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Summary

A number of organotin compounds are used in the society, but the knowledge on
their environmental impact is mainly restricted to those compounds that are used in
antifouling paints on ships. In this screening study, the occurrence of butyltins, oc-
tyltins, phenyltins and tricyclohexyltin in the Swedish environment was investiga-
ted. The sampling programme was setup based on the use of organotins in non-
biocidal applications. There is an emphasis on the lacustrine environment in three
urban regions, but the study also covers sewage treatment plants, an agricultural fi-
eld, a plastics industry, landfills, foodstuffs and breastmilk. A total of 107 samples
were analysed. Furthermore, the physical-chemical and toxicological properties of
organotins are briefly summarised and their use in the Swedish society is described.

The major goals were to assess
o If diffuse release of organotins occurs in urban areas

o Ifreleases of organotins from municipal sewage treatment plants (STPs) in-
fluence the levels in the aquatic environment

If industrial use may cause a local impact of organotins

If the use of sewage sludge as a fertiliser causes organotin accumulation in
soils

0 If human exposure is significant

Because this is a screening study, some of these goals had to be assessed on the ba-
sis of few samples, whereas other aspects could be more thoroughly investigated.
Urban stormwater sludge from three cities shows that diffuse releases of monobutyl-
tin, dibutyltin, tributyltin, monoctyltin and dioctyltin occur in urban areas. This dif-
fuse release is also evident in the aquatic environment, where in particular DBT and
MBT are enriched in urban sediments. The relative abundance of organotin compo-
unds is very similar in urban stormwater sludge and sewage sludge, suggesting
common sources. Furthermore, the specific load to municipal STPs (ug/d/pe) is si-
milar to earlier results from households, suggesting that diffuse releases from pro-
ducts in the urban environment is important.

STPs appear to influence the levels of MBT in their recipients moderately, but no
other organotin compound is released in significant quantities by these STPs. The
concentrations in stormwater sludge and soil close to a PVC industry suggest that
emissions may occur from the current industrial use of butyltins and octyltins.

Fish from various lakes and the Baltic Sea contain butyltins and phenyltins. When
considering the occurrence of these substances in sediments, and their present use, it
appears that phenyltins are more strongly accumulated than butyltins in fish. Perch
from Malaren, Stockholm city and the Stockholm archipelago contains higher levels
of dibutyltin, tributyltin and triphenyltin than fish from other lakes. The levels in
Stockholm city is particularly high.

In conclusion, there was a good correspondence between the type of organotin com-
pounds found in the present study and those that are used in the society. Phenyltins
mainly occured in the aquatic environment in areas where large ships travel. Oc-
tyltins were found in waste waters and sludge, in urban stormwaters and in certain
urban sediments, suggesting an association to products containing octyltins. Bu-
tyltins were found in all these environments, in agreement with their use both in the
marine environment and in urban areas.
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Sammanfattning

Manga tennorganiska dmnen anvinds i samhéllet, men kunskap om deras eventuella
miljopéverkan dr huvudsakligen begrénsad till de &mnen som anvénds i batbotten-
firg. I denna screeningundersokning har butyltenn-, fenyltenn- och oktyltennfore-
ningar samt tricyklohexyltenn undersokts med avseende pa forekomst i miljon och
human exponering. Ett mitprogram upprittades utifran en dversiktlig kartlaggning
av hur dessa tennorganiska dmnen anvinds i samhéillet. Matprogrammet har en viss
tyngdpunkt mot urbana miljder, men omfattar &ven kommunala reningsverk, en
slambehandlad akermark, en plastindustri, avfallsdeponier, livsmedel och brost-
mjolk. Totalt analyserades 107 prov. Dessutom &r &mnenas fysikalisk-kemiska och
ekotoxikologiska egenskaper kortfattat beskrivna.

Undersokningens priméra mal var att bedoma
0 Om diffus spridning sker i urban miljo

O Om utslapp fran kommunala reningsverk paverkar halterna av tennorganiska
dmnen i vattenmiljon

Om tennorganiska &mnen kan spridas frén industriell anvindning

Om anvéndning av rotslam pé dkermark leder till en ackumulation av tenn-
organiska dmnen i jorden

a I vilken grad human exponering sker

Eftersom detta dr en screeningundersokning fick flera av dessa fragor bedomas pre-
liminért utifrén relativt f4 prov, medan andra aspekter kunde belysas i mer detal;.

Dagvattenslam frén tre tatorter visar att monobutyltenn, dibutyltenn, tributyltenn,
monooktyltenn och dioktylenn sprids diffust i urban miljo. Dessa diffusa utslépp
syns i vissa fall dven i den akvatiska miljon, dér sérskilt monobutyltenn och dibutyl-
tenn var anrikade i sedimenten. De relativa halterna av dessa &mnen var mycket lik-
artade i dagvattenslam och i slam fran reningsverk, vilket indikerar ett gemensamt
ursprung. Dessutom var den specifika belastningen till reningsverken i samma niva
som tidigare métningar pavisat fran hushéllsavloppsvatten, vilket indikerar att diffus
spridning fran varor ar en betydelsefull spridningsprocess i tétorter.

Reningsverk forefaller kunna orsaka en marginell haltforh6jning av monobutyltenn i
recipienterna, medan halterna av 6vriga tennforeningar &r 1dga i utgédende avlopps-
vatten. | ndromradet till en plastindustri forekom butyltenn och oktyltenn i hga hal-
ter i dagvattenslam, och &mnena pétraffades dven i jord.

Fisk fran olika sjdar samt fran Ostersjon innehéll butyltenn- och fenyltennforening-
ar. | jimforelse med dessa &mnens forekomst i sediment, samt i vilken utstriackning
de anvénds i samhillet, framgar det att fenyltennforeningar bioackumuleras i avse-
vért hogre grad én butyltennforeningar. Dibutyltenn, tributyltenn och trifenyltenn
forekom i betydligt hogre halter 1 abborre fran Mélaren, centrala Stockholm och
Stockholms skédrgard, 4n i fisk frén andra lokaler. Halterna i centrala Stockholm var
sdrskilt hoga, 1 likhet med halterna i sediment.

Sammanfattningsvis var det en god dverensstimmelse mellan vilka tennorganiska
dmnen som péatriffas i miljon och vilka som anvénds i samhéllet. Fenyltennfore-
ningar patriffades fraimst i akvatisk miljo, néra farleder. Oktyltennforeningar patraf-
fades frémst i avloppsvatten, rotslam, dagvattenslam och sediment, vilket tyder pa
en koppling till varor innehéllande oktyltenn. Butyltennféreningar patraffades i alla
miljoer, i dverensstimmelse med deras bredare anvindningsomraden.
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1. Introduction

Organotin compounds are characterized by a Sn*" ion to which one to four organic ligands
are attached. They are classified according to the type of organic ligand and the most com-
mon are butyltins, octyltins och phenyltins. A large number of organtin substances are used
in the society, and some of these are well-known environmental pollutants. The use of tribu-
tyltin (TBT) in antifouling paints on ships has caused significant harm to the marine envi-
ronment worldwide. Female molluscs are masculinized by TBT at levels as low as ca 1 ng/l,
and this effect has severe consequences for their ability to reproduce (e.g. Gies, 2003).

Most investigations on the environmental occurrence of organotin substances have focused
on TBT. However, other substances such as dibutyltin and dioctyltin are used in the society
for other reasons and are found in other applications. The aim of this study is to broadly in-
vestigate the occurrence of butyltin, octyltin and phenyltin compounds in the Swedish envi-
ronment, and to put this in the perspective of their current use in the society as well as their
potential effects on health and environment. Tributyltin is the most well-known and well-
studied of these substances, both internationally and in Sweden, why we put some focus on
the other substances, and on the non-biocidal uses.

The project is an assigment from the Swedish EPA, and is part of the national environmental
screening programme. This study is intended to complement a previous screening of organo-
tin compounds, that was directed at the marine environment (Tesfalidet, 2003).

2. Properties of organotin compounds

2.1.Physical and chemical properties

The structures of the investigated organotins compunds are shown in Figure 1. Except for
tetrabutyltin, all studied organotin compounds are cations. In nature, as well as in industrial
chemicals, they are balanced by inorganic or organic anion ligands. Most industrial organo-
tin chemicals are composed of an organotin cation and one or several ligands, and most of
these chemicals are reconverted to the organotin cation compounds in natural waters. The
cation may form dissolved complexes with e.g. chloride in seawater.

Therefore, their environmental partitioning properties such as K4and Ky depend in part on
the balancing anion in the environment. Hydrophobicity increases with increasing number of
alkyl groups, and with increasing length of the alkyl chain. Organotins are moderately hy-
drophobic and associate strongly to particles in natural waters. In harbour sediments, log K4
in the range 3-4.3 have been measured for various OTCs, and the particle affinity increased
in the order MBT < DBT < TBT (Berg et al., 2001). In various soils, however, the reverse
pattern of K4 was observed (Huang and Matzner, 2004). In organic soils, log K4 exceeded
4.0, whereas adsorption was less strong in mineral soils. In contrast to hydrophobic pollut-
ants such as PCBs or PAHs (that partition to lipids in organic matter), OTCs are adsorbed to
the functional groups of organic matter, e.g. phenolic and carboxylic groups (Berg et al.,
2001; Huang and Matzner, 2004a).

Because organotins are cations, long-range atmospheric transport has generally not been
considered as important. It has though been demonstrated that TBT forms highly volatile
chloride species in seawater (Mester and Sturgeon, 2002). A recent study actually demon-
strated the presence of organotins in air from rural sites, showing that long-range atmos-
pheric transport of butyltins and octyltins do occur (Huang and Klemm, 2004). MBT was the
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major species in precipitation and deposition. TBT mainly occurred in the gas phase and it is
speculated that the source of butyltins may have been volatile TBT species. Subsequent
dealkylation in the atmosphere may convert TBT to DBT and MBT.

Organotins are progressively dealkylated in nature, for instance:
TBT — DBT — MBT — Sn*'

Dealkylation proceeds both by photolysis and through enzymatical reactions. This is impor-
tant to consider when monitoring data are evaluated, since the occurrence of, e.g., DBT may
be due to direct release of DBT or to release of TBT that is subsequently dealkylated. Envi-
ronmental half-lives are summarized in Huang and Matzner (2004b). Half-lives in soils and
sediments are commonly one or a few years, but may be longer under reducing conditions,
whereas half-lives in natural waters may range from a few days to several weeks.

e T MSI‘FH'
T
monobutylting MET dibutyltin, DBET
/\/\Sln; /\/\Sn/\/\
tributyltin, TBT tetrabutylting, TeBT
/\\.\’_,-ﬂ\\/}
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ranooctylting MOT dioctyltin, DOT

I
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\ Sn+ K“\ Sn:.‘+

T T
[ @

triphenyltin, TRPT dipheryltin, DPT

: OO
»

@

monaphenyltin, MPT tricyclohexytin, TCHT

Figure 1. Molecular structure of the investigated organotins, and the abbreviations used in
this report.

10060857

7 (53) @',.WS P



L:\3655\2005\10060857 Screening av tennorganiska amnen\C-

Genomforande\23-Skisser-Utkast\tenn-rapport-rev 060630.doc

2.2.Bioaccumulation and Toxicity

Organotin compounds have been detected in various marine organisms, from evertebrates to
mammals. In fish and marine mammals, TBT and TPT bioaccumulate more strongly in liver
than in muscle (e.g., Ciesielski et al., 2004; Hajjaj el Hassani et al., 2005). Bioaccumulation
is often stronger in bivalves than in fish, a consequence of lower metabolic capacity in bi-
valves (WHO, 1999). Trisubstituted OTCs are more strongly bioaccumulated than the less
lipophilic disubstituted OTCs. Because TBT is dealkylated in many organisms, DBT may be
a major species in biota (e.g. Borghi and Porte, 2002) but not necessarily the organotin spe-
cies that was assimilated. Most studies do not suggest that TBT is biomagnified in aquatic
food-chain. However, TPT appears to be biomagnified fairly strongly in the aquatic food
chain (Hu et al., 2006).

The trisubstituted substances, TPT and in particular TBT, are widely held as the most toxic
organotin substances. Numerous field studies have demonstrated a direct link between TBT
and imposex in certain marine organisms, mainly molluscs (reviewed in e.g. Gies, 2003).
Imposex means that females are masculinized and this effect is severe because it directly
influences the ability for organisms to reproduce. Imposex has been demonstrated in many
coastal areas, and was recently shown to be common in gastropods on the Swedish west
coast (Strand et al., 2006). These effects occur at very low levels (ca 1 ng/l) for certain or-
ganisms. It has been shown in laboratory that TBT causes masculinization also in fish (Shi-
masaki et al., 2003).

