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Preface

In 2001 the Nordic countries initiated screening projects for potentially
hazardous substances in the environment. Among the substances screened
so far are synthetic musk substances (2002), perfluorinated alkylated
(PFAS) substances (2003) and siloxanes (2004), and bronopol, resorcinol,
m-cresol and triclosan (2005), where the specific years represents the
time of sampling. In 2006, a new screening project covering selected
phenols in the Nordic environment was initiated.

The phenolic substances selected for this screening project include
both long and short chain alkylphenols (from 4-tert-buylphenol to dode-
cylphenol), some bisphenols (bisphenol A and tetrabromobisphenol A)
and monoethoxylates of octyl- and nonylphenols. All of the selected sub-
stances are considered High Production Volume (HPV) chemicals and are
likely to be more or less persistent in the environment and/or hazardous
to aquatic organisms. More of the substances are of even greater concern
due to their suspected endocrine mimicking effects.

The screening project has been initiated and run by a project group
under the Nordic Chemicals Group with representatives from environ-
mental institutions in the Nordic countries including the National Envi-
ronmental Research Institute of Denmark, the Food-, Veterinary and En-
vironmental Agency of the Faroe Islands, the Finnish Environment Insti-
tute, the Environment and Food Agency of Iceland, the Norwegian Pol-
lution Control Authority and the Swedish Environmental Protection
Agency.

The project has been financed and supported by the Nordic Council of
Ministers as well as the participating institutions. The chemical analyses
and reporting of results have been carried out by the National Environ-
mental Research Institute of Denmark (NERI).

The overall sampling strategy regarding sample types and sampling
sites has been decided by the project Steering Group, while the collection
of samples from the various environmental compartments based on a
sampling protocol provided by NERI and the transport of samples to the
analytical laboratory at NERI been has been organized by each of the
participation countries.
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Summary

This project on the cooperation of screening of selected phenolic sub-
stances in the Nordic environment was initiated by the Nordic Chemicals
Group and financed by the Nordic Council of Ministers.

All six Nordic countries participated in the project that included the
sampling and analysis of 120 samples from different environmental com-
partments. The study included the analyses of 13 different phenolic com-
pounds covering alkylphenols (fert-butylphenols, di-tert-butylphenol,
octyl-, nonyl- and dodecyl phenols), 4-cumylphenol, some bisphenols
(BPA, TBBPA and its dimethyl ether) and octyl- and nonylphenol mono-
ethoxylates. Different environmental institutions in the member countries
were responsible for the selection and the collection of the samples and
for the transportation of these to the National Environmental Research
Institute of Denmark, who had been selected for carrying out the chemi-
cal analyses and the reporting of the results.

The samples were of three main types: water, solids and biota. Water
samples included waste water (influents and effluents) from sewage
treatment plants (STPs) and effluents from landfills; besides surface run-
off and recipient water samples from both freshwater/brackish and marine
environments were included. The solid samples also included several
types: sewage sludge from STPs, soil from landfills and sediments from
both marine and freshwater environments. Biological samples included
mussels from marine environments, fish from both freshwater/brackish
and marine environments, marine mammals (seal and pilot whales) and
two egg samples from seabirds (black guillemots).

For the water samples the following results were obtained:

STP Landfill Surface Recipient Background

In ng/L influent/ effluent effluent runoff marine/ marine/
sewage fresh fresh

4-tert-Butylphenol <10 <10 N/A-834 <10-32 <10 N/A
2,6-di-tert-butylphenol <25 <45 <30-254 <30 <1-65 <15
4-tert-octylphenol 8.5-73 <5-2,099 <10-2,372 <10-379 <10 <10
n-octylphenol <1-67 <1-43 3.6-5.9 <5 <2 <2
nonylphenol-mix 133-5,688 <15-2,173  27-16,997 <15-359  <10-4,199 <20-107
n-Nonylphenol <1-54 <1-72 <1-71 <1-18 <1-287 <1-15
4-dodecylphenol <125-4,096 <100-2,206 241-4,902 <50-4,280 <50 <125
4-cumylphenol <1-61 <1-8 8-988 <1-154 <1-454 <1
Bisphenol-A 204-9,828 <1-561 711-5,910 <1-5,910 <1-22 <1-11
TBBPA <25 <10-59 <20 <25 <10 <10
Methylated-TBBPA <10 <10 <5 <10 <2 <10
octylphenolethoxylate 14-157 <1-239 <1-413 <1-31 <1-118 <1-2

nonylphenol-ethoxylate  1,142-4,896 <2-1,585 <2-85 <1-102 <1-61 <1
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The NP-mix (various nonylphenol isomers), dodecylphenol (DDP),
bisphenol A (BPA), 4-tert-octylphenol and nonylphenol monoethoxylate
(NP1EO) were those substances found in highest concentrations in all
sewage water samples. Overall, recipient water and background water
samples, however, generally had relatively low concentrations of most
substances; NP-mix, DDP, BPA and NP1EO were present in detectable
amounts, and surface water from Toérshavn had the highest estimated
concentrations of NP-mix.

For the solid samples the following results were obtained:

STP Landfill Sediment
In pg/kg dw sludge soil non-marine marine
4-tert-Butylphenol <5-4,474 N/A 40-134 80
2,6-di-tert-butylphenol <2-104 <5 <5 <5
4-tert-octylphenol <3.5-1,386 3-23 <1-9 <1
n-octylphenol <0.1-44 <0.2-1 <0.2-25 <0.2-25
nonylphenol-mix 1,460-28,360 <3.5-47 <3.5-485 <3.5-340
n-Nonylphenol <0.1-5.6 <0.1 <0.1-2 <0.1-3
4-dodecylphenol 8,463-47,396 <25 <25-216 <25-529
4-cumylphenol <0.1-115 <0.6-8 <0.1-115 <0.1-180
Bisphenol-A <0.4-1914 <0.1-3 <0.1-40 <0.1-74
TBBPA <5-1138 <1.0 <1 <1
Methylated-TBBPA <20 <5-57 <5 <5
octylphenolethoxylate <1-97 0.1-04 <0.2-1.3 <0.2-1.5
nonylphenol-ethoxylate 11-363 1-2 <0.1-67 <0.1-1.4

The sludge samples had the highest content of the analysed substances,
and as for the sewage water samples NP-mix and DDP were detected in
highest concentrations, whereas the ethoxylates had been significantly
reduced. Compared to sludge, both soil from landfill sites and sediments
were low in concentrations of most substances.

For the biological samples the following results were obtained:

Fish Mussels Egg Marine mammals

In pg/kg ww non-marine marine  marine/ non- seabird seal whale
marine

4-tert-Butylphenol <4-449 <10-1,079 <10-424 <10 29-109 100
2,6-di-tert-butylphenol 12-5,081  81-4,064 <2.5-92 <5 45-677 27-42
4-tert-octylphenol 13-355 <12 <3-7,362 15-27  <25-472 <25
n-octylphenol <1-8 <2 <1-4 <1 <1-4 1.5-3
nonylphenol-mix 44-989 165-1,085 <1-908 10-16 <6-97 52-197
n-Nonylphenol <10 <1-44 <1-37 <1 <1 <1-2
4-dodecylphenol <100-253 N/A <100-181 <100 <100 <100
4-cumylphenol <1-16 <2-30 <1-3 <1-3 <1 3-7
Bisphenol-A <1-57 <10 <1-3 6-9 N/A N/A
TBBPA <10 N/A <5 <10 <10 <10
Methylated-TBBPA <5 <10 <5 <5 <5 <5
octylphenolethoxylate 18-4,035 <5-31,697 <5-28 7-8 <1 36-356
nonylphenol-ethoxylate 18,821 N/A <5-39 <5 N/A N/A
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In contrast to the other sample types the biota samples have relatively
high concentrations of 4-tert-butylphenol (4-tBuP) and especially 2,6-di-
tert-butylphenol (2,6-di-tBuP), but the reason for that is unknown. Other-
wise, 4-tOP, NP-mix, DDP and octyl- and nonylphenol monoethoxylates
were detected in fish and mussels, while levels were low and close to
detection limits in both eggs and seals. Regarding NP-mix and OP1EO,
higher levels were detected in pilot whales than in seals.

Apart from the screening results this report also compiles a range of
physico-chemical data on the studied substances together with experi-
mental and estimated data on their environmental distribution and parti-
tioning, persistence and toxic effects on various test organisms.
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1. Introduction

1.1 Background of the study

In 2006 the three working groups under the Nordic Council of Ministers
(NCM) decided to support cooperation on screening of selected alkylphe-
nols (APs), some of their ethoxylates and the brominated flame retardant
TBBPA and its methylated metabolite in Nordic environments. The sup-
porting groups were: The Nordic Chemicals Group (NCG), The Envi-
ronment and Data Group and the Ocean and Air Group. The project was
initiated by the National Environmental Research Institute of Denmark,
the Veterinary, Food and Environment Agency of the Faroe Islands, the
Finnish Environment Institute, the Environment and Food Agency of
Iceland, the Norwegian Pollution Control Authority and the Swedish
Environmental Protection Agency.

The National Environmental Research Institute (NERI) in Denmark
was assigned the task of carrying out this project, which included analysis
of selected compounds in several environmental compartments and sam-
ple types. Sampling was performed by the individual Nordic countries.

Most of the individual compounds included in the study are so-called
high production volume (HPV) chemicals that furthermore have been
identified as bioaccumulative and/or persistent to some extent just as
most are potentially toxic to aquatic organisms; in addition some com-
pounds have also been characterized as endocrine disruptors. This causes
great concern, and hence several of the compounds are included on in-
ternational or national priority list of hazardous compounds.

In this screening project the following suite of phenolic substances
have been included (c¢f- Table 1):
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Table 1. Phenolic compounds included in this screening project

Common name Abbreviation CAS no. EINECS no. Structure
4-tert-Butylphenol 4-tBuP 98-54-4 202-679-0 i
O‘\ { e
2,6-di(tert-Butyl)phenol 2,6-di-tBuP 128-39-2 204-884-0
OH
4-tert-Octylphenol’ 4-tOP 140-66-9 205-426-2
o ..::\." %
4-Octylphenol 4-0OP 1806-26-4 217-302-5
4-Nonylphenol, branched” 4-NP(b) 84852-15-3 284-325-5
e
4-n-Nonylphenol 4-nNP 104-40-5 203-199-4 -
3
Dodecylphenol, mixture of isomers® DDP(m) 27193-86-8 248-312-8
\\\ A
4-Cumylphenol 4-CP 599-64-5 209-968-0 o
o
Oty
Bisphenol A BPA 80-05-7 201-245-8 i i
|
.
Tetrabromobisphenol A TBBPA 79-94-7 201-236-9 .
M ] om
|
Tetrabromobisphenol A, dimethylated di-Me-TBBPA 37853-61-5 253-693-9
Octylphenol monoethoxylates OP1EO See note* See note* :
o \ \ \
o . \
Nonylphenol monoethoxylates NP1EO See note® See note® 5
L
=y

Notes: "Other tert-octylphenols isomers are described by CAS no. 27193-28-8 (EINECS no. 248-310-7). 2Mixtures of other nonylphenol isomers are described by CAS
no. 25154-52-3 (EINECS no. 246-672-0). °CAS no. 121158-58-5 (EINECS no. 310-154-3) also describes mixtures of dodecylphenol isomers, while CAS no. 104-43-8
(EINECS no. 203-202-9) and CAS no. 210555-94-5 describe linear 4-dodecylphenol and branched 4-dodecylphenol isomers, respectively. *“CAS no. 9063-89-2 describes
octylphenol ethoxylates in general, while CAS no. 2315-67-5, CAS no. 1322-97-0 and CAS no. 51437-89-9 (EINECS no. 257-203-4) describe 4-tert-Octylphenol mono-
ethoxylate, 4-Octylphenol monoethoxylate and Octylphenol monoethoxylate isomers, respectively. °CAS no. 9016-45-9 describes Nonyiphenol ethoxylates in general,
while CAS no. 27986-36-3 (EINECS no. 248-762-5) and CAS no. 104-35-8 describe Nonylphenol monoethoxylate isomers and linear 4-Nonylphenol monoethoxylate,

respectively.
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1.2 Objectives

The overall objective of this Nordic screening project has been to deter-
mine concentrations of the selected phenolic compounds in various envi-
ronmental compartments and media that include a) aqueous samples: in-
fluents and effluents from waste water treatment plants (STP), surface
runoffs and recipient water (marine and lacustrine), b) solid samples:
stabilized sludge from STP, soil and sediment (marine and lacustrine) and
c) biological samples: mussels, fish liver, birds egg, seal liver and pilot
whale liver. The sampling strategy and selection of sample types were
determined individually by each of the six Nordic countries, i.e. Den-
mark, Faroe Islands, Finland, Iceland, Norway and Sweden; in total 129
samples have been collected and analysed.
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2. Physico-chemical properties

The substances involved in this screening project on selected phenols in-
cludes a complex mixture of alkylphenols with varying substituents, al-
kylphenol ethoxylates, bisphenols and brominated compounds with high-
ly varying physico-cheminal properties as described in the table below.

The physico-chemical properties have been retrieved from various
sources some of which are based on experimental measurements while
others are based on model estimations. Generally, some scatter in the
reported values is observed which mostly reflects that different experi-
mental techniques or mathematical models have been applied to generate
the data. Another point worth mentioning is that some of the data are also
generated from technical and not necessarily pure substances or even
from isomeric mixtures. Further details can be obtained from the listed
references.

2.1 Physical properties of selected phenols

The physical properties of alkylphenols are comparable to those of phe-
nol, but the properties are strongly influenced by the type and position of
the alkyl substituent (Lorenc et al., 2003).

Like phenol, most alkylphenols are solids at room temperature. Para-
alkylphenols have higher melting points and boiling points than the or-
tho-substituted analogs, and the melting points and boiling points go
through a maximum for fert-butylphenol and then decrease. As the car-
bon chain of the alkyl group becomes longer and branched, the alkyl-
phenol may become waxy or even supercool; nonylphenol and dodecyl-
phenol are oily liquids.

Alkyl groups in the ortho position affects the intramolecular hydrogen
bonding of the hydroxyl group, and the larger the group the bigger the
effect. A tert-butyl group in the ortho position lowers the boiling with
about 20 °C, and the introduction of another tert-butyl group in the other
ortho position (i.e. 2,6-di-tert-butylphenol) effectively precludes any
hydrogen bonding.

The solubility of alkylphenols in water decreases as the number of
carbon atoms attached to the aromatic ring increases. Alkylphenols are
generally soluble in organic solvents like acetone, alcohols, hydrocarbons
and toluene. However, the more polar the alkylphenol the greater it’s
solubility in alcohols and the lower in e.g. hexane or heptane, where the
solubility increases with increasing carbon number of the alkyl chain.
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All phenols are characterized by a common functional group, the phe-
nolic hydroxyl. The acidic character of the hydroxyl group of alkylphe-
nols is imparted by the aromatic ring leading to acid dissociation con-
stants (pKa-values) of 10-11 for unhindered alkylphenols. Both alkyl and
benzyl substituents have a small positive inductive effect while halogen
substituents have a negative induction effect. Therefore, most of the phe-
nols in this study, except for TBBPA, are expected to have slightly higher
(pKa) than the phenol itself (pKa = 10); TBBPA is more acidic than phe-
nols with pKa values of 7.5 and 8.5. Alcohols, like the alkylphenol eth-
oxylates, on the other side, generally have pKa values around 16, and
hence do not easily dissociate.

Alkylphenols unsubstituted in the ortho position dissolve in alkalized
water (pH > 13), but as the carbon number of the alkyl chain increases
the solubility decreases.

Generally, water solubility and vapour pressure decrease with increas-
ing molecular weight while the octanol/water partition coefficient (log
Kow) increases. These properties, however, are dependent on the actual
pH value of the test mixture, just as they are dependent on the actual tem-
perature; most substances are insoluble or only slightly soluble in water.
Furthermore, most substances are solid at room temperature with very
low vapour pressures, which means that their emission to the atmosphere
is rather low.

2.2 Chemical properties of selected phenols

Alkylphenols can undergo a variety of chemical reactions involving ei-
ther the hydroxyl group or the aromatic nucleus and be converted into
valuable products. The unshared electron pair on the hydroxyl group acts
as a nucleophile by being attracted to electron deficient centres; however,
alkylphenols tend to be less nucleophilic than aliphatic alcohols as the
aromatic nucleus attracts the electron density at the oxygen atom. Bulky
alkyl groups in ortho position to the hydroxyl group also decreases or
excludes reactions involving the hydroxyl functionality (Lorenc et al.,
2003). Specifically, it has not been possible to derivatize the 2,6-di-tert-
Butylphenol with a silylating reagent in this project.
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Table 2. Physico-chemical properties of phenolic substances included in the screening project

Name Common name Chemical formula MW? Mp® Vvp° Wwsol? Log Kow® Ref.
[CASno.] (amu) (°C) (Pa/°C) (mg/L)I°’C
4-(tert-butyl)phenol p-tert-Butylphenol C10H140 150.22 100 0.5/20 500-800/20  2.44-3.45 4
[98-54-4] 3.3 7
2,6-di(tert-butyl)phenol 2,6-di-tert-butyl-phenol C14H220 206.33 36-37 1.01/20 4.11 4.5 3
[128-39-2] 34-39 1.33/20 4
4.9 7
4-(1,1,3,3-tetramethyl- 4-tert-Octylphenol C14H220 206.33 79-82 0.21/20 17-19/22 3.7-5.3 4
butyl)-phenol [140-66-9] 83.5-84 0.064/25 5
1 19 4.1 6
73 0.09/25 4.8/25 5.3 7
4-(n-octyl)phenol p-Octylphenol C14H220 206.33 41 0,013/25 3.1/25 1
[1806-26-4] 83 5.5 7
4-nonylphenol (branched) p-Nonylphenol C15H240 220.36 290-302' 0.002/20 3-11/20 3.28-4.77 4
[84852-15-3] 0.3 6 6/4.48 6/8
0.008 1.2 5.9 7
4-(n-nonyl)phenol 4-n-Nonylphenol C15H240 220.36 42 0.109/25 7/25 5
[104-40-5] 0,09 1.6 6
92 0,005/25 1.6 5.8 7
Dodecylphenol, mixed iso- Dodecylphenol C18H300 262.44 310-335  0.0092/25  0.031/22 g
mers [27193-86-8] 3.1E-4/25 0.032 7.5" 7
7.9 7
180-270  0.0092/25 2.1/25 7.14 10
4-(1-methyl-1-phenylethyl)- p-Cumylphenol C15H160 212.29 72 0.003/25 43.3/25 4.12-4.49 3
phenol [699-64-4] 4.1 7
4,4-isoproylidenediphenol BPA C15H1602 228.29 150-155  4.1E-7/25 120-300/25 2.2-3.8 4
[80-05-7] 156 5E-6/20 120/25 3.32 5
130 5.2E-5/25 170 34 7
2-(4-tert-Octylphenoxy) p-tert-Octylphenol mono- C16H2602 250.38 4.96 7
ethanol [2315-67-5] ethoxylate
2-(4-n-Octylphenoxy) p-Octylphenol C16H2602 250.38 5.1 7
ethanol monoethoxylate 0.26
[61437-89-9] 1.1
5.58 2
2-(nonylphenoxy)ethanol Nonyiphenol mono- C17H2802 264.41 2.4E-5/25 0.26 5.6 7
[27986-36-3] ethoxylate 1.1
5.58 2
2-(4-n- p-Nonylphenol mono- C17H2802 264.41 2.4E-5/25 0.15-2.34/25 5.6 7
nonylphenoxy)ethanol ethoxylate 0.001/25
[104-35-8]
2,2,6,6*tetrabromo-4,4’- Tetrabromobisphenol A C15H12Br402 543.87 180-184 <1.2E-5 4.54/8.02 1
iso-propylidenediphenol 181 2.4E-9/25 7.20 3
[79-94-7] 210 5.9 7
1.26/25 8.3 8
178;181-182 <1.19E-5/20  0.063/27 5.90 9
4,4*-isopropylidene-bis(2,6-  Tetrabromobisphenol A C17H16Br402 571.93 200 4.7E-7/25  1.9E-5/25 8.3 7
dibromoanisole) dimethyl ether 6.8E-5 6.7 9

[37853-61-5]

Notes: *Molecular weight; bMelting point in °C; “Vapor pressure in Pascal at specific temperature (°C). YWater solubility at specific temperature (°C); for phenolic substances the
water solubility generally depends on the pH value. ®The logarithm of the octanol-water partition coefficient (K,,); as for the water solubility, log K, is also expected to be dependent
on the water pH value; 'Boiling point in °C at 1013 hPa. °Data from EU ECBI/131/06 Rev.1 that covers several Dodecylphenol isomers. "This value is an average value for a mixture
of several isomers. 'This value has been reported for the 4-dodecylphenol isomer (CAS no. 104-43-8). 'pure water.
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Refs.: 1) ChemFinder (http://chemfinder.cambridgesoft.com/reference/chemfinder.asp); 2) US-EPA ECOSAR v/0.99g, Jan. 2000
(http://www.epa.gov/opptintr/newchems/tools/21ecosar.htm); 3) US-EPA HPVIS (http://www.epa.gov/hpvis/); 4) EU IUCLID (http://ecb.jrc.it’‘documentation/); 5)
NITE (http://www.safe.nite.go.jp/english/Haz_start.html); 6) OSPAR, Hazardous Substances (http://www.ospar.org/eng/html/welcome.html); 7) US-EPA PBT Profiler

(http://www.pbtprofiler.net/default.asp/); 8) OECD SIDS (http://cs3-hg.oecd.org/scripts/hpv/); 9) Environment Agency, UK (2007); 10) OECD SIDS SIAM 22 (ECBI/131/06
ED. 1, 2006).



http://chemfinder.cambridgesoft.com/reference/chemfinder.asp
http://www.epa.gov/opptintr/newchems/tools/21ecosar.htm
http://www.epa.gov/hpvis/
http://ecb.jrc.it/documentation/
http://www.safe.nite.go.jp/english/Haz_start.html
http://www.ospar.org/eng/html/welcome.html
http://www.pbtprofiler.net/default.asp/
http://cs3-hq.oecd.org/scripts/hpv/

3. Environmental fate, toxicity
and effects

3.1 Recent relevant studies

A study on alkylphenols, their properties, usage and emission to the at-
mosphere and occurrence, fate and effects in the aquatic environment has
recently been performed by the Directoraat-Generaal Rijkswaterstaat,
The Netherlands (Groshart et al., 2001), and in 2003 the Swedish Envi-
ronmental Research Institute (IVL) performed a screening for butylphe-
nols, methylphenols, and long-chain alkylphenols in the Swedish envi-
ronment (Remberger et al., 2003).

Furthermore, Ying et al. (2002) recently reviewed the environmental
fate of alkylphenols and alkylphenol ethoxylates, while Glezer (2003) has
reviewed the environmental effects of substituted phenols. In another
recent paper Langston et al. (2005) reviewed the partitioning, bioavail-
ability and effects of oestrogens and xeno-oestrogens in the aquatic envi-
ronment, and Klecka et al. (2005) performed an assessment of the persis-
tence and bioaccumulation potential of nonylphenol, octylphenol and
their ethoxylates for the Alkylphenols & Ethoxylates Research Council of
Canada. In 2006, Ying published another review on the fate, behaviour
and effects of surfactants and their degradation products in the environ-
ment.

3.1 The PBT Profiler

The first part of this section includes a description of the behaviour and
fate of the studied compounds if released to the environment. Most of the
data are model estimates retrieved from the US Environmental Protection
Agency (US-EPA) PBT Profiler (see below). This on-line facility has
been used to estimate data on a compounds partitioning and persistency
in the environment and its toxicity towards aquatic organisms. The esti-
mates are calculated using available physico-chemical properties of the
selected substances. A list of various PBT criteria (e.g. UN-ECE, UNEP,
OSPAR, EU, Canada) has been compiled by Euro Chlor (2003).

Not only data from the PBT Profiler are included in this section, but
also experimental data from OECD and US-EPA and other relevant stud-
ies are included.
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3.1.1 Partitioning

The PBT profiler uses three environmental compartments (water, soil and
sediment) to determine a chemical’s persistence if released to the envi-
ronment, while atmosphere and groundwater are not explicitly con-
sidered.

3.1.2 Transformation and persistence

The PBT Profiler considers in which compartment the chemical is most
likely found and estimates the persistence based on its transformation in
that medium expressed as its half-life, t'4 (days); this value does not take
into account the fluxes of the chemical in and out of the considered com-
partment. US-EPA and the corresponding EU/ECB (2003) current cut-off
values regarding persistence are (Table 3):

Table 3. US-EPA' and EU/ECB? cut-off values regarding persistence in environ-
mental compartments.

Environmental Half-life (ty,, days)
compartment Not persistent Persistent Very persistent
Water <60
Marine < 60° > 60" > 60°
Freshwater <40? > 40° > 60°
Soil <60 > 60’ > 180’
Sediment <60’ > 60’ > 180’
Marine <1807 > 1807 > 180°
Freshwater <1207 > 120° > 180°

To be able to compare the persistence of various chemicals, the PBT
Profiler also calculates an overall persistence, PO (days). This term is
based on the theoretical release of 300 kg/hr in three different scenarios:
1) 100 kg/hr parallel to each of air, water and soil; 2) 150 kg/hr parallel to
each of water and soil; 3) 300 kg/hr to water. The overall persistence
takes into account both the released chemical’s transport (between com-
partments) and transformation and should therefore not be inter-
converted with its half-life mentioned above.

Another parameter used to describe a chemicals fate in the environ-
ment is its biodegradability. OECD and US-EPA has developed a series
of test to determine that. Two different terms are used: “ready” and “in-
herent” biodegradability; the first is determined under very stringent (low
concentrations, small amount of inoculum) and the second under more
favourable conditions (higher concentrations, higher of amount inoculum,
acclimatization). The recommended mineralisation half-lives (days) for
use in marine risk assessment in EU when only screening data are avail-
able are shown in Table 4 (EU/ECB, 2003).



Screening of phenolic substances in the Nordic environments 31

Table 4. EU/ECB recommend mineralisation half-lives (days) for use in marine risk
assessment.

Environmental Half-life (ty,, days)

compartment Freshwater Estuaries® Marine environments
Degradable in marine tests n.a. 15 50

Readily degradable? 15 15 50
Inherently degradable® 150 150 > 150
Persistent > 150 > 150 > 150

'also includes shallow marine water closest to shoreline; *pass level > 70% DOC in 28 days;
%a half-life of 150 days must be used only for those inherently degradable substances that
are quickly mineralised in various tests — it reflects a “guesstimate consensus” among a
number of experts.

3.1.3 Bioaccumulation

Bioaccumulation is a result of a chemical’s uptake in an aquatic organism
through all possible routes of exposure; as such it includes both biomag-
nification and bioconcentration. The PBT profiler uses estimates of the
bioconcentration factor (BCF) to predict the importance of bioaccumula-
tion, where the bioconcentration factor is ratio between the concentration
in biota, CB, and the concentration in water, CW, at equilibrium, i.e. BCF
= CB/CW. Lipophilic compounds are most likely to bioaccumulate, as
the lipophilicity, or hydrophobicity, measured as the octanol-to-water
partition coefficient (K,y) is the driving force for bioconcentration, in-
creasing with increasing K., value. US-EPA uses the following cutoff
values regarding bioaccumulation: BCF < 1,000 (not bioaccumulative,
BCF > 1,000 (bioaccumulative) and BCF > 5,000 (very bioaccumula-
tive); for the EU PBT criteria the corresponding values are: BCF > 2,000
(bioaccumulative) and BCF > 5,000 (very bioaccumulative).

3.1.4 Toxicity

The second part of this section considers the ecotoxicity of studied che-
micals towards aquatic organisms and estimated effects. The PBT Pro-
filer uses a chronic (long-term) toxicity value called ChV (mg/L) (from
ECOSAR ver. 0.99h) to estimate a chemical’s relative toxicity towards
fish with the following cut-off values: ChV > 10 mg/L (not toxic); ChV <
10 mg/L (toxic); ChV < 0.1 mg/L (very toxic). The ChV value is the
geometric mean of the maximum allowable toxicant concentration
(MATC), i.e. the maximum concentration a chemical substance can have
without being toxic to the test organism; this is the same as the chronic
no-effect-concentration (NEC) value. For the EU PBT criteria the corre-
sponding cut-off value is: chronic NOEC < 0,01 mg/L.
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Table 5. Estimates of and experimental data on partitioning, persistence, degradation and bioaccumulation of selected phe-
nolic compounds in water, soil and sediments

Name Partitioning (%) ty, (days) Overall Persistence (P, days) Biodeg.! Bioaccumulation Ref.??
water soil sedim.?  wat/soi/sed® 100/100/100° ---/150/150°  ---/300/---°  ready/inh’  Log Koy’ BCF®
4-tBuP 18 80 1 38/75/340 55 81 56 3.3 71 pbt
[98-54-4] yn 2 240 oecd
120 euses
2,6-di-tBuP 12 64 24 38/75/340 83 120 140 4.9 430 pbt
[128-39-2] n/- oecd
4-tOP 9 53 38 38/75/340 100 160 200 5.3 2,300 pbt
[140-66-9] n/n 297 oecd
4-OP 12 48 39 15/30/140 38 57 70 5.5 340 pbt
[1806-26-4] 4
4-NP(b) 4 37 58 38/75/340 150 220 330 5.9 7,200 pbt
[84852-15-3] nly 1280 oecd
4-nNP 9 42 48 15/30/140 43 64 84 5.8 540 pbt
[104-40-5] n/n 4.48 550 oecd
DDP(m) 4 28 68 15/30/140 62 93 140 7.5 480 pbt
[27193-86-8] 7.2 oecd
0.006 97.7 2.2 n/n 7.1/5.5"° ~6,000"" oecd/sids
4-CP 15 81 5 38/75/340 69 90 72 4.1 300 pbt
[699-64-4] 69-187 nite
BPA 12 88 1 39/75/340 89 82 57 3.3 72 pbt
[80-05-7] 34 oecd
OP1EO 16 62 22 15/30/140 33 45 47 5.1 37 pbt

[2315-67-5]*

NP1EO 11 48 41 15/30/140 42 60 77 5.6 88 pbt
[27986-36-3]

4-NP1EO 11 49 40 15/30/140 43 60 77 5.6 88 pbt
[104-35-8]

TBBPA 1 53 46  180/360/1600 1,100 1,300 2,200 7.2 14,000  pbt
[79-94-7]

Di-Me-TBBPA

[37853-61-5]

Notes: ’Biodegradation; 2sediment; *water/soil/sediment; “release of 100 kg parallel to water, soil and sediment; *release of 150 kg parallel to soil and sediment; °release of 300 kg to
soil; 7readily/inherent biodegradable (n=no; y=yes); Coctanol-to-water partition coefficient; ®biocon-centration factor; '°5.5 refers to an experimental value for unspecified DDP;
"'refers to an average log Ko, of 6.0; 12References: pbt, US-EPA PBT Profiler (http.//www.pbtprofiler.net/default.asp); oecd, OECD (http:/cs3-hg.oecd.org/scripts/hpv/); ech, EU-
ECB/ESIS (http://ecb.jrc.it/esis/index.php ?PGM=pbt); nite, National Institute of Technology and Evaluation (http.//www.safe.nite.qo.jp/english/Haz_start.html); oecd/sids (2006).

Table 6. US-EPA cut-off criteria regarding environmental persistence, bioaccumulation and toxicity

Persistence (P)" Bioaccumulation (B)? Toxicity (T)°
Not persistent Persistent Very persistent Not bioaccum. Bioaccumulat Very bioaccum Not toxic Toxic Very toxic
() (P) (vP) ) (B) (vB) () M T)
P <60 60<P <180 P> 180 B < 1000 1000 < B < 5000 B > 5000 T>10 10=2T>0.1 T<0.1

Notes: 'Environmental persistence expressed as half-lives in days in most predominant compartment; 2Bioaccumulation expressed by bioconcentration factor (BCF); 3Toxicity
expressed as chronic toxicity value (fish ChV) in mg/L


http://www.pbtprofiler.net/default.asp
http://cs3-hq.oecd.org/scripts/hpv/
http://ecb.jrc.it/esis/index.php?PGM=pbt
http://www.safe.nite.go.jp/english/Haz_start.html
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Table 7. PBT evaluation of selected phenolic substances according to the US-EPA
cut-off criteria®

Substance Persistence Bioaccumulation (B) Toxicity
(P) M
4-tBuP (98-54-4) P - vT
2,6-di-tBuP (128-39-2) P - vT
4-tOP (140-66-9) P B vT
4-OP branched (27193-28-8) - - vT
4-n-OP (1806-26-4) - - vT
NP mixed isomers (25154-52-3) P --- vT
4-NP branched (84852-15-3) vP vB vT
DDP branched (27193-86-8) P vB? vT
4-CP (599-64-4) P — vT
BPA (80-05-7) P — vT
TBBPA (79-947) vP vB vT
NP1EO (27986-36-3) - — vT
4-NP1EO mixture (104-35-8) - — vT
Notes: 'Data retrieved from PBT Profiler (http:/www.pbtprofiler.net/default.asp); -, below cut-off limit; P/B, persis-

tent/bioaccumulative; vVPIVBIVT; very persistent/very bioaccumulative/very toxic; *Based on BCF = 6,000 (from log Ko, =
6.0; oecd/sids, 2006).

3.2 ECOSAR

More detailed information on the toxicity has been obtained from model
estimates using the US-EPA ECOSAR programme (ver. 0.99h), which is
based on SAR (structure — activity relationships) model calculations us-
ing K,y and MW data. Output from the ECOSAR are acute (short-term)
and chronic (long-term) toxicity data regarding green algae (not reported
here), daphnid and fish. Acute toxicity end points are typically based on
LC50 values obtained through 48-hr and 96-hr tests for both daphnid and
fish, respectively. For chronic values (ChV) endpoints are not specified,
but it may be either lethality or reproduction.

