0.04 mg/kg dw, respectively.

Deinking sludge and wastewater sludge. An internal standard (PCB 30, 0.15-0.3 pg)
was added to a sub-sample (2-7 g) of freeze-dried deinking sludge or wastewater sludge
and the sample was extracted with an accelerated solvent extractor. The extract was

concentrated to approximately 2 ml using a rotary evaporator (bath temperature 35-40 °C)
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and stream of nitrogen, and then carefully shaken three times with 2 ml of concentrated
sulluric acid. Before the quantitative analysis by a gas chromatograph equipped with two
electron capture detectors the extract was concentrated to 0.5 ml using stream of nitrogen.
The LOQs for PCB congeners and total PCBs were 0.002-0.007 mg/kg dw and 0.04 mg/kg

dw, respectively.

In some deinking sludgc (DI-70 in 1996, DI-80 in 1993 and DI-80 in 1996) and
wastewater sludge (biosludge in 1999) samples containing PCBs, accelerated solvent
exraction was compared with Soxhlet extraction. The results did not differ from each

other.

Samples of material originating from cable channels. An internal standard (PCB 30,
0.2 pg) was added to a sub-sample (5-20 g) of air-dried sample and the sample was
extracted with an accelerated solvent extractor. The extract was concentrated to
approximately 2 ml using a rotary evaporator (bath temperature 35-40 °C) and stream of
nitrogen, and then carefully shaken three times with 2 ml of concentrated sulfuric acid.
After that the exwact was further cleaned by a column of Kieselgel. Before the quantitative
analysis by a gas chromatograph equipped with two electron capture detectors the extract
was concentrated to 0.5 ml using stream of nitrogen. The LOQs for PCB congeners and

total PCBs were 0.002-0.007 mg/kg dw and 0.05 mg/kg dw, respectively.

Fish. An internal standard (PCB 30, 0.1-0.3 pg) was added to one gram of freeze-dried
fish sample (sample from fish dorsal area) and the sample was Soxhlet-extracted for 6

hours with a mixture of petroleum spirit, acetone, hexane and diethyl ether (9:5.5:2.5:1).
The extract was concentrated to dryness using a rotary evaporator (bath temperature 35-40

°C) and stream of nitrogen for the gravimetric analysis of fat content. The residue was
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dissolved in hexane and then carefully shaken three times with 2 ml of concentrated
sulfuric acid. Before the quantitative analysis by a gas chromatograph equipped with two
electron capture detectors the extract was concentrated to 0.5 ml using stream of nitrogen.
The LOQs for PCB congeners and total PCBs were 0.001-0.003 mg/kg fw and 0.02 mg/kg

fw, respectively.

Sediment and soil. An internal standard (PCB 30, 0.2-0.3 pg) was added to a sub-sample
(2-10 g) of freeze-dried sediment or air-dried soil and the sample was extracted with ASE.
The extract was concentrated to approximately 2 ml using a rotary evaporator (bath
temperature 35-40 °C) and stream of nitrogen, and then carefully shaken three times with
2 ml of concentrated sulfuric acid. The elementary sulfur was removed using activated
copper. When needed, the extract was further cleaned by a column of Kieselgel (sediment
samples) or neutral alumina (soil samples). Before the quantitative analysis by a gas
chromatograph equipped with two electron capture detectors the extract was concentrated
to 0.5 ml using stream of nitrogen. The LOQs for PCB congeners and total PCBs were
0.002-0.007 mg/kg dw and 0.05 mg/kg dw, respectively. The dry matter content was
determined according to standard method SFS 3008 of the Finnish Standards

Association.'?!

Sediment samples from the reservoir and point of discharge (Appendix 11, table 3) were
reanalysed using larger sample amounts to confirm that Aroclor 1242 was not present in

low concentrations in sediment.

Water. An internal standard (PCB 30, 0.1 pg) was added to the water sample (150-500
ml) in a separatory funnel and the sample was extracted 5 minutes with 5 ml of hexane.

After that the extract was carefully shaken three times with 2 ml of concentrated sulfuric
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acid. Before the quantitative analysis by a gas chromatograph equipped with two electron
capture detectors the extract was concentrated to 0.5 ml using stream of nitrogen. LOQ for

total PCBs was 0.1 pg/l.
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3. RESULTS

3.1 Raw materials

The PCB concentrations in the different wastepaper grades (Appendix 17, table 1 and
table 2) exceeded the quantification limit only in archival paper samples (total PCB in lots
I and I1 1.0 and 0.47 mg/kg, respectively), while the total PCB concentrations in new
carbonless copy paper, magazine and newspapers were below 0.02 mg/kg and in shavings
below 0.05 mg/kg. Similar results were obtained for wastepaper from households, printing
works and offices (Appendix 17, table 3). The very low total PCB concentration was
observed in one office sample (total PCB 0.02 mg/kg). The PCB fingerprint in the samples
corresponded to the fingerprint from Aroclor 1242. In the raw water (Appendix 17, table

4) used in the Ménttd paper mill PCBs were not observed.

3.2 Paper mill proecesses

Low concentrations of PCB 118 and PCB 138 (0.002-0.003 mg/kg), but not Aroclors were
observed in pulper stocks (Appendix 18) from pulpers using wastepaper from households
and printing works as their raw materials. PCBs were not, however, observed in the
samples of recycled fibre pulps (Appendix 19, table 1) and in tissue paper reject

(Appendix 19, table 2) used in the manufacture of recycled fibre pulps.
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PCBs have occasionally observed in sludge samples (total PCB 0.09-1.9 mg/kg) from the
deinking of wastepaper from households (Appendix 20, table 1) and wastepaper from
printing works (Appendix 20, tahle 2), The highest concentrations were observed in 1996
and the lowest concentrations in 2002. In the samples from a deinking using wastepaper
from offices (Appendix 20, table 3), PCBs were observed in all samples excluding that
from the year 2000. The total PCB concentrations in the samples, however, fell from 1.3
mg/kg to 0.14 mg/kg between 1993 and 2002. The PCB fingerprint in deinking sludge

corresponded to the fingerprint from Aroclor 1242.

For comparison the total PCB concentration in deinking sludges from the Nokia paper mill
(Appendix 20, table 4) was below 0.08 mg/kg in 2001 and 3.4 mg/kg in 2002. The PCB

fingerprint in the comparison sample corresponded to the fingerprint from Aroclor 1242,

PCB concentrations in process waters (incoming water, cleaned water and reject) from

deinking departments (Appendix 21) in the Ménttd paper mill were below 0.2-0.3 pg/l.

PCB concentrations in samples which were taken in the close proximity to electrical
equipment (Appendix 22) in the Minttd paper mill were determined in 2003. In the
surface material sample from the cable channel below the transformer the total PCB
content was 2.2 mg/kg and in the sand sample from the cable channel 0.34 mg/kg. The
observed PCB content in the firstsample was a mixture of Aroclor 1242 and Aroclor 1260
(2.1 and 0.09 mg/kg, respectively) and in the second sample a mixture of Aroclor 1242

and Aroclor 1260 (0.21 and 0.13 mg/kg, respectively).
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3.3 Wastewater treatment plant

PCB concentrations in municipal and industrial wastewater (Appendix 23, table land table
2) and in treated water (Appendix 23, table 3) in the treatment plant of the Manttd paper
mill were below 0.3 pg/l in 2000 and below 0.2 ng/l in 2002. PCBs were not observed in
wastewater (Appendix 23, table 4) from mechanical sedimentation, primary
sedimentation, sludge thickener, intermediate sedimentation or aeration (stage 1I). LOQs

varied between 0.2-0.3 pg/l.

PCBs were present in every biosludge sample from a sludge thickener of a wastewater
treatment plant (Appendix 24, table 1 and table 2). The total PCB concentrations in those
samples, however, fell from 0.56 mg/kg to 0.13 mg/kg between 1993 and 2004. PCBs
were also observed (Appendix 24, table 3 and table 4) in all the samples taken from
various parts of the same wastewater treatment plant (total PCB 0.08-1.7 mg/kg),
excluding the sample from secondary sedimentation in 2002. The amount of the sludge
from secondary sedimentation was too low for the determination of PCBs. The PCB
fingerprint in wastewater sludges corresponded to the fingerprint from Aroclor 1242
(Figure 5). The sludge sample from primary sedimentation in 2004 (Appendix 24, table 4)
also contained the higher chlorinated PCB congeners typical of Aroclor 1254 and Aroclor
1260. The fingerprints of those Aroclors were not however observed in the sample.
Municipal wastewater from Ménttd enters the mill’s primary sedimentation tank, (Figure
2) so it is in theory possible that the higher chlorinated congeners originate in the

municipal wastewater.
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Figure 5. GC/ECD chromatogram of a wastewater sludge extract containing PCB after
accelerated solvent extraction (A) and an Aroclor 1242 reference mixture solution (B).
Time scale in min.
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3.4 Area around the paper mill

Total PCB concentrations (Appendix 25) in pike (Esox lucius) caught in Lake Melasjarvi,
a small lake basin downstream from Minttd mill were 0.02-0.05 mg/kg in four samples
and < 0.02 mg/kg in one sample. It was notable that the PCB fingerprint in the pike
corresponded to the fingerprint from Aroclor 1260 and Clophen A 60. The quantitative
part of the analytical method used for the determination of PCBs in fish was validated
using Clophen A 60. For this reason the total PCB concentrations were calculated as
Clophen A 60. Since the industrial use, composition and fingerprints of Clophen A 60 and
Aroclor 1260 do not differ from each other, the use of Clophen A 60 and Aroclor 1260 in

fingerprint considerations yield the same final result.

Total PCB concentrations (Appendix 26) remained low (< 0.02 mg/kg) in fish caught in
Lake Nasijarvi, Lake Pyhdjarvi, Lake Kulovesi and Lake lidesjédrvi except, in one pike
sample (0.07 mg/kg) from Lake Kulovesi. The PCB fingerprint in the sample

corresponded to the fingerprint from commercial Clophen A 60 and Aroclor 1260.

Total PCB concentrations in sediment profiles (Appendix 27, tables 1-12) from lake
basins upstream and downstream (Figure 1) from the Ménttd mill were below 0.10-0.15
mg/kg, except in two samples (Appendix 27, table 4 and table 10) one from Ménténlahti
(total PCB 0.18-0.22 mg/kg) just below the paper mill and the other from Lake Melasjérvi
(total PCB 0.23 mg/kg). According to the dating results the discharge in Lake Melasjdrvi
happened in the early 1950s.'? It was notable that the PCB fingerprint in the sediments
did not correspond to the fingerprint from Aroclor 1242, which was observed in the
processes of the paper mill, but corresponded to the fingerprint from Aroclor 1260, which

has been used for, example, as a dielectric fluid in transformers.’
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The observations of the foregoing pilot study were confirmed by taking surface sediment
samples (Appendix 28, tabies 1-4) tfrom tour sampling points downstream from the Méntta
mill. Total PCB concentrations exceeded the yuantificalion limit only in samples from
Mantédnlahti (total PCB 0.12-0.23 mg/kg). Traces of PCB 138 and PCB 180 were also
observed in samples from Savonselkd, Aittoselkd and Paloselkd. The PCB fingerprint in

the surface sediments corresponded to that of Aroclor 1260, as in the pilot study.

PCBs were also observed at the industrial site of Ménttd mill in sediment samples
(Appendix 29, table 1) from the reservoir and point of discharge (total PCB 0.28 and 0.24
mg/kg, respectively), but not in the sample from Koskelanlampi. The PCB fingerprint in
the samples corresponded to the fingerprint from Aroclor 1260, as in the case of
Mintédnlahti. Sediment samples (Appendix 29, table 2) from sites downstream from
landfills and from Lake Kuorevesi (reference sample) and the water sample (Appendix 29,
table 3) from Vuohijokidownstream from a former municipal landfill did not contain

PCBs.