DBT and MBT does not cause imposex, but both TBT and DBT have negative effects on the
reproductive system in mammals (e.g., Hirose et al., 2004). In line with these facts, TBT and
TPT were given the highest category in a European review of endocrine disrupting chemicals
(BKH, 2000): “Evidence for endocrine disruption in living organisms”. TBT was also classi-
fied as “Evidence of potential to cause endocrine disruption in humans”.

Organotins are also toxic by other mechanisms. For instance, several organotins are strongly
immunosuppressive, display developmental and reproductive effects and are neurotoxic
(WHO, 1999; EFSA, 2004). TPT is classified as category 3 carcinogenic in the EU, but as
category 2 (probable human carcinogenic) by the USEPA (EFSA, 2004). DBT may actually
be more toxic than TBT to certain enzyme systems (see Santillo et al., 2001). Immunotoxic
and developmental effects in mammals may also be more sensitive to DBT than to TBT
(Santillo et al., 2001). Both TBT and TPT may be classified as PBT and vPvB substances
according the criteria in TGD (2002), whereas DBT and DOT may be classified as PBT
(RPA, 2005). Examples of current classification for certain OTCs are given in Table 1.

Some examples of ecotoxicological effect levels are presented in Table 2, which illustrates
that ecotoxicity increases dramatically in the order MBT < DBT < TBT for certain end-
points. As discussed above, however, DBT is more toxic than TBT for certain modes of ac-
tion. A selection of ecotoxicologically based guidevalues are presented in Table 3.

For human health, there are no epidemiological studies on chronic low level exposure avail-
able (Appel, 2004). The CSTEE suggested that toxicity was equal for DBT, TBT, DOT and
TPT for humans, and proposed a group TDI of 0.1 pg Sn (kg Bw and d)”' (see RPA, 2005).
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Table 1. Examples of classification for different organotin compounds. Sources: KIFS
2005:5; PRIO; ESIS.

Substance Health Environment

DBT Toxic: danger of serious damage to health  Very toxic to aquatic organisms, may
(Dibutyltinhydro- by prolonged exposure if swallowed cause long-term adverse effects in
genborate) the aquatic environment.

TBT Toxic: danger of serious damage to health  Very toxic to aquatic organisms, may

(Tributyltin com-
pounds; TBTO)

TPT
(Triphenyltinhy-
droxide)

DOT
(Dichlorodioctyltin)

by prolonged exposure through inhalation,
in contact with skin and if swallowed

Endocrine disruption

Limited evidence of a carcinogenic effect.
Possible risk of harm to the unborn child.

Toxic: danger of serious damage to health
by prolonged exposure through inhalation,
in contact with skin and if swallowed

cause long-term adverse effects in
the aquatic environment.

PBT, vPvB
Endocrine disruption
Very toxic to aquatic organisms, may

cause long-term adverse effects in
the aquatic environment.

Potential PBT, vPvB

Potential PBT/vPvB

Table 2. Ecotoxicologal data. Source: Prevent database.

Substance Cas Or_ganotin Toxicological measure Value

unit
Butyltintrichloride 1118-46-3 MBT ECso (Daphnia magna) 49 mg/1/24h.
Dibutyltindichloride 683-18-1 DBT LCso (Daphnia magna) 0,9 mg/l/24h.
Tributyltinchloride 1461-22-9 TBT ECso (Daphnia magna) 0,0006 mg/1/48h
Tetrabutyltin 1461-25-2 TeBT ECso (Daphnia magna) 1,3 mg/l/48h
Dichlorodioctyltin 3542-36-7 DOT ECso (Daphnia magna) 0,005 mg/1/24h.
Dichlorodioctyltin 3542-36-7 DOT NOEC, (Scenedesmus sub- >0,0017 mg/l/72h.

spicatus)

Tricyklohexyltinhy- 13121-70-5 TCHT ECso (Daphnia: magna) 0,005 mg/1/48h
droxide
Triphenyltinchloride 639-58-7 TPT LCso (Daphnia magna ) 0,035 mg/1/24h.
Tetraphenyltin 595-90-4 TePT LCso Fish (Leusicus idus) 0,04 mg/l/48h.

Table 3. Ecotoxicologically based guidevalues for organotin compounds.

g Substance  Media Target Value Reference
E TBT freshwater, aguatic ecosystem 0.1 ng/l annual average  proposed EQS for WFD
g coastal marine
g TBT freshwater, aguatic ecosystem 1.5 ng/l maximum tran-  proposed EQS for WFD
g coastal marine sient concentration
g TBT freshwater aguatic ecosystem 6 ng Sn/l RPA, 2005
% TPT freshwater aguatic ecosystem 3 ng Sn/l RPA, 2005
g DBT freshwater aguatic ecosystem 400 ng Snl/l RPA, 2005
£ TBT marine aqguatic ecosystem 1 ng/l CCME, 2003
(:é; TBT freshwater aquatic ecosystem 8 ng/l CCME, 2003
“g TPT freshwater aguatic ecosystem 22 ng/l CCME, 2003
8
10060857 9 (53) @ws P
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3. Use of organotin substances

The following substances are included in this study: monobutyltin, dibutyltin, tributyltin,
tetrabutyltin, monooctyltin, dioctyltin, tricyclohexyltin, monophenyltin, diphenyltin och
triphenyltin. The current use of organotin compounds in Sweden are summarized in this
chapter. This assessment in mainly based on data from the Swedish registry of chemical
products, as displayed in the SPIN-database. Data may thus be incomplete due to confiden-
tial information. Furthermore, there are no official statistics on the import of chemicals in
finished goods. This aspect can only be treated qualitatively.

The basic organotin compounds are used in a variety of chemicals. The chemicals that are
used in the largest quantities are shown in Table 4. The total Swedish usage varied within
36-60 ton Sn per year during 1999-2003, with no significant trend. The use of OTCs in
chemical products is completely dominated by dibutyltin and dioctyltin compounds. The
specific uses of the various OTCs that are introduced as chemical products on the Swedish
market are summarized in appendix 1. As a general rule, trisubstituted OTCs are used as bio-
cides and other OTCs as industrial chemicals. In Sweden, the DBT and DOT compounds
that are listed in Table 4 are mostly used in the manifacturing of plastic products and water-
based paint, mainly as light and heat stabilisers for PVC. DBT may also be used as catalysts
for PUF production, and as vulcanising agents for silicone rubber.

Table 4. Total use of organotin substances as chemical products in Sweden. Only the major
substances that were found in SPIN are presented. Amounts are given in tonnes Sn/year, to
facilitate comparison between substances with different molar mass.

Chemical compound OoTC CAS 1999 2000 2001 2002 2003
Monobutyltintris- MBT 26864379  0.89 060  0.15
(isooctylthioglycolate)

Dibutyltinbis(2- DBT 10584982 7.8 134 106 102 119
etylhexylthioglycolate)

Dibutyltindilaurat DBT 77-58-7 7.3 4.0 6.0 7.1 1.7
Dibutyltinoxid DBT 818-08-6 9.5 8.6 7.6 6.7 4.3
Di-n-Butylbis(methyl e

maleate)tin DBT 15546-11-9 9.4 10.2 9.7 5.6 6.0
Tributyltinmetacrylate TBT 26354-18-7 0.75 1.0 0.25

Dioctyltin bis(thioglycolic acid) DOT 15571-58-1 29 17.7 17.2 74 8.4
2-ethylhexyl ester

Tinbis(2-etylhexanoate) DOT 301-10-0 1.8 8.8 8.5 5.6
Total 36 57 60 45 38

Trisubstituted compounds such as TBT and TPT are mainly used as biocides, e.g. in antifoul-
ing paint, wood preservation, agricultural pesticides and various industrial applications. The
use of TBT and TPT has decreased strongly in many countries. In Sweden, the use of TBT in
antifouling paints was banned in 1989 for ships less than 25 meter. The ban was extended to
also include longer ships in January 2003, in Sweden as well as in the EC. There is no regis-
tered use of phenyltin compounds in Sweden at present. One pesticide containing phenyltin
was banned in 1995. In northwestern Europe during 1995, the use in marine environments

Genomforande\23-Skisser-Utkast\tenn-rapport-rev 060630.doc
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was estimated to ca 70 tonnes and 1.5 tonnes, for TBT and TPT respectively (OSPAR,
2000). TBT was previously used in wood preservation.

Imported products is probably an important source of organotins to Sweden, and for which
there is no official statistics. Various common products where the presence of organotins has
been demonstrated during the last years is shown in Table 5. DBT is frequently the major

species.

Table 5. Examples of organotin substances that occur in finished goods. When their pres-
ence in considered fairly common, it is marked with X. Less common occurrence is denoted
X. The major species are underlined.

Product group Dibu- Mono- Tribu-  Octyltin  Levels, mg/kg Reference
tyltin butyltin tyltin
Bags X X X 0.07-6.6 MST, 2001
Shower drapery X X 0.2-25 MST, 2001
Earplugs X X X X 0.1-1300 MST, 2003
PVC flooring X X X X 0.1-350 MST, 2001; Allsopp
et al., 2000
Vinyl wallpaper X X X X 0.03-270 MST, 2001
Glue and seal- X X Sveriges Byggin-
ants dustrier (2000)
Diaper X X X 0.002-0.02 Miljokemi (2000)
Rain clothings X X Okottest / R&d & ron
Scotch Brite X X 0.002-0.015 Miljokemi (2000)
Bathing ball X X 1-14 Miljokemi (2000)

Genomforande\23-Skisser-Utkast\tenn-rapport-rev 060630.doc

The Swedish recent use of organotin compounds can be summarized as:

]

]

]

Dibutyltin: mainly as stabilizer in PVC, but also in paint, sealants etc
Octyltin: mainly stabilizer in PVC, possibly food packages etc

Tributyltin: as a biocide in paint for ships (prohibited 1988/2003); smaller amounts
are still used in unspecified applications

Triphenyltin: biocid, as a biocide in paint for ship, no registered use

Tricyclohexyltin: no registered use

10060857
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4. Environmental occurrence

By far, most studies on to the environmental occurrence of organotin substances have focus-
sed on tributyltin, the biocidal use of which has caused significant environmental impact in
marine harbours world-wide. However, the use of TBT is mainly restricted to marine envi-
ronments and is also declining due to international regulations. As shown in chapter 3, cur-
rent societal use mainly concerns mono- and dialkylated substances, which therefore may be
expected to occur in freshwaters as well as in sewage sludge. It has recently been demon-
strated that organotin compounds may undergo atmospheric transport (Huang and Klemm,
2004). Measurements in air and deposition are so far restricted to a region in eastern Ger-
many, where MBT and MOT were the major species in deposition. Therefore, even remote
inland regions may contain OTCs. In this chapter, we summarize some recent studies on the
environmental distribution on organotin substances, mainly from Sweden.

4.1.Sewage treatment plants

Data on sludge from muncipal STPs are summarized in Table 6. In the Vistra Gotaland
county, sludge from 19 municipal sewage treatment plants were analysed during 2002
(Svensson, 2002). MBT and DBT were most common, occurring at roughly similar levels.
They are followed by TBT, MOT and DOT. In the Loudden MSTP, much lower levels of
MBT were obtained. Phenyltin compounds were not detected, in agreement with the fact that
there is no reported use of these substances in Sweden (chapter 3). An earlier Swedish study
found higher levels of several OTCs in sludge.

Levels in municipal and industrial waste waters are shown in Table 7. There are fairly large
variations between different studies. The waste waters contain the same OTCs as the sludge
samples. The levels in the industrial waste waters overlapped with those from households,
but were occassionally higher.

Table 6. The occurrence of organotin substances in sludge from municipal
STPs (ug/kg dw).

Substance V. Gétaland, 19 STPs Lo_udden ) 5 STP,
Svensson (2002) (Tesfalidet, 2002) Norén och Borén (1993)
median min-max Average * std. dev. min-max

MBT 290 120-870 39 +14 100-770
DBT 250 37-350 690 +180 330-2200
TBT 44 10-96 32 £18 20-410
TeBT 4.4
MPT <1 <1
DPT <1 <1 <2-70
TPT <1 <1 0-60
MOT 24 9.6-49
DOT 14 6.5-73 <70-370
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Table 7. Organotin compounds in waste waters in Sweden (ng/l). BDT means water
from bathing, showers and toilet.

