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Controlling health and environmental risks from toxic 

substances in the built environment

Geneva State - SABRA - Toxicology

Mission

Danger and

risk assesment
Information Authority

Service de l'air, du bruit et des rayonnements non ionisants

Introduction

Département du territoire



05.10.2023 - Page 4
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PCB physical characteristics

Introduction

Département du territoire

▪ Viscous liquids (oils) with high thermal stability (degradation from 300-

400°C)

▪ Formation of PCDD (dioxins) and PCDF (furans) upon heating!

▪ High chemical stability (acids and alkalis)

▪ Very low volatility (volatility decreasing with higher chlorine content)

▪ Good heat conduction

▪ Excellent breakdown voltage (> 35 kV/mm)

▪ Highly lipophilic
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Introduction

Département du territoire

Chlorine from 1 to 10

209 possible 

configurations (or congeners)

PCB structures

Not a compound but a mixture
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PCB nomenclature

Introduction

Département du territoire

From B. Lindell, Polychlorinated biphenyls, 2004

In grey: 12 dioxin-like congeners (ability to adopt a planar configuration)
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PCB dioxin-like congeners

Introduction

Département du territoire

The most toxic congeners in comparison to dioxin

Polychlorodibenzodioxines

(PCDD)

75 congénères

Polychlorodibenzofuranes

(PCDF)

135 congénères
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PCB biological effects

Introduction

Département du territoire

▪ Cancer effects: PCBs are probable human carcinogens (IARC, EPA)

Non-cancer effects:

▪ Immune effects: Decreased resistance to viruses and other infections 

(evidence in animals and humans)

▪ Reproductive effects: Reproductive effects may be important in humans 

following exposures to PCBs (evidence in humans)

▪ Neurological effects: Significant deficits in neurological development

(evidence in animals)

▪ Endocrine disrupting effects: PCB exposures have been associated with 

changes in thyroid hormone levels in infants in studies
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PCB

Introduction

Département du territoire

▪ Persistence: dependant from the degree of chlorination, half-lives can vary 

from 10 days to one-and-a-half years

▪ Bioaccumulative: especially the highly chlorinated congeners, tend to 

accumulate in lipid-rich tissues due to their lipophilic nature

▪ Toxic: Cancer and non cancer effects

Parts of the dirty dozen (the 12 initial POPs)
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Names of 

commercial  

mixtures

Introduction

Département du territoire

Arochlors 1242, 1248, 1254, 1260

12 C
48% of Cl 

in weight
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PCB sources

Sources

Département du territoire

PCBs were used in hundreds of industrial and commercial applications including:

✓ Electrical, heat transfer and hydraulic equipment

✓ Plasticizers in paints, plastics and rubber products

✓ Pigments, dyes and carbonless copy paper
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PCB applications

Sources

Département du territoire

caulks

paints
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Sources

Département du territoire

Local situation as an example:

➢ 70% of precast concrete buildings in Geneva contain PCB joints (1955 to 1975)

➢ 20% of technical paint in buildings contain PCB (>100 ppm)

➢ 20% of paint bridges contain PCB (>100 ppm)
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PCB regulation

Regulation and management

Département du territoire

1996: EU- Directive on the disposal of PCBs/PCTs enters into force

2001: Stockholm convention signed 2001, into force in 2004 for the 12 initial 

POPs (including PCBs)

2025: PCBs within di-electric equipment in concentrations above 0.005% (50 

ppm) and in volumes greater than 50 ml to be identified and removed from 

use.
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PCB regulation

Regulation and management

Département du territoire

European requirements have been incorporated into Swiss law by the 

Ordinance on Chemical Products (Annex 1.1 and 2.14)
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PCB regulation - Switzerland

Département du territoire

Open systems

(elastic sealants, anti-corrosion 

coatings, paints and varnishes

PCB ban in 1972

Closed systems

(transformers and capacitors)

PCB ban in 1986

A limit of 50 ppm is applied for transformers, capacitors and caulks

and 100 ppm for paints

A transitional period until 1998 has been granted for the decommissioning and 

disposal of large capacitors (total weight > 1 kg) and transformers

Regulation and management



05.10.2023 - Page 17

Service de l'air, du bruit et des rayonnements non ionisants

PCB management

Regulation and management

Département du territoire

A contaminated fish = 40 mg of PCB

1 meter of caulk with PCB = 1 g of PCB

Stock in caulks in Switzerland = 100 tons of PCB

▪ Efforts must be focused on sources BEFORE any environmental release

▪ Efforts to locate, detect and manage properly transformers, capacitors, 

caulks, paints, etc.