In the soil sample (Figure 4) from immediately in front of a former acid plant of Méntta
mill were observed PCB concentrations of 0.74 mg/kg.** After this observation, PCBs
were determined in another sample, which was taken from a greater depth at the same
sampling point (Appendix 30). PCBs were also observed in this sample (total PCB 0.08
mg/kg). The PCB fingerprint from the samples corresponded to Aroclor 1260. Since PCBs
were found in the soil samples around the mill, further studies were conducted in March
2003. PCBs were observed in the soil samples (Appendix 30) from the former acid plant
(total PCB 0.05 mg/kg) and from the side of a former outfall sewer (total PCRB 0.06
mg/kg), and in a sediment sample from the former point of discharge (total PCB 0.06

mg/kg). In the soil sample from the coalfield PCBs were not observed. The PCB
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fingerprint in the soil (Figure 6) and sediment (Figure 7) corresponded to the fingerprint
from Aroclor 1260. Kolehmainen® estimated that the size of the area highly polluted by
PCBs and heavy metals was about 700 m% The total volume of polluted soil was estimated
to be between 1000-1500 m®. The source of the release of Aroclor 1260, which has been

used, for example, as a dielectric fluid in transformers? is at present, however, unknown.

Total PCB concentrations in sediment (Appendix 31, table 1) from Lukkilanlahti
downstream from the paper mill operated by Georgia-Pacific Finland Ltd in Nokia and
from Lake Pyhéjérvi (Eden) downstream from the region of Tampere were below 0.05
mg/kg. PCBs were found (total PCB 0.05 mg/kg) in sediment at the depth of 25-30 cm
(Appendix 31, table 3) from a lake basin in Lake Piijdnne just downstream from the paper
mill operated by UPM-Kymmene Corporation in Kaipola. Traces of PCBs were also
detected in sediment at depths of 15-20 cm and 20-25 cm, but the total PCB
concentrations were below 0.05 mg/kg. In sediment at depths of 0-5 cm, 5-10 cm and 10-
15 cm (Appendix 31, table 2) PCBs were not observed. It was notable that the PCB
fingerprint in these sediments corresponded to the fingerprint from Aroclor 1242, which

is typically observed in paper mills using wastepaper as their raw material.*
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Figure 6. GC/ECD chromatogram of a soil extract containing PCB after accelerated
solventextraction (A) and an Aroclor 1260 reference mixture solution (B). Time scale in
min.
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Figure 7. GC/ECD chromatogram of a sediment extract containing PCB after accelerated
solvent extraction (A) and an Aroclor 1260 reference mixture solution (B). Time scale in
min.
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In the other lakes studied (Appendix 32 tablel and table 2), PCBs were found only in the
the bay of Viinikanlahti in Pyhdjdrvi at a concentration of 6.9 mg/kg; elsewhere the
concentrations were below 0.10 mg/kg. The result for Lake Pyhdjarvi was confirmed in
2001 by taking a sediment sample (Appendix 32, table 3) in the bay of Viinikanlahti from
immediately in front of a sewer of a former capacitor factory. High concentrations of
PCBs (total PCB 86 mg/kg) were observed in the sample. The PCB fingerprint in the
samples corresponded to the fingerprint from Aroclor 1242, which was earlier used in the

manufacture of capacitors.'?'%

3.5 Recycled paper products

Low concentrations of PCBs were observed (Appendix 33, table 1) in German and
Swedish hand towel sheets (0.07 and 0.02 mg/kg, respectively), but no PCBs were found
in the Finnish sheet sample. No PCBs were found in hand towel rolls (Appendix 33, table
2), kitchen towels (Appendix 33, table 3 and table 4) and handkerchiefs (Appendix 33
table 5). The PCB fingerprint in the hand towel sheets corresponded to the fingerprint

from Aroclor 1242.

The majority of the toilet tissue samples (Appendix 34, tables 1-3) did notcontain PCBs.
Aroclor 1242 was, however, found in low concentration (0.02 mg/kg) in one Finnish
product (Appendix 34, table 2) and slightly higher concentrations (0.07-0.14 mg/kg) in
one product whose country of manufacture was unknown (Appendix 34, table 1). Product
A (country of manufacture unknown) and product C (a Polish product) also contained the
higher chlorinated PCB congeners typical of Aroclor 1254 used earlier in inks.* ' The

fingerprint of Aroclor 1254 was, however, not observed in the samples. PCBs have also
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been produced in Eastern Europe, but their composition is quite different from that of
Aroclors.'® The use of such PCBs may also be the reason for the different PCB fingerprint

in the Polish sample.
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4. DISCUSSION

Rathcr high conccntrations of Aroclor 1242 (1.0 and 0.47 mg/kg) continued to be
observed in 2000 in the Manttd mill in wastepaper (Table 4.1) from archives used as raw
material in the production of recycled fibre pulp. The archival paper lots in question
contained large amounts of old carbonless copy paper to which Aroclor 1242 had been
added in connection with the manufacturing process. The concentrations of PCBs were
however notably lower than the highest PCB concentrations in carbonless copy paper
(Table 4.1) observed in the early 1970s in Japan.® Wastepaper from households, printing
works and offices only occasionally contained Aroclor 1242 and the observed
concentrations of PCBs were very low (0.02 mg/kg). In magazins, newspapers and new
carbonless copy paper lots Aroclor 1242 was not observed. The PCB concentrations in
magazins and newspapers (Table 4.1) in this study did not essentially differ from the
observations (0.01-0.02 mg/kg) of Welling,® but differed from those (1.38 mg/kg) of

Shahied et al.” in newsprint.

The analytical data from the deinking departments of the Ménttd mill proved that the
deinking process (Table 4.1) was an effective sink for Aroclor 1242 and the resulting
pulper stock, recycled fibre pulp and tissue paper reject did not contain PCBs. The change
in the PCB concentrations in pulper stocks is noticeable as the concentrations of Aroclor
1242 in these stocks ranged between 0.23 and 0.31 mg/kg yet in 1990.% The
concentrations of Aroclor 1242 in deinking sludge from pulper DI-60 between 1993 and
2002 were low and the results did not differ from the observations (0.20 mg/kg) of
Welling.®? In deinking sludges from pulpers DI-70 and DI-80, Aroclor 1242
concentrations decreased over the same period. The Aroclor 1242 concentrations in sludge

from pulper DI-80 (0.14 mg/kg) in 2002 were about 11 % of the highest PCB
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concentrations (1.3 mg/kg) observed in the 1990s. The PCB concentrations in deinking
sludge in the Ménttd mill in the early 1990s did not differ from those reported by Raitio®
% and Ettala® (1.1-1.4 and 2.1 mg/kg, respectively), but were lower than the highest PCB

concentrations (8.8 mg/kg) which were observed in Katrinefors in 1991.%

Because the deinking sludge containing Aroclor 1242 had been landfilled, leaching of
PCBs into the environment from the landfills is a possibility. However analytical data
from sediment and water samples downstream from such landfills did not show leaching
of PCBs from landfills. On the basis of the Aroclor 1242 concentrations in deinking
sludge from pulper DI-80 in the years 1993, 1996, 1999 and 2002 (1.3, 1.1, 1.3 and 0.14
mg/kg, respectively) and the sludge amounts to landfilled in the same years (15600,
22200, 23500 and 26800 t/a, respectively) it can be estimated the amounts of PCBs
landfilled in 1993, 1996, 1999 and 2002 were 20, 24, 31 and 3.8 kg/a, respectively. In
these calculations the amount of landfilled deinking sludge in 2001 was usedinstead of
the value in 2002 as the Finnish Forest Industries Federation stopped compiling statistics
on the amounts of landfilled deinking sludge in 2001. Should be noted that due to the
limited data, the calculations give only approximate values for PCB contents in landfills

near the Ménttd paper mill.

The analytical data from the wastewater treatment plant showed that Aroclor 1242
appeared in sludge from various components of the plant. The concentrations of Aroclor
1242 in biosludge in the thickener (Table 4.1) decreased between 1990 and 2004. The
Aroclor 1242 concentration of biosludge (0.13 mg/kg) in 2004 was about 17 % of the PCB
concentration (0.78 mg/kg) observed in the earlier study in 1990.%? The possibility of
recycling the wastewater sludge in the plant enabled the effective recovery of sludge

containing Aroclor 1242 under normal operating conditions. In exceptional cases it is
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possible that Aroclor 1242 passed through the treatment plant to the recipient, but the data
from the sediment samples showed that the Aroclor 1242 concentration was very low. The
highest PCB concentration measured in wastcwatcr sludge from thc sccondary
sedimentation stage o f the treatment plant was 0.20 mg/kg. The average discharge of total
suspended solids from the treatment plant in 1993-2004 was about 87 t/a. The maximum
amount of PCBs discharged into recipient is thus 0.017 kg/a. The major fraction of the
recoveredsludge in Ménttd mill has been utilized in energy [or the paper mill’s power
plant since 1992. A small fraction of the waste has also been utilized in the closing of

landfill sites.

Since PCBs bind effectively to solid particles, the municipal and industrial wastewaters,
the final effluent and wastcwatcrs from various components of the wastewater treatment
plant did not contain PCBs. Similar results for PCB levels in effluents from eleven
deinking mills producing mainly fine paper or tissue paper were reported by Miner and
Berger.®” PCB concentrations were determined from 612 samples in 1990-1994.
Approximately only one percent (9 samples) contained measurable levels of PCBs

(Aroclors). None of the measured values exceeded 1 pg/l, and all but one were below 0.5

ug/l.

PCB concentrations in pike (Table 4.1) from Lake Melasjdrvi downstream from the
Minttd mill were extremely low (0.02-0.05 mg/kg) and the concentrations did not differ
from those found in the Tampere and Nokia regions. The PCB fingerprint in pike
corresponded to the fingerprint from commercial Clophen A 60/Aroclor 1260, which has
been used, for example, as a dielectric fluid in transformers, and not to that from Aroclor
1242, which was observed in the Minttd mill. The PCB concentrations in fish from Lake

Melasjérvi ranged between 1-2.5 % of the acceptable maximum (2.0 mg/kg) laid down by
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the Ministry of Trade and Industy in 1996.'%” Larsson et al.®’ determined also
concentrations of PCB in pike downstream from a paper mill using wastepaper as its raw
material. The concentrations (0.85-2.2 mg/kg) were about 98 % higher than in the case of
Melasjarvi. The most interesting result, however, was that the PCB fingerprint in pike
corresponded to the fingerprint from commercial Aroclor 1242, which was also observed
in the paper mill. Welling'®® and Kérki'*® observed both Aroclor 1242 (0.48-0.75 mg/kg
fat) and Aroclor 1260 (0.52-0.55 mg/kg fat) in incubated mussels downstream from a
former capacitor factory in Tampere. This was apparently the first time Aroclor 1242 in

mussels has been reported.

Aroclor 1260 was observed in sediments (0.12-0.23 mg/kg) just downstream from the
paper mill in Ménttd (Table 4.1) and in soil at several sampling points on the former
industrial site of Méanttd mill. Aroclor 1260 was not observed in sediments upstream from
the paper mill or further downstream from the paper mill except at one depth (24-26 cm)
in Lake Melasjérvi (0.23 mg/kg). The source of release of Aroclor 1260, which has been
used for example as a dielectric fluid in transformers® is, however, currently unknown.
Larsson et al.*’ also determined the concentrations of PCBs in sediment (14-100 mg/kg)
downstream from a paper mill using wastepaper as its raw material. The PCB fingerprint
(Aroclor 1242), however, differed from that (Aroclor 1260) observed in Ménténlahti. The
concentrations in sediment (14-100 mg/kg) were about 99 % higher than in Ménténlahti.
The most interesting of the sediment results obtained by Larsson et al., however, was that
sediment contaminated with PCBs can also be a significant source of PCBs in river

systems.