INCOMING WASTE WATERS EFFLUENTS
et veraiomeass Grvaab® Bor®® VYT gromma * Borange
MBT 36-58 22-81 35 17-74 6 25+1.9 11
DBT 49-73 10-120 96 5-18 10 0.06 +0.1 11
TBT 3-6 2-4 <1 0.8-4.3 2 2.7
TeBT <1 <1 <1 <1 ND
MPT <1 <1 ND
TPT <1 <1 <1 <1 <1 1.2+£09 2,3
MOT 5-9 5-20 8.4 <1 ND
DOT 8-12 3-28 16 <1 ND

A. Andersson, 2004; B. Tesfalidet; C. Palmquist and Hanneus, 2001 (maximum value of two points);
D. Andersson and Jensen (2002); E. Junestedt et al., 2003.

Table 8. Organotin compounds in surface waters (ng/l). All data from Tesfalidet (2003), ex-
cept Stockholm (Junestedt et.al., 2003).

Karlsudd (Galo) Norrby, Umed& Fiskebackskilsvik  Hinsholmskil, Stockholm city
MBT 3.9+29 6.0+3.2 3.8-5.9 0.05-0.98 5.6
DBT 1.7+1.0 44+24 0.40-0.77 0.01-0.77 5.8
TBT 0.9+0.5 47+21 0.1-0.6 0.1-0.9 24
MPT ND 40+23 ND - 0.7 0.01-0.13 ND
DPT ND 47+22 ND - 0.56 0.02-0.94 ND
TPT ND 4.16+2.9 ND —0.23 0.01-0.82 ND

Table 9. Organotin substances in landfill leachates and storm waters
from industrial sites (ng/l). All data from Junestedt et.al. (2003).

Landfills, 5 Swedish

Industrial stormwaters,

5 Swedish (median, min-max)

MBT
DBT
TBT
TeBT
MPT
DPT
TPT
MOT
DOT

7-50
3 - 500
<1-60
<1-20
<1-3
<1-2
<1
<1-10
<1-40

100 (30-

9600)

200 (2-18 000)
300 (10-500)

<1
<1
<1
<1
10(1-1
20 (1-4

700)
200)
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4.2.Surface water, storm water etc

Only few measurements of OTCs in surface waters have been performed in Sweden (Table
8). Butyltins are generally the major species in surface waters. Higher levels than in surface
waters have been measured in landfill leachates and industrial stormwaters, where also oc-
tyltins were detected (Table 9). The levels in stormwaters from various industrial sites are
particularly high.

4.3.Sediment, biota and foodstuffs

To date most sediment data are from the marine environment (Table 10). Butyltins are gen-
erally the major organotin group in marine sediments, although phenyltins are also found.
TBT was recently analysed in sediment from Stockholm city, suburban lakes and the
Svealand coast (Sternbeck et al., 2003). Almost no lake contained detectable levels, whereas
the Stockholm city contained higher levels than the coast.

Butyltins and phenyltins have frequently been detected in fish, mussel and shellfish. Some
recent Swedish data on aquatic biota is shown in Table 11 and the results of a large European
survey on marine foodstuffs is summarized in Table 12. Shellfish contains higher levels of
butyltins than of phenyltins, whereas these groups are roughly equally abundant in fish.

Table 10. Organotin compounds in surface sediments (ng/g dw) in Sweden.

Substance Baltic coast and open Gothenburg harbour Galo, Stockholm archipelago
sea (Cato, 2003) (Brack, 2000) 0-10 cm (Tesfalidet, 2003)
MBT <1-50 6-44 4-28
DBT <1-210 17-98 7-88
TBT <1-1400 17-366 3.4-70
TeBT <1-17
MPT <1-7 <0.8-55 1-24
DPT <1-14 <16.2 1-25
TPT <1-72 <1.5-71
MOT <1
DOT <1

Table 11. Swedish recent data on organotin compounds in fish (ng/g ww)
and mussel (ng/g dw).

Substance Salmon etc, Vanern- Herring and Salmon, Blue Mussel,
Vattern (Oberg, Umed coast (Tesfalidet, Fiskebackskil
2002). 2003) (Tesfalidet 2003)
MBT 0.3-0.6 26- 600
DBT 1.0-3.6 25-370
TBT average 1.2 (0.3-6) 10-26 89-870
MPT 1.4-25
DPT 0.2-2.6
TPT average 7 (0.4-21) 18-31
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Table 12. European data on organotin compounds in foodstuffs (ng/g ww)
(EFSA, 2004).

Fish and fishery products

Shellfish

Mean Median 95-percentile | Mean  Median 95-percentile
MBT 10 25 25 34 4 215
DBT 17 25 35 52 4 370
TBT 28 7 107 60 14 210
MPT 7.0 25 23 12 25 80
DPT 2.6 1.5 4 2.0 1.5 25
TPT 17 4 63 21 3 120
10060857 15 (53) @ws P
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5. Sampling strategy and study areas

The study consists of a national programme, financed by the Swedish EPA, and regional
programmes for the counties of Dalarna, S6dermanland and Skéne, respectively. The strat-
egy of the joint programme is outlined below, and the national and regional programmes are
shown in Table 14 and Table 13. All sample details are listed in Appendix 2. The localisa-
tion of the different regions is shown in Figure 2.

O A possible urban influence, resulting from diffuse emissions, was investigated by
sampling in three urban regions (Stockholm, Eskilstuna and Boras). This includes
both local background, city center, and downstream.

O The role of wastewater was investigated at seven municipal sewage treatment plants
and at the recipients of some of these STPs.

o To illustrate point source emissions, samples were taken close to a PVC industry and
in three landfill leachates.

O An agricultural area were STP sludge is used as a fertiliser was investigated, includ-
ing a local reference area.

O As indicators of human exposure, 12 different foods and 5 samples of breast milk
were analysed.

Table 13. National programme. The total number of samples is 83.

Description STP STP STP Storm water Sediment Surface Soil Foods Breast Fish
influent effluent sludge  sludge water milk

STP Henriksdal 2 2 3 3

STP Gasslosa,

Boras 2 2 3

PVC-compounding
industry

Sludge end-use 2 4

Urban regions:
Stockholm

Urban region:
Eskilstuna

Urban region:
Boras, river Viskan

Urban region:
Helsingborg

Foods 12

Breast milk 5

Background
areas

Marine coast
National total 4 4 6 8 12 17 6 12 5 9
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Table 14. Regional programmes. The total number of samples is 25.

AREA Leachate STP STP STP Sediments Surface Biota
influent effluent  Sludge water
Dalarna
STP Fagersta, Borlange 1 1 1
Landfill Borlange 1
STP Krylbo, Avesta 1 1
River Basingen 1 1

Soédermanland

STP Eskilstuna 1 1 1
Landfill Eskilstuna 1
STP Nykdping 1 1 2
Landfill Nykoping 1
STP Flen 1 1
Skane

Mussel, Oresund

Total regional 3 2 5 5 3 3

5.1.Urban areas

Three urban areas of varying sizes were investigated: Stockholm, Eskilstuna and Boras.
Sediment and surface waters were sampled in Stockholm, Eskilstuna and river Viskan close
to Borés, and in upstream sites representing urban background (Figure 3, Figure 4). Pooled
samples of mature perch (Perca fluviatilis) in a transect from lake Milaren, through Stock-
holm city and in the Stockkholm archipelago were also analysed. In order to investigate
whether organotin compounds are released by diffuse emissions in urban areas, six samples
of urban stormwater sludge were also taken in Stockholm, Eskilstuna and Helsingborg.

In Stockholm, water flows from the large lake Mailaren in the west and mixes with brackish
water in the Stockholm city. The sediments in Stockholm are highly polluted with respect to
metals as well as many organic contaminants (e.g., Sternbeck et al., 2003). With respect to
organotin compounds, large ships frequently travel through Stockholm on their way into
other cities around the large Lake Mélaren.

The eastern part of Lake Hjdlmaren flows into the river Eskilstunén, which runs through
Eskilstuna city and finally reaches lake Milaren. A number of smaller industries are located
in Eskilstuna.

In the river Viskan, the two lakes downstream of Borés city (Guttasjon and Djupasjon) are
severly polluted with e.g. PCDD/Fs due to earlier emissions from the textile industry. A mu-
nicipal sewage treatment plant (Gésslosa) has its effluent located between Druvefors and
Djupasjon (Figure 4). The local background site Oresjon serves as the water supply for
Borés.

Genomforande\23-Skisser-Utkast\tenn-rapport-rev 060630.doc
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Figure 3. Sampling stations in the Stockholm area. 1. Adels®; 2. Farings6; 3. Riddarfjarden;
4. Slussen; 5. Kummelnas; 6. Torsbyfjarden; 7. Vindd; 8. Malaren Rotholmen; 9. Arstaviken;
10. Lilla Véartan; 11. Ulvsundasjon; 12. Fjaderholmarna.
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Figure 4. Sampling stations in Viskan, Boras.
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Figure 5. Sampling stations in Eskilstuna.

5.2.Sewage treatment plants

Seven muncipal sewage treatment plants (STP) were sampled for incoming waste waters,
sludge and effluents. Also surface waters and sediments were analysed in the recipients of
some of these STPs, in order to investigate whether effluents influenced the environmental
levels of organotin compounds. Details of the STPs are summarized in Table 15. At Hen-
riksdal and Giésslosa, sludge was sampled in September and November 2005 and in February
2006; influents and effluents were sampled in September 2005 and February 2006. All other
samples were taken in September 2005. Gésslosa has a fairly high industrial load from textile

industries.
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Table 15. Details of the sewage treatment plants that were sampled. The size of the STPs

are given as population equivalents, pe.

Sewage treatment Digestion Total PE Industrial Household Stormwater
plant load, in pe load, in pe (% of water flow)
Henriksdal, Stockholm + 750 000 70 000 680 000 30
Gasslosa, Boras + 101 200 21 200 80 000 47
Eskilstuna + 64 000 9800 40
Fagersta, Borlange + 8
Flen - 15 000 6000 9000 no data
Brandholmen, Nykdping + no data
Krylbo, Avesta + 24 000 7500 17 000 44

Genomforande\23-Skisser-Utkast\tenn-rapport-rev 060630.doc

5.3. Potential point sources

To illustrate whether organotin compounds may be released to the environment during in-
dustrial processing, soil and stormwater sludge were collected close to a PVC processing
industry (Hydro Polymers in Helsingborg). Upper soil was sampled in two directions from
the industry, within ca 250 meters. Sludge from the gutter in the immediate surroundings
was also sampled at two directions from the industry.

Leachates from three landfills were sampled in the regional programmes.

To illustrate whether the use of sewage sludge as a fertiliser may pollute agricultural soils,
samples of upper soil were taken in an agricultural field where sewage sludge were used in
the production biofuel (Salix plants). A control field in the surroundings was also sampled.
Surface waters were also sampled from two points (upstream and downstream) in a small

river at this site.
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6. Methods

6.1.Sampling

Surface waters were collected with a Ruttner sampler and were stored in dark 1 liter glass
bottles.The bottles were first rinsed with the sample. Sediments were taken with a Willner
sampler or similar, and sliced into 2 cm slices in the field. Upper soil samples were taken as
pooled samples within a smaller area, and litter was removed. Samples at the STPs were
taken by their staff, following common procedures. A protocol for sampling was sent to all
personal involved in sampling, to assure similar treatment. Waste waters were sampled for
five consecutive days and pooled at the fifth day. Individual samples were stored cold and
dark. Sludge was taken as a pooled sample on one day. Perch from the Stockholm region
were catched during 2000/2001 by I'TM, Stockholm University, who kindly supplied us with
these samples.

Foodstuffs and breast milk were kindly supplied by the Swedish National Food Administra-
tion. For the foodstuffs, pooled samples of fish muscle were catched 2001-2002. The meat
sample was collected in a so called food-basket survey, bought in Sundvall in spring 2005.
The canned mussel sample was bought in Malmé 2005, and the field collected mussels were
collected on the Swedish west coast during 2001. Breast milk were collected from primipa-
rous women and all milk were gathered during the third week after birth. During the sam-
pling week, breast milk was stored in acetone rinsed bottles in their freezers.

6.2.Chemical analysis and quality assurance

All samples were stored cold and dark until analysis, and were sent to the laboratory within
two days after sampling. Samples were analysed by Analytica AB within ca ten days after
sampling. The samples are homogenized and extracted by a mixture of methanol:hexane
(1:1). The organic phase (methanol and hexane) is thereafter purified by alumina oxide and
derivatized with NaBEt, prior to chemical analysis. The chemical analysis is performed by
GC-AED (Agilent Technologies). The yield is justified with recovery tests using internal
standard. The compounds are identified by comparison of retention times with standards.

Reporting limits are 1 ng/l for aquoeus samples, 1 ng/g dw for soil, sludge and sediments,
and 0.3-0.4 ng/g ww for food and biota. Analytical precision is 10-20 %. Results from analy-
ses of a certified reference sediment (CRM 646) are shown in Figure 6.