Other inputs to the toxicity part come from experimental data pro-
vided mostly by OECD.


http://www.pbtprofiler.net/default.asp
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Table 8. Predicted acute and chronic toxicity and no-effect concentrations of selected phenolic compounds (mg/L)

Name Acute tox. Chronic tox. NEC/NOEC PNEC Ref.
Daphnid Fish Daphnid Fish Daphnid Fish Water Sedim. Fish
(LC50/48h)  (LC50/96h) (21d) (30d)
4-tBuP 2.12 2.95 0.32 0.44 0.042 0.0016° pbt
[98-54-4] 3.9/EC50 5.14 luclid
2,6-di-tBuP 1.08 0.90 0.098 0.13 0.019 pbt
[128-39-2] 0.45 >1.0-1.4 0.076 0.21-0.30 oecd
4-tOP 0.51 0.29 0.032 0.041 0.008 0.00061° 0.0061 pbt
[140-66-9] 0.27 0.25/0.26 0.11/48h  0.077/96h iuclid
0.34/21d  0.12/14d  0.03/21d  0.084/14d luclid
4-OP 0.41 0.21 0.023 0.030 0.007 0.00001° pbt
[1806-26-4]
4-NP(b) 0.34 0.15 0.017 0.022 0.005 0.00033° 0.0074 pbt
[84852-15-3] 0.043/EC50  0.14/0.31 0.018/96h  0.24/96h iuclid
0.024/21d  7.4/33d iuclid
4-NP 0.28 0.11 0.012 0.016 0.004 pbt
[140-40-5] 1.0/EC50  0.13-0.14 0.024 0.0074 oecd
DDP 0.08 0.02 0.0018 0.002 0.0011 pbt
[27193-86-8]* 0.037 0.0024 0.011/48h echi
0.002/21d echi
0,093 >0.5 9.3E-5 0.064 9.3E-5  oecd/sids
4-CP 1.55 1.54 0.17 0.22 0.029 pbt
[599-64-4] 1.6 nite
BPA 2.62 3.28 0.36 0.48 0.05 pbt
[80-05-7] 3.9/EC50 4.6-9.9 >3.2 >3.2/21d iuclid
1.1/96h 0.51/96h iuclid
3.16/21d° 0.016% 0.0016"
OP1EO 0.39 0.30 0.062 pbt
[2315-67-5]
4-OP1EO 0.31 0.23 0.049 0.049 pbt
[51437-89-9]
NP10E 0.12 0.085 0.019 0.019 pbt
[27986-36-3]'
TBBPA 0.22 0.05 0.006 0.007 0.003 0.69° 0.00026%° pbt
[79-94-7] 0.96 0.4-0.54 <0.32  0.1-0.26/96h 0.00094%* iuclid
>0.98 0.54* 0.16/35d iuclid
di-Me-TBBPA 0.0008 0.0005 0.0002 pbt
[37853-61-5] 6.5E-4/16d  1.7E-4/30d ea

Notes: 'SIAM 14 (2002); zhttg://wwwAbisghenoI-a.org/esafetz/enassess.html; 3SIAM 20 (2005); ‘PNEC value for soil; SIndicative PNEC value for oysters; %Klein et al. (1999); ea,

Environmental Agency, UK (2007). oecd/sids (2006).


http://www.bisphenol-a.org/esafety/enassess.html
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3.3 Alkylphenols

3.3.1 4-tert-butylphenol (4-tBuP)

If released to the environment 4-tBuP is expected to be found predomi-
nantly in soil (80 % with an estimated half-life of 75 days in this media; it
is therefore considered to be persistent in the environment. Its overall
persistence, however, depends on the actual release, and considering
various release scenarios, the overall persistence may vary between 55
and 81 days. Other studies report that it is readily biodegraded (EU/ECB,
2006a).

Its log K, is relatively low, and with an estimated BCF of 71, 4-tBuP
is not expected to bioaccumulate considerably. For EU risk assessments
EUSES (System for Evaluation of Substances) uses a BCF value of 120.

The estimated ChV (NEC) of 4-tBuP is 0.042 mg/L, which means that
it according to the EPA cut-off values is very toxic to fish. The lowest
acute and chronic toxicity data are a 48 hr. EC50 of 3.4 mg/L for Daphnia
magna, and it may be toxic to aquatic organisms.

3.3.2 2,6-di-tert-butylphenol (2,6-di-tBuP)

If released to environment 2,6-di-tBuP is expected to be found predomi-
nantly in soil (64 %) and lesser in sediment (24 %), and its estimated
half-life in soil is 75 days (persistent). Its overall persistence under vari-
ous release ratios can be expected to vary between 83 to 140 days.

The log K, of 4.9 leads to an estimated BCF value of 430; hence it is
not expected to bioaccumulate to any significant degree. An unvalidated
experimental value of 660 for fish has been reported (OECD SIDS).

ECOSAR estimates a ChV (NEC) value of 0.019 mg/L, and it is there-
fore expected to be very toxic to fish. Acute toxicity levels are 1.08 and
0.90 mg/L for daphnid (LC50/48-hr) and fish (LC50/96-hr), respectively.

3.3.3 Octylphenols (OPs)

The partitioning of 4-tOP following a release is expected to be predomi-
nantly in soil (53 %) and sediment (38%), and the estimated half-lives are
75 and 340 days, respectively. It is therefore considered to be persistent
to very persistent in these two compartments. The overall persistence
varies between 100 to 200 days, depending on release scenario.

4-OP behaves a little different regarding partitioning between soil (48
%) and sediment (39 %), which result in half-lives of 30 and 140 days,
respectively; 4-OP is expected to be persistent in sediment. The overall
persistence varies between 38 and 70 days.
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The log K, value of 5.3 of 4-tOP results in an estimated BCF value
of 2,300, which means that 4-tOP is expected to be bioaccumulating. The
corresponding value for 4-OP is 340, and it is therefore not expected to
bioaccumulate significantly. EUSES uses a value of 634 for risk assess-
ment.

According to ECOSAR estimates 4-tOP is also expected to be very
toxic to fish with a ChV (NEC) value of 0.008 mg/L. Acute toxic levels
are 0.51 and 0.29 mg/L for daphnid (LC50/48-hr) and fish (LC50/96-hr),
respectively.

Correspondingly, 4-OP has an estimated ChV (NEC) value of 0.007
mg/L, and hence it is also expected to be very toxic to fish and slightly
more toxic than 4-tOP. Acute toxic ECOSAR estimates are 0.41 and 0.21
mg/L for daphnid (LC50/48-hr) and fish (LC50/96-hr), respectively.

3.3.4 Nonylphenols (NPs)

Branched 4-NPs are expected to partition predominantly to sediment (58
%) and lesser to soil (37 %); corresponding half-lives are 75 and 340
days, and hence they are persistent to very persistent in these compar-
ments. Overall persistence varies between 150 and 330 days following
various release scenarios.

For 4-NP the partition is expected to be somewhat different and pre-
dominantly in sediment (48 %) and slightly less in soil (42 %). Half-lives
are estimated to be 30 and 140 days in soil and sediment, respectively,
and hence 4-NP is expected to be persistent in sediment. The overall per-
sistence is expected to vary between 43 and 84 days.

With a log K, value of 5.9 the estimated BCF of branched 4-NP is
7.200, which means very bioaccumulative, according to the US-EPA
criteria. For 4-NP the corresponding value of BCF is 540, which is not
considered an indication of bioaccumulation. An estimated value of 1280
is used by EUSES for risk assessment.

The chronic toxicity value (NEC) for the branched 4-NPs is estimated
to be 0.005 mg/L, which means very toxic to fish. Acute toxicity levels
are according to ECOSAR estimates 0.34 and 0.15 mg/L for daphnid
(LC50/48-hr) and fish (LC50/96-hr), respectively. That means that NPs
are generally slightly more toxic than OPs.

For 4-NP the chronic toxicity value of ChV (NEC) is 0.004 mg/L,
which is considered very toxic to fish. Acute toxicity levels are 0.28 and
0.11 mg/L for daphnid (LC50/48-hr) and fish (LC50/96-hr), respectively.

3.3.5 Dodecylphenols (DDPs)

DDPs are expected to partition predominantly into sediment (68 %) and
somewhat less into soil (28 %); the expected half-live in sediment is 140
days, which shows that DDPs are expected to be persistent in sediment.
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The overall persistence ranges from 62 to 140 days depending on release
scenario.

An estimated log K, is 7.5 for DDPs leads to an expected BCF of
480, a value that shows that DDPs are not likely to bioaccumulate. Ex-
perimental data for log K, of 7.17 and BCF of 823 (for rainbow trout)
for a mixture of various DDP isomers (EU/ECB, 2006b) seem to confirm
the relatively moderate tendency to bioaccumulate despite the high K,y
value. Other data from OECD/SIDS (2006), however, list a range of log
Kow from 5.5 to 7.5 (depending on the specific isomer), and with an aver-
age value of 6,0 an estimated BCF of at least 6,000 would result. Hence,
DDP is considered with a high bioaccumulating potential and being of
highest concern.

According to ECOSAR estimates a chronic toxicity value (ChV) for
DDPs is 0.0011 mg/L, which shows that DDPs are very toxic to fish.
Corresponding acute toxicity values are 0.083 and 0.017 mg/L for daph-
nid (LC50/48-hr) and fish (LC50/96-hr), respectively. According to
OECD/SIAM 22 (2006) a 21-day reproduction NOEC of 0.0037 mg/L
was obtained for Daphnia.

3.4 Other phenols

3.4.1 4-Cumylphenol (4-CP)

According to PBT Profiler estimates 4-CP is expected to partition pre-
dominantly into soil (81 %) with an expected half-life of 75 days; Thus 4-
CP is expected to be persistent in soil. Overall persistence is estimated to
range between 69 and 90 days, depending on the release scenario.

4-CP has an estimated log K, of 4.1 which leads to an expected BCF
value of 300; thus, 4-CP is not expected to bioaccumulate.

The chronic toxicity to fish has a ChV value of 0.029 mg/L, which
shows that 4-CP is expected to be very toxic to fish. For the acute toxicity
the following values have been estimated: 1.55 and 1.54 mg/L for daph-
nid (LC50/48-hr) and fish (LC50/96-hr), respectively.

3.4.2 Bisphenol A (BPA)

If released to the environment BPA is expected to partition predomi-
nantly into soil (88 %) with an estimated half-life of 75 days; therefore,
BPA is expected to persistent in soil. The overall persistence, depending
on release scenario, is estimated to range between 57 and 89 days.

BPA has en estimated log K, of 3.3 and that leads to an expected
BCF value of 72; BPA is therefore not expected to bioaccumulate. These
model estimates are supported by test values that range from about 5 to



38 Screening of phenolic substances in the Nordic environment

68 for fish (Staples et al., 1998). An experimental of 67 is used by
EUSES for risk assessments.

The estimated chronic ChV value for BPA is 0.05 mg/L, and BPA is
therefore expected to be very toxic to fish. Corresponding acute toxicity
values are 2.62 and 3.28 mg/L for daphnid (LC50/48-hr) and fish
(LC50/96-hr), respectively.

3.5 Brominated compounds

3.5.1 Tetrabromobisphenol A (TBBPA)

TBBPA is expected to partition both into soil (53 %) and sediment (46
%) with half-lives of 360 and 1,600 days, respectively; only 1 % will be
in the aqueous environment, and it also has a relatively low solubility of
0.001 mg/L. As it binds strongly to both soil and sediment, TBBPA is
therefore expected to be very persistent in these compartments. The over-
all persistence of TBBPA, depending on the release, is expected to range
from 1,100 to 2,200 days. TBBPA is not readily biodegradable, but it
degrades slowly in soil and sediment under both aerobic and anaerobic
conditions. According to a recent update on the risk assessment by the
Environment Agency, UK (2007) it was concluded that TBBPA is persis-
tent to very persistent (P to vP).

TBBPA has a high estimated log K,,, value of 7.2 and leads to a very
high expected BCF value of 14,000, and TBBPA is thus expected to bio-
accumulate strongly. The Environment Agency, UK (2007) reports an
experimental log K, of 5.9, and that experimental data does not clearly
indicate a bioaccumulation potential (BCF ~ 1,300; i.e. not B).

The chronic toxicity data gives an estimated ChV value of 0.003
mg/L, which indicates that it is expected to be very toxic to fish. For the
acute toxicity ECOSAR gives the following values, 0.22 and 0.05 mg/L
for daphnid (LC50/48-hr) and fish (LC50/96-hr), respectively. Experi-
mental data (Environment Agency, 2007) give a NOEC of 0.30 mg/L for
daphnia (21-d test) and 0.16 mg/L for fish (35-d test). According to this
TBBPA is not considered toxic to marine organisms (i.e. not T).

3.5.2 Tetrabromobisphenol A dimethylether (di-Me-TBBPA)

As for TBBPA its dimethylether is expected to partition almost equally to
soil (49 %) and sediment (51 %) with expected half-lives of 360 and
1,600 days, respectively, in these compartments. The overall persistence
is expected to range from 1,100 to 2,200 days, and TBBPA is therefore
expected to be very persistent in the environment; this conclusion is con-
sistent with a recent risk assessment from the Environment Agency, UK
(2007).
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The dimethylether of TBBPA has an even higher estimated log K.
than TBBPA, but the value of 8.3 only leads to an expected BCF value of
990; therefore, it is not expected to bioaccumulate significantly. This
conclusion is in contrast with that of the recent risk assessment from the
Environment Agency, UK (2007), which gives a corrected log K, value
of 6.7 and reports a high bioaccumulation potential.

ECOSAR does not report any chronic toxicity (ChV value) towards
fish, only data for a 30-day period is available with a value of 0.00017
mg/L. For the acute toxicity the following values are estimated: 0.00079
and 0.00048 mg/L for daphnid (LC50/48-hr) and fish (LC50/96-hr), re-
spectively. According to these values, TBBPA is expected to very toxic
to aquatic organisms. Corresponding chronic values reported by the Envi-
ronment Agency, UK (2007) are: 0.00065 mg/L for daphnia (21-d test)
and 0.00017 mg/L for fish (30-d test), according to which it is considered
toxic to marine organisms.

3.6 Alkylphenol ethoxylates (APEOs)

3.6.1 Octylphenol ethoxylates (OPEQOs)

Following a release OP1EOs are expected to partition predominantly into
soil (62 %) while only about 22 % are expected to be found in water and
sediment. The expected half-life in soil is 30 days, and hence OP1EOs
are not considered persistent.

With an estimated log K, of about 5 the expected BCF is about 30,
and OP1EOs are therefore not likely to bioaccumulate.

The chronic toxicity data with a ChV of 0.062 mg/L shows that
OP1EOs are expected to be very toxic to fish. For the acute toxicity
ECOSAR gives the following data of 0.39 and 0.30 mg/L for daphnid
(LC50/48-hr) and fish (LC50/96-hr), respectively.

3.6.2 Nonylphenol ethoxylates (NPEOs)

NP1EOs are expected to partition almost equally into soil (48-49 %) and
sediment (40-41 %) with expected half-lives in these compartments of 30
and 140 days, respectively; NP1EOs are thus expected to be persistent in
sediment according to US-EPA criteria.

For NP1EOs the following log K,,, value of 5.6 has been estimated, and
that leads to an expected BCF value of 88; hence, NP1EOs are not ex-
pected to bioaccumulate.

Regarding chronic toxicity to fish ECOSAR gives a ChV value of
0.019, which shows that NP1EOs are expected to be very toxic to fish.
Corresponding value for acute toxicity are 0.116 and 0.085 mg/L for
daphnid (LC50/48-hr) and fish (LC50/96-hr), respectively.
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3.7 Endocrine disruptors

Some of the phenols selected for this screening study can act like hor-
mones (e.g. estrogens) and interact with the hormonal system; both oc-
tyl- and nonylphenols, nonylphenol ethoxylates and Bisphenol A belong
to that group (Lintelmann et al., 2003). Recent attention has focussed on
the effects on fish, where the feminisation of males has been implicated
with estrogenic components in sewage effluents (Christiansen et al.,
2002).

The potency of various phenolic compounds relative to 178-Oestradiol
in rainbow trouts (Oncorhynchus mykiss) have been tested and evaluated
by Jobling & Sumpter (1993), who found that the tested compounds had a
relative order of potency: 4-tBuP > 4-tOP > 4-NP > NP2EO > NP9EO
ranging from 1.6x10° to 2.0x10” times to that of 17B-Oestradiol. Rela-
tive oestrogenic activity of individual nonylphenol isomers has recently
been studied by Preuss et al. (2005) and by Katase et al. (2008); the latter
found that of 13 branched isomers in technical mixtures one isomer, 4-(3-
Ethyl-2-methylhexan-2-yl)phenol, was three to eighteen times more po-
tent than any other isomer. Also BPA is known to be weakly endocrine
disrupting.



4. Production, use and occurrence
in the environment

4.1 Production and use — general

4.1.1 Alkylphenols

The alkylphenols studied in this project are high production volume
(HPV) chemicals. The para-substituted alkylphenols are typically pro-
duced from an olefin and phenol using an acid catalyst. Depending on the
purity of the olefin used the resulting side chain may be more or less
branched, just as a minor part can be attached to the ortho position.

Alkylphenols are produced in high volumes and are primarily used as
intermediates in the chemical industry for the production of alkylphenol
ethoxylates (non-ionic surfactants and detergents), as resins for phenolic
based plastomers and as antioxidants. Octyl- and nonylphenols are the
major contributors in this class of compounds with more 95% of market,
while other compounds like butyl- and dodecylphenols only add to about
5% of the market. In 1997 the production of octyl- and nonylphenols in
Western Europe were about 7,000 and 110,000 tonnes/year. The degrada-
tion of alkyphenol ethoxylates in the environment further add to the oc-
currence of the alkylphenols, primarily in waste water and surface water.

Both octyl- and nonylphenols are on the EU list of priority substances
in the field of water policy and the OSPAR list of chemicals for priority
action (OSPAR, 2007).

4.1.2 Other phenolic compounds

Other phenolic substances included in this study are 4-Cumylphenol and
Bisphenol A, which share a common structure except that BPA incorpo-
rates a double hydroxyl functionality.

4.1.3 Alkylphenol ethoxylates

Alkylphenol ethoxylates (APEOs) are mainly used as non-ionic surfac-
tants, detergents and stabilizers, but they also have a wide range of ap-
plications as dispersants, emulsifiers, solubilizers and foaming agents. In
addition to their use as detergents, wetting and cleaning agents in indus-
try they are used on a smaller scale in the production of pulp and paper,
textiles, coatings, pesticides, lubricating oil and fuels and in the metal
finishing and plastic industry. In Europe, industrial applications have the
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major market share of about 70%, while non-industrial application is
about 30%. In 1997 the production of nonylphenol ethoxylates in EU was
approximately 118,000 tonnes/year.

In this study is included octyl- and nonyl-phenol ethoxylates, but far
the largest usage of alkylphenol ethoxylates is of nonylphenol ethoxylates
that in all four countries surpass the usage of octylphenol ethoxylates by
several hundred percents. Nonylphenol ethoxylates are on the OSPAR list
of chemicals for priority action (OSPAR, 2007).

4.1.4 Brominated flame retardants

Tetrabromobisphenol A (TBBPA) is the largest volume of BFRs in pro-
duction today to improve fire safety of mainly electrical and electronic
equipment. The substance is generally marketed without legislative re-
strictions and in 2002 more than 130,000 tonnes were produced. Besides
TBBPA its bis-methyl ether is also part of this study.

Like the alkylphenols and ethoxylates, TBBPA is also on the OSPAR list
of chemicals for priority action (OSPAR, 2007).

4.2 Usage of phenolic compounds and alkylphenol
ethoxylates in Nordic countries

Specifically, data on the use of the phenols substances selected for this
study in the Nordic countries have been extracted from the SPIN data-
base. SPIN is a database on the use of Substances in Products in the Nor-
dic countries. It compiles data from the Product Registries of Norway,
Sweden, Denmark and Finland, and it is financed by the Nordic Council
of Ministers, Chemical group. At present, SPIN does not include data
from Iceland and the Faroe Islands.

In all Denmark, Norway and Sweden companies are liable of registrat-
ing produced or imported substances in excess of 100 kg; in Finland there
is no such fixed limit. In Denmark, Finland and Norway dangerous pro-
ducts must be registered, while in Sweden all chemical products regard-
less of their danger classification shall be registered. Sweden has the
largest number of active products registered per year (about 70,000 in
2005), while Norway had the largest turnover (sum of import and produc-
tion) in 2005 (approximately 175 mio. tonnes).

SPIN includes data from 2000 to 2005, and the compilation includes
both total use, the substance categories and the number of preparations a
specific substance has been used for. In Figure 1 is shown the total
amount of specific substances that have been consumed in individual
countries during 2000-2005. Denmark seems to have had the largest ac-
cumulated consumption of all listed compounds during 2000-2005 with a
few exceptions. Finland has had the largest accumulated consumption of
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BPA (> 2,000 tonnes), except for a very large consumption in Norway of
> 9,000 tonnes in 2002. Besides that, Sweden has had the largest accumu-
lated consumption of TBBPA (> 1,400 tonnes). Nonylphenol ethoxylates
are the substances used in largest amount in Denmark with an average >
1,000 tonnes/year.

Nordic countries (2000-2005)
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Figure 1. Accumulated use of selected phenolic substances in Nordic countries (DK, FI,
NO and SE) during 2000-2005 (extracts from SPIN database).

4.2.1 4-tert-butylphenol [98-54-4]

4-tert-Butylphenol is a stable solid that is used as an intermediate for
phenolic and polycarbonate resins. It is also used as a raw material for
construction elements and floors in buildings. It is also being used as an
antioxidant/stabilizer in rubber, plastic, food and oils; it is also used in
fragrances. In 1993 it was produced at a yearly rate of 5,000 tonnes in Ja-
pan (SIAM 16, 27-30 May 2003). It is being considered a HPV chemical
by ESIS, but it has not been classified as a dangerous substance (Direc-
tive 67/548/EEC). The consumption of 4-tBuP is expected to grow
slightly (Lorenc et al., 2003).

The largest consumption has been in Denmark with an average 50 ton-
nes/year, and after a declining use from 2000 to 2004, the use of 4-tBuP
seems to have increased again in 2005. In the other Nordic countries the
average consumption has been < 10 tonnes/year (cf. Figure 2).
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Figure 2. Yearly use of 4-tert-Butylphenol in Nordic countries during 2000-2005 (extracts
from SPIN database).

4.2.2 2,6-di-tert-butylphenol [128-39-2]

2,6-di(tert-Butyl)phenol (2,6-di-tBP) is primarily used as an antioxidant,
lubricant and transmission agent, while there is a small scale use for in-
corporation in plastics and rubber and for the production of chemicals for
agriculture. In the US this is a HPV chemical with the production ex-
ceeding 450,000 tonnes per year. In ESIS this is also considered a HPV
chemical, but it has not yet been included in a priority list. The quantities
released to the environment are expected to be small and mainly to the
atmosphere although 2,6-di-tBuP has a low volatility.

In Scandinavia the use of 2,6-di-tBP from 2000 to 2004 is shown in
Figure 3. While the use of 2,6-di-tBP seems to level off in Denmark
(from about 140 to < 50 tonnes/year) it seems to be increasing in Finland
(up to about 125 tonnes/year); in Norway and Sweden its use seems to be
relative constant about 25 and 75 tonnes/year, respectively. For Finland
the consumption data for 2001 and 2002 has not been disclosed.
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Figure 3. Yearly use of 2,6-di-tert-Butylphenol in Nordic countries during 2000-2005
(extracts from SPIN database).

4.2.3 Octylphenols

Octylphenols (OP) represents a number of isomeric compounds, where
the alkyl group (C8H17) may either be straight or be branched in various
ways. OP is produced by the reaction of phenol with octene, and com-
mercial synthesis results in a mixture of various octylphenol isomers. Of
the potential isomers, 4-tert-octylphenol [140-66-9], which is made by
using the dimer of isobutylene, is the most commercially important. tOP
is avail-able as a technical grade that contains about 90-95 % 4-tOP, 5-8
% 2-t-OP and 1-2 % butyloctylphenol (BOP). A high purity grade con-
tains approximately 98-99 % 4-tOP, <2 % 2-tOP and only traces of BOP
(Lorenc et al., 2003).

OP is produced in high volume for use as an intermediate in the pro-
duction of surfactants, formaldehyde resins etc. and octylphenol ethoxy-
lates. In the European Union the production of 4-fert-octylphenol has in-
creased from about 17,500 tonnes in 1997 to about 22,600 tonnes in
2001. Most of the production is being used within EU, and together with
a small amount (< 1,000 tonnes/year) of imported bulk material the usage
was slightly below 23,000 tonnes in 2001.

OP is also formed following the breakdown of octylphenol ethoxy-
lates in the environment and is thus subject to wide dispersive use and
distribution. OP is very toxic to aquatic organisms, is not easily degraded
in the environment and has been detected in surface waters. Because OP
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is considered to show significant endocrine disrupting effects, it is in-
cluded in the OSPAR 1998 List of Candidate Substances (cf. List 6 in
Annex 3 of the OSPAR Strategy with regard to Hazardous Substances,
2000). Under this entry is also included 4-n-octylphenol [1806-26-4] and
octylphenols (branched) [27193-28-8].

It is uncertain to estimate the world consumption of 4-tOP because
some producers keep their consumption confidential. The overall growth
is expected the growth in GNP, in particular in phenolic resins and poly-
carbonates. However, due to concerns over endocrine disrupting effects,
aquatic toxicity and biodegradability market shares for ethoxylates has
been lost to alcohol ethoxylates (Lorenc et al., 2003).
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Figure 4. Yearly use of 4-tert-Octylphenol® [140-66-9] in Nordic countries during 2000-
2005 (extracts from SPIN database); aincludes a small contribution of 4-n-OP [1806-26-
4] in Denmark in 2000 (0.03 tonnes).

In the Nordic countries only a minor use in Sweden has been re-
corded. Data on the use of 4-tOP [140-66-9] has not been disclosed in
Denmark for 2000 and 2001, and in Norway not for 2001-2005. For 4-OP
[1806-26-4] data has not been disclosed for Denmark for 2001-2005.
Regarding branched OP [27193-28-8] data has not been disclosed for
Denmark in 2000, not for Finland in 2001 and not for Sweden in 2000-
2005 (cf. Figure 4.).
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4.2.4 Nonylphenols

Nonylphenol (NP) covers the commercial description of complex mix-
tures of C9-carbon alkyl-chain substituted phenols. NP is produced
through the reaction of phenol with nonene, and the substitution pre-
dominantly takes place at the para position. As commercial nonene does
not contain the linear C9-0-olefin, but a rather complex mixture of
branched C9-olefins, the produced NP also consists of complex mixture
of C9-phenols. GC analysis has revealed at least 22 isomers of p-NP. The
commercially purity grades of NP include a technical grade comprising
10-12 % 2-NP, 85-90 % 4-NP and up to 5 % 2,4-di-nonylphenol (2,4-di-
NP), while a high purity grade is composed of approximately 95 % 4-NP,
5 % 2-NP and only traces of 2,4-di-NP (Lorenc et al., 2003).

Concerning the CAS registration numbers there seems to have been
some confusion. The EU Risk Assessment on NP simultaneously ad-
dressed CAS RN 84852-15-3 (4-NP, branched) and CAS RN 25154-52-3
(NP, unspecified) as equivalent compounds. Later, however, the CAS RN
has been redefined so that CAS RN 25154-52-3 now only covers mixed
isomers of straight-chain NP, while CAS RN 84852-15-2 describes the
commercially relevant branched 4-NP. CAS RN 104-40-5 is used ex-
clusive for the specifically laboratory synthesized 4-nNP.

The worldwide consumption of 4-NP is difficult to estimate because
of confidentiality by some producers. Future growth has been predicted to
increase but some market share in ethoxylates has been substituted by
alcohol ethoxylates because of the rising concern over endocrine interfer-
ence potential, aquatic toxicity and biodegradability of alkylphenol eth-
oxylates (Lorenc et al., 2003).

The total use of NP in EU has been estimated by HELCOM to ap-
proximately 78,500 tonnes in 1997; of this about 47,000 tonnes were used
as intermediates for the production of ethoxylates (HELCOM, 2002).
Major releases to the environment are expected to arise from degradation
of nonylphenol ethoxylates being discharged in industrial and domestic
wastewater.

In the Nordic countries the largest use has been in Sweden, but the use

seems to be declining to about 10 tonnes/year. In Denmark the use of 4-
NPs is < 5 tonnes/year and seems to be declining; for 4-nNP [104-40-5]
data for 2004-2005 has not been disclosed.
For the mixed NP isomers the largest use has been in Denmark with more
than 100 tonnes/year in 2000-2002; the consumption then dropped to <
50 tonnes/year in 2003-2004, but eventually increased again to about 470
tonnes in 2005 (¢f. Figure 5).

Major releases to the environment are probably related to cleaning ac-
tivities, to manufacturing processes of chemical products and fibres, and
to municipal waste treatment (incl. sludge and storm water runoff), while
minor sources may include household consumption, paint applications,
use of pesticides and refinery and offshore activities.
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Figure 5. Yearly use of nonylphenol, mixed isomers®, in Nordic countries during 2000-2004
(extracts from SPIN database); aincludes the following substances (listed according to
importance of consumption): NP [25154-52-3], 4-nNP [104-40-5] and 4-NP, branched
[84852-15-3].

4.2.5 Dodecylphenols

Besides 4-Dodecylphenol [104-43-8] this entry also covers other dode-
cylphenol isomers like 4-Dodecylphenol (branched) [210555-94-5], Do-
decylphenol, mixed isomers (branched) [121158-58-5] and Dodecylphe-
nol (unspecified) [21793-86-8]. Two grades of DDP are commercially
available. A technical grade (an amber liquid) that contains approxi-
mately 85 % 4-DDP, 10 % 2-DDP and 5 % 2,4-didodecylphenol (2,4-di-
DDP), and a high purity grade (colourless liquid) that contains approxi-
mately 95 % 4-DDP, 2 % 2-DDP and only traces of 2,4-di-DDP (Lorenc
et al., 2003).

High purity 4-DDP is used to produce specialty surfactants by its reac-
tion with ethylene oxide. According to CEPAD (2003), branched DDPs
[121158-58-5] was produced and used in the European Union with an
estimated tonnage of 280 tonnes in 2002, predominantly as an antioxidant
in rubber and phenolic resins. At the same time, unspecified DDPs
[21793-86-8] were used in quantities up to 38 tonnes for the production
of oil and lubricant additives. DDPs are produced in closed and con-
trolled processes with only a small likelihood of release to environment.
It is not used directly in consumer products and only used by a few com-
panies, and is thus not likely to have a widely dispersive release. Test
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data on the dodecylphenol indicate that it is of high aquatic toxicity,
highly bioaccumulative and will not degrade rapidly in the environment.

In the Nordic countries DDPs has only been used in significant
amount in Sweden in 2000 and 2001 (up to 75 tonnes/year) and in Den-
mark in 2005 (about 53 tonnes). Data for the use of 4-DDP [104-43-8]
and DDPs (unspecified) [27193-86-8] in Denmark has not been disclosed
for 2000; Norway and Finland have not disclosed data on the use of
DDPs (unspecified) in 2003-2005 and 2004, respectively. For use of the
branched DDPs [121158-58-5] the data has been treated confidentially by
all four countries for most of the period 2000-2005. Additionally, Den-
mark has reported a small use of 4-DDP, branched, approximately 0.02
tonnes/year during 2005-2005 (cf- Figure 6).
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Figure 6. Yearly use of dodecylphenol (isomer mixtures)" in the Nordic countries during
2000-2005 (extracts from SPIN database); aincludes the following substances (listed ac-
cording to importance of consumption): DDPs [27193-86-8], DDPs, branched [121158-
58-5] and 4-DDP, branched [210555-94-5].

Exposure to DDPs is expected to be very low based on the physico-
chemical properties and the patterns of handling and using it, and its sub-
sequent potential release to environment may occur during production, its
use as additive in petroleum products and the subsequent disposal of
these.
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4.2.6 4-Cumylphenol [599-64-4]

4-Cumylphenol, 4-(1-methyl-phenylethyl)phenol, a white solid, is being
used as an industrial and institutional surfactant, as a tackifier in rubber
manufacturing, as a lube oil additive and in polymers either as a polymer
stabilizer and plasticizer. Another application is as a specialty surfactant
produced by its reaction with ethylene oxide. Its major use is as chain
terminator and molecular weight modifier for polycarbonates. It is also
being used in pesticides and as an anti-sludge agent.

No data is available on the use of 4-Cumylphenol, neither globally, in
Europe nor in Scandinavia. According to SPIN, Denmark has reported
the use of 4-CP in 2000-2005, but the data has been treated confiden-
tially. The growth rate of 4-CP is expected to parallel that of polycarbon-
ates, in particular the grades used for producing compact discs.

4.2.7 Bisphenol A [80-05-7]

About 800,000 tonnes of Bisphenol A are manufactured in Europe pr.
year (in 2002). It is primarily used for the production of epoxy and poly-
carbonate resins with minor uses for thermal paper and PVC industries. It
is also used as an antioxidant in the polymer industry.

For the Nordic countries the use has been reported in the SPIN data-
base as shown in Figure 7. The largest use has been reported by Finland
with numbers from a little less than 400 tonnes/year to more than 600
tonnes/year except for 2003, where only 100 tonnes were used. For Den-
mark an unsteady use has been reported ranging from less than 50 ton-
nes/year in 2000, 2001 and 2004 to more than 350 tonnes/year in 2002,
2003 and 2005. For both Sweden and Norway a relatively small and
steady use of less than 100 tonnes/year has been reported, except for 2002
where Norway has reported an unusually high use of about 9,000 tonnes.

The main route of environmental exposure is from its use in thermal
paper and PVC industries. It is considered readily and inherently biode-
gradable. Its log K., value of 3.4 implies a low to moderate bioaccumu-
lation potential in aquatic species and moderate adsorption to soil. It is

supposed to partition primarily to water, and it may be relatively mobile
in the environment (STAM 14, 2002).
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Figure 7. Yearly use of Bisphenol A in Nordic countries during 2000-2005 (extracts from
SPIN database).

4.2.8 Octylphenol ethoxylates

In the European Union the use of OP ethoxylates was 1,050 tonnes in
2001 (OSPAR, 2006). The SPIN database reports data on the use of sev-
eral commercial products of Octylphenol ethoxylates including ethoxy-
lates of 4-tOP [9002-93-1], tOP [9036-19-5] and OP [9063-89-2 and
68987-90-6]; the largest use is reported for tOP ethoxylates, somewhat
smaller for 4-tOP ethoxylates and very little for OP ethoxylates. For t-OP
ethoxylates the largest use has been in Sweden with an average of ap-
proximately 80 tonnes/year compared to about 30 tonnes/year in Den-
mark. For 4-tOP ethoxylates an average use of 12-13 tonnes/year has
been reported for both Denmark and Sweden. Finland has not disclosed
data on the use of 4-tOP ethoxylates during 2001-2004, and for Denmark
and Norway data on OP ethoxylates have been treated confidentially for
several years (cf. Figure 8).
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Figure 8. Yearly use of octylphenol ethoxylates® in Nordic countries during 2000-2005
(extracts from SPIN database); acovers the following substances (listed according to im-
portance of consumption): tOPnEO [9036-19-5], 4-tOPnEO [9002-93-1] and OPnEO
[9063-89-2].

4.2.9 Nonylphenol ethoxylates

Nonylphenol ethoxylates (NPEO) are produced by the reaction of para-
NP with ethylene oxide, and the branching of the nonyl group (distribu-
tion of NP isomers) gives rise to additional structural isomers of NPEO.
The most commonly used NPEO is manufactured to target nine moles of
ethoxylation (NP9EO), but products ranging NP1EO to about NP18EO
are generally generated. In this study only structural isomers of NP1EO,
best described by CAS RN 104-35-8 (4-n-NP1EO) and CAS RN 27986-
36-3 (NP1EO) are covered.

In 2002 HELCOM has estimated a total use of NP ethoxylates of
some 77,600 tonnes in 1997 (HELCOM, 2002). No data is available from
the SPIN database on the use of any of the more specific Nonylphenol
ethoxylates mentioned above. SPIN only reports the use of the commer-
cial product (CAS no. 9016-45-9) which is an unspecific mixture of No-
nylphenol polyethoxylates. In Denmark this is used in large quantities of
more than 1,400 tonnes in 2000 and 2001, down to less than 200 tonnes
in 2002 and 2003 and with an increase to more than 800 tonnes in 2004
and 2005. For the other Nordic countries the use has been below 100 ton-
nes/year for 2000-2005, except for 2000 where Sweden used about 175
tonnes (cf. Figure 9).