The highest PCB concentration (Table 4.1) measured in the Tiirinselkd basin in Lake

Piijanne downstream from the paper mill in Kaipola (0.05 mg/kg) was about 0.05 % of
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the highest concentration reported by Larsson ef al.*’ In both cases the PCB fingerprint
corresponded (o Aroclor 1242, PCBs were also determined from lake sites downstream
from a former capacitor factory (6.9 86 mg/kg) in Tamperc. The fingerprint of the samplcs

was also Aroclor 1242.

The results of this study proved that Aroclor 1242 was observed in the manufacturing
processes of Minttd mill, but not in the environs of Mént(id mill. In the case of Minttd mill
the PCB fingerprint observed in fish and sediment was Aroclor 1260. Aroclor 1242 was,
however, observed in sediment downstream from the Kaipola mill and downstream from
a former capacitor factory in Tampere. The fingerprint of Aroclor 1242, observed in those
sediments, was as stable and characteristic as the fingerprint of Aroclor 1260 observed in
the sediments in Miéntédnlahti. For this rcason it was possible to use the fingerprints of
different Aroclors to trace the possible sources of PCBs. The results by Larsson et al, ¥
Welling'?® and Kirki'*® demonstrated that it is possible to observe the fingerprint of
Aroclor 1242 in fish and mussels if Aroclor 1242 is the source of PCBs in the
watercourse. Larsson et al.¥’ also showed that sediment contaminated with PCBs can act
as a significant source of PCBs in river systems. On the basis of these results it can be
concluded that the production of recycled fibre pulps and recycled paper products are not
the main source of increasing PCB concentrations in mussels incubated in the vicinity of
Minttd mill. The most probable source is Aroclor 1260, which was found in sediment just

downstream from the Minttd mill.

Low concentrations of Aroclor 1242 was still occasionally observed in recycled paper
products. The highest concentrations (Table 4.1) in toilet tissue and paper towel were
notably lower than in the earlier studies by Williams and Benoit™ and de Voogt e al.” The

concentrations of Aroclor 1242 in toilet tissue and paper towel were also lower than the
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concentrations measured in the earlier studies by Storr-Hansen and Rastogi'? and Welling
et al.* The levels of PCBs in toilet tissue samples from Central Europe and Finland did
not differ from each other unlike either, in the earlier study by Welling ez al.?® All the
Aroclor 1242 concentrations in recycled paper products were also clearly under the

acceptable maximum (2 mg/kg) laid down by the EU Commission in 2001.'%

Table 4.1 PCB concentrations in manufacturing processes and environs of paper

mills, and in recycled paper products.® 712 79-80. 82-86. 89, 92,93, 95-96

Sample matrix Earlier results Results of this study
mg/kg mg/kg

Old Carbonless copy paper 200-65 000 0.47-1.0

New Carbonless copy paper <0.02

Magazine 0.01 <0.02

Newspaper 0.02-1.38 <0.02

Pulper stock, Mantta 0.23-0.31 <0.04

Deinking sludge 1.1-8.8

Deinking sludge, Méntta 0.20-0.80 <0.04-1.9

Deinking sludge, Nokia <0.04-3.4

Biosludge, Ménttd 0.78 0.13-0.56

Fish, Jarnsjo 0.85-2.2

Fish, Kernaalanjirvi 0.20-1.1

Fish, Melasjarvi, Manttd 0.02-0.05

Sediment, Jarnsjo 14-100

Sediment, Kernaalanjérvi 0.5-11

Sediment, Ménténlahti 0.12-0.23

Sediment, Kaipola <0.05-0.05

Paper towel 0.02-2.9 <0.02-0.07

Toilet tissue 0.02-21 <0.02-0.14
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S. SUMMARY AND CONCLUSIONS

The aim of the present study was to analyse the occurrence ot PCBs in papermaking
processes, in recycled paper products and in the close vicinity of paper mills using
wastepaper as their raw material. Over 200 samples were analysed to resolve the sources
and pathways of PCBs in the processes and environs of paper mills. The majority of the
samples were from the Minttd mill, but samples were also taken from Nokia and Kaipola
mills. Recycled paper product samples were also taken from paper mills in Germany,
Poland and Sweden. Accelerated solvent extraction and Soxhlet extraction were used to
extract PCBs from solid samples and liquid-liquid extraction to extract PCBs from water
samples. Concentrations of PCB congeners and concentrations of total PCBs as Aroclor
1242, Aroclor 1254, Aroclor 1260 and Clophen A 60 were determined by a gas
chromatograph equipped with two electron capture detectors. PCBs were observed in the
paper mills (Aroclor 1242), in recycled paper products (Aroclor 1242) and in the vicinity

of the paper mills (Aroclor 1242 and Aroclor 1260).

The present study showed that

(i) Aroclor 1242 originating in old carbonless copy paper were occasionally
found in the raw materials, processes and wastewater treatment plant of the
paper mills. The concentrations were clearly lower than those measured in the
earlier studies conducted in the 1980s and 1990s. New waste treatment
techniques will probably be needed in the near future, especially in the case of
deinking sludge, owing to the new environmental legislation with lower
threshold values for PCBs

(ii) PCB concentrations in fish downstream from the recycled paper mills were so

low that on PCB grounds it was not necessary limit the human consumption of



(iif)

(iv)

v)

(vi)
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fish. In the case of Ménttd new studies on the concentrations of PCBs in fish
are not required.

PCBs were observed in sediments, but the discharges were local and were
situated just downstream from the paper mills. In the case of the Manttd mill,
it was notable that the PCB fingerprint from the sediment and soil samples did
not correspond to the fingerprint from Aroclor 1242, which was observed in
the paper mill, but in fact corresponded to the fingerprint from Aroclor 1260,
which has been used, for example, as a dielectric fluid in transformers. Further
research on the former site of Manttd mill is probably needed because the
source of Aroclor 1260 has not yet been determined.

The recycled paper products were usually clean, and did not contain PCBs.
The concentrations of Aroclor 1242 occasionally found were so low that
restrictions on the use of these products are not required. All the
concentrations in recycled paper products also were clearly under the
acceptable maximum ( 2 mg/kg) laid down by the E U Commission in 2001.
Thus further research on this topic is not needed.

Aroclor 1242 originating in recycled paper production was not the source of
the increasing PCB concentrations found in incubated mussels downstream
from the Ménttd mill. The most probable source was Aroclor 1260, which was
found in sediment just downstream from the Ménttd mill.

The fingerprints of Aroclor 1242 and Aroclor 1260 are stable in sediments in

Finland and hencethey can be used to trace the possible sources of PCBs.
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Appendix 1

Table 1.  Production of paper mill operated by Metsi Tissue Corporation in Méntti

during 1993 and 2004.°71%

Year Deinked waste | Woodsfree Recycled Converted
paper pulp paper paper products
t/a t/a t/a t/a

1993 37 000 16 000 80 000 -

1994 48 000 17 000 86 000 -

1995 51 000 17 000 89 000 -

1996 53 000 16 000 88 000 -

1997 50 000 19 700 95 700 67 900

1998 51000 22200 94 800 63 400

1999 47 000 23 000 95 300 66 700

2000 48 300 22 800 92 600 76 700

2001 54 500 23100 92 000 69 800

2002 49 500 24 000 95 000 70 000

2003 51 600 27200 98 400 72 700

2004 50512 27 889 101 378 74 023
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Nokia during 1993-2004.571%

Production of paper mill operated by Georgia-Pacific Finland Ltd. in

Year Waste paper pulp Paper
Deinked Undeinked Recycled Woodsfree
t/a t/a t/a t/a

1993 36 000 - 76 500 -

1994 41000 - 86 000 -

1995 40 000 - 80 000 -

1996 40 000 - 83 000 -

1997 35000 - 85000 -

1998 35000 - 85000 -

1999 41000 - 90 000 -

2000 40 000 - - 90 000

2001 40 000 72 000 42 000 25000

2002 40 000 - 65000 25000

2003 - 40 000 65000 25000

2004 40 000 - 65 000 25000
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Appendix 3

Table I.  Production of paper mill operated by UPM-Kymmene Corporation in

Kaipola during 1993 and 2004.°7'%

Year Refined Deinked waste | Mechanical Recycled

mechanical paper pulp paper paper

pulp t/a t/a t/a

t/a
1993 307 000 123 000 255000 296 000
1994 317 000 116 000 568 000 320 000
1995 340000 107 000 603 000 337 000
1996 282 000 94 100 513 000 308 000
1997 318000 119 000 217 000 357 000
1998 327000 132 000 237000 387000
1999 304000 151000 228 000 383 000
2000 315000 146 000 269 000 366 000
2001 301000 151 000 251 000 367 000
2002 282 000 154 000 239 000 353 000
2003 269 500 142 950 251405 368 231
2004 280225 135057 274 418 366 135
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Appendix 4

Table 1.  Discharges of suspended solids (total suspended solids, TSS) from paper

mills during 1993 and 2004.°"-'%®

Year Maintta Nokia Kaipola
t/a t/a t/a
1993 65 132 214
1994 70 110 204
1995 48 79 168
1996 112 112 113
1997 77 76 197
1998 78 111 188
1999 77 116 164
2000 131 47 256
2001 110 150 233
2002 86 74 187
2003 105 141 246
2004 89 165 259
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Appendix S

Table 1.  Amounts of landfilled deinking sludge (t/a dry weight) from paper mills

during 1993-2001.%7-1%

Year Mantta Nokia Kaipola
t/a t/a t/a

1993 15 600 16 850 1 860
1994 20754 18 400 1500
1995 23 386 22000 859
1996 22172 20 700 978
1997 22 558 22 000 1 064
1998 23177 14 000 1241
1999 23 471 7 480 835
2000 22 355 4 645 1 060
2001 26 811 10 000 590
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Appendix 6

Table 1.  Amounts of landfilled wastewater sludge (t/a dry weight) from paper

mills during 1993-2001.°"%

Year Mainttd Nokia
t/a t/a
e 401 4100
1994 1525 + 200
1995 1130 o
1996 13 4 860
1997 294 4 600
1998 5 4500
1522 212 4114
2000 525 4024
2001 - 10 000
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Table 1.  Samples from different wastepaper grades.

Carbonless copy paper

Magazine

Newspaper |

Newspaper 11

Shavings

Wastepaper grade Additional information and source
Archival paper I Lot I in October 2000 (Ménttd mill)
Archival paper 11 Lot IT in October 2000 (Minttd mill)

October 2000 (Ménttd mill)
Anna 36/2000, Kotiliesi 16/2000, Seura 28/2000, Apu

37/2000, Me Naiset 36/2000 (Manttd mill)
Papers (Aamulehti) from September 2000 to October 2000

(Ménttd mill)

Papers (Helsingin Sanomat) from September 2000 to

October 2000 (Ménttd mill)
August 2001 (Paperinkerdys Ltd.)

Table 2.  Wastepaper samples from different sources in 2002.

Sample Additional information and source

010 Wastepaper from households (Ménttd mill)
050 Wastepaper from printing works (Manttd mill)
070 Wastepaper from printing works (Méanttd mill)
080 Wastepaper from offices (Ménttd mill)

060 Wastepaper from offices (Ménttd mill)

Table 3.  Sample from raw water.

Sample Additional information and source

Raw water November 2002 (Miinttd mill)
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Appendix 8 1(2)

Table 1.  Samples from pulper stock in 2002.