The totalt uncertainty in the results is also influenced by natural heterogenity and possible
effects from sampling. As an indicative measure of the total uncertainty in the results, sedi-
ments and surface waters were sampled in duplicate from two sites in Stockholm, and pooled
samples of perch from one site were analysed in triplicate. The uncertainty is presented as
the relative standard deviation, which typically is high due to the low number of replicates.
For perch, the uncertainty was in the range 2-13 % for individual substances. The uncertainty
was frequently higher for surface waters and sediments. At one site, the uncertainty varied
between 16 % and 108 % (average 58%) for individual substances. This is likely due to
strongly heterogenuous levels in sediments. For the other sediments and surface waters, the
average uncertainty was 10 % to 28 %, i.e. only slightly higher than the analytical precision.
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Figure 6. Results from analysis of a certified reference materials. CRM represent the certi-

fied concentrations and #1 and #2 two replicate measurements.
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7. Results

A general overview of the levels of the studied organotin compounds is presented for each
media in this section. Sample details are given in Appendix 2 and all data are presented in
Appendix 3. A discussion on spatial trends, emission sources, environmental partitioning and
possible risks to the health and environment is given in chapter 8.

All analysed organotin compounds except TCHT were detected (Table 16, Appendix 3). The
most commonly found substances were MBT, DBT and TBT. The number of media that
each substance was detected in decreased in the following order: MBT, DBT > TBT > MOT,
DOT, DPT > TPT > TeBT = MPT. TeBT was only detected in storm water sludge and in
sediment, whereas MPT was only found in sediment and fish. Butyltins were detected in all
media, octyltins mainly in wastewaters, sediments and urban runoff, and phenyltins mainly
in the aquatic environment and in foods.

All concentrations are presented as the amount of the cation. The detection frequency varied
widely for different substances. Substances with lower detection frequency will thus display
average levels that are biased toward higher levels. Therefore we also show the detection
frequency in separate graphs.

Table 16. The occurrence of different organotin compounds in different media, where n-tot is
the number of samples analysed. The last row gives the overall detection frequency. Sub-
stances that only rarely occur in a certain media are shown with a small x.

Media n-tot MBT DBT TBT TeBT MOT DOT TCHT MPT DPT TPT
Soil 6 X X X X
Waste water 16 X X X X X
Sewage sludge 11 X X X X
Storm water sludge 8 X X X X X X X
Landfill leachate 3 X X
Sediment 15 X X X X X X X X X
Surface water 18 X X X
Aquatic biota 13 X X X X X
Foods 12 X X X
Breast milk 5 X
f?:;itzin‘lr; ne=107 84% 86% 60% 7% 31% 30% 0% 10% 25% 28%
Sediments

All analysed substances except TCHT were detected in sediments (Figure 7). TBT, DBT and
MBT were most abundant. The levels of TBT, DBT and MBT were particularly high in
Stockholm, and for DBT and MBT also in the lakes downstream of Boras. TBT was the ma-
jor butyltin in Stockholm, but not at the other sites. Phenyltins were mainly detected in sam-
ples from Stockholm and Viskan, and at relatively low levels. Octyltins occurred at similar
levels and sites as phenyltins.
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Surface water

Only butyltin compounds were above the analytical reporting limit in surface waters (Figure
8). This is generally the case in other studies too, although Tesfalidet (2004) detected low
levels of phenyltins in marine surface waters (Table 8). DBT and MBT were more abundant
than TBT in this study, both in terms of concentrations and detection frequency. TBT was
only detected in surface water from Stockholm. Eskilstuna displayed much higher levels of
MBT than the other sites, whereas DBT occurred at similar levels in all three urban areas.

TPT | ] TPT | |

DPT - [1T] DPT - |

MPT - LT MPT - |
TCHT TCHT

DOT - ] DOT - |
MOT - LT MOT - |
TeBT{ ] TeBT | |

BT | o— [ o TBT A |
DBT ® [ — DBT |

1 10 100 1000 0 2 4 6 8 10 12 14 16

ng/g dw No of samples > d.l.

Figure 7. Levels of organotin compounds in surface sediments (n=15). Note the logarithmic
concentration axis. The right graph shows the detection frequency. The detection limit was 1
ng/g dw.

DBT o}—[ﬂ—{ DBT |
MBT - ﬁ | ® MBT |

T T
0 5 10 15 20 25 0 2 4 6 8 1012 14 16 18

ng/l No of samples > d.l.

Figure 8. Levels of organotin compounds in surface waters (n=18). The right
graph shows the detection frequency. The detection limit was 1 ng/l.
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Sludge and waste water

Municipal wastewater and sewage sludge from municipal sewage treatment plants (STPs)
contained butyltins and octyltins, but no phenyltins (Figure 9 and Figure 10). The concentra-
tions in sewage sludge and waste waters were in the same range as in other recent studies
(Table 6, Table 7), with MBT and DBT as the major species. The five OTCs detected in
sewage sludge were present in all sludge samples and in similar relative proportions. MBT
and DBT were present in all samples of incoming waste water, MOT and DOT in all but one,
and TBT in only two out of six (Figure 10). The effluents only contained MBT and DBT at
detectable levels. Octyltins were present in one effluent sampled after a wetland (used as a
final removal stage), but not in the sample before the wetland. No chemicals are used in this
stage and neither is stormwater introduced between the sampling points, why we have no
explanation for this anomaly.

Urban stormwater sludge contained the same substances as in sewage sludge, and in similar
or slightly lower concentrations (Figure 9). Additionally, samples from Helsingborg and the
PVC industry also contained TeBT and in a single case TPT and DPT. Stormwater sludge
from the PVC industry contained orders of magnitude higher concentrations than the urban
samples (Figure 9).

Soil and landfill leachates

In the few soil samples that we studied, no OTCs were found in the agricultural soils. MBT,
DBT, MOT and DOT were, however, found in soil close to the PVC industry at levels in the
range 5-60 ng/g dw, with DBT as the major species. We are not aware of any other Swedish
measurements of organotin substances in soil.

Leachates from three landfills were analysed and contained MBT and DBT in levels similar
to those in STP effluents. Higher levels have occassionally been measured in landfill
leachates earlier (Junestedt et al., 2003; see Table 9).

Municipal STPs Stormwater sludge
10000 3 4 10000 3 , * * . R
i . ‘
1000 4 1000y \ ¢ ¢ A

S
S S
D 100 - % : 100 4 § s . :
c ¢ *
+ & . .
10 - E 10 - i * 3
*
s £ 4
1 : : : : : 1 : : : : :
MBT DBT TBT MOT DOT MBT DBT TBT MOT DOT

Figure 9. Levels of organotin compounds in sludge from municipal waste water treatment
plants (n=11) and in stormwaters (n=6+2). In the right graph, samples from an industry are
encircled. Note that the concentration axes are logarithmic. Detection frequency was 100%
for these substances in sewage sludge. TeBT, DPT and TPT were also found in a few
stormwater sludge samples.

10060857

26 (53) g',.ws P



L:\3655\2005\10060857 Screening av tennorganiska amnen\C-

Influents Effluents
120 120
[ ]
100 - 100 -
[ ]
80 A ° 80 - s
3 601 ° 60 - °
< °
4 [ ] 4
40 H 40 s
20 * . 20 1 L
[ ]
o o s :
0 , : L , ! 0 d : : :
MBT DBT TBT MOT DOT MBT DBT TBT MOT DOT

Figure 10. Levels of organotin compounds in waste waters from municipal wastewater
treatment plants.

Biota and foodstuffs

Aquatic organisms, including fish from Stockholm, mussels from Oresund, and samples of
foodstuffs from various regions, are presented in Figure 11. Fish samples were analysed on
muscle. Only butyltin and phenyltin compounds were found. TBT and TPT were detected in
almost every sample. Perch from the Stockholm region consistently contained much higher
levels of DBT, TBT and TPT than did fish in the food group. Even perch from the urban
background sites in lake Milaren contained higher levels than fish from other areas, in par-
ticular for TPT. Phenyltins are frequently more abundant than butyltins in fish, whereas the
opposite was true in mussels. In addition, one pooled sample of meat contained DBT and
DPT at concentrations of 1.1 and 1.9 ng/g ww, respectively. More detailed description of
these data are given in chapters 8.2 and 8.6.

The only detected substance in breast milk was MBT (Table 17). The levels varied from 1 to
10 ng/l. There are to our knowledge no earlier measurements made of organotin compounds
in breast milk from Sweden or elsewhere.

Table 17. Levels of MBT in breast milk. Reporting limits were 0.3-0.4 ng/l for individual
OTCs.

City Year MBT (ng/l)
Uppsala 2002 1.2
Uppsala 2004 1.9
Goteborg 2001 9.7
Lund 2003 ND
Lycksele 2004 5.8
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Foodstuffs
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Figure 11. Levels of organotin compounds in various foodstuffs (upper graph) and aquatic
biota (lower graph). In the lower graph, perch from the Stockholm region is shown as boxes
and mussel from Oresund is shown as diamonds. The concentration axes are logarithmic.
The right graphs show the number of samples with levels > d.l. Total number of samples are
12 and 13, respectively, and the detection limit was 0.3-0.4 ng/g w.w.
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8. Discussion

There is a good correspondence between the type of organotin compounds found in the pre-
sent study and those that are used in the society. Phenyltins mainly occur in the aquatic envi-
ronment in areas where large ships travel. Octyltins are found in waste waters and sludge, in
urban stormwaters and in certain urban sediments, suggesting an association to products con-
taining octyltins. Butyltins are found in all these environments, in agreement with their use
both in the marine environment and in urban areas. The high abundance of MBT in spite of
its fairly low societal use is most likely explained by its formation in the environment from
dealkylation of DBT.

8.1.Background levels

A background site may in this case be defined as a site where there is no input of organotin
compounds from point sources of diffuse sources. Due to the release of organotin com-
pounds from ships in the marine environment, marine areas are not expected as background
areas. The broad range of non-marine applications of OTCs suggests that also inland areas
may be impacted by their release. The occurrence of OTCs in rural and remote terrestrial
regions has rarely been investigated and OTCs are generally not considered for long-range
transport. A recent study demonstrated the presence of butyltin and octyltin compounds in
air and precipitation in rural forest sites in Eastern Germany (Huang and Klemm, 2004). The
levels in precipitation were ca 15 ng/l for MBT, 4 ng/l for DBT and 6 ng/l for MOT. The
partitioning to particles and the washout factors in rain increased with decreasing alkylation
number; i.e. deposition to the terrestrial ecosystem was dominated by MBT and MOT. This
agreed with the occurrence of organotin substances in background soils, where MBT and
MOT ranged from 0-30 and 0-9 ng Sn/g dw, respectively (Huang et al., 2004). Other OTCs
occurred at less than 1 ng/g dw.

In this study only one general background (Sveding) was included where soil and surface
water were sampled in an agricultural area. There were no signs of the presence of OTCs.
Although there may be an atmospheric deposition of in particular MBT and MOT, levels in
agricultural topsoils was below the detection limit, possibly due to the mixing effect of plow-
ing. In a German study, agricultural soils that were not treated with sludge contained sum-
OTC levels up to ca 3 ng/g dw (LFU, 2003).

Urban background samples of surface water, sediment and fish were also studied in Milaren,
Viskan and Eskilstuna. These areas are not remote background areas. All these local back-
ground samples contained detectable levels of OTCs. The background sites at Eskilstuna
(Hyndevad ) and Viskan (Oresj6) contained MBT, DBT and TBT, with MBT as the major
species. On the basis of this investigation, it is not possible to conclude whether these obser-
vations are due to local releases in these background sites, or due to atmospheric deposition.
It is, however, interesting to note that the levels in surface water were in the same range as
found in precipitation in Germany (see above).

In the background sites to Stockholm (Mélaren Rotholmen), the sediments also contained
octyltins and phenyltins, and the butyltins were detected at much higher concentrations than
in Oresjo and Hyndevad (Table 18). Samples of perch from lake Milaren contained DBT,
TBT, DPT and TPT. The dominating compound in perch was TPT (40 ng/g ww) followed by
TBT (13 ng/g ww), DBT (5 ng/g ww), and DPT (1-2 ng/g ww). These sites were selected as
local background to Stockholm, but are clearly influenced by local or regional OTC releases,
probably from ships but also other sources since octyltins were found in the sediments.
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8.2.Urban areas

Stormwater sludge from three cities all showed the presence of MBT, DBT, TBT, MOT and
DOT (Figure 9), demonstrating that diffuse emissions of OTCs occur in urban areas. We are
not aware of any previous measurements of organotin compounds in urban runoff, although
high levels have been detected in runoff from industrial sites (Junestedt et al., 2003). The
organotins that were found in these sludge samples are those that are commonly used in
various building products, why their presence in urban runoff is expected. The influence of
urban runoff on the local aquatic environment depends partly on whether these stormwaters
are treated in STPs or are directly emitted to the recipients.

