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1 Introduction 

The Conference of the Parties adopted amendments to the Stockholm Convention to include 
nine new persistent organic pollutants (POPs) at its meeting held in May 2009. On 26 August 
2009, the amendments were communicated to all Parties. They entered into force one year 
later in 2010.  

The following eight new POPs were included in Annex A (Elimination): the organochlorine 
pesticides alpha-, beta- and gamma-hexachlorocyclohexane (HCH) and Chlordecone and 
the industrial chemicals pentachlorobenzene, hexabromobiphenyl, hexabromo- and hepta-
bromodiphenylether, tetrabromo- und pentabromodiphenyl ether. Pentachlorobenzene was 
additionally added in Annex C (Unintentional Production). Perfluorooctane sulfonic acid and 
its salts and perfluorooctane sulfonyl fluoride were added to Annex B (Restriction).  

In 2006, Switzerland submitted a first national implementation plan (NIP) according to Article 
7 of the Stockholm Convention. Due to the nine new POPs this update of the NIP has been 
compiled. At the same time an update on the initial POPs is provided with a focus on new 
information that has become available since 2005/2006. A consultation on the updated NIP 
has been held within the Swiss authorities that are concerned with the topic. 

2 Country description 

No relevant changes have occurred since the first Swiss NIP from 2006 [45]. Therefore, 
please refer to the first NIP for further information on this section.  

3 Policy and legislation 

A detailed description of the policy and of the institutional and regulatory framework with re-
gard to the regulation of chemicals in general and POPs in particular is contained in the first 
Swiss NIP [45] in chapter 2.2. Since 2005 several updates of some of the relevant ordin-
ances have been implemented or are planned to further regulate the POPs issue in general 
as well as the initial and new POPs. The most important changes, which are described here, 
concern the following regulations:  

• Chemical Risk Reduction Ordinance (ORRChem, SR 814.81) [84] 

• Chemicals Ordinance (ChemO, SR.813.11) [83] 

• Ordinance on Biocidal Products (OBP, SR 813.12) [86] 

• Ordinance on Plant Protection Products (OPPP, SR 916.161) [87] 

• Ordinance on the Register relating to Pollutant Release and the Transfer of Waste and of 
Pollutants in Waste Water (PRTR – V, SR 814.017)) [88] 

• Ordinance on Contaminants and Ingredients in Food (SR 817.021.23) [81] 

• Ordinance on Construction Work (SR 832.311.141) [85] 
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3.1 Chemical Risk Reduction Ordinance (ORRChem)  
In Switzerland bans and restrictions of POPs are regulated in the Ordinance on the Reduc-
tion of Risks relating to the Use of Certain Particularly Dangerous Substances, Preparations 
and Articles (ORRChem, SR 814.81). Since its entry into force in 2005, the ORRChem has 
been amended several times, adapting it to changes  in the EU legislation [95] [96] and the 
Stockholm Convention. The first version of the ORRChem has already banned ‒ or with re-
spect to PCDDs/PCDFs limited ‒ all initial POPs and some of the nine new POPs, namely 
Chlordecone, HCH and its isomers (with an exemption for Lindane in medicinal products), 
commercial pentaBDEs and octaBDEs, polybrominated biphenyls (hexabromobiphenyl).  

Since 2005 the ORRChem has been amended with regard to POPs as summarized in Tab. 1 
(a detailed description of the changes is given in [5]). 

Tab. 1 Amendments of the ORRChem since 2005 

Date of 
amendment 

POPs concerned Description 

10.12.2010 
Annex 1.1, 3 

pentachlorobenzene Ban of the substance without exemptions 

10.12.2010 
Annex 1.1, 3 

hexachlorocyclohexane (all 
isomers including Lindane) 

The exemption for the use of Lindane in medicinal 
products is removed.  

10.12.2010 
Annex 1.9 

brominated flame retardants: 
commercial penta- and octa-
bromodiphenyl ether 
(c-pentaBDE / c-octaBDE); 

Addition of a ban of production to the existing ban of 
use.  

10.12.2010 
Annex 1.16 

perfluoroctane sulfonates 
(PFOS) 

General ban of PFOS including the definition of 
threshold values and some specific exemptions for 
uses were substitution is not (yet) possible.  
If PFOS are used according to the exemptions, 
yearly reporting to FOEN is required. 
For fire-fighting foams that were placed on the mar-
ket before the ban, a transitional period applies for 
the use of existing stocks in stationary industrial 
installations (until 2018) and by professional fire 
fighters in cases of emergency (until 2014) with the 
obligation of yearly reporting to FOEN.  

10.12.2010 
Annex 2.14, 3 

PCBs Amendment that the inspection bodies specified in 
Article 26 paragraph 1 of the Ordinance of 
7 November 2001 on Low-Voltage Electrical In-
stallations (SR 734.27) [82] shall also check, wheth-
er pollutant (e.g. PCBs) - containing capacitors with 
a total weight in excess of 1 kg are being used. 

 

 

The following changes are planned for the next amendment of the ORRChem that is due to 
enter into force on 1 December 2012 (see   
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Tab. 2) a detailed description of the changes is given in [4]). The changes adapt the ORR-
Chem to the Stockholm Convention, the EU POP regulation and the REACH regulation. 
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Tab. 2 Planned changes for the next amendment of the ORRChem 

Planned date 
of amendment 

POPs concerned Description 

01.12.2012 
Annex 1.9, 2 
and 3 

brominated flame 
retardants: commer-
cial penta- and octa-
bromodiphenyl ether 
(c-pentaBDE / 
c-octaBDE); con-
geners identified as 
POPs: tetraBDEs, 
pentaBDEs, hexa-
BDEs and hepta-
BDEs (summarized 
as PBDEs); addition-
ally regulated: octa-
BDEs 

Inclusion of the definition of the POP PBDEs: tetraBDEs, 
pentaBDEs, hexaBDEs and heptaBDEs; 
Ban of the production, placing on the market and use of the 
POP PBDEs and octaBDEs and all articles or preparations 
containing PBDEs above 0.001%.  

01.12.2012 
Annex 2.18 

all brominated flame 
retardants (including 
DecaBDE, all POP 
PBDEs etc.) 

A threshold value of 0.1% (by weight) for all PBDEs applies 
to those parts of electrical and electronic appliances that are 
treated with flame retardants. 

01.12.2012 
Annex 1.16 

perfluoroctane sulfo-
nates (PFOS) 

Lowering of the limit value for PFOS in substances and 
mixtures from 0.005 to 0.001 % (by weight).  
Constriction of the existing exemptions for use of PFOS in 
mist suppressants for non-decorative hard chromium (VI) 
plating to closed systems, and for use of PFOS in hydraulic 
fluids to aviation; abrogation of the exemption for use of 
PFOS for medical devices.  

01.12.2012 
Annex 1.1 3 
(b) 

Endosulfan (inclusion 
in annex A of the 
Stockholm Conven-
tion by 27 October 
2012) 

The last authorizations of plant protection products contain-
ing Endosulfan expired in 2009, the deadline for the termina-
tion of use is in August 2013. The production, placing on the 
market and use of Endosulfan will be forbidden within the 
framework of the ORRChem. The planned date of entry into 
force is 1 September 2013.. 

01.12.2012 
Annex 1.17 

potential POPs / 
Annex XIV sub-
stances 

Substances that are included in Annex XIV of the REACH 
regulation (substances subject to authorization) shall be 
banned unless an exemption as defined in the REACH re-
gulation applies, an authorization has been granted in the 
EU or a specific exemption from the ban has been granted 
in Switzerland. For the latter an application, similar to an 
application for authorization in the EU has to be submitted. 
Products that contain authorized substances have to be 
labeled with the respective authorization number.  

 

3.2 Chemicals Ordinance (ChemO) 
The Ordinance of 18 May 2005 on Protection against Dangerous Substances and Prepara-
tions (Chemicals Ordinance, ChemO, SR.813.11) was amended on 14.01.2009 to include 
the PBT (persistent, bioaccumulative, toxic) and vPvB (very persistent, very bioaccumulative) 
properties in accordance with the EU REACH regulation. For the definition of these proper-
ties the ChemO refers to Annex XIII of the REACH regulation. Substances considered as 
PBT or vPvB are potential POPs, but are not automatically considered to be POPs as de-
fined by the Stockholm Convention due to different criteria. Based on the ChemO, PBT and 
vPvB properties have to be evaluated when new substances (substances that were placed 
on the market after 1981) are notified. Furthermore, PBT and vPvB properties have to be 
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considered for existing substances within the framework of industry’s self-supervision ac-
cording to Article 7. For substances identified as PBT or vPvB, or preparations containing 
them, many of the duties apply that were defined for substances classified as dangerous 
according to the ChemO or preparations containing them (e.g. compilation of a safety data 
sheets, notifications to the authorities). 

With the planned amendment of the ChemO (end of 2012), the communication duties for 
substances of very high concern (which include PBT and vPvB substances) in articles de-
fined in Article 33 of the REACH regulation will be introduced in Switzerland.  

 

3.3 Ordinance on Biocidal Products (OBP) 
The Swiss Ordinance on the Placing on the Market and Handling of Biocidal Products (SR 
813.12) shall be revised based on the planned revision of the EU regulation on biocidal 
products [97].  

According to the revised EU regulation that will enter into force on 1 September 2013, PBT 
and vPvB properties (as defined in REACH Annex XIII) represent an exclusion criterion for 
the approval of active substances (Article 5) unless certain criteria for exemptions are met. 
Active substances for which such exemptions are granted and those that meet two of the 
three PBT criteria are considered as candidates for substitution. Therefore, biocidal products 
that contain these substances are only approved if no alternatives are available for that spe-
cific type of product.   

The Swiss Ordinance on Biocidal Products refers to the EU legislation for approved active 
substances. Thus, the assessment of PBT and vPvB properties required by the EU regula-
tion for the approval of active substances will also apply for active substances used in Swit-
zerland. 

Biocidal products may only contain approved active substances. According to the revised EU 
regulation, the following further provisions shall apply: 

• Authorizations for biocidal products shall not be granted if they have unacceptable ef-
fects on the environment having particular regard to contamination of surface waters (in-
cluding estuarial and seawater), groundwater and drinking water, air and soil, taking into 
account locations distant from its use following long-range environmental transportation 
(Article 19).  

• Biocidal products with PBT or vPvB properties shall not be sold to the general public 
unless certain conditions apply.  

• For all substances of concern that are present in biocidal products, which includes sub-
stances fulfilling the PBT, vPvB according to REACH Annex XIII or the POP criteria ac-
cording to the Stockholm Convention, but also all substances considered as dangerous 
according to the current EU or GHS classification system, a risk assessment has to be 
performed similar to the risk assessment of the active substance.  

By implementing similar provisions for biocidal products in the framework of the Swiss Or-
dinance on Biocidal Products, a screening for PBT and vPvB properties and POP properties 
will be necessary for all ingredients in biocidal products to determine if they have to be con-
sidered as substances of concern and subsequently to perform a risk assessment. For the 
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risk assessment of biocidal products, the determination of potential effects at other locations 
after long-range environmental transport will be necessary, also for the respective active 
substances. It is planned to implement the changes in the ordinance by the end of 2013.  

 

3.4 Ordinance on Plant Protection Products (OPPP) 
On 14 June 2011 the new EU regulation on plant protection products [94] entered into force. 
The Swiss Ordinance on Plant Protection Products (OPPP, SR 916.161) from 2005 was fully 
revised in order to reflect the changes in the EU regulation. The new version of the OPPP 
was published on 12 May 2010 (For further details on the revision see [11]).  

For the criteria of approval of active substances, synergists and safeners, the OPPP refers to 
Annex II of the EU regulation. Approval for active substances, synergists and safeners for the 
use in plant protection products can only be given for substances that are neither considered 
PBT, vPvB in accordance with Annex XIII of the REACH regulation nor POPs in accordance 
with the Stockholm Convention, except for the criterion on adverse effects (Annex II of the 
EU regulation on plant protection products, 3.7). These criteria were newly included in the 
EU and in the Swiss regulation. In contrast to active substances in biocidal products, active 
substances, synergists and safeners in plant protection products have to be separately ap-
proved by the Swiss authorities, so that the above mentioned criteria will be directly applied 
in the evaluation process.    

Plant protection products may only contain approved active substances, synergists and sa-
feners and no co-formulants forbidden according to the ordinance. Authorizations for plant 
protection products shall furthermore not be granted if they have unacceptable effects on the 
environment having particular regard to contamination of surface waters (including estuarial 
and seawater), groundwater and drinking water, air and soil, taking into account locations 
distant from its use following long-range environmental transportation (Art. 4 para. 5 let. E 
PSMV, SR 916.161). .  

The above mentioned provisions oblige the producer to investigate PBT, vPvB and POP 
properties of active substances, synergists and safeners. They thus prevent the release of 
substances with PBT, vPvB or POP properties in the environment.   

In the light of the above mentioned criteria, none of the initial or new (as of 2012) POPs can 
be approved active substances to be used in plant protection products in Switzerland. 

 

3.5 Ordinance on the Register relating to Pollutant Release and the Transfer of 
Waste and of Pollutants in Waste Water (PRTR-V) 
Based on the Kiev Protocol to the Aarhus Convention (UNECE) from 21.5.2003 that was 
ratified by Switzerland in 2007, the Ordinance of 15 December 2006 on the Register relating 
to Pollutant Release and the Transfer of Waste and of Pollutants in Waste Water (PRTR – V, 
SR 814.017) entered into force on 1 March 2007 . The ordinance introduces the obligation to 
notify pollutant releases into air, water and soil and transfers into waste water above certain 
thresholds for certain industries. The 86 pollutants according to the UNECE Kiev Protocol are 
subject to notifications. This list includes all initial and new POPs apart from PFOS and hexa-
bromobiphenyl. The latter is only included in the pollutant list of the EU. Some substances 
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are grouped for notifications such as the brominated diphenylethers. Data from notifications 
for Switzerland are available starting from 2007 on the SwissPRTR platform (www.prtr.ch) 
and on the EU PRTR site (http://prtr.ec.europa.eu/). 

 

3.6 Ordinance on Contaminants and Ingredients in Food (FIV) 
The Ordinance on Contaminants and Ingredients in Food (FIV [81]) defines tolerance values 
or limit values in food for specific substances such as POPs. The ordinance originates from 
1995 and was since then updated several times, latest in May 2012. The FIV contains only 
substances that require tolerance or limit values. They have to be of relevance concerning 
food quality. Substances that are not likely to be of relevance (since they are not detected in 
food in relevant concentrations or because they are not used at all) are not listed in the FIV. 
Values are listed for a range of POPs including all of the initial POPs with the exception of 
Mirex which was never listed (because of no relevance to food in Switzerland). Among the 
new POPs PBDEs, hexabromobiphenyl, PFOS and PeCB are not listed.  

With the newest revision of the ordinance, provisions for PCBs, and PCDDs/PCDFs were 
adapted to Commission Regulation (EU) No 1259/2011 [40]. Specifically, the following adap-
tations were included in list 7 in the annex of the ordinance:  

• Lower maximum concentration levels for the sum of dioxins (WHO- PCDDs/PCDFs -
TEQ) and the sum of dioxins and dioxin-like PCBs (WHO- PCDDs/PCDFs -PCB-TEQ) in 
foodstuffs have been issued; 

• In addition to dioxins and dioxin-like PCBs maximum concentration levels have been set 
as well for the sum of six indicator PCB congeners (sum of PCB28, PCB52, PCB101, 
PCB138, PCB153 and PCB180 (ICES – 6)) in foodstuffs; 

• For the calculation of TEQ-concentrations the toxic equivalency factors (TEF-values) 
recommended by the WHO in 2005 have to be used instead of those from the WHO in 
1998. 

With these changes the level of protection for consumers from exposure to PCBs, and  
PCDDs/PCDFs  has been increased. 

Normally, before new substances are listed in the FIV and maximum concentration levels are 
derived, the Federal Office of Public Health (FOPH) initiates studies to determine levels of 
contaminants in drinking water, food, and biological samples (e.g. breast milk, blood). 

Prior to a decision on the inclusion of the new POPs in the FIV, the FOPH has commissioned 
studies with respect to perfluorinated chemicals, PFCs incl. PFOS (see section 5.2.3) and 
PBDEs (see section 5.2.2). Low concentrations of these contaminants in drinking water and 
food were observed. Therefore there is currently no necessity to include PFOS and PBDEs 
in the FIV. 

3.7 Ordinance on Construction Work 
The Ordinance of 29 June 2005 on Security and Health Protection for Employees during -
Construction Work (Ordinance on Construction Work, SR 832.311.141) was updated in July 
2008. The newly introduced article 3 (1bis) states that based on the suspicion that sub-
stances particularly hazardous to human health such as asbestos or PCBs are present, the 

http://www.prtr.ch/�
http://prtr.ec.europa.eu/�
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employer of potentially exposed workers has the obligation to investigate the hazards and 
associated risks and implement measures for risk reduction as required. Furthermore, if sub-
stances particularly hazardous to human health are found unexpectedly during construction 
work, work has to be stopped and the owner of the building has to be informed by the con-
tractor. 

4 Enforcement 

As described in the first NIP (chapter 2.2) the cantons play an important role in enforcement 
of the legal provisions laid out in the above mentioned ordinances and other legislation. This 
applies in particular for the enforcement of provisions concerning POPs. The enforcement 
activities include campaigns aimed at specifically checking if all legal provisions are followed 
for substances, mixtures, and articles. POPs are one of the groups of substances considered 
for such campaigns if occurrence in products is anticipated. Two campaigns coordinated at 
the national level were aimed at brominated flame retardants in articles [7] [68] (see chapter 
5.2.2). A further focus is the enforcement of the elimination of PCBs. For this purpose infor-
mation on the general procedure, identification, possible analysis and disposal of PCB-
containing capacitors as well as a list of capacitors was published by chemsuisse, the can-
tonal enforcement authorities for chemicals’ regulations [34][35][33][36] (see chapter 5.1.4).  

5 Assessment of the POPs issue in Switzerland 

5.1 Update for initial POPs 

5.1.1 Aldrin, Dieldrin, Endrin (drins) 

Occurrence and measures concerning these POP pesticides were already discussed in the 
first NIP (chapter 2.3.1). Residues of these compounds are still present in the environment 
despite being banned since 1986. In various soils with different use patterns a median value 
of 0.3 µg/kg d.w. (71 samples) was detected for the sum of Aldrin, Dieldrin and Endrin during 
a monitoring campaign in the Canton Basel-Land [8] (see chapter 5.5.4). The maximum de-
tected concentration was 130 µg/kg d.w. Suspended solids from the river Rhine sampled at 
the ICPR monitoring station in Weil were analyzed for all three substances in 1995 – 1998 
and 2008 – 2010, but none of the substances was detected (quantification limit 1 µg/kg d.w.) 
[127] (see chapter 5.5.3). Groundwater samples from the NAQUA National Groundwater 
Monitoring Programme were also analyzed for all three substances, but none of them was 
detected in 2005 to 2010 (see chapter 5.5.1). Based on these data, residues of Aldrin, Diel-
drin and Endrin may still be present in soils in Switzerland while it can be assumed that they 
are not present (dissolved) in groundwater [132].  

In a study on horticultural soils, Dieldrin was detected in concentrations up to 0.4 mg/kg [49]. 
As this concentration level is above the maximum level layed down in the FIV for Cucurbita-
ceae fruits (cucumbers, zucchini, and pumpkin), reduction of the uptake by these fruit was 
studied (see chapter 5.5.4). 
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Research was conducted on the photolytic transformation of Aldrin and Dieldrin and on their 
analytical detection in environmental samples [32] to better understand the abiotic transfor-
mation of these substances in the environment.  

5.1.2 DDT 

Occurrence and measures for elimination of DDT were already discussed in the first NIP 
(chapter 2.3.3). Residues of DDT and its metabolites are still present in the environment de-
spite it being banned since 1986.  

A median concentration of 3.9 µg/kg d.w. was detected for the sum of DDT, DDD and DDE 
during the monitoring campaign in Canton Basel-Land on different soils with different use 
patterns [8] (see section 5.5.4).The maximum concentration found was 7135 µg/kg d.w. 

The study performed by Hilber et al. (2008 [49]) concerning organochlorine pesticides (OCP) 
residues in Swiss horticultural soil is summarized in section 5.5.4. 

Between 1995 and 2010, 4,4’-DDT was detected in 58% of 362 samples of suspended solids 
(quantification limit of 1 µg/kg d.w.) from the river Rhine sampled at the ICPR monitoring sta-
tion in Weil am Rhein.The median concentration was 1.2, the maximum concentration 66 
µg/kg d.w. [127]. Metabolites of 4,4’-DDT were also detected. However, as the levels of DDT 
and its metabolites all met the quality criteria for the Rhine set by ICPR, sampling frequency 
will in the future be reduced to every 6 years (see section 5.5.3). 

Groundwater samples from the NAQUA National Groundwater Monitoring were also ana-
lyzed for DDT and its metabolites. Except for one single detection of 2,4’-DDE at one moni-
toring site in 2005, none of the substances was detected in 2005 to 2010 (see section 5.5.1) 
[132]. 

DDT was detected in 1996 in twait shads (Alosa fallax) in Lago Maggiore in a study con-
ducted by the cantonal laboratory of the Canton Ticino [99]. The contamination derived from 
indiscriminate industrial discharges by a factory into a creek in Italy. The elevated concentra-
tion in fish resulted in a ban for the catch of shads and chars. However, the ban has been 
repealed in 2007, since the contamination dropped below the limit values for DDT in fish [99]. 

Based on these data, residues of DDT and its’ metabolites still can be detected in soils and 
sediments as well as in fish in Switzerland, while they should not be present (dissolved) in 
groundwater. This is in accordance with the expected distribution of DDT in the environment. 
Overall, sediment cores in lakes clearly indicate a continued decrease of DDT in the envi-
ronment (e.g. [14]). 

5.1.3 Hexachlorobenzene (HCB) 

Occurrence and measures concerning hexachlorobenzene (HCB) were already discussed in 
the first NIP (chapter 2.3.4). Residues of HCB are still present in the environment despite it 
being banned since 1986. 

During a monitoring campaign for organochlorine pesticides in Canton Basel-Land (see 
chapter 5.5.4) on different soils with different use patterns, a median value of 0.67 µg/kg d.w. 
of HCB (71 samples) was detected. The maximum detected concentration was 12 µg/kg d.w. 
All concentrations were well below the German guidance value of 4 mg/kg d.w. for HCB 
playgrounds .[8]  
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In a study commissioned by FOEN, suspended solids and the fine part of the bed sediment 
from ten different rivers in Switzerland, sampled in 1999 – 2000, were analyzed for different 
organic micropollutants and metals [90]. For HCB, a concentration range of 0.05 – 7.2 µg/kg 
d.w. (80 samples, median 0.35 µg/kg d.w.) was determined with no clear difference between 
suspended solids and bed sediment.  