Pulper Additional information and source

DI-60 Raw material: wastepaper from households (Ménttd mill)
DI-70 Raw material: wastepaper from printing works (Ménttd mill)
DI-80 Raw material: wastepaper from offices (Ménttd mill)

Table 2. Samples from recycled fibre pulp and tissue paper reject.

Sample Additional information and source

Recycled fibre pulp | DI-60 in 2002 (Ménttd mill)
DI-70 in 2000 (Ménttd mill)
DI-70 in 2002 (Ménttd mill)
DI-80 in 2000 (Ménttd mill)
DI-80 in 2002 (Ménttd mill)
Tissue paper reject | Tissue paper reject used in DI-60 and DI-70 in 2002 (Ménttd

mill)

Table 3.  Samples from deinking sludge in the paper mills of Ménttd and Nokia.

Samples Additional information

Deinking sludge, Ménttd | DI-60 in 1993, 1996, 1999, 2000 and 2002
DI-70 in 1996, 1999, 2000 and 2002
DI-80in 1993, 1996, 1999, 2000 and 2002

Deinking sludge, Nokia | In 2001 and 2002
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Appendix 8 2(2)

Table 4.  Process water samples from deinking departments.

Sample Pulper

Incomig water DI-60 in 2002 (Ménttd mill)
DI-70 in 2002 (Ménttd mill)
DI-80 in 2002 (Ménttd mill)
Cleaned water DI-60 in 2002 (Ménttd mill)
DI-70 in 2002 (Ménttd mill)
DI-80 in 2002 (Ménttd mill)
Reject DI-60 in 2002 (Ménttd mill)
DI-70 in 2002 (Ménttd mill)
DI-80 in 2002 (Ménttd mill)

Table 5. Surface material and sand samples in close proximity to electrical

equipment in paper mill.

Sample Additional information and source

Surface material sample | Sample from cable channel below transformer (Méntt4

mill)

Sand sample Sample from cable channel 4,5 kV (Méinttd mill)
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Appendix 9 1(2)

Table 1.  Samples from incoming wastewaters and treated water from the

wastewater treatment plant.

Sample Additional information and source

Municipal wastewater | Wastewater from Ménttd in 2000 (Ménttd mill)
Wastewater from Ménttd in 2002 (Ménttd mill)
Industrial wastewater | Wastewater from paper mill in 2000 (Ménttd mill)
Wastewater from paper mill in 2002 (Ménttd mill)

Treated water Treated water to recipient in 2000 (Ménttd mill)

Treated water to recipient in 2002 (Ménttd mill)

Table 2. Wastewater samples from various parts of wastewater treatment plant.

Sample Additional information and source

MS Mechanical sedimentation in 2002 (Ménttd mill)
PS Primary sedimentation in 2002 (Méntt4 mill)

ST Sludge thickener in 2002 (Ménttd mill)

IS Intermediate sedimentation in 2002 (Manttd mill)
AE Aeration (stage II) in 2002 (Ménttd mill)
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2(2)

Table 3.  Biosludge samples from a sludge thickener of a wastewater treatment
plant.

Sample Additional information and source

BS 93 Biosludge from a sludge thickener in 1993 (Ménttd mill)

BS 96 Biosludge from a sludge thickener in 1996 (Ménttd mill)

BS 99 Biosludge from a sludge thickener in 1999 (Ménttd mill)

BS 01 Biosludge from a sludge thickener in 2001 (Ménttd mill)

BS 02 Biosludge from a sludge thickener in 2002 (Ménttd mill)

BS 04 Biosludge from a sludge thickener in 2004 (Ménttd mill)

Table 4.  Samples of wastewater sludge from various parts of a wastewater
treatment plant.

Sample Additional information and source

MX 02 Mixed sludge to co-incineration in 2002 (Minttd mill)

MX 04 Mixed sludge to co-incineration in 2004 (Manttd mill)

MS 02 Mechanical sedimentation in 2002 (Ménttd mill)

MS 04 Mechanical sedimentation in 2004 (Ménttd mill)

PS 02 Primary sedimentation in 2002 (Ménttd mill)

PS 04 Primary sedimentation in 2004 (Minttd mill)

IS 02 Intermediate sedimentation in 2002 (Méntti mill)

IS 04 Intermediate sedimentation in 2004 (Ménttd mill)

SS 02 Secondary sedimentation in 2002 (Ménttd mill)

SS 04 Secondary sedimentation in 2004 (Ménttd mill)
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Appendix 10
Table 1.  Fish samples from Lake Melasjdrvi downstream from Ménttd mill in
2000.

Sample Additional information

Pike 1 weight 690 g

Pike 2 weight 665 g

Pike 3 weight 880 g

Pike 4 weight 1005 g

Pike 5 weight 1245 g

Table 2.  Samples of pike from lakes in the region of Tampere and Nokia in 2000.

Lake Additional information

Nisijarvi Sampling point downstream from M-real pulp mill in Tampere.
Composite sample from five fish.

Pyhijérvi Sampling point downstream from a former capacitor factory
and a Tampere municipal sewage treatment plant. Composite
sample from five fish.

Kulovesi 1 Sampling point downstream from Lake Pyh&jérvi and from
region of Nokia and Nokia mill. Composite sample from two
fish.

Kulovesi 2 Composite sample from two fish.

Iidesjdrvi Sampling point downstream from a former landfill. Composite
sample from five fish.
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1(4)

Sediment samples from lake basins upstream and downstream from

Minttd mill in 2000.

Sampling site

Additional information

Keurusselkd

Maintinlahti

Kuorevesi

Melasjérvi

Aittoselkid

Sampling point K2 upstream from paper mill. Sediment profile

0-24 cm. Sub-samples at intervals of 2 cm were analysed.

Sampling point downstream from paper mill. Sediment profile

0-10 cm. Sub-samples at intervals of 5 cm were analysed.

Sampling point in Kotkanselkd downstream from paper mill.
Sediment profile 0-28 cm. Sub-samples at intervals of 2 cm were

analysed.

Sampling point downstream from paper mill. Sediment profile

0-30 cm. Sub-samples at intervals of 2 cm were analysed.

Sampling point A2 downstream from Ménttd mill. Sediment

profile 0-20 cm. Sub-samples at intervals of 2 cm were analysed.

Table 2.

Sediment samples from lakes downstream from Manttd mill in 2001.

Sampling site

Additional information

Mintéinlahti

Savonselkd

Aittoselki

Paloselki

Sampling point downstream from paper mill. Sediment layers

0-2 cm, 2-3 cm and 3-4 cm.

Sampling point downstream from paper mill. Sediment layers

0-2 cm, 2-3 cm and 3-4 cm.

Sampling point downstream from paper mill. Sediment layers

0-2 cm, 2-3 cm and 3-4 cm.

Sampling point downstream from paper mill. Sediment layers

0-2 cm, 2-3 cm and 3-4 cm.
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Table3.  Sediment samples from the industrial site of Ménttd mill and from sites

downstream from industrial and municipal landfills in 2001.

Sampling point Additional information

Reservoir Sample from reservoir in the vicinity of paper mill

Point of discharge Sample from the existing final effluent discharge point of

paper mill
Koskelanlampi Sample from a pond just upstream from paper mill
Riuttaoja Sample from mouth of Riuttaoja downstream from the

industrial waste landfill of paper mill

Vuohijoki Sample from mouth of Vuohijoki downstream from a former

municipal waste landfill in Méntta

Kuorevesi A reference sample from an area (Lake Kuorevesi, Salmion

salmi) relatively free of industrial influence

Table 4.  Soil and sediment samples from the former industrial site of Ménttd mill.

Sampling Additional information

point

6 Soil sample (2.0-2.9 m) from area of acid tower in 2002
LP3+LP5 Soil samples (LP3/1.5-2 m) and (LP5/0-1 m) from area of acid

tower in 2003. Composite sample.
LP8 Soil sample (2-3 m) from coalfield in 2003

LP1 Soil sample (4-5 m) from side of a former outfall sewer in 2003

S1 Sediment sample (0-0.5) from the former point of discharge in 2003
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Table 5.  Sediment samples from sites downstream from Nokia mill and region of

Nokia and Tampere in 2001.

Sample Sampling site

Lukkilanlahti I Lukkilanlahti, Nokia (load from region of Nokia and Tampere
and from a paper mill operated by Georgia-Pacific Finland Ltd.

in Nokia).
Lukkilanlahti I Lukkilanlahti, Nokia (load from region of Nokia and Tampere

and from a paper mill operated by Georgia-Pacific Finland Ltd.

in Nokia).

Eden Eden, Pyhéjarvi (load from region of Tampere)

Table 6.  Sediment sample from lake basin downstream from Kaipola mill in 2002.

Sampling site Additional information

Pédijanne Sampling point Kaipola 654 downstream from the paper mill
operated by UPM-Kymmene Corporation in Kaipola. Sediment

profile 0-30 cm. Sub-samples at intervals of 5 cm were analysed.
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Table 7.  Sediment samples from Lake Nisijarvi, Lake Iidesjédrvi, Lake Kulovesi

and Lake Pyhdjérvi in 2000.

Sample

Sampling site

Nisijdrvi I
Nasijarvi I1
lidesjérvi

Kulovesi

Pyhéjarvi |

Pyhéjarvi 11

Lielahti (load from a pulp mill operated by M-real in Tampere)
Sokeritoppa (load from a pulp mill of M-real in Tampere)
Western part of Lake Iidesjédrvi (load from a former landfill)

121 Kalmetsaari (load from Lake Pyhéjirvi and from region of

Nokia)

South side of Isle of Saunasaari (load from a former capacitor

factory and a Tampere municipal sewage treatment plant)

Viinikanlahti (load from a former capacitor factory and a

Tampere municipal sewage treatment plant)

Table 8.  Sediment sample from in front of a sewer of a former capacitor factory

Sampling site

Additional information

Pyhéjarvi

In front of a sewer in 2001
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Table 1. River water sample from Vuohijoki.

Sampling site

Additional information

Vuohijoki

River water downstream from a former municipal landfill in

Minttd in October 2000
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Table 1.  Hand towel sheet and roll samples.

Product/lot Additional information and source

Sheet A/I A German product manufactured from recycled fibre (a random

sample from the University of Jyviskyld in 2003).

Sheet A/IT A German product manufactured from recycled fibre (a random

sample from the University of Jyviskyld in 2003).

Sheet B A Swedish product manufactured from recycled fibre (a quality

control sample from a paper mill in 2003).

Sheet C A Finnish product manufactured from recycled fibre (a quality

control sample from a paper mill in 2003).

Roll D A Finnish product manufactured from recycled fibre (a random

sample from the University of Jyviskyld in 2003).

Roll E A Swedish product manufactured from recycled fibre (a random

sample from the University of Jyviskyld in 2003).
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Table 1.  Kitchen towel samples.

Product/lot Additional information and source

A/l A Finnish product manufactured from recycled fibre (a quality
control sample from a paper mill in 2001).

A/l A Finnish product manufactured from recycled fibre (a random
sample from a superstore (Prisma Seppild) in 2003).

B A product manufactured from recycled fibre (a random sample from
a superstore (Lidl Seppéld) in 2003).

C A Finnish product manufactured from recycled fibre (a random
sample from a superstore (Prisma Seppild) in 2003).

D A Finnish product manufactured from recycled fibre and cellulose (a
random sample from a superstore (Prisma Seppild) in 2003).

E/I A Finnish product manufactured from recycled fibre (a random
sample from the Central Finland Regional Environment Centre in
2003).

E/l A Finnish product manufactured from recycled fibre (a random
sample from a superstore (Prisma Seppéld) in 2003).

F A Finnish product manufactured from recycled fibre (a quality
control sample from a paper mill in 2000).
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Table 1.  Handkerchief samples.