A summary of the organotin levels in urban sediments is given in Table 18, showing that
elevated concentrations are found in all three cities. Stockholm is more strongly contami-
nated than the other cities, and all the three substance groups were found. Tributyltin was
consistently higher than DBT and MBT in Stockholm, whereas the opposite was true for
Eskilstuna and Viskan. Phenyltins were also found in Stockholm, although there is no regis-
tered use of phenyltins in Sweden since 1995 (chapter 3). These facts suggest that release
from antifouling paints on ships is a major source of butyltins and phenyltins in Stockholm.
The butyltins peaked in the city center and were slightly lower upstream (Mélaren Rothol-
men) and downstream (Fjdderholmarna and Lilla Vértan).

Table 18. Average levels of organotin compounds in surface sediments from three cities and
their background sites. Because concentrations are given as a sum, the unit is

ng Sn/g dw.

Urban site no of samples  sum Butyltins sum Octyltins sum Phenyltins
Stockholm 5 386 2 13
Stockholm background 2 187 3 35
Eskilstuna 1 23 <1 <1
Eskilstuna background 1 3 <1 <1
Viskan 2 95 10 1
Viskan background 1 11 <1 <1

Genomforande\23-Skisser-Utkast\tenn-rapport-rev 060630.doc

In order to further investigate the large-scale spatial trends in Stockholm, and to evaluate
whether these pollutants were bioavailable, we analysed pooled samples of perch (Perca flu-
viatilis). Perch was collected in a gradient from Malaren, through Stockholm and into the
archipelago (Figure 3). Perch contained butyltins and phenyltins in all samples, and showed
a pronounced enrichment in the city center (Figure 12). The concentrations were much
higher than previous measurements in Sweden (Table 11), and also much higher than in
other samples of fish that were part of the foodstuffs. Furthermore, organotin compounds
were more abundant than XPCB (Hansson et al., 2006) and ZDDT (Linderoth et al., 2006) in
the samples. In contrast to sediments, where TPT was a relatively minor OTC compound,
TPT was the major compound in perch at all sites. This suggests much stronger bioaccumu-
lation of TPT than of TBT. The samples also contain relatively high levels of TBT metabo-
lites but low levels of TPT metabolites, which indicate that fish metabolises TPT more
slowly than TBT. Similar conclusions were recently presented from a Chinese coastal bay,
where it was also shown that TPT but not TBT biomagnifies fairly strongly in the marine
environment (Hu et al., 2006).
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In Viskan and Eskilstunadn, DBT and MBT were more abundant than TBT. Because ships
do not traffic these rivers, antifouling paint is not a likely source of OTCs at these sites. Vis-
kan also contains octyltins at higher levels than in Stockholm. Actually, of the three urban
areas in this study, only Viskan (downstream Borés city) displays octyltin levels that are ele-
vated above the local bakground level. In Eskilstuna the stormwater is allowed to settle be-
fore reaching the recipient, and this may possibly explain the absence of octyltins in sedi-
ments. This pattern of organotin substances are similar to those in stormwater sludge and
sewage sludge, and most probably reflects the diffuse release from products, e.g. building
materials such as roof paintings. The presence of, e.g., DBT and DOT in stormwater sludge
from Stockholm show that these diffuse releases also occur in Stockholm, but their impact
on the aquatic environment is less obvious due to the strong influence of OTC release from
ships. Compared to sediment and fish, surface water generally showed negligible spatial
trends in the three urban areas.
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8.3.Sewage treatment plants

8.3.1. Occurrence in sludge and waste waters

The levels of organotin compounds in sewage sludge at Henriksdal and Gésslosa STPs dis-
played relatively low temporal variations (Figure 13). Furthermore, the same substances
were detected at all times, i.e., MBT, DBT, TBT, MOT and DOT, with MBT and DBT as
the most abundant substances. Sludge from all seven STPs contained these substances and at
similar relative abundance (Table 19). This suggests a common major source of OTC's.

The measured concentrations of the organotin compounds in sewage sludge are in the same
order of magnitude as in earlier Swedish studies (Svensson, 2002). The concentration of
MBT and DBT in sewage sludge of different sewage treatment plants ranged from 100 to
350 ng/g dw (Table 19), and the total OTC levels was on the average 400-500 ng/g dw. This
can be compared to the national average concentration of mercury, PAH-16 and £7-PCB,
which were 1000, 1200 and 100 ng/g respectively, in year 2000 (MI, 2002). The average
level of 25-PBDE (tetra to hexa) were 130 ng/g dw (Naturvardsverket, 2002).

The concentrations of individual organotin compounds in sludge vary by a factor of three
between different plants (Table 19). Because temporal variation appears much lower, this
difference is probably significant, with highest concentrations in sludge from Fagersta and

Krylbo.

The incoming wastewaters contained the same organotin compounds as the sewage sludge
did (Figure 14). TBT was also detected at low concentrations in two incoming waters. The
composition of the incoming wastewater differed both between months and between sewage
treatment plants. MBT and DBT displayed large variations at Henriksdals sewage treatment
plant during the two sampling occassions, and were anomalously low during the first sam-
pling (Figure 14). These variations are not reflected in the sludge (Figure 13). DBT, TBT,
MOT and DOT were consistently lower in effluents than in influents. In contrast, MBT was
occassionally higher in the effluent, suggesting that DBT is dealkylated to MBT in the STP.
On the average, 17% of DBT in influents were found in the effluents whereas there was no
difference for MBT.

Consistently for all sewage treatment plants, only MBT and DBT were detectable in the ef-
fluent wastewaters, with MBT dominating in most of the cases. The absence of TBT, MOT
and DOT in the effluents indicates a more efficient removal of these compounds from the
incoming wastewaters, but do in part also reflect the lower levels in incoming waste waters.
The removal is at least partly due to the accumulation in the sewage sludge (Table 19).
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Figure 13. The temporal variation of organotin concentrations in sewage sludge at Henriks-
dal and Géasslosa sewage treatment plants.

Table 19. The concentration (ng/g dw) of organotin compounds detected in sewage sludge
of different sewage treatment plants (STP) in september 2005.

STP Digestion MBT DBT TBT MOT DOT
Henriksdal + 97 150 21 13 9.9
Gésslosa + 140 180 17 15 9
Eskilstuna + 190 280 37 22 24
Fagersta, Borléange + 320 350 27 45 25
Flen - 170 140 33 23 30
Brandholmen + 160 200 22 15 9,6
Krylbo, Avesta + 270 300 35 30 20
Average * Standard dev. 190+77 230+81 27+8 23+11 20%9
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A tentative mass-balance was performed for the STPs in Gésslosa, Henriksdal, Fagersta and
Eskilstuna. It was not always possible to achieve data on water flow and sludge production
during the relevant period, why annual averages occassionally were used. Furthermore, the
study period was fairly short with influents and effluents sampled during a week. The results
should thus be viewed as rough estimates. Mass-balance is performed for sum of butyltins
(recalculated to tin-units) and shows that the combined outflows (effluent plus sludge pro-
duction) frequently were slightly higher than the inflows. This result is difficult to explain
unless butyltins were added via the chemicals used in the treatment, but may be due to too
short study periods of to inherent uncertainties in the sampling protocol. For instance, a large
share of organotin compounds in influents is present in particulates (Baggenstoss, 2004) and
it is thus difficult to get representative samples (Andersson, 2004).

As stated above, DBT is probably dealkylated to MBT in some cases, but MBT appears not
to be further degraded. This is in agreement with WHO (1999) who state that DBT is more
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rapidly degraded than MBT. In summary, this tentative mass-balance does not demonstrate
that butyltins as a group are efficiently degraded in these STPs, but that a transformation
from TBT and DBT to MBT may occur. A recent more detailed mass-balance for a Swiss
STP suggested that degradation of TBT and DBT did occur during digestion, but the fate of
MBT was not investigated (Baggenstoss, 2004).
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Géasslosa Eskilstuna | Borlénge

Figure 14. The organotin compounds of incoming and effluent wastewater at four different
sewage treatment plants. For Henriksdal and Géassldsa the organotin content is given for two
different months. In: influent; Ef: effluent.

8.3.2. Sources of organotins to STPs

The levels in sludge and in influents are not necessarily reflecting how the load of OTCs
vary between different STPs, because levels are influenced by dilution from stormwater, in-
dustrial waste water, the amounts of solids, mass loss during digestion etc. The daily load of
organotins has therefore been calculated, based on levels in influents, and is shown in Table
20. Slightly higher values are obtained if the calculations are based on effluents and sludge.
The values are quite similar to data on Swedish greywater (i.e. household waste water except
the toilet fractions; Palmquist, 2004). Because the specific flows agree well, it is suggested
that waste water from households is an important source of organotins to STPs. This is in
line with the observations that sludge from all STPs showed similar levels and patterns of
organotin compounds. Interestingly, this implies that the highly toxic TBT is present in our
homes. The relative abundance of organotins in the influents and in the sludge is also similar
to that in in-door dust (Santillo et al., 2001), further supporting the hypothesis that house-
holds are an important source of organotins to STPs. Furthermore, the relative abundance of
OTCs in sewage sludge is very similar to that in urban stormwater sludge. This also points to
a common diffuse origin.

Table 20. Daily loads of organotins, expressed in pug per day and population
equivalent. Values are given as average and 95 % confidence interval of the mean.
MBT DBT TBT MOT DOT
Average 28 £ 13 17 +13 1.6 31+£17 18+14
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8.3.3.

Only MBT and DBT were detectable in effluents from the seven STPs studied. MBT were
on the average ca 5 times more abundant than DBT and the maximum level of MBT was

110 ng/l. MBT was generally much higher in effluents than in surface waters. Whether STP
effluents may impact the levels of MBT in their recipient surface waters depends on the local
dilution in the recipient. We sampled surface waters upstream and downstream of three STPs
(Gasslosa, Henriksdal, Eskilstuna). A moderate increase in the downstream MBT levels
could be observed at two of these sites: Viskan (Gédsslosa) and Waldemarsudde (Henriksdal).

Impact of STPs on surface waters

8.4.Point sources

The levels of MBT, DBT, MOT and DOT in storm water sludge were several orders of mag-
nitude higher from the PVC-industry than from urban areas (Table 21). The same substances
were also found in park soil within a few 100 meters from industrial site. Both the sludge
and the soil samples contain butyltins and octyltins in roughly similar levels, whereas bu-
tyltins were ca 10 times more abundant than octyltins in urban stormwater sludge. This
clearly shows that the occurrence of OTCs in soil was due to emissions from the industry.
These observations illustrate that organotins may be released from industrial point sources,
probably as dust via the ventilation. Previous measurements in stormwater from various in-
dustrial sites have also found high levels of OTCs (Junestedt et al., 2003; Table 9).

Table 21. Concentrations of organotin compounds (ng/g dw) in stormwater sludge from the
PVC industry, and the three cities.

Study areas MBT DBT TBT MOT DOT
PVC industry 8 400 8 700 80 12 000 12 000
PVC industry 1100 1500 28 1400 740
Three cities (average + std dev.; n=6) 77+41 88+53 18+18 104 7+3

The three landfill leachates contained MBT and DBT in the same concentration range as
found in earlier studies (Table 9). The levels are similar to those in the STP effluents.
Whether landfill leachates results in an environmental impact on the surroundings has not
been studied.

All the analysed organotin compounds from the sludge treated agricultural soils were under

the detection level. We cannot therefore not exclude that sludge affects the concentration of
OTC:s in soil, but the levels are apparently low. A German study has shown an accumulation
of OTCs in soil treated with sludge (LFU, 2003).

8.5.Brief assessment of organotin releases in Sweden

Based on the preceding chapters 8.2-8.4 and the information on how organotins compounds
are used in Sweden (chapter 3), a brief assessment on the release pathways of OTCs to the
Swedish environment is presented. Except for the releases from antifouling paint on ships,
there is very limited knowledge on the release of organotin compounds to the environment.
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The Swedish Pollutant release and transfer register (http://www.naturvardsverket.se/kur/)
contains no data on reported emissions from industries that use these chemicals.

Apparently, TBT and TPT are still released to the aquatic environment, both marine but also
to freshwaters that are connected to the sea and where ships travel. The current use of or-
ganotins in Sweden appears to result in the following principle releases:

O Industrial points sources: DBT, MBT, DOT, MOT

o Diffuse urban emissions through stormwater: DBT, MBT, DOT, MOT
0 Households and industries through STPs: DBT, MBT, DOT, MOT
a

Due to impure technical products, the release of DBT may include fractions of TBT.