HCB concentrations in Rhine sediments from different studies from 1988 – 2004 ranged from 
0 – 2500 µg/kg d.w. However, only few values were above the Dutch CTT (chemistry toxicity 
tests) threshold value of 20 µg/kg d.w. (above this value the deposition of excavated sedi-
ment in water bodies is forbidden) [63]. Between 1995 and 2010, HCB was furthermore de-
tected in 90% of 362 samples of suspended solids (quantification limit of 1 µg/kg d.w.) from 
the river Rhine sampled at the ICPR monitoring station in Weil am Rhein. The median con-
centration was 3.8 µg/kg d.w., the maximum concentration was 103 µg/kg d.w.[127] (see also 
chapter 5.5.3). The exceptionally high concentration of 103 µg/kg d.w. was likely due to re-
mobilization of contaminated sediment. Overall, concentrations in the Rhine were generally 
higher than in the other Swiss rivers. This is likely due to a previous production site of HCB 
on the German shore of the Rhine [63]. Nonetheless, HCB concentrations at the monitoring 
station in Weil are well below the quality criteria set by ICPR [61] (see also section 5.5.3). 

In 2005 to 2010, HCB was regularly detected at one monitoring site of the NAQUA National 
Groundwater Monitoring. This monitoring site is situated in the immediate vicinity of a conta-
minated site. All other monitoring sites sampled did not show any HCB, i.e. this substance 
does not impact groundwater quality at a national level (see section 5.5.1) [132]  

Effect compositions of firework contained in the past 5-15% hexachlorobenzene as chlorine 
donator for amplification of light effects. Today polyvinyl chloride, polyvinylidene chloride or 
chlorinated rubber are used for this purpose. Based on information from Denmark and Aus-
tria where recently HCB has been measured in firework, a market survey was conducted to 
investigate the presence of HCB, pentachlorobenzene (PeCB), and hexachlorocyclohexane 
(HCH) in 47 firework products on the Swiss market. The selected firework products com-
prised Roman candles (17%), rokets (20%), fountains (23%), batteries of mixed firework 
(23%) and bombs used by professional fireworkers (17%). The origin of the firework products 
was China (72%), Germany (19%), and Switzerland (4%). After careful delaboration of the 
firework items by specialists, the effect compositions have been analyzed for target sub-
stances. If firework items contained several effect compositions they were combined to one 
composite sample for analysis. Traces of HCB, i.e. concentrations between 4-41 mg/kg, 
have been detected in four effect compositions. PeCB and HCH was not detected in any of 
the analyzed firework products (the detection limit was 50 mg/kg). In addition to this market 
survey an air pollution measurement campaign was conducted on August 1, 2011 (August 1 
is the Swiss national holiday), when firework is used extensively. Ambient air was collected 
by high-volume sampling at the NABEL station “Kaserne” in Zurich on July 24, August 1 and 
2, and August 14. The air samples were analyzed for chlorobenzenes (tetra-, penta- and 
hexachlorobenzenes) and chlorophenols (tri-, tetra-, and pentachlorophenols). The concen-
tration of HCB in the air was around 60 pg/m3 on the days when no firework has been used. 
This concentration corresponds to background levels measured in Central Europe. Air con-
centrations of the other chlorobenzenes and chlorophenols were significantly lower. In the 
night between August 1 and 2, when fireworks have been extensively used, air concentra-
tions up to 350 pg/m3 for the sum of chlorobenzenes und 430 pg/m3 for the sum of chloro-
phenols have been measured (3h sampling intervals). For HCB, the highest concentration 
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was 300 pg/m3. In summary it can be concluded that urban air concentrations of HCB and 
other chlorobenzenes and chlorophenols can be elevated by a factor of five during periods of 
extensive use of fireworks, compared to background concentrations in urban air [133].  

5.1.4 Polychlorinated biphenyls (PCBs) 

General

Polychlorinated biphenyls (PCBs) are listed both in Annex A (elimination) and Annex C (un-
intentional production) of the Stockholm Convention. 

  

Where Annex A (elimination) is concerned, no specific exemptions are foreseen. The agreed 
measures for the elimination are described in Part II of Annex A of the Convention. 

PCBs can also be unintentionally formed and released from thermal processes involving or-
ganic matter and chlorine as a result of incomplete combustion or chemical reactions. To 
prevent or reduce the release of PCBs best available techniques and best environmental 
practices have to be applied as defined in Part V of Annex C of the Convention. 

According to the Convention PCBs means aromatic compounds formed in such a manner 
that the hydrogen atoms on the biphenyl molecule (two benzene rings bonded together by a 
single carbon-carbon bond) may be replaced by up to ten chlorine atoms. PCBs comprise 
209 individual substances (congeners) of which about 130 have been identified in technical 
PCB-mixtures in various concentrations [135]. Coplanar PCBs are regarded as dioxin-like 
compounds [70] and listed in the Convention together with polychlorinated dibenzo-p-dioxins 
and dibenzofurans (PCDDs/PCDFs). 

In addition to the POP properties, polychlorinated biphenyls (PCBs) have been shown to 
cause cancer in animals, as well as several serious, non-cancer health effects including de-
velopmental and reproductive toxicity, dermal toxicity, endocrine effects, hepatotoxicity, and 
the induction of diverse drug metabolizing enzymes. Studies on humans provide supportive 
evidence for the potential carcinogenic and non-carcinogenic effects of PCBs [134]. 

With respect to PCBs Annex 2.14 ORRChem was amended on the 10 December 2010 as 
follows: 

Legal framework and measures 

1 The inspection bodies specified in Article 26 paragraph 1 of the Ordinance of 7 November 
2001 [82] on Low-Voltage Electrical Installations shall also check, as part of the enforce-
ment responsibilities assigned to them, whether pollutant-containing capacitors with a total 
weight in excess of 1 kg are being used. 

2 If the inspection bodies suspect or determine that such capacitors are being used, they 
shall notify the owner of the installation and the authority of the canton in whose territory the 
installation is located. 

3 If necessary, the authority notified in accordance with paragraph 2 shall order the decom-
missioning or replacement of the capacitors referred to in paragraph 1, and their disposal. 

4 The costs of the checking specified in paragraph 1 are to be borne by the owner of the in-
stallation. 



 

18 

 

The Federal Council has newly implemented the obligation to assess the hazard and the 
potential risks, if it has to be presumed that workers come in contact with substances of very 
high concern such as asbestos or PCBs during construction works (Bauarbeitenverordnung, 
BauAV [124], amendment of 2 July 2008, see chapter 3.7). 

Specific provisions are defined for the handling of PCBs at contaminated sites and in waste 
(see subchapter “waste phase). Furthermore, several guidance documents for the assess-
ment and safe handling of PCB-contaminated materials in buildings, facilities and equip-
ments and for the disposal of PCB-containing waste (e.g. [24], [35]). 

The ordinance on foreign substances and ingredients contains tolerance values for 
PCDDs/PCDFs and dl-PCBs in food that have been made more stringent with the last revi-
sion (see chapter 3.6). 

As mentioned in in the first Swiss NIP 

Production, import, export and use 

[45] PCBs were extensively used in Switzerland, 
though they were never produced by the Swiss chemical industry. Because of their distin-
guished chemical and physical properties PCBs were used from 1929 up to about 1990 as 
hydraulic fluids, lubricants, flame retardants and – in electro-technics – as isolation fluids in 
transformers and dielectric in capacitors [1]. 

The use of PCBs as softener in joint sealants and anti-corrosion coating products (i.e. open 
use) has been banned in Switzerland since 1972. A total ban of PCBs for all uses was re-
leased in 1986. For the decommissioning and the disposal of PCB-containing transformers 
and of PCB-containing capacitors with a total weight of 1 kg or above a transition period until 
31 August 1998 was set [34]. 

It was estimated that in total about 6000 tons of PCBs were used in Switzerland [1].  

There is no actual import, export or use of PCBs in Switzerland. 

Precise data concerning the amount of PCBs that are still present in Switzerland are not 
available, since no detailed information was collected for the total import and the total 
amount of PCBs used in buildings, electro-technical equipment and other products designed 
for a long-term use. Furthermore no information is available on the disposed amount of PCBs 
during all the years of use because in the statistics on hazardous waste disposal only data 
on the total weight of PCB-containing devices are collected. Based on the results of several 
studies by the cantons and the FOEN concerning PCBs in transformers and capacitors, anti-
corrosion coatings of steel constructions (e.g. brigdes, fuel tanks, pylons of high voltage 
transmission lines) and joint sealants it could be estimated in 2008 that the total amount of 
PCBs still present in these uses amount to several hundred tons. 

Remaining sources and emissions 

Former uses, where significant amounts of PCBs are still existing in Switzerland, comprise 
[1]: 

• Capacitors in power factor correction units, in electric equipment and in ballasts of fluo-
rescent lamps (estimated amounts: 100 – 450 tons); 

• Joint sealants in buildings and in civil engineering (estimated amounts: 50 – 150 tons); 
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• Anti-corrosion coatings in penstock pipelines of hydro-electric power plants and of steel 
bridges, fuel depots and other large steel constructions (estimated amounts: 50 – 100 
tons). 

PCBs used as isolation fluids in transformers have been phased out and disposed of almost 
completely. It is estimated that only few tons are remaining in use. The amount of PCBs still 
present in old coats of paints and varnishes is not known [1]. 

Significant amounts are presumably present in some particular landfills and contaminated 
sites because of the disposal practice in the past [1] (see section 5.3 on contaminated sites). 
In the landfill "La Pila" 20 tons of PCBs are estimated to be present, which remain a source 
of PCBs for the river environment (see also environmental quality and monitoring data below 
in this section). Further tons of PCBs are suspected to have been disposed of at former land-
fills for industrial waste. These landfills are now in the progress of complete remediation. 

Measurements in buildings that are equipped with PCB-containing elastic joint sealants 
showed ([66], see environmental quality and monitoring data) that PCBs in the µg/m3 con-
centration range occur in indoor air. Anti-corrosion coatings represent an additional diffuse 
emission source of PCBs. However, PCBs in capacitors are not anticipated to be released 
provided that the capacitors are disposed of according to the legal provisions.  

Emissions of PCBs have to be notified to the SwissPRTR register (see chapter 5.5.2) by cer-
tain industries if releases to air, soil or water above the threshold value of 0.1 kg/year are 
emitted. Releases were notified by steel works and ranged from 0.2 to 1.5 kg/year.  

Short-term variability of PCBs in air and characterization of urban sources were measured 
and modeled for the city of Zurich [46]. Air samples were simultaneously collected in the city 
center and on a nearby hill. PCB concentrations in the city center were markedly higher than 
those on the hill, indicating that the city site is influenced by sources of PCBs [46]. 

Waste phase 

PCB-containing waste can be generated from the above mentioned remaining sources of 
PCBs,.  

Based on spot tests in buildings and in electric equipment it was estimated that from hun-
dreds up to thousands of objects with PCBs might still be present. Therefore, prior to renova-
tion or decommissioning of buildings or corrosion inhibiting coatings of large steel construc-
tions clarifications about the presence of PCBs are required [1]. 

All PCB-containing operating transformers and large capacitors have to be decommissioned 
and professionally disposed of according to the requirements of the Ordinance on the Re-
turn, the Taking Back and the Disposal of Electrical and Electronic Appliances (ORDEA [89]). 
The decommissioning and disposal have to be notified to the authorities of the individual can-
tons according to the procedure layed down in the Ordinance on Movements of Special 
Waste (VeVa [123]). 

Small PCB-containing capacitors present in ballasts of fluorescent lamps and in old electric 
appliances such as washing machines have to be professionally disposed of according to the 
requirements of the Ordinance on the Return, the Taking Back and the Disposal of Electrical 
and Electronic Appliances (ORDEA [89]) and the Ordinance on Movements of Special Waste 
(VeVa [123]). 
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In agreement with the European list of hazardous waste Switzerland has listed PCB-con-
taining equipment in its list of hazardous waste [120] with the following waste codes: 

• 16 02 09 [S] Transformers and capacitors containing PCBs 

• 16 02 10 [S] Discarded equipment containing or contaminated by PCBs other than 
those mentioned in 16 02 09 

The procedure for the disposal of PCB-containing equipment is described in detail in infor-
mation material provided by the authorities of the individual cantons [35]. 

The disposal of PCB-containing joints is described in detail in the guidance document pro-
vided by the FOEN [24]. 

In 2011 the FOEN conducted a project to analyze the concentrations of POPs in Waste Elec-
trical and Electronic Equipment (WEEE) and to determine the transfer of these substances 
into the various output streams (i.e. fractions of ferrous and non-ferrous metals, plastics, 
printed circuit boards, capacitors, and dust from exhaust cleaning devices) in a state-of-the-
art WEEE recycling plant [47]. Calculated mean (worst-case) concentrations of PCBs were 
about 2 mg/kg in WEEE. This value is about a factor of 7 lower than the concentrations de-
termined in a comparable study in 2003 (cited in [47]). The reduction is due to the fact that 
PCB containing capacitors have been widely eliminated [47]. 

With respect to PCBs in joint sealants Kohler et al. (2005 

Environmental quality and monitoring data 

[66]) published the following find-
ings: 

Joint sealants containing PCBs were discovered in October 2000 in various public buildings 
in Switzerland. Therefore, a comprehensive study was initiated by the FOEN. More than 
1000 samples of joint sealants and up to 160 indoor air samples from concrete buildings 
erected between 1950 and 1980 were analyzed. 48% of the joint sealant samples contained 
PCBs. In 21% of the samples, PCB concentrations of 10 g/kg and more were detected, and 
concentrations of 100 g/kg of PCBs or more were found in 10% of the samples. This indi-
cates that PCBs were widely used as plasticizers in joint sealants in Switzerland. In buildings 
constructed between 1966 and 1971, one-third of all joint sealants investigated contained 
more than 10 g/kg of PCBs. PCB concentrations exceeding the limit of 0.050 g/kg above 
which material is required to be treated as PCB bulk product waste were reached by 42% of 
the samples. The PCBs that could mostly be identified were Clophen A50, Aroclor 1248, and 
Aroclor 1254. In 26% of the cases, where joint sealants containing PCBs were present, clear-
ly elevated PCB indoor air concentrations above 1 μg/m3 could be measured. In 5% of the 
cases , levels were higher than 3 μg/m3 [66]. On the basis of this work it was estimated that 
there are still 50-150 t of PCBs present in these materials,. They are distributed over many 
hundreds of buildings all over the country and represent a significant but frequently over-
looked inventory of PCBs. They are acting as diffuse sources for PCBs [66]. 

Triggered by the finding that brown trout from a rural river system in western Switzerland are 
highly contaminated with dioxin-like PCBs (dl-PCBs), the Federal Office for the Environment 
(FOEN) together with the Federal Office for Public Health (FOPH) started a national project 
in 2008 to investigate the PCB- and PCDD/PCDF-contamination of wild fish in Swiss lakes 
and rivers [27][91]. 
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The aim of the study was to identify current background concentrations of these highly toxic 
pollutants in different wild fish species and to determine the level of contamination of fish that 
are living in waters which have been polluted with PCBs emitted from point sources. The risk 
for human health and the environment from exposure to PCBs and PCDDs/PCDFs was as-
sessed and the need for risk reduction measures identified. More than 1300 data sets from a 
period of around 20 years were collected and evaluated [27][91]. 

Background concentrations of dl-PCBs and PCDDs/PCDFs have been identified to be in the 
range of 0.5-4 pg WHO(98)-TEQ/g fresh weight (fw). Such concentrations have been deter-
mined in particular in fish from the rivers Doubs, Rhône (before the confluence with lake Ge-
neva), Rhine (before the confluence with lake Constance), and Inn, as well as in fish that 
were caught in the lakes of the Swiss plateau, lake Lugano and alpine lakes. Concentration 
levels of dl-PCBs and PCDDs/PCDFs in the range of 4-12 pg WHO(98)-TEQ/g fw have been 
measured in fish from waters with elevated contamination from diffuse sources. Fish from 
waters that are polluted by PCB-emissions from point sources (i.e. a single identifiable loca-
lized source) showed concentrations of dl-PCBs and PCDDs/PCDFs above 8 pg WHO(98)-
TEQ/g fw. The highest levels up to 97 pg WHO(98)-TEQ/g fw were found in brown trout from 
the river Saane close to the former landfill site "La Pila", where industrial waste from manu-
facturing of capacitors was dumped until 1974. Additional measurement campaigns showed 
that especially the sediments down-gradient of the former landfill site were highly contami-
nated [93]. Measurements in fish of 2007 showed concentrations up to 329 pg WHO(98)-
TEQ/g fresh weight. Mean and median values were 81 and 57 pg WHO(98)-TEQ/g fresh 
weight, respectively. 

High concentrations of dl-PCBs up to 60 pg WHO(98)-TEQ/g fw have also been determined 
in fish species of the River Rhine near Basel and in brown trout from the river Birs [27][91]. 
Passive samplers were successfully used to identify the PCB point source contaminating the 
river Birs. An industrial site recycling/melting PCB-contaminated scrap metal, cooled the 
process exhaust gases with water from the river, which after a simple cleaning step was dis-
charged into the river [131]. 

Dated sediment cores provide a way to investigate the historical input of persistent organic 
pollutants into the environment and to identify possible sources of pollution [129]. 

Zennegg et al. (2007 [129]) described the historical record of PCB and PCDD/PCDF deposi-
tion at Greifensee, a lake of the Swiss plateau, between 1848 and 1999. The vertical distri-
bution of PCDDs/PCDFs and PCBs was investigated in a sediment core from Greifensee to 
show the historical trends of PCDD/PCDF and PCB inputs between 1848 and 1999. Con-
centrations of PCBs and PCDDs/PCDFs significantly increased between 1930 and 1960. 
PCB and PCDD/PCDF concentrations were 5'700 ng/kg dry weight (d.w.) and 160 ng/kg 
d.w., respectively, in sediments originating from the late 1930s and reached a maximum of 
130'000 ng/kg d.w. and 2'400 ng/kg d.w., respectively, in sediments from the early 1960s. Up 
to the mid 1980s, concentrations decreased to values in the range such as measured in the 
1930s. The rapid decline of PCDD/PCDF and PCB concentrations in the sediment starting in 
the early 1960s reflects according to the authors the result of better emission control tech-
niques in thermal processes and the improvement of waste water treatment in the catchment 
of Greifensee [129]. Sediment cores, therefore indicate the effectiveness of legislative action 
and implemented measures. Bogdal et al. (2008 [13]) assessed sediment cores in Lake 
Thun, a prealpine lake. The input in the lake can exclusively be attributed to atmospheric 
deposition. The highest concentrations of PCBs were observed in sediments deposited 
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around the early 1970s. In more recent sediments of PCB concentrations are steadily de-
creasing with time [13]. As stated above, these findings therefore indicate decreasing PCB 
sources triggered by legislative action and implemented measures. 

Suspended solids and the fine part of the bed sediment from ten different rivers in Switzer-
land sampled in 1999 - 2000 were analyzed for different organic micropollutants and metals 
[90]. For PCBs (sum of congeners PCB 28/31, PCB 52, PCB 101, PCB 118, PCB 138, PCB 
153 and PCB 180) a concentration range of 0.35 – 58 µg kg-1 d.w. (median 7.9 µg kg-1 d.w., 
80 samples) was determined. A similar concentration range of 0 – 78 µg kg-1 d.w. (sum of 6 - 
9 PCB congeners) was determined in different studies for sediments of the Rhine or its tribu-
taries [63]. Suspended solids from the ICPR monitoring station in Weil am Rhein contained 
similar concentrations (see chapter 5.5.3).  

With respect to PCB concentrations in composts and digestates deriving from crude organic 
kitchen waste and green waste Brändli et al. (2007 [18]) presented an inventory of the pollu-
tant situation in source-separated composts, digestates and presswater in Switzerland by 
analyzing more than 70 samples. PCB concentrations (sum of PCB 28, 52, 101, 118, 138, 
153, 180) were significantly higher in urban (median: 30 μg/kg d.w., 52 samples) than in rural 
samples (median: 14 μg/kg d.w., 16 samples). These generally low concentrations could – 
according to the authors - be attributed to atmospheric deposition [18]. 

Desaules et al. (2008 [42]) gave an overview over surface soil concentrations (0-20 cm) in 
samples from 1995 – 1999 of the Swiss soil monitoring network (NABO) (see chapter 5.5.1) 
with more than 10 observation sites representing all major land use. PCB concentrations (as 
sum of 7 congeners according to the Institute for Reference Materials and Measurements, 
IRMM [23]) were clearly below any assessment value. Higher concentrations were observed 
at urban and viticulture sites. For PCBs, the general congener rank order was PCB no. 153 > 
138 > 101 > 180. In a further investigation from 2002, PCB concentrations at 23 monitoring 
sites from NABO were very similar to the previous study [103] (see section 5.5.1).  

Overall, mainly elevated concentrations in fish and sediment close to point sources currently 
give reason for concern while sediment cores indicate the effectiveness of measures already 
implemented.  

The Federal Council considers the legislation and the available guidance documents for the 
safe handling of the existing PCB amounts in buildings, facilities and equipments and for the 
disposal of PCB-containing waste as sufficient 

Possible further need for monitoring and action required for risk reduction 

[1]. 

However, a need for action has been identified by the federal authorities for the assessment 
of the presence of PCBs in buildings, electric facilities and in contaminated sites. The imple-
mentation of the legal requirements and the application of technical rules in construction, 
renovation and disposal practice have also to be enhanced [1]. 

Based on the 2010 status report on PCBs in fish and surface waters in Switzerland [27] the 
following actions are considered to be required for risk reduction [91]. The implementation of 
these actions is ongoing: 

• Locally or regionally elevated levels of PCBs may occur in rivers as a result of emissions 
from point sources and requires measures to reduce exposure of humans and the envi-
ronment. In order to support the enforcement authorities in the communities to identify 
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point sources of PCBs near waterbodies, guidance for the planning and conducting of 
such investigations is currently developed. In addition, the FOEN has conducted a study 
on PCB point sources in Switzerland.  

• In cases where concentrations of PCDDs/PCDFs and dl-PCBs exceed 8 pg WHO(98)-
TEQ/g fw in fish, measures must be taken to protect consumers of contaminated fish. On 
January 15, 2009, the FOEN and FOPH published recommendations for limiting the 
population’s exposure to PCDDs/PCDFs and dl-PCBs from consumption of fish. In addi-
tion, FOPH issued a directive on 19 May 2009 advising the food safety enforcement au-
thorities how to monitor the compliance of marketed foodstuffs with the maximum con-
centrations and what measures to take in the event of these concentrations being ex-
ceeded [2]. Furthermore, the provisions of the Ordinance on Contaminants and Ingre-
dients in Food (FIV) concerning PCDDs/PCDFs and dl-PCBs in food have been aligned 
with the 2011 amendment of the EU regulation ([40], see chapter 3.6). 

• Passive samplers that were successfully used to identify PCBs emissions from point 
sources in rivers should be used for a broader monitoring. Furthermore passive sampling 
could be used to verify the effectiveness of remediations of PCB-contaminated sites. 

• Further action is required to identify PCBs in buildings and electrical installations. Such 
PCB-containing materials and appliances have to be separated and safely disposed of. 

• Top priority is to be accorded to investigations of PCB emissions from contaminated 
sites where large amounts of PCBs are found and the remediation of these sites shall be 
undertaken in accordance with approved regulatory procedures. 