Product Additional information and source

A A Finnish product manufactured from recycled fibre and cellulose

(a random sample from a superstore (Lidl Seppild) in 2003).

B A Finnish product manufactured from recycled fibre (a random

sample from a superstore (Prisma Seppild) in 2003).

C A Finnish product manufactured from recycled fibre and cellulose

(arandom sample from a superstore (Prisma Seppéld) in 2003).
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Table 1. Toilet tissue samples.

Product/lot Additional information and source

A/l A product manufactured from recycled fibre (a random sample from a
superstore (Lidl Seppéld) in March 2003).

A/ll A product manufactured trom recycled fibre (a random sample from a
superstore (Lidl Seppéld) in November 2003).

B | A German product manufactured from recycled fibre (a quality control
sample from a paper mill in 2003).

C A Polish product manufactured from recycled fibre (a quality control sample
from a paper mill in 2003).

D A Finnish product manufactured from recycled fibre (a random sample from
a superstore (Prisma Seppaild) in 2003).

E A Finnish product manufactured from recycled fibre (a random sample from
a superstore (Prisma Seppald) in 2003).

F/1 A Finnish product manufactured from recycled fibre and cellulose (a random
sample from a superstore (Prisma Seppéld) in 2003).

F/I | A Finnish product manufactured from recycled fibre and cellulose (a random

|

sample from a superstore (Prisma Seppdld) in 2004).

G A Finnish product manufactured from recycled fibre (a random sample from
a superstore (Prisma Seppéld) in 2003).

H A Finnish product manufactured from recycled fibre (a random sample from
the University of Jyvaskyld in 2003).

I A Finnish product manufactured from recycled fibre (a random sample from
a superstore (Prisma Seppéld) in 2003).

J A Finnish product manufactured from recycled fibre (a quality control

sample from a paper mill in 2000).
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Table 1.  PCB concentrations in different wastepaper grades.
PCB Archival Archival Carbonless
paper | paper I copy paper
mg/kg fw mg/kg fw mg/kg fw
PCB congeners
PCB 8 0.008 0.015 <0.003
PCB 18 0.053 0.025 <0.003
PCB 28 0.068 0.038 <0.002
PCB 52 0.044 0.010 <0.001
PCB 101 <0.001 <0.001 <0.001
PCB 118 <0.001 <0.001 <0.001
PCB 153 <0.001 <0.001 <0.001
PCB 105 <0.001 <0.001 <0.001
PCB 138 <0.001 <0.001 <0.001
PCB 187 <0.001 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001
PCB 180 <0.001 <0.001 <0.001
Total PCB as
Aroclor 1242 1.0 0.47




96

Appendix 17 2(4)
Table 2.  PCB concentrations in different wastepaper grades.
PCB Magazine | Newspaper I | Newspaper II Shavings
mg/kg fw mg/kg fw mg/kg fw mg/kg fw
PCB congeners
PCB 8 <0.003 <0.003 <0.003 <0.007
PCB 18 <0.003 <0.003 <0.003 <0.006
PCB 28 <0.002 <0.002 <0.002 <0.005
PCB 52 <0.001 <0.001 <0.001 <0.003
PCB 101 <0.001 <0.001 <0.001 <0.003
PCB 118 <0.001 <0.001 <0.001 <0.002
PCB 153 <0.001 <0.001 <0.001 <0.002
PCB 105 <0.001 <0.001 <0.001 <0.002
PCB 138 <0.001 <0.001 <0.001 <0.002
PCB 187 <0.001 <0.001 <0.001 <0.002
PCB 128 <0.001 <0.001 <0.001 <0.002
PCB 156 <0.001 <0.001 <0.001 <0.002
PCB 180 <0.001 <0.001 <0.001 <0.002
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 3.  PCB concentrations in wastepaper from different sources.
PCB Household Printing works Office
010 050 070 080 060

mg/kg fw | mg/kg fw | mg/kg fw | mg/kg fw | mg/kg fw
PCB congeners
PCB 8 <0.003 <0.003 <0.003 <0.003 <0.003
PCB 18 <0.003 <0.003 <0.003 <0.003 <0.003
PCB 28 <0.002 <0.002 <0.002 <0.002 0.002
PCB 52 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 101 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 118 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 153 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 105 <0.001 < 0.001 <0.001 <0.001 <0.001
PCB 138 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 187 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 180 <0.001 <0.001 <0.001 <0.001 <0.001
Total PCB as
Aroclor 1242 0.02
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Table 4. PCB concentrations in raw water.

PCB Raw water
peg/l

Total PCB as

Aroclor 1242 <0.1

Aroclor 1254 <0.1

Aroclor 1260 <0.1

4(4)
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Table 1.  PCB concentrations in pulper stock.

PCB DI-60 DI-70 DI-80
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007
PCB 18 <0.006 <0.006 <0.006
PCB 28 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 <0.003
PCB 101 <0.003 <0.003 <0.003
PCB 118 0.002 0.002 <0.002
PCB 153 <0.002 <0.002 <0.002
PCB 105 <0.002 <0.002 <0.002
PCB 138 <0.002 0.003 <0.002
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 <0.002 <0.002 <0.002
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 1.  PCB concentrations in recycled fibre pulp.

PCB DI-60 DI-70 DI-70 DI-80 DI-80
2002 2000 2002 2000 2002
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.007 <0.021 <0.007 <0.021 <0.007
PCB 18 <0.006 <0.018 <0.006 <0.018 <0.006
PCB 28 <0.005 <0.015 <0.005 <0.015 <0.005
PCB 52 <0.003 < 0.009 <0.003 <0.009 <0.003
PCB 101 <0.003 <0.009 <0.003 <0.009 <0.003
PCB 118 <0.002 <0.006 <0.002 <0.006 <0.002
PCB 153 <0.002 <0.006 <0.002 <0.006 <0.002
PCB 105 <0.002 | <0.006 <0.002 <0.006 <0.002
PCB 138 <0.002 < 0.006 <0.002 < 0.006 <0.002
PCB 187 <0.002 <0.006 <0.002 <0.006 <0.002
PCB 128 <0.002 <0.006 <0.002 <0.006 <0.002
PCB 156 <0.002 <0.006 <0.002 <0.006 <0.002
PCB 180 <0.002 <0.006 <0.002 <0.006 <0.002
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 2. PCB concentrations in tissue

paper reject.

| PCB Tissue paper reject

| mg/kg dw

| PCB congeners
PCB 8 <0.007
PCB 18 < 0.006
PCB 28 <0.005
PCB 52 < 0.003
PCB 101 < 0.003
PCB 118 <0.002
PCB 153 <0.002
PCB 105 <0.002
PCB 138 <0.002
PCB 187 <0.002
PCB 128 <0.002
PCB 156 <0.002
PCB 180 <0.002
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260

were not observed in the samples.

2(2)
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Table .  PCB concentrations in deinking sludge from Méntt4 mill.

PCB DI-60 DI-60 DI-60 DI-60 DI-60
1993 1996 1999 2000 2002
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.021 <0.021 <0.014 <0.021 0.007
PCB 18 <0.018 <0.018 <0.012 <0.018 0.014
PCB 28 0.028 0.027 <0.010 <0.015 0.005
PCB 52 <0.009 <0.009 <0.006 <0.009 <0.003
PCB 101 <0.009 <0.009 < 0.006 <0.009 <0.003
PCB 118 <0.006 <0.006 <0.004 <0.006 <0.002
PCB 153 <0.006 <0.006 <0.004 <0.006 <0.002
PCB 105 <0.006 <0.006 <0.004 <0.006 <0.002
PCB 138 <0.006 <0.006 <0.004 <0.006 <0.002
PCB 187 <0.006 <0.006 <0.004 <0.006 <0.002
PCB 128 <0.006 <0.006 <0.004 <0.006 <0.002
PCB 156 <0.006 <0.006 <0.004 <0.006 <0.002
PCB 180 <0.006 <0.006 <0.004 <0.006 <0.002
Total PCB as
Aroclor 1242 0.09
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Table 2.  PCB concentrations in deinking sludge from Méntt4 mill.
PCB DI-70 DI-70 DI-70 DI-70
1996 1999 2000 2002
mg/kg dw mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 0.070 <0.014 <0.014 <0.007
PCB 18 0.10 <0.012 <0.012 0.006
PCB 28 0.21 <0.010 <0.010 <0.005
PCB 52 0.043 <0.006 <0.006 <0.003
PCB 101 0.007 < 0.006 <0.006 <0.003
PCB 118 <0.004 <0.004 <0.004 <0.002
PCB 153 <0.004 <0.004 <0.004 <0.002
PCB 105 <0.004 <0.004 <0.004 <0.002
PCB 138 <0.004 <0.004 <0.004 <0.002
PCB 187 <0.004 <0.004 <0.004 <0.002
PCB 128 <0.004 <0.004 <0.004 <0.002
PCB 156 <0.004 <0.004 <0.004 <0.002
PCB 180 <0.004 <0.004 <0.004 <0.002
Total PCB as
Aroclor 1242 1.9
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Table 3. PCB concentrations in deinking sludge from Ménttd mill.
PCB DI-80 DI-80 DI-80 DI-80 DI-80
1993 1996 1999 2000 2002
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 0.055 0.050 0.047 <0.014 0.008
PCB 18 0.082 0.079 0.069 <0.012 0.011
PCB 28 0.15 0.13 0.073 0.011 0.035
PCB 52 0.030 0.020 0.053 <0.006 <0.003
PCB 101 <0.006 <0.006 < 0.006 <0.006 <0.003
PCB 118 <0.004 <0.004 <0.004 <0.004 <0.002
PCB 153 <0.004 <0.004 <0.004 <0.004 <0.002
PCB 105 <0.004 <0.004 <0.004 <0.004 <0.002
PCB 138 <0.004 <0.004 <0.004 <0.004 <0.002
PCB 187 <0.004 <0.004 < 0.004 <0.004 <0.002
PCB 128 <0.004 <0.004 <0.004 <0.004 <0.002
PCB 156 <0.004 <0.004 <0.004 <0.004 <0.002
PCB 180 <0.004 <0.004 <0.004 <0.004 <0.002
Total PCB as
Aroclor 1242 1.3 1.1 1.3 0.14
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Table 4. PCB concentrations in deinking sludge from Nokia mill.
PCB 2001 2002
mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.014 0.16
PCB 18 <0.012 0.19
PCB 28 <0.010 0.46
PCB 52 <0.006 0.10
PCB 101 <0.006 0.026
PCB 118 < 0.004 <0.004
PCB 153 <0.004 <0.004
PCB 105 <0.004 <0.004
PCB 138 <0.004 <0.004
PCB 187 <0.004 <0.004
PCB 128 <0.004 <0.004
PCB 156 <0.004 <0.004
PCB 180 <0.004 <0.004
Total PCB as
Aroclor 1242 3.4
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Table 1.  PCB concentrations in process water (pulper DI-60) from deinking

department.
PCB Incoming water Cleaned water Reject
pg/l pg/l pg/l
Total PCB as
Aroclor 1242 <03 <0.2 <0.2
Aroclor 1254 <03 <0.2 <0.2
Aroclor 1260 <0.3 <0.2 <0.2
Table 2.  PCB concentrations in process water (pulper DI-70) from deinking
department.
PCB Incoming water Cleaned water Reject
ng/l pg/l pg/l
Total PCB as
Aroclor 1242 <0.2 <0.2 <0.2
Aroclor 1254 <0.2 <0.2 <0.2
Aroclor 1260 <0.2 <0.2 <0.2




107

Appendix 21 2(2)
Table 3.  PCB concentrations in process water (pulper DI-80) from deinking
department.