Environnemental contamination
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Leading to PCB exposition

Regulation and management

Département du territoire

80 % of our time in the built environment

INHALATION ABSORPTION

AIR, DUST DUSTMATERIALS

CUTANEOUS

AIR

➢ Indirect exposition through food

➢ Direct exposition in the built environment
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PCB value guidelines (swiss)

Regulation and management

Département du territoire

Dust

Air (aerosol and gaz phase)

For total PCB: 10 mg/100cm2 (US EPA)

After remediation:  release measurement tPCB < 600 ng/m3

Average exposure limit (8h) for workers : 500 mg/m3
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PCB

Regulation and management 

Département du territoire

▪ A major PCB fraction

▪ Inventory facilitated by relatively easy identification 

of owners (electrical suppliers, industry)

In Switzerland, transformers and capacitors containing 

more than 1 kg of PCBs had to be taken out of service 

and disposed of by summer 1998.

Transformers

But for other applications ???
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PCB

Regulation and management

Département du territoire

▪ Many diffuse applications, difficult to locate and manage

▪ Major risk is dissemination and exposition due to handling and 

management without knowledge

Small capacitors, caulks, paints

Renovation and Demolition work in building 

identified as a key point 
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PCB regulation

Regulation and management

Département du territoire

➢ Local regulations for hazardous substances in the built environment
(including PCBs)

LaLPE
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PCB regulation

Regulation and management

Département du territoire

BEFORE any renovation work or demolition

▪ Obligation to conduct a PCB assessment for the owners

▪ Allow authorities to conduct controls in construction and renovation work

If PCBs are present:

▪ Remediation must be performed (removal of materials containg PCBs)

▪ After remediation, release measures have to be done to ensure no contamination
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Département du territoire

Guidelines and 

Recommandations

https://polludoc.ch/fr

Regulation and management
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Regulation

Département du territoire

The inspector determines the presence or absence of PCBs for each of the 

following elements:

1. Electrical transformers and capacitors manufactured up to the end of 

1986;

2. Caulks on buildings constructed before 1975;

3. Hazardous paints dating before 1975 with a technical function, i.e. anti-

corrosion paints,  paints on floors and walls subject to heavy stress and 

waterproofing paints.

A key part is the IDENTIFICATION OF RISK 

ELEMENTS in the building by specialized

inspectors:

Regulation and management
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Inspection and diagnostics

Département du territoire

➢ Inspection is performed by 

specialized companies (PCBs, 

Asbestos, PAH, Lead)

➢ Inspectors must be trained to 

conduct diagnostics and 

samplings

➢ A national exam is available

➢ A list of trained and competent

inspectors is provided by the 

authority (Geneva canton)

PCB diagnostic

Currently more than 30 companies active in the field (diagnostic and/or remediation)
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Inspection and diagnostics

Département du territoire

Guidelines in Switzerland

Transformers / Capacitors

A PCB analysis must be carried out before work begins:

✓ Installations built before 1987

✓ Capacitors can be identified with the "Chemsuisse capacitor directory" 

if they contain PCB

✓ No capacitor analyses, as they do not contain any easy access to the 

fluid

In case of doubt or lack of information, it is preferable to consider 

condensers as containing PCBs by default (PCB content > 50 mg/kg).
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Inspection and diagnostics

Département du territoire

Guidelines in Switzerland

Paint on mineral substrates

A PCB analysis of paints and coatings must be carried out before work 

begins on:

✓ For buildings built before 1976

✓ For more than 20 m2 of paint/coatings

✓ For paints having a technical function (e.g. waterproofing paint on 

floors under tank sumps, gymnasiums, hydraulic structures, cellars, 

laundry rooms, corridors, balconies, etc.)

In-depth analyses of the underlying masonry / concrete (secondary 

contamination) must also be carried out for paints / coatings with a PCB 

content > 1'000 mg/kg, as these mineral materials may contain PCBs 

through the migration (diffusion) effect of PCBs
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Inspection and diagnostics

Département du territoire

Guidelines in Switzerland

Paint on metals

A PCB analysis of paints and coatings must be carried out before work 

begins on:

✓ Load-bearing structures in steel frameworks for industrial and 

commercial buildings and infrastructures

✓ Tanks with a capacity of over 200,000 l

✓ Gasometers and natural gas tanks

✓ Bridges

✓ Hydraulic installations and structures, such as power plants and 

sewage treatment plants

✓ High-voltage pylons.