Screening of phenolic substances in the Nordic environments 53

Nonylphenolethoxylates
2500

2250 +

2000 - I DK

1750 4 I I = R I
1500 3 NO [ |

1000

750

500 4

Total use (tonnes)

250 4

O —
1999 2000 2001 2002 2003 2004 2005 2006
Year

Figure 9. Yearly use of nonylphenol ethoxylatesa in Nordic countries during 2000-2005
(extracts from SPIN database); acovers the following substances (listed according to im-
portance of consumption): NPnEQO, branched [68412-54-4], NPnEO [9016-45-9], i-
NPnEO [37205-87-1], 4-NPnEO [26027-38-3] and 4-NPnEO, branched [127087-87-0].

4.2.9 Tetrabromobisphenol A [79-94-7]

TBBPA is a white powder, and emissions to the environment can occur
both to atmosphere (as vapour and dust) and waste water. Sources of
release include BFR production sites, epoxy and polycarbonate produc-
tion sites; emission sources also include use and disposal of finished arti-
cles.

The major application of TBBPA is as a reactive flame retardant in
laminates (e.g. epoxy resins) for about 90% of all printed boards. It is
also used as an intermediate for the production of other brominated FR
products, where it is chemically bound, and thus it poses no immediate
risk of emission to the environment. Additionally, TBBPA is used an
additive flame retardant in ABS and phenolic plastic and is considered as
substitute for polybrominated diphenylethers (PDBEs).

The total current amount produced worldwide is estimated to 150,000
tonnes/year, but it may have increased recently as TBBPA is a potential
substitute for octabromodiphenyl ether. TBBPA is not produced in
Europe, where the total market in 2005 was about 13,800 tonnes (9% of
worldwide use. Since the free residual monomer is likely to be less than
1,000 ppm, consumer exposure to TBBPA is likely to be insignificant.
Thus, at present there are no legislative restrictions on the use of TBBPA
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in Europe, and it is not part of the Restriction of Hazardous Substances
(RoHS) Directive. It is not part of the EU Commission list of prioritised
substances, but it has been included in the 4th Priority List for assessment
under the EU Existing Substances Regulation, just as it is part of the list
of substances for further evaluation of their role in endocrine disruption.

Although, it is both very toxic to aquatic organisms and bioaccumula-
tive TBBPA is not included in the priority list of the Water Framework
Directive, neither in the Scandinavian list of undesirable substances nor
specified in the OEM blacklist. However, the high tonnage in use and its
dangerous properties give rise to concerns regarding long-term exposures,
and due to its role as a BFR, TBBPA is included by the OSPAR Com-
mission for the protection of the Marine Environment of the North-East
Atlantic. Norway also considers regulating the additive use of TBBPA.

The use of TBBPA in the Nordic countries has only been reported by
Denmark and Sweden. Extracts from the SPIN database reports a steady
use in Denmark of about 290 tonnes/year in 2002, 2003 and 2005, while
in Sweden TBBPA has been used more irregularly from more than 400
tonnes in 2000 to about 130 tonnes in 2005 (c¢f- Figure 10).
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Figure 10. Yearly use of TBBPA in Nordic countries during 2000-2005 (extracts from
SPIN database).

TBBPA is not readily biodegradable, but have been shown degrade
(but not mineralize) under both aerobic and anaerobic conditions in soil
and sediment with Bisphenol A as a major metabolite following debro-
mination.
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4.2.10 Tetrabromobisphenol A dimethylether [37853-61-5]

No data has been retrieved on the use of Dimethylated TBBPA, neither
globally, in Europe or in the Nordic countries. Di-Me-TBBPA is proba-
bly not produced and used specifically as a flame retardant but may be a
primary but very minor degradation product of TBBPA in the environ-
ment, although results are inconclusive (Environment Agency, 2007).

4.3 Occurrence in the environment

By searching the open literature existing data on the occurrence of the
substances included in this study in various environmental samples and
compartments has been retrieved. The data include are simply listed as
presented in corresponding references and no attempts have been made to
evaluate the robustness of the individual data.
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Table 9. Concentration of phenolic compounds in different environmental matrices/compartments (ug/L or pg/kg dw)

Name Country/ STP STP Landfill Recipient STP Soil Sediment Ref.
location influent effluents leachate b/fima sludge b/fim
4-tBuP Sweden 0.03-1.9 0.003-0.075 0.0003 4.6-210 1.5-28 3
Sweden 0.028-0.14 0.003-0.075 0.0025-0.014 <1-210 0.6-1.4 <0.06-28 13
Sweden 0.037-0.1 0.012-0.048 <DL-76 <0.1-8.9 25
2,6-di-tBuP Sweden 0.001-0.02  0.0005-0.004 0.0002 2.5-240 0.34-9 3
Sweden <0.001-0.021 0,0005-004 0.0002-0.002 0.2-240 <0.1 <0.03-9 13
Sweden 0.004-0.019  0.0005-0.0026 <DL-67 <0.1-9 25
4-tOP Sweden 0.17-0.36 0.05-0.08 2
Sweden 0.03-0.16 0.01-0.22 0.003-0.006 77-8,700 1-2 0.2-88 3
Sweden 0.03-0.16 0.051-0.22 0.003-0.007 76-8700 0.8-2.1 0.17-88 13
USA/Minnes.’ 1.2 <1 <1-2.8 <1 17
Spain 0.038-0.048 0.017-0.019 22
Germany 77-201 29
OoP Germany <0.01-0.19(f) 1
USA/Canada <0.005-0.084 <10-1.080(f) 1
Japan <0.02-0.09(f) 1
?? 50-180° 1
UK/NL <0.1-13(b) 2-340(b) 1
USA/Minnes.’ 1.6 <1 <1 <1-1.6 17
Austria 0.118-0.68 n.d.-0.106 26
Germany 0.19-4.28 0.02-2.41 6.2-13,300™ 28
4-NP Sweden 230-562 2
Sweden 1-3.4 0.03-5.5 0.033-0.33 1.7-437° 11-60 7.3-7,700 3
Sweden 0.99-3.4 0.028-5.5 0.047-0.26 1.7-437° 11-61 6-7,700 13
USA/Minnes.’ 56 5-13 7.2-10 <5 17
Greece <DL-0.09 <DL-0.07 110 23
Germany 2,617-3,675 29
Sweden 25-1,100° 30
NP Faroe Islands <0.1-3.3 7
Germany <50-260(f) 1
Spain <0.1-15(f) 22-645(f) 1
USA/Canada <0.01-0.92(f) <3-7200(f) 1
Japan <0.02-0.3(f) 1
?? 2350-4610° 1
Spain 0.15-4.1(m) <10-1050(m) 1
Adriatic Sea <0.02-1.2(m) 1
UK/NL 0.04-5.8(b) 30-9050(b) 1
USA 0.08-0.42(m 1
Denmark <10-610 14
Denmark 85-320° 18
Denmark 16-42 19
Japan 0.08-2.12 0.05-1.08(f) 0.03-13.0(f) 20
Austria 1.28-4.03 0.28-0.487 26
Spain 12.41-1433°™ 27
Germany 0.4-11.6 0.06-7.89 0.75-559"™ 28
DDP Sweden <0.02-<0.1 <0.003-<0.06 <0.004-<0.01 <0.01-1.4 <2 <2-38 13
4-CP USA/Minnes. <1 <1-1.2 <1 <1 17
BPA Norway 7.06-371 6.1-623.4 11
Sweden 24° 0.2 0.1 50-7000 50-300 3
Denmark <5-13(b) 14
Sweden 0.87-2.30 0.10-0.38 12
Norway 6.1-280(f) 4
Norway 120-623(m) 0.01-305(m) 4
USA/Minnes." <1 <1-8.7 6.7-26.1 <1 17
Germany 0.15-7.22 0.03-2.52 75-32,100" 28
Spain 22
Greece 0.92-1.27 0.013-0.019 23
Various <DL-1.01 <DL-0.22 620 24
Sweden <DL-32,100° <50 25
Austria 0.35-2.4 0.11-0.23 <50-350 26
Germany 0.72-2.376 0.026-1.53 70-770 29



Screening of phenolic substances in the Nordic environments 57

Table 9 cont'd:

TBBPA Sweden 0.04-6.15  0.02-39.16 9
Sweden <3-180 50-2400 11

Norway 0.3-320 1.9-44 50-2400 8

Norway <3.9-21.7 3.1-63 0.02-1.59(f) 4

?? 2-600 0.01-39.16(m) 4

Norway 0.1-67(m) 6

Norway 0.04-0.89" 1.92-44.4 8

Japan n.d.-0.62 16

Germany 0.9-17.4 <0.2-18.8 <0.2-20.4 <0.2-34.5 <0.2-1.83 21

Sweden 2.8-8.5 <1 25

Sweden <0.3-220 31

di-Me-TBBPA Norway <0.9-1.2° 0.00-1.23 4
Norway <0.0005" 0.11-1.23 8
Sweden 24-1,500 15

Germany <0.2-0.52 21

OP1EO Sweden 0.057-<2.3  <0.000-0.056 0.0023-0.001  <10-5000 <1 0.5-7.3 13
USA/Minnes.’ <1 <1 <1-7 <1 17
Austria 0.042-0.66 n.d.-0.470 26
OPEO USA/Minnes."” <1 <1-8.4 <1 <1 17
NP1EO Faroe Islands <1-<70 7
Sweden 0.89-<5.8 0.003-2.5 0.077-<0.1 1.6-160" <14-<25 13-870 13

Spain <0.1-31(f) 1

USA/Canada <0.02-7.8(f) <3-170(f) 1

Japan 0.04-0.42(f)

?? 70-1210° 1

Denmark <5-87(b) 14

Greece 0.75-2.63 <DL-5.22 1,010 23
Spain 4.61-268.1°™ 27
Sweden 25-200° 30

NPEO Spain <0.2-11(m) 10-620(m) 1
Adriatic Sea <0.02-39(m) 1

UK/NL 0.04-76(b) 40-3970(b) 1

USA 0.16-0.94(m) 50-3000(m) 1
USA/Minnes.* <5 <5-42 <5 <5-34 17

Various <ND-559,300" 24
Austria 4.06-7.30 n.d.-2.58 26

Notes: b = brackish, f = freshwater, m = marine; sludge-amended; mg/kg dw; “average(n=55); “average (n=2); waste deposit; "bog; ‘Minnesota, USA; ‘OP2EO; *NP2EO; 'sum ot
OPEOQs and NPEOs; values for primary, secondary and dewatered sewage sludge;

1) M. Petrovic et a. (2004); 2) Darnerud (2002); 3) Naturvardsverket (2005); 4) Norwegian study; 5) M. Cantero et al. (2006); 6) Morris et al. (2004); 7) Dam and Danielsen (2002).; 8)
Schlabach et al. (2002); 9) Asplund et al. (2003); 11) Fjeld et al. (2004); 12) Naturvardsverket (2006); 13) Remberger et al. (2003); 14) NERI, unpublished data; 15) Sellstrém and
Jansson (1995); 16) Osako et al. (2004); 17) K.E. Lee et al. (2004); 18) Griittner et al. (1996); 19)
http.//www.albertslund.dk/Miljoe OgForsyning/GroentRegnskab/GroentRegnskab2005/Spildevand/Miljoefremmede Stofferl-Spildevand.aspx; 20) Isobe et al. (2001); 21) Kuch et al.
(2001); 22) Hernando et al. (2004); 23) Gatidou et al. (2007); 24) Harrison et al. (2006); 25) Nihl (2004); 26) Clara et al. (2005); 27) Aparicio et al. (2007); 28) Weltin et al. (2004); 29)
Bolz et al. (2001): 30) Wahlberg et al. (1990); 31) Oberg et al. (2002).



http://www.albertslund.dk/MiljoeOgForsyning/GroentRegnskab/GroentRegnskab2005/Spildevand/MiljoefremmedeStofferI-Spildevand.aspx

58

Screening of phenolic substances in the Nordic environment

Table 10. Concentration of selected phenols in various biota samples (ug/kg dw)

Name Country/ Mussel Fish Fish Egg Mammal Ref
location (fresh) (marine) (marine)
4-tBuP Sweden <2° <2° 5
2,6-di-tBuP Sweden <0.1° <0.1° 5
4-tOP Sweden <0.3-1.3° <0.3° 5
OP Denmark <1.5 <1.5 <1.5 6
4-NP Sweden <6-15° <10° 5
NP Faroe Islands <2 2
Denmark 35-4635"  75-6925° 6
Denmark <1-1479° <1-108 <1-5.3 6
Sweden 200-400° 13
DDP Sweden <10° <10° 5
4-CP
BPA Norway 1.0-13.7 1.9-<18 3
Sweden 0.3-35 4
Denmark <2-2380°  <1-63.7° <1-233° 6
Sweden 10-23°" 12
TBBPA Norway 0.01-0.0.03 0.08-0.16 1
Norway 0.01-0.18  0.05-<3.82 3
Norway 0.5-2.5 9
Sweden 210-450° 2-210 4
UK 0.1-418° 10
UK <5-357 11
di-Me-TBBPA Norway <0.1 <0.50° 1
Denmark 0.1-940° 7
Japan 5 8
OP1EO Sweden <2° <2° 5
OPEO
NP1EO Faroe Islands <30°
Sweden <20° <20° 5
Sweden 80-280° 13
NPEO Denmark <2.5 <2.5 <2.5 6

Notes: °liver; bsnail (Nucella lapillus); °lipid weight; Ywet weight; °Peregrine falcon egg, lipid weight; 'avsrage value, wet weight;
9Porpoise blubber, lipid weight; "mg/kg;

Ref.: 1) Schlabach et al. (2002); 2) Dam and Danielsen (2002); 3) Fjeld et al. (2004); 4) Naturvardsverket (2005); 5) Remberger
et al. (2003); 6) NERI, unpublished data; 7) Vorkamp et al. (2005); 8) Watanabe et al. (1983); 9) de Wit et al. (2006); 10) Morris
et al. (2004); 11) Law et al. (2006); 12) Nihl (2004); 13) Wahlberg et al. (1990);



5. Methods

5.1 Sampling

At the beginning of this project a sampling protocol was submitted to all
the participating sampling institutions countries to ensure representative
and comparable samples from all countries. A copy of this protocol is
presented in Annex 2, and here only a brief description of the sampling
guidelines is given.

5.1.1 Sample types

This screening project includes analysis of selected phenols in the follow-
ing environmental sample types (matrices):

e Aqueous samples
influent/effluent water from STPs
surface runoff incl. leachate from landfills
recipient and background water (marine and lacustrine)
e Solid samples
sewage sludge from STPs
sediments (marine and lacustrine)
soil
e Biological samples
mussels (Mytilus edulis)
fish (liver samples)
seabird eggs
marine mammals (seal/pilot whale liver)

5.1.2 Selection of sampling sites

The specific selection sampling sites lies within the responsibility of the
sampling institutes in the participating countries and are based on previ-
ous experiences with some of the substances selected for this project and
the objectives to study specific environmental conditions. The same insti-
tutions are also responsible for proper storage and transportation of the
collected samples to the analytical laboratory (NERI, DK), that has been
assigned to this screening study. Sampling sites must be indicated on the
sampling protocols as accurate as possible (preferably with lati-
tude/longitude data and a map).
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5.1.3 Sampling equipment

All utensils coming in contact with the samples should be solvent rinsed
with 3 times acetone and 3 times dichloromethane (DCM) following the
normal cleaning. Glass and metal utensils should eventually be heated for
2 hours at 450 °C; Teflon utensils should be heated for 12 hours at 200
°C.

Polymer materials based on phenolic resins pose a significant risk of
contamination with phenols and equipment made of such material must
be avoided when handling, storing or shipping samples. Generally, con-
tact with polymer utensils should be kept at a minimum, and restricted to
utensils made of Teflon and Nylon, the latter only in form of special
sample bags as Rilsan® bags. Furthermore, detergents contain phenols
and phenol ethoxylates and therefore all sampling equipment that has
been washed should successively be carefully rinsed three times each
with water, acetone and DCM. Samples should be collected in the same
containers in which they are to be cooled/frozen, stored and shipped to
the analysing laboratory to avoid losses due to adsorption and change of
vessels.

Immediately after sampling, all samples (i.e. sample containers) must
be carefully labelled to uniquely identify each sample and to avoid sam-
ple mixing. For unique identification each sample must be labelled with
the following information using waterproof labels and ink:

e sample type (according to the sample types listed above)
e species (for biological samples)

e date and time of sampling

e position of sampling (latitude and longitude)

e name and affiliation of sample collector

5.1.4 Sample preservation and transportation

Generally, all collected samples are preserved by cooling to 0-5° C in
dark immediately after sampling in the field; only water samples re-
quires additional preservation. After returning to the laboratory, all sam-
ples except water samples are additionally preserved by freezing down to
-18° C in the dark. This preservation technique is fast, uncomplicated and
effective for short-term storage. However, to prevent degradation or other
changes of the analytes, all samples must be transported to the analysing
laboratory (NERI, DK) as soon as possible after being collected. During
transportation it is mandatory that all samples are kept frozen (water:
cooled below 5° C) and in the dark.

Samples should be uniquely labelled and transported in special cool-
ing boxes that are capable of maintaining the required low temperatures
and furthermore secured sufficiently to avoid breakage (water samples,
eggs). Copies of the sampling protocols should be sent together with the
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samples; the original sampling protocols should be send to NERI by sepa-
rate mail (or e-mailed as PDF files).

5.1.5 Aqueous samples

Special cleaned and pre-treated sample containers (1 L Pyrex redcap bot-
tles) will be provided by NERI prior to the sampling. Generally for this
screening project, water samples are collected as grab (or dip) samples,
and should preferably be collected in the middle of the stream of flowing
water at the sampling location. The sample collector should move around
carefully in the stream not to disturb the sampling site and avoid welling
up material from the bottom. The sampling bottle is rinsed three times
with the sampled water before the final 1 L sample is collected. After
sampling, a small amount of the water is removed and replaced with an
acidifying agent (H,SO,) to lower pH < 3 to preserve the sample; after
preservation, the water sample should be stored in a cooling box kept at
0° C (use ice).

5.1.6 Solid samples

5.1.6.1 Sewage sludge samples

Sludge samples are collected either in Rilsan® (Nylon) or Teflon (Ted-
lar®) bags or cleaned and pre-treated glass jars, which will provided by
NERI before the sampling period. Municipal sewage sludge should be
fresh from the sewage plant, collected within one hour from final dewa-
tering/stabilization, following a period of normal weather conditions. A
composite sample should consist of 3-5 sub-samples collected at random
from the stabilized sludge heap. Each sub-sample should consist of 100-
150 g to add up to a final amount of approximately 500 g for the compos-
ite sample. After sampling, the sample bag should immediately be placed
in the dark in a cool box kept below 5° C. After returning from the field
to the laboratory, the samples should be frozen down to and stored at -
18°C. During transportation to NERI the sludge samples should be kept
frozen all the time.

5.1.6.2 Soil samples

Soil samples are also collected in Rilsan® (Nylon) or Teflon (Tedlar®)
bags, which will provided by NERI before the sampling period. At each
sampling location a composite sample consisting of 3-5 sub-samples is
collected at equidistant (1-2 m) positions from the centre. Before collect-
ing the sample, the surface layer (upper 0.5-1 cm) is removed. The sub-
sample is then collected a depth of down to 5 cm. Before adding the sub-
sample to the sampling bag, non-soily material like stones, root and
leaves should be removed. Each sub-sample must include 20-25 g de-
pending on the number of sub-samples collected. In total, about 100 g
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must be collected. After pooling all sub-samples, the composite sample is
mixed by carefully shaking the sample bag. After sampling, the sample
bag should be labelled as required and tightly closed as described above.
The bag is the immediately placed in the dark in a cool box kept at 0° C
(use ice). After returning from the field to the laboratory, the soil samples
should be frozen down to and stored at -18°C. During transportation to
NERI the soil samples should be kept frozen all the time.

5.1.6.3 Sediment samples

Sediment samples should be collected using either a stainless steel
“Haps” sampler or a stainless steel Kayak sampler and be stored in Ril-
san® bags. Sediments are collected as composite samples consisting of 3-
5 sub-samples. It is important that the bottom is as undisturbed as possi-
ble before taking the samples. Sub-samples are collected at equidistant
(1-2 m) positions from the centre of the sampling spot. Only the upper 2
cm of the core is used. Stones and organic material is removed before
pooling the sub-samples. Each sub-sample should contain 20-25 g de-
pending on the number of sub-samples to add up to a total of approxi-
mately 100 g of composite sample.

5.1.7 Biological samples

5.1.7.1 Mussels

Mussel samples were collected as 30 — 40 preferably bottom-dwelling in-
dividuals at 40 — 60 mm length (and pooled in two size fractions: 40-50
and 50-60 mm) after the spawning season (in October). Only living mus-
sels were sampled, and the shells were rinsed for sand etc. with water
from the sampling environment. Eventually, the mussels were depurated
in a carefully cleaned glass tank for 24 hours in fresh water from the sam-
pling station. The soft tissue (incl. the adductor muscle) from all the mus-
sels were pooled and frozen at - 20 °C.

5.1.7.2 Fish

Fish were sampled by using either a net or a fishing rod. Mussels were
collected by hand or trawl. Details on how marine mammals are col-
lected should be provided by the collecting institute.

Fish caught during the non-breeding season is preferred over fish from
the breeding period. Immediately after being caught the fish are killed
and its weight, length and sex (if possible) recorded.

5.1.7.3 Marine mammals

The liver samples from seals and pilot whales were transferred to a Ril-
san® bag and were stored in a cooling box kept at 0° C (use ice). As soon
as possible, the samples have been transported to the laboratory, where
they were frozen below -18° C.
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5.1.7.4 Birds egg

Bird eggs were collected from nesting colonies early in the breeding sea-
son (and should preferably not contain embryos). At least five eggs from
individual nests of the same species have been collected from each col-
ony.

5.2 Materials

All glassware are carefully washed, rinsed and heated to 450 °C for 4
hours before being used. All solvents used are of analytical grade or bet-
ter (e.g. HPLC grade).

5.2.1 Analytical standards

The following list shows the isotopically marked compounds that have
been used as recovery and injection standards.

5.2.1.1 Surrogate (recovery) standards

4-tert-Butyl-D9-phenol-D4 CioHD;;0
4-n-Octyl-D17-phenol C:HsD,O
4-n-Nonylphenol-13C6 12CyPCeH40
Bisphenol A-D6 Ci5sH DO,

12(:313C12leBl‘402
€)1 PCeHos0,

Tetrabromobisphenol A-13C12
4-n-Nonylphenol-13C6 monoethoxylate

5.2.1.2 Injection standards

Naphthalene-D8 Ci0Dg
Phenanthrene-D10 Ci4sDyo
Indeno(123-cd)pyrene-D12 CxDp
5.2.1.3 Calibration standards

4-tert—Butylphen01 C10H14O
2,6-di-tert-Butylphenol C4H»0
4-tert-Octylphenol C;Hx,0O
4-n-Octylphenol C4H»0
Nonylphenol mixture CisH»0
4-n-Nonylphenol CisH,,0
4-Dodecylphenol CisH300
4-Cumylphenol CisH6O
Bisphenol A Ci5H160,
Tetrabromobisphenol A C,sH,Br,0,
Tetrabromobisphenol A, dimethylether C,7H6B1r40,
Octylphenol monoethoxylate Ci6H260;
Nonylphenol monoethoxylate C,7H230,
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5.3 Sample preparation

5.3.1 Extraction and clean-up

5.3.1.1 Water samples

Before extraction the water sample was equilibrated at room temperature.
If containing particles or debris the water was filtered through pre-
cleaned glass wool and transferred to a 2 L separating funnel before being
spiked with 1 mL of mixture of recovery standards. The sample was then
extracted by 3 x 50 mL dichloromethane (DCM). The combined extracts
were dried over Na,SO,4 and concentrated to 1 mL by rotary evapora-
tion/gentle N, blowing. Before being analyzed the concentrated extract
was derivatized using a silylating mixture (BSTFA-TMS, see 5.3.3).

5.3.1.2 Solid samples

After being thawed the sample (sludge, soil or sediment) was thoroughly
homogenized before an aliquot of approximately 10 g was weighed and
transferred to a pre-cleaned glass shaking flask and spiked with a 1 mL
recovery standard. After 1 hr. 30-40 mL of DCM was added and the sam-
ple was extracted for 1 hr. at a shaking table (300 rpm). The solvent was
decanted and another 30-40 mL of was added and the sample extracted
for another 1 hr. at the shaking table. Again the solvent was decanted, and
the combined extracts were filtered through pre-cleaned glass wool, dried
over Na,SO4 and evaporated to 1 mL. The soil and sediment extracts were
then derivatized directly. Sludge extracts were further cleaned-up using a
SPE-SiO; column (2 g) conditioned with hexane and eluted with 20 mL
hexane-acetone (1:1) and 10 mL DCM. The combined eluates were sub-
sequently evaporated to 1 mL and derivatized with BSTFA-TMS (see
5.3.3).

5.3.1.3 Biological samples

Biological samples were thoroughly homogenized before an aliquot of 5-
10 g were collected and thoroughly mixed with a sufficient amount of
Hydromatrix to become a dry powder. The dried sample was quantita-
tively transferred to a pre-cleaned Soxhlet thimble and spiked with surro-
gate standards. After a couple of hours the sample was extracted for ap-
proximately 20 hrs. using a mixture of hexane-acetone-DCM (2:2:1). The
extract was filtered through pre-cleaned glass-wool, dried over Na,SO,
and evaporated to 1 mL using a rotary evaporator and gentle N,-blowing.
The concentrated extract was redissolved in 10 mL hexane and ex-
tracted with 2x25 mL acetonitril saturated with hexane. The combined
acetonitril fractions are then concentrated and redissolved in hexane.
following the procedure of Tsuda et al. (2000). Eventually, the biota ex-
tracts in hexane were further cleaned-up on a SPE-SiO, column (2 g).
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Before being analyzed the extracts were derivatized using BSTFA-TMS
(see 5.3.3).

5.3.3 Derivatization

100 puL of pre-cleaned extract was transferred to a GC-vial and mixed
with 100 pL of BSTFA-TMS (N,O-bis(trimethylsilyl)trifluoroacetamide-
trimethylchlorosilane, 9:1 mixture). After capping the vial, the sample
was heated to 60 °C for 30 min. Silylation as a tool for derivatization in
mass spectrometry has recently been reviewed by Halket & Zaikin
(2003).

5.4 GC-MS analysis

5.4.1 GC parameters

All derivatized extracts are analysed using a Thermo Finnigan DSQ GC-
MS instrument equipped with a PAL autosampler. GC-inlet: split/split-
less injector operated at 280 °C at programmed flow (He) of 1-2.5
mL/min. with surge pressure (150 kPa for 0.7 min) during injection. In-
jection volume: 2 pL. Temperature programme: 90 °C for 1 min.; 90-240
°C @ 10 °C/min.; 240 °C for 4 min.; 240-270 °C @ 20 °C/min.; 270 °C
for 18.5 min; total: 40 min.

5.4.2 MS parameters

The quadrupole is operated in single-ion-monitoring (SIM) mode at a
source temperature of 200 °C and an ionising current of 70 eV. To detect
selected compounds, recovery standards and injection standards, frag-
ment ions are recorded in eight different windows with 3 to 8 ions in each
according to Table 11.
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Table 11. GC-retention times, MS-groups, dwell times and quantification ions used for
detecting phenolic substances.
Compound MW GC-Rt MS-window  Dwell-time Quant. ion
(g/mole) (min.) (msec.) (m/z)
Surrogate standards:
4-tert-Butyl-D9-phenol-D4 163.30 7.4 1 100/100 217/ 235
4-n-Octyl-D17-phenol 223.44 12.7 3 100 295
4-n-Nonylphenol-13C6 226.38 13.9 4 100 298
Bisphenol A-D6 234.33 16.8 6 100 378
Tetrabromobisphenol A-13C12 555.9 29.4 8 100 371
4-n-Nonylphenol-13C6 monoethoxy-  270.43 17.0 6 100/100 185/342
late
Injection standards:
Naphthalene-D8 136.22 5.6 1 50 136
Phenanthrene-D10 188.30 12.6 3 50 188
Indeno(123-cd)pyrene-D12 288.41 29.3 8 100 288
Calibration standards/Quantified
compounds:
4-tert-Butylphenol 150.22 7.5 1 300/300 151/222
2,6-di-tert-Butylphenol 206.33 8.6 2 300 191
4-tert-Octylphenol 206.33 11.0 2 300/300 179/278
4-n-Octylphenol 206.33 12.9 3 100/300 179/278
Nonylphenol, mixture 220.36 12.0-12.6 3 100/100/300 179/193/221
4-n-Nonylphenol 220.36 13.9 4 300/100 179/292
Dodecylphenol, mixture 262.44 14.1-14.9 4 100/400 193/221
4-Cumylphenol 212.29 13.7 4 300 269/284
Bisphenol A 228.29 16.8 6 200/100 357/372
Tetrabromobisphenol A 543.90 29.2 8 300/300/300 671/673/675
Tetrabromobisphenol A, dimethyl-
ether 571.95 26.2 7 200/600/200 555/557/559
Octylphenol monoethoxylate 250.38 16.0 5 400/400 179/322
Nonylphenol monoethoxylate 264.41 17.0 6 200/100 179/336

Notes: Parameters used with a Termo Finnigan DSQ GC-MS.
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5.4.3 GC-MS chromatograms
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Figure 11. GC-MS chromatograms of selected phenols; A) and B) calibration and injec-
tions standards (IS).
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Figure 12. GC-MS chromatograms of selected phenols; C) calibration and injection
standards (IS) and D) surrogate standards (SS).

5.5 Validation and control
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5.5.1 Linearity

5.5.1.1 Calibration

Most of the calibration standards showed good linearity in the GC-MS
analysis with R’-values in the range of 0.993-0.999. 2,6-di-tert-
Butylphenol showed a slightly inferior linearity with R*-values in the
range of 0.96-0.985. 2,6-difert-Butylphenol is the only compound which
is not readily derivatized. However, it appeared that during a GC-MS run
the response-ratio of the signal of the calibration standard decreased
steadily indicating that 2,6-di-tert-Butylphenol perhaps is very slowly
derivatized.

5.5.2 Recoveries

The average recovery for the different matrices is shown in Table 12. Due
to interference in the chromatograms it was not possible to use 4-n-
Nonylphenol-">C¢ monoethoxylate as a recovery standard except in sedi-
ments. All data have been corrected for recovery before reporting. For the
biota samples, however, there were also some problems with TBBPA and
bisphenol A, and for some samples it was not possible to quantify the
recovery due to interferences.

Table 12. Average recoveries of surrogate standards.

Sample type Water Solid Biota

average typicalrange average typical range average typical range
4-tert-Butyl-D9-phenol-D4 52% 35-85% 78% 65-95% 76% 30-120%
4-n-Octyl-D17-phenol 78% 45-125% 102% 80-120% 71% 35-125%
4-n-Nonylphenol-13C6 103% 75-150% 100% 80-120% 100% 75-150%
Bisphenol A-D6 119% 85-175% 86% 55-120% - -
Tetrabromobisphenol A-13C12 75% 50-110% 67% 50-90% - -
4-n-Nonylphenol-13C6 mono-
ethoxylate - - 96% 75-120% - -

5.3.3 Reproducibility and precision

5.3.3.1 Replicate analyses
Eight water samples were spiked with a mixture of the phenolic com-
pounds. The concentration of the single compounds was determined in

relation to their various detection limits. The results are shown in Table
13.
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Table 13. Average and standard deviation of eight replicate analyses of a water.

Concentration (ng/L) average standard dev %dev
4-tBuP 175,7 281,3 166,0
2.6-di-tBuP 45,2 21,7 48,2
4-tOP 63,6 12,0 18,9
4-0OP 52,5 31 59

NP-mix 116,9 36,9 32,5
4-NP 15,6 1,4 8,5

DDP 641,6 86,7 13,7
4-CP 8,4 1,1 12,7
BPA 16,5 1,8 11,2
TBBPA 51,4 14,5 27,8
Me-TBBPA 50,0 7,3 14,4
OP1EO 11,2 2,2 19,3
NP1EO 31,6 2,8 8,8

The standard deviations are elevated for four compounds. There are
different explanations for the different compounds. For 4-tBuP the prob-
lem is probably related to generally elevated blank values. For 2,6-di-
tBuP it is probably due to a slow derivatization as mentioned above. Re-
garding the NP-mix this is quantified over a range of peaks which inher-
ently increases the uncertainty, and for TBBPA it is most probably re-
lated to the low response the electron-impact GC-MS analysis. These
explanations have to some degree been verified by the data in Table 14,
where the same spiked water samples each were analyzed in triplicates in
order to estimate the uncertainty from the GC-MS analysis.

Table 14. Average and standard deviation of triplicate analysis of the eight replicate
water samples by GC-MS.

Concentration (ng/L) average standard dev %dev
4-tBuP 4083,3 88,3 21
2.6-di-tBuP 47,5 4,9 10,5
4-tOP 63,6 5,7 9,0
4-OP 52,8 3,9 7,4
NP-mix 108,1 20,2 19,9
4-NP 18,9 2,8 14,7
DDP 926,7 87,0 9,4
4-CP 8,8 1,1 13,0
BPA 20,2 2,0 10,0
TBBPA 85,1 16,6 19,3
Me-TBBPA 50,0 11,0 22,0
OP1EO 11,9 1,2 10,4

NP1EO 31,8 2,5 7,9
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5.3.3.2 Sample replicates

During the analysis of the collected samples approximately every tenth
sample was analyzed in duplicate. It has been difficult to perform statisti-
cal analysis on the duplicates. Most of the duplicates were water samples,
and for these samples a large number of measurements were below detec-
tion limits. For the sludge samples it turned out to be quite difficult to
prepare homogeneous samples, and that increased the variation consid-
erably. High variation between replicates was observed for some samples
especially for NP-mix, DDP and in some cases also OP1EO and BPA,
but generally the agreement between replicate analyses was satisfactory.
Replicate analyses for the different types of samples are discussed in
more details in Chapter 7.

5.3.3.3 Field replicates

Parallel field replicates or parallel samples were collected for most sam-
ple types, and they are described in more details in Chapter 7. Especially
for wastewater, sludge and run-off samples high deviations between par-
allel samples were observed. This could be due to the fact that it is diffi-
cult to sample truly parallel samples in these matrices, and subsequently
difficult to homogenize some of these sample types. As describe above,
especially NP-mix, DDP and in some cases also BPA which showed
higher deviations.

5.5.4 Detection limits

Detection limits were calculated as 5 times the signal-to-noise ratio. For
4-Dodecylphenol this approach was not possible due to interference from
the column. In this case the lowest standard which indicated linearity was
used as the detection limit.

5.5.5 Blanks

Laboratory blanks ware analyzed in all extraction batches. The values of
the blanks were subtracted from the sample data before reporting the
actual values.

Values for laboratory blanks were in generally low except for 4-tBuP,
DDP and TBPPA. For 4-tBuP it has not been possible to find any obvious
reasons for the elevated blank values. For DDP the elevated blanks are
likely related to the interferences in the chromatograms i.e. probably col-
umn bleeding. For TBPPA the elevated blank values may be related to
cleaning of the glassware. For some of the water analyses some of the
glassware was rinsed with DCM after the normal cleaning procedure
instead of heating it to 450 °C for four hrs. In the replicate experiment all
glassware were heated to 450°C, and the blank values for these experi-
ments were considerably lower, approximately 30 ng/L, than when the
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glassware was just rinsed with DCM. So the cleaning procedure appears
to be very important in connection to analysis of TBBPA.