5.1.5 Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs/PCDFs) 

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs/PCDFs) are listed in Annex C 
(unintentional production) of the Stockholm Convention. 

General 

PCDDs/PCDFs as defined in the Convention text are tricyclic, aromatic compounds formed 
by two benzene rings connected by two oxygen atoms in polychlorinated dibenzo-p-dioxins 
and by one oxygen atom and one carbon-carbon bond in polychlorinated dibenzofurans and 
the hydrogen atoms of which may be replaced by up to eight chlorine atoms. 

PCDDs/PCDFs are (or may be) unintentionally formed and released from thermal processes 
involving organic matter and chlorine as a result of incomplete combustion or chemical reac-
tions. To prevent or reduce the release of PCDDs/PCDFs best available techniques and best 
environmental practices have to be applied as defined in Part V of Annex C of the Conven-
tion. 

The toxicity of PCDDs/PCDFs is expressed using the concept of toxic equivalency which 
measures the relative dioxin-like toxic activity of congeners of PCDDs/PCDFs and coplanar 
PCBs in comparison to 2,3,7,8-tetrachlorodibenzo-p-dioxin. The toxic equivalent factor (TEF) 
values to be used for the purposes of the Convention shall be consistent with accepted inter-
national standards such as values defined by the World Health Organization (WHO; actual 
values from 2005 [70]). Concentrations are expressed in toxic equivalents (TEQ) Earlier TEF 
schemes have been proposed by the North Atlantic Treaty Organization – Committee on 
Challenges of modern Society (NATO/CCMS) in 1988 (International toxicity equivalency fac-
tor, I-TEFs) and by the World Health Organisation (WHO) in 1998 (WHO(98)-TEFs) [119]. 
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Based on the amendment of 14 November 2007 of the Ordinance on Fertilizers (Dünger-
Verordnung, DüV 

Legal framework and measures 

[122]) the Annex 2.6 ORRChem was amended with respect to 
PCDDs/PCDFs as follows: 

• For compost and digestates a guidance value of 20 ng I-TEQ per kilogram of dry matter 
applies. 

• the FOEN carries out analyses of compost, digestates and pressing liquor in appropriate 
intervals to check its PCDD/PCDF-content. It publishes a summary of the results of its 
analyses and, beforehand, informs the cantonal authorities, the Federal Office for Agri-
culture FOAG and operators of the installations. 

• In cases where guidance values are exceeded the cantonal authorities must determine 
the reason and ensure that the compost, digestates and pressing liquor are not applied 
to soil. 

The Ordinance Relating to Impacts on the Soil (OIS, VBBo [121]) specifies soil standards for 
PCDDs/PCDFs. Although the main PCDD/PCDF pathway of exposure for humans, animals 
and plants may not pass via soil but rather via air (deposition), it was nevertheless consi-
dered necessary to introduce normative regulations for soil protection for precautionary and 
practical reasons. As already mentioned in the first NIP the OIS defines a guidance value of 
5 ng I-TEQ/kg (or per liter, depending on humidity). A Trigger value for a specific exposure 
assessments was set at 20 ng I-TEQ/kg. Clean-up values were set at 100 ng I-TEQ/kg 
(children’s playgrounds or home and family gardening) and 1000 ng I-TEQ/kg (agriculture 
and horticulture) [121]. 

Emissions from incineration plants for municipal waste and/or hazardous waste shall not ex-
ceed the limit value for PCDDs/PCDFs of 0.1 ng I-TEQ/m3 as layed down in the Ordinance 
on Air Pollution Control (OAPC [80]). 

The Ordinance on Contaminants and Ingredients in Food (FIV [81]) was amended on 7 May 
2012 aligning the maximum concentration levels for PCDDs/PCDFs, dl-PCBs and and non 
dioxin-like PCBs in foodstuffs with those in the EU as defined in Commission Regulation 
(EU) No 1259/2011 [39] (see section 3.6). 

In October 2007 the FOEN published updated guidelines for the disposal of waste in cement 
plants [108]. For PCDDs/PCDFs no specific guidance value is defined. Waste containing 
PCDDs/PCDFs may be disposed of in cement plants provided that the procedure according 
to the Ordinance on Air Pollution Control, Appendix 2, subsection 719, and the rule of mini-
mization of emissions has to be followed whenever substances such as PCBs, 
PCDDs/PCDFs or compounds of equivalent concern are suspected,: 

OAPC, Appendix 2, subsection 719 (incineration of particularly hazardous waste) 
1 In cases where emissions may be particularly hazardous to the environment, the installation 

owner shall determine the emissions to be expected by means of preliminary tests with 
small amounts of waste and shall inform the authorities of the results before the waste is in-
cinerated. 

2 Emissions are regarded as particularly hazardous to the environment if they are both highly 
toxic and persistent, such as polyhalogenated aromatic hydrocarbons. 
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Emissions from municipal solid waste incineration (MSWI) were a major source for 
PCDD/PCDF pollution. However, due to the enforcement of the Ordinance on Air Pollution 
Control (OAPC 

Remaining sources and emissions 

[80]), the total PCDD/PCDF emissions from MSWI in Switzerland decreased 
from 365 g I-TEQ in 1980 to about 16 g I-TEQ in 1999. Concentrations in the off-gas of 
MSWI plants could be reduced by scrubbers from 30 ng I-TEQ/Nm3 to 0.005 ng I-TEQ/Nm3 
or even <0.001 ng I-TEQ/Nm3 [29]. According to OAPC [80] the emissions from MSWI and 
hazardous waste incineration shall not exceed the limit value for PCDDs/PCDFs of 0.1 ng 
I-TEQ/m3. 

Burning of municipal solid waste (MSW), urban waste wood (UWW) and other waste in 
stoves is a potential source of emissions of PCDDs/PCDFs and other toxic substances. Be-
side heavy metals found in ash and flue gas, organic substances such as polycyclic aromatic 
hydrocarbons (PAH) and PCDDs/PCDFs can be emitted in relevant concentrations [29]. It 
was estimated by FOEN that the uncontrolled burning of 1 kg MSW is polluting the environ-
ment to a comparable extent as if 10 tons of MSW are disposed of in a modern MSWI plant. 
It was estimated in 1999 that about 1 – 2% of the total amount of MSW are illegally burned 
by private households. About 27 – 30 g I-TEQ are emitted, which is twice the total amount 
emitted by all MSWI plants in Switzerland. In 2004 it was estimated that the percentage of 
PCDD/PCDF emissions from households has increased from 4 to 40% between 1980 and 
2000 [29]. 

  
Fig. 1 PCDD/PCDF emissions in Switzerland from 1950 to 2010 [29] 

Emissions from industries that are subject to notifications to the Swiss Pollutant Release and 
Transfer Register (see chapter 5.5.2) were all at or below the threshold value for notification 
of 0.001 kg/year for the sum of PCDDs/PCDFs since notifications started in 2007. 
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Annual emissions of PCDDs/PCDFs to air are regularly estimated by the FOEN. The most 
important emissions from 2004 – 2010 are compiled in Fig. 2. 

 
Fig. 2 PCDD/PCDF emissions in Switzerland from 2004 – 2010 

The Technical Ordinance on Waste (TVA 

Waste phase 

[109]) does not contain any specific reference to 
PCDDs/PCDFs. However, the general requirements with respect to the incineration and the 
landfilling of waste can adequately be adapted to PCDD/PCDF containing waste [28] (see 
also section 5.4) 

Hazardous waste contaminated with PCDDs/PCDFs shall not be deposited in landfills. It is 
disposed of in hight-temperature incineration plants. 

Whereas emissions of PCDDs/PCDFs from MSWI nowadays are very low, the fly ash re-
sulting from off-gas scrubbing is contaminated with PCDDs/PCDFs formed during incinera-
tion. About 60'000 tons are yearly produced in Switzerland. MSWI fly ash contains up to 5 μg 
I-TEQ/kg. According to the Technical Ordinance on Waste (TVA [109]) conditioned MSWI fly 
ash can be disposed of in landfills for MSWI slag. However, the EU has recently set a limit 
value of 1 μg I-TEQ/kg. If Switzerland would also adapt this limit value, a disposal of MSWI 
fly ash on landfills would only be possible after a pre-treatment of the fly ash. A pilot study for 
pretreatment of MSWI fly ash has been carried out. It has been demonstrated that 
PCDDs/PCDFs contents in MSWI fly ash can be reduced to 0.5 μg I-TEQ/kg and that the EU 
limit value for PCDDs/PCDFs for fly ash to be disposed of in surface landfills can be fulfilled 
after treatment by acidic washing and flotation with charcoal [25]. 

Recycling of PCB polluted scrap steel as secondary raw material in smelting processes has 
proved to be a source for PCDD/PCDF emissions. Analyses in the surroundings of foundries 
have shown that this is a relevant source for these contaminants. Therefore it is required to 
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remove PCB-containing coatings before the meltdown. Modern furnaces such electric arc 
furnaces in foundries significantly reduce emissions. The FOEN initiated a pilot study in order 
to verify how efficiently PCBs and PCDDs/PCDFs are eliminated during the melting and the 
subsequent off-gas cleaning processes [26]. In the first two series of measurements a mean 
PCB elimination of 99.5% by thermal decomposition and adsorption to activated lignite coke, 
which is injected into the raw off-gas stream after the termal combustion unit, was observed. 

Soils are sinks for PCDDs/PCDFs. The contamination is primarily caused by long-range at-
mospheric transport followed by wet and dry deposition of particulate matter and aerosols. 
PCDDs/PCDFs are primarily formed in waste incineration and other industrial thermal 
processes. Since PCDDs/PCDFs are lipophilic, they adsorb preferentially to the organic car-
bon fraction of soils, and due to the low mobility and high persistence, they accumulate in 
soils [103]. In 2005, data on PCBs and PCDDs/PCDFs in topsoil samples from 23 monitoring 
sites from the National Soil Monitoring Network NABO, including the organic top layer (see 
section 5.5.1), sampled between March and July 2002), were published [103]. Total 
PCDD/PCDF concentrations were between 72 and 703 ng/kg which corresponds to 1.1 to 11 
ng I-TEQ/kg. In 19 samples PCDD/PCDF levels were below the guidance value of 5 ng I-
TEQ/kg set by the Swiss ordinance relating to impacts on the soil (OIS) while concentrations 
in the remaining samples (4 sites) were below the trigger value (20 ng I-TEQ/kg) (see  also 
section 5.5.1. 

Brändli et al. (2007 [19]) presented a comprehensive study of organic pollutants in compost 
and digestate. Among other components the 17 PCDD/PCDF congeners and 12 congeners 
of dioxin-like polychlorinated biphenyls (dl-PCBs) according to WHO were analyzed. The 
median concentrations of the sum of 17 PCDDs/PCDFs and 12 dl-PCBs were 3.2 ng 
I-TEQ/kg d.w. and 3.0 ng WHO-TEQ/kg d.w., respectively. These values are below the 
guideline value of 20 ng I-TEQ/kg dry matter of compost and digestates as defined in Annex 
2.6 ORRChem. 

Zennegg et al. (2007 [129]) described the historical record of PCB and PCDD/PCDF deposi-
tion between 1848 and 1999 to Greifensee, a lake of the Swiss plateau.. The vertical distribu-
tion of PCDDs/PCDFs and PCBs was investigated in a sediment core from Greifensee to 
show the historical trends of PCDD/PCDF and PCB inputs between 1848 and 1999. The re-
sults of this study for PCDDs/PCDFs are presented in the PCB chapter (see section 5.1.4). 

Within the framework of IGKB (see chapter 5.5.3), a study on surface sediments in Lake 
Constance was conducted in 2003 - 2006 [58]. For PCDDs/PCDFs values of ca. 2 – 9 
I-TEQ/kg d.w. with one core showing values between 15 – 20 were found in surface sedi-
ments (dating from the early 90s to 2005). Concentrations of PCDDs/PCDFs had peaked in 
the 1970s with values up to ca. 35 I-TEQ/kg d.w.  

Triggered by the finding that brown trout from a rural river system in western Switzerland are 
highly contaminated with dioxin-like PCBs (dl-PCBs), the Federal Office for the Environment 
(FOEN) together with the Federal Office for Public Health (FOPH) started a national project 
in 2008 to investigate the PCB and PCDD/PCDF contamination of wild fish in Swiss lakes 
and rivers [27] [91]. The aim of the study was to identify current background concentrations 
of these highly toxic pollutants in different wild fish species and to determine the level of con-
tamination of fish that are living in waters which have been polluted with PCBs emitted from 
point sources. The risk for human health and the environment from exposure to PCBs and 
PCDDs/PCDFs was assessed and the need for risk reduction measures identified. More than 
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1300 data sets from a period of around 20 years were collected and evaluated [27][91]. The 
results of this study are presented in the PCB chapter (see section 5.1.4). 

In a national campaign in the years 2005 – 2006 58 samples of cow’s milk, directly sampled 
from farms, were analyzed for PCDDs/PCDFs and PBDEs (see section 5.2.2) [65]. In three 
samples from the Canton Basel-Stadt PCDD/PCDF concentrations of 0.51, 0.47 and 0.38 pg 
WHO-TEQ/g milk fat were measured. The mean of all 58 samples analyzed in the campaign 
was 0.43 pg WHO(98)-TEQ/g milk fat. The FOPH concluded that the measured concentra-
tions are of no concern for human health [65]. 

According to the FOPH the total daily intake of PCDDs/PCDFs and dl-PCBs of the Swiss 
population is estimated to be 1.75 pg WHO(98)TEQ/kg b.w. [21]. This value lies within the 
range of the mean intake in Europe. PCDD/PCDF residues in milk, eggs, pork and poultry 
are below the maximum concentration levels layed down in the FIV. For beef and veal the 
maximum concentration values for PCDDs/PCDFs are met. However, for the sum of 
PCDDs/PCDFs and dl-PCBs the maximum concentration level is exceeded. It is recom-
mended by the FOPH that a balanced diet including fruit and vegetables should be con-
sumed. Too much food or food with high fat content and an unbalanced diet should be 
avoided [20]. 

In 2011 the FOPH reported on PCDD/PCDF residues in vegetable oils and fats sampled on 
the Swiss market [22]. The raw material for the 58 products tested came from Switzerland (8 
samples) or from abroad (50 samples). 32 of the 58 products were produced from the raw 
material in Switzerland. In 51 samples (88%) the concentrations of all PCDD/PCDF congen-
ers were below the quantification limit; in 42 samples (72%) the concentrations of all dl-PCBs 
congeners were below the quantification limit; and in 39 samples (67%) the concentrations of 
all PCDD/PCDF and all dl-PCB congeners were below the quantification limit. The FOPH 
summarized that in all 58 samples of vegetable oils and fats the residues were far below the 
Swiss and EU limit values of 0.75 pg/g WHO(98)-TEQ for PCDDs/PCDFs and 1.5 pg/g 
WHO(98)-TEQ for the sum of PCDDs/PCDFs and c-PCBs; even mostly below the quantifica-
tion limit [22]. 

Switzerland is participating in the WHO/UNEP biomonitoring of human milk for POPs (see 
also section 5.5.4). 

An inclusion of PCDD/PCDF measurements in the NABO monitoring network would give a 
better understanding of levels of these compounds different soils with different land uses.  

Possible further need for monitoring and action required for risk reduction 

5.2 The nine new POPs 

5.2.1 Organochlorine compounds / pesticides 

General 

• Chlordecone  

Chlordecone was mainly used as an agricultural pesticide. It was first produced in 1951 
and introduced commercially in 1958. No use or production of the chemical is currently 
reported worldwide. [128]. 
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In addition to the POP properties, Chlordecone is very toxic to aquatic organisms and 
classified as a possible human carcinogen [114]. 

• Alpha-, beta- and gamma-hexachlorocyclohexane (HCH)  

Lindane (gamma-HCH) has been used as a broad-spectrum insecticide e.g. in agricul-
ture, for wood treatment and in both veterinary and human applications. A few countries 
are still known to produce Lindane today. Alpha-HCH and beta-HCH are produced as 
unintentional by-products of Lindane in large amounts (6-10 times more by-products 
than Lindane), but the use of commercial mixtures of HCH as insecticides was phased 
out years ago worldwide and only the use of the purified Lindane remains [117]. 

In addition to POP properties, Alpha-HCH and beta-HCH are classified as potential car-
cinogens [115][116]. 

• Pentachlorobenzene (PeCB) 

PeCB was used in in a range of products. PeCB might still currently be used in some 
countries as a chemical intermediate. Furthermore, PeCB is produced unintentionally 
during combustion, thermal and industrial processes and is present as impurities in 
products (e.g. solvents or pesticides) [128]. 

PeCB is moderately toxic to humans, but very toxic to aquatic organisms [118]. 

Between 1935 and 1965, Lindane was produced at one site (Maag site, Dielsdorf) in Switzer-
land including burial of waste near the production building. The site had been successfully 
cleaned up by 1996 including the removal of 100 t of pure HCH (see chapter 

Production, import, export and use 

5.3).  

None of the above listed substances is currently intentionally produced, imported or used in 
Switzerland.  

All organochlorine pesticides among the new POPs are banned in the ORRChem (see chap-
ter 

Legal framework and measures 

3.1). .  

Chlordecone had been banned since 1986 in the framework of the Ordinance on -
Environmentally Hazardous Substances (“Verordnung über umweltgefährdende Stoffe”, 
SR 814.013). This ban was transferred to the ORRChem in 2005. 

Alpha-HCH, beta-HCH and Lindane had already been banned since 1972 in the Ordinance 
on Banned Toxic Substances (“Verordnung über verbotene giftige Stoffe”, SR 813.39) with 
the exemption for certain uses of Lindane as a pesticide and in medicinal products. In 2005, 
the ban was transferred to the ORRChem and the exemptions for the use of Lindane were 
reduced to medicinal products. With the revision of 2010, the exemption for the use of Lin-
dane in medicinal products was removed from the ORRChem.  

The use and production of PeCB was banned in the ORRChem in 2010. 

The ban of use of medicinal products containing Lindane entered into force on 1 August 
2011. At the end of 2008, 5 medicinal products (two for human, three for veterinary use) con-

Remaining sources and emissions 
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taining Lindane were still on the Swiss market. By the end of 2010, the products for human 
use were already withdrawn by the producers [5].  

PeCB has not been manufactured or used in Switzerland previous to the ban in 2010. In Eu-
rope, it had mainly been used as an intermediate for the production of penta-
chloronitrobenzene. Therefore, no sources or emissions from recent use are present in Swit-
zerland. However, PeCB can be formed unintentionally during combustion, thermal and in-
dustrial processes. 

Lindane has been produced at one site in Switzerland, which has been successfully reme-
diated. Therefore, the main potential source for the HCH isomers has been removed (see 
chapter 5.3).  

In the creek Lörzbach, near the French border, slightly elevated concentrations of HCHs (in 
the ng/l range) were detected due to a landfill across the border. However, this constituted 
only a local problem and based on the analysis of the cantonal authorities, water quality crite-
ria were met [9].  

Waste containing Lindane may still occur in small amounts due to medicinal products that 
have not yet been disposed of. However, safe disposal through incineration is ensured by the 
general rules for disposal of medicinal products.  

Waste phase 

Environmental quality and monitoring data 

During an organochlorine pesticides monitoring campaign in the Canton Basel-Land HCH-
isomers were analyzed in different soils with different use patterns 

Lindane, alpha-HCH, beta HCH 

[8] (see chapter 5.5.4). 
For the sum of all HCH congeners a median value of 0.3 µg/kg d.w. (71 samples) was de-
tected. The maximum detected concentration was 3.4 µg/kg d.w. Concentrations of HCH-
isomers were low in comparison to other organochlorine pesticides. 

Groundwater samples from the NAQUA National Groundwater Monitoring network have 
been regularly analyzed for the three HCH isomers. None of these substances derogated the 
groundwater quality. (see also chapter 5.5.1) 

HCH isomers were also detected in water samples from the river Rhine at the ICPR monitor-
ing station in Weil am Rhein from 1995 – 1999 (alpha- and beta-HCH) and 1995 – 2010 (Lin-
dane). Among 556 samples analyzed for the three isomers, only two samples in 1995 
showed concentrations of 0.01 and 0.003 µg/l (quantification limit 0.002 µg/l) of Lindane.  In 
almost 90% of samples of suspended solids Lindane was below the quantification limit of 1 
or 0.5 (starting from 2007) µg/kg d.w. The maximum concentration was 10 µg/kg d.w. No 
samples contained Lindane above the quantification limit between 2007 and 2010. Concen-
trations of alpha-HCH (46%) and beta-HCH (13%) were found more often, with maximum 
values of 86 µg/kg d.w. and 43 µg/kg d.w., respectively. Alpha-HCH was only measured until 
2006, beta-HCH until 1999 as concentrations consistently met the quality criteria for the 
Rhine defined by ICPR so that regular measurements were not considered necessary any 
more [127] (see also chapter 5.5.3). 
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Pentachlorobenzene (PeCB) was analyzed in water samples from the river Rhine at the 
ICPR monitoring station in Weil am Rhein in 1995, but was not detected above the quantifi-
cation limit of 0.002 µg/l. In contrast, PeCB was found in 60% of samples of suspended sol-
ids, with a median concentration of 1.1 µg/kg d.w. (limit of quantification of 1 or 0.5 (starting 
from 2007) µg/kg d.w.) and a maximum concentration of 17.5 µg/kg d.w. 

Pentachlorobenzene 

[127] (see also 
chapter 5.5.3).   

Due to strict water quality criteria for Lindane (0.002 µg/l) for the Rhine 

Possible further need for monitoring 

[62], this substance 
will remain in the regular monitoring programme at the ICPR station in Weil am Rhein [59].  

A focus on HCH isomers within the soil monitoring network NABO, which so far does not 
include these substances, does not appear necessary due to comparatively low values found 
in the Canton Basel-Land. However, grab sample measurements would give a better under-
standing of remaining levels in soils..  

5.2.2 Brominated flame retardants 

Annex A (Elimination) of the Stockholm Convention contains the following entries of bromi-
nated biphenyls and brominated diphenyl ethers that have been used as flame retardants: 

General 

• Hexabromobiphenyl (CAS No: 36355-01-8),  

• “Hexabromodiphenyl ether and heptabromodiphenyl ether” which means according to 
Annex A of the Convention: 2,2’,4,4’,5,5’-hexabromodiphenyl ether (BDE-153, CAS No: 
68631-49-2), 2,2’,4,4’,5,6’-hexabromodiphenyl ether (BDE-154, CAS No: 207122-15-4), 
2,2’,3,3’,4,5’,6-heptabromodiphenyl ether (BDE-175, CAS No: 446255-22-7), 
2,2’,3,4,4’,5’,6-heptabromodiphenyl ether (BDE-183, CAS No: 207122-16-5) and other 
hexa- and heptabromodiphenyl ethers present in commercial octabromodiphenyl ether. 

• “Tetrabromodiphenyl ether and pentabromodiphenyl ether” which means according to 
Annex A of the Convention: 2,2’,4,4’-tetrabromodiphenyl ether (BDE-47, CAS No: 5436-
43-1) and 2,2’,4,4’,5-pentabromodiphenyl ether (BDE-99, CAS No: 60348-60-9) and 
other tetra- and pentabromodiphenyl ethers present in commercial pentabromodiphenyl 
ether. 