In any case, if work on paints/coatings is likely to produce dust (e.g. sanding) 

PCB sampling and analysis is mandatory.
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Inspection and diagnostics

Département du territoire

Guidelines in Switzerland

Paint on wood

A PCB analysis of paints and coatings must be carried out before work 

begins on:

✓ wood from attics and building exteriors, if disposal is performed in an 

installation not adapted to treat PCBs (low incineration temperature 

and/or no fume treatments)
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Inspection and diagnostics

Département du territoire

Guidelines in Switzerland

Caulks

A PCB analysis of paints and coatings must be carried out before work 

begins on:

✓ For building dated before 1976 

✓ Expansion joints such as connection joints, structural element joints, 

building separation joints and shrinkage joints

✓ For a minimum quantity of 10 linear meters per construction project

In-depth analyses of the underlying masonry / concrete (secondary 

contamination) must also be carried out for paints / coatings with a PCB 

content > 1'000 mg/kg, as these mineral materials may contain PCBs 

through the migration (diffusion) effect of PCBs
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Inspection

Département du territoire

Reports

✓ Identification of pollutants

(asbestos, PCB, lead, PAH, HBCD)

If pollutants are 

present, the owner is

responsible for ordering

remediation work
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Inspection

Département du territoire

Reports

➢ A location map indicate all polluted element
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Inspection

Département du territoire

Reports

➢ List of all elements that were sampled with indication of the pollutant
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Inspection

Département du territoire

Reports

➢ Pictures to identify elements
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Analyses

Département du territoire

Sampling

Surface wipe

Scratch sampling

Syringe aspiration

Active sampling on PUF 

cartridge
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Analyses

Département du territoire

➢ Oil extracted through an opening 

(usually two possible openings: at the 

top and bottom of the transformer).

➢ Collection in a glass container (at least 

2 ml), as PCB oils accumulate towards 

the bottom due to their high density.

➢ Precautions to prevent leakage during 

and after sampling

➢ The presence of a specialized 

electrical contractor is mandatory.

Sampling transformers
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Analyses

Département du territoire

• Use of PPE (disposable 

protective gloves)

• The sampling tool must be 

changed or cleaned to avoid 

contamination

• Sample wrapped in a glass 

container or aluminum foil, then 

in a plastic bag. In all cases, it 

is essential that the packaging 

is airtight.

Sampling paints / caulks
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Analyses

Département du territoire

Sampling air

Method Aérosol Vapor Sampling Analysis

VDI 4300 / EPA 

TO10a - mod

PUF (alvéoles ouvertes, 22 

mg/cm3)

5h @ 5 l/min GC / MS

ISO 16000-13 Filtre 37 mm, 

quartz ou fibre de 

verre

PUF (alvéoles 

ouvertes, 22 

mg/cm3)

8h @ 2 l/min GC-FID / GC-

MS

NIOSH 5503 Filtre 13 mm, 

fibre de verre

Florisil

100mg/50mg

4h @ 0.2 l/min GC-ECD

ISO 12884 Filtre 50 mm, 

fibre de verre

2x PUF 2h @ 46 l/min GC-MS

➢ Active sampling with pump on a support
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Analyses

Département du territoire

Sampling dust

➢ Wipe samples on a standardized surface 

(generally 10x10 cm = 100 cm2).

➢ The risk of cross-contamination is high, so gloves 

must be changed for each sample

➢ Field blanks must be performed
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Analyses

Département du territoire

Rapid field tests

✓ Fast screening method to test electrical 

insulating fluids only

✓ test in less than 5 minutes

✓ Quantification based on Aroclor 1242

(conservative quantification)

Allow PCB detection and concentration range identification

Can be used before costly and time consuming lab analysis
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Analyses

Département du territoire

Sample preparation

➢ Documentation (unique sample ID, description, etc.)

Caulks: 

❑ A sub-sample is taken from the inner part of the 

caulk (avoid contamination issues)

❑ The sample is cut into small parts (few mm)

Paints: 

❑ The sample is reduced to powder (homogeneity)
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Analyses

Département du territoire

Extraction Clean-up

AgNO3/SiO2

H2SO4/SiO2

(removal of S compounds)

(removal of basic compounds)
(hydrolysis of fats)

Crude extract

"Clean" extract

P, T, organic solvents
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Analyses

Département du territoire

GC-MS Analysis

➢ Separation of congeners

➢ Identification and quantification of congeners
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Analyses

Département du territoire

https://www.youtube.com/watch?v=ipfC_GB28Nc&feature=youtu.be

https://www.youtube.com/watch?v=ipfC_GB28Nc&feature=youtu.be
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Analyses