In table 15 the average blind values for the different sample types are
listed.

Table 15. Average values for laboratory blanks.

Sample type Water Solid Biota
ng/L pa/kg ua/kg
4-tBuP 650 190 85
2.6-di-tBuP 7 <0,5 <3
4-tOP <1 <5 <6
4-OP <1 <0,5 <1
NP-mix 28 10 40
4-NP <1 <0,1 <1
DDP 130 50 150
4-CP <1 <0,1 <1
BPA 3 2,5 2
TBBPA 110 35 <5
Me-TBBPA 0 <2 <10
OP1EO 15 <1 <1
NP1EO 3 <1 <2

5.6 Literature survey of relevant methodologies

In 2001 Petrovic and Barceld published a literature survey on the extrac-
tion and identification techniques used to analyze phenolic substances in
environmental samples. The survey included phenolic endocrine dis-
rupting compounds, and here it has been extended to include other phe-
nolic substances included in this study. Another review on analytical
methods for the determination of alkylphenolic surfactants and flame re-
tardants in waste water and sewage sludge has recently been published by
Scrimshaw et al. (2004).

Generally, analytes in aqueous samples are trapped on pre-packed
SPE (mostly C18) and then recovered using a polar solvent like methanol
(MeOH). If further clean-up is necessary this is typically accomplished
by eluting the extract through a normal-phased column (e.g. silica gel,
Si02). The eventual analysis is mostly done by GC-MS or LC-MS.

Solid samples are extracted various techniques ranging from tradi-
tional shaking, ultrasonic and Soxhlet extraction to newer techniques like
microwave assisted extraction (MWAE), pressurized liquid extraction/ac-
celerated solvent extraction (PLE/ASE); supercritical fluid extraction
(SFE) is also used occasionally. Subsequent clean-up is mostly obtained
by eluting the extract through a reversed phased (e.g. C18) or a normal
phased (e.g. SiO,, ALLO; or Florisil) column; the choice of technique of-
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ten depends on the eventual analytical method, LC-MS or GC-MS, re-
spectively.

Biological samples are either extracted by the same techniques used
for solid samples or simply homogenized in an appropriate solvent
(methanol, hexane-acetone). Depending on the lipid content various
clean-up methods are used. Lipids can be destroyed by conc. sulphuric
acid, either directly or on a SiO2 column saturated with conc. acid. The
lipid can also be digested by boiling it with alkalized methanol. The lipid
content may also be partitioned between hexane and acetonitrile or a first
clean-up may be accomplished using gel permeation chromatography
(GPC). Often a second clean-up is obtained by eluting the extract through
a normal-phased column.

The extracted analytes are generally analysed either by LC-MS or GC-
MS, occasionally also by LC/fluorescence or LC/UV. Liquid chromato-
graphy is probably more straightforward than GC-MS as the phenolic
compounds can be well separated on a reversed-phased column (e.g.
C18) and detected with good response using either fluorescence or mass
spectrometry. With GC-MS it may be more problematic as the chroma-
tographic performance of some free phenols is less satisfying. Conse-
quently, phenols are often derivatized before being analysed by GC-MS
to obtain better chromatographic performance and response. Often sily-
lating agents like BSTFA (bistrimethylsilyltrifluoroacetamide) are used
for derivatization of phenols.
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Table 16. Literature survey of analytical methods applied for the determination of phenolic substances and alkylphenol eth-
oxylates in environmental samples.

Compound Sample Extraction Clean-up Identification Ref.

BPA, OP Fish MWASE? SPE-C18", SPE-NH2 LC/APCI-MS® 1

BPA Sea water, spring water LLE® (DCM°) GC-MS' 2

BPA River/sea/ground water Micro LLE (DCM) GC-MS 3

BPA, OP, NP,Sewage sludgeUltrasonic solvent extractionSPE-C18 LC/(APCI/ESF)-MS 4

NPEO, NPEC

BPA Riwer water LLE (toluene) LC/fluorescence + GC-MS 5

NP, OP, NPEO Riwer water, sediment LLE (DCM), Soxhlet (DCM) GC-MS 6

NP, OP Marine sediment Soxhlet (DCM) LC/fluorescence 7,8

NP, OP, NPEOFish, sediment, waterLLE, steam distillilation (c- GC-FID", GC-MS 9

hexane)

NP, OP Waste water effluents SPE (Empore disk) LC/fluorescence 10

NP, NPEC, OP,Waste/ground waterLLE (DCM) LC/UV, GC-MS 11

APEO

NP, OP Sewage sludge, sediment SFE {CO2)’ GC-MS 12

NP, NPEO, NPEC Waste water effluent SPE-C18 LC/APCI-MS 13, 14

NP River sediment PLEf GC-MS 15

NP, NPEO Freshwater organisms Steam distillation LC/fluorescence 16

NP, OP, NPEO Water, sediment, fish Ultrasonic solvent extraction SPE-C18 GC-MS 17

TBBPA Sewage sludge, sedimentShaking, sonicationSPE-C18 LC/ESI-MS/MS 18

(DCM/MeOH")

4-tBuP, 2,6-di-tBuP,Water, sludge, sediment, fishWater: SPE-ENV+Si02' GC-MS 19

4-OP, 4-tOP, 4- Sludge/sediment: acetone,

tOP1EO, 4-NP, 4- pentane/MTBE

NP1EO, 4-DDP Waste water, sewage s[udgeFiSh.' SPE-C18, SPE-NH2

NP, NPEO, BPA Water: SPE-C18 GC-MS 20
Sludge, sediment, biotaSolids: sonication (MeOH)

HBCD, TBBPA Soxhlet, homogenizationGPC", SiO2LC-MS 21
Sewage sludge(acetone-hexane)

4-NP, BPA Steam distillation, Soxhlet AI203" GC-MS 22
Waste/surface water, sewageSFE, PLE

OP, NP, OPEO,sludge, sediment, biota SPE-C18, SoxhletAl203 LC/fluorescence, LC-MS 23

NPEO Leachate, sewage sludge, soil biota: MSPD°

OP, NP, BPA Water, sediment, fishSPE-C18, Soxhlet (MeOH)GPC, Si02GC-MS 24

estrogens

OP, NP, OPEO,Water SPE-ENV+, PLE (acetone-SPE-NH2 LC/fluorescence, GC-MS 25

NPEO Sediment, biota hexane)

TBBPA, BFRs SPME? GC-MS 26

4-tOP, 4-NP, 4-CP, MWE? (DCM, MeOH) SPE-Envi Chrom P GC-MS, LC-MS 27

BPA

Notes: “Microwave-assisted solvent extraction; bsolid phase extraction with octadecylsilane (C18) or aminosilane(NH2); °LC, liquid chromatography; APCI, atmospheric pressure
chemical ionization mass spectrometry; liquid-liquid extraction; °Dichloromethane; 'gas chromatography-mass spectrometry; %electrospray ionization; "gas chromatogratography-
flame ionization detection; 'ultraviolet detection; fsupercritica/ fluid extraction with carbon dioxide; “pressurized liquid extraction; Isilica gel column clean-up; "gel permeation chroma-
tography; "alumina oxide column clean-up; °matrix solid phase dispersion; Psolid-phase microextraction; “methanol;

Ref: 1) Pedersen & Lindholst (1999); 2) Olmo et al. (1997); 3) Gonzales-Casado et al. (1998); 4) Petrocic & Barcel6 (2000); 5) Markhan et al. (1998) ; 6) Bennie et al. (1997) ; 7)
Khim et al. (1999a); 8) Khim et al. (1999b); 9) Lye et al. (1999); 10) Snyder et al. (1999); 11) Rudel et al. (1998); 12) Bennett & Metcalfe (1998); 13) Castillo & Barcelé (1997); 14)
Castillo et al. (1997); 15) Ding & Chen (2000); 16) Ahel et al. (2003); 17) Blackburn et al. (1999); 18) Saint-Louis & Pelletier (2004); 19) Remberger et al. (2003); 20) Gatidou et al.
(2007); 21) Morris et al. (2004); 22) Meesters & Schréder (2002); 23) Voogt et al. (2000); 24) Weltin et al. (2004); 25) Rice et al. (2003); 26) Polo et al. (2006); 27) Stuart et al. (2005)






6. Sampling programme

6.1 Overall sampling schedule

For this screening project the steering group had decided that each of the
six participating countries would provide 20 environmental samples (i.e.
water, sludge, soil/sediment and biota). The sampling strategy regarding
sample type and sampling sites was decided by the steering group based
on known or assumed application and use of the phenolic substances.
Following that, each participating country was responsible for collecting
and shipping of samples to NERI for analysis and for providing the sub-
sequent sampling data according to a general sampling protocol (Annex
1) distributed by NERI. In the table below an overview of all samples are
listed, and in Annex 2 detailed sampling schemes for each country are
listed. On the map below (Figure 13) the sampling positions for each
country have been marked.

=

Faroe|slands ¢ : Finland

Figure 13. Sampling stations in the Nordic countries; colour codes: @ (blue), aqueous samples, >t (red),
solid samples (sludge, soil, sediment), /\ (green), biological samples (mussels, fish, eggs and marine
mammals).
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Table 17. List of number and types of samples provided by each country for the phenols screening project.

Sample type Aqueous samples Solid samples Biological samples

Country waste® runoff recipient? sludge sediment? soil Mussel® Fish* Egg® mamm.®
Denmark 3 - 5 1 4 - 2 2 - 3
Faroe Islands 5 -- 2 2 3 2 3 1 2 2
Finland 6 - 3 3 2 - - 6 -- -
Iceland 4 -- 4 4 -- -- - 6 -- --
Norway” 4 2 6 4 6 - 2 5 - -
Sweden - 6 5 4 6 - - - -- -
Total 22 8 25 18 21 2 7 20 2 5

Notes: "Includes both influent and effluent water from sewage treatment plants. 2Includes samples from both lacustrine, brackish and marine environment. 3Blue mussels. *Includes
Atlantic cod (Iceland and Norway), European perch (Norway), Nothern pike (Finland), Sand goby (Denmark) and Trout (Norway); *Black guillemot (The Faroe Islands); ®Includes liver
from marine mammals: harbour seals (Denmark) and pilot whales (Faroe Islands). 7Norway has made a special agreement to include 9 additional samples in their sampling pro-
gramme.

6.2 National sampling programmes

In the following sections a brief description of the sampling programme
and sample types and positions for each country is given. Further details
are given in Appendix B.

6.2.1 Denmark

6.2.1.1 Waste water treatment plants (STP)
Samples in relation to two STPs were included in the programme. From
Lynetten in Copenhagen (the biggest STP in Denmark) samples included
one influent, one effluent and one recipient (Qresund) water sample.
From the plant itself one sludge sample was included, while a sediment
sample and one composite blue mussel sample from positions in @resund
close to the plant were included.

From Bjergmarken, another but much smaller STP in Roskilde
(smaller town with some 50,000 inhabitants) one effluent and one recipi-
ent (Roskilde Fjord) water sample were included.

6.2.1.2 Hot spots

Due to its physical form, hydrodynamics (long narrow fiord with limited
water exchange) and being a recipient for several smaller towns Roskilde
Fjord (brackish) is considered a hot spot environment. Therefore, four
samples were included from here: one recipient water, one sediment and
two composite fish samples.

6.2.1.3 Background sites

Samples from three background sites were included. From Limfjorden
(brackish environment) two recipient water samples and two sediment
samples were included from a reference sampling site in the middle
(west-east) of Limfjorden. From Blinderen, a small sand bank in Logster
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Bredning, the Western part of Limfjorden, a composite seal liver sample
was included.

From another reference background site in Kattegat one recipient wa-
ter sample and one sediment sample were included together with a com-
posite seal liver sample from Anholt, a small island close to the reference
station.

Finally, a composite seal liver sample was included from Koge Bugt,
southern part of QOresund.

6.2.2 The Faroe Islands

6.2.2.1 Waste water treatment plants (STP)

Samples from two STPs were included. From the Torshavn area samples
from both Sersjantvikin STP and Landssjukrahtsid (hospital) STP were
collected. From each STP one influent and one effluent water sample and
one sludge sample were included.

6.2.2.2 Waste deposits (WD)

From Husahagi WD one landfill leachate sample and one soil sample
were included, and from Havnadalur WD one soil sample was included.

6.2.2.3 Hot spots

From Torshavn harbour one sediment sample, one composite fish sample
and two composite blue mussel samples were included. From the Klaks-
vik (northern part of the islands) area one recipient water sample and one
sediment sample were included. From the Vagsbotn and Getuvik areas
one recipient water sample and one sediment sample, respectively, were
included.

6.2.2.4 Background sites

Samples from background sites were included. From the Nolsoyar fjord
area one composite blue mussel sample was collected. Two composite
pilot whale liver samples were provided from the Hvannasund grind, and
from each of the islands Koltur and Skiivoy one composite seabird egg
(Black guillemot) sample were included.

6.2.3 Finland

6.2.3.1 Waste water treatment plants (STP)

Three municipal STPs were sampled. From both the Viikinméki STP in
Helsinki and the Suomenoja STP in Espoo three samples were included:
one influent and one effluent water samples and as well as one sludge
sample. From the more remote and small STP in Pornainen one effluent
water and one sludge sample were included.
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6.2.3.2 Waste deposits (WD)
From the Espoo WD one effluent (or runoff) water sample was included.

6.2.3.3 Hot spots

From the Helsinki city bay area near the port one recipient water sample,
one sediment sample and four composite (pooled) fish (pikes) samples
were included. The sampling area is in a brackish environment.

From the Espoo coastal bay area (brackish) another two composite
fish (pikes) samples were collected.

6.2.3.4 Background sites

Samples from the Espoo coastal sea area (brackish) included two recipi-
ent water samples and one sediment sample. The outlet pipe for effluent
waters from the Espoo City STP is located near the sampling area.

6.2.4 Iceland

6.2.4.1 Waste water treatment plants (STP)

Non-dehydrated and non-processed solid sludge samples were collected
from two STPs in Reykjavik, Klettagardar (samples KL-1 and KL-2) and
Ananaust (samples AN-1 and AN-2). These plants process sewage from
different parts of Reykjavik and its suburban areas. Additionally, water
samples were collected from two sewage streams in Mosfellbear, a subur-
ban area of Reykjavik. One of the streams goes through a septic tank
before being released at a nearby coast, and the sample MB-1 was col-
lected upstream the septic tank. The second stream is part of the influent
to a STP in Reykjavik (sample MB-2).

6.2.4.2 Landfills (LF)

Iceland also collected leachate from the Alfsnes landfill site in the nearby
recipient stream (samples ALF-1 and ALF-2). The samples were diluted
due to snow melting.

6.2.4.3 Hot spots

Water samples were collected in the harbour area just outside the Kletta-
gardar and Ananaust STPs (samples HA-1 to HA-4). The area, however,
does not serve recipient for the STPs, as the processed water is dis-
charged much further out in the open sea. However, being collected in the
harbour area they may represent a hot spot.

Five fish samples were caught near-coastal water not far from an old
landfill site at Gufunes in Reykjavik (samples with the prefix GUF).
Gufunes was used to store landfill waste from Reykjavik and neighbour-
ing towns until 1991. Records on buried materials are not complete and
seepage from this site is very likely. The site is also of general interest as
it is located close Reykjavik.
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6.2.4.4 Background sites

Five fish samples were collected at two open sea positions, one close to
Faxafl6i bay west of Iceland and one south of Reykjanes (samples FS115,
FS116, F28, F31 and F38).

6.2.5 Norway

6.2.5.1 Waste water treatment plants (STP)

One influent and one effluent water sample were included together with
two sludge samples from the VEAS STP in the south-western part of
Oslo. From the Bekkelaget, central Oslo area, four samples from Bekke-
laget STP also included one influent and one effluent water sample to-
gether with two sludge samples.

6.2.5.2 Hot spots

Samples from five hot spot areas were included. From the inner Oslo
Fiord one recipient water sample, one sediment, three composite fish
samples and composite blue mussel sample were included. From Lake
Mjgsa near Lillehammer one recipient water sample, one sediment sam-
ple and one composite fish sample were included. From Vanemfjorden
and Storfjorden, both inland waters east of Oslo Fjord, one recipient wa-
ter sample plus one sediment sample and one composite fish sample,
respectively, were included. Finally, from the Lier area north of Oslo two
run-off water samples from plastic covered greenhouses were included.

6.2.5.3 Background sites

Two backgrounds stations were included; from the outer Oslo Fjord one
recipient water sample, one sediment sample and one composite blue
mussel sample were included. Finally, from northern Norway one recipi-
ent water sample and one sediment sample were included from both the
Tromse and the Varangerfjord areas.

6.2.6 Sweden

6.2.6.1 Waste water treatment plants (STP)

Samples from STP included two sludge samples from Henriksdal and
Hammarby Sjostad STPs, respectively, both in the Stockholm area. Hen-
riksdal is the biggest STP in Sweden, while the one in Hammarby Sjostad
is a much smaller one serving mainly a new urban resident area.

6.2.6.2 Hot spots

Samples from hot spots included urban areas. From both old and new
parts of Stockholm one recipient water and two surface runoff water
samples together with one sediment sample were included. From a newer
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urban area in Stockholm (Hammarby Sjostad) two recipient water sam-
ples and two sediment samples were included.

6.2.6.3 Background sites

Samples from two inland lakes, Ovre Skirsjon in the middle of Sweden
and Lilla Oresjon in south-western Sweden, included a recipient water
sample and a sediment sample.



7. Results

In this section the results of the screening study is presented. The data are
listed for each country and according to the environmental compartments
where the samples have been collected.

For about 10 % of all samples replicate analyses have been made, and
the average values of the replicates are reported. Similarly, some samples
have been collected as two or more parallel samples, and here average
values are also reported. In those cases where values are below detection
limits (< DL) a value of DL/2 has been substituted for the missing value
when estimating the average value.

Occasionally, for some substances the determined concentrations were
outside the calibration range, and in such cases the reported value is a
best estimate. Especially, dodecylphenol was measured in relatively high
concentrations in most samples; these values, however, are somewhat
uncertain, as most blanks values also had high DDP values, and despite
that all reported values have been corrected for blank values, this in-
creases the uncertainty.

7.1 Aqueous samples

The water samples have been split up in five individual groups according
to where in the sewage process stream they belong. Hence, the following
groups are listed: STP influents, STP effluents, landfill leachates, surface
runoff/surface water and water from background sites.

Generally, contamination problems prevented the detection of 4-tert-
butylphenol in most water samples. Calibration and blank runs, however,
did not indicate that this problem was related to specific laboratory pro-
cedure, and it is not clear what caused the problem. For some samples,
especially nonylphenol, bisphenol A and nonylphenol ethoxylate, were
detected in very high concentration; some of these concentrations were
outside the calibration range, and therefore the reported values are only
best estimates.

7.1.1 Influents from waste water treatment plants (STPs)

Ten water samples from STP influents have been provided by all coun-
tries except Sweden. The Faroe Islands, Finland and Norway delivered
samples from two different STPs, Denmark from one (two parallel sam-
ples), while Iceland collected two samples from local sewage streams in a
suburban area (Mosfellsbar) of Reykjavik. One of these streams is actu-
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ally not a STP influent, but it disposes the sewage to the sea through a
septic tank.

4-tOP was detected in most samples in relatively low concentrations
ranging from < 10 to about 70 ng/L. Nonylphenol isomers (NP-mix) were
detected in all samples with concentrations ranging from about 130 ng/L
(MB-1, Reykjavik) to about 5,700 ng/L (Viikinmiki, Helsinki), but also
samples from Copenhagen and Espoo had high levels > 3,000 ng/L. Also
DDP and BPA were detected in most samples and in high concentrations,
DDP in samples from Torshavn (hospital E-1 and Sersjantvikin) and Hel-
sinki (Viikinméki) from about 3,300 to 4,100 ng/L, and BPA in samples
from Finland (Suomenoja and Viikinméki) from about 7,800 to 9,900
ng/L, respectively. Nonylphenol monoethoxylates (NP1EO) were also
detected in most samples ranging from about 1,140 ng/L (hospital-E1,
Torshavn) to about 4,900 ng/L (Sersjantvikin, Torshavn); also samples
from Espoo and Helsinki (Finland) showed high levels of NP1EO, about
3,300 to 4,700 ng/L.

As the water samples were analyzed in different batches with varying
GC-MS instrumental performance, and as the samples differed widely in
both concentration ranges and particle content, the detection limits could
vary from batch to batch and sometimes from sample to sample. For the
two parallel samples from Lynetten, Copenhagen, the variation for e.g.
NP-mix and BPA was < 20 %, while it was up to 50 % or more for some
of the other substances in lower concentrations.

Table 18. Concentration of phenolic substances in STP influents and sewage in Nordic countries in 2006/2007 (ng/L).

Country DK FO Fl IS NO

Location Copenhagen Torshavn Espoo Helsinki Reykjavik Oslo

Site Lynetten Hospital-E1 Sersjantvikin Suomenoja Viikinmaki MB-1* MB-22 Bekkelaget VEAS
Sample no. 778-779 1416 1420 719 716 1474 1475 675 678
Compound: 7 ° 5

4-tBuP N/A® N/A® N/A® N/A® N/A® N/A® <10 N/A® N/A®
2.6-di-tBuP <10 9.0 <5 <10 <10 <15 <25 <10 <10
4-tOP 43.0 8.5 20.3 16.1 40.8 N/A 72.8 <10 <10
4-0P 12,3 60.6 5.8 66.6 22.5 <2 <1 4.9 8.3
NP-mix 3,550" 923 969 3,146° 5,688* 133 1,520 266 1,108
4-NP 2.3 18.7° 54.3 38.8 19.3 <1 14.6 <1 11.9
DDP 693 4,096* 3,422¢ 182 3,291° <125 501 2,154* 1,356
4-cP 1.0 <1 <1 3.9 10.9 <1 2.2 61.1 7.9
BPA 2,138* 232 1,016 9,828* 7,766 N/A? 204 765 1,236
TBBPA <15 <15 <15 N/A® N/A® N/A® <25 N/A® NA
Me-TBBPA <5 <2 <2 <10 <10 <5 N/A3 <10 <10
OP1EO 77.5 157 56.8 22.3 129 13.5 68.8 68.3 65.9
NP1EO 2,897 1,142 4,896* 3,300* 4,743* N/A® N/A® 1,148 2,757

Notes: ’Sewage sample from Mosfellsbeer, near horse stable; 2Sewage sample from Mosfellsbaer, Arnarhéfdi; Data not available; either do to contamination or other analytical
problems; “Estimate, outside calibration range; Recoveries were generally low for this sample and values are uncertain; sHigh uncertain due to low recovery; 7average of two parallel

samples.

7.1.2 Effluents from waste water treatment plants

Denmark, the Faroe Islands and Norway all collected effluent samples
from two STPs, while Finland collected samples from three different



Screening of phenolic substances in the Nordic environments 83

STP; in total 11 samples were collected and analyzed. Both in Denmark
and Finland the STPs are of different size as they receive sewage from
towns of different sizes. Lynetten in Copenhagen serve as STP for the
metropolitan area (> 750,000 people) while Bjergmarken in Roskilde
only processes sludge from a smaller provincial town (some 50,000 peo-
ple); two parallel samples were collected from Lynetten STP. In Finland,
Pornaninen covers a small town of 1,000 people, Suomenoja in Espoo
covers about 400,000 people, and Viikinméki in Helsinki about 1,000,000
people. No specific information about the STPs in Torshavn is available,
but both the hospital and the town STP in Torshavn are supposed to be
relative small; Sersjantvikin STP process predominantly household
waste. Regarding Norway, the VEAS and Bekkelaget STPs in the Oslo
area covers approximately 700,000 and 350,000 people, respectively.

4-tOP was detected in most samples, but for samples from Bjerg-
marken, Roskilde, and Bekkelaget, Oslo, levels were below detection
limits (DL). For the other samples levels ranged from about 55 to 2,100
ng/L, highest in effluents from STPs in Finland. NP-mix and BPA were
detected in all samples with a couple of results being below DL. Levels
were ranging from < DL to about 2,200 ng/L for NP-mix and from <DL
to about 560 ng/L for BPA. Generally, effluent levels were lower than the
corresponding influent levels. This trend is also observed for the ethoxl-
ates, OP1EO and NP1EO, which were both reduced considerably, and for
several samples levels below DL.

The variation between the two parallel samples from Lynetten STP in
Copenhagen was higher than for the influent samples and for most sub-
stances >50 %.

Table 19. Concentration of phenolic substances in STP effluents in Nordic countries in 2006/2007 (ng/L).

Country DK FO Fl NO
Location Copenhag.1 Roskilde Torshavn Pornainen Espoo Helsinki Oslo

Site Lynetten Bjergmarken Hospital-E2 Sersjantvik.3 Pornainen Suomenoja Viikinmaki Bekkelag.4 VEAS STP
Sample no. 780-781 1009 1633 1417 1418 724 720 717 676 679
Compound: 2 5 5 &

4-tBuP N/A® <10 N/A® N/A® N/A® N/A® N/A® N/A® N/A® N/A®
2.6-di-tBuP <30 <20 <10 <30 <30 <30 <45 <45 <10 <45
4-tOP 490 <5 <5 N/A® 55.1 628 2,099 1,086 <10 67.1
4-0P <5 <1 1.4 <5 16.9 42.6 <5 <5 <1 <5
NP-mix 116 <15 51.3 2,173 169 64.6 189 374 189 105
4-NP 2.9 2.0 <1 71.8 16.9 2.6 13.9 7.0 2.3 2.0
DDP 154 <100 297 N/A® N/A® 1,115 2,206" 2,065" N/A® 1,294
4-CP 1.4 <1 <1 <1 4.6 6.6 <1 7.7 <1 1.8
BPA 8.5 8.1 58.5 <1 561 223 200 467 69.3 96.9
TBBPA <10 <20 58.5 <10 <10 <10 <10 <10 <10 <10
Me-TBBPA <3 <5 <10 <3 <3 <3 <3 <2 <10 <3
OP1EO <1 2.6 7.1 <1 <1 147 165 239 <1 33.7
NP1EO <2 <2 13.4 N/A® 1,585 2.4 <2 <2 <1 <2

Notes: 1Copenhagen; 2Average of two parallel samples; QSersjantvikin STP; ABekkelaget STP. 5Average of replicate analyses; %Data not available due to contamination or other
laboratory problems; "Estimate, outside calibration range; 8not corrected for recovery due to contamination problems;
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7.1.3 Effluents form landfills/waste dumps (WDs)

The Faroe Islands, Finland and Iceland have collected effluent/leachate
water samples from landfills (waste dumps). In the Faroe Islands the
landfill of Husahagi receives no household waste, while both in Finland
and Iceland the landfills probably serve as waste dumps for both industry
and households. The Ammissuo landfill is the biggest in Finland. Iceland
collected two parallel samples from their landfill (ALF), and the samples
were collected where the effluents run into a nearby riwer. An average
variation was observed between the two parallel samples from the landfill
in Iceland, except for BPA that varied more than 100 % between the two
samples; the concentration of BPA in both samples were very high and
fell outside the calibration range.

Samples from landfill effluents were in some cases very high in con-
centrations for both 4-tOP, NP-mix, DDP and BPA, especially in the
samples from Espoo (Ammissuo) and Reykjavik (ALF). As mentioned
earlier, some of the measured values were outside the calibration range,
and must therefore only be considered as best estimates.

Table 20. Concentration of phenolic substances in landfill effluents in Nordic coun-
tries in 2006/2007 (ng/L).

Country FO Fl IS
Location Torshavn Espoo Reykjavik
Site Husahagi Ammaéssuo ALF’
Sample no. 1421 718 1476-1477
Compound\(Sample no) 2
4-tBuP N/A® N/A® 834
2.6-di-tBuP <30 <45 254
4-tOP <10 2,372 487
4-0P 5.9 N/A® 3.6
NP-mix 27.2 16,997 4,866
4-NP 5.9 <1 71.1
DDP 241 4,844 4,902
4-CP 8.3 988 40.8
BPA 711 N/A® 5,910*°
TBBPA <10 <10 <20
Me-TBBPA <3 <3 <5
OP1EO <1 413 81.2
NP1EO <2 <2 84.9

Notes: 'Site unknown; ZAverage of two parallel samples. ®Data not available due to con-
tamination or other laboratory problems; *Estimate, outside calibration range; *The recovery
of BPA value in sample 2007-1477 was very low, and the value has been excluded

7.1.4 Recipient waters

All countries except Sweden collected recipient water samples from STPs
and other recipient areas, both freshwater/lacustrine, brackish and marine
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environments. In Denmark, recipient water was collected close to both
Lynetten (two parallel samples) and Bjergmarken STPs, while a third
sample was collected in Limfjorden, which may be considered a back-
ground area but at the same time Limfjorden also serves as a recipient
environment for several smaller towns along its coast.

The Faroe Islands collected two water samples from the harbours of
Torshavn and Klaksvik, both hot spot areas.

In Finland, water samples were collected in the coastal bay area out-
side Espoo and the city bay of Helsinki, where the discharge from the
STPs were let out.

In Reykjavik four water samples (2x2 parallel samples) were collected
close to the STPs; however, they are not considered real recipient sam-
ples, as the STPs discharge their processed water much further out at
open sea.

In Norway recipient water was collected in the inner part of Oslo
Fjord and from two freshwater lakes (Lake Mjgsa and Vanemfjord).

Recipient water samples generally had low levels for all measured
substances with only NP above DL in most samples. One sample from
Torshavn (Vagsbotn) had high concentrations of NP-mix and detectable
concentrations of several phenolic substances.

Table 21. Concentration of phenolic substances in recipient waters in Nordic countries in 2006/2007 (ng/L).

Country DK FO Fl IS NO
Environment  Marine Brackish Marine Brackish Marine Marine Lacustrine
Location Copenh.” Ros. Fj.? Limfio.> Klaksv.* Torsha.’ Helsink.’ Espoo Reykjavik ~ Oslo Fi.” Hamar Vansjo
Site Gresund St.60° MSS3® Marina Vagsb.” H1°  E1”  E2® HA-1"" HA-2" St30B Mjssa Vanem.”
Sample no.  691-692 1029 711 1422 1419 721 722 723 766-767 768-769 1077 677 1076
Compound: & 9 &

4-tBuP <10 <10 NAT  NAT O NAT NAT NAT O NAT NAT NAT O NAT NAT AT
2.6-di-tBuP <25 <20 <15 <5 64.9 <1 <1 <1 <25 <25 <1 <1 <1
4-tOP <1 <5 <10 <5 <1 2.8 <1 <1 <1 <1 <1 <1 <1
4-OP <1 <1 <2 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
NP-mix 18.8 17.9 <10 <15 4,199 93.6 20.4 47.9 38.8 35.0 <20 22.6 46.5
4-NP <1 <1 <1 <1 287 <1 <1 <1 <1 <1 <1 6.8 <1
DDP <100 <100 <125 <110 <100 <50 <50 <50 NAT  NAT O NAT NAT AT
4-CP <1 <1 2.9 <1 454 <1 <1 <1 <1 <1 <1 <1 <1
BPA <5 <2 3.0 <1 22.3 10.9 1.1 4.0 15.4 14.1 11.5 3.9 1.7
TBBPA <25 <10 <10 <15 <25 <10 <10 <10 <25 <25 <10 <10 <10
Me-TBBPA <5 <5 <5 <2 <5 <10 <10 <10 <5 <5 <10 <10 <10
OP1EO 5.6 2.2 3.7 <1 118 1.8 <1 <1 <1 <1 <1 <1 <1
NP1EO <5 <2 <1 <2 60.8 <1 <1 <1 <5 <5 <1 <1 <1

Notes: "Copenhagen; ?Roskilde Fjord; *Limfjorden; *Klaksvik; °Torshavn; *Helsinki; "Oslo Fjord — inner; *Average of two parallel sam-
ples; °Average of replicate measurements; "°Vagsbotn; ""Near shipping port; "’Near pipeline outlet, 1 m depth; "*Near pipeline outlet, 16
m depth; "*Site unknown; "*Vanemfjorden. "®BPA used for estimating recovery; "’ Data not available due to contamination or other labo-
ratory problems;
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7.1.5 Surface runoffs

Water samples collected by Sweden all consisted of urban runoff (storm
water) or surface water, either point or diffuse sources, from the Stock-
holm area. These samples were collected either in the old part of Stock-
holm or in newer urban districts. In total 11 samples were collected, and
from Hammarby Sjostad and Stora Essingen two parallel samples were
collected. Another set of two parallel samples were collected from
Sveavégen in Stockholm, but one of the samples was lost during trans-
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portation to NERI.

In Lier, west of Oslo (Norway), runoff samples were collected in a re-
cipient stream at two positions downstream from greenhouses with plastic

covering.

For the surface runoff samples from Lier in Norway (greenhouses)
none of the substances were measured in detectable amounts, and gener-
ally, only samples from urban point sources in Stockholm, i.e. predomi-
nantly streets in the older part of the city, e.g. Batbyggargatan, Lugnets
Alle and Sveavigen, showed detectable amounts for both 4-tOP, NP, 4-
NP, DDP, 4-CP, BPA, OP1EO and NP1EO with values from <DL up to a
few hundred ng/L, while TBBPA only was detected above DL in two

samples.
Table 22. Concentration of phenolic substances in surface runoff water in Nordic countries in 2006/2007 (ng/L).
Country NO SE
Location Lier Stockholm
Type Surface Storm water Storm water Surface Surface

point source point source diffuse source point source diffuse

Site St.1 St2  Batbygg.! Lugnets’ Sveavdg.’ Styrmans.* Lill-Jans.’ Arstaflt® Hamm.” Riddarfia.® St. Essi’
Sample no. 1079 1078 1454 1455 1456 1457 1458 1459 1462-1463 1464 1460-1461
Compound: 10 10
4-tBuP N/A N/A N/A N/A N/A N/A <10 32.0 N/A N/A <10
2.6-di-tBuP <30 <30 34 84 <30 <15 <25 <25 <30 <30 <20
4-tOP <10 <10 233 197 379 240 <1 <1 <10 <10 <5
4-0OP <5 <5 1.9 1.3 <5 <2 1.0 <1 <5 <5 <1
NP-mix <15 <15 272 235 359 186 <20 41.8 74.1 <15 45.4
4-NP <1 <1 18.2 12.9 10.1 12.6 1.2 57 <1 <1 <1
DDP <150 <150 1,106 552 4,280" 702 <100 <100 <50 <150 <100
4-CP <1 <1 8.1 109 154 2.6 3.6 2.5 <1 1.2 <1
BPA <1 <1 1,319 1,513 2,398" 1,180 14.5 54.9 17.0 1.6 24
TBBPA <10 <10 15.8 16.9 <10 <10 <25 <25 <10 <10 <15
Me-TBBPA <3 <3 <10 <10 <3 <5 <5 <5 <10 <3 <5
OP1EO <1 <1 8.0 7.8 30.8 4.8 1.0 <1 1.9 <1 2.0
NP1EO <2 <2 2.1 2.8 102 <1 <5 <5 <1 <2 <2

Notes: 'Batbyggargatan; *Lugnets Allé; *Sveavégen; *Styrmansgatan; °Lill-Jansskogan; ®Arstafiltet; "THammarby Sjéstad; °Riddarfjar-

den; °Stora Essingen; mAverage of two parallel samples; "estimate, outside calibration range.
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For the two sets of parallel samples from the Stockholm area levels were
generally low, but for those substances detected in both samples the
variation was about 50 %

7.1.6 Background environments

Both Denmark, Norway and Sweden collected water samples from back-
ground environments. In Denmark, two samples (at different times and
not exactly parallel) together with five additional (extra) parallel samples
were collected from a reference station in Kattegat (St. 905).