8.6.Occurrence in foods and human exposure

In the food samples analysed and in the aquatic biota (perch and mussels), butyltin and
phenyltin compounds were detected (Figure 15). The highest levels in the foodstuffs oc-
curred in mussels, where MBT and DBT dominated. TPT, DPT and TBT generally domi-
nated in fish, and phenyltins were frequently more abundant than butyltins in fish. The two
salmon samples from lake Vénern contained phenyltins but no butyltins, in agreement with
an earlier study (Oberg, 2002). This is somewhat unexpected for a lake, but may be due to
the presence of large international ships in this lake. Six samples of salmon were analysed.
The farmed Norwegian salmon was slightly lower in total OTCs than the others. Salmons
from three different regions of the Baltic Sea was almost identical, and were slightly higher
than those from Vénern and the farmed one.

Perch from lake Milaren, Stockholm city and the Stockholm archipelago (Figure 12) consis-
tently had much higher levels of OTCs than the fish foodstuffs that originated from Vénern,
Vittern and the Baltic Sea. Perch from Stockholm city contained up to 70 ng/g ww TBT and
170 ng/g ww TPT. These samples of perch have previously been analysed for XPCB (Hans-
son et al., 2006) and EDDT (Linderoth et al., 2006). OTCs show similar spatial trends as
PCB and DDT, but the levels of OTCs are even higher.

There was no relation between organotin levels and fat content. The levels in fish and mus-
sels are close to the mean or median levels of European data (Table 12; EFSA, 2004). The
meat sample contained low levels of DBT and DPT. There were no traces of octyltins, which
are used in certain food packaging materials.

Pooled samples of blue mussel (Mutilus edilus) from four sites in Oresund were analysed.
Butyltins were more abundant than TPT. There were no major differences in levels between
the four sites, and the levels were lower than those mussels from the foodstuff group.

Phenyltins were frequently more abundant than butyltins in fish, particularly in perch,
whereas the mussels contained more butyltins than phenyltins. This pattern is most likely
due to the fact that TPT but not TBT biomagnifies in the aquatic food chain (chapter 2.2).

The only species found in human breast milk was MBT. This does not match the pattern of
organotins in foods, where MBT generally is a minor species. This discrepancy may either
be explained by human metabolism of other organotins, or that other than dietary sources of
organotin exposure exist. Earlier studies on human blood found both MBT, DBT and TBT,
with MBT as the major species (Kannan et al., 1999). The levels in breast milk ranged from
1-10 ng/l, which is about 0.03-0.3 ng/g fat. Compared to other recent measurements on
Swedish human breast milk, the concentration of MBT is lower than those of e.g. PCB, DDT
and PBDE (Aune et al., 2002).
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Figure 15. Organotins in foodstuffs.

8.7.Risks for health and the environment

It is difficult to assess the risk to health or the environment from this limited dataset. Fur-
thermore, environmental quality standards are only available for a few of the OTCs that we
investigated, and mainly for water. Therefore, only a very small part of the data presented
can be assessed for risks. One should also note that several of the compounds have been pro-
posed as PBT or vPvB compounds. Releases of such substances should always be kept to a
mininum, regardless of the present levels.

However, we can note that TBT was present in all surface waters from Stockholm at levels
above the proposed European EQS value for transient conditions (1.5 ng/l). There is also an
EQS for annual average proposed (0.1 ng/l), and this value is lower than the analytical re-
porting limit in this study, why we cannot exclude that TBT presents a risk also in other
freshwaters. The single guidevalue for DBT that we found were higher than the concentra-
tions measured in surface waters. Considering that DBT is more toxic than TBT for certain
endpoints and that DBT is the most abundant OTC in this study, it still seems that the omni-
presence of DBT deserves more attention.

For the health assessment, a group TDI of 0.1 pug Sn/kg bw/d for the sum of DBT, DOT,
TBT and TPT was proposed, based on immunotoxic effects (see RPA, 2005). This sum was
in the range 1-94 ng Sn/g ww for all foodstuffs and fish that were investigated. An adult per-
son of 50 kg can thus eat at least 50 gram fresh fish per day. The estimate is valid for the
most contaminated perch from Stockholm city. This assessment is limited in the sense that
no long-term epidemiological studies are available for assessing health risks of organotins,
that TPT is classified as having limited evidence for carcinogenic effects and possible risk of
harm to the unborn child, and that the current dataset is limited. Neither are synergistic ef-
fects with other pollutants considered. It thus seems that the presence of organotins in fish
from other navigable channels, and in other fish species, deserves more attention.
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9. Conclusions

This study verifies that organotin compounds are present in Swedish inland waters. The fol-
lowing general conclusions can be drawn.

a

a

10.

Organotins are present in urban background sites.

The current use of butyltin and octyltin in plastics and other applications causes dif-
fuse release in urban areas.

STPs appears mainly to be influenced by diffuse releases, and their effluents may in-
fluence the levels of MBT in their recipients.

TBT and DBT are dealkylated to MBT in STPs.

Butyltin and octyltins may be released from industries where these substances are
handled.

Butyltins were found in all areas and all medias that were investigated, and DBT and
MBT were the most abundant substances.

Octyltins were mainly found in waste water, sewage sludge, stormwater sludge and
sediments, but never in biological specimen.

Phenyltins were found in both the lacustrine and marine environment, mainly in are-
as where international ships travel, and accumulated strongly in fish.

Stockholm was the most contaminated region in this study.

Organotin compounds were more abundant than PCB and DDT in perch from
Stockholm.

Fish and other foodstuffs contained butyltins and phenyltins.
Fairly low levels of MBT were found in human breast milk.

A tentative risk assessment shows that the levels of organotins are close to or above
acceptable levels for health and the environment in certain areas.
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Appendix 1. The Swedish use of organotin compounds in different applications,
according to data in SPIN. The amounts are tonnes of Sn. Because of confidentiali-
ty, the amounts of DBT are lower here than in table 4.

Application 1999 2000 2001 2002 2003
Monobutyltin compounds

Stabilizers 0.89 0.60 0.15

Total 0.89 0.60 0.15

Dibutyltin compounds

Adhesives, glues 0.19 0.19 0.19

Catalysts 49 038 038 28 0.38
Caulking compounds 0.19 019 0.19

Intermediates (plastics manufacture) 0.19

Other stabilizers 146 16.8
Padding (filling) materials 1.1 0.66
Sealing compounds 0.38 0.19 0.19

Stabilizers 5.4 4.1 1.7

Total 11 5.2 2.6 19 18

Tributyltin compounds

Antifoulant paints 0.75 1.0 0.25

Total 0.75 1.0 0.25

Ethyltin compounds

Catalysts 2.6 1.2 3.5 7.3 5.6

Total 2.6 1.2 35 7.3 5.6

Octyltin compounds

Stabilizers 17.7 172 143 16.6
Total 177 172 143 16.6
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Appendix 2. Sample details. This appendix shows sample details for all samples. The corresponding analytical results are shown in appendix 3.

Sample nr Programme  Study site / sample Media Category Sampling details ~ Sampling date Comments XRT90 Y RT90
WSP_60857_1 National Henriksdal STP STP, incoming waste

water STP  pooled sample 3-7 sept. 2005
WSP_60857_2 National Henriksdal STP STP, incoming waste

water STP  pooled sample 3-7 sept. 2005
WSP_60857_3 National Henriksdal STP STP effluent STP  pooled sample 3-7 sept. 2005
WSP_60857_4 National Henriksdal STP STP effluent STP  pooled sample 30 jan-3 feb, 2006
WSP_60857_5 National Henriksdal STP sewage sludge STP  pooled sample 3-7 sept. 2005
WSP_60857_6 National Henriksdal STP sewage sludge STP  pooled sample november, 2005
WSP_60857_7 National Henriksdal STP sewage sludge STP  pooled sample 30 jan-3 feb, 2006
WSP_60857_8 National Malaren Rotholmen surface water Urban duplicate sample 3/9 2005 0-4 cm, ca 28 m depth 6579255 1623652
WSP_60857_9 National Malaren Rotholmen surface water Urban duplicate sample 3/9 2005 0-4 cm, ca 28 m depth 6579255 1623652
WSP_60857_10 National Malaren Rotholmen sediment Urban duplicate sample 3/9 2005 0-4 cm, ca 28 m depth 6579255 1623652
WSP_60857_11 National Malaren Rotholmen sediment Urban duplicate sample 3/9 2005 0-4 cm, ca 28 m depth 6579255 1623652
WSP_60857_12 National Arstaviken, 1 surface water Urban duplicate sample 3/9 2005 0-4 cm, ca 7m depth 6578637 1627117
WSP_60857_13 National Arstaviken, 2 surface water Urban duplicate sample 3/9 2005 0-4 cm, ca 7m depth 6578637 1627117
WSP_60857_14 National Arstaviken, 1 sediment Urban duplicate sample 3/9 2005 0-4 cm, ca 7m depth 6578637 1627117
WSP_60857_15 National Arstaviken, 2 sediment Urban duplicate sample 3/9 2005 0-4 cm, ca 7m depth 6578637 1627117
WSP_60857_17 National Lilla Véartan sediment Urban 4/9 2005 0-4 cm, 24 m depth 6581780 1633924
WSP_60857_18 National Ulvsundasjon, Sthim sediment Urban 3/9 2005 0-4 cm, 14 m depth 6582278 1624438
WSP_60857_19 National Fjaderholmarna sediment Urban 4/9 2005 0-4 cm, 28 m depth 6580622 1634298
WSP_60857_20 National Ulvsundasjon, Sthim surface water Urban 3/9 2005 0-4 cm, 14 m depth 6582278 1624438
WSP_60857_21 National Fjaderholmarna surface water Urban 4/9 2005 0-4 cm, 28 m depth 6580622 1634298
WSP_60857_23 National Stockholm, stormwater Stormwater sludge Urban 27/10 05 Storage site for stormwater sludge

sludge from Stockholm city (Fruéngen)

WSP_60857_24 National Stockholm, traffic storm- Stormwater sludge Urban 25/11-05 Ryska Smallen, Johanneshovsbron

water retention pond
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Appendix 2. continued..

Sample nr Programme Study site / sample Media Category Sampling details Sampling date Comments X' RT90 Y RT90
WSP_60857_25 National Eskilstuna stormwater gutter Stormwater sludge Urban 15-nov-05 Hamngatan, city center
WSP_60857_26 National Eskilstuna stormwater gutter Stormwater sludge Urban 15-nov-05 Hamngatan, city center
WSP_60857_27 National Eskilstuna upstream, Hyndevad sediment Urban background 15-nov-05 0-2 cm, 2 m depth 6578038 1536361
WSP_60857_28 National Eskilstuna, central, Narjeholmsv. sediment Urban 15-nov-05 0-2 cm, 7 m depth 6585040 1538769
WSP_60857_31 National Eskilstuna, central, Narjeholmsv. surface water Urban 15-nov-05 6585040 1538769
WSP_60857_32 National Eskilstuna downstream, surface water Urban, STP recipient 15-nov-05 downstream the STP

Torshélla 6588735 1537751
WSP_60857_34 National Eskilstuna upstream, Hyndevad surface water Urban background 15-nov-05 6578038 1536361
WSP_60857_35 National Gasslosa STP STP, incoming STP pooled sample 3-7 sept. 2005

waste water
WSP_60857_36 National Gasslosa STP STP, incoming STP pooled sample 060130-060203
waste water

WSP_60857_37 National Gasslosa STP STP effluent STP pooled sample 3-7 sept. 2005
WSP_60857_38 National Gésslosa STP STP effluent STP pooled sample 060130-060203
WSP_60857_39 National Gésslosa STP sewage sludge STP pooled sample 3-7 sept. 2005
WSP_60857_40 National Gaésslosa STP sewage sludge STP pooled sample november 2005
WSP_60857_41 National Gasslosa STP sewage sludge Urban pooled sample 03-feb-06
WSP_60857_42 National Viskan (Oresj6) surface water Urban background 03-0kt-05 640995 133150
WSP_60857_43 National Viskan (Druvefors) surface water Urban 03-0kt-05 640217 132909
WSP_60857_44 National Viskan (Djupasjon) surface water Urban, STP recipient 03-0kt-05 640045 132730
WSP_60857_45 National Viskan (Oresjo) sediment Urban pooled sample 03-0kt-05 0-2 cm; 29 m depth 640995 133150
WSP_60857_46 National Viskan (Djupasjon) sediment Urban pooled sample 03-0kt-05 0-2 cm; 5 m depth 640045 132730
WSP_60857_47 National Viskan (Guttasjon) sediment Urban pooled sample 03-o0kt-05 0-2 cm; 4 m depth 639818 132685
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Appendix 2. continued..