PCB Incoming water Cleaned water Reject
pe/l g/l pg/l

Total PCB as

Aroclor 1242 <0.2 <0.2 <0.2

Aroclor 1254 <02 <0.2 <0.2

Aroclor 1260 <0.2 <0.2 <0.2
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Table 1.  PCB concentrations in samples in close proximity to electrical equipment

in paper mill.

PCB Surface material sample Sand sample
mg/kg dw mg/kg dw
PCB congeners
PCB 8 0.059 <0.007
PCB 18 0.14 0.011
i PCB 28 0.26 0.031
i PCB 52 0.011 0.012
PCB 101 <0.003 0.011
PCB 118 0.020 0.004
PCB 153 <0.002 0.020
PCB 105 0.011 0.005
PCB 138 <0.002 0.021
PCB 187 <0.002 0.008
PCB 128 <0.002 0.002
PCB 156 0.002 0.003
PCB 180 0.007 0.017
Total PCB as
Aroclor 1242 2.1 0.21
| Aroclor 1260 0.09 0.13




109

Appendix 23 1(2)

Table 1.  PCB concentrations in municipal wastewater from town of Méntta.

PCB Year 2000 Year 2002
g/l pg/l

Total PCB as

Aroclor 1242 <0.3 <0.2

Aroclor 1254 <0.3 <0.2

Aroclor 1260 <0.3 <0.2

Table 2. PCB concentrations in industrial wastewater from Méntti mill.

PCB Year 2000 Year 2002
g/l pg/l

Total PCB as

Aroclor 1242 <0.3 <0.2

Aroclor 1254 <0.3 <0.2

Aroclor 1260 <0.3 <0.2
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Table 3.  PCB concentrations in treated wastewater from treatment plant of Méntti

mill.
PCB Year 2000 Year 2002
pg/l pe/l
Total PCB as
Aroclor 1242 <0.3 <0.2
Aroclor 1254 <03 <0.2
Aroclor 1260 <0.3 <0.2

Table 4. PCB concentrations in wastewater from various parts of treatment plant

of Miinttd mill.

PCB MS PS ST IS AE
g/l pe/l pg/l peg/l e/l

Total PCB as

Aroclor 1242 <0.3 <0.3 <03 <0.2 <0.2

Aroclor 1254 <03 <03 <03 <0.2 <0.2

Aroclor 1260 <0.3 <0.3 <03 <0.2 <0.2

MS=mechanical sedimentation, PS=primary sedimentation, ST=sludge thickener,

[S=intermediate sedimentation, AE=aeration, stage II.
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1(4)

Table 1.  PCB concentrations in biosludge from a wastewater treatment plant.

PCB BS 93 BS 96 BS 99
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 0.034 0.023 <0.021
PCB 18 0.020 0.022 0.020
PCB 28 0.059 0.043 0.034
PCB 52 <0.009 < 0.009 <0.009
PCB 101 < 0.009 <0.009 <0.009
PCB 118 < 0.006 <0.006 <0.006
PCB 153 <0.006 < 0.006 <0.006
PCB 105 < 0.006 <0.006 <0.006
PCB 138 <0.006 <0.006 <0.006
PCB 187 <0.006 <0.006 <0.006
PCB 128 <0.006 <0.006 <0.006
PCB 156 < 0.006 <0.006 <0.006
PCB 180 < 0.006 < 0.006 <0.006
Total PCB as
Aroclor 1242 0.56 0.39 0.30
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Table 2. PCB concentrations in biosludge from a wastewater treatment plant.

PCB BS 01 BS 02 BS 04
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.014 0.008 <0.007
PCB 18 0.017 0.015 0.017
PCB 28 0.029 0.011 0.015
PCB 52 <0.006 0.059 0.011
PCB 101 <0.006 0.005 < 0.003
PCB 118 <0.004 <0.002 <0.002
PCB 153 < 0.004 <0.002 0.003
PCB 105 <0.004 <0.002 <0.002
PCB 138 <0.004 <0.002 0.002
PCB 187 <0.004 <0.002 <0.002
PCB 128 <0.004 <0.002 <0.002
PCB 156 <0.004 <0.002 <0.002
PCB 180 <0.004 <0.002 <0.002
Total PCB as
Aroclor 1242 0.39 0.11 0.13
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Table 3.  PCB concentrations in wastewater sludge from various parts of treatment

plant in 2002.

PCB MX 02 MS 02 PS 02 IS 02 *SS 02
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007 0.012 -
PCB 18 < 0.006 <0.006 0.047 0.010 -
PCB 28 0.008 <0.005 0.006 0.030 -
PCB 52 0.015 0.003 0.021 0.017 -
PCB 101 <0.003 <0.003 <0.003 <0.003 -
PCB 118 <0.002 0.003 0.003 <0.002 -
PCB 153 <0.002 <0.002 <0.002 <0.002 -
PCB 105 <0.002 <0.002 <0.002 <0.002 -
PCB 138 <0.002 <0.002 <0.002 <0.002 -
PCB 187 <0.002 <0.002 <0.002 <0.002 -
PCB 128 <0.002 <0.002 <0.002 <0.002 -
PCB 156 <0.002 <0.002 <0.002 <0.002 -
PCB 180 <0.002 <0.002 <0.002 <0.002 -
Total PCB as
Aroclor 1242 0.08 0.12 0.18

MX=mixed sludge, MS=mechanical sedimentation, PS=primary sedimentation,
[S=intermediate sedimentation, SS=secondary sedimentation. *The amount of the sludge

from secondary sedimentation was too low for the determination of PCBs.
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Table 4.  PCB concentrations in wastewater sludge from various parts of a

treatment plant in 2004.

PCB MX 04 MS 04 PS 04 IS 04 SS 04
mg/kg dw | mg/kg dw [ mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 0.038 <0.007 0.078 0.020 <0.014
PCB 18 0.042 0.010 0.15 0.054 0.028
PCB 28 0.067 0.008 0.18 0.032 0.021
PCB 52 0.022 0.004 0.11 0.026 0.016
PCB 101 0.007 <0.003 0.044 <0.006 <0.006
PCB 118 0.008 <0.002 0.056 0.004 < 0.004
PCB 153 <0.002 <0.002 0.024 <0.004 < 0.004
PCB 105 <0.002 <0.002 0.027 < 0.004 < 0.004
PCRB 138 <0.002 <0.002 0.038 <0.004 < 0.004
PCB 187 <0.002 <0.002 <0.002 <0.004 <0.004
PCB 128 <0.002 <0.002 <0.002 <0.004 <0.004
PCB 156 <0.002 <0.002 <0.002 <0.004 <0.004
PCB 180 <0.002 <0.002 0.031 <0.004 <0.004
Total PCB as
Aroclor 1242 0.54 0.09 1.7 0.39 0.20

MX=mixed sludge, MS=mechanical sedimentation, PS=primary sedimentation,

[S=intermediate sedimentation, SS=secondary sedimentation.
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Table 1.  PCB concentrations in pike from Lake Melasjdrvi downstream from

Minttd mill.
PCB Pike 1 Pike 2 Pike 3 Pike 4 Pike 5
mg/kg fw | mg/kg fw | mg/kg fw | mg/kg fw | mg/kg fw
PCB congeners
PCB 8 <0.003 <0.003 <0.003 <0.003 <0.003
PCB 18 <0.003 <0.003 <0.003 <0.003 <0.003
PCB 28 <0.002 <0.002 <0.002 <0.002 <0.002
PCB 52 <0.001 <0.001 < 0.001 <0.001 <0.001
PCB 101 0.003 0.002 0.003 0.004 <0.001
PCB 118 0.002 0.001 0.003 0.002 <0.001
PCB 153 0.005 0.004 0.008 0.007 0.003
PCB 105 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 138 0.006 0.004 0.008 0.007 0.003
PCB 187 <0.001 <0.001 0.002 0.001 <0.001
PCB 128 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 180 0.002 0.002 0.003 0.003 0.002
Total PCB as
Clophen A 60/ 0.04 0.02 0.05 0.05
Aroclor 1260*

*The total PCB concentrations were calculated as Clophen A 60. Since the industrial use,
composition and fingerprints of Clophen A 60 and Aroclor 1260 do not differ from each
other, the use of Clophen A 60 and Aroclor 1260 in fingerprint considerations yield the

same final result.
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Table 1.  PCB concentrations in pike from lakes in the region of Tampere and

Nokia.

PCB Nisijarvi [ Pyhdjdrvi | Kulovesil | KulovesiIl | lidesjérvi

mg/kg fw | mg/kg fw | mg/kg fw | mg/kgfw | mgkg fw
PCB congeners
PCB 8 <0.003 <0.003 <0.003 <0.003 <0.003
PCB 18 <0.003 <0.003 <0.003 <0.003 <0.003
PCB 28 <0.002 <0.002 <0.002 <0.002 <0.002
PCB 52 <0.001 <0.001 0.003 <0.001 < 0.001
PCB 101 <0.001 <0.001 0.006 <0.001 <0.001
PCB 118 <0.001 <0.001 0.003 <0.001 < 0.001
PCB 153 <0.001 <0.001 0.012 <0.001 <0.001
PCB 105 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 138 <0.001 <0.001 0.010 <0.001 <0.001
PCB 187 <0.001 <0.001 0.002 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001 <0.001 <0.001
PCB 180 <0.001 <0.001 0.004 <0.001 <0.001
Total PCB as
Clophen A 60/ 0.07
Aroclor 1260*

*The total PCB concentrations were calculated as Clophen A 60. Since the industrial use,
composition and fingerprints of Clophen A 60 and Aroclor 1260 do not differ from each
other, the use of Clophen A 60 and Aroclor 1260 in fingerprint considerations yield the

samc final rcsult.
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Table 1.  PCB concentrations in sediment from lake basin (Keurusselkd) upstream

from Minttd mill in 2000.

PCB 0-2 cm 2-4 cm 4-6 cm 6-8 cm
mg/kg dw mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB8 <0.014 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010 <0.010
PCB 52 <0.006 <0.006 < 0.006 <0.006
PCB 101 <0.006 < 0.006 < 0.006 <0.006
PCB 118 <0.004 <0.004 <0.004 <0.004
PCB 153 <0.004 <0.004 <0.004 <0.004
PCB 105 <0.004 <0.004 <0.004 <0.004
PCB 138 <0.004 < 0.004 <0.004 <0.004
PCB 187 <0.004 < 0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 <0.004 < 0.004
PCB 156 <0.004 <0.004 <0.004 < 0.004
PCB 180 <0.004 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 2. PCB concentrations in sediment from lake basin (Keurusselkd) upstream

from Miénttd mill in 2000.

PCB 8-10 cm 10-12 cm 12-14 cm 14-16 cm
mg/kg dw mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010 <0.010
PCB 52 <0.006 <0.006 <0.006 <0.006
PCB 101 <0.006 <0.006 <0.006 <0.006
PCB 118 <0.004 <0.004 <0.004 <0.004
PCB 153 <0.004 <0.004 <0.004 <0.004
PCB 105 <0.004 <0.004 <0.004 <0.004
PCB 138 < 0.004 < 0.004 < 0.004 < 0.004
PCB 187 <0.004 <0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 <0.004 <0.004
PCB 156 <0.004 <0.004 <0.004 <0.004
PCB 180 <0.004 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.



Appendix 27

119

3(12)

Table 3.  PCB concentrations in sediment from lake basin (Keurusselkd) upstream

from Ménttd mill in 2000.

PCB 16-18 cm 18-20 cm 20-22 cm 22-24 cm
mg/kg dw mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010 <0.010
PCB 52 <0.006 <0.006 <0.006 <0.006
PCB 101 <0.006 < 0.006 <0.006 <0.006
PCB 118 <0.004 <0.004 <0.004 <0.004
PCB 153 <0.004 < 0.004 <0.004 <0.004
PCB 105 <0.004 < 0.004 <0.004 <0.004
PCB 138 <0.004 < 0.004 <0.004 <0.004
PCB 187 <0.004 <0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 <0.004 <0.004
PCB 156 <0.004 <0.004 <0.004 <0.004
PCB 180 <0.004 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 4. PCB concentrations in sediment from lake basin (Ménténlahti)

downstream from Minttid mill in 2000.