Norway collected background samples from the outer part of Oslo Fjord
and from the Northern part of the country, Malangen at Tromseg and in
the Varangerfjord.

Sweden, on their part, collected two freshwater background samples
from the lacustrine environments of Tarnan (a freshwater lake south of
Stockholm) and Lille Oresjon near Gothenburg.

For all background water samples, only NP-mix and BPA were meas-
ured in low but detectable amounts, while other substances were below
detection limits. For both substances highest levels were recorded in
samples form the two Swedish freshwater lakes, T#rnan and Lille Ores-
jon.

For the parallel samples and extra samples collected at St. 905 in Kat-
tegat (DK) the average variation for NP-mix and BPA was about 60 %.

Table 23. Concentration of phenolic substances in water samples from background sites in Nordic countries in 2006/2007
(ng/L).

Environment Marine Lacustrine
Country DK NO SE

Location Kattegat Oslo Fjord Tromsg Varangerfjord Stockholm Gothenburg
Site St.905-1 St.905-2 St.36 St.42 St.10 Térnan Lille Oresjén
Sample no. 694-698 801-802 1081 1080 1082 1465 1466
Compound: ! 2

4-tBuP N/A3 N/A® N/A® N/A® N/A® N/A® N/A®
2.6-di-tBuP <15 <15 <1 <1 <1 <1 <1
4-tOP <10 <10 <1 <1 <1 <1 <1
4-0P <2 <2 <1 <1 <1 <1 <1
NP-mix 42.1 22.2 <20 <20 <20 68.3 107
4-NP <1 <1 <1 <1 <1 <1 1.5
DDP <125 <125 <50 <50 <50 <50 88.8
4-CP <1 <1 <1 <1 <1 <1 <1
BPA 1.4 4.8 8.7 <1 <1 5.4 10.8
TBBPA <10 <10 <10 <10 <10 <10 <10
Me-TBBPA <5 <10 <10 <10 <10 <10 <10
OP1EO <1 <1 <1 <1 <1 <1 2.4
NP1EO <1 <1 <1 <1 <1 <1 <1

Notes: 1Average of five parallel samples; 2Average of two parallel samples. ®Data not available due to contamination or other laboratory problems.



88 Screening of phenolic substances in the Nordic environment

7.2 Solid samples

Three types of solid samples including sewage sludge collected at STPs,
sediments from both lacustrine/fresh water and marine environments and
two soil samples from landfills at the Faroe Islands were part of this
study.

All countries collected sewage sludge samples, and in all countries
samples were collected at two different types of STPs, typically a major
STP serving a large urban/capitol area and a smaller STP serving a much
smaller population.

Sediment was also collected by all countries and included both sam-
ples from recipient areas and from more remote/background sites in both
marine and lacustrine/fresh water environments.

7.2.1 Sludge from waste water treatment plants

24 sewage sludge samples from STPs were collected in all six participat-
ing countries, and they covered both very large, medium size and small
STPs. In Denmark two STPs were included: Lynetten in Copenhagen
(750,000 peq) and Bjermarken in Roskilde (50,000 peq). In Térshavn, the
Faroe Islands, sewage sludge was collected from two relative small STPs,
the hospital and Sersjantvikin STP (processing mostly domestic waste).
In Finland sewage sludge was collected from three different STPs:
Viikinmiki in Helsinki (1,000,000 peq), Suomenoja in Espoo (500,000
peq) and in Pornainen with only about 1,000 peq. Iceland collected sew-
age sludge from two STPs in Reykjavik, Klettargadar and Ananaust, but
the size of these two STPs is unknown.

Norway collected sewage sludge from two STPs in the Oslo area,
Bekkelaget (250,000 peq) and VEAS (500,000 peq). From Bekkelaget six
samples were collected: three from the inlet (wet sludge) and three from
the outlet (stabilized dry sludge); one of the sludge samples from the inlet
(682) was lost in the laboratory and no data could be reported for that
sample. From VEAS two samples were collected: one from the inlet (wet
sludge) and one from the silo (dry sludge).

Also Sweden collected parallel samples from two STPs in Stockholm:
two from Henriksdal, which is the biggest STP in Sweden, and two from
Hammarby Sjostad STP, which is a new but much smaller STP process-
ing mainly domestic waste from a new urban settlement.

Concentration levels were generally high for all sewage sludge sam-
ple, and several compounds, e.g. NP-mix and DDP, ranged well above
the calibration range. However, 4-NP, TBBPA and di-Me-TBBPA, were
undetected in most samples.
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For several samples (1435, 683 and 684) replicate analyses were per-
formed with variations between 50-100 % for all compounds. Also for
the parallel samples significant variations were observed. For the two
samples from the inlet at Bekkelaget the average variation was about 50
%, while it was between 50 and 100 % for the three samples from the
outlet at Bekkelaget. Sample inhomogeneity may explain much of the
observed variation.

NP-mix and DDP were measured in highest concentration in all sam-
ples, and levels ranged from about 1,460 to 28,400 pg/kg dw for NP-mix
and from about 1,330 to 47,400 pg/kg dw for DDP (Table 25). Highest
levels for NP-mix were measured in sludge from Suomenoja STP in
Finland, while DDP had highest levels in wet sludge from Bekkelaget
and VEAS STPs in Norway.

Due to the detrimental effect some of the sludge samples had on the
performance of the GC-MS system two sets of detection limits, DL1 and
DL2 were used (cf. Table 24).

Table 24. Detection limits (DL1 and DL2) for phenolic substances in sewage sludge

(ng/kg ww).
4-tOP  2,6-di- 4-tOP 4-OP  NP-mix 4-NP DDP 4-CP BPA TBBPA di-Me- NP1EO OPlEO
toP TBBPA

5.0 0.1 35 0.1 2.0 0.1 50 0.1 0.4 5.0 20 1.0 1.0
5.0 2.0 7.5 0.5 8.0 0.6 100 0.5 0.4 10 5.0 1.0 1.0
Notes: DL1, upper row; DL2, lower row

Table 25. Concentration of phenolic substances in sewage sludge from STPs in Nordic countries in 2006/2007 (ug/kg dw).

Country DK FO Fl IS NO SE
Location Copen." Rosk.? Torshavn  Pornai.® Espoo Helsin.  Reykjavik Bekkelaget Oslo VEAS Stockholm
Site/type Lynett® Bjerg.® Hosp.” Sersja.® Pornai.® Suome.® Viikin.”’ Kietta.”" Anan.”?  wet dry silo wet  Hen.”” Ham.™
DW (%)"" 20.3 284 137 180 150 135 499 325 232 43 882 582 62 280 151
Sample no. 782-783 1634 1435 1436 732 733 734 770-771772-773681/683684-686 688 689  1450- 1452-
1451 1453
Compound.‘ 15 15 15 15 16 16 15 15
4-tBuP 210 1,314 515" 348" 4,474'® 1,843'° 391 1,447"° 466" <DL1 804 141 691" <DL1 86.0
2.6-di-tBuP 463 56 <DL2 173 961 232 505 232 104 554 9.2 54 271 616 143
4-tOP 595" 812" 155 N/A <DL1 1,386 778 N/A 701 372 378 261 422 448" 712"®
4-0P 29 141 112 84 146 34 5.3 N/A <DL1 236 6.9 46 440 134 6.2
NP-mix 4,878 3,658™ 1,460" 2,388' 8932% 28,360"°14,583"% N/A 2,413 3,556"° 4,078 9,697"® 3,005'® 7,570" 14,328"°
4-NP <DL1 <DL1 <DL2 N/A NA <DL <DL2 N/A <DL2 <DL1 42 <DL2 <DL1 56 <DL1
DDP 10,0447 8,463 N/A  N/A N/A N/A 26,485 N/A  N/A 47,396'°17,492'11,334'847,021"811,104"529,509"
4-cP 103 74 245 92 <DL1 <DL <DL2 NA NA 643 161 215 115 121 <DL1
BPA 271 410 <DL2 451 <DL1 1,914"® 217 NA 637 539 413 290 <DL1 96.7 444
TBBPA <DL1 <DL1 <DL2 567 <DL1 <DL1 <DL2 388 <DL2 1,138 <DL1 <DL2 602 <DL1 179
Me-TBBPA  <DL2 <DL1 <DL1 <DL2 <DL1 <DL2 <DL2 85 >DL2 <DL1 <DL1 <DL2 <DL1 <DL1 <DL1
OP1EO 424 465 71.0 336 513 140 255 N/A 969 115 241 <DL2 <DL2 157 22.6
NP1EO 703 320 NA NA NA 114 363 NA NA NA 182 104 NA NA 163

Notes: "Copenhagen; *Roskilde; *Pornainen; *Helsinki: °Lynetten; °Bjergmarken; "Hospital; éSersjantvikin; *Suomenoja; "°Viikinmaki; ''Klettagar-
dar; "?Ananaust; "*Henriksdal; "*Hammarby Sjéstad: "®average of two parallel samples; "®average of three parallel samples; '’ Dry weight (%);
"8gstimate, outside calibration range.
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7.2.2 Soil samples from landfills

The soil sample from the active landfill of Torshavn, Husahagi, showed
detectable amounts of most substances while 4-tBuP, 2,6-di-tBuP, 4-NP,
DDP and TBBPA were below DLs. 4-tOP and NP-mix were observed in
highest amounts, about 23 and 47 pg/kg dw, respectively. The observed
value of 57 pg/kg dw for di-Me-TBBPA is rather unusual as this com-
pound is only rarely detected in environmental samples (cf. Table 9);
hence it should be considered cautiously as it might be due to an artefact.
For the soil sample from the old landfill at Havnadalur only 4-tOP, 4-CP
and NP1EO were above DLs (cf. Table 27), and levels were significantly
lower than for the Husahagi landfill sample, only a few pg/kg dw. The
detection limits regarding soil samples are listed below (Table 26).

Compared to literature values (cf. Table 9) Sweden has previously re-
ported 4-tOP, 4-NP in soil in the range of 1-2 and 11-60 pg/kg dw, re-
spectively (Remberger et al., 2003; Naturvardsverket, 2005). Norway
(Fjeld et al., 2004a; Schlabach et al., 2002) has reported levels of BPA,
TBBPA and di-Me-TBBPA in the range 7-370, 2-44 and up to 1 pg/kg
dw, respectively.

Table 26. Detection limits (DL) for phenolic substances in soil samples (ug/kg ww).

4-tOP 2,6-di- 4-tOP  4-OP NP-mix 4-NP DDP 4-CP BPA TBBPA di-Me- NP1EO OP1EO
toP TBBPA

2.0 5.0 1.0 0.2 35 0.1 25 0.1 0.1 1.0 5.0 0.1 0.2

Table 27. Concentrations of phenolic substances in soil samples from two landfills,
the Faroe Islands, 2006 (ug/kg dw).

Location Torshavn

Site Husahagi Havnadalur’
DW (%)* 44.3 63.0
Sample no. 1433 1434
Compound:

4-tBuP N/A N/A
2.6-di-tBuP <DL <DL
4-tOP 23.2 3.5
4-OP 1.1 <DL
NP-mix 47.0 <DL
4-NP <DL <DL
DDP <DL <DL
4-CP 7.5 0.6
BPA 2.8 <DL
TBBPA <DL <DL
Me-TBBPA 56.8 <DL
OP1EO 0.4 <DL
NP1EO 2.3 0.9

Notes: 'Old waste deposit; Dry weight (%)
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7.2.3 Sediment samples

7.2.3.1 Sediment from recipient environments

16 sediment samples from marine, brackish and lacustrine/freshwater
environments were analysed. From Stora Essingen and Hammarby
Sjostad, Stockholm, two samples were collected in parallel, and here re-
sults are given as average values. Variation between parallel samples was
significant, especially for the samples from Hammarby Sjostad (above
100 %); for the samples from Stora Essingen the variation was generally
below 50 %.

For another two samples, one from Copenhagen (693) and one Hel-
sinki (736), replicate analyses were performed, and here the variation was
generally below 20 %.

As for the corresponding water samples, some substances were de-
tected in almost all samples, e.g. NP, 4-NP, 4-CP, BPA and NP1EO,
while other substances were only detected in some samples. Generally,
highest concentrations were detected in samples from Torshavn harbour
(FO), a hot spot area, the coastal sea are outside Espoo (FI) and in Stock-
holm (SE). For NP concentrations ranged from <DL to about 480 pg/kg
dw, while 4-CP ranged from <DL to about 180 pg/kg dw. BPA ranged
from <DL to about 70 pg/kg dw, while TBBPA went undetected in all of
the sediment samples. OP1EO and NP1EO levels were generally low,
except for a couple of samples from Espoo coastal bay and Arstaviken in
Stockholm, where NP1EO was about 65 pg/kg dw.

All data have been determined on the basis of wet weight (ww) and
subsequently converted to dry weight (dw) basis using the reported dry
weight (DW %) values. Due to the relatively low DW (%) for some sam-
ples, the conversion factor is often a factor 5 or more; this introduces
more uncertainty on the results. For the same reason the detection limits
have not been converted to dry weight basis, and in those cases where
determined values (in ww) were below the detection limit, it has been
reported as <DL (below detection limits) in stead of converting this to an
actual number. The obtained detection limits (ww) are given here:

Table 28. Detection limits (DL) for phenolic substances in sediment (ug/kg ww).

4-tOP  2,6-di- 4-tOP  4-OP NP-mix 4-NP DDP 4-CP BPA TBBPA di-Me- OP1EO NP1EO
topP TBBPA

2.0 5.0 1.0 0.2 35 0.1 25 0.1 0.1 1.0 5.0 0.2 0.1
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Table 29. Concentration of phenolic substances in sediment from recipient environments in Nordic countries in 2006/2007 (ug/kg dw).

Country DK FO Fl NO SE

Environment Brackish Marine Brackish Marine Lacustrine Brackish

Location Copen.1 Rosk.? Klaksv.? Gotuv.* Torsh.® Espoo Helsink.® Oslo Hamar Vansjg Stockholm
Site @resund Ros. F. Pollur.® Bekka.® Harbour C.sea’® City bay Inner*® Mjgsa  Vane.' St. Es.*? Arstav.’® Hamm.** Riddar.”®
Dw (%)19 82.1 15.9 46.1 59.3 325 4.8 38.2 33.9 10.0 20.1 17.8 13.5 26.2 335
Sample no. 693 1030 1428 1429 1432 735 736 1086 687 1468 1442-1443 1444 1445-1446 1447
Compound: 17 17 18 18

4-tBuP N/A N/A N/A N/A 79.8 N/A N/A N/A N/A N/A 134 N/A 40.0 N/A
2.6-di-tBuP <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
4-tOP <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL 9.2 <DL
4-OP <DL 15 <DL <DL 24.8 <DL 24.8 0.9 <DL <DL 3.1 8.6 <DL 12.0
NP-mix <DL 85.6 15.0 13.6 340 440 390 <DL 43.4 214 449 342 485 257
4-NP 0.1 <DL 0.3 0.4 3.1 2.2 1.8 <DL <DL 0.5 1.4 <DL 0.6 <DL
DDP <DL <DL <DL <DL 529 <DL <DL <DL <DL <DL 137 216 <DL 179
4-CP 0.5 <DL 0.7 1.7 180 49.4 115 0.7 3.7 2.1 7.9 10.5 4.9 35.1
BPA <DL 2.6 <DL <DL 74.0 5.4 39.7 0.3 <DL <DL 11.8 15.2 11.8 16.5
TBBPA <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Me-TBBPA <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
OP1EO <DL 0.6 <DL <DL 15 <DL 1.3 0.7 <DL 1.2 0.6 <DL <DL <DL
NP1EO 0.3 <DL <DL <DL 1.4 66.9 2.3 <DL 7.4 2.3 15 64.3 1.7 <DL

Notes: *Copenhagen; “Roskilde; *Klaksvik; “Gétuvik; Torshavn; *Helsinki; ‘Roskilde Fjord; ®Pollurin; *Bekkafrost; *°Oslo Fjord — inner; *'Vanemfjord; **Stora Essingen; **Arstaviken; **Hammarby Sjostad; **Riddarfjarden; **Coastal sea;

Taverage of replicate analyses; **average of two parallel samples; *°Dry weight (%)
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7.2.3.2 Sediment from background environments

Nine sediment samples were analysed from background environments in
Denmark, Norway and Sweden. Samples from Kattegat (St. 905, DK)
and northern Norway (St. 42, Tromse and St. 10, Vanrangerfjord) were
collected as two parallel samples, and here average values have been
reported as mentioned earlier. As the levels are low and <DL for most
compounds, if not in both samples then in one of them, no attempts have
been made to estimate the variation for replicate analyses.

Apart from one sample from Krageholmssjoen in Sweden (1149)
where levels generally were higher than in other samples, all other sam-
ples had low values with only NP-mix being detected in concentrations
well above DL, 9 to 249 pg/kg dw. Apart from that 4-CP, BPA, OP1EO
and NP1EO were detected in a few samples at levels of 1-2 pg/kg dw.

Table 30. Concentration of phenolic substances in sediments from background envi-
ron-ments in Nordic countries in 2006/2007 (ug/kg dw).

Country DK NO SE

Type Marine Lacustrine

Location Kattegat Oslo Fjord Tromsg Varangerfijord  Vastman. Skéne
Site St.905 St.360 St.42 St.10 0. Skarsjon?  Krageholm.®
Dw (%)5 375 25.5 34.1 33.8 15.6 11.1
Sample no. 699/803 680 1083/1087 1084-1085 1448 1449
Compound:  * 4 4

4-tBuP N/A N/A N/A N/A N/A N/A
2.6-di-tBuP <DL <DL <DL <DL <DL 54.0
4-tOP <DL <DL <DL <DL <DL 18.8
4-OP <DL <DL <DL <DL <DL 2.6
NP-mix 9.2 23.7 <DL <DL 54.3 249
4-NP 0.2 <DL <DL <DL <DL 5.2
DDP <DL <DL <DL <DL <DL 289
4-CP 1.8 3.0 <DL <DL 13 108
BPA 0.4 0.9 <DL 0.4 <DL <DL
TBBPA <DL <DL <DL <DL <DL <DL
Me-TBBPA <DL <DL <DL <DL <DL <DL
OP1EO <DL 11 0.2 <DL 0.7 <DL
NP1EO 0.7 <DL <DL <DL 2.0 70.4

Notes: *Vastmanmands Lan; ?Ovre Skarsjon; *Krageholmssjén; “average of two parallel samples; *Dry weight (%);

viviparus), three individuals pooled, "soluble fat not fully removed by clean-up; 'estimate, outside calibration range.

7.3 Biological samples

The study included four types of biological samples: mussels, fish liver,
liver from marine mammals and bird eggs. Mussels (Mytilus edulis) were
collected from brackish and marine environments in Denmark, the Faroe
Islands and Norway. Fish liver included samples from various types of
fish from both brackish, fresh water/lacustrine and marine environments
in all countries except Sweden. Liver from marine mammals included
samples from harbour seals (Phoca vitulina) from Denmark and pilot
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whales (Globicephala melas) from the Faroe Islands. The Faroe Islands
also collected two egg samples from fish feeding sea birds (black guille-
mot, Cepphus grylle).

7.3.1 Fish from brackish and lacustrine/fresh water environments

Denmark and Finland collected fish from brackish environments. In
Denmark sand gobys (Pomatoschistus minutus) and eelpouts (Zoarces
viviparus) were caught in Roskilde Fjord relatively close to the local
STP, Bjergmarken; liver from 14 and 3 individuals, respectively, were
pooled to make up two composite liver samples.

In Finland, 15 Northern pikes (Esox lucius) were caught in two areas;
10 in the city bay of Helsinki and five in the coastal bay of Espoo, both
brackish environments. For the pikes from the Helsinki area livers from 3
x 3 females were pooled to make three composite samples, while the liver
from a single male pike was processed as one sample. From the Espoo
area, livers from three females and two males were pooled to make two
composite samples, respectively.

From Norway two composite fish samples (liver) were collected from
freshwater environments. Livers from five trouts (Salmo trutta) from
Lake Mjgsa were pooled to make one composite sample, and from Stor-
fjorden livers from five European perch (Perca fluviatillis) were pooled
to make a second composite sample.

For some of the samples it did not seem possible to obtain a satisfac-
tory clean-up, and for these samples the analyses had to be discarded. A
general trend for all liver samples from fish caught in brackish/freshwater
environments is the elevated levels of 2,6-di-tBuP. Very high concentra-
tions of OP and NP ethoxylates were measured in eelpouts from Roskilde
Fjord (DK). Otherwise, highest concentrations of most substances were
observed in fish from Norwegian freshwater environments.
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Table 31. Concentrations of phenolic substances in fish (liver samples) from brackish/lacustrine environments
in Nordic countries in 2006/2007 (ug/kg ww).

Country DK Fl NO

Type Brackish Brackish Lacustrine

Location Roskilde Fjord City bay, Helsinki Coastal bay, Espoo Lake Mjgsa  Storfjorden
Sample no. 1159*"  1161°"  1014-1016°  1017-1019°  1020-1022°"  1023° 1024-1026°  1027-1028° 1467°" 1469
Compounds:

4-tBuP <10 <10 N/A N/A <10 449 N/A <4 <10 N/A
2.6-di-tBuP 5,081’ 91,5 318 2,912' 452 69,3 49.4 12.1 413 73.2
4-tOP N/A 225 355 294 N/A 132 165 N/A 134 229
4-OP N/A 7 N/A <1 8,4 4,5 N/A N/A <1 <1
NP-mix N/A N/A 62.2 N/A 989 N/A 43.7 338 75,7 318
4-NP N/A N/A N/A N/A N/A  N/A N/A N/A N/A 9.6
DDP N/A N/A <100 N/A N/A N/A N/A N/A N/A 253
4-CP N/A 57 <1 <1 15,6 N/A 5.9 1.3 N/A 5.3
BPA N/A <5 N/A N/A 56,8 N/A <1 <1 11 N/A
TBBPA N/A N/A <10 N/A N/A N/A <10 <10 N/A <10
Me-TBBPA <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
OP1EO N/A 2,499 N/A 4,035 N/A  N/A N/A N/A N/A 18.1
NP1EO N/A 18,821 N/A N/A N/A N/A N/A N/A N/A N/A

Notes: “Sand goby (Pomatoschistus minutus), 14-16 individuals were pooled; ®Nothern pike (Esox lucius), three females were pooled; ° Northern pike (Esox
lucius), one male; INorthern pike (Esox lucius), two males were pooled; “Trout (Salmo trutta), five individuals were pooled; fEuropean perch (Perca fluviatillis),
five individuals were pooled; °Eelpout (Zoarces

7.3.2 Fish from marine environments

The Faroe Islands, Iceland and Norway collected fish from marine envi-
ronments; all fish were Atlantic cod (Gadus morhua). From the Faroe
Islands livers from fish caught in the harbour of Térshavn were pooled to
make one composite sample. At Iceland, livers from fish caught at open
sea south and west of Iceland were pooled to make five composite sam-
ples. In Norway 15 fish were caught in Oslo Fjord at St. 30B, and livers
from groups of five individuals were pooled to make three parallel com-
posite samples.

For several of the marine fish liver samples the analysis results had to be
discarded as unsatisfactory clean-up of the extracts rendered the results
unusable. The samples analysed of cod liver from Iceland also showed
high concentrations of 2,6-di-tBuP as was observed for the freshwater
liver samples, just as a couple of samples had very high concentrations of
OP1EO.
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Table 32. Concentrations of phenolic substances in fish (liver samples) from marine
environments in Nordic countries in 2006/2007 (ug/kg ww).

Country FO IS NO
Location Torshavn Open sea Open sea Oslo

- West of — South Fjord -

Iceland of Ice® inner
Site Bursatanga F28 F31 F38 FS115 FS116 St.30B  St.30B  St. 30B
Sample no. 1437° 1671° 1672° 1673%9  1674° 1675°  1045° 1046° 1047¢
Compound: ¢ N € €
4-tBuP <20 1,079 38.5 <10 <10
2.6-di-tBuP 80.8 570 153 4,064" 291
4-tOP <12 N/A N/A N/A N/A
4-OP <2 N/A N/A N/A N/A
NP-mix 165 1,085 N/A N/A N/A
4-NP 44.3 N/A N/A N/A <1
DDP N/A N/A N/A N/A N/A
4-CP <2 N/A 29.7 N/A N/A
BPA <10 N/A N/A N/A N/A
TBBPA N/A N/A N/A N/A N/A
Me-TBBPA <10 <5 <5 <5 <5
OP1EO <10 4529" <5 31,697" N/A
NP1EO N/A N/A N/A N/A N/A

Notes: aOpen sea — South of Iceland; bAtlatnti(: cod (Gadus morhua), seven individuals pooled; “Atlantic cod (Gadus
morhua); 9datlantic cod (Gadus morhua), five individuals pooled; ®analytical results discarded due to problems with insuffi-
cient clean-up of the extracts; "bad performance and sensitivity of GC-MS instrument; %soluble fat not fully removed by
clean-up; "estimate, outside calibration range

7.3.3 Mussels

Denmark, the Faroe Islands and Norway collected blue mussels from
marine environments for this project; all mussels were of the same type,
blue mussels (Mytilus edulis). In Denmark, the mussels were collected in
@resund close to the Lynetten STP and in Limfjorden at a reference sta-
tion (MSS 3); more than 20 individuals (30-40 mm) were pooled to make
the composite samples.

At the Faroe Islands mussels that had been held in cages for 6 weeks
both in Torshavn harbour and at a reference site outside the harbour area
were collected for the screening study. The mussels from the harbour
were divided and pooled into two size fraction, 30-40 mm and 60-70 mm,
and included 33 and 13 individuals, respectively.

In Norway mussels were collected in Oslo Fjord at St. 30A and St.
36A (Fzrder); 20 individuals (30-50 mm) were pooled from each station
to make composite samples.

Generally, 2,6-di-tBuP, 4-tOP, NP-mix and OP1EO were measured in
mussels with 4-tOP in very high concentrations (up to about 7 mg/kg
ww).
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Table 33. Concentration of phenolic substances in blue mussels® from marine envi-
ronments in the Nordic countries in 2006/2007 (ug/kg ww).

Country DK FO NO

Location Copenha.b Limfjorden Torshavn Oslo Fjord

Site Lynetten MSS3 harbour harbour Ref. site St. 30A St. 36A
Sample no. 702! 712 1423° 1424 1425° 1089" 1088"
Compounds:

4-tBuP 204 <10 N/A N/A N/A 86 424
2.6-di-tBuP 92 21 4.5 219 17.3 <25 14
4-tOP 7,319° 1,980 <13 19.2 2,428 <3 7,362°
4-OP <1 <1 3.8 <1 <1 <1 <1
NP-mix 509 N/A 11.4 49.0 908 <5 214
4-NP 37 6 <1 4.6 8.4 13 18
DDP N/A N/A <100 <100 181 N/A N/A
4-CP <1 2 <1 <1 2.8 <1 <0.5
BPA <5 <5 3.3 <1 <1 <5 <25
TBBPA N/A N/A <5 <5 <5 N/A N/A
Me-TBBPA <5 <5 <5 <5 <5 <25 <5
OP1EO <5 18 22.1 25.5 28.1 15 <5
NP1EO <5 39 N/A N/A N/A 33 N/A

Notes: *Mytilus edulis bCopenhagen; ‘collected at 1,5 m depth; Ydestimate, outside calibration range; °33 individuals pooled,
size 30-40 mm; 13 individuals pooled, size 60-70 mm; 912 individuals pooled, size 60-70 mm; 20 individuals pooled, size
30-50 mm; ‘more than 20 individuals pooled; size 30-40 mm.

7.3.4 Bird eggs

The Faroe Islands collected eggs from two colonies of black guillemots
(Cepphus grylle), a common seabird at the Faroe Islands. Two composite
samples were made of five eggs pooled from each colony at the small
islands of Koltur and Skivoy, respectively.

Generally, concentration levels were very low for the egg samples
with several substances below detection limits. Highest concentration was
observed for 4-tOP (up to 27 pg/kg ww).

7.3.5 Marine mammals

Liver samples from marine mammals were also collected for this project.
Denmark delivered liver samples from harbour seals (Phoca vitulina)
collected at three different locations: Limfjorden (Blindergn), Anholt in
Kattegat and in Kgge Bugt south of Copenhagen. From each location
livers from three individuals were pooled to make a composite sample; in
Limfjorden, livers from one male and two females were pooled; at An-
holt, livers from two males and one female were pooled, and in Kgge
Bugt, livers from three females were pooled.

The Faroe Islands delivered two composite liver samples from pilot
whales (Globicephala melas) caught in Hvannasund; one composite sam-
ple comprised liver samples from six females, while the other comprised
liver samples from six males.Seal liver samples mostly showed detectable
concentrations of 2,6-di-tBuP and 4-tOP, while NP-mix and OP1EO also
were detected in pilot whale liver samples.
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Table 34. Concentration of phenolic substances in marine mammals (liver samples)
and seabird eggs collected in the Nordic countries in 2006/2007 (ug/kg ww

Country DK FO
Sample type Harbour seal® Pilot whale” Black guillemot®
Location Limfjordend Kattegat® Kage Bugtt Hvannasund Koltur Skavoy
Sample no. 1676-1678° 1679-1681°  1682-1684" 1430’ 1431 1426 1427
Compounds:
4-tBuP 29 N/A 190 100 N/A <10 N/A
2.6-di-tBuP 45 60.9 677 47 27.2 <5 2.8
4-tOP 241 <25 472 N/A <25 15 26.9
4-OP 4.0 <1 <1 3.0 15 <1 <1
NP-mix 97 <6 N/A 52 197 16 9.9
4-NP N/A <1 N/A <1 2.2 <1 <1
DDP <100 N/A N/A N/A <100 N/A <100
4-CP N/A N/A <1 3.0 6.7 3.0 <1
BPA N/A N/A N/A N/A N/A 6.0 9.0
TBBPA N/A <10 N/A N/A <10 N/A <10
Me-TBBPA <5 N/A <5 <5 <5 <5 <5
OP1EO N/A <1 N/A 356 36.4 8.0 7.3
NP1EO N/A N/A N/A N/A N/A <5 N/A

Notes: *Phoca vitulina; "Globicephala melas; “Cepphus grylle; “Blindergn; ®1 male + 2 females, 3-4 years; "Anholt; %2
males + 1 female, approx. 2 years; "3 females, 1-4 years; '6 females; '6 males; kcomposite of 5 eggs; 'average of replicate
analyses.



8. Discussion

8.1 Water samples

8.1.1 Influents from STPs and sewage streams

Nine water samples from STP influents and sewage streams have been
measured. Apart from 4-tBuP, which has not been determined due to
contamination problems, and di-Me-TBBPA, that was undetected, all
other substances were recorded in most samples. All samples generally
show highest concentration of NP-mix, BPA and NP1EO, but NP-mix
range from 265 to 5,688 ng/L, BPA ranged from 204 to 9,828 ng/L and
NP1EO ranged from 1,142 to 4,896 ng/L. Some of the highest values
were outside the calibration range, and, therefore, are estimates with
higher uncertainty. Also Dodecylphenol (DDP) showed rather high val-
ues, but also these values are somewhat uncertain due to interferences in
the chromatograms. Highest concentrations were detected in the STPs in
Finland, both regarding NP-mix and BPA, but also the influent sample
from Lynetten in Copenhagen showed high values. Also for NP1EO did
the Finnish STPs have high values together with the sample from the
Sersjantvikin STP in Térshavn (FO). See Figure 14 for a graphical de-
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Figure 14. Concentration of selected phenolic compounds measured in influent waste

water streams at STPs in Nordic countries. See Table 18 for a description of the sampling
points.
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When comparing the detected amounts with the latest reports on the
use of the substances in the Nordic countries we find that Denmark had
the highest use of nonylphenol ethoxylates while it was considerably
lower in Finland during 2000-2005. Also NP was used in highest amount
in Denmark during 2000-2005, but again influents to Finnish STPs gen-
erally had higher concentrations. Apart from 2002, where Norway has
reported a very high consumption of BPA, the highest use during 2000-
2005 has been in Finland, and this seems to be reflected in highest con-
centrations in inlet streams.

Regarding the two samples from local sewage streams in Reykjavik
(MB-1 and MB-2) we find relatively high concentrations of NP-mix, and
generally MB-2 has the higher concentrations of all detected substances.
The exact origin of these local sewage streams is not know, but they are
supposed to be of mainly domestic origin and thus probably reflects the
general contribution from consumer products.

Comparing the reported results with literature values as listed in Table
9 is seems obvious that octylphenols (4-tOP and 4-OP) are at lower con-
centrations than was recently reported for Sweden by e.g. Naturvards-
verket (2005). For NP-mix the results are comparable to other recent
studies, e.g. in Germany (Clara et al., 2005) and Austria (Weltin et al.,
2004). For BPA the results obtained here are lower than average results
reported by Naturvardsveket (2005) in Sweden, but higher than those in
another report from Naturvardsverket (2006). Compared to the German
results reported by Weltin et al. (2004), the BPA levels in this study are
comparable. Also for the ethoxylates (OP1EO and NP1EO) the results in
this study seem to be lower than or at the same level as those reported in
the studies as referred to above for both Sweden and Germany.

8.1.2 Effluents from STPs and landfills

Eleven water samples from STP effluent streams and four leachate sam-
ples from landfills have been analysed. Compared to the influent sam-
ples the effluents have much lower concentrations for both NP-mix, BPA
and NP1EO. NP1EO concentrations are below detection limit in all sam-
ples except the one from Sersjantvikin STP in Torshavn; this seems to
demonstrate an effective removal of the ethoxylates from the waste
stream as reported by Zhang et al. (2008).

For other substances, however, effluents from the Finnish STPs
showed the highest concentrations; especially interesting is the fact, that
both the effluents from Finnish STPs and Lynetten in Copenhagen have
relative high concentrations of 4-tOP, a substance that was detected in
much lower concentrations in the respective influent samples, and it does
not seem obvious that the increase alone stems from the degradation of
octylphenol ethoxylates that are not used in very high amounts. See Fig-
ure 15 for a graphical illustrations of these features.
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Figure 15. Ratios between selected phenolic compounds measured in effluent and influent
(Effl/Infl) waste water streams at STPs in Nordic countries. See Table 19 for a description
of the sampling points.

Also OP1EO seems to occur in the effluents samples in higher concentra-
tion than in the respective influents, but here increase could very well
come from the degradation of nonylphenol ethoxylates that are produced
and used in high amounts. As for the influents we also detected high con-
centrations of DDP in the effluents. Again this may be due the co-elution
of other substances, and when comparing with the reported low use of
DDP in the Nordic countries it does not seem reasonable that the envi-
ronmental concentrations should be that high.