Sample nr Programme Study site / sample Media Category Sampling details  Sampling date Comments XRT90 Y RT90
WSP_60857_48 Regional, Nykdping Brandholmen STP STP effluent STP pooled sample 3-7 sept. 2005

WSP_60857_49 Regional, Nykdping Brandholmen STP sewage sludge STP pooled sample 3-7 sept. 2005

WSP_60857_50 Regional, Nyképing Ostra mellanfjarden Sediment september 2005  Recipient to Brandholmen STP 6513908 1573804
WSP_60857_51 Regional, Nyképing Orsbaken Sediment september 2005 Background site to

WSP_60857_52
WSP_60857_53
WSP_60857_54
WSP_60857_55

WSP_60857_56
WSP_60857_57
WSP_60857_58
WSP_60857_59
WSP_60857_60
WSP_60857_61
WSP_60857_62
WSP_60857_63
WSP_60857_64

WSP_60857_65
WSP_60857_66
WSP_60857_68
WSP_60857_72

WSP_60857_73

Regional, Nyképing
Regional, Nykoping
Regional, Nykoping
Regional, Nykoping

Regional, Nykoping
Regional, Nyképing

Regional, Dalarna
Regional, Dalarna
Regional, Dalarna
Regional, Dalarna
Regional, Dalarna
Regional, Dalarna

Regional, Dalarna

Regional, Dalarna

Regional, Nykoping
Regional, Nykoping

National

National

Eskilstuna STP
Eskilstuna STP
Eskilstuna STP
Eskilstuna STP

Flen STP
Flen STP
Fagersta STP, Borlange
Fagersta STP, Borlange
Fagersta STP, Borlange
Krylbo STP, Avesta
Krylbo STP, Avesta
River Basingen, Dalélven

River Basingen, Dalélven

Fagelmyra landfill
Eskilstuna landfill
Bjorshult landfill

Svedang, agricultural land-
use, sludge treated

Svedang, agricultural land-
use, sludge treated

STP, incoming waste water
STP effluent
sewage sludge

STP effluent, downstream a
wetland

STP effluent

sewage sludge
STP, incoming waste water

STP effluent
sewage sludge

STP effluent
sewage sludge
surface water

sediment

Landfill leachate
Landfill leachate
Landfill leachate

soil

soil

pooled sample
pooled sample
pooled sample

pooled sample

pooled sample
pooled sample
pooled sample
pooled sample
pooled sample
pooled sample

pooled sample

pooled sample

pooled sample
pooled sample
pooled sample

pooled sample

pooled sample

10-14 sept 2005
10-14 sept 2005
10-14 sept 2005
10-14 sept 2005

3-7 sept. 2005
3-7 sept. 2005
3-7 sept. 2005
3-7 sept. 2005
3-7 sept. 2005
3-7 sept. 2005
05-okt 2005
september, 2005
september, 2005

september, 2005
september 2005
september, 2005

november 2005

november 2005

Brandholmen

Recipient to Krylbo STP

Recipient to Krylbo STP 0-2 cm,
11-12m depth, sandy sediment

Sludge treated agricultural soil
(0-2 cm)

Sludge treated agricultural soil
(0-2 cm)

6511581 1576742
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Appendix 2. continued..
Sample nr Programme Study site / sample Media Sampling details Sampling date Comments X RT90 Y RT90
WSP_60857_74 National Svedéang, agricultural land-use  soil pooled sample nov-05 Reference agricultural soil (0-2 cm)
WSP_60857_75 National Svedang, agricultural land-use  soil pooled sample nov-05 Reference agricultural soil (0-2 cm)
WSP_60857_76 National Svedéng stream surface water nov-05 Svedéang sludge treated
WSP_60857_77 National Svedéng stream surface water nov-05 Svedéng control
WSP_60857_78 Regional, Skane  Oresund 1 Mussel (Mytilus edulis) pooled sample 2005 OVF 1:5 Domsten mussels
WSP_60857_79 Regional, Skdne Oresund 2 Mussel (Mytilus edulis) pooled sample 2005 OVF 3:5 Landskrona mussels
WSP_60857_80 Regional, Skdne Oresund 3 Mussel (Mytilus edulis) pooled sample 2005 OVF 4:12 Spillepeng mussels
WSP_60857_81 Regional, Skdne Oresund 4 Mussel (Mytilus edulis) pooled sample 2005 OVF 5:5 Klagshamn mussels
WSP_60857_82 National Foods 1 Turbot Baltic Sea pooled sample 2002 Muscle, FF20020509
WSP_60857_83 National Foods 2 Pike, Baltic Sea pooled sample 2002 Muscle,FISK2 C414
WSP_60857_84 National Foods 3 Salmon, farmed in Norway pooled sample 2001 Muscle,FF20010030
WSP_60857_85 National Foods 4 Salmon Vanern pooled sample 2003 Muscle,FF20030077
WSP_60857_86 National Foods 5 Salmon Vanern pooled sample 2003 Muscle,FF20030011
WSP_60857_87 National Foods 6 Brown trout Vanern pooled sample 2001 Muscle,FF20010193
WSP_60857_88 National Foods 7 Salmon Bothnian bay pooled sample 2002 Muscle,FF20020335
WSP_60857_89 National Foods 8 Salmon Bothnian sea pooled sample 2002 Muscle,FF20020436
WSP_60857_90 National Foods 9 Salmon, Baltic proper pooled sample 2002 Muscle,FF20020407
Meat, pooled of various

WSP_60857_91 National Foods 10 animals pooled sample 2005 Slurry 3 S:1 2005
WSP_60857_92 National Foods 11 Mussels, canned pooled sample 2005 Abba frdn M:1l 2005
WSP_60857_93 National Foods 12 Mussels Swed. west coast pooled sample 2001 X226 dnr2925/01
WSP_60857_94 National Uppsala 2002 Human breast milk pooled sample 2002 HF20030032
WSP_60857_95 National Uppsala 2004 Human breast milk pooled sample 2004 HO0500111
WSP_60857_96 National Goteborg 2001 Human breast milk pooled sample 2001 HF20030031
WSP_60857_97 National Lund 2003 Human breast milk pooled sample 2003 HF20040042
WSP_60857_98 National Lycksele 2004 Human breast milk pooled sample 2004 HF20040054
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Appendix 2. continued..

Sample nr Programme Study site / sample Media Category Sampling details ~ Sampling date Comments X RT90 Y RT90
WSP_60857_99 National Waldemarsudde surface water, 1m STP, urban 04-sep-05 local reference 6579784 1631142
depth
WSP_60857_100 National Waldemarsudde surface water 10.-16 ~ STP, urban pooled sample 04-sep-05 intermediate depth, where STP 6579784 1631142
m depth effluents are intermixed
WSP_60857_101 National Waldemarsudde surface water ca 21 m STP, urban 04-sep-05 bottom water, at the depth where 6579784 1631142
depth STP effluents are released
WSP_60857_102 National Hydropolymer, PVC-prod. site  soil Point source Pooled from 4 individ- 17-mar-06
East of industrial building ual samples
WSP_60857_103 National Hydropolymer PVC-prod. site. soil Point source Pooled from 4 individ- 17-mar-06
North of industrial building ual samples
WSP_60857_104 National Hydropolymer PVC-prod. site. Stormwater sludge Point source 17-mar-06
stormwater gutter, south
WSP_60857_105 National Hydropolymer PVC-prod. site. Stormwater sludge Point source 17-mar-06
stormwater gutter, north
WSP_60857_106 National Helsingborg, stormwater reten- Stormwater sludge Urban 17-mar-06
tion pond, Stenbrogarden
WSP_60857_107 National Helsingborg, stormwater reten- Stormwater sludge Urban 17-mar-06
tion pond, Regnbagsdamm
WSP_60857_108 National Adelsd, Mélaren Perch Lake pooled sample 2000/2001  Muscle 6584399 1594118
WSP_60857_109 National Féaringso, Méalaren Perch Lake pooled sample 2000/2001  Muscle 6587920 1610058
WSP_60857_110 National Riddarfjarden, Stockholm Perch Urban pooled sample 2000/2001  Muscle 6580200 1627260
WSP_60857_111 National Slussen, Stockholm Perch Urban pooled sample 2000/2001  Muscle 6579800 1630200
WSP_60857_112 National Kummelnés Perch Coastal pooled sample 2000/2001  Muscle 6583790 1639290
WSP_60857_113 National Torsbyfjarden Perch Coastal pooled sample 2000/2001  Muscle 6583923 1650300
WSP_60857_114 National Torsbyfjarden Perch Coastal pooled sample 2000/2001  Muscle 6583923 1650300
WSP_60857_115 National Torsbyfjarden Perch Coastal pooled sample 2000/2001  Muscle 6583923 1650300
WSP_60857_116 National Vindd Perch Coastal pooled sample 2000/2001  Muscle 6588500 1660380
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Appendix 3. Analytical data

Table Al. Concentrations in soil, stormwater sludge and sewage sludge.
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Site Category  Media Sample nr. DW, % MBT DBT TBT TeBT MOT DOT TCHT MPT DPT TPT
Hydropolymer East Industry Soil WSP_60857_102 30 58 <1,0 <1,0 25 27 <1,0 <1,0 <1,0 <1,0
Hydropolymer north Industry Soil WSP_60857_103 6 15 <1,0 <1,0 5.4 <1,0 <1,0 <1,0 <1,0 <1,0
Svedang sludge treated salix field Soil WSP_60857_72 749 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Svedang sludge treated salix field Soil WSP_60857_73 725 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Svedéng untreated field (control) Soil WSP_60857_74 76.7 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Svedang untreated field (control) Soil WSP_60857_75 75.6 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Eskilstuna Urban Stormwater sludge WSP_60857_25  33.2 53 54 2.3 <1,0 8.2 3.5 <1,0 <1,0 <1,0 <1,0
Eskilstuna Urban Stormwater sludge WSP_60857_26 46 64 56 2.8 <1,0 8 3.9 <1,0 <1,0 <1,0 <1,0
Helsingborg, Stenbrogérden Urban Stormwater sludge WSP_60857_106 140 130 41 2 16 10 <1,0 <1,0 <1,0 <1,0
Helsingborg, Regnbagsdamm Urban Stormwater sludge WSP_60857_107 83 150 36 3.2 6.9 6.2 <1,0 <1,0 <1,0 25
Hydropolymer, Dagvattenbrunn sddra Industry Stormwater sludge WSP_60857_104 8400 8700 80 <1,0 12000 12000 <1,0 <1,0 29 <1,0
Hydropolymer, Dagvattenbrunn norra Industry Stormwater sludge WSP_60857_105 1100 1500 28 8.4 1400 740 <1,0 <1,0 <1,0 <1,0
Stockholm, Johanneshovsbron, Ryska

smallen Urban Stormwater sludge WSP_60857_24  50.5 100 120 22 <1,0 11 9.7 <1,0 <1,0 <1,0 <1,0
Stockholm, pooled from many sites Urban Stormwater sludge WSP_60857_23 41.9 21 17 2.1 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Fagersta-STP (Borlange) STP Sewage sludge WSP_60857_60 26 320 350 27 <1,0 45 25 <1,0 <1,0 <1,0 <1,0
Brandholmen STP STP Sewage sludge WSP_60857_49 26.1 160 200 22 <1,0 15 9.6 <1,0 <1,0 <1,0 <1,0
Eskilstuna STP STP Sewage sludge WSP_60857_54 31.3 190 280 37 <1,0 22 24 <1,0 <1,0 <1,0 <1,0
Flen STP STP Sewage sludge WSP_60857_57 119 170 140 33 <1,0 23 30 <1,0 <1,0 <1,0 <1,0
Gasslosa STP STP Sewage sludge WSP_60857_39 24.8 140 180 17 <1,0 15 9 <1,0 <1,0 <1,0 <1,0
Gasslosa STP STP Sewage sludge WSP_60857_40 19.6 150 180 23 <1,0 16 15 <1,0 <1,0 <1,0 <1,0
Gasslosa STP STP Sewage sludge WSP_60857_41 20.4 180 150 21 <1,0 24 11 <1,0 <1,0 <1,0 <1,0
Henriksdals STP STP Sewage sludge WSP_60857_5 26.2 97 150 21 <1,0 13 9.9 <1,0 <1,0 <1,0 <1,0
Henriksdals STP STP Sewage sludge WSP_60857_6 26.6 83 130 30 <1,0 9.7 6.5 <1,0 <1,0 <1,0 <1,0
Henriksdals STP STP Sewage sludge WSP_60857_7 26.1 99 110 20 <1,0 9.6 6.2 <1,0 <1,0 <1,0 <1,0
Krylbo STP STP Sewage sludge WSP_60857_62  25.6 270 300 35 <1,0 30 20 <1,0 <1,0 <1,0 <1,0
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Table A2. Concentrations in municipal waste waters and landfill leachates (all data in ng/l).