Département du territoire

Analytical step

A technical mixture

PCB 28

PCB 52

PCB 101

PCB 153

PCB 138

PCB 180

6 indicator PCBs

PCB quantification is simplified by the use of only few congeners from the mix
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Analyses

Département du territoire

Data treatment

➢ Each technical mixture has 

characteristic quantities of the 

6 indicative PCB

➢ The ratio of the 6 i PCB 

identifies the technical mixture

A conversion factor gives total PCB
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Analyses

Département du territoire

Reference (orange) vs Sample (blue)

Best correlation



05.10.2023 - Page 49

Service de l'air, du bruit et des rayonnements non ionisants

Analyses

Département du territoire

PCB quantification

Total PCB  =   [iPCB]   x   conversion factor (between 3.1 and 8.5) 

Value found from analysis Value from the technical mixture identifed

Equal to 5 if no identification
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Analyses

Département du territoire

Laboratory quality

➢ Assesment and delivered by a national authority

The signature of the ilac convention 

beetween countries allow for mutual

recognition of the international 

standard
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Analyses

Département du territoire

Accreditation number

Laboratory idententification

Validity for a given period

Identification of the 

accredited methods
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Remediation

Département du territoire

1. Removal with cutter

2. Joint removal with concrete sawing

3. Joint removal with concrete scratching

4. Paint removal (containment)

5. Release measures

"Standard" companies

Trained companies

Specialized companies

Remediation of caulks/paints with PCB
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Remediation

Remediation of caulks with PCB

Personal protective equipment

(mask, gloves, protective suit)
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Remediation

Département du territoire

Remediation of caulks with PCB

No dust !!!
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Remediation

Remediation of caulks with PCB

Banned practices
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Département du territoire

Remediation

Département du territoire

Removal of caulks with concrete scratching

Technique in containment

Step 1 : caulks removed with vacuum cleaning at the source

Step 2 : careful removal of joint residue with vacuuming at 

source

Step 3 : scraping of concrete over 3 mm

(diamond oscillating blade)

with vacuuming at the source

grinding forbidden !
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Département du territoire

Remediation

Département du territoire

Removal of caulks with concrete sanding
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Remediation

Département du territoire

Remediation of paints with PCB

Principles

a) Companies with PCB training

b) Trained person present on site

c) PRC sent to SABRA 10 days before work

d) Mandatory "Status Quo" air analysis

e) Release measures (visual control + wipes + air analysis)

PCB in dust PCB in air
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Remediation

Département du territoire

The "PRC" = Withdrawal and containment plan

➢ The address of the site;

➢ Location of elements contaminated with PCBs;

➢ The surface area of paintings to be cleaned up in square metres;

➢ The duration of the intervention;

➢ The protective measures implemented;

➢ The type and model of tools used;

➢ The air balance of the zones;

➢ The analyses that will be carried out before, during and after the work to 

determine possible exposure of people or contamination of the environment.
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Remediation

Département du territoire

Remediation of paints with PCB

Techniques : anything that does not produce dust and/or gases

Otherwise: stripping with aspiration at source
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Remediation

Département du territoire

The release measures

After remediation : Zone cleaned, protection inside the 

containment removed

Step 1 : visual control + Wipes

➢ No residues or dust

➢ PCB conc. < 10 µg/100 cm2

Step 2 : After 2 days minimum, PCB analysis in air

➢ PCB < 600 ng/m3

OK
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➢ Workers and public exposed AFTER the work on the company site

Sanding metallic structures with PCB paint in cabin ~20'000 mg/kg de PCB (2%)

Contaminated dust in the whole company
- cabin (~500 mg/100cm2)

- All site (40-180 mg/100cm2)

Decision criteria : 10 mg/100cm2 (US)

➢ Worker protected during operation

After remediation (air analyses):

3-4 mg / m3 (cabine)

0.2 mg / m3 (atelier)

Maximal conc., 8h/day occupation: 6 mg / m3 (OFEV - population)

Maximal conc., 8h/day occupation: 500 mg / m3 (MAK – worker)

If no precautions…

Département du territoire

Remediation
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If not using the right techniques…

Département du territoire

Remediation

Grinding

Avant l’assainissement: < 100 ng/m3 PCB

Source ETI Umwelttechnik AGSource ETI Umwelttechnik AG Source ETI Umwelttechnik AG

Département du territoire
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Service de l'air, du bruit et des rayonnements non ionisants

Département du territoire

Thank you for your attention
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