When comparing concentrations in effluents with those in correspond-
ing influent samples, i.e. corresponding samples collected at the same
STP within a short time span, a few general trends can be observed. The
ethoxylates (OP1EO and NP1EO) are dramatically reduced and are below
DLs for several samples. Only at the Finnish STPs is there an increase in
the observed OP1EO concentration in the effluent compared to the influ-
ent; this could be caused by the possible breakdown of higher ethoxylates
to mono-ethoxylates. Parallel to that an increase is observed in the alkyl-
phenol concentrations, especially for 4-tOP, where concentrations are
increased by 2.7 to 130; this trend is different for 4-OP where there is
generally no increase in the concentration. However, the results stem
from one-time spot samples, and fluctuations in rapidly changing flow
systems may also be the cause of the observed trends. For comparison we
refer to a recent study of Céspedes et al. (2006), who observed that on the
average, the levels of alkylphenols and their ethxoylates were 10 times
lower in effluents than in influents from STPs along a Spanish river.
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Comparing the values observed here with literature values (cf. Table
9) a few trends seem obvious. Concentrations of 4-tOP are generally
higher by up to a factor 10 than values reported for Sweden (Remberger
et al. 2003; Naturvardsverket, 2005), while they generally are lower for
NP-mix (e.g. compared to Austrian data by Clara et al., 2005), a little
higher or comparable for BPA compared to Swedish data (Naturvérds-
verket, 2006), but lower than data from e.g. Germany (Bolz et al., 2001;
Weltin et al., 2004), and lower for NP1EO (e.g. Remberger et al., 2003).

Regarding the leachate/runoff samples from waste deposits and land-
fills we find that the samples from Finland and Iceland have high concen-
trations of 4-tOP, NP-mix, BPA and to some degree of OP1EQO; the sam-
ple from the Ammissuo landfill in Finland had very high estimated con-
centration of NP-mix (almost 17 pg/L).

8.1.3 Recipient waters

Sixteen recipient water samples have been analysed from locations close
to STPs; other samples are from other recipient areas not in direct con-
nection with STPs.

Generally, concentrations for all substances were low, and in most
cases below detection limits. Only NP-mix was detected in most of the
samples in concentrations ranging from < DL to about 100 ng/LL when
excluding the values from one sample from Torshavn harbour (1419),
that had a very high value of NP-mix close to 4,200 ng/L. The same sam-
ple also had detectable amounts of 2,6-di-tBuP, 4-CP, OP1EO and
NP1EO. BPA was also detected in several samples with concentrations
ranging from DL to about 15 ng/L, and 22 ng/L in the sample form Tors-
havn harbour.

The low concentrations generally detected in the recipient samples
seem to reflect the relatively low concentrations measured in the effluent
streams. The even lower concentrations detected in the recipient samples
is probably an effect of further dilution, degradation and partitioning to
particles and sediment.

Compared to literature values, especially for NP-mix, BPA and
OPI1EOQ, the concentrations observed in this study are generally lower to
much lower, see e.g. the overview compiled by Petrovic et al. (2004) and
the values listed in Table 9, except for the aforementioned Torshavn har-
bour sample, where the observed NP-mix concentration was very high (~
4,200 ng/L).

When evaluating the observed concentrations for 4-tOP, NP-mix,
BPA and NP1EO with the effect concentrations listed in Table 8 they all
seem to be consistently lower. For 4-tOP, NP (mixture of isomers), BPA
and NP1EO the listed NOEC values for fish are 77, 240, 16 and 19 ng/L
in 96-hr tests, respectively. Compared to the EQS (environmental quality
standards) values listed for OP and NP in the proposal for a directive of
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the EU regarding the Water Framework Directive (WDF) the values de-
termined here are also below the AA-EQS (annual average) values for OP
and NP of 10 and 300 ng/L for marine waters, respectively (EU Commis-
sion, 2006).

8.1.4 Surface runoffs

Eleven water samples from urban runoffs and two from greenhouses with
plastic covering have been analysed. The two samples collected in the
recipient stream downstream from the greenhouses in Lier in Norway
both had concentrations below detection limits for all substances. Hence
the use of plastic covers for greenhouses does not seem to give to ele-
vated levels of the substances studied here.

The storm water runoffs from the older part of Stockholm all had de-
tectable amounts of several substances including 4-tOP, NP-mix, DDP,
BPA, TBBPA, OP1EO and NP1EO with 4-tBuP, NP-mix, DDP and BPA
in highest concentrations. The samples were collected in Bétbyggarga-
tam, Lugnets Alle, Sveavidgen and Styrmansgatan, and all four samples
are relatively comparable with slightly higher concentrations measured in
the sample from Sveavégen, right in the centre of Stockholm. Compared
to the samples from the other areas in Stockholm including some newer
districts we find that the concentrations here are much lower, and only
NP-mix, BPA and OP1EO are detected in concentrations above the detec-
tion limit. These trends are illustrated in Figure 16.
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Figure 16. Concentration of selected phenolic compounds measured in storm water runoff
from different sampling points in Stockholm (SE), old part of the city (high concentra-

tions) and newer parts of the city (low concentrations). See Table 22 for a description of
the sampling points.
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A thorough discussion on how pollutants are transported and spread with
storm water into the recipient environment has recently been the subject
of a PhD-project at Luled University of Technology (Karlsson et al.,
2000).

8.1.5 Background

Samples from seven background locations have been analysed, most of
them from marine environments; two samples were from lacustrine en-
vironments in Sweden. The same pattern as observed for all other water
samples are also observed here: NP-mix and BPA are detected in highest
concentrations. NP was detected in water samples from Kattegat in Den-
mark (about 30 ng/L) and in both lakes in Sweden (about 80 ng/L), while
NP-mix was not detected in the background marine samples from Nor-
way (outer Oslo Fjord and northern Norway). A similar trend was ob-
served for BPA.

As was discussed for the recipient water samples the concentrations
observed for the background water samples are lower than relevant litera-
ture values (cf. Table 9), just as they are below NOEC values for fish (cf.
Table 8) and the proposed EU AA-EQS values (EU Commission, 2006).

8.2 Sewage sludge from STPs

The recorded data for the analysed sewage sludge samples are presented
in Table 25. They show that apart from 4-NP, TBBPA and di-Me-
TBBPA all other screened substances were detected in almost all samples
and in relatively high concentrations. Especially NP-mix and DDP were
detected in very high concentrations up to several mg/kg dw. Most of
these high values, however, were outside the calibration range and should
therefore be regarded as best estimates and not absolute and qualified
values. It should be mentioned, however, that most of the sludge samples
were very inhomogenous and that no complete homogenization could be
obtained for all samples. The inhomogeneity of the analysed samples
added significantly to the variations between samples, between parallel
samples and replicate analyses.

When comparing the values for samples from the different STPs it
seems like the Finnish STPs have highest concentrations (9-28 mg/kg
dw) of NP-mix while they are lowest in Torshavn (1.4-2.4 mg/kg dw).
Levels of DDP were also very high from about 11.3 to 47.4 mg/kg dw at
VEAS and Bekkelaget STPs, respectively.

Sewage sludge samples were collected at both large, medium and
small STPs, but no clear conclusions can be made regarding the influence
of the size of the STP on the actual concentrations. Comparing e.g. levels
of NP-mix it is lower at the smaller at Bjergmarken in Roskilde compared
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to the bigger Lynetten in Copenhagen, but in Stockholm the bigger Hen-
riksdal STP had lower levels than the smaller Hammarby Sjostad STP.
Thus influent composition and not size (and processing) may be the de-
termining factor.

Looking at the data from both Bekkelaget and VEAS in Oslo it seems
like concentration levels of e.g. NP-mix and NP1EO is higher in dry
sludge than in wet (i.e. inlet vs. outlet). This could indicate that alkylphe-
nols and monoethoxylates are generated in the STP by breakdown of
higher ethoxylates. This, however, does not correspond to the observa-
tions made for the corresponding waste waters, where higher concentra-
tions of alkylphenols and monoethoxylates were observed in influents
than in effluents. The difference between concentration of selected phe-
nolic compounds in wet and dry (stabilized) sludge is illustrated in Figure
17.

3,5

I Bekkelaget

3,0 4 I VEAS

2,5 A

2,0 A

Rel. conc.

1,5 A
1,0 A

0,5

0,0 ll - .

4-t0OP NP-mix 4-DP BPA OP1EO

Phenolic compound

Figure 17. Ratios between concentrations of selected phenolic compounds measured in
dry and wet (dry/wet) sludge from Bekkelaget and VEAS STPs (NO).

For BPA, NP-mix and NP1EO the concentration levels are comparable to
values from other studies listed in Table 9, e.g. data from Naturvards-
verket (2005). The observed levels may also be compared the actual ac-
cept criteria for amending treated sewage sludge to agricultural fields; in
Denmark these criteria are 10 mg/kg dw for NPE, which is the sum of
NP, NP1EO and NP2EO. Thus the levels observed for sewage sludge
from both Lynetten (Copenhagen) and Bjergmarken (Roskilde) seems to
comply with these criteria.
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8.3 Soil samples from landfills

The concentration recorded for the two soil samples from landfills at the
Faroe Islands show higher levels for the active site than for the old land-
fill. Levels range from about 1 pg/kg dw for 4-OP and the ethoxylates
(OP1EO and NPI1EO) up to 47 pg/kg dw for NP-mix. The differences
observed between the active and the abandoned landfill probably reflects
that the old landfill initially had lower levels, but also that the phenolic
compounds have been degraded and washed out.

Comparing with literature values (cf. Table 9) Sweden has previously
reported 4-tOP, 4-NP in soil in the range of 1-2 and 11-60 pg/kg dw,
respectively (Remberger et al., 2003; Naturvardsverket, 2005). Norway
(Fjeld et al., 2004a; Schlabach et al., 2002) has reported levels of BPA,
TBBPA and di-Me-TBBPA in the range 7-370, 2-44 and up to 1 pg/kg
dw, respectively. However, ordinary soil samples are probably not di-
rectly comparable to the soil samples hot spot areas like landfills.

8.3 Sediments

8.3.1 Sediment from recipient environments

The results listed in Table 29 indicate that only a few compounds are
found in detectable amounts. NP-mix range from about 14 to 485 pg/kg
dw, 4-CP from about 1 to 180 pg/kg dw, BPA from <1 to 74 pg/kg dw
and NP1EO from < 1 to about 67 ng/kg dw and 4-OP from about 1 to 25
ng/kg dw. Highest levels were generally recorded for the sample from
Torshavn harbour (1432), a typical hot spot area. Inputs may come from
various sources including effluents from the two STPs, but also from
surface runoffs and spills from ferries and fishing vessels.

When comparing the levels in the sediment sample from Torshavn
harbour with the corresponding water sample from the harbour (1419)
relatively high levels of the same compounds (i.e. NP-mix, 4-CP BPA,
OPI1EO and NP1EO) were also detected. This observation seems to sup-
port the partitioning from water to sediment estimated in Chapter 3 (Ta-
ble 5) using the PBT Profiler. The values observed for NP-mix in sedi-
ment from the harbour seems to be lower than in another recent study
reported by Dam & Danielsen (2002), where the NP level at this particu-
lar site was found to be 3,300 pg/kg dw.

Also sediments from the Stockholm area (Stora Essingen, Arstaviken,
Hammarby Sjostad and Riddarfjarden) showed relative high levels of
especially NP-mix (257 to 485 pg/kg dw); 4-CP ranged from about 8 to
35 pg/kg dw and BPA from 12 to about 16 pg/kg dw. Compared with the
levels detected in the run-off water samples from the areas it is again
observed that the same compounds are detected in highest levels in water
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as in sediments. This also seems to be the case for the Toérshavn harbour
samples, except for DDP, which was undetected in the water phase but
detected in high concentrations in sediment.

Other studies of sediments (cf. Table 9) reveal much higher variations
than observed in this study. Levels typically vary between <1 to several
mg/kg dw for e.g. NP. Also data reported by Naturvardsverket (2005)
show higher variations than observed here for e.g. NP and BPA.

8.3.2 Sediment from background environments

The data for sediments from background areas (both marine and freshwa-
ter) listed in Table 30 generally show much lower concentrations than
was observed for sediments from recipients areas except for the sample
from Krageholmssjoen in Sweden. NP-mix was detected in highest con-
centration from about 10 to 54 pg/kg dw, while both 4-CP, BPA OP1EO
and NP1EO were about unity. Krageholmssjoen had a factor 10-50 higher
levels for all detected substances than the marine sediments. This seems
to illustrate that a relatively small freshwater lake, probably serving as a
recipient environment and with limited water exchange, preserves a lar-
ger part of the added pollutants than the marine areas, where dilution and
transportation may play an important role. Thus, in sediments from
Northern Norway (Tromsg and Varangerfjord) almost all substances
screened in this study were < DL.

8.4 Biological samples

8.4.1 Fish from brackish/freshwater environments

Liver samples from brackish/freshwater fish showed considerable
amounts of 2,6-di-tBuP ranging from about 10 up to more than 5,000
ug/kg ww; the very high levels were only observed in a couple of sam-
ples from Roskilde Fjord (1159) and Helsinki city bay (1017-1019). For
the other samples levels ranged from about 12 to 413 pg/kg ww. Such
relatively high concentrations of 2,6-di-tBuP do not correspond to litera-
ture values observed elsewhere (cf. Table 10), and the values observed
here may not represent realistic levels. Thus, a recent Swedish study also
reported low levels of 2,6-di-tBuP < 0.1 pg/kg lipid weight (Remberger
et al., 2003). The usage of 2,6-di-tBuP is below 100 tonnes/year in most
countries (cf. Figure 3), and according to the PBT Profiler estimates it has
a log K, of 4.8 and hence should not be very bioaccumulative. Most pro-
bably, the high levels are due to unexplained analytical artifacts (cf. Sec-
tion 8.4.6).

Also 4-tOP and NP-mix were detected at relatively high levels from
less than 100 up to about 355 and 990 ug/kg, respectively. BPA was only
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detected in two samples (11 and 57 pg/kg ww). OP1EO was detected in
very high levels in the same two samples from Roskilde and Helsinki -
2,500 and 4,035 ng/kg ww, respectively - where also 2,6-di-tBuP was
found in high concentrations. In the Roskilde sample NP1EO was also
detected in very high concentration (> 18 mg/kg ww). According to the
PBTprofiler estimates (cf. Table 7) neither OP1EO nor NP1EO should be
particularly bioaccumulative and persistent, and the high values are rather
extraordinary.

For the fish from the Norwegian freshwater environments the results
presented here may be compared with other recent studies in both Nor-
way (e.g. Fjeld et al., 2004), and in Sweden (e.g. Remberger et al., 2003).

8.4.2 Fish from marine environments

Compared to the results obtained for fish samples from brackish/fresh-
water environments the results for fish from marine environments appear
to be somewhat similar. Compared to the other compounds, 2,6-di-tBuP
was again detected in relatively high concentrations; especially in one
cod liver sample (1674) from the open sea south of Iceland (about 4
mg/kg ww). This sample also had an unusual high value of OP1EO
(about 32 mg/kg ww). Similarly, another sample of cod liver from the
open sea west of Iceland also showed elevated concentrations of NP-mix
(> 1 mg/kg ww) and OP1EO (> 4.5 mg/kg ww). On the other hand, the
cod liver sample from the inner Oslo Fjord (1047) only showed a detect-
able amount of 2,6-di-tBuP (0.3 mg/kg ww). As discussed in Section
8.4.6 no definite explanation can be given for the observed trends.

With four of the composite cod liver samples the clean-up was unsuc-
cessful, and the resulting GC-MS results were useless, and no results are
reported for these four samples. This corresponds to PCB analyses of cod
samples, where the clean-up seems to be more troublesome than for other
fish samples (NERI, unpublished results).

8.4.3 Mussels from marine environments

In contrast to the fish samples discussed above, the mussel show another
unusual trend. 2,6-di-tBuP are detected but in much lower concentrations
than in fish; on the contrary, 4-tOP are detected in very high concentra-
tions in most samples — from below DL up to more than 7 mg/kg ww.
The concentrations observed for NP-mix in mussels (from DL up to about
900 pg/kg ww) seem to be a little higher or comparable to the concentra-
tions in fish liver. Concentrations of OP1EQO, however, seem to be lower
in mussels (from DL to about 30 pg/kg ww) than in fish. One explanation
regarding 4-tOP could be that mussels do not have the appropriate en-
zyme system to metabolize it, or that it partition into the mussel’s lipid
tissues.
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Regarding NP-mix the observed concentrations are comparable to
values reported by both Denmark (NERI, unpublished data) and Sweden
(Wahlberg et al., 1990). For NP1EO the concentrations observed here are
in the same range as those recently reported by Dam & Danielsen (2002),
while older data reported for Sweden have higher values (Wahlberg et al.,
1990).

8.4.4 Eggs from black guillemots, the Faroe Islands

The two composite egg samples collected at two small Faroese islands
(Koltur and Skuvoy) only showed low concentrations of most substances.
2,6-di-tBuP, 4-tOP, NP-mix, BPA and OP1EO were observed in detect-
able amounts from about 3 to 27 ug/kg ww; 4-tOP was detected in high-
est concentrations.

8.4.5 Marine mammals

Composite liver samples from harbour seals collected in Denmark only
showed detectable concentrations of 2,6-di-tBuP (45 to 677 ng/kg ww),
4-tOP (< DL to 472 pg/kg ww) and NP-mix (up to 97 ng/kg ww). Again
the relatively high levels of 2,6-di-tBuP seem hard to explain.

The pilot whale liver samples from the Faroe Islands had detectable
concentrations of more compounds. Thus, 2,6-di-tBuP, NP-mix, 4-CP
and OP1EO were detected in ranges from 27 to 47, 52 to 197, 3 to 7 and
36 to 356 pg/kg ww, respectively.

8.4.6 Detection of 2,6-di-tBuP in biological samples

In most biota samples analysed in this study relatively high, compared to
literature values, concentrations of 2,6-di-tBuP have been detected. The
presence of such high concentrations does not correspond to the applica-
tion pattern and the bioaccumulating tendency of 2,6-di-tBuP (estimated
BCF = 430). As laboratory blanks (< 3 ug/kg) do not indicate a serious
laboratory contamination problem, other analytical problems may have
caused the detection of high concentrations. One problem could be the
very slow reaction with the silylating agent which might result in varying
and different responses of 2,6-di-tBuP in standards and real samples.
Another explanation could be co-elution of some unknown compound(s)
present in biological matrices. As none of these potential problems have
been pursued in details, it is not possible to conclude which one, if any, is
the most likely explanation to the observed data. One way or the other,
the observed concentrations of 2,6-di-tBuP should be regarded with rea-
sonable care before definite conclusions regarding this compound are
made.






Conclusions

In total about 130 samples have been analysed including additional 9 nine
samples from Norway. The samples included water, solids such as
sludge, sediments and soil and biological samples.

Generally, wastewater samples had the highest concentration of espe-
cially NP-mix, DDP, BPA and NP1EO. Typically, influent waste water
had higher concentration than effluent samples. At some STPs, however,
higher concentrations are observed in effluent samples than in the corre-
sponding influent samples. In particular, this observed for 4-tOP, where
the increase in concentration could be linked to a preceding degradation
of 4-tOP ethoxylates. Recipient and background water samples were gen-
erally low in concentrations, and they all were below NOEC values for
fish and the proposals for EU EQS criteria, except for some samples from
Térshavn harbour.

Of the solid samples sewage sludge were high in concentrations of es-
pecially NP-mix and low in ethoxylates which again demonstrates the
degradation of the latter during the sludge processing. The concentrations
in sediment samples were also generally low, but freshwater sediments
for some Swedish lakes had higher levels than the marine sediments. This
is probably an effect of reduced dilution in the constrained lacustrine
environment.

Of the biological samples highest concentration were measured in fish
liver, especially of 2,6-di-tBuP, 4-tOP, NP-mix and OP1EO. The reason
for that is not quite clear as none of the substances are expected to bioac-
cumulate extensively. A similar picture was observed for mussels. Due to
unexplained analytical “artifacts” regarding the quantification of 2,6-di-
tert-BuP the data for this compounds must be evaluated carefully before
being applied in risk assessments and similar studies.

Regarding the marine mammals more compounds were detected (i.e.
> DL) in the pilot whales than in harbour seals. 2,6-di-tBuP was detected
in higher concentration in harbour seals while NP-mix was detected in
higher concentration in pilot whales, but generally concentrations in these
mammals were low.






Acknowledgements

NERI/AU

Laboratory technicians Charlotte Dahl Scheidt, Ellen Christiansen, Gitte
H. Jensen, Inge Merete Worsge and Nina Wiese Thomsen are greatly ac-
knowledged for skilful technical assistance during sample preparation
and analysis, for lots of energy and devotion, and for always keeping a
high spirit.

Denmark

Thanks to Jan Rasmussen, Kebenhavns Miljgkontrol, Jane Brens Hansen,
Keabenhavns Amt, Bruno Hansen og Seren Hedal, Roskilde Amt, Lone
Reersg Hansen, Frederiksborg Amt, Christen Jensen, Nordjyllands Amt,
Lene Vig, Lynette Faellesskabet A/S, Lotte Larsen and Stella Serensen at
Roskilde kommune and Rune Dietz at the National Environmental Re-
search Institute at University of Aarhus (NERI) for providing samples for
this project. Thanks to Martin Larsen (NERI) for co-ordinating the sam-
pling programs.

Faroe Islands

Thanks to Katrin Hoydal, for lending a hand with the sampling and sam-
ple preparation, and to the staff of Téorshavn Kommune and at the Landss-
jukrahtsid hospital for assistance during the sampling visits.

Finland

Finnish Environment Institute (Research Programme for Contaminants
and Risks) organized the sampling work. We will thank the personnel for
all help in the sewage treatment plants of Helsinki City (Mrs. Heli Lind-
berg), Espoo City (Mrs. Maija Jappinen) and Pornainen Commune (Mr.
Jukka Pietild and Mr. Timo Anttila). The Northern pikes were collected
by Mr. Matti Mielonen and Mr. Mikko Karvonen, who are controlling
and monitoring fish in the Helsinki coastal area. Discharge water from
the Ammissuo landfill was collected in collaboration with the Helsinki
Metropolitan Area Council (YTV/Mr. Pertti Ruuskanen).

Iceland

Thanks to the staff at Klettagardar and Ananaust sewage treating plants
for their help in collecting samples. Thanks also to the department of bio-
logy at the University of Iceland for their help in catching fish for use as
samples, also thanks to Matis ohf. for their help in providing marine fish
samples. Kind regards must also go to the staff at “Ahaldahiis” in Mos-



114 Screening of phenolic substances in the Nordic environment

fellsbeer for their help in collecting sewage water samples with such a
short notice.

Norway

We want to thank Arne Haar at Vestfjorden Avlepsselskap (VEAS) for
collecting samples of influent water, effluent water and sludge from
VEAS sewage treatment plant. For collecting all the other Norwegian
samples we will thank John Arthur Berge, Anne Marie Bomo, Norman
Green, Jarle Havardstun and Merethe Scheyen at Norwegian Institute of
Water Research (NIVA).

Sweden

Samples of traffic storm water were kindly provided by Jan Stenlycke,
Stockholm Vatten AB.



References

Ahel, M., Giger, W. & Koch, M.
(1994): Behaviour of alkylphenol
polyethoxylates surfactants in the
aquatic environment — I. Occurrence
and transformation in sewage treat-
ment. Water Research 28, 1131-1142.

Ahel, M., Giger, W. & Schaffner, C.
(2004): Behaviour of alkylphenol
polyethoxylates surfactants in the
aquatic environment — II. Occurrence
and transformation in rivers. Water
Research 28, 1143-1152.

Aparicio, 1., Santos, J.L. & Alonso, E.
(2007): Simultaneous sonic-assisted
extraction, and determination by gas
chromatography-mass spectrometry,
of di-(2-ethylhexyl)phthalate, nonyl-
phenol, nonylphenol ethoxylates and
polychlorinated biphenyls in sludge
from wastewater treatment plants.
Analytica Chimica Acta 584, 455-
461.

Asplund, L., Egebick, A.-L., Eriksson,
U., Haglund, M. & Winberg, A.
(2003): Screening av Tetrabrombis-
fenol A.
http://www.ivl.se/miljo/projekt/dvss/p
df/TBBPA.pdf

Bolz, U., Hagenmeier, H. & Korer, W.
(2001): Phenolic estrogens in surface
water, sediments, and sewage sludge
from Baden-Wiirttenberg, South-
West Germany. Environmental Pollu-
tion 115, 291-301.

Bremle, G. (2002): Genomgéng och
prioritering av kemiska d&mnen for
nationell screening inom miljodver-
vakningen. Lénsstyrelsen i Jonko-
pings ldn, Meddelande 02:08, 37 pp.
(In Swedish). Available at:

Cantero, M., Rubio, S. & Pérez-
Bendito, D. (2006) : Determination of
alkylphenols and alkylphenol carbox-
ylates in wastewater and river sam-
ples by hemimicelle-based extraction
and liquid chromatography-ion trap
mass spectrometry. Journal of Chro-
matography A 1120(1-2): 260-267.

CEPAD (2003). Dodecylphenol. Pres-
entation to the Chemical Stake-
holder’s Forum, 17 June 2003. CE-

FIC, sector group. (CEPAD = Conseil
Européen des Phenols Alkylés et De-
rivés).

Céspedes, R., Lacorte, S., Ginebreda,
A. & Barcel6, D. (2007): Occurence
and fate of alkylphenols and alkyl-
phenol ethoxylates in sewage treat-
ment plants and impact on receiving
waters along the Ter River (Catalonia,
NE Spain). Environmental Pollution,
in press.

Christiansen, L.B., Winther-Nielsen, M.
& Helweg, C. (2002): Feminisation of
fish. The effect of estrogenic com-
pounds and their fate in sewage treat-
ment plants and nature. Danish EPA
Environmental Project No. 729, 184
pp- Available at:
http://www.mst.dk/Udgivelser/Public
ations/2002/12/87-7972-305-
5.htm?wbc_purpose=Ba

Clara, M., Strenn, B., Gans, O., Marti-
nez, E., Kreuzinger, N. & Kroiss, H.
(2005): Removal of selected pharma-
ceuticals, fragrances and endocrine
disrupting compounds in a membrane
bioreactor and conventional wastewa-
ter treatment plants. Water Research
39, 4797-4807.

Dam, M. & Danielsen, J. (2002): Hav-
narvag 2002 — ein kanning av dalkin-
garsteduni 4 Havnarvag og Yviri vid
Strond 4 sumri 2002. Heilsufrediligu
Starvsstovuni HS mal nr. 200200285-
16, 75 pp. (In Faroese). Available at:
http://www.hfs.fo/pls/portal/docs/PA
GE/HFS/WWW_HFS_FO/UMSITIN
G/KUNNANDITILFAR/KUNNAND
ITILFAR-
RITG/HAVNARV%C1G%202002.P
DF

Darnerud, P.O. (2002): Screening af
alkylfenoler - sérskilt oktylfenol, i
prover fran reningsverk och i fiskpro-
ver. Livsmedelsverket, 7 pp. (In Swe-
dish). Available at:
http://www.naturvardsverket.se/uploa
d/02_tillstandet_i_miljon/Miljooverva
kning/rapporter/miljogift/alkylfenoler
pdf



http://www.ivl.se/miljo/projekt/dvss/pdf/TBBPA.pdf
http://www.ivl.se/miljo/projekt/dvss/pdf/TBBPA.pdf
http://www.mst.dk/Udgivelser/Publications/2002/12/87-7972-305-5.htm?wbc_purpose=Ba
http://www.mst.dk/Udgivelser/Publications/2002/12/87-7972-305-5.htm?wbc_purpose=Ba
http://www.mst.dk/Udgivelser/Publications/2002/12/87-7972-305-5.htm?wbc_purpose=Ba
http://www.hfs.fo/pls/portal/docs/PAGE/HFS/WWW_HFS_FO/UMSITING/KUNNANDITILFAR/KUNNANDITILFARRITG/HAVNARV%C1G%202002.PDF
http://www.hfs.fo/pls/portal/docs/PAGE/HFS/WWW_HFS_FO/UMSITING/KUNNANDITILFAR/KUNNANDITILFARRITG/HAVNARV%C1G%202002.PDF
http://www.hfs.fo/pls/portal/docs/PAGE/HFS/WWW_HFS_FO/UMSITING/KUNNANDITILFAR/KUNNANDITILFARRITG/HAVNARV%C1G%202002.PDF
http://www.hfs.fo/pls/portal/docs/PAGE/HFS/WWW_HFS_FO/UMSITING/KUNNANDITILFAR/KUNNANDITILFARRITG/HAVNARV%C1G%202002.PDF
http://www.hfs.fo/pls/portal/docs/PAGE/HFS/WWW_HFS_FO/UMSITING/KUNNANDITILFAR/KUNNANDITILFARRITG/HAVNARV%C1G%202002.PDF
http://www.hfs.fo/pls/portal/docs/PAGE/HFS/WWW_HFS_FO/UMSITING/KUNNANDITILFAR/KUNNANDITILFARRITG/HAVNARV%C1G%202002.PDF
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/alkylfenoler.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/alkylfenoler.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/alkylfenoler.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/alkylfenoler.pdf

116 Screening of phenolic substances in the Nordic environment

Environment Agency, UK (2007): Risk
Assessment of 2,2°,6,6’-Tetrabromo-
4,4’-isopropylidene diphenol (Tetra-
bromobisphenol-A). Final Environ-
mental Draft of June 2007, 420 pp.

EU Commission (2006): Proposal for a
directive of the European parliament
and of the council on environmental
quality standards in the field of water
policy and amending Directive
2000/60/EC. COM(2006) 397, 25 pp.
Available at:
http://ec.europa.eu/environment/water
/water-
dangersub/pdf/com 2006 _397 en.pdf

Euro Chlor (2003): POPs & PBTs.
Available at:
http://www.eurochlor.org/upload/doc
uments/document58.pdf.

EU/ECB (2003): Technical Guidance
document on risk assessment, Part II.
EUR 20148 EN/2, 337 pp. Available
at:
http://ecb.jrc.it/documents/ TECHNIC
AL _GUIDANCE DOCUMENT/EDI
TION_2/tgdpart2 2ed.pdf

EU/ECB (2006a): Commission Work-
ing Group on the Classification and
Labelling of Dangerous Substances —
Summary Record. ECBI/48/05 Rev.
1, 26 pp. Available at:
http://ecb.jrc.it/documents/Classificati
on-Labelling/ADOPTED_SUMMA -
RY_RECORDS/4805r1_ECB_sr EN
V_PE_09 2005.pdf

EU/ECB (2006b): Classification and
Labelling of Dangerous Substances.
ECBI/135/06 Rev. 1, 12 pp. Available
at:
http://ecb.jrc.it/classlab/13106r1 UK

TPP.doc

Fjeld, E., Schlabach, M., Berge, J.A.,
Eggen, T., Snilsberg, P., Killberg, G.,
Rognerud, S., Enge, E.K., Borgen, A.
& Gundersen, H. (2004): Screening
of selected new organic contaminants
— brominated flame retardants, chlo-
rinated paraffins, Bisphenol-A and
trichlosan. NIVA Report No. 4809-
2004, 115 pp. (In Norwegian). Avail-
able at:
http://www.sft.no/publikasjoner/kjemi
kalier/2006/ta2006.pdf

Fjeld, E., Schlabach, M., Rognerud, S.
& Killberg, G. (2004): Environmen-
tal pollutants in sediments and fish
from Lake Mjosa and the Drammens
River and Drammensfjord, follow-up

studies in 2004. NIVA Report No.
4896-2004, 42 pp. (In Norwegian).
Available at:
http://www.sft.no/publikasjoner/overv
aking/2051/ta2051.pdf

Frederiksen, M. (2006): Development
of an analytical method for the deter-
mination of the brominated flame re-
tardants hexabromocyclodecane,
tetrabromobisphenol A, and dimethyl
tetrabromobisphenol A in biota. Mas-
ter thesis, University of Copenhagen
and the National Environmental Re-
search Institute (2006), 129 pp.

Gatidou, G., Thomaidis, N.S., Stasina-
kis, A.S. & Lekkas, T.D. (2007): Si-
multaneous determination of the en-
docrine disrupting compounds no-
nylphenol, nonylphenol ethoxylates,
triclosan and bisphenol A in waste-
water and sewage sludge by gas chro-
matography-mass spectrometry. Jour-
nal of Chromatography A, 1138, 32-
41.

Glezer, V. (2003): Environmental ef-
fects of substituted phenols. Chapter
18 in Rappoport, Z. (Ed.): The Chem-
istry of Phenols. John Wiley & Sons,
Ltd., pp 1347-1368.

Groshart, C.P., Okkerman, P.C., Was-
senberg, W.B.A. & Pijnenburg,
AM.C.M. (2001): Chemical study on
alkylphenols. RIKZ report:
RIKZ/2001.029, 178 pp.

Griittner, H., Vikelsge, J. & Pritzl, G.
(1996): Anthropogenic substances in
waste water and sludge. STP mass
flow analyses. Danish EPA Miljepro-
jekt nr. 325 (in Danish).

Halket, J.M. & Zaikin, V.G. (2003):
Derivatization in mass spectrometry —
1. Silylation. European Journal of
Mass Spectrometry 9, 1-21.

Halldin, K., Berg, C., Bergman, A,
Brandt, I. & Brunstrom, B. (2001):
Distribution of bisphenol A and tetra-
bromopisphenol A in quail eggs, em-
bryos and laying birds and studies of
reproduction variables in adults fol-
lowing in-ovo exposure. Archives of
Toxicology 75, 597-603.

Harrison, E.Z., Oakes, S.R., Hysell, M.
& Hay, A. (2006): Organic chemi-
cals in sewage sludges. Science of the
Total Environment 367, 481-497.