Hereafter, commercial pentabromodiphenyl ether products will be referred to as c-pentaBDE, 
commercial octabromodiphenyl ether products will be referred to as c-octaBDE. commercial 
PBDEs referred to in different studies have a variable composition of different congeners. 

For hexabromobiphenyl no specific exemptions are allowed, while for the polybromodiphenyl 
ethers (PBDEs) specific exemptions for recycling of articles containing these substances are 
possible, provided that the provisions in part IV and V of Annex A are fulfilled. Switzerland 
has not registered any specific exemptions for these substances. 

In addition to the POP properties, hexabromobiphenyl is a potential human carcinogen and 
an endocrine disruptor [113]. PentaBDEs are considered as endocrine disruptors [72]. 
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Production, import, placing on the market and use of PBBs have already been banned in the 
Ordinance on Environmentally Hazardous Substances (“Verordnung über umwelt-
gefährdende Stoffe”, SR 814.013) in 1987.  

Legal framework and measures 

From the 1990s Switzerland contributed to an OECD programme to investigate and reduce 
the risk of brominated flame retardants [74]. Based on this programme, a voluntary industry 
commitment was negotiated with the industry to introduce risk management measures for 
PBDEs and to stop production, import and export of polybrominated biphenyls (PBBs) (cited 
in [68]).   

The use of the POP PBDEs was banned in the first version of the ORRChem in 2005 (see 
chapter 3.1). In the 2010 revision, a ban of production was added to the ban of use as a pre-
cautionary measure. Provisions for PBBs were transferred from the Ordinance on Environ-
mentally Hazardous Substances to the ORRChem in 2005.  

Currently it is thus prohibited to produce, place on the market or use c-octaBDE, 
c-pentaBDEs and mixtures that contain more than 0.1% by weight of each of these sub-
stances. Furthermore, it is prohibited to place new articles on the market, if their parts treated 
with flame retardants contain more than 0.1% by weight of c-octaBDE or c-pentaBDE. Simi-
lar provisions apply for hexabromobiphenyl.  

With the 2012 revision of the ORRChem the existing provisions are planned to be amended 
as follows: 

• Substances, preparations and new articles may not be produced, placed on the market 
or used if they contain tetraBDEs, pentaBDEs, hexaBDEs, heptaBDEs or octaBDEs 
above 0.001% by weight for each substance. 

• For articles and preparations partially or fully manufactured from recycled materials a 
threshold value of 0.1% by weight for each substance applies.  

The only exemptions apply for analysis and research purposes. 

As is already the case today, a threshold value of 0.1% applies for the sum of polybromi-
nated diphenyl ethers and the sum of polybrominated biphenyls respectively in homogenous 
materials treated with flame retardants in electrical and electronic appliances. This includes 
decabromodiphenylether.  

c-octaBDE and c-pentaBDE are not produced and have not been produced in Switzerland 

Production, import, export and use 

[74]. Import of the substances ceased in 2005 with the ban in the ORRChem. In the EU the 
production was stopped in 1997 /1998 [5]. Use of hexabromobiphenyl already ceased with 
the ban in 1988 - 1989.   

The flame retardants were used mainly in polymeric materials in a wide range of applications 
such as electrical and electronic equipment, textiles, vehicles and construction materials. The 
substances are still in use for this purpose in existing products that have not yet been dis-
posed of.  
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In the Swiss National Research Programme “Endocrine Disruptors”, brominated flame retar-
dants were one target substance group 

Remaining sources and emissions 

[110]. Within this programme a substance flow analy-
sis for the pentaBDEs was published in 2008 using a dynamic model [72]. According to this 
study, the use of pentaBDEs in Switzerland reached a maximum of 14 tonnes per year in the 
beginning of the 1990s with the main use in the construction sector, but was assumed to be 
negligible from 2006 onwards due to the ban implemented in the ORRChem. For the year 
2000 the stock of pentaBDEs in use was estimated to be 55 tonnes (corresponding to 140 
tonnes c-pentaBDE) most of which is stored in buildings which will only be released in many 
years when buildings are replaced or renovated. Stocks in other applications (electrical and 
electronic equipment, transport, textiles / furniture) were simulated to have decreased to al-
most zero by 2010. In this study, the stocks of c-pentaBDEs in landfills were estimated to be 
comparatively low with a total of 5 – 6 tonnes (corresponding to approximately 12 – 15 
tonnes c-pentaBDE) due to the Swiss waste management strategy of incinerating combusti-
ble waste. Emissions of c-pentaBDEs to the environment were estimated to have decreased 
from a maximum of 2.5 kg per year in the mid 1990s to below 1 kg per year by 2010 due to 
the implemented ban and risk management measures. Remaining emissions, mainly from 
stocks in construction material and landfills are predicted to decrease only slowly due to the 
long lifecycle of the construction materials.  

Previously, in 2003, a substance flow analysis on brominated flame retardants for Switzer-
land has been published by SAEFL (today FOEN) covering, among others, c-octaBDEs and 
c-pentaBDEs [74].The above stated data from the 2008 study refined the estimates from this 
earlier study for pentaBDEs as better data and a better model were available. For 
c-octaBDEs, it can be concluded based on the 2003 and 2008 studies that the estimated 
stocks of 680 tonnes of c-octaBDE in use in the late 1990s have decreased significantly due 
to the ban. The fact that c-octaBDE was mainly used in electrical and electronic appliances 
and textiles and upholstery in vehicles, which are products with a relatively short life cycle 
has presumably contributed to the decrease. It can be assumed that a large proportion 
(about 90%) of waste containing c-octaBDE was incinerated [74]. Nonetheless, similar to 
pentaBDEs, a certain stock of c-octaBDE is contained in landfills, which was estimated in the 
2003 study to be about 160 t.  

To verify whether or not the ban of the POP brominated flame retardants is respected by 
industry, several market surveillance campaigns were conducted. As the substances were 
already in the focus before the ban, data from older market surveys are also available.  

In 2000, a first national survey on brominated flame retardants was conducted with the par-
ticipation of 12 cantons [68]. 486 plastic components potentially treated with these sub-
stances from 366 articles from a wide range of applications (electrical and electronic ap-
pliances, vehicles, construction material) that were available on the Swiss market were ana-
lyzed for brominated flame retardants. C-pentaBDE was not detected in any of the samples 
while 0.4 – 3% c-octaBDE was found in ca. 1% of the samples. 

In 2008, a second national survey was conducted on the occurrence of brominated flame 
retardants in plastic articles including polybrominated biphenyls (PBBs), pentabromodiphenyl 
ether (c-pentaBDE), and octabromodiphenyl ether (c-octaBDE). The authorities of 18 can-
tons participated in the survey. 1907 components originating from 1359 articles available on 
the Swiss market for a wide range of applications including electrical and electronic ap-
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pliances and building materials were analyzed. C-pentaBDE and PBBs were not detected in 
any of the samples, while only 2 samples contained c-octaBDE above the current limit of 
0.1% [7] In a similar campaign in the Canton Basel-Stadt neither c-pentaBDE nor c-octaBDE 
was detected [64].  

In the conducted surveys, the aim was to verify compliance with the threshold value of 0.1% 
that was in force at that time. Due to the detection limit applied at the time, retrospective con-
clusions cannot be drawn on compliance with the lower threshold value of 0.001%, that is 
planned to enter into force for new articles by the end of 2012. However, current detection 
limits are low enough [47] to verify compliance with the new threshold in future campaigns.  

Based on the results of above described market surveillance campaigns it can be concluded 
that the bans of c-pentaBDEs, c-octaBDEs and PBBs are generally respected and new prod-
ucts available on the market, are, and were already in 2000, no significant source of the POP 
PBDEs and PBBs anymore. However, flame-retarded products that have been placed on the 
market before 2000 and are still in use may be a source of emissions of PBDEs. Therefore, it 
is important to determine the PBDE contents of waste to subsequently decide if materials 
may be reused (if the 0.1% threshold value for POP PBDEs in recycled materials can be 
met) or have to be disposed of by incineration. 

In 2003, a substance flow analysis study on brominated flame retardants in a Swiss recycling 
plant for waste electrical and electronic equipment (WEEE) was conducted by FOEN (at the 
time: Swiss Agency for the Environment Forests and Landscape (SAEFL)), and the Agency 
for Environmental Protection and Energy of the Canton Basel-Land (AUE) [71]. C-pentaBDE 
concentrations of 10 - 50 mg/kg (mean value 34 mg/kg) were determined in different output 
fractions of the WEEE recycling process and 10 - 8000 mg/kg (mean value 530 mg/kg) of 
c-octaBDE with high concentrations in plastic TV/PC housings and TV rear covers [73] [71]. 

In 2011 the FOEN conducted another substance flow analysis in the same WEEE recycling 
plant as in 2003 [47].The mean concentration values for c-pentaBDE (2.4 mg/kg) and 
c-octaBDE (123 mg/kg) in WEEE significantly decreased in comparison to the 2003 study, 
confirming that the regulatory measures were effective. However, the data also showed that 
a certain stock, especially of c-octaBDE is still present in older products. Note that the limit of 
detection (LOD) for the individual BDE congeners was 5 mg/kg and half the detection limit 
was assumed for analyses results below the LOD. 

Results from a study for European recycling plants performed by the Swiss Federal Labora-
tories for Materials Science and Technology (EMPA) commissioned by the European Asso-
ciation of Electrical and Electronic Waste Take Back Systems (WEEE Forum) [125] were in 
general accordance with the studies for Switzerland.  

From the studies it was concluded that a strict quality management is required for WEEE 
recycling operations to be able to dispose of materials that contain PBDEs and other regu-
lated substances and to meet the requirements for recycled materials and for electric and 
electronic equipment [125]. 

To conclude, products such as electrical and electronic equipment as well as textiles, uphols-
tery, vehicles still constitute a source of the POP PBDEs in Switzerland which has to be ade-
quately considered during recycling processes. However, this stock has already significantly 
decreased since the ban of the POP PBDEs in 2005. It was estimated that POP PBDEs in 
Switzerland will occur during the recycling process for another 10 years [78]. Longer-term 
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stocks of POP PBDEs are landfills and construction materials that require appropriate man-
agement and disposal.  

As indicated above, waste containing POP PBDEs may be generated during the disposal of 
PBDE-containing articles that are still in use or the destruction and renovation of buildings. A 
further source could be contaminated site restoration (see chapter 

Waste phase 

5.3). For details on the 
treatment of PBDE-containing waste see chapter 5.4  

Sediment cores are a useful tool to retrace environmental emissions of lipophilic substances 
and to monitor the effectiveness of risk reduction measures. 

Environmental quality and monitoring data 

In a sediment core, sampled in lake Greifensee near Zurich, brominated flame retardants 
were analyzed, among other substances. The results showed a large increase of 
c-pentaBDE and c-octaBDE from the early 1980s until 1995. Concentrations leveled off in 
the mid 1990s to about 1.6 ng/g d.w. (dry weight) and remained constant till 2000 [67].  

Sediment cores sampled in 2005 from a prealpine lake, Lake Thun, were similarly analyzed 
for c-pentaBDE, c-octaBDE and decaBDE [14]. Similar to lake Greifensee, concentrations of 
c-pentaBDE and c-octaBDE leveled off in one core in recent times while in two cores con-
centrations still increased. However, only one core was sampled in the year of the ban of 
these substances. Due to the continued presence of the POP PBDEs in products a delay 
may be expected until the effect of the ban is reflected in a decrease of concentrations in 
sediment cores. New sediment core samples could be used in the future to verify this.  

For decaBDE, which is still in use, an increase in concentrations was generally observed in 
both lake sediments.  

In a further study on Lake Thun, the following environmental concentrations in different com-
partments were determined [15]: Measured concentrations of individual PBDEs in air were 
26–406 pg/m3. The pattern of PBDEs in air was dominated by the lower-brominated homolo-
gues (tetra- > penta- > deca-BDE). Lake and river water concentrations of PBDE congeners 
were 17–78 pg/l. As expected for lipophilic substances, sediment concentrations were higher 
than water concentrations, with higher concentrations for tetra-, penta- and hepta-BDEs (up 
to 0.2 ng/g d.w.) and lower concentrations for hexa- and tri-BDEs (below 0.1 ng/g d.w.). This 
confirms sediments as the main sink for PBDEs in a lake system, but also shows that PBDEs 
can be detected in other compartments. 

Between 2007 and 2010, several PBDE congeners (tri- to hexa-BDEs) were detected in 21% 
of 336 samples of suspended solids (quantification limit of 0.3 – 0.8 µg kg-1 d.w.) from the 
river Rhine sampled at the ICPR monitoring station in Weil am Rhein. The median concen-
tration for individual congeners was <0.6 µg kg-1 d.w., the maximum concentration for an indi-
vidual congener was 2.1 µg kg-1 d.w. [127] (see also chapter 5.6.3). 

Beside sediments, lipophilic POPs are mainly expected in soils or in organisms in the upper 
end of the food chain such as carnivorous fish. 

Brändli et al. (2007 [19]) presented an inventory of the pollutant situation in source-separated 
composts, digestates and presswater in Switzerland by analyzing 18 samples. The concen-
tration of the sum of PBDEs was with 10 μg/kg d.w., 18 samples) relatively low. DecaBDE 
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was the most important congener (mean 7.3 μg/kg d.w., 18 samples). The authors concluded 
that the input of PBDEs to soils via compost was low in comparison to other inputs to soils 
[19].  

A comparison of concentrations of pentaBDEs in sewage sludge between 1993 and 2002 
showed a decrease by 50% [10] reflecting the decrease in use even before the ban of penta-
BDEs.  

Due to bioaccumulation in fish, lipophilic POPs may be of concern for consumers in fish and 
fish oil products. Several POPs, among them POP PBDEs were analyzed in 2006 in a range 
of fish oil products available on the Swiss market. Fish oil products contained PBDEs in con-
centrations around two magnitudes lower than those detected in wild and farmed fish from 
Switzerland (36 to 165 ng/g lipids and 12 to 24 ng/g lipids, respectively, results cited in [130]) 
in 2003. Fish in rivers with a large input from wastewater treatment plants were found to con-
tain concentrations up to 1000 ng pentaBDEs/g lipids [10]. 

In a national campaign in the years 2005 – 2006, 58 samples of cow’s milk, directly sampled 
from farms, were analyzed for PCDDs/PCDFs/c-PCBs [65] (see sections 5.1.4 and 5.1.5). In 
three samples from the Canton Basel-Stadt PBDEs concentrations of 1120, 470 and 540 
ng/kg milk fat were measured. The mean of all 58 samples analyzed in the campaign was 
340 ng/kg milk fat. The FOPH concluded that the measured concentrations of PBDEs are – 
based on the present knowledge – of no concern for human health [65]. 

The FOPH funded a project by Trudel et al. (2011 [111]), where the authors evaluated the 
exposure of the Irish population to PBDEs in food. Consideration of parameter uncertainty 
and variability for risk assessment were assessed. The authors concluded that that there is 
no significant risk for human health through intake of food contaminated with the present low 
levels of PBDEs [111]. 

Despite the observed decrease in concentrations of POP PBDEs in WEEE further monitoring 
of recycled materials is recommended to control the distribution of POP PBDEs in recycled 
materials. Furthermore, concentrations should be monitored in selected environmental com-
partments and / or fish in around 5 to 10 years to confirm expected decreases in concentra-
tions due to regulatory measures and elimination of stocks.   

Possible further need for monitoring and research 

Based on OECD and EU risk assessments as well as work in the framework of the Swiss 
National Research Programme “Endocrine Disruptors” that included brominated flame retar-
dants as one target substance group, requirements for further research were identified [54]. 
Research work commissioned by FOEN is planned to compile an updated mass balance for 
PBDEs among other substances (see also chapter 0). Based on this work potential further 
measures will be identified.  

5.2.3 Perfluorooctane sulfonic acid (PFOS), and perfluorooctane sulfonyl fluoride 

Perfluorooctane sulfonic acid (PFOS) (CAS No: 1763-23-1), its salts and perfluorooctane 
sulfonyl fluoride (CAS No: 307-35-7)

General 

1

                                                
1 In the following this full entry in the Stockholm Convention shall be referred to as „PFOS“. 

 are listed in Annex B (Restriction) of the Stockholm 
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Convention with the possibility for specific exemptions and acceptable purposes. Examples 
of listed salts are mentioned with their CAS numbers. Switzerland has notified the use of 
PFOS for metal plating (hard metal plating and decorative plating) as specific exemptions in 
the register of specific exemptions of the Stockholm Convention. Additionally, PFOS are still 
used for some of the acceptable purposes listed in the Stockholm Convention which have 
also been registered. 

PFOS bind to proteins in the blood and the liver rather than to partition into fatty tissues like 
other POPs [128] . In contrast to other classical POPs, PFOS are primarily emitted to water 
which is also the most important medium for their transport. Water is the major reservoir of 
PFOS in the environment. [69] 

PFOS have been banned in Switzerland in the ORRChem since 10.12.2010 (see chapter 

Legal framework and measures 

3.1) with some exemptions corresponding to acceptable purposes and specific exemptions 
as defined in the Stockholm Convention. With the amendment planned for December 2012, 
the regulation in the ORRChem will further improve the level of protection of health and envi-
ronment with regard to PFOS. The following uses are currently exempted (Annex 1.16, 3 
ORRChem as of 1 August 2011):  

a. photoresistant or anti-reflective coatings for photolithography processes; 

b. photographic coatings applied to films, papers, or printing plates; 

c. mist suppressants for non-decorative hard chromium (VI) plating and wetting agents for 
use in controlled electroplating systems where the amount of PFOS released into the 
environment is minimised; 

d. hydraulic fluids for aviation; 

e. medical devices, and components thereof, where the amount of PFOS released during 
the manufacturing process and during the disposal of process solutions is minimised. 

The use in fire-fighting foams that were placed on the market before 1 August 2011 is al-
lowed until 30 November 2014 for fire-fighting by professional fire-fighters in cases of emer-
gency and until 30 November 2018 for stationary fire safety installations in industrial facilities 
and fuel depots. 

For all users of exemptions reporting to FOEN is required. The exemptions as they are cur-
rently listed in the ORRChem are based on information from the Swiss industry on existing 
essential uses of these substances due to lack of alternatives.  

With the amendment planned for December 2012, the exemptions will be further limited by 
adding a requirement for closed loop systems for non-decorative hard chromium (VI) plating 
and limiting the exemption for wetting agents for use in controlled electroplating systems until 
31. August 2015. The exemption for use in medical devices will be removed as the exemp-
tion is not needed any more in Switzerland.  

The acceptable levels of PFOS will be: 

• 0.001% for substances and preparations (lowered from the currently valid 0.005%) 

• 0.1% for new articles (already valid since 2010) 

• 1 µg/m2 for coated materials (already valid since 2010) 
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Thus, with the amendments of the ORRChem in 2012 a further step will be made towards 
totally ceasing use of PFOS.  

PFOS are both intentionally produced and an unintended degradation product of related 
anthropogenic chemicals. Currently, PFOS are still produced in several countries 

Production, import, export and use 

[128]. In 
2001 the globally most important producer of PFOS terminated production which lead to a 
reduction of use in the EU by about 98% in 2004 in comparison with 2000 [5]. 

Based on an OECD survey from 2000, there was no noteworthy production of PFOS in Swit-
zerland and there is no production today [31]. The total volume used in Switzerland therefore 
originates from imports. Based on the Rotterdam Convention Export Notification, in 2010 and 
2011 respectively 100 kg of PFOS were imported into Switzerland for the purpose of chro-
mium plating. The estimates for 2012 amounted to 600 kg. Apart from imports, stocks of 
PFOS are still present in particular as fire-fighting foams. In 2005, estimates for stocks of 
PFOS in fire-fighting foams amounted to a total of approximately 15 - 18 t [5].  

By the end of April 2012, the reports of the amounts of PFOS used for exempted purposes 
and stocks of PFOS containing fire-fighting foams for 2011 were received by FOEN. These 
are the first reports based on the provisions introduced in the ORRChem in 2010 to fulfill the 
reporting requirements related to the use of specific exemptions or acceptable purpose. 
Based on a first evaluation of these data and a voluntary survey of the Association of Fire-
fighting Inspectorates (VKF), 1000 t of PFOS-containing fire-fighting foams and thus roughly 
10 t of PFOS are still stored in Switzerland. The difference to the estimates from 2005 may 
be due to notifications that are still missing and stocks that have been disposed of recently.  

For the year 2007, a substance flow analysis for Switzerland was performed for PFOS and 
other perfluorinated surfactants 

Remaining sources and emissions 

[31] in order to identify remaining sources and to be able to 
define further measures to reduce emissions. The results are based on a system model with 
the input based on the best available data for Switzerland. The following most important re-
sults were obtained for remaining sources and emissions. Due to remaining data gaps, the 
obtained values are associated with relatively high uncertainties [31]:  

• In 2007, approximately 300 kg of PFOS were used in products in the application areas of 
metal plating, photography and photolithography and semiconductors. The entire amount 
was imported. Additionally, there is an estimated stock of 12’000 – 15’000 kg in aqueous 
film-forming foams (AFFF) for fire-fighting purposes. In contrast, the stock of PFOS in the 
service life of goods, mainly originating from historical uses of PFOS, was simulated to be 
significantly smaller and accounting for 300 kg. 

• The most relevant (ultimate) emission source determined was wastewater treatment 
plants. Other important emission sources identified are the application of products con-
taining PFOS and landfills. The simulated best guess emissions in 2007 were 0.8 kg/year 
to the atmosphere, 480 kg/year to the hydrosphere and 29 kg/year to soil. According to 
the model, precursors of PFOS contribute to emissions to the hydrosphere, however to 
an unknown extent. Despite uncertainties, it was concluded from the study that there was 
a decrease in the emissions of PFOS to the environment caused by both the phase-out 
by the largest global producer in 2001 and changes in the waste management (see be-
low).  
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In order to evaluate the levels of long-chain PFCs in sewage sludge and to identify potential 
sources two studies were performed in Switzerland. In 2008 sewage sludge from 20 munici-
pal WWTPs in the region of Zurich was analysed [106]. For total perfluoralkyl carboxylates 
(PFCAs), the concentrations ranged from 14 to 50 µg/kg dry matter. Concentrations of per-
fluorooctane sulfonic acid (PFOS) ranged from 15 to 600 µg/kg dry matter. In three WWTPs, 
the PFOS levels were six to nine times higher than the average values measured in the other 
plants. In the year 2011, in a Swiss wide survey 46 WWTPs with potential emitters in the 
catchment were selected in order to identify point sources [107]. In each WTTP two or three 
sewage samples were collected at intervals of 1‒3 months. For some WWTPs the emission 
levels were constant, at others the levels varied significantly indicating intermittent dis-
charges of PFOS. Concentrations of PFOS occurred up to 2’400 µg/kg dry matter (Total 
PFAS 2’500 µg/kg). Total PFCAs occurred at levels up to 230 µg/kg dry matter. In most cas-
es where high levels of PFOS (>100 µg/kg) occurred, chromium electroplating and surface 
finishing industries are located in the catchment of the WWTP. However, the presence of 
chromium plating industries did not always contribute to higher PFOS concentrations in the 
sewage sludge. Hence, depending on the use of PFOS in specific processes and disposal 
pathways of process baths the contribution to emissions into the environment can vary signif-
icantly. PFOS emissions were also observed where production sites using aqueous firefight-
ing foams (AFFF) and training grounds of fire brigades were present in the catchment. 