Site Category Media Sample nr MBT DBT TBT TeBT MOT DOT TCHT MPT DPT TPT
Fagersta STP STP Incoming waste water WSP_60857_58 94 55 <1,0 <1,0 9.5 3.2 <1,0 <1,0 <1,0 <1,0
Eskilstuna STP STP Incoming waste water WSP_60857_52 66 80 4.1 <1,0 9.8 7.3 <1,0 <1,0 <1,0 <1,0
Gasslosa STP STP Incoming waste water WSP_60857_35 68 36 <1,0 <1,0 7.5 25 <1,0 <1,0 <1,0 <1,0
Gasslosa STP STP Incoming waste water WSP_60857_36 62 62 2.5 <1,0 5.8 5.8 <1,0 <1,0 <1,0 <1,0
Henriksdal STP STP Incoming waste water WSP_60857_1 5.2 18 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Henriksdal STP STP Incoming waste water WSP_60857_2 50 41 <1,0 <1,0 6.4 1.9 <1,0 <1,0 <1,0 <1,0
Fagersta STP STP Effluent WSP_60857_59 36 12 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Brandholmen STP STP Effluent WSP_60857_48 4.2 10 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Eskilstuna STP STP Effluent WSP_60857_53 22 34 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Eskilstuna STP STP Effluent, after wetland WSP_60857_55 23 5.8 <1,0 <1,0 7.8 12 <1,0 <1,0 <1,0 <1,0
Flen STP STP Effluent WSP_60857_56 39 13 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Gasslosa STP STP Effluent WSP_60857_37 110 9.3 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Gasslosa STP STP Effluent WSP_60857_38 74 5.2 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Henriksdal STP STP Effluent WSP_60857_3 4 4.7 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Henriksdal STP STP Effluent WSP_60857_4 63 1.7 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Krylbo STP, Avesta STP Effluent WSP_60857_61 78 11 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Bjorshult landfill Landfill Leachate WSP_60857_68 56 16 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Borlange landfill Landfill Leachate WSP_60857_65 11 19 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Eskilstuna landfill Landfill Leachate WSP_60857_66 6.7 6.4 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
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Table A3. Concentrations in surface sediments (all data in ng/g dw).

Site Category Sample nr TS, % MBT DBT TBT TeBT MOT DOT TCHT MPT DPT TPT TOC, %
Bésingen, Dalélven Recipientto STP WSP_60857_64 21.6 10 2.50 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 4.00
Eskilstuna upstream, Hyndevad Urban background WSP_60857_27 33 2.8 1.1 1.7 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Eskilstuna, central, Narjeholmsv. Urban WSP_60857_28 23.3 21 17 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Rotholmen 1, Malaren, Stockholm Urban background WSP_60857_10 14.9 74 84 380 2.70 5.50 3.70 <1,0 45 66 12 7.10
Rotholmen 2, Malaren, Stockholm Urban background WSP_60857_11 14.5 59 46 150 <1,0 2.70 2.80 <1,0 6.90 8.90 4.50 7.30
Arstaviken 1, Stockholm Urban WSP_60857_14 21.4 160 250 590 2.10 3.10 2.40 <1,0 9.20 12 5 7.10
Arstaviken 2, Stockholm Urban WSP_60857_15 22 140 300 880 3 2.60 2.80 <1,0 12 13 7.50 6.80
Ulvsundasjon, Stockholm Urban WSP_60857_18 19.1 170 300 760 3 4.70 2.70 <1,0 18 17 4.90 7.10
Lilla vartan, Stockholm Urban WSP_60857_17 8.9 21 30 190 <1,0 <1,0 <1,0 <1,0 5.20 6.70 5.70 7.70
Fjaderholmarna, Stockholm Urban WSP_60857_19 12.8 30 50 260 2.60 <1,0 <1,0 <1,0 4.30 8.40 6.10 7.60
Oresjo, Viskan (Boras) Urban background WSP_60857_45 9.7 11 4 2.50 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 15
Djupasjon, Viskan, (Boras) Urban WSP_60857_46  13.7 99 78 19 <1,0 14 14 <1,0 2.40 1.10 <1,0 16
Guttasjon, Viskan, (Boras) Urban WSP_60857_47 20.4 69 48 12 <1,0 8.80 11 <1,0 <1,0 <1,0 <1,0 11
Orsbaken, Nykoping Recipientto STP WSP_60857_51 52.9 2.4 2.1 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 1.30
Ostra mellanfjarden, Nykdping Background WSP_60857_50 33.9 2.2 2 2.8 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 2.10
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Table A4. Concentrations in surface waters (ng/1).
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Site Category sample nr unit MBT DBT TBT TeBT MOT DOT TCHT MPT DPT TPT
Béasingen, Dalélven STP-recipient WSP_60857_63 ng/l 1.6 4.6 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Eskilstuna upstream, Hyndevad Urban background WSP_60857 34 N9/l 14 13 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Eskilstuna, central, Narjeholmsv. Urban WSP_60857_31 ng/l 21 5.5 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Eskilstuna, Torshalla Urban WSP_60857_32 ng/l 23 6.2 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Malaren Rotholmen Urban background WSP_60857_8 ng/l 2 11 1.8 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Malaren Rotholmen Urban background WSP_60857_9 ng/l 2 4 1.4 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Ulvsundasjon, Sthim Urban WSP_60857_20 ng/l 2.2 6.2 2.9 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Arstaviken, 1 Urban WSP_60857_12 ng/l 2.9 6.1 2.2 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Arstaviken, 2 Urban WSP_60857_13 ng/l 2.1 6.9 2.2 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Waldemarsudde, 10- 16 m depth Urban WSP_60857_100 ng/l 1.3 3.2 3.2 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Waldemarsudde 1 m depth Urban WSP_60857_99 ng/l 15 5.7 2.4 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Waldemarsudde 21 m depth Urban WSP_60857_101 ngl/l 2.8 6.7 3.2 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Fjaderholmarna Urban coast WSP_60857_21 ng/l 1.8 5.4 1.7 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Viskan (Oresjo) Urban background WSP_60857_42 ng/l 5.3 13 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Viskan (Druvefors) Urban WSP_60857_43 ng/l 25 6.8 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Viskan (Djupasjon) Urban WSP_60857_44  ng/l 11 5.8 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Svedang , small river sludge treated field WSP_60857_76 ng/l <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Svedang, small river control field WSP_60857_77 ng/l <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
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Table AS. Concentrations in foodstuff and aquatic biota (alla data in ng/g wet weight).

Site Category Sample details Sample nr MBT DBT TBT TeBT MOT DOT TCHT MPT DPT TPT fat, %
Foodstuff 1 Piggvar Ostersjon WSP_60857_82 0.5 2.8 5.7 <0,30 <0,40 <0,40 <030 <0,30 <0,30 6
Foodstuff 2 Pike, Baltic Sea WSP_60857_83 0.6 2.7 4.5 <0,30 <0,40 <0,40 <030 <0,30 <0,30 12
Foodstuff 3 Salmon, farmed in Norway WSP_60857_84 1.2 <0,30 2.4 <0,30 <0,40 <0,40 <0,30 <0,30 3.4 <0,30
Foodstuff 4 Salmon Vanern WSP_60857_85 <0,30 <0,30 <0,30 <0,30 <040 <040 <030 <0,30 6.8 4.6
Foodstuff 5 Salmon Véanern WSP_60857_86 <0,30 <0,30 <0,30 <0,30 <040 <040 <030 <0,30 4.4 3.3
Foodstuff 6 Oring Vanern WSP_60857_87 1.6 <0,30 2.6 <0,30 <040 <040 <030 <0,30 <0,30 7.4
Foodstuff 7 Salmon Bothnian bay WSP_60857_88 <0,30 1 3.7 <0,30 <0,40 <0,40 <0,30 <0,30 4.7 7.2
Foodstuff 8 Salmon Bothnian sea WSP_60857_89 1 1.2 4.1 <0,30 <0,40 <0,40 <0,30 <0,30 5.3 8.2
Foodstuff 9 Salmon, Baltic proper WSP_60857_90 0.8 1 7.8 <0,30 <0,40 <0,40 <0,30 <0,30 4.9 5.4
Foodstuff 10 Meat, pooled of var. animals WSP_60857_91 <0,30 1.1 <0,30 <0,30 <0,40 <0,40 <0,30 <0,30 1.9 <0,30
Foodstuff 11 Mussels, canned WSP_60857_92 15 64 4 <0,30 <0,40 <040 <0,30 <0,30 4.9 2.2
Foodstuff 12 Mussels, Swed. west coast WSP_60857_93 4.6 13 27 <0,30 <0,40 <0,40 <0,30 <0,30 2.2 2.6
Adelsd Urban background Perch (perca fluvialis) WSP_60857_108 <0,300 4.5 13 <0,300 <0,400 <0,400 <0,300 <0,300 1 29.3 0.8
Faringsd Urban background Perch (perca fluvialis) WSP_60857_109 <0,300 4.8 134 <0,300 <0,400 <0,400 <0,300 <0,300 2 48.9 1.4
Riddarfjarden Urban Perch (perca fluvialis) WSP_60857_110 0.8 14 68.8 <0,300 <0,400 <0,400 <0,300 2.1 6.4 171 2.2
Slussen Urban Perch (perca fluvialis) WSP_60857_111 0.8 21 713 <0,300 <0,400 <0,400 <0,300 0.8 5.3 124 0.7
Kummelnds  Marine coast Perch (perca fluvialis) WSP_60857_112 0.8 11.8 33 <0,300 <0,400 <0,400 <0,300 11 35 82.8 0.5
Torsbyfjarden Marine coast Perch (perca fluvialis) WSP_60857_113 <0,300 115 304 <0,300 <0,400 <0,400 <0,300 <0,300 3.4 102 0.7
Torsbyfjarden Marine coast Perch (perca fluvialis) WSP_60857_114 <0,300 11.8 23.7 <0,300 <0,400 <0,400 <0,300 <0,300 3.3 86.9 0.7
Torsbyfjarden Marine coast Perch (perca fluvialis) WSP_60857_115 <0,300 11.4 25.8 <0,300 <0,400 <0,400 <0,300 <0,300 3.2 84.3 0.7
Vindo Marine coast Perch (perca fluvialis) WSP_60857_116 <0,300 3.1 6.8 <0,300 <0,400 <0,400 <0,300 <0,300 1.5 38.8 1.1
Oresund 1 Marine OVF 1:5 Domsten mussels WSP_60857_78 3.5 7.8 5.1 <0,30 <0,40 <0,40 <0,30 <0,30 <0,30 0.6 0.8
Oresund 2 Marine OVF 3:5 Landskrona mussels WSP_60857_79 1.2 2.1 4.5 <0,30 <0,40 <0,40 <0,30 <0,30 <0,30 <0,30 0.9
Oresund 3 Marine OVF 4:12 Spillepeng mussels WSP_60857_80 6 12 8.2 <0,30 <0,40 <0,40 <0,30 <0,30 <0,30 1.3 1
Oresund 4 Marine OVF 5:5 Klagshamn mussels ~ WSP_60857_81 7.1 8.9 5.9 <0,30 <0,40 <0,40 <0,30 <0,30 <0,30 0.5 0.9

iska &amnen\C-

10060857

v 060630.doc

52 (53)

‘

B=WSP



Table A6. Concentrations in breast milk (ng/l)

Provtyp

Study sites

Provnr

MBT DBT TBT TeBT MOT DOT TCHT MPT DPT TPT
Breast milk 1 Uppsala 2002 WSP_60857_94 1.2 <0,30 <0,30 <0,30 <0,40 <0,40 <0,30 <0,30 <0,30 <0,30
Breast milk 2 Uppsala 2004 WSP_60857_95 1.9 <0,30 <0,30 <0,30 <0,40 <0,40 <0,30 <0,30 <0,30 <0,30
Breast milk 3 Goteborg 2001 WSP_60857_96 9.7 <0,30 <0,30 <0,30 <0,40 <0,40 <0,30 <0,30 <0,30 <0,30
Breast milk 4 Lund 2003 WSP_60857_97 <0,30 <0,30 <0,30 <0,30 <0,40 <0,40 <0,30 <0,30 <0,30 <0,30
Breast milk 5 Lycksele 2004 WSP_60857_98 5.8 <0,30 <0,30 <0,30 <0,40 <0,40 <0,30 <0,30 <0,30 <0,30
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