HELCOM (2002): Draft Guidance
Document on Nonylphenol/Nonyl-



http://ec.europa.eu/environment/water/water-dangersub/pdf/com_2006_397_en.pdf
http://ec.europa.eu/environment/water/water-dangersub/pdf/com_2006_397_en.pdf
http://ec.europa.eu/environment/water/water-dangersub/pdf/com_2006_397_en.pdf
http://www.eurochlor.org/upload/documents/document58.pdf
http://www.eurochlor.org/upload/documents/document58.pdf
http://ecb.jrc.it/documents/TECHNICAL_GUIDANCE_DOCUMENT/EDITION_2/tgdpart2_2ed.pdf
http://ecb.jrc.it/documents/TECHNICAL_GUIDANCE_DOCUMENT/EDITION_2/tgdpart2_2ed.pdf
http://ecb.jrc.it/documents/TECHNICAL_GUIDANCE_DOCUMENT/EDITION_2/tgdpart2_2ed.pdf
http://ecb.jrc.it/documents/Classification-Labelling/ADOPTED_SUMMA-RY_RECORDS/4805r1_ECB_sr_ENV_PE_09_2005.pdf
http://ecb.jrc.it/documents/Classification-Labelling/ADOPTED_SUMMA-RY_RECORDS/4805r1_ECB_sr_ENV_PE_09_2005.pdf
http://ecb.jrc.it/documents/Classification-Labelling/ADOPTED_SUMMA-RY_RECORDS/4805r1_ECB_sr_ENV_PE_09_2005.pdf
http://ecb.jrc.it/documents/Classification-Labelling/ADOPTED_SUMMA-RY_RECORDS/4805r1_ECB_sr_ENV_PE_09_2005.pdf
http://ecb.jrc.it/classlab/13106r1_UK_TPP.doc
http://ecb.jrc.it/classlab/13106r1_UK_TPP.doc
http://www.sft.no/publikasjoner/kjemikalier/2006/ta2006.pdf
http://www.sft.no/publikasjoner/kjemikalier/2006/ta2006.pdf
http://www.sft.no/publikasjoner/overvaking/2051/ta2051.pdf
http://www.sft.no/publikasjoner/overvaking/2051/ta2051.pdf

Screening of phenolic substances in the Nordic environments 117

phenolethoxylates (NP/NPE). HazSub

7/200-3.3/2, 15 pp.
Hernando, M.D., Mezcua, M., Gémez,
M.J., Malato, O., Agiiera, A. & Fer-
nandez-Alba, A.R. (2004): Compara-
tive study of analytical methods in-
volving gas chromatography-mass
spectrometry after derivatization and
gas chromatography-tandem mass
spectrometry for the determination of
selected endocrine disrupting com-
pounds in wastewaters. Journal of
Chromatography A 1047, 129-135.
Isobe, T., Nishiyama, H., Nakashima,
A. & Takada, H. (2001): Distribution
and behaviour of nonylphenol, octyl-
phenol and nonylphenol monoethoxy-
lates in Tokyo metropolitan area:
Their association with aquatic parti-
cles and sedimentary distributions.
Environmental Science & Technol-
ogy 35, 1041-1049.
Jobling, S. & Sumpter, J.P. (1993):
Detergent components in sewage ef-
fluents are weekly estrogenic to fish —
An in-vitro study using rainbow-trout
(Oncorhynchus mykiss) hepatocytes.
Aquatic Toxicology 27, 361-372.
Karlsson, K. (2006): Pathways of pol-
lutants in stormwater systems. Thesis
from Luleé University of Technology,
No. 2006:05, 83 pp. Available at:
http://epubl.ltu.se/1402-
1757/2006/05/L TU-LIC-0605-SE.pdf
Katase, T., Okuda, K., Kim, Y.-S., Eun,
H., Takada, H., Uchiyama, T., Saito,
H., Makino, M. & Fujimoto, Y.
(2008): Estrogen equivalent concen-
tration of 13 branched para-nonyl-
phenols in three technical mixtures by
isomer-specific determination using
their synthetic standards in SIM mode
with GC-MS and two new diastereo-
meric isomers. Chemosphere 70,
1961-1972.
Klecka, G.M., Staples, C.A., Losey,
B.S. & Woodburn, K.B. (2005): As-
sessment of the persistence and bio-
accumulation potential for nonylphe-
nol, octylphenol and their ethoxylates
for categorization and screening of
the Canadian domestic substance list
(DSL). Available at:
http://www.aperc.org/docs/np_npe_o
p_ope_csdsl 091605.pdf
Klein, W., Denzer, S., Herrchen, M.,
Lepper, P., Miiller, M., Sehrt, R.,
Storm, A. & Volmer, J. (1999): Re-

vised proposal for a list of priority
substances in the context of the Water
Framework Directive (COMMPS
procedure). Final Report. Declaration
ref.: 98/788/3040/DEB/EL, 97 pp.
Available at:
http://ec.europa.eu/environment/water

/water-
dangersub/pdf/commps_report.pdf

Kuch, B., Hagenmeier, H. & Korner,
W. (2001): Determination of bromi-
nated flame retardants in sewage
sludges and sediments in South-West
Germany. Poster presented at Setac
Conference. Available at:
http://www.iswa.uni-
stutt-
gart.de/ch/poster/setac01_flameretard
ants.pdf

Langston, W.J., Burt, G.R., Chesman,
B.S. & Vane, C.H. (2005): Patition-
ing, bioavailability and effects of oes-
trogens and xeno-oestrogens in the
aquatic environment. Journal of the
Marine Biological Assessment of the
United Kingdom 85, 1-21.

Law, R.J., C.R. Allchin, J. de Boer, A.
Covaci, D. Herzke, P. Lepom, S.
Morris, J. Tronczynski & C.A. de
Wit. Levels and trends of brominated
flame retardants in the European envi-
ronment. Chemosphere 64(2), 187-
208 (2006).

Lee, K.E., L.B. Barber, E.T. Furlong,
J.D. Cahill, D.W. Kolpin, M.T.
Meyer & S.D. Zaugg. Presence and
distribution of organic wastewater
compounds in wastewater, surface,
ground and drinking waters, Minne-
sota, 2000-02. US Geological Survey,
Scientific Investigations Report 2004-
5138 (2004). Available at:
http://pubs.usgs.gov/sir/2004/5138/ho
usehold.html

Lintelmann, J., Katayama, A., Kurihara,
N., Shore, L. & Wenzel, A. (2003):
Endocrine disruptors in the environ-
ment. Pure & Applied Chemistry
75(5), 631-681.

Lorenc, J.F., Lambeth, G. & Scheffer,
W. (2003): Alkylphenols. Kirk-Oth-
mer Encyclopedia of Chemical tech-
nology, Vol. 2, 203-233.

Meesters, R.J.W. & Schroder, H.F.
(2002): Simultaneous determination
of 4-nonylphenol and bisphenol A in
sewage sludge. Analytical Chemistry
74, 3566-3574.



http://epubl.ltu.se/1402-1757/2006/05/LTU-LIC-0605-SE.pdf
http://epubl.ltu.se/1402-1757/2006/05/LTU-LIC-0605-SE.pdf
http://www.aperc.org/docs/np_npe_op_ope_csdsl_091605.pdf
http://www.aperc.org/docs/np_npe_op_ope_csdsl_091605.pdf
http://ec.europa.eu/environment/water/water-dangersub/pdf/commps_report.pdf
http://ec.europa.eu/environment/water/water-dangersub/pdf/commps_report.pdf
http://ec.europa.eu/environment/water/water-dangersub/pdf/commps_report.pdf
http://www.iswa.uni-stuttgart.de/ch/poster/setac01_flameretardants.pdf
http://www.iswa.uni-stuttgart.de/ch/poster/setac01_flameretardants.pdf
http://www.iswa.uni-stuttgart.de/ch/poster/setac01_flameretardants.pdf
http://www.iswa.uni-stuttgart.de/ch/poster/setac01_flameretardants.pdf
http://pubs.usgs.gov/sir/2004/5138/household.html
http://pubs.usgs.gov/sir/2004/5138/household.html

118 Screening of phenolic substances in the Nordic environment

Moirris, S., C.R. Allchin, B.N. Zegers,
J.J.H. Haftka, J.P. Boon, C. Belpaire,
P.E.G. Leonards, S.P.J. van Leeuwen
& J. de Boer. Distribution and fate of
HBCD and TBBPA brominated flame
retardants in North Sea estuaries and
aquatic food webs. Environmental
Science & Technology 38(21), 5497-
5504 (2004).

Naturvérdsverket (2005): Hoga halter
av miljofarliga &mnen i miljon. Resu-
lat fran Miljo6vervakningens Scree-
ningprogram 1996-2003. Report No.
5449, 147 pp. (In Swedish). Available
at:
http://www.naturvardsverket.se/uploa
d/02_tillstandet_i_miljon/Miljooverva

kning/rapporter/miljogift/620-5449-

X.pdf
Naturvérdsverket (2006): What concen-

trations of hazardous substances do
we find in the environment. Results
from the Swedish Screening pro-
gramme 2003-2004. Report No. 5524,
126 pp. (In Swedish). Available at:
http://www.naturvardsverket.se/uploa
d/02 tillstandet i miljon/Miljooverva

kning/rapporter/miljogift/620-5449-
X.pdf

Nihl, J. (2004): Screening i Jonkdpings
1an 2002-2003. Miljéovervakning.
Lansstyrelsen i Jonkdpings 1dan. Med-
delande Rapport nr. 2004:47, 45 pp
(In Swedish). Available at:
http://wwwS5.f.Ist.se/download/18.e1f
305101ccfeb330800090/2004-47.pdf

OECD SIDS: 2,6-di-tert-Butylphenol.
IRPTC Dataprofile, 37 pp.

OECD SIDS (2006). Tetrapropenyl
Phenol. SIDS Initial Assessment re-
port for SIAM 22. ECBI/131/06 Add.
1, 10 pp.

Osaka, M., Y.J. Kim & S.I. Sakai.
Leaching of brominated flame retar-
dants in leachates from landfills in
Japan. Chemosphere 57(10), 1571-
1579 (2004).

OSPAR Commission (2001/2004 Up-
date): Nonylphenol/Nonylphenol-
ethoxylates. Hazardous Substance
Series, 20 pp.

OSPAR Commission (2006). Octylphe-
nol. Hazardous Substances Series.
OSPAR Commission 2003 (2006 Up-
date), 32 pp.

OSPAR Commission (2004/2007 Up-
date): OSPAR list of chemicals for
priority action, 6 pp.

Petersen, G., Rasmussen, D., Mienpi,
K., Kallgvist, T., Madsen, T. & Kuk-
konen, J.V.K. (2003): Transport and
fate of surfactants in the aquatic envi-
ronment. Nordtest Report TR 524, 34
pp.

Petrovi¢, M. & Barceld, D. (2000):
Determination of anionic and non-
ionic surfactants, their degradation
products, and endocrine-disrupting
compounds in sewage sludge by lig-
uid chromatography/mass spectrome-
try. Analytical Chemistry 72, 4560-
4567.

Petrovié, M. & Barcelo, D. (2001):
Determination of phenolic xenoestro-
gens in environmental samples by
liquid chromatography with mass
spectrometric detection. Journal of
AOAC International 84, 1074-1085.

Petrovi¢, M., Eljarrat, E., Lopez de
Alda, M.J. & Barcelo, D. (2004): En-
docrine disrupting compounds and
other emerging contaminants in the
environment: A survey on new moni-
toring strategies and occurrence data.
Analytical and Bioanalytical Chemis-
try 378: 549-562.

Polo, M., Llompart, M., Garcia-Jares,
C., Gomez-Noya, G., Bollain, M.-H.
& Cela, R. (2006): Development of a
solid-phase microextraction method
for the analysis of phenolic flame re-
tardants in water samples. Journal of
Chromatography A 1124, 11-21.

Preuss, T.G., Gehrhardt, J., Schirmer,
K., Coors, A., Rubach, M., Russ, A.,
Jones, P.D., Giesy, J.P. & Ratte, H.T.
(2006): Nonylphenol isomers differ in
estrogenic activity. Environmental
Science & Technology 40, 5147-
5153.

Quednow, K & Piittmann, W. (2007):
Endocrine disruptors in freshwater
streams of Hesse, Germany: Changes
in concentration levels in the time
span from 2003-2005. Environmental
Pollution, in press.

Remberger, M., Sternbeck, J. & Strom-
berg, K. (2002): Screening av triclo-
san och vissa bromerede fenoliske
amnen i Sverige. IVL report B1477-2,
37 pp. (In Swedish). Available at:
http://www.ivl.se/rapporter/pdf/B147
7.pdf

Remberger, M., Lennart, K., Palm, A.,
Sternbeck, J., Kvernes, E. & Bror-
strom-Lundén, E. (2003): Screening



http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/620-5449-X.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/620-5449-X.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/620-5449-X.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/620-5449-X.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/620-5449-X.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/620-5449-X.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/620-5449-X.pdf
http://www.naturvardsverket.se/upload/02_tillstandet_i_miljon/Miljoovervakning/rapporter/miljogift/620-5449-X.pdf
http://www5.f.lst.se/download/18.e1f305101ccfeb330800090/2004-47.pdf
http://www5.f.lst.se/download/18.e1f305101ccfeb330800090/2004-47.pdf
http://www.ivl.se/rapporter/pdf/B1477.pdf
http://www.ivl.se/rapporter/pdf/B1477.pdf

Screening of phenolic substances in the Nordic environments 119

tertiary butylphenols, methylphenols
and long-chain alkylphenols in the
Swedish environment. IVL report
B1594, 96 pp. Available at:
http://www.ivl.se/rapporter/pdf/B159
4.pdf

Rice, C.P., Schmitz-Afonso, ., Loyo-
Rosales, J.E., Link, E., Thoma, R.,
Fay, L., Altfater, D. & Camp, M.J.
(2003): Alkylphenol and alkylphenol-
ethoxylates in carp, water, and sedi-
ment from the Cuyahoga River, Ohio.
Environmental Science & Technol-
ogy 37, 3747-3754.

Rosqvist, L. (2004): Screening av feno-
ler i Skénes milj6. Utvérdering av
provtagning 2003 i reningsverk, sjdar
och hav. Thesis in biology at Univer-
sity of Umea. Léansstyrelsen i Skane
Lén, 92 pp (In Swedish). Available at:
http://www.m.lst.se/NR/rdonlyres/D6
63C8F4-232F-49EA-A1A4-
7F4AA4C48D0C/74421/R4212020Sc¢
reen-
ing20av20fenoler20i20Sk%C3%A5n
es20milj%C3%B6.pdf

Saint-Louis, R. & Pelletier, E. (2004):
LC-ESI-MS-MS method for the anal-
ysis of tetrabromobisphenol A in
sediment and sewage sludge. Analyst
129, 724-730.

Schlabach, M., Mariussen, E. Borgen,
A., Dye, C., Enge, E.-K., Steinnes, E.,
Green, N. & Mohn, H. (2002): Kart-
leggning av bromerte flammehem-
mere og klorerte parafiner. NILU Re-
port No. 866/02, 71 pp. (In Norwe-
gian). Available at:
http://www.sft.no/publikasjoner/overv
aking/1924/ta1924.pdf

Schlabach, M., Fjeld, E., Gundersen,
H., Mariussen, E., Kjellberg, G. &
Breivik, E. (2004): Pollution of Lake
Mjoesa by brominated flame retar-
dants. Organohalogen Compounds
66, 3779-3785.

Scrimshaw, M.D., Langford, K.H. &
Lester, J.N. (2004): Analytical meth-
ods for the determination of alkyl-
phenolic surfactants and polybromi-
nated diphenyl ethers in wastewaters
and sewage sludges. I A review of
methodologies. Environmental Tech-
nology 25, 967-974.

Sellstrom, U. & Jansson, B. (1995):
Analysis of tetrabromobisphenol A in
a product and environmental samples.
Chemosphere 31(4), 3085-3092.

SPIN database (Substances in Prepara-
tion in Nordic Countries):
http://195.215.251.229/Dotnetnuke/H
ome/tabid/58/Default.aspx

Staples, C.A., Dorn, P.B., Klecka,
G.M., O’Block, S.T. & Harris, L.R.
(1998): A review of the environmen-
tal fate, effects, and exposures of
bisphenol A. Chemosphere 36(10),
2149-2173.

Sternbeck, J., Brorstrom-Lundén, E.,
Remberger, M., Lennart, K., Palm,
A., Junedahl, E. & Cato, I. (2003):
WFEFD priority substances in the sedi-
ments from Stockholm and the Svea-
land coastal region. IVL report
B1538, 85 pp. Available at:
http://www.ivl.se/rapporter/pdf/B153
8.pdf

Stuart, J.D., Capulong, C.P., Launer,
K.D. & Pan, X. (2005): Analysis of
phenolic endocrine disrupting chemi-
cals in marine samples by both gas
and liquid chromatography-mass
spectrometry. Journal of Chromatog-
raphy 1079, 136-145.

Tsuda, T., Suga, K., Kaneda, E. &
Ohsuga, M. (2000): Determination of
4-nonylphenol, nonylphenol mono-
ethoxylate, nonylphenol diethoxylate
and other alkylphenols in fish and
shellfish by high-performance liquid
chromatography with fluorescence
detection. Journal of Chromatography
B 746, 305-3009.

Vlaardingen, P.L.A. van, Posthumus, P.
& Traas, T.P. (2003): Environmental
risk limits for alkylphenols and alkyl-
phenol ethoxylates. RIVM report
601501019/2003, 161 pp.

Voogt, P. de, Kwast, O., Hendriks, R &
Jonkers, N. (2000): Alkylphenol eth-
oxylates and their degradation prod-
ucts in abiotic and biological samples
from the environment. Analusis
28(9), 776-782.

Vorkamp, K., Thomsen, M., Falk, K.,
Leslie, H., Moller, S. & Serensen,
P.B. (2005): Temporal development
of brominated flame retardants in
peregrine falcon (Falko peregrinus)
eggs from South Greenland (1986-
2003). Environmental Science &
Technology 39(21), 8199-8206.

Wahlberg, C., Renberg, L. & Wide-
qvist, U. (1990): Determination of
nonylphenol and nonylphenol ethoxy-
lates as their pentafluorobenzoates in



http://www.ivl.se/rapporter/pdf/B1594.pdf
http://www.ivl.se/rapporter/pdf/B1594.pdf
http://www.m.lst.se/NR/rdonlyres/D663C8F4-232F-49EA-A1A4-7F4AA4C48D0C/74421/R4212020Screening20av20fenoler20i20Sk%C3%A5nes20milj%C3%B6.pdf
http://www.m.lst.se/NR/rdonlyres/D663C8F4-232F-49EA-A1A4-7F4AA4C48D0C/74421/R4212020Screening20av20fenoler20i20Sk%C3%A5nes20milj%C3%B6.pdf
http://www.m.lst.se/NR/rdonlyres/D663C8F4-232F-49EA-A1A4-7F4AA4C48D0C/74421/R4212020Screening20av20fenoler20i20Sk%C3%A5nes20milj%C3%B6.pdf
http://www.m.lst.se/NR/rdonlyres/D663C8F4-232F-49EA-A1A4-7F4AA4C48D0C/74421/R4212020Screening20av20fenoler20i20Sk%C3%A5nes20milj%C3%B6.pdf
http://www.m.lst.se/NR/rdonlyres/D663C8F4-232F-49EA-A1A4-7F4AA4C48D0C/74421/R4212020Screening20av20fenoler20i20Sk%C3%A5nes20milj%C3%B6.pdf
http://www.m.lst.se/NR/rdonlyres/D663C8F4-232F-49EA-A1A4-7F4AA4C48D0C/74421/R4212020Screening20av20fenoler20i20Sk%C3%A5nes20milj%C3%B6.pdf
http://www.sft.no/publikasjoner/overvaking/1924/ta1924.pdf
http://www.sft.no/publikasjoner/overvaking/1924/ta1924.pdf
http://195.215.251.229/Dotnetnuke/Home/tabid/58/Default.aspx
http://195.215.251.229/Dotnetnuke/Home/tabid/58/Default.aspx
http://www.ivl.se/rapporter/pdf/B1538.pdf
http://www.ivl.se/rapporter/pdf/B1538.pdf

120 Screening of phenolic substances in the Nordic environment

water, sewage sludge and biota. conditions. Journal of Environmental
Chemosphere 20(1-2), 179-195. Sciences 20, 135-141.

Warhurst, M. (1995): An environmental Oberg, K., Warman, K. & Oberg, T.
assessment of alkylphenol ethoxylates (2002): Distribution and levels of
and alkylphenols. Available at: brominated flame retardants in sew-
http://www.foe.co.uk/resource/reports age sludge. Chemosphere 48, 805-
/ethoxylates _alkylphenols.pdf 809.

Watanabe, 1., Kashimoto, T. & Tatsu-
kawa, R. (1983): Identification of the
flame retardant tetrabromobisphenol
A in the river sediment and the mus-
sel collected in Osaka. Bulletin of
Environmental Contaminant Toxi-
cology 31, 48-52.

Water Environment Association of
Ontario (2001): Fate and significance
of contaminants in sewage biosolids
applied to agricultural land through
literature review and consultation
with Stakeholder Group. Chapter 11,
Literature review of the fate and ef-
fects of endocrine disruptors in sew-
age biosolids applied to agricultural
land. Final report, April 2001.

Weltin, D., Gehring, M., Tennhardt, L.,
Vogel, D. & Bilitewski, B. (2004):
The determination of steroids and
phenolic xenoestrogens in waste wa-
ter, lysimeter leachate, soil and sew-
age sludge using SPE and GC/MS.
Beitrige zu Abfallwirtschaft und Alt-
lasten 18, 35-41.

Wit, C.A. de, Alaee, M. & Muir,
D.C.G. (2006): Levels and trends of
brominated flame retardants in the
Arctic. Chemosphere 64(2), 209-233.

World Wildlife Fund (2006): Factsheet
— Chain of contamination: The food
link. Alkylphenols (Octylphenol and
nonylphenol isomers). WWF DeTox
Campain. Available at:
http://assets.panda.org/downloads/fact
_sheet __alkylphenols_food.pdf

Ying, G.-G., Williams, B. & Kookana,
R. (2002): Environmental fate of al-
kylphenols and alkylphenol ethoxy-
lates — a review. Environment Inter-
national 28(3), 215-226.

Ying, G.-G. (2006): Fate, behaviour and
effects of surfactants and their degra-
dation products in the environment.
Environmental International 32(3),
417-431.

Zhang, J., Yang, M., zhang, Y. & Chen,
M. (2008): Biotransformation of non-
ylphenol ethoxylates during sewage
treatment under anaerobic and aerobic



http://www.foe.co.uk/resource/reports/ethoxylates_alkylphenols.pdf
http://www.foe.co.uk/resource/reports/ethoxylates_alkylphenols.pdf
http://assets.panda.org/downloads/fact_sheet___alkylphenols_food.pdf
http://assets.panda.org/downloads/fact_sheet___alkylphenols_food.pdf

Sammenfatning

Dette projekter omhandler screening af udvalgte fenolstoffer i det nordi-
ske miljo og er initieret af Kemikaliegruppen under Nordisk Ministerrad.

Alle seks nordiske lande (Danmark, Finland, Fergerne, Island, Norge
og Sverige) har deltaget i projektet, som har inkluderet indsamling og
analyse af 129 prover fra forskellige udvalgte miljematricer. Undersegel-
sen har omfattet analyse af 13 forskellige fenolstoffer fra alkylfenoler (4-
tert-butylfenol, 2,6-di-tert-butylfenol, oktyl-, nonyl- og dodecylfenoler)
over 4-cumylfenol til bisfenoler (bisfenol A, tetrabrombisfenol A og den-
nes dimethylater) samt oktyl- og nonylfenol monoetoxylater. Forskellige
miljeinstitutter og -institutioner i medlemslandene har haft ansvaret for at
indsamle og fremsende preverne til analyse ved Danmarks Miljeundersa-
gelser ved Arhus Universitet i Danmark, som var udvalgt til at udfere
projektet.

Der indgik tre typer af prover i projektet: vandprever, faste prover og
biologiske prover. Vandpreverne omfattede spildevand fra rensningsan-
leeg (influent og effluent) og perkolat fra lossepladser; desuden indgik
ogsé aflgbsvand fra gader og veje og overfladevand fra savel ferskvands-
/brakvandsomrader som marine omréder. De faste prover omfattede slam
fra rensningsanleg (bade vadt og tert), jord fra lossepladser/deponier og
sediment fra bdde ferskvands-/braksvandsomridder og marine omréder.
Endelig omfattede de biologiske prover blamuslinger fra marine omréder,
lever fra fisk fanget i ferskvands- (sger)/braksvandsomrader og i marine
omrader, lever fra havpattedyr (spattet sel og grindehval) samt &g fra
havfugle (tejst).

For vandpreverne blev NP-mix (forskellige nonylfenol isomerer), do-
decylfenol (DDP), bisfenol A (BPA), 4-tert-oktylfenol (4-tOP) og nonyl-
fenol monoetoxylat (NP1EO) fundet i de hejeste koncentration i spilde-
vandsprever, iser i prover af influent. Til gengald var de fundne koncen-
trationer for de fleste fenolstoffer generelt lave i prover fra recipienter og
baggrundsstationer; NP-mix, DDP, BPA og NP1EO blev dog malt over
detektionsgransen, og i en preve fra Torshavn havn blev der estimeret
den hgjeste mélte verdi af NP-mix.

For de faste prover blev de hojeste verdier mélt i spildevandsslam, og
som for prever af spildevand blev NP-mix og DDP maélt i de hgjeste kon-
centrationer, mens niveauerne for etoxylater var vaesentligt reducerede.
Til sammenligning var de mélte koncentrationer i de andre faste prover,
jord og sediment, lave for de fleste af de mélte fenolstoffer.

I modsatning til de andre provetyper blev der i de biologiske praver
maélt relativt hegje verdier af 4-fert-butylfenol (4-tBuP) og 2,6-di-tert-
butylfenol (2,6-di-tBuP), men arsagen hertil er ikke kendt. Desuden blev
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der malt 4-tOP, NP-mix, DDP og oktyl- og nonylfenol monoetoxylater i
muslinger og fiskelever, mens niveauerne af disse stoffer var lave i pro-
ver af bade fugleeg og szllever. Med hensyn til NP-mix og OP1EO blev
der malt hgjere koncentrationer i prover af lever fra grindehvaler end fra
seler.

Udover de omtalte analyseresultater sammenstiller rapporten ogsé fy-
sisk-kemiske data for de undersogte fenolstoffer tillige med estimerede
og eksperimentelle data for stoffernes spredning og forekomst i miljeet,
deres persistens/nedbrydelighed og toksicitet overfor forskellige test or-
ganismer.



Appendix A

Abbreviation list

AA

AP
APEO
ASE
BCF
Bp
BPA
BSTFA
BuP
CHRIP

Chv
CP
DL
DDP
dw
ECB
EC50

EQS
EUSES
ESIS
GC-MS
HPVC
HPVIS
INCHEM

IUCLID
Kow
LC-MS
LC50
LOEC

LPVC
MATC

Mp
MW
MWE
NEC

Annual average

Alkylphenol

Alkylphenol ethoxylate

Accelerated solvent extraction
Bioconcentration factor

Boiling point (in °C)

Bisphenol A
N,O-bis(trimethylsilyl)trifluoroacetamide
Butylphenol

Chemical Risk Information Platform: Information on Biodegradation and Bioconcentration
of Existing Chemical Substances in the Chemical Risk Information Platform

Chronic no-effect concentration (same as NEC) used in PBT Profiler
Cumylphenol

Detection limit

Dodecylphenol

dry weight

European Chemicals Bureau

Concentration of a t that gives rise to non-lethal adverse effects in 50 % of the test organ-
isms

Environmental quality standard

European Union System for the Evaluation of Substances
European Chemical Substances Information System

Gas chromatography-mass spectrometry

High Production Volume Chemicals

High Production Volume Information System (US EPA)

Chemical Safety Information from Intergovernmental Organizations (Internal programme
on Chemical Safety, IPCS)

International Uniform Chemical Information Database for HPVCs
Octanol-water partition coefficient

Liquid chromatography-mass spectrometry

Concentration of test substance that is lethal to 50 % of the test organisms

Lowest observable effect concentration; i.e. the lowest concentration of a test substance
that is statistically different in adverse effect on a specific population of test organisms
from that observed in controls

Low Production Volume Chemicals

Geometric mean of the maximum allowable toxicant concentration, i.e. the geometric
mean of LOEC and NOEC

Methyl group

Melting point (in °C)
Molecular weight
Microwave extraction

Chronic no-effect concentration (the same as MATC)
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NITE National Institute of Technology and Evaluation (Japan)

NOEC No-effect concentration; the highest concentration of a test substance that shows no
statistical difference in adverse effect on a specific population of test organisms from that
observed in controls

NP Nonylphenol

NPEO Nonylphenol ethoxylates

NP1EO Nonylphenol monoethoxylate

OECD Organization for Economic Cooperation and Development

OECD HPV  OECD Integrated HPV Database (OECD)

OP Octylphenol

OPEO Octylphenol ethoxylates

OP1EO Octylphenol monoethoxylate

OSPAR Oslo-Paris Commission for the Protection of the Marine Environment of North-East
Atlantic

PBT Persistence-Bioaccumulation-Toxicity

peq person equivalent

PLE Pressurized liquid extraction

PNEC Predicted no-effect concentration (at specified endpoint)

SIDS Screening Information Data Sets

SPE Solid phase extraction

STP Sewage treatment plant

TBBPA Tetrabromobisphenol A

UN-ECE United Nations Economiv Comission for Europe

UNEP United Nations Environment Programme

US-EPA US Environmental Protection Agency

Vp Vapour pressure (in Pa)

WD Waste deposit

WFD Water Framework Directive

Wsol Water solubility (in mg/L)

ww wet weight
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Detailed information on samples and sampling sites
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Table 35. Number, type, location and position of samples collected in Denmark, 2006-2007.

Sample type  Sample Sample Sampling Location Sampling Latitude Longitude  Remarks
no. name date site

Water
STP influent 2006-778 Ni-indlab 17-10-2007 Copenhagen Lynetten STP 55°41.75'N’ 012°37.0'E’
STP influent 2006-779 Ni-indlgb 17-10-2007 Copenhagen Lynetten STP 55°41.75' N’ 012°37.0'E’ replicate
STP effluent 2006-780 STA-afleb 17-10-2007 Copenhagen Lynetten STP 55°41.75' N’ 012°37.0'E’
STP effluent 2006-781 STA-afleb 17-10-2007 Copenhagen Lynetten STP 55°41.75' N’ 012°37.0'E’ replicate
STP effluent 2006-1009  Bjergmark-udl. 13-11-2006 Roskilde Bjergmarken STP ~ 55°38.95' N’ 012°03.43'E'
STP effluent 2007-1633  Bjergmark-udl. 15-02-2007 Roskilde Bjergmarken STP ~ 55°38.95' N’ 012°03.43'E'
Recipient’ 2006-691 Lynetten-1 04-10-2006 Copenhagen Lynetten STP ?? ??
Recipient’ 2006-692 Lynetten-2 04-10-2006 Copenhagen Lynetten STP ?? ?2? replicate
Recipient’ 2006-1029 St. 60 14-11-2006 Roskilde Fjord Station 60 55°42.78'N 012°04.00'E  Depth: 1m
Recipient’ 2006-711 MSS3 03-10-2006 Nibe Bredning MSS 3 57°00.58' N 009°39.45'E  Depth: <2m
Background® 2006-694 Togt 238 21-09-2006 Kattegat Station 905 57°11.06' N 011°39.62'E
Background® 2006-801 Togt 238 18-10-2006 Kattegat Station 905 57°11.06' N 011°39.62'E
Background® 2006-802 Togt 238 18-10-2006 Kattegat Station 905 57°11.06' N 011°39.62' E replicate
Solid
STP sludge 2006-782 kageslam 17-10-2007 Copenhagen Lynetten STP 55°41.75' N’ 012°37.0'E’
STP sludge 2006-783 kageslam 17-10-2007 Copenhagen Lynetten STP 55°41.75'N’ 012°37.0'E’ replicate
STP sludge 2007-1634  slam fra centri.* 15-02-2007 Roskilde Bjergmarken STP  55°38.95' N' 012°03.43'E'
Sediment’ 2006-693 Lynetten 04-10-2006 Copenhagen Lynetten STP ?? ??
Sediment® 2006-1030 St. 60 14-11-2006 Roskilde Fjord Station 60 55°42.78' N 012°04.00'E  Depth: 5.5m
Background® 2006-699 Togt 238 21-09-2006 Kattegat Station 905 57°11.06' N 011°39.62'E
Biological
Mussels®® 2006-712 MSS3 03-10-2006 Nibe Bredning MSS3 57°00.58' N 009°39.45'E  Depth: <2m
Fish liver*® 2006-1159 Kutling 29-10-2006 Roskilde Fjord Inner fiord ?? ?? Pool: 14
Fish liver*® 2006-1160 Kutling 15-11-2006 Roskilde Fjord Inner fiord ?? ?? Pool: 18
Seal liver*” 1676-1678 Blinderan ?? Limfijorden Blindergn 56°54.0' N’ 009°00.7' E' Pool: 3
Seal liver®” 1679-1681 Anholt ?? Kattegat Anholt 56°44' N' 011°39'E’ Pool: 3°
Seal liver*” 1682-1684 Kage Bugt ?? Dresund Kage Bugt ?? ?? Pool: 3"

Notes: 'Estimated; ?Brackish environment; *Marine environment; *sludge from centrifuge; °Blue mussel (Mytilus edulis); °Sand goby ( Pomatoschistus
minutus); “Harbour seal (Phoca vitulina); 81 male + 2 females, 3-4 years; °2 males + 1 female, 2 years; 3 females, 1-4 years;
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Table 36. Number, type, location and position of samples collected at the Faroe Islands, 2006-2007.

Sample type  Sample Sample Sampling Location Sampling Latitude Longitude  Remarks

no. name date site

Water
STP influent 2007-1416 E-1 12-11-2006 Torshavn Hospital STP 62°00,103' N 006°46,526' W
STP influent 2007-1420 E-3 29-12-2006 Torshavn Sersjantvikin STP  62°00,508' N 006°45,697' W  household
STP effluent 2007-1417 E-2 12-11-2006 Torshavn Hospital STP 62°00,103' N 006°46,526' W
STP effluent 2007-1418 E-4 29-12-2006 Torshavn Sersjantvikin STP  62°00,508' N 006°45,697' W
Landfill effluent 2007-1421 E-5 29-12-2006 Torshavn Husahagi 62°01,711'N 006°48,307' W
Recipient2 2007-1422 RES-1 12-01-2007 Klaksvik Marina 62°13,707' N 006°35,221' W oilslick
Recipient2 2007-1419 RES-2 12-01-2007 Véagsbotn Véagsbotn 62°00,501' N 006°46,347' W oilslick
Solids
STP sludge 2007-1435 SL-1 12-01-2007 Torshavn Hospital STP 62°00,103' N 006°46,526' W
STP sludge 2007-1436 SL-2 29-12-2006 Torshavn  Sersjantvikin STP  62°00,508' N 006°45,697' W
Soil 2007-1433 SO-1 29-12-2006 Torshavn Husahagi 62°01,711'N 006°48,307' W landfill
Soil 2007-1434 SO-2 29-12-2006 Torshavn Havnadalur 62°01,066' N 006°49,069' W  landfill, old
Sediment® 2007-1428 SE-1 15-06-2006 Klaksvik Pollurin, St. 7 62°14' N’ 006°36' W' hot spot
Sediment? 2007-1429 SE-2 15-06-2006 Gétuvik Bakkafrost, St. 16 62°11'N' 006°44' W' hot spot
Sediment’ 2007-1432 SE-3 12-01-2007 Torshavn Harbour (BA) 62°00,430' N 006°46,434' W hot spot
Biological
Mussels® 2007-1423 NE-06 12-01-2007 Torshavn Harbour 62°01' N’ 006°46' W' hot spot
Mussels® 2007-1424 NE-06 12-01-2007 Torshavn Harbour 62°01' N’ 006°46' W' hot spot
Mussels® 2007-1425 NE-05 30-10-2006 Giljanes 62°06.06'N"  007°08.74'W'  Ref. site
Fish liver" 2007-1437 COD-T 13-01-2007 Torshavn Bursatanga 62°01' N’ 006°46' W' Pool: 7
Birds egg® 2007-1426 CG-KOL June-2006 Koltur 61°59.7'N' 006°58.5' W' Pool: 10
Birds egg® 2007-1427 CG-SKU June-2006 Skuvoy 61°46.3' N' 006°49.4' W' Pool:10
Whale liver® 2007-1430 PW-1 28-08-2006 Hvannasund 62°18' N’ 006°30' W' Pool: 67
Whale liver® 2007-1431 PW-2 28-08-2006 Hvannasund 62°18' N’ 006°30' W' Pool: 6°

Notes: 'Estimated coordinate; “Marine environment; *Blue mussel (Mytilus edulis); “Atlantic cod (Gadus morhua); °Black guillemot (Cepphus grylle); °Pilot

whale (Globicephala melas); 76 females; °6 males;
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Table 37.  Number, type, location and position of samples collected in Finland, 2006-2007.