Based on the data gaps identified in the substance flow analysis, further studies were con-
ducted to better identify point and diffuse sources of PFOS and other perfluoroalkyl sub-
stances. Based on a survey in Swiss rivers [75], the estimated total emission to the aquatic 
environment was 100 kg/year in 2009. The load of PFOS in rivers correlated with the load of 
Acesulfame, a substance used as calorie-free artificial sweetener which is a marker for -
domestic waste water. Thus, wide dispersive use in various products and/or industrial appli-
cations appears to be a significant source of PFOS. On the other hand, maximum con-
centrations and loads have been found near suspected point sources [56] [75] [106] [107], 
which indicated that point sources contribute to the total load and cause local maximum con-
centration. In the absence of industrial activities, diffuse inputs from outdoor use, wet and dry 
deposition have been shown to contribute to the total load in a river that flows through a vil-
lage with 10'000 inhabitants, for which the total input was rather low [76]. Overall, there ap-
pears to be a trend of decreasing concentrations and mass loads, which reflects the re-
placement of PFOS in consumer products and the limitation of professional use to exempted 
uses. 

Due to the legal provisions for fire-fighting foams in the ORRChem, the largest stock of 
PFOS will be eliminated by 2018. Based on an analysis in the UK, the replacement until 
2018 is a realistic scenario considering common rates of replacement of fire-fighting foams 
[5]. 

Currently, a study is being conducted in how far relevant stocks of PFOS may be present at 
contaminated sites (see chapter 5.3).  

Waste containing PFOS is currently still generated due to the following activities: 

Waste phase 

• Disposal of remaining stocks of fire-fighting foams 
• Disposal due to uses for exempted purposes 
• Disposal of goods mainly originating from historical uses of PFOS 
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• Disposal of waste material during the clean-up of contaminated sites (see chapter 
5.3, relevance not yet known) 

Model calculations for Switzerland [31] indicated that the main stock of goods containing 
PFOS and thus the main source of waste was fire-fighting foams and that the main ultimate 
emission source was wastewater treatment plants. As over the past two decades, fractions of 
sewage sludge applied to soil and dumped in landfills have decreased drastically, incinera-
tion plants have become important sinks for PFOS, eliminating remaining stocks of these 
substances. For the general approach to treat POP-containing waste see chapter 5.4.    

Surface and groundwater 

Environmental quality and monitoring data 

Based on the current estimated emissions of PFOS due to the continued, even though li-
mited, use of PFOS and remaining stocks, environmental concentrations for different com-
partments were simulated [31]. The predicted “best guess” concentration of 9 ng/l (range 
between 1 – 60 ng/l) corresponds well with PFOS concentrations in Swiss surface waters 
measured in 2009 in 44 locations, that ranged from ca. 0.03 – 100 ng/l with a median of 3.8 
ng/l and concentrations above 10 ng/l only in some exceptional cases [75]. The detected 
concentrations in groundwater in the 2007/2008 NAQUA pilot study (see chapter 5.5.4) were 
in a similar range with the higher detected values of 10 – 50 ng/l often corresponding to simi-
lar concentrations in adjacent rivers determined at measuring locations of the NADUF net-
work in 2007 (see chapter 5.5.4). Measured concentrations in the Rhine (8 – 13 ng/l) and in 
Lake Constance (up to 40 ng/l) were similar while one value in a tributary of Lake Constance 
(400 ng/l) was exceptionally high (see chapter 5.5.3). 

In the study on diffuse sources of PFOS [77] and the NAQUA pilot study on PFOS in ground-
water [76], it was concluded that the detected concentrations neither constrained the use of 
groundwater as drinking water resource [76] nor were they of direct ecotoxicological concern 
[77]. However, due to extensive bioaccumulation, it was concluded that higher organisms 
such as water birds may still be at risk [77].  

The Food Control Authority of Geneva reported on the estimation of perfluorinated com-
pounds, PFCs (incl. PFOS), in various food products as they might be a significant route of 
human exposure [104]. An analytical method has been developed and validated for fishery 
products for the screening of 25 perfluoroalkyl chemicals at concentrations down to about 10 
μg/kg. The study included analyses of about 200 samples covering all common food types 
from the Swiss market. Amongst primary food, 52 fish samples from Swiss lakes were ana-
lyzed, among which 25% showed certain levels for PFOS with concentrations ranging from 
16 – 74 μg/kg. Moreover, a monitoring of the exposure of PFCs via fish samples over ten 
years was realized by analyzing old lyophilized samples. The analysis revealed that the resi-
dual levels of PFOS did not increase during the last decade. It was concluded that the aver-
age consumption of fish deriving from Swiss lakes presents no health concerns for the Swiss 
population [104]. 

Furthermore, the Food Control Authority of Geneva evaluated, whether PFCs could migrate 
from packaging materials into food. All samples were free of significant concentrations of 
PFCs demonstrating that migration from packaging is a minor route of exposure for PFCs in 
Switzerland [104]. 
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In 2010, the Dutch National Institute for Public Health and the Environment (RIVM) has de-
rived scientific Environmental Risk Limits (ERLs) for PFOS as a proposal for water quality 
standards [79]. The derived maximum permissible concentration (MCP) for the most sensi-
tive route of uptake which in this case was the consumption of fish by humans was 0.65 ng/L 
for freshwater. The derived MCP for surface water intended for drinking water was 0.53 µg/l.  

Based on these values, even though they do not represent legally adopted standards, and on 
the PFOS monitoring data, it can also be concluded that the use of groundwater as a drink-
ing water resource is not impacted. In contrast, PFOS concentrations in fish contribute more 
to the overall exposure of consumers. However, the RIVM concluded that, based on EU 
monitoring values of PFOS in water, which were similar to Swiss values, the risks to the av-
erage fish consumer were low due to sufficient safety margins applied in the derivation of the 
MCP values.   

Continued efforts to eliminate sources of PFOS are expected to reduce environmental con-
centrations and thus potential risk to consumers. 

The Panel on Contaminants in the Food Chain (CONTAM) of the European Food Safety Au-
thority (EFSA) established a tolerable daily intake TDI for PFOS of 150 ng/kg bodyweight per 
day. The CONTAM Panel noted that the indicative dietary exposure of 60 ng/kg bodyweight 
per day is below the TDI of 150 ng/kg bodyweight but that the highest exposed people within 
the general population might slightly exceed this TDI [44]. 

PFOS mainly partition into water. Therefore, low concentrations of PFOS were estimated for 
sediments (0.07 ng/g wet weight) and soils (0.009 ng/g wet weight) 

Soil and sediment 

[31].  

For PFOS concentrations in sewage sludge see studies in the subchapter “remaining 
sources and emissions”.  

Brändli et al. (2007 [19]) presented a comprehensive study of organic pollutants in compost 
and digestate.The median concentration of the sum of 21 perfluorinated alkyl substances 
(including perfluorinated sulfonates) was 6.3 µg/kg d.w. (3.4 – 35 µg/kg d.w.).  

In order to monitor the effect of emission reduction measures of PFOS, PFOS concentrations 
in ground- and surface waters should be measured at regular intervals within the NAQUA 
and NADUF monitoring networks as water is the major reservoir of PFOS in the environment.  

Possible further need for monitoring 

Furthermore, continuation of monitoring of PFOS concentrations in fish is advisable as con-
sumption of fish by humans is the most relevant route of human exposure and detected con-
centrations in surface waters may exceed derived maximum permissible concentrations in 
water with regard to PFOS-uptake via fish consumption.  

5.3 Contaminated sites and POPs 

The investigation, classification and remediation of contaminated sites is regulated in the 
CSO (Contaminated Sites Ordinance). The CSO obliges the cantons to compile a register on 
all polluted sites in their territory. These registers have been completed by all cantons. Na-
tionwide about 50'000 sites have been identified and 5-10% thereof need to be remediated.  

Register 
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The characterization of a site includes the determination of the relevant contaminants, an 
estimation for the amounts of these contaminants at the site as well as an evaluation of the 
mobilization potential of these contaminants and an exposure assessment for groundwater, 
surface waters and soil. These evaluations provide the basis for a risk assessment identify-
ing environmental risks. Contaminated materials must only be removed from a site if a risk is 
identified.  

Procedure 

PCBs are the only substances of the POP list for which the CSO defines numerical ground-
water quality criteria. For non-regulated compounds the FOEN has defined a procedure for 
the derivation of toxicity-based groundwater quality criteria ensuring an adequate assess-
ment of all relevant contaminants.  

Regulated POPs 

The VASA fund ensures the funding of remediations of contaminated sites. For more infor-
mation see 

Funding of investigation and remediation 

http://www.bafu.admin.ch/vasa/index.html?lang=de. 

The first NIP report of 2006 mentioned two relevant waste disposal sites (Bonfol and Koelli-
ken) where 100 to 350 kilotons of chemical waste had been deposited. The remediation of 
both sites is ongoing. POPs are of minor relevance for remediation at both sites and all 
chemical waste will completely be removed and treated according to the Swiss legislation.  

Major chemical waste sites 

PCBs 

Relevant POPs  

PCBs are the most relevant POPs at polluted sites. PCBs are frequently found at polluted 
sites, but mostly at minor concentrations. Consequently, the investigation of a polluted site 
routinely includes the analysis of PCBs as a standard parameter. 

Between 1952 and 1975 PCB containing waste from a local transformer producer were de-
posited in the landfill "la Pila" directly adjacent to the river Saane (Canton Fribourg). Between 
2004 and 2008 this site has been investigated according to the CSO. Due to the emissions of 
PCBs to the river the river water and fish have been contaminated. In 2007 fishery was prohi-
bited because the maximum concentration levels for the sum of PCDDs/PCDFs and dl-PCBs 
layed down in the FIV were exceeded. In 2010 the remediation of the site has been started. 
For information on the site see http://www.fr.ch/pila/de/pub/index.cfm.  

As a consequence of the fish contamination in the river Saane the FOEN initiated a nation-
wide study on PCBs and PCDDs/PCDFs in fish and surface waters [27][91]. As a result fi-
shery in two additional rivers (Birs, Canton Jura; Canal des Mangettes, Canton Valais) has 
been prohibited. In both cases the sources have been identified.  

In addition to these clarifications, the FOEN has conducted a survey on PCB point sources in 
Switzerland which have been registered by cantonal authorities [51]. In this study 23 main 
point sources exhibiting PCBs in relevant amounts have been identified. 55% of these sites 
have already been remediated, 45% have been investigated and adequate measures have 
been defined.  

http://www.bafu.admin.ch/vasa/index.html?lang=de�
http://www.fr.ch/pila/de/pub/index.cfm�
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Between 1935 and 1965 Lindane was produced at the Maag site in Dielsdorf including burial 
of waste near the production buildings. This site has already been remediated in 1996 (re-
moval of about 100 tons of HCHs). The groundwater downstream of this site has periodically 
been monitored since the remediation. According to the monitoring results no further meas-
ures are necessary.  

Hexachlorocyclohexanes (alpha-, beta-, gamma- and delta-HCH) 

No sites with substantial DDT/DDD/DDE pollutions are known in Switzerland. In the context 
of a construction project at a chemical site small underground volumes polluted with DDT 
and DDE have been found. The origin of this contamination is unknown, but DDT had never 
been produced at that site. The polluted material was recently disposed of according to the 
Swiss legislation. 

DDT and metabolites 

This compound has not yet been considered in the context of polluted sites. A study initiated 
by the FOEN will clarify the relevance of PFOA and PFOS at polluted sites including landfills.  

PFOS 

These compounds were used in a broad range of consumer’s products as flame retardants 
(electric and electronic devices, textiles in vehicles, construction materials such as PE films). 
By direct deposition of such products in landfills or by deposition of incineration slag substan-
tial amounts have to be expected in landfills. Hexabromobiphenyls and polybrominated di-
phenyl ethers have not systematically been monitored in landfills. 

Hexabromobiphenyl and polybrominated diphenyl ethers 

In the context of the elaboration of a factsheet for micropollutants by the FOEN the emissions 
of PCBs, PCDDs/PCDFs, PBDEs, Lindane, and DDT into surface waters have been esti-
mated. 

Further studies on POPs in the context of polluted sites 
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Tab. 3 Relevant regulation on contaminated sites and waste management 

Ordinance SR-No. Content 
POPs with numerical quali-
ty criteria 

Contaminated Sites 

Contaminated 
Sites Ordinance 
CSO 

814.680 
Investigation, classification and re-
mediation of contaminated sites PCBs 

VASA 814.681 
This ordinance ensures the funding of 
the investigation, surveillance and 
remediation of polluted sites 

- 

Waste 

TVA  814.600 

Classification, disposal and treatment 
of waste; threshold values for waste 
that is adequate for disposal on land-
fills 

PCBs 

VBBo 814.12 
Observation, surveillance and as-
sessment of the chemical, biological 
and physical pollution of fertile soils 

PCBs, PCDDs/PCDFs 

VaB VU-4812-D 
Guidance for the re-use of excavated 
fertile soil 

DDT, DDD, DDE, Aldrin, 
Dieldrin, Endrin, ∑HCH, 
Chlordan, PCDDs/PCDFs, 
PCBs 

VeVA 814.610 

National and international transfer of 
hazardous waste. The ordinance 
ensures the transfer of hazardous 
waste to authorized enterprises and 
environmentally sound treatment of 
waste  

- 

LVA 814.610.1 
Amendment to VeVA: List and cate-
gorization of hazardous waste 

PCB-containing waste (no 
numerical criteria) 

 

5.4 POP waste and its management 
The relevant regulations on waste management are listed in Tab. 3. The Technical -
Ordinance on Waste (TVA [109]) regulates the requirements for waste treatment and land-
fills. Furthermore requirements for the location and construction construction of landfills are 
defined in this ordinance aiming at reducing emissions to air, surface- and groundwater as 
much as possible. 

The Technical Ordinance on Waste (TVA [109]) does not contain any specific reference to 
POPs. However, the requirements with respect to incineration and landfilling of waste apply 
to POPs containing waste (see also [28]): 

• There is an obligation to incinerate all combustible waste. The cantons shall ensure that 
municipal waste, sewage sludge, combustible fractions of construction waste and other 
combustible waste - as far as it cannot be recycled and re-used - are incinerated in -
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MSWI, high-temperature incineration facilities for hazardous waste or special incineratin 
facilities dedicated to certain categories of special waste (e.g. sewage sludge). 

• Special waste must not be disposed of in landfills for inert waste or in bioactive landfills 
as specified in the TVA. However, after pre-treatment, special waste such as contami-
nated soil material or polluted construction waste may be disposed of in landfills 

• Fly ash from MSWI may only be disposed of in landfills after conditioning with cement or 
acid treatment to eliminate soluble substances, provided that the criteria according to the 
TVA on maximum leaching of contaminants are fulfilled in leaching tests. 

Waste such as contaminated natural underground materials (e.g., excavated at polluted 
sites), deconstruction materials or MSWI slag and fly ash resulting from off-gas scrubbing 
can be landfilled if the criteria of the TVA are fulfilled. The PCDD/PCDF load of fly ash result-
ing from off-gas scrubbing is addressed in the chapter PCDDs/PCDFs (see chapter 5.1.5).  

The TVA defines physical and chemical quality requirements for waste disposal in landfills. 
Among the POP list only numerical quality criteria for PCBs are defined. Waste exhibiting 
PCB-concentrations above 10 mg/kg is not allowed to be deposited in landfills. For contami-
nants that are not regulated in the TVA the FOEN defines a procedure to determine numeri-
cal quality criteria that take into account the toxicity as well as the mobility of the contaminant 
in the waste matrix. This ensures an accurate handling of waste that is contaminated with 
non-regulated compounds. 

The construction requirements for various types of landfills are stringently defined in the TVA. 
As an example landfills containing dioxin-contaminated incineration slags are only located in 
areas without exploitable groundwater sources. In addition, geological barriers are required. 

 

 

Fig. 3 Waste treatment in Switzerland 

The Swiss legislation defines specific guideline values for excavated soils (VaB). Because of 
the application of organochlorine pesticides in agriculture in the past, soil might be contami-
nated with such pesticides. Therefore, several pesticides of the POP list are regulated in the 
VaB (see Tab. 3). 

According to ORRChem Annex 2.6, sewage sludge may not be placed on the market or used 
as fertilizer. The transitional period for specific exemptions from the ban ended in 2006. 
Thus, emissions of POPs, that may be present in sewage sludge, to soils is prevented.  
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Hazardous waste 

A list and categorization of hazardous waste is defined in the LVA (see Table 1). Only for 
PCBs specific waste codes exists. Amounts of PCB-containing waste have been presented 
in the latest national report pursuant to Article 15 of the Stockholm Convention. Other POP 
containing waste (such as fire-fighting foams with PFOS or plastics containing PBDEs) are 
generally categorized as hazardous waste. The FOEN issues instructions which waste code 
has to be used for POP containing waste and which technology must be used for the dis-
posal of hazardous waste (see Table 1). POP containing combustible waste may only be 
disposed of in MSWI if it contains a) less than 50 ppm of halogenated organic compounds as 
listed in Annex 1.1 of the ORRChem (which comprises some of the POPs) and b) less than 
1 % (by weight of halogen) of organic halogen compounds. As all POPs contain halogens, 
the latter provision is applicable to all POPs. 

5.5 Monitoring 

5.5.1 Swiss continuous monitoring programmes 

At the national level, monitoring of a range of parameters in different environmental com-
partments is conducted in the framework of the following monitoring programmes that were 
already discussed in the first NIP (chapter 2.3.10):  

• National Soil Monitoring Network (NABO) 

• National Groundwater Quality Monitoring Network (NAQUA) 

• National Air Pollution Monitoring Network (NABEL) 

• National River Monitoring and Survey Programme (NADUF) 

In the framework of the NABO, NAQUA and NADUF programmes the occurrence of some of 
the POPs in soil, rivers and groundwater has been assessed, partly within specific monitoring 
campaigns, see chapter 5.5.4: 

The National Soil Monitoring Network (NABO) was started in 1984. The network comprises 
105 observation sites which can be broken down by land-use type as follows: 

NABO 

• 50% in agricultural areas,  

• 30% in forests,  

• 20% on extensively managed land (Alpine pastures, etc.),  

• 2 sites located in urban parks 

In terms of vegetation, land use, management, air quality and soil type, the sites are repre-
sentative of conditions typically found in Switzerland. 

Temporal trends for heavy metals have been measured in five years intervals while organic 
pollutants are not yet included in the standard observation programme. However, PCBs and 
PCDDs/PCDFs were analyzed in specific campaigns. 

In samples from all 105 monitoring sites originating from 1995 – 1999, PCB concentrations 
were assessed [59] [43]. Surface soil concentrations (0-20 cm) of PCBs ranged from 0.5 – 12 
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μg/kg and were thus clearly below any assessment value (see chapter 5.1.4). In contrast, 
concentrations in 357 samples of cantonal campaigns from 1990 – 1996 ranged from 0.1 – 
602 μg/kg which was explained by the fact that these campaigns focused on potentially con-
taminated locations [43]. It was concluded that PCB concentrations in soil are not of concern 
apart from specific situations such as contaminated sites. 

In 2005, further data on PCBs and PCDDs/PCDFs of 23 monitoring sites from the NABO 
network (samples from topsoil including the organic top layer were taken between March and 
July 2002) were published [103]. Total PCB concentrations (i.e. sum of 7 congeners IUPAC 
no. 28, 52, 101, 118, 138, 153, and 180) ranged from 1.1 to 12 μg/kg dry soil. Therefore, 
PCB concentrations were very similar to the previous study and clearly below the guidance 
value of 100 μg/kg or the lower Dutch target value of 20 μg/kg dry soil. Total PCDD/PCDF 
concentrations were between 72 and 703 ng/kg which corresponds to 1.1 to 11 ng I-TEQ/kg. 
In 19 samples PCDD/PCDF levels were below the guidance value of 5 ng I-TEQ/kg set by 
the Swiss Ordinance relating to Impacts on the Soil (OIS) while concentrations in the remain-
ing samples (4 sites) were below the trigger value (20 ng I-TEQ/kg).  

Currently, it is planned to assess the feasibility of including organic pollutants in the standard 
observation programme of NABO.  

Implementation of the groundwater quality network was started in 1997, the monitoring net-
work was fully implemented by 2002 with approximately 550 groundwater monitoring sites. 
Within NAQUA yearly standard measurement programmes as well as specific studies are 
performed. A first report on data from the years 2002 and 2003 was published in 2004 

NAQUA 

[30], a 
second report on the measuring campaigns from 2004 – 2006 was published in 2009 [3] (re-
cent data are available at http://www.bafu.admin.ch/grundwasser/index.html?lang=en). 

POPs were not a main focus in these measuring campaigns. However the regularly analysed 
target substance group of the plant protection products includes several POPs. From 2005 to 
2010, up to 250 monitoring sites in several cantons were analyzed per year for the following 
POPs that had been used as plant protection products: Aldrin, Dieldrin, Endrin, alpha- and 
beta-HCH, Lindane, DDT and metabolites, Heptachlor, hexachlorbenzene. None of the sub-
stances apart from hexachlorobenzene was repeatedly detected. HCB was (repeatedly) de-
tected at only one single monitoring site located near a contaminated site. Concentration 
ranged between of 0.03 – 0.07 µg/l ([3] p. 112, 114). From 2005 to 2010, one single detec-
tion of Lindane and 2,4-DDE was recorded, whereas the other substances were not detected 
at all [132]. 

Overall, only in exceptional cases plant protection product POPs were detected within 
NAQUA and all measured values were below the general limit value of 0.1 µg/l for individual 
organic pesticides according to the Water Protection Ordinance (WPO) [48]. 

5.5.2 SwissPRTR 

Transfers in waste water, releases in air or water from certain industries above defined ca-
pacity thresholds have to be notified to the Swiss Pollutant Release and Transfer Register 
(SwissPRTR) implemented by FOEN according to the PRTR-V (see chapter 3.5). For 2007 
to 2010, 200 – 230 facilities notified releases and transfers for some of the 86 pollutants sub-
ject to notifications. Among the POPs, only for PCB and PCDD/PCDF notifications were 

http://www.bafu.admin.ch/grundwasser/index.html?lang=en�
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submitted for the years 2007 – 2010. For PCDDs/PCDFs all notifications were at or below 
the threshold value for notification of 0.001 kg/year, while for PCBs the notifications were 
above the threshold value of 0.1 kg/a. For the other POPs, apart from PFOS and hexabrom-
odiphenyl ethers, which are not contained in the list, no releases or transfers above the thre-
shold values occurred from facilities subject to notification. The data are compiled by indus-
try, who is responsible for the quality of the data.  

5.5.3 International continuous monitoring programs 

Several commissions are dealing with rivers and lakes at the Swiss national borders.  