PCB 0-5cm 5-10 cm
mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.021 <0.021
PCB 18 <0.018 <0.018
PCB 28 <0.015 <0.015
PCB 52 <0.009 <0.009
PCB 101 <0.009 0.016
PCB 118 0.014 0.016
PCB 153 0.022 0.026
PCB 105 <0.006 < 0.006
PCB 138 0.037 0.046
PCB 187 0.010 < 0.006
PCB 128 <0.006 <0.006
PCB 156 < 0.006 < 0.006
PCB 180 0.015 0.017
Total PCB as
Aroclor 1260 - 0.18 0.22
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Table 5. PCB concentrations in sediment from lake basin (Kuorevesi) downstream

from Ménttd mill in 2000.

PCB 0-2 cm 2-4 cm 4-6cm 6-8cm [ 8-10cm
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010 <0.010 <0.010
PCB 52 <0.006 <0.006 <0.006 <0.006 <0.006
PCB 101 <0.006 <0.006 <0.006 < 0.006 <0.006
PCB 118 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 153 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 105 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 138 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 187 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 156 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 180 <0.004 <0.004 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 6. PCB concentrations in sediment from lake basin (Kuorevesi) downstream

from Ménttd mill in 2000.
PCB 10-12cm | 12-14cm | 14-16 cm | 16-18 cm | 18-20 cm
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010 <0.010 <0.010
PCB 52 <0.006 <0.006 <0.006 <0.006 <0.006
PCB 101 <0.006 <0.006 <0.006 <0.006 <0.006
PCB 118 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 153 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 105 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 138 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 187 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 156 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 180 <0.004 <0.004 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 7. PCB concentrations in sediment from lake basin (Kuorevesi) downstream

from Ménttd mill in 2000.
PCB 20-22 cm 22-24 cm 24-26 cm 26-28 cm
mg/kg dw mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010 <0.010
PCB 52 <0.006 < 0.006 <0.006 <0.006
PCB 101 <0.006 <0.006 <0.006 <0.006
PCB 118 <0.004 <0.004 <0.004 <0.004
PCB 153 <0.004 <0.004 <0.004 <0.004
PCB 105 <0.004 <0.004 <0.004 <0.004
PCB 138 <0.004 <0.004 <0.004 <0.004
PCB 187 <0.004 <0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 <0.004 <0.004
PCB 156 <0.004 <0.004 <0.004 <0.004
PCB 180 <0.004 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.



124

Appendix 27 8(12)

Table 8. PCB concentrations in sediment from lake basin (Melasjdrvi) downstream

from Ménttd mill in 2000.
PCB 0-2cm 2-4 cm 4-6 cm 6-8cm | 8-10cm
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010 <0.010 <0.010
PCB 52 <0.006 < 0.006 < 0.006 < 0.006 < 0.006
PCB 101 <0.006 <0.006 <0.006 <0.006 <0.006
PCB 118 <0.004 <0.004 < 0.004 < 0.004 <0.004
PCB 153 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 105 <0.004 <0.004 <0.004 < 0.004 <0.004
PCB 138 < 0.004 < 0.004 <0.004 <0.004 <0.004
PCB 187 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 < 0.004 <0.004 <0.004
PCB 156 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 180 <0.004 <0.004 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 9.  PCB concentrations in sediment from lake basin (Melasjdrvi) downstream

from Ménttd mill in 2000.

PCB 10-12cm | 12-14cm | 14-16cm | 16-18 cm | 18-20 cm
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014 <0.021 <0.021
PCB 18 <0.012 <0.012 <0.012 <0.018 <0.018
PCB 28 <0.010 <0.010 <0.010 <0.015 <0.015
PCB 52 <0.006 <0.006 <0.006 <0.009 < 0.009
PCB 101 <0.006 <0.006 <0.006 <0.009 < 0.009
PCB 118 <0.004 <0.004 <0.004 <0.006 < 0.006
PCB 153 <0.004 <0.004 <0.004 <0.006 < 0.006
PCB 105 <0.004 <0.004 <0.004 <0.006 < 0.006
PCB 138 <0.004 <0.004 <0.004 <0.006 <0.006
PCB 187 <0.004 <0.004 <0.004 <0.006 <0.006
PCB 128 <0.004 <0.004 <0.004 <0.006 < 0.006
PCB 156 <0.004 <0.004 <0.004 <0.006 < 0.006
PCB 180 <0.004 <0.004 <0.004 <0.006 < 0.006
Total PCB*

* Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 10. PCB concentrations in sediment from lake basin (Melasjdrvi) downstream

from Mainttd mill in 2000.

PCB 20-22cm | 22-24 cm | 24-26 cm | 26-28 ecm | 28-30 cm
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.021 <0.021 <0.014 <0.014 <0.014
PCB 18 <0.018 <0.018 <0.012 <0.012 <0.012
PCB 28 <0.015 <0.015 <0.010 <0.010 <0.010
PCB 52 <0.009 <0.009 <0.006 <0.006 <0.006
PCB 101 <0.009 <0.009 <0.006 <0.006 <0.006
PCB 118 <0.006 <0.006 0.019 <0.004 <0.004
PCB 153 <0.006 <0.006 0.030 <0.004 <0.004
PCB 105 <0.006 <0.006 <0.004 <0.004 <0.004
PCB 138 <0.006 < 0.006 0.049 <0.004 <0.004
PCB 187 <0.006 <0.006 <0.004 <0.004 <0.004
PCB 128 <0.006 <0.006 < 0.004 <0.004 <0.004
PCB 156 <0.006 <0.006 <0.004 <0.004 <0.004
PCB 180 <0.006 <0.006 0.018 <0.004 <0.004
Total PCB as
Aroclor 1260 0.23
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Table 11. PCB concentrations in sediment from lake basin (Aittoselkd) downstream

from Ménttd mill in 2000.

PCB 0-2cm 2-4 cm 4-6 cm 6-8 cm 8-10 cm
mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010 <0.010 <0.010
PCB 52 <0.006 <0.006 <0.006 <0.006 <0.006
PCB 101 <0.006 <0.006 <0.006 <0.006 <0.006
PCB 118 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 153 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 105 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 138 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 187 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 156 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 180 <0.004 <0.004 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 12. PCB concentrations in sediment from lake basin (Aittoselkd) downstream

from Ménttd mill in 2000.
PCB 10-12cm | 12-14cm | 14-16cm | 16-18cm | 18-20 cm
mg/kg dw | mg/kg dw | mg/kgdw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010 <0.010 <0.010
PCB 52 <0.006 <0.006 <0.006 <0.006 <0.006
PCB 101 <0.006 <0.006 <0.006 <0.006 <0.006
PCB 118 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 153 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 105 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 138 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 187 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 156 <0.004 <0.004 <0.004 <0.004 <0.004
PCB 180 <0.004 <0.004 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 1.  PCB concentrations in surface sediment from Ménténlahti downstream
from Ménttd mill in 2001.
PCB 0-2 cm 2-3 cm 3-4cm
mg/kgdw mg/kgdw mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007
PCB 18 < 0.006 <0.006 <0.006
PCB 28 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 <0.003
PCB 101 <0.003 <0.003 <0.003
PCB 118 <0.002 <0.002 <0.002
PCB 153 0.013 0.015 0.016
PCB 105 <0.002 <0.002 <0.002
PCB 138 0.017 0.039 0.044
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 0.009 0.011 0.013
Total PCB as
Aroclor 1260 0.12 0.20 0.23
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Table 2. PCB concentrations in surface sediment from Savonselkd downstream

from Minttd mill in 2001.

PCB 0-2 cm 2-3 cm 3-4 cm
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007
PCB 18 < 0.006 < 0.006 < 0.006
PCB 28 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 <0.003
PCB 101 <0.003 <0.003 <0.003
PCB 118 <0.002 <0.002 <0.002
PCB 153 <0.002 <0.002 <0.002
PCB 105 <0.002 <0.002 <0.002
PCB 138 0.005 <0.002 <0.002
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 0.002 <0.002 <0.002
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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34

Table 3. PCB concentrations in surface sediment from Aittoselkd downstream

from Ménttid mill in 2001.

PCB 0-2 cm 2-3 cm 3-4cm
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007
PCB 18 <0.006 <0.006 <0.006
PCB 28 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 <0.003
PCB 101 <0.003 <0.003 <0.003
PCB 118 <0.002 <0.002 <0.002
PCB 153 <0.002 <0.002 <0.002
PCB 105 <0.002 <0.002 <0.002
PCB 138 0.012 <0.002 0.012
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 0.003 <0.002 0.003
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 4. PCB concentrations in surface sediment from Paloselkid downstream from

Miénttd mill in 2001.
PCB 0-2 cm 2-3cm 3-4cm
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007
PCB 18 <0.006 <0.006 < 0.006
PCB 28 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 <0.003
PCB 101 <0.003 <0.003 <0.003
PCB 118 <0.002 <0.002 <0.002
PCB 153 <0.002 <0.002 <0.002
PCB 105 <0.002 <0.002 <0.002
PCB 138 0.003 0.003 0.003
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 <0.002 <0.002 <0.002
Total PCB*

* Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 1. PCB concentrations in sediment at industrial site of Ménttd mill.

PCB Reservoir | Point of discharge Koskelanlampi
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007
PCB 18 <0.006 <0.006 <0.006
PCB 28 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 <0.003
PCB 101 0.012 <0.003 <0.003
PCB 118 <0.002 <0.002 <0.002
PCB 153 0.032 0.026 <0.002
PCB 105 <0.002 <0.002 <0.002
PCB 138 0.049 0.056 <0.002
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 <0.002 <0.002 <0.002
Total PCB as
Aroclor 1260 0.28 0.24
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Table 2. PCB concentrations in sediment at sites downstream from landfills.

PCB Riuttaoja Vuohijoki *Kuorevesi
mg/kg dw mg/kg dw mg/kg dw
PCB congeners -
PCB 8 <0.007 <0.007 <0.007
PCB 18 <0.006 <0.006 <0.006
PCB 28 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 <0.003
PCB 101 <0.003 <0.003 <0.003
PCB 118 <0.002 <0.002 <0.002
PCB 153 <0.002 <0.002 <0.002
PCB 105 <0.002 <0.002 <0.002
PCB 138 <0.002 <0.002 <0.002
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 <0.002 <0.002 <0.002
Total PCB**

* A reference sample. ** Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed

in the samples.
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Table 3. PCB concentrations in river water

at site downstream from landfill.

PCB Vuohijoki
pg/l

Total PCB as

Aroclor 1242 <0.3

Aroclor 1254 <0.3

Aroclor 1260 <03

313)
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Table 1.  PCB concentrations in soil and sediment at the former site of Ménttd mill.
PCB 6 | LP3+LP5 LP8 LP1 S1
mg/kgdw | mg/kgdw | mg/kgdw | mg/kg dw | mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 < 0.007 <0.007 <0.007
PCB 18 <0.006 < 0.006 < 0.006 <0.006 <0.006
PCB 28 <0.005 <0.005 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 < 0.003 <0.003 < 0.003
PCB 101 0.005 0.006 <0.003 0.007 0.005
PCB 118 0.002 0.003 <0.002 0.004 <0.002
PCB 153 0.011 0.007 <0.002 0.009 0.008
PCB 105 <0.002 <0.002 <0.002 0.002 <0.002
PCB 138 0.011 0.008 <0.002 0.011 0.010
PCB 187 0.003 <0.002 <0.002 0.002 0.003
PCB 128 <0.002 <0.002 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002 <0.002 <0.002
PCB 180 0.008 0.004 <0.002 0.006 0.006
Total PCB as
Aroclor 1260 0.08 0.05 0.06 0.06




Appendix 31

137

1(3)

Table 1. PCB concentrations in sediment at sites downstream from Nokia mill and

region of Nokia and Tampere.