Sample type  Sample Sample Sampling Location Sampling Latitude Longitude  Remarks

no. name date site

Water
STP influent 2006-719 SO STP 04-10-2006 Espoo Suomenoja STP 60°09.4' N’ 024°42.5'E' 270,000°
STP influent 2006-716 VM STP 04-10-2006 Helsinki Viikinméki STP 60°13.7' N’ 025°01.0'E' 1,000,000
STP effluent 2006-724 P STP 04-10-2006 Pornainen Pornainen STP 60°28.6" N’ 025°22.5'E' < 1000°
STP effluent 2006-720 SO ST 04-10-2006 Espoo Suomenoja STP 60°09.4’ N’ 024°42.5' E' 270,000°
STP effluent 2006-717 VM STP 04-10-2006 Helsinki Viikinméki STP 60°13.7' N’ 025°01.0'E' 1,000,000
Landfill effluent  2006-718 AM LF 04-10-2006 Espoo Amméassuo 60°14.5' N’ 024°32.5'E"  Largestin F.”
Recipient3 2006-721 H1 SI 03-10-2006 Heslsinki Near ship port 60°11.72’N 025°29.87’E  Depth: 1Tm
Recipient3 2006-722 H2 SI 03-10-2006 Espoo Coastal sea 60°06.8' N’ 024°46.07’E"  Depth: 1m
Recipient3 2006-723 H3 03-10-2006 Espoo Coastal sea 60°06.8' N’ 024°46.07’E"  Depth: 16 m
Solids
STP sludge 2006-732 P STP 04-10-2006 Pornainen Pornainen STP 60°28.6' N’ 025°22.5'E' < 1000°
STP sludge 2006-733 SO STP 04-10-2006 Espoo Suomenoja STP 60°09.4’ N’ 024°42.5' E' 270,000°
STP sludge 2006-734 VM STP 04-10-2006 Helsinki Viikinméki STP 60°13.7' N’ 025°01.0'E' 1,000,000
Sediment® 2006-735 E1 SED 03-10-2006 Espoo Coastal sea 60°06.8’' N 024°46.07’ E  Depth: 177 m
Sediment® 2006-736 H1 SED 03-10-2006 Helsinki City bay 60°11.72’N 025°29.87'E Near port
Biological
Fish liver** 1014-1016  PIKE-VaKala 20-10-2006 Helsinki City bay 60°11.72'N 025°29.87’'E Pool: 3°
Fish liver** 1017-1019  PIKE-VaKala 20-10-2006 Helsinki City bay 60°11.72’N 025°29.87’ E Pool: 3°
Fish liver** 1020-1022  PIKE-VaKala 22-10-2006 Helsinki City bay 60°11.72'N 025°29.87' E Pool: 3°
Fish liver** 2006-1023  PIKE-VaKala 22-10-2006 Helsinki City bay 60°11.72'N 025°29.87’'E male
Fish liver** 1024-1026 PIKE-LalLa 02-11-2006 Espoo Coastal bay 60°11.80' N 024°51.50’' E Pool: 3°
Fish liver** 1027-1028 PIKE-LalLa 02-11-2006 Espoo Coastal bay 60°11.80' N 024°51.50' E Pool: 2°

Notes: 'Estimated coordinate; Estimated population; *Brackish environment; *“Nothern pike (Esox lucius); °3 females pooled: °2 males pooled; "Largest

landfill in Finland
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Table 38. Number, type, location and position of samples collected at Iceland, 2006-2007.

Sample type  Sample Sample Sampling Location Sampling Latitude Longitude  Remarks

no. name date site

Water
STP influent 2007-1474 MB-1 23-01-2007 Reykjavik area Mosfellsbaer 64°10.36° N 021°41.91" W Sewage
STP influent 2007-1475 MB-2 23-01-2007 Reykjavik area Mosfellsbzer 64°10.14'N 021°43.59' W Sewage
Landfill effluent 2007-1476 ALF-1 23-01-2007 Reykjavik area  Alfsnes landfill 64°11.20°' N 021°45.27" W
Landfill effluent 2007-1477 ALF-2 23-01-2007 Reykjavik area  Alfsnes landfill 64°11.20°' N 021°45.27" W
Recipient’ 2006-766 HA-1 11-10-2006 Reykjavik area  Ananaust, coast 64°09.19' N 021°57.39°W  Surf. water
Recipient’ 2006-767 HA-2 11-10-2006 Reykjavik area  Ananaust, coast 64°09.19°' N 021°57.39°W  Surf. water
Recipient’ 2006-768 HA-3 11-10-2006 Reykjavik area  Klettagar., coast ~ 64°09.36’ N 021°52.44’W  Surf. water
Recipient’ 2006-769 HA-4 11-10-2006 Reykjavik area  Klettagar., coast ~ 64°09.36’ N 021°52.44’W  Surf. water
Solids
STP sludge’ 2006-770 KL-1 10-10-2006 Reykjavik area Klettagardar STP ~ 64°09.33' N 021°52.41"W
STP sIudge’ 2006-771 KI-2 10-10-2006 Reykjavik area Klettagardar STP ~ 64°09.33' N 021°52.41° W
STP sIudge’ 2006-772 AN-1 10-10-2006 Reykjavik area  Ananaust STP 64°09.18' N 021°57.33' W
STP sludge’ 2006-773 AN-2 10-10-2006 Reykjavik area  Ananaust STP 64°09.18' N 021°57.33°' W
Biological
Fish liver”*® 2007-1479 GUF3Hip 01-11-2006  Reykjavik area Outside Gufunes  64°09.60'N°  021°49.38'W®  Depth: 6 m
Fish liver”>® 2007-1480 GUF4Hip 01-11-2006  Reykjavik area Outside Gufunes ~ 64°09.60'N°  021°49.38'W°  Depth: 6 m
Fish liver”>® 2007-1482 GUF5HIp 01-11-2006  Reykjavik area Outside Gufunes ~ 64°09.60'N°  021°49.38'W°  Depth: 6 m
Fish liver”*® 2007-1478 GUF1Lim 29-10-2006  Reykjavik area Outside Gufunes — 64°09.60'N°  021°49.38'W°  Depth: 6 m
Fish liver”>® 2007-1481 GUF2Ple 29-10-2006  Reykjavik area Outside Gufunes ~ 64°09.60'N°  021°49.38'W°  Depth: 6 m
Fish liver** 2007-1674 FS115 12-03-2006 S. of Reykjanes Open sea 63°37.83' N 021°51.81" W
Fish liver** 2007-1675 FS116 12-03-2006 S. of Reykjanes Open sea 63°41.51"N 021°33.62° W
Fish liver”” 2007-1671 F28 06-03-2006  Near Snaefelisn. Open sea 64°52.87'N 024°04.03' W
Fish liver”” 2007-1672 F31 07-03-2006 Faxafloi Open sea 64°09.30' N 022°18.38' W
Fish liver”” 2007-1673 F38 08-03-2006 Faxafloi Open sea 64°21.09' N 022°38.57" W

Notes: "Non-processed and non-dehydrated: 2Marine environment; *American plaice (Hippoglossoides platessoides); ‘Dab (Limanda limanda); *European
plaice (Pleuronectes platessa); ®the liver sample was too small to be analysed ; “Atlantic cod (Gadus morhua); °Estimated coordinate.
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Table 39. Number, type, location and position of samples collected in Norway, 2006-2007.

Sample type  Sample Sample Sampling Location Sampling Latitude Longitude  Remarks

no. name date site

Water samples
STP influent 2006-675 Bekkelaget 06-09-2006 Oslo Oslo, inner 59.882° N 010.767° E
STP influent 2006-678 VEAS 13-09-2006 Oslo Oslo, outer 59.789° N 010.496° E
STP effluent 2006-676 Bekkelaget 06-09-2006 Oslo Oslo, inner 59.882° N 010.767° E
STP effluent 2006-679 VEAS 13-09-2006 Oslo Oslo, outer 59.789° N 010.496° E
Recipient’ 2006-1077 St. 30B 25-10-2006 Oslo Oslo Fj., St. 30B 59.49° N 010.33°E
Recipient’ 2006-677 Mjgsa 11-09-2006 Hamar Lake Mjgsa 60.82° N 010.98° E
Recipient’ 2006-1076 Vanemfjord 19-10-2006 Vansjo Vanemfjord 59°24.7' N° 010°44.7' E
Surface runoff 2006-1079 Lier-St. 1 27-10-2006 Lier St. 1 59°47.594' N 010°14.275'E°  Greenhouse
Surface runoff 2006-1078 Lier-St. 2 27-10-2006 Lier St. 2 59°45.943' N 010°16.882' E  Greenhouse
Background’ 2006-1081 St. 36A 08-11-2006 Oslo Oslo Fj., St. 36A  59°01.63' N 010°31.53'E
Background’ 2006-1082 St. 10S 07-09-2006 ~ Northern Norway  Varangerfjord 69°56.156’ N 030°06.67' E
Background’ 2006-1083 St. 425 30-08-2006 Tromsg Malangen,St. 42S  69°30.443' N 018°07.09’' E
Solid samples
STP sludge 2006-681  Bekkelaget-inl. 07-09-2006 Oslo Bekkelaget STP 59.882° N 010.767° E wet
STP sludge 2006-682  Bekkelaget-inl. 07-09-2006 Oslo Bekkelaget STP 59.882° N 010.767° E wet
STP sludge 2006-638  Bekkelaget-inl. 07-09-2006 Oslo Bekkelaget STP 59.882° N 010.767° E replicate
STP sludge 2006-684  Bekkelaget-oultl. 07-09-2006 Oslo Bekkelaget STP 59.882° N 010.767° E dry
STP sludge 2006-685 Bekkelaget-outl. 07-09-2006 Oslo Bekkelaget STP 59.882° N 010.767° E dry
STP sludge 2006-686  Bekkelaget-oultl. 07-09-2006 Oslo Bekkelaget STP 59.882° N 010.767° E replicate
STP sludge 2006-6868 VEAS 13-09-2006 Oslo VEAS STP 59.789° N 010.496° E silo
STP sludge 2006-689 VEAS 13-09-2006 Oslo VEAS STP 59.789° N 010.496° E wet
Sediment’ 2006-1086 St. 30S 25-10-2006 Oslo Steilene, St. 30S 59°49.10°' N 010°33.80' E
Sediment? 2006-687 Mjgsa 11-09-2006 Hamar Lake Mjgsa 60.82° N 010.98°E  Depth: 200 m
Sediment? 2007-1468 Vanemfjord 19-10-2006 Vansjo Vanemfjord 59°24.7' N° 010°44.7’ E
Sediment’ 2006-680 St. 360A 14-06-2006 Oslo Fjord Feerder, St. 360A  58°56.78' N 011°38.34’E  Depth: 356 m
Sediment’ 2006-1083 St. 42S 30-08-2006 Tromso Malangen, St.42S  69°30.44’ N 018°07.09’ E
Sediment’ 2006-1087 St. 42S 30-08-2006 Tromso Malangen, St.42S  69°30.44’ N 018°07.09’ E replicate
Sediment’ 2006-1084 St. 10S 07-09-2006  Northern Norway  Varangerfjord 69°56.16’ N 030°06.67' E
Sediment’ 2006-1085 St. 10S 07-09-2006  Northern Norway  Varangerfjord 69°56.16° N 030°06.67’ E replicate
Biota samples
Mussels™* 2006-1089 St. 30A 30-10-2006 Oslo Oslo Fj., St. 30A 59°562.5'N 010°43.0'E Pool: 20
Fish liver"® 2006-1045 St. 30B-1 ?? Oslo Oslo Fj. St. 30B 59°49.00' N 010°33.00' E Pool: 5
Fish liver"® 2006-1046 St. 30B-2 ?? Oslo Oslo Fj. St. 30B 59°49.00' N 010°33.00' E Pool: 5
Fish liver"® 2006-1047 St. 30B-3 ?? Oslo Oslo Fj. St. 30B 59°49.00' N 010°33.00' E Pool: 5
Fish liver"® 2007-1467 Mjgsa Autumn 2006 Hamar Lake Mjgsa 60.82° N 010.98°E Pool: 5
Fish liver"” 2007-1469 Storfjorden 03-11-2006 Vansjo Storfjorden 59°23.1"N 010°50.8' E Pool: 5

Notes: "Marine environment; *Lacustrine environment; °Estimated coordinate; *Blue mussel (Mytilus edulis); *Atlantic cod (Gadus morhua); *Trout (Salmo

trutta) ; “European perch (Perca fluviatillis)
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Table 40. Number, type, location and position of samples collected in Sweden, 2006-2007.

Sample type  Sample Sample Sampling Location Sampling Latitude Longitude  Remarks

no. name date site

Water samples
Urban runoff' 2007-1454 5281 06-12-2006 Stockholm Batbyggargatan 59°18.4’ N? 018°06.7'E?  Storm water
Urban runoff' 2007-1455 5282 06-12-2006 Stockholm Lugnets Allé 59°18.2' N? 018°06.3' E?  Storm water
Urban runoff' 2007-1456 5283 06-12-2006 Stockholm Sveavédgen 59°20.6" N? 018°03.4’E?  Storm water
Urban runoff' 2007-1457 5284 06-12-2006 Stockholm Styrmansgatan 59°19.9' N? 018°05.2' E?  Storm water
Urban runoff' 2007-1458 5388 16-01-2007 Stockholm Lill-dansskogen 59°21.2' N? 018°04.3' E?  Storm water
Urban runoff' 2007-1459 5389 16-01-2007 Stockholm Arstafiltet 59°17.4’ N? 018°02.8' E?  Storm water
Urban runoff' 2007-1462 5292a 06-12-2006 Stockholm ~ Hammarby Sj6.*  59°19.4’ N? 018°05.5'E?  Surf. water
Urban runoff' 2007-1463 5292b 06-12-2006 Stockholm Hammarby Sj6.* 59°19.4’ N? 018°05.5' E? replicate
Urban runoff' 2007-1464 5293b 06-12-2006 Stockholm Riddarfjarden 59°19.4’ N? 018°02.9' E? Surf. water
Recipient’ 2007-1460 5290a 05-12-2006 Stockholm Stora Essingen 59°19.2' N? 017°59.4’ E? Surf. water
Recipient’ 2007-1461 5290b 05-12-2006 Stockholm Stora Essingen 59°19.2' N? 017°59.4’ E2 replicate
Background3 2007-1465 4368 19-11-2006 Stockholm Lake Térnan 59°02.6" N? 017°55.8' E? Surf. water
Background3 2007-1466 4483 13-01-2006 Gothenburg Lilla Oresjén 57°33.0' N? 012°19.4’ E? Surf. water
Solid samples
STP sludge 2007-1450 5075 18-10-2006 Stockholm Henriksdal STP  59°18.629' N 018°06.501’ E
STP sludge 2007-1451 5285 06-12-2006 Stockholm Henriksdal STP ~ 59°18.629°' N 018°06.501’ E
STP sludge 2007-1452 5078 18-10-2006 Stockholm Hammarby® STP  59°18.629’' N 018°06.501’ E
STP sludge 2007-1453 5286 06-12-2006 Stockholm Hammarby® STP  59°18.629’' N 018°06.501’ E
Sediment’ 2007-1442 5287a 05-12-2006 Stockholm Stora Essingen 59°19.2' N 018°00.2' E?  Depth:27.7 m
Sediment' 2007-1443 5287b 05-12-2006 Stockholm ~ Stora Essingen  59°19.2' N 018°00.2'E*  replicate
Sediment' 2007-1444 5288 05-12-2006 Stockholm Arstaviken 59°18.3' N 018°03.1"E*  Depth: 7.6m
Sediment’ 2007-1445 5289a 05-12-2006 Stockholm ~ Hammarby Sj6.*  59°18.4’ N? 018°06.0'E*  Depth: 3.6 m
Sediment’ 2007-1446 5289b 05-12-2006 Stockholm ~ Hammarby Sj6.*  59°18.4’ N? 018°06.0" E? replicate
Sediment' 2007-1447 5296 05-12-2006 Stockholm Riddarfjarden 59°19.4’ N 018°02.7’E?  Depth:19.2m
Sediment® 2007-1448 5240 05-12-2006 Vastmanland ~ Ovre Skarsjon ~ 59°50.8' N 015°32.8'E?  Background
Sediment’ 2007-1449 5242 23-11-2006 Skéne Krageholmssjén 55°30.0° N? 013°44.9'E?  Background

Notes: "Brackish environment; 2Estimated coordinate; *Lacustrine environment; *“Hammarby Sjéstad






Appendix C: Sampling Guideline

Introduction and objectives of the study

This guideline concerns the sampling, sample handling and shipping of
water, sludge, soil, sediment, and a variety of biota samples for trace
analysis of organic contaminants. The guideline is intended for a suite of
phenolic substances. To obtain representative and comparable samples
from all countries, this sampling guideline should be followed as pre-
cisely as possible, and any deviations from the guideline must be reported
in the sampling protocols.

The purpose of this study is a first quantitative screening of selected phe-
nolic compounds including Bisphenol A (CAS no 80-05-7), Tetrabromo-
bisphenol A (CAS no 79-94-7), n-Octylphenol (CAS no 1806-26-4), Oc-
tylphenol ethoxylate (CAS no 9063-89-2), n-Nonylphenol (CAS no 104-
40-5), Nonylphenol ethoxylate (CAS no 9016-45-9), Dodecylphenol
(CAS no 27193-86-8/121158-58-5), 4-Cumylphenol (CAS no 599-64-5),
4-tert-Butylphenol (CAS no 98-54-4), 4-tert-Octylphenol (CAS no 140-
66-9), 4-Nonylphenol, branched (CAS no 84852-15-3), 2,6-di(tert-
butyl)phenol (CAS no 129-39-2) and methylated TBBPA (CAS no
37853-61-5) in various environmental matrices (se below) throughout the
Nordic countries (i.e. Denmark, the Faeroe Islands, Finland, Iceland,
Norway and Sweden). This will allow the assessment of existing levels of
contamination, possibly indicate regional differences and provide infor-
mation about the ubiquity of the studied phenolic substances in the Nor-
dic countries.

Phenolic substances/Alkylphenols

Usage

Alkylphenols such as nonylphenol and octylphenol are mainly used to
make alkylphenol ethoxylate (APE) surfactants (detergents), though al-
kylphenols themselves can be used as plasticisers in plastics; alkylphenol
phosphites can be used as UV stabilisers in plastics, while the more “bul-
ky” alkylphenols (like t-butylphenols) are used as stabilizers in other
formulations. In Europe, alkyl-phenol ethoxylates are mainly used as
detergents, industrial processes and in some pesticide formulations. Te-
trabromobisphenol A (TBBPA) is the largest volume brominated flame
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retardant (BFR) in production and is mainly used in electrical and elec-
tronical equipment.

Environmental fate

APEs do not break down effectively in sewage treatment plants or in the
environment. They tend to loose some of their ethoxylate groups quite
easily, which prevents them acting as detergents - this is called 'primary
biodegradability'. This leaves alkylphenols, alkylphenols with one or two
ethoxylate groups and alkylphenoxy carboxylic acids (APEC), which
persist for longer. Alkylphenols accumulate where there is inadequate
oxygen, e.g. in sediments, whilst APEC persist in rivers and effluents.
Alkylphenolic compounds are concentrated by organisms such as fish and
birds, leading to contamination in their internal organs between ten and
several thousand times greater than in the surrounding environment.
TBBPA is predicted to partition to soil and sediment if released to the
environment. The majority would be reacted in sediment and soil (ap-
prox. 85%) with only approx. 15% of the total undergoing advection.
TBBPA is expected to be essentially immobile in soil, where it can un-
dergo degradation. It may also undergo photolytic degradation with a
short half-life. Hydrolysis is not expected to be a significant environ-
mental process due to its low water solubility. TBBPA is not expected to
undergo long range transport and is not expected to volatilize from water
based on its air-water partition coefficient and its river and lake volatili-
zation half lives, and is expected to partition to biomass.

While not expected to undergo biodegradation during sewage treatment,
TBBPA is expected to be removed from the effluent during passage
through a wastewater treatment plant. However, observation of methy-
lated derivatives of TBBPA is suspected to arise from microbial methyla-
tion, and reductive debromination has been observed in sediments.

Sample types

This screening project includes analysis of selected phenols in the follow-
ing environmental sample types (matrices):

e Water, incl.
effluent water
recipient water
surface runoff
e Sludge (from municipal sewage plants)
e Soil
e Sediment
e Biota
mussels (e.g. Mytilus edulis)
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fish (liver)
seabird eggs
marine mammals (seal/pilot whale liver)

General sampling strategy

Sampling should be performed in accordance with general sampling stra-
tegies for organic trace analysis. In case of questions about the practica-
bility of procedures or usability of special material and equipment NERI
can be contacted for advice (Asger B. Hansen, phone: +45 46301243, e-
mail: aha@dmu.dk; Pia Lassen, phone: +45 46301304, e-mail:
pla@dmu.dk). The sampling strategy should take into account the spe-
cific objectives of the screening programme, including the representative
and quantitative objectives. Natural variability within the samples, con-
tamination/ cross-contamination should be reduced by applying the ap-
propriate sampling strategy and technique. The sampling strategy is an
intrinsic component of the data, and if not applied properly it may limit
the use and interpretation of results.

Sampling site selection / representative sampling

The detailed sampling site selection lies within the responsibility of the
sampling institutes and are based on previous experiences with some of
the substances selected for this project and the objectives to study specific
environmental conditions. The same institutions are also responsible for
proper storage and transportation of the collected samples to the analyti-
cal laboratory (NERI, DK), that has been assigned to this screening study.
Sampling sites must be indicated on the sampling protocols as accurate as
possible (preferably with latitude/longitude data and a map).

Control samples/Quality assurance

Field blanks

Due to the constraints in the number of samples, field blanks are not in-
cluded in this study.



136

Laboratory blanks

Laboratory equipment (glassware, filters etc.) and solvents will be con-
trolled by analysing laboratory blanks together with each batch of sam-
ples.

Field replicates

Again, due to the constraints in the number of samples, field replicates
are not included in this study.

Laboratory replicates

To assess the analytical repeatability, replicate samples for all matrices
will be analysed (approximately 10% of all samples). These duplicate
samples will be collected simultaneously from the primary sample ho-
mogenates.

Sampling equipment / risk of contamination

All utensils coming in contact with the samples should be solvent rinsed
with 3 times acetone and 3 times dichloromethane (DCM) following the
normal cleaning. Glass and metal utensils should eventually be heated for
2 hours at 450 °C; Teflon utensils should be heated for 12 hours at 200
°C.

Polymer materials based on phenolic resins pose a significant risk of con-
tamination with phenols and equipment made of such material must be
avoided when handling, storing or shipping samples. Generally, contact
with polymer utensils should be kept at a minimum, and restricted to
utensils made of Teflon and Nylon, the latter only in form of special
sample bags as Rilsan® bags. Furthermore, detergents contain phenols
and phenol ethoxylates and therefore all sampling equipment that has
been washed should successively be carefully rinsed three times each
with water, acetone and DCM. Samples should be collected in the same
containers in which they are to be cooled/frozen, stored and shipped to
the analysing laboratory to avoid losses due to adsorption and change of
vessels.

Sample labelling

Immediate after sampling, all samples (i.e. sample containers) must be
carefully labelled to uniquely identify each sample and to avoid sample
mixing. For unique identification each sample must be labelled with the
following information using waterproof labels and ink:
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e sample type (according to the sample types above)

e species (for biota samples)

e date and time of sampling

e position of sampling (latitude and longitude)

e name and affiliation of sample collector

Together with each sample, an additional sampling protocol containing
the same information together with a more detailed description of the
sampling location and specific conditions regarding the sampling etc.
must be provided.

Sample preservation/transportation

Generally, all collected samples are preserved by cooling to 0-5° C in
dark immediately after sampling in the field; only water samples require
additional preservation. After returning to the laboratory, all samples
except water samples are additionally preserved by freezing down to -18°
C in the dark. This preservation technique is fast, uncomplicated and
effective for short-term storage. However, to prevent degradation or other
changes of the analytes, all samples must be transported to the analysing
laboratory (NERI, DK) as soon as possible after being collected. During
transportation it is mandatory that all samples are kept frozen (water:
cooled below 5° C) and in the dark.

Samples should be uniquely labelled and transported in special cooling
boxes that are capable of maintaining the required low temperatures and
furthermore secured sufficiently to avoid breakage (water samples, eggs).
Copies of the sampling protocols should be send together with the sam-
ples; the original sampling protocols should be send to NERI by separate
mail (or e-mailed as PDF files). Upon sending the sampling, NERI should
advised on when they are to be expected and by whom the samples will
delivered.

Samples should be sent to the following address:

National Environmental Research Institute (NERI)
Department of Environmental Chemistry & Microbiology
399 Frederiksbogve;j

DK-4000 Roskilde

Att.: Asger B. Hansen

Contact persons:
Asger B. Hansen; telephone, +45 46301243; e-mail: aha@dmu.dk
Pia Lassen; telephone, +45 46301304; e-mail: pla@dmu.dk
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Sampling descriptions

Water samples

Sample containers

Special cleaned and pre-treated sample containers (1 L Pyrex redcap bot-
tles) will provided by NERI prior to the sampling.

Sampling technique

Generally for this screening project, water samples are collected as grab
(or dip) samples. Samples should preferably be collected in the middle of
the stream of flowing water at the sampling location. The closed sample
bottle is held a few centimetres below the surface (to avoid collecting
floating debris), with the opening facing upstream; the sample collector
must always ensure that the hand that holds the bottle is downstream of
the opening. The sample collector should move around carefully in the
stream not to disturb the sampling site and avoid welling up material
from the bottom. The sample collector then removes the lid and the let
the bottle fill. The sampling bottle is rinsed three times with the sampled
water before the final sample is collected. After the bottle eventually has
been filled completely the lid is replaced and fastened securely.

Sample preservation

Preservation of water samples is of major concern as the alkyl phenol
ethoxylate may be unstable in the water matrix. Two additives are gener-
ally used for conservation in relation to ethoxylates (e.g. Petrovic & Bar-
celo, Fres. J. Anal. Chem. 368: 676-683, 2000), acidification (pH < 3) or
addition of formaldehyde (to a 3 % solution). None of these additives are
100 % effective with waste water samples, but as phenols may react with
formaldehyde, acidification with H2SO4 (pH < 3) is recommended.
Therefore, after sampling, a small amount of the water is removed and
replaced with the acidifying agent (H2SO4) to lower pH < 3; after pres-
ervation, the water sample should be stored in a cooling box kept at 0° C
(use ice). Despite preservation, water samples should be transported to
NERI immediately after sampling. All time during storage and transpor-
tation it must assured that the water samples kept below 5°C and in the
dark.

Sampling remarks
Fill out enclosed sampling protocol.
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Sewage sludge samples

Sample containers

Sludge samples are collected either in Rilsan® (Nylon) or Teflon (Ted-
lar®) bags or cleaned and pre-treated glass jars, which will provided by
NERI before the sampling period. After sampling the bags must closed
by tying a tight knot at the upper part of the bag; please observe, that as
much air as possible is squeezed out of the bag before tightening it. If a
glass jar is used the lid should be tightly closed and secured by adhesive
tape.

Sampling equipment

Sludge samples can be collected using a carefully cleaned stainless steel
scoop or a trier. Cleaning can be performed by using a suitable detergent
and successively applying the rinsing procedure described above. The
equipment must also be carefully cleaned between each location for com-
po-site samples to avoid cross-contamination. Cleaning can be done by
carefully rinsing with water.

Sampling technique

Municipal sewage sludge should be fresh from the sewage plant, col-
lected within one hour from final dewatering/stabilization, following a
period of normal weather conditions. A composite sample should consist
of 3-5 sub-samples collected at random from the stabilized sludge heap.
Each sub-sample should consist of 100-150 g to add up to a final amount
of approximately 500 g for the composite sample.

Sample preservation

After sampling, the sample bag should be labelled as required and tightly
closed as described above. The bag is the immediately placed in the dark
in a cool box kept below 5° C. After returning from the field to the labo-
ratory, the soil samples should be frozen down to and stored at -18°C.
During transportation to NERI the sludge samples should be kept frozen
all the time.

Sampling remarks

Fill out enclosed sampling protocol.

Soil samples

Sample containers

Soil samples are collected in Rilsan® (Nylon) or Teflon (Tedlar®) bags,
which will provided by NERI before the sampling period. After sampling
the bags must closed by tying a tight knot at the upper part of the bag;
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please observe, that as much air as possible is squeezed out of the bag
before tightening it.

Sampling equipment

Soil samples are collected using a carefully cleaned spade or scoop.
Cleaning can be performed by using a suitable detergent and successively
applying the rinsing procedure described previously. The spade can be
used to remove and discard the upper surface layer, while the scoop may
be more handy to collect the actual soil sample. After collecting a com-
posite sample at one position, the equipment must be carefully cleaned to
avoid cross-contamination before collecting a composite sample at a new
position. In the field, this can be done by carefully rinsing with water,
which is allowed to dry out before taking the new sample.

Sampling technique

At each sampling location a composite sample consisting of 3-5 sub-
samples is collected at equidistant (1-2 m) positions from the centre. Be-
fore collecting the sample, the surface layer (upper 0,5-1 cm) is removed.
The sub-sample is then collected a depth of down to 5 cm. Before adding
the sub-sample to the sampling bag, non-soily material like stones, root
and leaves should be removed. Each sub-sample must include 20-25 g
depending on the number of sub-samples collected. In total, about 100 g
must be collected. After pooling all sub-samples, the composite sample is
mixed by carefully shaking the sample bag (be careful not to ruin the bag
and as a precaution use double bags!).

Sample preservation

After sampling, the sample bag should be labelled as required and tightly
closed as described above. The bag is the immediately placed in the dark
in a cool box kept at 0° C (use ice). After returning from the field to the
laboratory, the soil samples should be frozen down to and stored at -
18°C. During transportation to NERI the soil samples should be kept
frozen all the time.

Sampling remarks
Fill out enclosed sampling protocol.
Sediment samples

Sample containers

Sediment samples should be collected and stored in Rilsan® bags that are
squeezed free of air and tightly closed by a knot after careful labelling.
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Sampling equipment

Sediment samples should either be collected using a stainless steel
“Haps” sampler or a stainless steel Kayak sampler. All equipment is care-
fully cleaned before use (using detergent and rinsing three times in water,
acetone and DCM) as described previously.

Sampling technique

Sediments are collected as composite samples consisting of 3-5 sub-
samples. It is important that the bottom is as undisturbed as possible be-
fore taking the samples. Sub-samples are collected at equidistant (1-2 m)
positions from the centre of the sampling spot. Only the upper 2 cm of the
core is used. Stones and organic material is removed before pooling the
sub-samples. Each sub-sample should contain 20-25 g depending on the
number of sub-samples to add up to a total of approximately 100 g of
composite sample.

Sampling remarks

Fill out enclosed sampling protocol.

Biological samples

Sample containers

Generally, biota samples are collected in Rilsan® bags (for precaution
use double bags) that will be provided by NERI before the sampling pe-
riod. After sampling, the bags must be labelled and closed by tying a tight
knot at the upper part of the bag and securing that with either a string or a
plastic strip; please observe, that as much air as possible is squeezed out
of the bag before tightening it.

Sampling equipment

Fish are sampled by using either fishing net, hoop net or fishing rod.
Mussels are collected by hand or trawl. Details on how marine mammals
are collected should be provided by the institute.

Sampling technique

Mussel samples are collected as 30 — 40 preferably bottom-dwelling indi-
viduals at 40 — 60 mm length (and pooled in two size fractions: 40-50 and
50-60 cm) after the spawning season (in October). Only living mussels
are collected, and the shells are rinsed for sand etc. with water from the
sampling place. Eventually, the mussels are depurated in a carefully clea-
ned glass tank for 24 hours in fresh water from the sampling station.

Fish caught during the non-breeding season is preferred over fish from
the breeding period.
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Bird eggs are collected from nesting colonies early in the breeding season
(and should preferably not contain embryos). At least five eggs from
individual nests of the same species should be collected from each col-
ony.

Sample preservation

Fish samples: Immediately after being caught the fish are killed. Before
being stored, the weight, length and sex of the fish should be recorded.
Then they are stored in Rilsan® bags (one fish in each bag), which are
squeezed free of air and tightly closed by a knot. After carefully labelling,
the sample bags are stored in a cooling box kept at 0° C (use ice). At the
arrival at the laboratory, the fish are frozen and stored below -18° C. Dur-
ing transportation to NERI, the samples must also be kept below -18° C.

Mussel samples: After opening and passive dewatering for 10 seconds, all
the soft tissue (incl. the adductor muscle) is removed and the length of the
shell measured. The soft tissue (incl. the adductor muscle) from all the
mussels are pooled in a Rilsan® bag, and frozen at - 20 °C. During trans-
portation to NERI, the samples must also be kept below -18° C.

Marine mammals: The liver samples from seals and pilot whales are
transferred to a Rilsan® bag (one sample in each bag) that is carefully
labelled, squeezed free of air and tightly closed by a knot. The Rilsan®
bag is stored in a cooling box kept at 0° C (use ice). As soon as possible,
the samples are transported to the laboratory, where they are frozen be-
low -18° C. During transportation to NERI, the samples must also be kept
below -18° C.

Bird eggs: Collected eggs are stored homogenized and frozen to -18°C in
Rilsan® bags. They should remain frozen while being to NERI for analy-
sis.

Sampling remarks

Fill out enclosed sampling protocol.



Annex 1: Sampling protocol for water samples
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Sample name:

Sampling

Sample material:

Comments

Date and time:

Site (description, preferably with
latitude/longitude data):

Total sample amount:

Water temperature:

Sample preservation:
Storage temperature after sam-
pling:

Origin of water (industry, house-
holds, hospital etc.):

Effluent treatment prior to sam-
pling (biological, filtration etc.):

Storage

Storage time:

Storage temperature:

Special observations:

Comments

Transportation to NERI

Date of shipping:

Shipping temperature:

Date of arrival at NERI*:

Temperature at arrival*:

General condition at arrival*:

Comments

*To be filled in by NERI upon arrival of samples.

Name/signature:
Institute/affiliation:
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Annex 2: Sampling protocol for sludge samples

Sample name: Sample material:

Sampling Comments

Date and time:

Site (description, preferably with
latitude/longitude data):

Special observations regarding
sampling site/sludge treatment:

Special observations regarding
sludge condition:

Total sample amount:

Sample preservation:
Storage temperature after sam-
pling:

Special observations/deviations
from sampling guideline:

Storage Comments

Storage time:

Storage temperature:

Special observations:

Transportation to NERI Comments

Date of shipping:

Shipping temperature:

Date of arrival at NERI*:

Temperature at arrival*:

General condition at arrival*:

*To be filled in by NERI upon arrival of samples.

Name/signature:
Institute/affiliation:



Annex 3: Sampling protocol for biological samples
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Sample name:

Sample material:

Sampling

Date and time:

Comments

Site (description, preferably with
latitude/longitude data):

Observations regarding sampling
site (current, depth, hotspots etc.):

Number/size fraction of individuals
for pooled samples:

Storage temperature after sam-
pling:

Conditions for depuration (date,
duration, temperature of water
etc.):

Date and conditions for dissection:

Total sample amount:

Special observations/deviations from
sampling guideline:

Storage

Storage time:

Storage temperature:

Special observations:

Comments

Transportation to NERI

Date of shipping:

Shipping temperature:

Date of arrival at NERI*:

Temperature at arrival*:

General condition at arrival*:

Comments

*To be filled in by NERI upon arrival of samples.

Name/signature:
Institute/affiliation:
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