For the benefit of the Rhine and of all of its tributaries the members of the International 
Commission for the Protection of the Rhine (ICPR) Switzerland, France, Germany, Luxem-
burg, Netherlands and the European Commission successfully co-operate with Austria, 
Liechtenstein, the Belgian region of Wallonia and Italy. Focal points of work are sustainable 
development of the Rhine, its alluvial areas and the good state of all waters in the watershed. 

International Commission for the Protection of the Rhine (ICPR) 

Within the framework of the international Commission for the Protection of the Rhine [127], a 
monitoring station is operated jointly with the German state of Baden-Württemberg in Weil 
am Rhein [52]. A number of initial and new POPs are included in the frequent analysis of 
water and suspended solids.  

Apart from the above mentioned POPs Aldrin, Dieldrin, Endrin, Heptachlor, Mirex and Trans-
Chlordane were measured in suspended solids in one up to six years. None of the sub-
stances was detected above the quantification limit of 1 µg/kg d.w. Further measurements 
were not considered necessary  

PeCB was analyzed in water samples in 1995 but was not detected above the quantification 
limit of 0.002 µg/l. 

ICPR published an evaluation of the data from 1990 – 2006 and 1990 - 2008 to compare 
them with the ICPR quality criteria for the Rhine which were defined with respect to drinking 
water quality and ecosystem function, among others. Combined concentrations in water and 
suspended solids are considered for the comparison [61][62]. Only for some of the POPs 
quality criteria are defined. For the substances Aldrin, Dieldrin, Endrin, DDT and its metabo-
lites, alpha-HCH, beta-HCH and HCB concentrations were all at least 50% below the thres-
hold value. Concentrations of Lindane and different PCB congeners were below or around 
the threshold value. Generally, concentrations measured in Weil am Rhein were consi-
derably lower than those measured at other monitoring stations further downstream in Ger-
many or the Netherlands. 

In 2009, a sediment management plan for the Rhine was compiled by ICPR. No areas in 
Switzerland or near the Swiss border were classified as areas of concern or risk areas [60]. 
This is in accordance with a study commissioned by FOEN on the state of Rhine sediments 
in Switzerland [63].  

Measurements at the ICPR monitoring stations were continued since 2010, however data for 
the following years are not yet available. The substances to be measured were revised in 
2011 to adapt the monitoring programme to current knowledge [59].  
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The following substances always met the quality criteria for all stations along the Rhine. 
Therefore, measurements of these substances will only be performed every six years: Aldrin, 
Dieldrin, Endrin,alpha-HCH, beta-HCH, DDT and its metabolites. 

Part of the current regular monitoring programme are: 

• Brominated diphenylethers 

• HCB 

• PCBs 

• Lindane 

For PeCB an inclusion in the programme is evaluated. The reason why it was not included in 
the list in 2011 was an insufficient limit of quantification.  

 

Tab. 4 Overview of monitoring data for several POPs in water and suspended solids from the station in Weil 
am Rhein 

Pollutant Median Max. Limit of -
quantifica-
tion (LOQ) 

Number 
of sam-
ples 

% above 
LOQ  

Sampling 
period 

Water measurements  

Lindane (µg/l) <0.002 0.01 0.002 350 0.6 1995 - 2010 

PFOS (ng/l)2 10.1 13 not reported 4 100 2010 

Particle measurements (µg kg-1 d.w.) 

PBDEs1 <0.6 2.1 0.3 – 0.8 336 21 2007 - 2010 

Alpha-HCH <1 86 1 281 44 1995 - 2006 

Beta-HCH <1 43 1 / 10 101 13 1995 - 1999 

Lindane <1 10 1 / 0.5 311 12 1995 - 2010 

HCB 3.8 103 1 362 90 1995 - 2010 

PeCB 1.1 17.5 1 / 0.5 286 60 1995 - 1996 
2000 - 2010 

4,4’-DDT3  1.2 66 1 362 58 1995 - 2010 

PCBs4 1.7 20 1 2533 66 1995 - 2010 

1  Six congeners from tri- to hexaBDEs, values for the individual congeners were evaluated. 
2  Measurements were also performed in 2008 and 2009, but the limit of quantification was too high (10 ng/l) and 

thus PFOS were not detected.  
3  Data for metabolites are not shown. 
4 Seven PCB congeners (28, 52, 101, 118, 138, 153, 180), values the for individual congeners were evaluated.  
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The main role of CIPEL, an official Franco-Swiss organisation, is to survey the evolution of 
the water quality of Lake Geneva and its tributaries. It issues recommendations to Swiss and 
French governments, encouraging them to take measures to combat the sources of pollution; 
it contributes towards the coordination of water policy for the Lake Geneva basin and pro-
motes public awareness of the importance of water protection. 

International Commission for the Protection of Lake Geneva (CIPEL) 

In the framework of the CIPEL action plan for 2001 – 2010 [37], concentrations of PCBs, 
PBDEs and PFOS were measured in fish. Based on the results, the placing on the market of 
one species of fish above a certain size was prohibited. Based on the new action plan for 
2011 – 2020 [38], efforts to evaluate and reduce the effects of micropollutants will be contin-
ued.   

International Commission for the protection of Lake Constance

The main role of IGKB, an official German-Austrian-Swiss organisation, is to make a joint 
effort to improve water quality of Lake Constance and its tributaries. 

 (IGKB - Internationale 
Gewässerschutzkommission für den Bodensee) 

In a campaign to monitor water quality in 2008, PFOS were detected in the water phase at 
average concentrations of 7 ng/l. The maximum concentration was 40 ng/l. In the following 
year, water samples from tributaries of Lake Constance were analyzed. Highest PFOS con-
centrations were found in Swiss tributaries in the river Steinach (up to 400 ng/l) [57].  

Also within the framework of IGKB, a study on surface sediments in Lake Constance was 
conducted in 2003 - 2006 [58]. Organochlorine POPs such as HCB, alpha-HCH, beta-HCH, 
Lindane and DDT and its metabolites were not found any more in surface sediments (quanti-
fication limit 2 µg/kg d.w.) while these substances had their peak concentrations in the 1960s 
– 1970s as shown by analyses in sediment cores. PCBs (sum of 6 congeners) were found in 
concentrations ranging from 1 – 11 µg/kg d.w. with two samples above the OSPAR trigger 
value of 10 µg/kg d.w. Concentrations had decreased on average to 6% of the maximum 
concentrations in sediment cores. For PCDD/PCDF values of about 2 – 9 TEQ/kg d.w. with 
one core showing values between 15 – 20 were found in surface sediments (dating from the 
early 90s to 2005). Concentrations of PCDDs/PCDFs had peaked in the 1970s with values 
up to ca. 35 TEQ/kg d.w. Results on organochlorine compounds, PCBs and PCDDs/PCDFs 
underline the successful reduction of emissions of these compounds. Only for PBDEs, sedi-
ment cores showed increasing concentrations towards the sediment surface.  

International Commission for the protection of the Italian-Swiss waters (CIPAIS – Commis-
sione Internazionale per la Protezione delle Acque Italo-Svizzere) 

The Italian-Swiss organisation CIPAIS is concerned with the quality of the Italian-Swiss wa-
ters [53]. For example, studies were performed on the presence and effects of DDT in Lago 
Maggiore (see also chapter 5.1.2). 

5.5.4 Specific monitoring campaigns 

Human milk survey  

In 2008/2009 Switzerland participated in the fifth round of the joint Stockholm Convention 
Secretariat / World Health Organization human milk survey [112]. The results showed that in 
Switzerland levels of POPs in human milk are similar to those in other European countries. 
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None of the results indicated a reason for concern with respect to breast feeding. Compari-
son with data on PCBs and PCDDs/PCDFs in human milk in 2002 showed a reduction by 
about 50% indicating that efforts in the reduction of exposure to these POPs were success-
ful.[6] 

The EU program on the Monitoring Network in the Alpine Region for POPs (POPAlp, pre-
viously MONARPOP), initiated in 2000, has already been discussed in the first NIP. The pro-
gramme focuses on understanding POP contamination in the Alps and has led to a range of 
scientific publications 

POPAlp 

[126]. Despite interest from Switzerland to continue the programme, it 
has currently been discontinued. 

Within the framework of the NAQUA National Groundwater Monitoring, a pilot study was 
conducted in 2007/2008 to determine levels of PFOS and other perfluorinated compounds in 
groundwater in Switzerland 

Pilot studies in the NAQUA and NADUF monitoring 

[98]. These compounds are so far not included in the standard 
monitoring programme. Two to three samples from 49 monitoring sites were analyzed for 
PFOS. PFOS was detected at 17 monitoring sites, 11 times below 10 ng/l and 6 times above 
10 ng/l. From the NAQUA pilot study, it was concluded that neither the detected concentra-
tions of PFOS nor of other perfluorated compounds constrain the use of groundwater as 
drinking water resource. 

In 2007, Switzerland participated in an EU Wide Monitoring Survey of Polar Persistent Pol-
lutants in European River Waters [69] which included monitoring of PFOS. For this survey 
water sampled at locations of the NADUF network were analyzed. The detected PFOS con-
centrations in the range of 10 – 50 ng/l in the rivers Glatt, Birs, Thur, Reuss, Limmat and 
Aare were similar to those measured in groundwater.  

Analysis of soils for organochlorine pesticides 

Triggered by some residues detected in vegetables, soils in the Canton Basel-Land were 
analyzed for organochlorine pesticides 

Monitoring of soils in the Canton Basel-Land 

[8]. 71 samples dating from 2001 to 2009 and from 
different soils with different use patterns were analyzed for Aldrin, alpha-HCH, beta-HCH, 
DDT and metabolites, Dieldrin, Endrin, Heptachlor, hexachlorbenzene and Lindane and 
some further organochlorine pesticides. All substances were detected in some samples. 
Highest values were detected in allotment gardens followed by vineyards. From the study it 
was concluded that no health risk resulted from the consumption of vegetables grown in al-
lotment gardens. Only for pumpkins, it was recommended as a precaution that it should be 
considered not to grow this vegetable due to its high uptake of organochlorine pesticides. 
Furthermore, it was recommended that children under four years should only play on ground 
that is well covered by grass to avoid pollutant ingestion together with soil.  

Hilber et al. (2008 

Analysis of horticultural soils 

[49]) conducted a study on organochlorine pesticides (OCP) residues in 
Swiss horticultural soil. Two surveys in 2002 and 2005 were performed to assess the levels 
of OCP in 41 Swiss horticultural fields under organic and conventional production and cor-
responding Cucurbitaceae fruits (cucumbers, zucchini, and pumpkin). The analyses revealed 
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that the production practice had no influence on the contamination or level of OCP in soil. 
OCP-loads per field ranged from <0.01 - 1.3 mg/kg dry soil and pentachloroaniline (2.1 
mg/kg), p,p'-DDT (0.5 mg/kg), and p,p'-DDE and Dieldrin (0.4 mg/kg) were the pesticides that 
were mostly detected in the soils. It is interesting to note that OCP are still found although 
they were applied about 40 years ago [49]. The monitoring was accompanied by a study on 
methods to minimize uptake of Dieldrin by cumumbers [50]. 

Environmental concentrations of POPs are determined in different compartments to assess 
remaining exposure of humans and the environment to these compounds and to monitor the 
success of continuous reduction of exposure. Beyond the assessment of exposure, research 
efforts are undertaken to further understand the environmental fate of POPs. Alpine regions 
in Switzerland can serve to assess distribution processes that are not directly linked to local 
anthropogenic sources.  

In a study in 2003, fish from remote alpine lakes were analyzed for PCBs, PCDDs/PCDFs, 
PBDEs and other POPs. Concentrations of PCBs, PCDDs/PCDFs, and PBDEs were in the 
same range as in fish from the major lakes situated in the Swiss plateau, indicating mainly 
atmospheric input of these persistent compounds [101].  

In the years 2006-2010, a range of experimental and modelling studies on glacial and non-
glacial lakes in the Swiss alps (Lake Oberaar, Lake Stein, Lake Engstlen) were conducted 
[102][17][12]. The studies confirmed the hypothesis that melting glaciers are a secondary 
source for POPs in alpine lakes. Some of the detected concentrations in lake sediment were 
higher than those at the time of use of these compounds. Due to low water solubility, the im-
pact of the released POPs is expected to be mainly local. No significant effects on the alpine 
lakes as water resources are expected [16]. The behavior of POPs in a glacial environment 
is currently being investigated in a project funded by the Swiss National Science Foundation 
(Accelerated release of persistent organic pollutants (POPs) from Alpine glaciers).  

DecaBDE has been shown to be susceptible to reductive debromination in the environment 
with subsequent formation of POP BDEs [41]. However, open questions remain regarding 
the role of debrominaton.  

Higher congeners such as decaBDE and nonaBDE may be precursors to tetraBDEs, penta-
BDEs, hexaBDEs, or heptaBDEs as PBDEs can be subject to debromination [128]. There-
fore, decaBDE may be a source for the POP PBDEs [72]. In the national survey from 2008 
[7], some samples still contained decaBDE which is currently only prohibited in electrical and 
electronic appliances.  

However, in the substance flow analysis from 2008, it was estimated that due to the modern 
waste management system implemented in Switzerland, emissions of decaBDE to the envi-
ronment through recycling, incineration and application of sewage sludge to soil are 10 times 
lower today than if no measures had been taken [72]. Thus, important emission reduction 
measures for decaBDE have already been implemented.  

5.5.5 Further need for monitoring 

Monitoring is important to control the effectiveness of the efforts to recuce exposure to POPs. 
Due to the global distribution of POPs, monitoring should be performed on a national and 
international level.  

In Switzerland continued monitoring work should focus on: 
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• Continuation and strengthening of the national monitoring programmes like NABO, 
NADUF and NAQUA with the inclusion of further POPs in the standard monitoring pro-
gramme, e.g. PFOS in NAQUA. 

• Continuation of the monitoring of international waters such as the Rhine within the frame-
work of international commissions. A continuation of the monitoring station in Weil am 
Rhein.   

• Further participation in Stockholm Convention / WHO surveys such as the human milk 
survey.  

Specifically, the following points should be considered with regard to the national monitoring 
programmes: 

Most of the POPs partition preferentially to the solid phase and partially elevated levels of 
organochlorine pesticides in soils have been found during a cantonal study [44]. Therefore, 
POPs should be included in the NABO monitoring programme. PFOS behave differently be-
cause they partition primarily into water and to interfaces between different phases. There-
fore, focus in the NADUF and NAQUA monitoring programmes should be on PFOS, while for 
other POPs such as PBDEs pilot studies should be conducted to evaluate if an inclusion in 
the programme is meaningful.  

Few concentrations of air measurements of POPs are available. However, for example a 
study on PBDEs has shown that POPs may be present at detectable levels in the atmos-
phere in Switzerland [77]. Therefore, an inclusion of POPs in the NABEL air monitoring pro-
gramme should be considered. 

As the main route of human exposure to POPs, due to their persistent and bioaccumulative 
properties, is fish consumption, continued efforts to monitor fish is advisable. 

 

5.6 Details of a relevant system for the assessment and listing of new chemicals 
The Chemicals Ordinance and the Ordinance on Plant Protection Products provide the legal 
basis for the assessment of PBT, vPvB or POP properties of new substances. 

Based on the Chemicals Ordinance (ChemO), PBT and vPvB properties have to be eva-
luated when new substances (substances that were placed on the market after 1981) are 
notified, which is similar to a REACH registration (see chapter 3.2). The duty for notification 
applies for new substances that are produced above 1 tonne per year.  

Furthermore, approval for active substances, synergists and safeners for the use in plant 
protection products can only be given for substances that are neither considered PBT, vPvB 
in accordance with Annex XIII of the REACH regulation nor POPs in accordance with the 
Stockholm Convention, except for the criterion on adverse effects (Annex II of the EU regula-
tion on plant protection products, 3.7) (see chapter 3.4). 

 

5.7 Details on any relevant system for the assessment and regulation of chemicals 
already in the market 
Even though Switzerland has not fully adopted all provisions of the REACH regulation for the 
assessment of substances already in the market, PBT and vPvB properties have to be con-



 

54 

 

sidered for by manufacturers and importers of chemicals within the obligation of self--
supervision according to Article 7 of the Chemicals Ordinance (see chapter 3.2).   

Furthermore, Switzerland participates in the OECD Co-operative Chemicals Assessment 
Programme [55] that was established based on the previous High Production Volume (HPV) 
Chemicals Programme. The focus of the programme is to agree OECD-wide on hazard as-
sessments of chemicals. The scope of the programme includes not only HPV chemicals, but 
also non-HPV, new and existing industrial chemicals. For the substances sponsored by Swit-
zerland see http://webnet.oecd.org/hpv/ui/SponsoredChemicals.aspx. 

 

5.8 Conclusions regarding the obligations 
The production and use of all POPs are banned in Switzerland apart from uses under spe-
cific exemptions and acceptable purposes for PFOS. Most of the POPs have already been 
banned in Switzerland even before the inclusion of the substance in the Stockholm Conven-
tion; the remainder were regulated with the 2010 revision of the Ordinance on Chemical Risk 
Reduction (ORRChem). The exemptions for use of PFOS will be further restrained with the 
next revision of the ORRChem. Furthermore, appropriate measures to reduce production of 
Annex C POPs are implemented.  

The only relevant remaining sources for Annex A POPs are products that are still in use (e.g. 
in old buildings) and have not yet been disposed of, as well as landfills and contaminated 
sites. Stringent criteria are defined for disposal of waste in landfills. POP containing waste is 
usually disposed of by incineration. All potential contaminated sites in Switzerland have been 
assessed and, if necessary, remediation has been performed or is planned. 

Monitoring and research work on a national and international level to assess the presence of 
POPs in the environment and to understand their distribution and effects has led to increased 
knowledge on POPs. Work in this area is ongoing. 

The public is informed about the POPs issues and related activities in a number of ways. 
Various reports have been published by the authorities including monitoring and research 
reports. Furthermore, data on current emissions by certain industries are contained in the 
Swiss Pollutant Release and Transfer Register (SwissPRTR) which is publicly available. 

Therefore, Switzerland fulfills all obligations of the Stockholm Convention. Specifically, obli-
gations regarding the reduction and elimination of releases from intentional production and 
use, from unintentional production and from stockpiles and waste are fulfilled. Furthermore, 
the public is appropriately informed and research and monitoring efforts are ongoing. 

  

http://webnet.oecd.org/hpv/ui/SponsoredChemicals.aspx�
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6 National action plan 

An important instrument of the Stockholm Convention to achieve its goals is the obligation for 
parties to develop a national action plan (NAP) and subsequently implement it as part of its 
implementation plan. (See article 5, (a)). 

Switzerland’s first national implementation plan, submitted in 2005 (accessible on 
http://chm.pops.int/ by selecting >«IMPLEMENTATION» >«NIPs» >«NIP Submissions» 
>«Transmission of the first NIP»), includes a national action plan for the 12 initial POPs. It 
described measures already taken as well as planned measures. Many of the planned meas-
ures have meanwhile been implemented and are described in chapter 5 of the updated NIP. 

As nine new POPs have been added to the Convention by the fourth meeting of the Confe-
rence of the Parties (COP4), the decision was taken to update and expand the first NAP with 
the latest insight into the 12 initial POPs and a description of the action regarding the nine 
new POPs. The updated NAP covers the period 2005 to 2012. 

6.1 
Already in 2010 Switzerland has implemented bans and restrictions for the production and 
use for the 9 new POPs in the Chemical Risk Reduction Ordinance (ORRChem) in order to 
comply with the Stockholm Convention (see table 1, chapter 3.1). Only for the use of PFOS 
exemptions are granted by the ORRChem. In line with the national legislation, in 2011 spe-
cific exemptions and acceptable purposes have been registered only for the use of PFOS. 
Since Switzerland doesn’t produce PFOS no exemption is needed for this category. 

Legislation 

Currently Switzerland is preparing an adaptation of ORRChem to the EU Regulation No 
850/2004 as amended by the Commission Regulation No 757/2010 (see table 2). It can be 
considered as a first step of Switzerland’s final goal to eliminate all remaining uses of PFOS 
and other POPs, and to strengthen its legislation with regard to substances with POP charac-
teristics. 

With this amendment Switzerland aims at eliminating the registered specific exemptions and 
keep only the acceptable purposes. By 2015 the PFOS specific exemptions are no longer 
needed since the use of PFOS as wetting agent in controlled electroplating systems will be 
banned by 31.8.2015, the only allowed use of PFOS in the domain of electroplating will be as 
mist suppressant for non-decorative hard chromium(VI) plating in closed systems as men-
tioned in the registered acceptable purpose. 

A draft amendment of the ORRChem and the Chemicals Ordinance (ChemO) in the domain 
of industrial chemicals and chemicals and articles used by the general public shall ensure 
that substances with POP characteristics listed in annex XIV of the REACH regulation are 
banned unless exemptions have been granted by the EU or Swiss authorities.  

The Swiss Ordinance on Plant Protection Products (OPPP) has been revised and the autho-
rization process for new active substances now includes precautionary measures that will 
strongly help the elimination of substances that have POP characteristics (see 3.4). 

Similarly to the OPPP the Swiss Ordinance on the Placing on the Market and Handling of 
Biocidal Products is intended to be revised: e.g. new active ingredients that are being as-
sessed and turn out to have PBT or vPvB properties as defined in REACH Annex XIII shall 
not be authorized (see 3.3). 

http://chm.pops.int/�
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6.2 
In addition to the enforcement activities that have already been implemented earlier and de-
scribed in the first NIP in subchapters 2.2.5 and 3.4, Switzerland is taking further action to 
enforce the regulatory obligations and phase-out of POPs. These efforts comprise in partic-
ular: 

Enforcement 

• the development and validation of state-of-the-art analytical techniques to be applied by 
cantonal enforcement authorities for market surveys of POPs in articles and for legal 
compliance investigations; 

• the planning and conducting of market surveys by cantonal enforcement authorities to 
control whether or not existing bans and restrictions of POPs in preparations and articles 
are respected by market actors; 

• conducting of controls by cantonal enforcement authorities whether or not the legal re-
quirements regarding banned uses of POPs, notification obligations for allowed uses, and 
required practices for the safe disposal of POPs containing materials are respected by re-
sponsible actors; 

• developing an inventory of existing stocks of PFOS containing fire-fighting foams by the 
FOEN based on notifications and analytical determination of the PFOS-content in foam 
products; 

• the enforcement of notification obligations for the use of PFOS and PFOS containing 
preparations and ensure that the products are used in accordance with the registered 
specific exemptions and acceptable purposes reflected in the ORRChem; 

• completion of the phase-out of PCB containing capacitors in low-voltage electrical installa-
tions through systematic controls of these installations by inspectors; 

• the development of a guidance report for identification of PCB-contaminated sites based 
on historical information and inventories of the cantons. 