PCB Lukkilanlahti I Lukkilanlahti I1 Eden
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007
PCB 18 <0.006 <0.006 < 0.006
PCB 28 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 <0.003
PCB 101 <0.003 <0.003 <0.003
PCB 118 <0.002 <0.002 <0.002
PCB 153 <0.002 <0.002 <0.002
PCB 105 <0.002 <0.002 <0.002
PCB 138 <0.002 <0.002 <0.002
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 <0.002 <0.002 <0.002
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 2.  PCB concentrations in sediment from lake basin (Pdijanne) downstream

from Kaipola mill in 2002.
PCB 0-5 cm 5-10 cm 10-15 cm
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007
PCB 18 < 0.006 <0.006 <0.006
PCB 28 <0.005 <0.005 <0.005
PCB 52 <0.003 <0.003 <0.003
PCB 101 <0.003 <0.003 <0.003
PCB 118 <0.002 <0.002 <0.002
PCB 153 <0.002 <0.002 <0.002
PCB 105 <0.002 <0.002 <0.002
PCB 138 <0.002 <0.002 <0.002
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 <0.002 <0.002 <0.002
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 3.  PCB concentrations in sediment from lake basin (Piijdnne) downstream

from Kaipola mill in 2002.

PCB 15-20 cm 20-25 cm 25-30 cm
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.007 <0.007 <0.007
PCB 18 <0.006 0.007 0.008
PCB 28 <0.005 <0.005 0.005
PCB 52 <0.003 <0.003 0.003
PCB 101 <0.003 <0.003 0.003
PCB 118 <0.002 <0.002 <0.002
PCB 153 <0.002 <0.002 <0.002
PCB 105 <0.002 <0.002 <0.002
PCB 138 <0.002 <0.002 0.002
PCB 187 <0.002 <0.002 <0.002
PCB 128 <0.002 <0.002 <0.002
PCB 156 <0.002 <0.002 <0.002
PCB 180 <0.002 <0.002 <0.002
Total PCB as
Aroclor 1242 0.05
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Table 1.  PCB concentrations in sediment from lakes in the region of Tampere and

Nokia.
PCB Nasijdrvi [ Nasijarvi [1 lidesjarvi
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 <0.014
PCB 18 <0.012 <0.012 <0.012
PCB 28 <0.010 <0.010 <0.010
PCB 52 < 0.006 <0.006 <0.006
PCB 101 <0.006 <0.006 <0.006
PCB 118 <0.004 <0.004 <0.004
PCB 153 <0.004 <0.004 <0.004
PCB 105 <0.004 <0.004 <0.004
PCB 138 <0.004 <0.004 <0.004
PCB 187 <0.004 <0.004 <0.004
PCB 128 <0.004 <0.004 <0.004
PCB 156 <0.004 <0.004 <0.004
PCB 180 <0.004 <0.004 <0.004
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 2.  PCB concentrations in sediment from lakes in the region of Tampere and

Nokia.
PCB Kulovesi Pyhéjarvi Pyhéjarvi 11
mg/kg dw mg/kg dw mg/kg dw
PCB congeners
PCB 8 <0.014 <0.014 0.11
PCB 18 <0.012 <0.012 0.24
PCB 28 <0.010 <0.010 0.43
PCB 52 <0.006 <0.006 0.072
PCB 101 <0.006 <0.006 <0.003
PCB 118 <0.004 <0.004 <0.002
PCB 153 <0.004 <0.004 0.013
PCB 105 <0.004 <0.004 <0.002
PCB 138 <0.004 <0.004 0.018
PCB 187 <0.004 <0.004 <0.002
PCB 128 <0.004 <0.004 <0.002
PCB 156 <0.004 <0.004 <0.002
PCB 180 <0.004 <0.004 0.011
Total PCB as
Aroclor 1242 6.9
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Table 3.  PCB concentrations in sediment (Pyhdjarvi)

downstream from a former capacitor factory.

PCB

Viinikanlahti
mg/kg dw
PCB congeners
PCB 8 4.7
PCB 18 6.8
PCB 28 8.6
PCB 52 2.7
PCB 101 0.68
PCB 118 <0.02
PCB 153 <0.02
PCB 105 <0.02
PCB 138 <0.02
PCB 187 <0.02
PCB 128 <0.02
PCB 156 <0.02
PCB 180 <0.02
Total PCB as
Aroclor 1242 86

3(3)
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Table 1. PCB concentrations in hand towel sheet.
PCB A/l *A/L *B C
mg/kg fw mg/kg fw mg/kg fw mg/kg fw
PCB congeners
PCB 8 <0.003 0.004 <0.003 <0.003
PCB 18 <0.003 0.009 0.003 <0.003
PCB 28 <0.002 0.007 0.004 <0.002
PCB 52 <0.001 0.002 0.002 <0.001
PCB 101 <0.001 <0.001 0.001 <0.001
PCB 118 <0.001 <0.001 <0.001 <0.001
PCB 153 <0.001 0.002 0.001 <0.001
PCB 105 <0.001 <0.001 <0.001 <0.001
PCB 138 <0.001 <0.001 0.002 <0.001
PCB 187 <0.001 <0.001 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001 <0.001
PCB 180 <0.001 <0.001 <0.001 <0.001
Total PCB as
Aroclor 1242 0.07 0.02

*A is a German product and B is a Swedish product.
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Table 2.  PCB concentrations in hand towel roll.
PCB D E
mg/kg fw mg/kg fw
PCB congeners
PCB 8 <0.003 <0.003
PCB 18 <0.003 <0.003
PCB 28 <0.002 <0.002
PCB 52 <0.001 <0.001
PCB 101 <0.001 <0.001
PCB 118 <0.001 <0.001
PCB 153 <0.001 <0.001
PCB 105 <0.001 <0.001
PCB 138 <0.001 <0.001
PCB 187 <0.001 <0.001
PCB 128 <0.001 <0.001
PCB 156 <0.001 <0.001
PCB 180 <0.001 <0.001
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 3.  PCB concentrations in kitchen towel.
PCB A/l A/ll B C
mg/kg fw mg/kg fw mg/kg fw mg/kg fw
PCB congeners
PCB 8 <0.003 <0.003 <0.003 <0.003
PCB 18 <0.003 <0.003 <0.003 <0.003
PCB 28 <0.002 <0.002 <0.002 <0.002
PCB 52 <0.001 <0.001 <0.001 <0.001
PCB 101 <0.001 <0.001 <0.001 <0.001
PCB 118 <0.001 <0.001 <0.001 <0.001
PCB 153 <0.001 <0.001 <0.001 <0.001
PCB 105 <0.001 <0.001 <0.001 <0.001
PCB 138 <0.001 <0.001 <0.001 <0.001
PCB 187 <0.001 <0.001 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001 <0.001
PCB 180 <0.001 <0.001 <0.001 <0.001
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table 4. PCB concentrations in kitchen towel.

PCB D E/ E/I F
mg/kg fw mg/kg fw mg/kg fw mg/kg fw
PCB congeners
PCB 8 <0.003 <0.003 <0.003 <0.003
PCB 18 <0.003 <0.003 <0.003 <0.003
PCB 28 <0.002 <0.002 <0.002 <0.002
PCB 52 <0.001 <0.001 <0.001 <0.001
PCB 101 <0.001 <0.001 <0.001 <0.001
PCB 118 <0.001 <0.001 <0.001 <0.001
PCB 153 <0.001 <0.001 <0.001 <0.001
PCB 105 <0.001 <0.001 <0.001 < 0.001
PCB 138 <0.001 <0.001 <0.001 <0.001
PCB 187 <0.001 <0.001 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001 <0.001
PCB 180 <0.001 <0.001 <0.001 <0.001
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table5.  PCB concentrations in handkerchief tissue.
PCB A B C
mg/kg fw mg/kg fw mg/kg fw
PCB congeners
PCB 8 <0.003 <0.003 <0.003
PCB 18 <0.003 <0.003 <0.003
PCB 28 <0.002 <0.002 <0.002
PCB 52 <0.001 <0.001 <0.001
PCB 101 <0.001 <0.001 <0.001
PCB 118 <0.001 < 0.001 <0.001
PCB 153 <0.001 <0.001 <0.001
PCB 105 <0.001 <0.001 <0.001
PCB 138 <0.001 <0.001 <0.001
PCB 187 <0.001 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001
PCB 180 <0.001 <0.001 <0.001
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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Table I.  PCB concentrations in toilet tissue.
PCB *A/I *A/L B C
mg/kg fw mg/kg fw mg/kg fw mg/kg fw
PCB congeners
PCB 8 0.009 0.003 <0.003 <0.003
PCB 18 0.015 0.007 0.003 <0.003
PCB 28 0.012 0.006 0.002 <0.002
PCB 52 0.006 0.002 <0.001 0.002
PCB 101 0.002 0.001 <0.001 0.001
PCB 118 0.002 0.002 <0.001 0.001
PCB 153 <0.001 0.003 <0.001 <0.001
PCB 105 <0.001 0.001 <0.001 <0.001
PCB 138 <0.001 0.001 < 0.001 <0.001
PCB 187 <0.001 0.001 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001 <0.001
PCB 180 <0.001 0.001 <0.001 <0.001
Total PCB as
Aroclor 1242 0.14 0.07

*A is an unknown product.
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Table 2.  PCB concentrations in toilet tissue.
PCB D E F/l *F/11
mg/kg fw mg/kg fw mg/kg fw mg/kg fw
PCB congeners
PCB 8 <0.003 <0.003 <0.003 <0.003
PCB 18 <0.003 <0.003 <0.003 0.003
PCB 28 <0.002 <0.002 <0.002 0.002
PCB 52 <0.001 <0.001 <0.001 <0.001
PCB 101 <0.001 <0.001 <0.001 <0.001
PCB 118 <0.001 <0.001 <0.001 <0.001
PCB 153 <0.001 <0.001 <0.001 <0.001
PCB 105 <0.001 <0.001 <0.001 <0.001
PCB 138 <0.001 <0.001 <0.001 <0.001
PCB 187 <0.001 <0.001 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001 <0.001
PCB 180 <0.001 <0.001 <0.001 <0.001
Total PCB as
Aroclor 1242 0.02

*F is a Finnish product.
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Table 3.  PCB concentrations in toilet tissue.
PCB G H 1 J
mg/kg fw mg/kg fw mg/kg fw mg/kg fw
PCB congeners
PCB 8 <0.003 <0.003 <0.003 <0.003
PCB 18 <0.003 <0.003 <0.003 <0.003
PCB 28 <0.002 <0.002 <0.002 <0.002
PCB 52 <0.001 <0.001 <0.001 <0.001
PCB 101 <0.001 <0.001 <0.001 <0.001
PCB 118 <0.001 <0.001 <0.001 <0.001
PCB 153 <0.001 <0.001 <0.001 <0.001
PCB 105 <0.001 <0.001 <0.001 <0.001
PCB 138 <0.001 <0.001 <0.001 <0.001
PCB 187 <0.001 <0.001 <0.001 <0.001
PCB 128 <0.001 <0.001 <0.001 <0.001
PCB 156 <0.001 <0.001 <0.001 <0.001
PCB 180 <0.001 <0.001 <0.001 <0.001
Total PCB*

*Aroclor 1242, Aroclor 1254 and Aroclor 1260 were not observed in the samples.
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