6.3 
Within the research networks among the Federal Institutes of Technology ETH Zurich and 
EPFL, the federal research institutes PSI, WSL, Empa and Eawag, the universities and uni-
versities of applied sciences various research projects on initial and new POPs issues are 
ongoing or in preparation. Some of these project are mentioned hereafter as examples: 

Research and Development 

Emissions, fate, and mass balance of POPs in Switzerland:  
Primary emissions of regulated POPs have certainly decreased in Switzerland and other in-
dustrialized countries. However, the ongoing presence of POPs in former applications and 
continuing emissions represent major knowledge gaps. Current primary emissions of POPs, 
remaining reservoirs in former POP-applications, the relevance of secondary sources com-
pared to primary sources, mass fluxes between environmental reservoirs and amounts 
stored in these reservoirs (air, soil, water), as well as the relevance of recently discovered 
POP-sources (for instance melting glaciers), are issues which will be investigated within this 
project in 2012-2014. Data on reservoirs, emissions, transport and environmental fate of se-
lected POPs and candidate POPs (PCBs, polybrominated diphenylethers, hexabromocyclo-
dodecane, short-chain chlorinated paraffins) will be collected and a multicompartment model 
is developed and applied to calculate fluxes, distribution between environmental compart-
ments and mass balances. 
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Pilot study on the behaviour of PCBs and PCDDs/PCDFs in a ferrous metal scrap smelter:
  
PCB containing anticorrosive coatings of steel construction can be a source of contamination 
of the environment with PCBs and PCDDs/PCDFs during decomposition, and recycling op-
erations of such steel constructions. The first step which consists of grit cleaning or removing 
of PCB containing coatings with other abrasive methods can cause significant exposure of 
workers with PCBs and PCDDs/PCDFs as well as environmental pollution with these POPs. 
As an option the critical operation of removing PCB-containing coatings is skipped and PCB-
contaminated steel scrap is used in a pilot study directly as raw material for the production of 
high-quality structural and reinforcing steels in an electric shaft furnace, which is equipped 
with state-of-the-art flue-gas cleaning technology. Concentrations of PCBs in the coating of 
the steel scrap and PCBs and PCDDs/PCDFs in the clean off-gas and in the residues of the 
flue-gas cleaning system will be analyzed and the elimination rate of PCBs as well as emis-
sions of PCBs and PCDDs/PCDFs will be determined and compared with emissions when 
non-contaminated scrap is processed. 

Early recognition of POPs and POP-like substances:  
Hazardous properties, exposure and risk potential of POPs have been identified in the past 
after these chemicals have been already manufactured and used for decades and the POPs 
were distributed globally. It is widely accepted that early identification of POPs and POPs-like 
properties of chemicals would be beneficial and is a useful measure of precaution. The 
project is aimed at developing a concept to identify chemical substances which are expected 
to have properties as POPs, PBTs or vPvB and could be of concern because relevant expo-
sure of humans and environment is anticipated based on volumes and types of uses of the 
particular substances. The concept will be based on four modules: (1) a comprehensive da-
tabase of substances (CAS numbers, names, structural information), (2) compilation of phys-
ical-chemical property data and hazard information and (3) modeling of environmental beha-
vior and (4) drawing-up of a spot sampling and analytical screening design for the de-
termination of selected priority substances in environmental compartments. 

6.4 
Switzerland is currently evaluating to include some of the POPs in the parameters lists of 
existing monitoring networks NABEL, NAQUA, NADUF and NABO. 

Monitoring 

Depending on the properties of the new POPs and their behavior in the environment the 
consideration of their inclusion in monitoring programs occurs in a targeted way: 

Possible inclusion of: 

• PFOS in the water monitoring NAQUA and NADUF 
• Relevant organochlorine POPs in soil monitoring NABO 
• PBDEs in air monitoring NABEL 
• Relevant POPs such as BDEs, PFOS in fish measurements campaigns 

Concentrations and mass flows of PCBs, PBDEs, and hexabromocyclododecane in electrical 
and electronic scrap have been determined in two pilot studies in 2003 and 2011 in order to 
evaluate the effectiveness of legislative measures and the national waste management poli-
cy and to monitor the changes of contamination of waste electric and electronic scrap over 
time. 
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It has been recognized that guidance is needed for sampling, samples preparation and ana-
lysis of PCBs in the aqueous phase and in sediments of river systems. Based on the out-
come of sampling campaigns in three rivers using sediment samples and polymethyldi-
siloxane passive samplers a report is currently in preparation which presents the results of 
the PCB and PCDD/PCDF analyses, describes the methods that have been used and pro-
vides recommendations for future investigations. The report will support the cantons to iden-
tify sources of contamination of PCBs in river systems from contaminated sites. 

As already mentioned in earlier chapters (5.5.3, 5.5.4) Switzerland is involved in several in-
ternational chemicals monitoring programs including POPs, participations in further monitor-
ing programs or campaigns are considered. 

  



 

59 

 

7 References  

The following documents and information sources have been used for the compilation of this 
report: 

[1] Answer of the Federal Council on 18.02.2009 to the interpellation 08.3926 concerning 
distribution of PCBs and their disposal. 
http://www.parlament.ch/d/suche/seiten/geschaefte.aspx?gesch_id=20083926 

[2] BAFU / BAG. 2008. PCB-Belastung von Fischen: Empfehlungen an die Kantone; 
http://www.news.admin.ch/NSBSubscriber/message/attachments/14687.pdf 

[3] BAFU 2009. Ergebnisse der Grundwasserbeobachtung Schweiz (NAQUA). Zustand 
und Entwicklung 2004–2006. Umwelt-Zustand Nr. 0903. Bundesamt für Umwelt, Bern. 
144 S. 

[4] BAFU. 2012. Erläuternder Bericht zur Änderung der Verordnung zur Reduktion von 
Risiken beim Umgang mit bestimmten besonders gefährlichen Stoffen, Zubereitungen 
und Gegenständen, Chemikalien-Risikoreduktions-Verordnung (ChemRRV), Stand: 
23.1.2012. 

[5] BAFU. 2010. Erläuternder Bericht zur Änderung der Verordnung zur Reduktion von 
Risiken beim Umgang mit bestimmten besonders gefährlichen Stoffen, Zubereitungen 
und Gegenständen, Chemikalien-Risikoreduktions-Verordnung (ChemRRV), Stand: 
18.10.2010. 

[6] BAFU. 2011. Schweiz beteiligt sich an WHO/UNEP-Studie zur Messung von POPs in 
Muttermilch, 16.03.2011, Referenz/Aktenzeichen: J442-2208. 

[7] Bantelmann E, Ammann A, Näf U, Tremp J. 2010. Brominated flame retardants in pro-
ducts: Results of the Swiss market survey 2008, BFR2010, Kyoto, Japan, April 7−9, 
2010; http://http://www.bfr2010.com/abstract-download/2010/90004.pdf  

[8] Bau- und Umweltschutzdirektion Kanton Basel-Land, Amt für Umweltschutz und Ener-
gie. 2010. Statusbericht zur Belastung der Baselbieter Böden mit Organochlorpestizi-
den, Liestal, August 2010.  

[9] Bau- und Umweltschutzdirektion Kanton Basel-Land, Amt für Umweltschutz und Ener-
gie, Weiteres Vorgehen Lörzbach, 21.12.2011; 
http://www.baselland.ch/fileadmin/baselland/files/docs/bud/aue/altlasten/loerzbach_info
_2011-12-21.pdf 

[10] Bogdal C, Gerecke A, Schmid P. 2008. BFR in der Schweiz, BAFU-Workshop, 
1.9.2008, 
http://www.nrp50.ch/fileadmin/user_upload/Dokumente/Events/Ch_Bogdal_A_Gerecke
_BAFU_NFP50_080901.pdf, last accessed 6 June 2012. 

[11] BLW. 2009. Erläuterungen zur Totalrevision der Pflanzenschutzmittelverordnung 
(PSMV, SR 916.161), 26.10.2009, 
http://www.admin.ch/ch/d/gg/pc/documents/1770/Bericht.pdf  

[12] Bodgal C, Nikolic D, Lüthi MP, Schenker U, Scheringer M, Hungerbühler K. 2010. Re-
lease of Legacy Pollutants from Melting Glaciers: Model Evidence and Conceptual Un-
derstanding, Environ. Sci. Technol. 44: 4063–4069. 

[13] Bogdal C, Schmid P, Kohler M, Müller CE, Iozza S, Bucheli TD, Scheringer M, Hun-
gerbühler K. 2008. Sediment record and atmospheric deposition of brominated flame 
retardants and organochlorine compounds in Lake Thun, Switzerland: lessons from the 
past and evaluation of the present. Environ Sci Technol. 42(18): 6817-22. 

http://www.parlament.ch/d/suche/seiten/geschaefte.aspx?gesch_id=20083926�
http://www.news.admin.ch/NSBSubscriber/message/attachments/14687.pdf�
http://www.bfr2010.com/abstract-download/2010/90004.pdf�
http://www.baselland.ch/fileadmin/baselland/files/docs/bud/aue/altlasten/loerzbach_info_2011-12-21.pdf�
http://www.baselland.ch/fileadmin/baselland/files/docs/bud/aue/altlasten/loerzbach_info_2011-12-21.pdf�
http://www.nrp50.ch/fileadmin/user_upload/Dokumente/Events/Ch_Bogdal_A_Gerecke_BAFU_NFP50_080901.pdf�
http://www.nrp50.ch/fileadmin/user_upload/Dokumente/Events/Ch_Bogdal_A_Gerecke_BAFU_NFP50_080901.pdf�
http://www.admin.ch/ch/d/gg/pc/documents/1770/Bericht.pdf�


 

60 

 

[14] Bogdal C, Schmid P, Kohler M, Müller CE, Iozza S, Bucheli TD, Scheringer M, Hun-
gerbühler K., Sediment record and atmospheric deposition of brominated flame retar-
dants and organochlorine compounds in Lake Thun, Switzerland: lessons from the past 
and evaluation of the present. Environ Sci Technol. 2008 Sep 15;42(18):6817-22. 

[15] Bogdal, C., Scheringer, M., Schmid, P., Bläuenstein, M., Kohler, M., Hungerbühler, K., 
2010. Levels, fluxes and time trends of persistent organic pollutants in Lake Thun, 
Switzerland: Combining trace analysis and multimedia modeling. Sci. Total Environ. 
408, 3654-3663. 

[16] Bogdal C, Schmid P, Bluthgen N, Anselmetti FS. 2011. Gletscher als Speicher und 
Quellen von langlebigen Schadstoffen. Korrespondenz Wasserwirtschaft 2011 (4) 
Nr. 2. 

[17] Bogdal C, Schmid P, Zennegg M, Anselmetti FS, Scheringer M, Hungerbühler K. 2009. 
Blast from the Past: Melting Glaciers as a Relevant Source for Persistent Organic Pol-
lutants. Environ. Sci. Technol 43: 8173–8177. 

[18] Brändli RC, Bucheli TD, Kupper T, Furrer R, Stahel WA, Stadelmann FX, Tarradellas J. 
2007. Organic pollutants in compost and digestate. Part 1. Polychlorinated biphenyls, 
polycyclic aromatic hydrocarbons and molecular markers. J Environ Monit. 9(5): 456-
64. 

[19] Brändli RC, Kupper T, Bucheli TD, Zennegg M, Huber S, Ortelli D, Müller J, Schaffner 
C, Iozza S, Schmid P, Berger U, Edder P, Oehme M, Stadelmann FX, Tarradellas J. 
2007. Organic pollutants in compost and digestate. Part 2. Polychlorinated dibenzo-p-
dioxins, and -furans, dioxin-like polychlorinated biphenyls, brominated flame retardants, 
perfluorinated alkyl substances, pesticides, and other compounds. J Environ Monit. 
9(5): 465-72. 

[20] Bundesamt für Gesundheit (BAG). 2008. Dioxine und PCB in Schweizer Lebensmitteln, 
http://www.bag.admin.ch/themen/lebensmittel/04861/04911/index.html?lang=de, 
download of the report (PDF, in German) 

[21] Bundesamt für Gesundheit (BAG). 2010. Dioxine und PCB in in Fisch und Meeres-
früchten, 
http://www.bag.admin.ch/themen/lebensmittel/04861/04911/index.html?lang=de, 
download of the report (PDF, in German) 

[22] Bundesamt für Gesundheit (BAG). 2011. Dioxine und PCB in pflanzlichen Ölen und 
Fetten, 
http://www.bag.admin.ch/themen/lebensmittel/04861/04911/index.html?lang=de, 
download of the report (PDF, in German) 

[23] Bundesamt für Umwelt BAFU und Agroscope FAL Reckenholz. 2003. Methode zur 
Quantifizierung von polyzyklischen aromatischen Kohlenwasserstoffen (PAK) und po-
lychlorierten Biphenylen (PCB) in Böden des nationalen Bodenbeobachtungsnetzes 
(NABO). Beschreibung und Validierung, Version 1.0, 28. November 2003. 

[24] Bundesamt für Umwelt BAFU. 2003. Richtlinie PCB-haltige Fugendichtungsmassen. 
Beurteilung des Handlungsbedarfs und Empfehlungen für das Vorgehen bei Bauten. 

[25] Bunge R und Fierz R. 2007. Dioxinentfernung aus KVA-Filterasche. Umwelt Perspek-
tiven, Ausgabe Februar: 27-29. www.umweltperspektiven.ch/  

[26] Bundesamt für Umwelt BAFU. 2010. Pilotprojekt- Einschmelzen von PCB-belasteten 
Metallteilen im Lichtbogenofen der Stahl Gerlafingen AG: Ermittlung der Emissionen 
von PCB, PCDD, PCDF und PAK, amtsinterner Bericht, verfasst von Leuenberger 
Energie- und Umweltprojekte, März 2010. 

http://www.bag.admin.ch/themen/lebensmittel/04861/04911/index.html?lang=de�
http://www.bag.admin.ch/themen/lebensmittel/04861/04911/index.html?lang=de&download=NHzLpZeg7t,lnp6I0NTU042l2Z6ln1acy4Zn4Z2qZpnO2Yuq2Z6gpJCGe4F,gWym162epYbg2c_JjKbNoKSn6A--�
http://www.bag.admin.ch/themen/lebensmittel/04861/04911/index.html?lang=de�
http://www.bag.admin.ch/themen/lebensmittel/04861/04911/index.html?lang=de&download=NHzLpZeg7t,lnp6I0NTU042l2Z6ln1acy4Zn4Z2qZpnO2Yuq2Z6gpJCJeIN2g2ym162epYbg2c_JjKbNoKSn6A--�
http://www.bag.admin.ch/themen/lebensmittel/04861/04911/index.html?lang=de�
http://www.bag.admin.ch/themen/lebensmittel/04861/04911/index.html?lang=de&download=NHzLpZeg7t,lnp6I0NTU042l2Z6ln1acy4Zn4Z2qZpnO2Yuq2Z6gpJCKdIR7fWym162epYbg2c_JjKbNoKSn6A--�
http://www.umweltperspektiven.ch/�


 

61 

 

[27] Bundesamt für Umwelt BAFU. 2010. Polychlorierte Biphenyle (PCB) in Gewässern der 
Schweiz. Daten zur Belastung von Fischen und Gewässern mit PCB und Dioxinen, Si-
tuationsbeurteilung.  

[28] Bundesamt für Umwelt, Wald und Landschaft BUWAL; heute

[29] Bundesamt für Umwelt, Wald und Landschaft BUWAL; 

: Bundesamt für Umwelt 
BAFU. 1997. Schriftenreihe Umwelt NR. 290. Dioxine und Furane: Standortbe-
stimmung – Beurteilungsgrundlagen – Massnahmen. 

heute

[30] Bundesamt für Umwelt,Wald und Landschaft / Bundesamt für Wasser und Geologie 
(Hrsg.) 2004. NAQUA – Grundwasserqualität in der Schweiz 2002/2003. Bern. 204 S. 

: Bundesamt für Umwelt 
BAFU. 2004. Umwelt-Materialien Nr. 172. Luft - Dioxin- und PAK-Emissionen der priva-
ten Abfallverbrennung. 

[31] Buser A, Morf L. 2009. Substance Flow Analysis of PFOS and PFOA. Perfluorinated 
surfactants, perfluorooctanesulfonate (PFOS) and perfluorooctanoic acid (PFOA) in 
Switzerland. Environmental studies no. 0922. Federal Office for the Environment, Bern: 
144 p.  

[32] Buser HR, Müller MD, Buerge IJ, Poiger T. 2009. Composition of aldrin, dieldrin, and 
photodieldrin enantiomers in technical and environmental samples, J Agric Food 
Chem. 2009 Aug 26;57(16): 7445-52. 

[33] Chemsuisse - Kantonale Fachstellen für Chemikalien. 2011. Kondensatorenverzeich-
nis. Erkennung und Entsorgung PCB-haltiger Kondensatoren. Überarbeitung 2010/11, 
http://www.chemsuisse.ch/downloads/kondensatorenverzeichnis-v3.1_d.pdf (German) 

[34] Chemsuisse - Kantonale Fachstellen für Chemikalien. 2011. Merkblatt PCB Allgemein. 
Information über PCB-haltige Kondensatoren und Transformatoren. Version 3.0 / Mai 
2011, http://www.chemsuisse.ch/downloads/pcb-allgemein-3.0.pdf (German) 

[35] Chemsuisse - Kantonale Fachstellen für Chemikalien. 2011. Merkblatt PCB Entsor-
gung. Entsorgung PCB-haltiger Geräte. Version 3.0 / Mai 2011, 
http://www.chemsuisse.ch/downloads/pcb-entsorgung-3.0.pdf (German) 

[36] Chemsuisse - Kantonale Fachstellen für Chemikalien. 2011. Merkblatt PCB Analysen. 
Analysen PCB-verdächtiger Geräte. Version 3.0 / Mai 2011, 
http://www.chemsuisse.ch/downloads/pcb-analysen-3.0.pdf (German) 

[37] Commission International pour la Protection des Eaux du Léman (CIPEL), Le Bilan du 
Plan d’Action 2001 – 2010 ; http://www.cipel.org/wp-content/uploads/2012/04/pa_01-
10_bilan_25-11-10.pdf 

[38] Commission International pour la Protection des Eaux du Léman (CIPEL). 2010. Plan 
d’Action 2011 – 2020; http://www.cipel.org/wp-content/uploads/2012/04/pa_11-
20_version_25-11-10.pdf 

[39] Commission Regulation (EU) No 1259/2011 of 2 December 2011 amending Regulation 
(EC) No 1881/2006 as regards maximum levels for dioxins, dioxin-like PCBs and non 
dioxin-like PCBs in foodstuffs (OJ L 320, 3.12.2011). 

[40] Commission Regulation (EU) No 1259/2011 of 2 December 2011 amending Regulation 
(EC) No 1881/2006 as regards maximum levels for dioxins, dioxin-like PCBs and non 
dioxin-like PCBs in foodstuffs, OJ. L 320, 3.12.2011, p. 18. 

[41] Debromination of brominated flame retardants. UNEP/POPS/POPRC.6/INF/20/Rev.1, 
2010, 
http://chm.pops.int/Convention/POPsReviewCommittee/POPRCMeetings/POPRC6/PO
PRC6Documents/tabid/783/Default.aspx  

http://www.chemsuisse.ch/downloads/kondensatorenverzeichnis-v3.1_d.pdf�
http://www.chemsuisse.ch/downloads/pcb-allgemein-3.0.pdf�
http://www.chemsuisse.ch/downloads/pcb-entsorgung-3.0.pdf�
http://www.chemsuisse.ch/downloads/pcb-analysen-3.0.pdf�
http://www.cipel.org/wp-content/uploads/2012/04/pa_01-10_bilan_25-11-10.pdf�
http://www.cipel.org/wp-content/uploads/2012/04/pa_01-10_bilan_25-11-10.pdf�
http://www.cipel.org/wp-content/uploads/2012/04/pa_11-20_version_25-11-10.pdf�
http://www.cipel.org/wp-content/uploads/2012/04/pa_11-20_version_25-11-10.pdf�
http://chm.pops.int/Convention/POPsReviewCommittee/POPRCMeetings/POPRC6/POPRC6Documents/tabid/783/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/POPRCMeetings/POPRC6/POPRC6Documents/tabid/783/Default.aspx�


 

62 

 

[42] Desaules A, Ammann S, Blum F, Brändli RC, Bucheli TD, Keller A. 2008. PAH and 
PCB in soils of Switzerland - status and critical review. J Environ Monit. 10(11): 1265-
77. 

[43] Desaules A, Ammann S, Blum F, Brändli R, Bucheli T. 2009. PAK- und PCB-Gehalte in 
Böden der Schweiz, Ergebnisse der Nationalen Bodenbeobachtung 1995/1999, 2009. 
www.nabo.admin.ch, Bibliographie Nr. 172. 

[44] European Food Safety Authority. 2008. Perfluorooctane sulfonate (PFOS), perfluoro-
octanoic acid (PFOA) and their salts. Scientific Opinion of the Panel on Contaminants 
in the Food chain (Question No EFSA-Q-2004-163). Adopted on 21 February 2008. 
The EFSA Journal, 653, 1-131. 

[45] Federal Office for the Environment FOEN, Stockholm Convention on Persistent Or-
ganic Pollutants (POPs) – Swiss National Implementation Plan, First Edition, Berne, 
April 2006. 

[46] Gasic B, Moeckel C, MacLeod M, Brunner J, Scheringer M, Jones KC, Hungerbühler 
K. 2009. Measuring and modeling short-term variability of PCBs in air and characteri-
zation of urban source strength in Zurich, Switzerland. Environ Sci Technol. 43(3): 769-
76. 

[47] GEO Partner AG. 2012. Bericht z. Hd. Bundesamt für Umwelt BAFU. Stoffflüsse aus-
gewählter Schwermetalle und organischer Verbindungen in elektrischen und elek-
tronischen Kleingeräten sowie deren Verteilung in den Outputgütern einer Elektronik-
schrott-Entsorgungsanlage (Nachfolge Immark-Studie). Entwurf vom 24.03.2012. 

[48] Gewässerschutzverordnung (GSchV) vom 28. Oktober 1998 (Stand am 1. August 
2011), SR 814.201. 

[49] Hilber I, Mäder P, Schulin R, Wyss GS. 2008. Survey of organochlorine pesticides in 
horticultural soils and there grown Cucurbitaceae. Chemosphere. 73(6):954-61. 

[50] Hilber, I. 2008. Reduction of Dieldrin Uptake by Cucumber (Cucumis sativus L.) Using 
Activated Charcoal Amended Soil. Dissertation No. 18167 ETH 

[51] Hofer D et al.: Identifikation von PCB-Punktquellen in Gewässernähe. Grundlagen für 
die Praxis. Umwelt-Wissen Nr.xxx, Bundesamt für Umwelt, Bern. available as draft. 

[52] http://www.aue.bs.ch/fachbereiche/gewaesser/rheinberichte/analysen-und-ergeb-
nisse.htm (last accessed on 27 April 2012). 

[53] http://www.cipais.org/ 
[54] http://www.nrp50.ch/fileadmin/user_upload/Dokumente/Events/Workshop_BFR_08090

1.pdf, last accessed 6 June 2012.  
[55] http://www.oecd.org/document/56/0,3746,en_2649_34379_47378552_1_1_1_1,00.htm

l (last accessed 27 April 2012).  
[56] Huset C A, Chiaia AC, Barofsky DF, Jonkers N, Kohler H-P, Ort C, Giger W, Field JA. 

2008. Occurrence and mass flows of fluorochemicals in the Glatt valley watershed, 
Switzerland. Environ. Sci. Technol. 42 (17): 6369-6377. 

[57] Igkb, Anthropogene Spurenstoffe im Bodensee und seinen Zuflüssen - IGKB-Bewer-
tung Stand Mai 2011, 
http://www.igkb.de/pdf/anthropogene_spurenstoffe_im_bodensee.pdf 

[58] Igkb, Bodensee Untersuchung Seeboden – Forschungsprojekt von 2003 – 2006, Be-
richt Nr. 56, http://www.igkb.de/pdf/blaue_berichte/blauer_bericht_56.pdf 

[59] IKSR-CIPR-ICBR, Rheinstoffliste 2011, 2011. 
http://www.iksr.org/uploads/media/189_d.pdf 

http://www.aue.bs.ch/fachbereiche/gewaesser/rheinberichte/analysen-und-ergebnisse.htm�
http://www.aue.bs.ch/fachbereiche/gewaesser/rheinberichte/analysen-und-ergebnisse.htm�
http://www.cipais.org/�
http://www.nrp50.ch/fileadmin/user_upload/Dokumente/Events/Workshop_BFR_080901.pdf�
http://www.nrp50.ch/fileadmin/user_upload/Dokumente/Events/Workshop_BFR_080901.pdf�
http://www.oecd.org/document/56/0,3746,en_2649_34379_47378552_1_1_1_1,00.html�
http://www.oecd.org/document/56/0,3746,en_2649_34379_47378552_1_1_1_1,00.html�
http://www.igkb.de/pdf/anthropogene_spurenstoffe_im_bodensee.pdf�
http://www.igkb.de/pdf/blaue_berichte/blauer_bericht_56.pdf�
http://www.iksr.org/uploads/media/189_d.pdf�


 

63 

 

[60] IKSR-CIPR-ICBR, Sedimentmanagementplan Rhein – Zusammenfassung, 2009, Be-
richt 175, http://www.iksr.org/uploads/media/Bericht_Nr_175d_01.pdf 

[61] IKSR-CIPR-ICBR, Vergleich des Istzustandes mit dem Sollzustand des Rheins 1990 
bis 2006, 2010, Bericht 180; http://www.iksr.org/uploads/media/Bericht_180d.pdf 

[62] IKSR-CIPR-ICBR, Vergleich des Istzustandes mit dem Sollzustand des Rheins 1990 
bis 2008, 2011, Bericht 193; http://www.iksr.org/uploads/media/193_d__03.pdf 

[63] Kleikemper J, Gälli R (BMG Engineering AG). 2007. Sedimente am Hochrhein, im Auf-
trag des BAFU, März 2007. 
http://www.bafu.admin.ch/gewaesserschutz/01267/01269/01274/ 

[64] Kant. Laboratorium BS, Brominated flame retardants in plastic articles, 02.04.2009, 
http://www.kantonslabor-bs.ch/files/berichte/KunststoffgegenstBromFlamm.pdf 

[65] Kantonales Laboratorium Basel-Stadt. 2006. Milch / Dioxine und dioxinähnliche Verbin-
dungen. Gemeinsame Kampagne der Kantonalen Laboratorien und dem Bundesamt 
für Gesundheit (Schwerpunktslabor). DioxinMilch2006.doc 

[66] Kohler M, Tremp J, Zennegg M, Seiler C, Minder-Kohler S, Beck M, Lienemann P, 
Wegmann L, Schmid P. 2005. Joint sealants: an overlooked diffuse source of polychlo-
rinated biphenyls in buildings. Environ Sci Technol. 39(7): 1967-73. 

[67] Kohler M, Zennegg M, Bogdal C, Gerecke AC, Schmid P, Heeb NV, Sturm M, Vonmont 
H, Kohler HP, Giger W. 2008. Temporal trends, congener patterns, and sources of 
octa-, nona-, and decabromodiphenyl ethers (PBDE) and hexabromocyclododecanes 
(HBCD) in Swiss lake sediments, Environ. Sci. Technol. 42(17): 6378-84.  

[68] Kuhn E, Frey T, Arnet R, Känzig A. 2004. Bromierte Flammschutzmittel in Kunststoff-
produkten des Schweizer Marktes, Bundesamt für Umwelt, Wald und Landschaft 
BUWAL, Umweltmaterialien Nr. 189, 2004. 

[69] Loos R, Gawlik B.M, Locoro G, Rimaviciute E, Contini S, Bidoglio G. 2008. EU wide 
monitoring survey of polar persistent pollutants in European river waters. JRC Scientific 
and Technical Reports. EUR 23568 EN, 
http://publications.jrc.ec.europa.eu/repository/handle/111111111/7489  

[70] van den Berg M, Birnbaum LS, Denison M, De Vito M, Farland W, Feeley M, Fiedler H, 
Hakansson H, Hanberg A, Haws L, Rose M, Safe S, Dieter Schrenk D, Tohyama C, 
Tritscher A, Tuomisto J, Tysklind M, Walker N, Peterson RE. 2006. The 2005 World 
Health Organization Re-evaluation of Human and Mammalian Toxic Equivalency Fac-
tors for Dioxins and Dioxin-like Compounds. Toxicol. Sci. 93(2): 223–241. 

[71] Morf L, Taverna R. 2004. Metallische und nichtmetallische Stoffe im Elektronikschrott – 
Stoffflussanalyse, Schriftenreihe Umwelt Nr. 374, Bundesamt für Umwelt, Wald und 
Landschaft (BUWAL), Berne, 2004.  

[72] Morf LS, Buser A, Taverna R, Bader H-P, Scheidegger R. 2008. Dynamic substance 
flow analysis as a valuable risk evaluation tool – a case study for brominated flame re-
tardants as an example of potential endocrine disrupters. Chimia 62(5): 424–431. 

[73] Morf LS, Tremp J, Rolf Gloor R, Huber Y, Stengele M, Zennegg M. 2005. Brominated 
flame retardants in waste electrical and electronic equipment: Substance flows in a re-
cycling plant, Environ. Sci. Technol. 39: 8691-8699. 

[74] Morf, LS, Smutny R, Taverna R, Daxbeck H. 2003. Selected polybrominated flame 
retardants PBDEs and TBBPA: Substance flow analysis, Environmental Series No. 
338, Swiss Agency for the Environment, Forests and Landscape (SAEFL), Berne, 
2003. 

http://www.iksr.org/uploads/media/Bericht_Nr_175d_01.pdf�
http://www.iksr.org/uploads/media/Bericht_180d.pdf�
http://www.iksr.org/uploads/media/193_d__03.pdf�
http://www.bafu.admin.ch/gewaesserschutz/01267/01269/01274/�
http://publications.jrc.ec.europa.eu/repository/handle/111111111/7489�


 

64 

 

[75] Mueller CE, Gerecke AC, Alder AC, Scheringer M, Hungerbuehler K. 2011. Identifica-
tion of perfluoroalkyl acid sources in Swiss surface waters with the help of the artificial 
sweetener acesulfame, Environ. Pollution 159: 1419-1426. 

[76] Mueller CE, Spiess N, Gerecke AC, Scheringer M, Hungerbuehler K. 2011, Quantifying 
diffuse and point inputs of perfluoroalkyl acids in a nonindustrial river catchment, Envi-
ron. Sci. Technol. 45(23): 9901-9. 

[77] Müller CE. 2011. Poly‐ and perfluorinated compounds in the environment: Integrative 
study of sources, transport and biomagnification, DISS. ETH NO. 19978.  

[78] Müller E, Widmer R, (Empa). 2010. Materialflüsse der elektrischen und elektronischen 
Geräte in der Schweiz, im Auftrag des BAFU. 

[79] Moermond CTA, Verbruggen EMJ, Smit CE, National Institute for Public Health and the 
Environment (RIVM. 2010. Environmental risk limits for PFOS, a proposal for water 
quality standards in accordance with the Water Framework Directive, Report 
601714013/2010. 

[80] Ordinance on Air Pollution Control (OAPC) of 16 December 1985, Status as of 15 July 
2010, SR 814.318.142.1. 

[81] Ordinance on Contaminants and Ingredients in Food of 26 June 1995, status as of 
7 May 2012; Verordnung des EDI über Fremd- und Inhaltsstoffe in Lebensmitteln 
(Fremd- und Inhaltsstoffverordnung, FIV) vom 26. Juni 1995, Stand am 7. Mai 2012, 
SR 817.021.23. 

[82] Ordinance on Low-Voltage Electrical Installations of 7 November 2001, status as of 
1 January 2010, SR 734.27.  

[83] Ordinance on Protection against Dangerous Substances and Preparations (Chemicals 
Ordinance (ChemO)) of 18 May 2005, status as of 1 January 2012, SR.813.11. 

[84] Ordinance on Risk Reduction related to the Use of certain particularly dangerous Sub-
stances, Preparations and Articles (Ordinance on Chemical Risk Reduction, ORR-
Chem) of 18 May 2005, status as of 1 August 2011, SR 814.81. 

[85] Ordinance on security and Health Protection for Employees during Construction Work 
(Ordinance on Construction Work) of 29 June 2005, status as of 1 November 2011; 
Verordnung über die Sicherheit und den Gesundheitsschutz der Arbeitnehmerinnen 
und Arbeitnehmer bei Bauarbeiten (Bauarbeitenverordnung, BauAV) vom 29. Juni 
2005, Stand am 1. November 2011, SR 832.311.141.  

[86] Ordinance on the Placing on the Market and Handling of Biocidal Products (Ordinance 
on Biocidal Products, OBP) of 18 May 2005, status as of 15 April 2012, SR 813.12. 

[87] Ordinance on the Placing on the Market of Plant Protection Products (Ordinance on 
Plant Protection Products, OPPP) of 12 May 2010, status as of 1 July 2011; Verord-
nung über das Inverkehrbringen von Pflanzenschutzmitteln (Pflanzenschutzmittel-
verordnung, PSMV) vom 12. Mai 2010, Stand am 1. Juli 2011, SR 916.161.  

[88] Ordinance on the Register relating to Pollutant Release and the Transfer of Waste and 
of Pollutants in Waste Water (PRTR – V) of 15 December 2006, Status as of 23 Janu-
ary 2007, SR 814.017. 

[89] Ordinance on the Return, the Taking Back and the Disposal of Electrical and Electronic 
Appliances (ORDEA) of 14 January 1998, status as of 23 August 2005, SR 814.620. 

[90] Pardos M, Houriet JP, Dominik J. 2003 : Micropolluants dans les sédiments. Docu-
ments environnement no 353. Office fédéral de l’environnement, des forêts et du pay-
sage, Berne. 58 p.  

[91] PCBs Elimination Network (PEN). 2010. Inventories of PCBs. The place to start! 



 

65 

 

[92] Press release of the Swiss Federal Laboratories for Materials Testing and Research, 
Ein Bohrkern erzählt giftige Geschichten, Dübendorf / St. Gallen / Thun, 20. Mai 2005. 
http://www.empa.ch/plugin/template/empa/*/38346 

[93] PRONAT Conseils SA. 2011. Belastung der Saane mit PCB. Übersicht der Untersu-
chungen. Belastungen des Wassers, der Sedimente und der Wirbellosen. 18.2.2011. 

[94] Regulation (EC) No 1107/2009 of the European Parliament and of the Council of 21 
October 2009 concerning the placing of plant protection products on the market and 
repealing Council Directives 79/117/EEC and 91/414/EEC, OJ L309, 24.11.2009, p.1. 

[95] Regulation (EC) No 850/2004 of the European Parliament and of the Council of 29 
April 2004 on persistent organic pollutants and amending Directive 79/117/EEC, OJ L 
158, 30.4.2004, p. 7; last amended by Regulation (EU) No 757/2010, OJ L 223, 
25.08.2010, p. 20 and 29. 

[96] Regulation (EG) Nr. 1907/2006 of the European Parliament and of the Council of 18 
December 2006 concerning the Registration, Evaluation, Authorisation and Restriction 
of Chemicals (REACH), establishing a European Chemicals Agency, amending Direc-
tive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 and Commission 
Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission 
Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC, OJ. L 396, 
30.12.2006 p. 1; last amended by regulation (EU) Nr. 494/2011, OJ. L 134, 21.5.2011, 
p. 2. 

[97] Regulation (EU) No .../2012 of the European Parliament and of the Council of … con-
cerning the making available on the market and use of biocidal products, Brussels, 19 
April 2012, 2009/0076 (COD) 
(http://register.consilium.europa.eu/pdf/en/12/pe00/pe00003.en12.pdf)  

[98] Reinhard M, Tremp J, Zoller O, Rupp H, Hoehn E. 2010. Perfluorierte Chemikalien im 
Grundwasser, Grundlagen und Pilotstudie Schweiz, gwa 11/2010.  

[99] Repubblica e Cantone Ticino, Laboratorio cantonale, Contaminanti ambientali nei pesci 
del Lago Maggiore. 26.09.2011. 

[100] Safe S. 1992. Toxicology, structure-function relationship, and human and environmen-
tal health impacts of polychlorinated biphenyls: progress and problems. Environ. Health 
Perspectives, 100: 259-268. 

[101] Schmid P, Kohler M, Gujer E, Zennegg M, Lanfranchi M. 2007. Persistent organic pol-
lutants, brominated flame retardants and synthetic musks in fish from remote alpine 
lakes in Switzerland. Chemosphere, 67(9): 16-21. 

[102] Schmid P, Bogdal C, Bluthgen N, Anselmetti FS, Zwyssig A, Hungerbühler K. 2011. 
The missing piece: Sediment records in remote mountain lakes confirm glaciers being 
secondary sources of persistent organic pollutants. Environ. Sci. Technol. 45: 203–208. 

[103] Schmid P, Gujer E, Zennegg M, Bucheli TD and Desaules A. 2005. Correlation of 
PCDD/F and PCB concentrations in soil samples from the Swiss soil monitoring net-
work (NABO) to specific parameters of the observation sites. Chemosphere, 58: 227-
234. 

[104] Service de la Consommation et des Affaires Vétérinaires, Genève, Suisse. 2011. Ana-
lyse des composés perfluores dans les denrées alimentaires - état de situation en 
Suisse, Partie VII. 

[105] Stockholm Convention on Persistent Organic Pollutants as amended in 2009 
[106] Sun H, Gerecke AC, Giger W, Alder AC. 2011. Long-chain perfluorinated chemicals in 

digested sewage sludges in Switzerland. Environ. Pollut. 159 (2): 654-662. 

http://www.empa.ch/plugin/template/empa/*/38346�
http://register.consilium.europa.eu/pdf/en/12/pe00/pe00003.en12.pdf�


 

66 

 

[107] Alder A. 2011. Results of a survey on PFOS and other perfluorinated substances in 
sewage sludge from 46 WWTPs in Switzerland, not yet published 

[108] Swiss Agency for the Environment, Forests and Landscape (SAEFL); now

[109] Technische Verordnung über Abfälle (TVA) vom 10. Dezember 1990, Stand am 1. Juli 
2011, SR 814.600. 

: Federal 
Office for the Environment FOEN. 2005. Environment in practice. Guidelines - Disposal 
of Waste in Cement Plants. 

[110] Trachsel M. 2007. National Research Program "Endocrine Disruptors" Consensus Plat-
form "Brominated Flame Retardants" Final Document, July 2007. 

[111] Trudel D, Tlustos C, von Goetz N, Scheringer M, Reichert P, Hungerbuhler K. 2011. 
Exposure of the Irish population to PBDEs in food: consideration of parameter uncer-
tainty and variability for risk assessment. Food Addit. Contam. Part A Chem. Anal. 
Control Expo. Risk Assess. 1: 1-13. 

[112] UNEP. 2011. Regional monitoring reports under the global monitoring plan for effec-
tiveness evaluation: additional human tissue data from the human milk survey, 
UNEP/POPS/COP.5/1, February 2011. 

[113] UNEP. 2006. Report of the Persistent Organic Pollutants Review Committee on the 
work of its second meeting. Addendum: Risk Profile of Hexabromobiphenyl. 
UNEP/POPS/POPRC.2/17/Add.3, 21 November 2006, 
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/
Default.aspx 

[114] UNEP. 2007. Report of the Persistent Organic Pollutants Review Committee on the 
work of its third meeting. Addendum: Revised risk profile on chlordecone. 
UNEP/POPS/POPRC.3/20/Add.10, 4 December 2007, 
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/
Default.aspx 

[115] UNEP. 2008. Report of the Persistent Organic Pollutants Review Committee on the 
work of its third meeting. Addendum: Risk profile on alpha hexachlorocyclohexane. 
UNEP/POPS/POPRC.3/20/Add.8, 18 January 2008, 
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/
Default.aspx 

[116] UNEP. 2007. Report of the Persistent Organic Pollutants Review Committee on the 
work of its third meeting. Addendum: Risk profile on beta hexachlorocyclohexane. 
UNEP/POPS/POPRC.3/20/Add.9, 4 December 2007, 
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/
Default.aspx 

[117] UNEP. 2006. Report of the Persistent Organic Pollutants Review Committee on the 
work of its second meeting. Addendum: Risk profile on lindane. 
UNEP/POPS/POPRC.2/17/Add.4, 21 November 2006, 
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/
Default.aspx 

[118] UNEP. 2007. Report of the Persistent Organic Pollutants Review Committee on the 
work of its third meeting. Addendum: Risk profile on pentachlorobenzene. 
UNEP/POPS/POPRC.3/20/Add.7, 4 December 2007, 
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/
Default.aspx  

http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�
http://chm.pops.int/Convention/POPsReviewCommittee/Reviewedchemicals/tabid/781/Default.aspx�


 

67 

 

[119] van den Berg M, Birnbaum L, Bosveld BTC, Brunström B, Cook P, Feeley M, Giesy JP, 
Hanberg A, Hasegawa R, Kennedy SW, Kubiak T, Larsen JC, van Leeuwen FX, Liem 
AKD, Nolt C, Peterson RE, Poellinger L, Safe S, Schrenk D, Tillitt D, Tysklind M, 
Younes M, Waern F, Zacharewski T. 1998. Toxic Equivalency Factors (TEFs) for 
PCBs, PCDDs, PCDFs for humans and wildlife. Environ. Health Perspect. 106: 775–
792. 

[120] Verordnung des UVEK über Listen zum Verkehr mit Abfällen vom 18. Oktober 2005, 
Stand am 1. Januar 2010, SR 814.610.1 

[121] Verordnung über Belastungen des Bodens (VBBo) vom 1. Juli 1998, Stand am 1. Juni 
2012, SR 814.12. 

[122] Verordnung über das Inverkehrbringen von Düngern (Dünger-Verordnung, DüV) vom 
10. Januar 2001, Stand am 1. Juli 2011, SR 916.171. 

[123] Verordnung über den Verkehr mit Abfällen (VeVA) vom 22. Juni 2005, Stand am 1. 
Januar 2010, SR 814.610. 

[124] Verordnung über die Sicherheit und den Gesundheitsschutz der Arbeitnehmerinnen 
und Arbeitnehmer bei Bauarbeiten (Bauarbeitenverordnung, BauAV) vom 29. Juni 
2005, Stand am 1. November 2011, SR 832.311.141. 

[125] Wäger PA, Schluep M, Müller E, Gloor R, 2012. 2012. RoHS regulated substances in 
mixed plastics from waste electrical and electronic equipment. Environ. Sci. Technol. 
46: 628−635. 

[126] www.monarpop.at  
[127] ICPR, International Commission for the Protection of the Rhine, water quality data 

Rhine, http://maps.wasserblick.net:8080/iksr-zt/auswahl.asp?S=3 (last accessed on 
27 April 2012). 

[128] www.pops.int 
[129] Zennegg M, Kohler M, Hartmann PC, Sturm M, Gujer E, Schmid P, Gerecke AC, Heeb 

NV, Kohler HP, Giger W. 2007. The historical record of PCB and PCDD/F deposition at 
Greifensee, a lake of the Swiss plateau, between 1848 and 1999. Chemosphere 67(9): 
1754-61. 

[130] Zennegg M, Schmid P. 2006. PCDD/F, PCB, dioxin-like PCB, and PBDE in fish oil 
used as dietary supplement in Switzerland. Organohalogen Compounds Vol. 68: 1967-
1970. 

[131] Zennegg M. Schmid P. Tremp J. 2010. PCB fish contamination in Swiss rivers - tracing 
of point sources. Organohalogen Compounds Vol. 72: 362-365. 

[132] NAQUA data base, national groundwater monitoring programme, Federal Office for the 
Environment, Berne, Switzerland. 

[133] Personal communication from Peter Schmid, Swiss Federal Laboratories for Materials 
Science and Technology EMPA, Dübendorf, Switzerland. 

[134] Swanson G M, Ratcliffe HE, Fischer LJ. 1995. Human exposure to polychlorinated bi-
phenyls (PCBs) - a critical assessment of the evidence for adverse health effects. Re-
gul. Toxicol. Pharmacol. 21: 136-150. 

[135] Giesy P and Kannan K. 1998. Dioxin-like and non-dioxin-like toxic effects of polychlori-
nated biphenyls (PCBs): implications for risk assessment. Critical Reviews in Toxicolo-
gy, 28(6): 511–569. 

 

http://maps.wasserblick.net:8080/iksr-zt/auswahl.asp?S=3�
http://www.pops.int/�

	1 Introduction
	2 Country description
	3 Policy and legislation
	3.1 Chemical Risk Reduction Ordinance (ORRChem)
	3.2 Chemicals Ordinance (ChemO)
	3.3 Ordinance on Biocidal Products (OBP)
	3.4 Ordinance on Plant Protection Products (OPPP)
	3.5 Ordinance on the Register relating to Pollutant Release and the Transfer of Waste and of Pollutants in Waste Water (PRTR-V)
	3.6 Ordinance on Contaminants and Ingredients in Food (FIV)
	3.7 Ordinance on Construction Work

	4 Enforcement
	5 Assessment of the POPs issue in Switzerland
	5.1 Update for initial POPs
	5.1.1 Aldrin, Dieldrin, Endrin (drins)
	5.1.2 DDT
	5.1.3 Hexachlorobenzene (HCB)
	5.1.4 Polychlorinated biphenyls (PCBs)
	5.1.5 Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs/PCDFs)

	5.2 The nine new POPs
	5.2.1 Organochlorine compounds / pesticides
	5.2.2 Brominated flame retardants
	5.2.3 Perfluorooctane sulfonic acid (PFOS), and perfluorooctane sulfonyl fluoride

	5.3 Contaminated sites and POPs
	5.4 POP waste and its management
	5.5 Monitoring
	5.5.1 Swiss continuous monitoring programmes
	5.5.2 SwissPRTR
	5.5.3 International continuous monitoring programs
	5.5.4 Specific monitoring campaigns
	5.5.5 Further need for monitoring

	5.6 Details of a relevant system for the assessment and listing of new chemicals
	5.7 Details on any relevant system for the assessment and regulation of chemicals already in the market
	5.8 Conclusions regarding the obligations

	6 National action plan
	6.1 ULegislation
	6.2 UEnforcement
	6.3 UResearch and Development
	6.4 UMonitoring

	7 References

