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A brief history of PCBs

e Polychlorinated Biphenyls (PCBs) were first synthesised in 1929

e There are 209 possible PCBs but were produced in batches (e.g.
Aroclors, A1254)

 They were widely used until the 1970/80s when their use was
phased out due to environmental and human health risks

 Environmental levels of PCBs are now declining
 They are highly persistent and can be found all over the globe
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UK approach to risk assessment

Guidance updated in 2009 — Dioxins furans and dioxin like
PCBs SGV and TOX report

Not based on individual congeners
Mixture “cocktail” of dioxins and furans & DL PCBs ;

Toxic effects are additive ﬂ

What mixture to use to create the SGV? \
TEF ranges from 1 to 0.0003

Just 2,3,7,8-TCDD or PCB-126 too conservative \{




Forensic investigation

e So you have discovered your site is
contaminated = remediate it

e Can you establish who is to blame and recover
remediation costs and seek compensation?



Matching fingerprints

It also works for source identification
of environmental samples
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However its not quite that simple......

Unlike fingerprints, environmental signatures
can change



Consider post depositional changes

Dilution, total concentrations will decrease but relative
proportions remain the same

e |nputs from ‘background
signatures’ e.g. CB-11 from paint.

e Volatilisation, solubility,
biodegradation, photodegradation,
uptake by biota

(especially important when looking
at humans).




intake

Three intake pathways, oral / dermal / inhalation

Oral
Predominant pathway (>95%), diet effects the signature.
Whale blubber — highest concentrations +

more chlorinated congeners
Leafy vegetables — More volatile PCBs
Root Vegetables — Less volatile PCBs

Dermal
Usually only a minor pathway although PCBs have high DAFs (0.14)

Inhalation



uptake

e Uptake of PCBs is high (>80%)
e Different rates of accumulation in different tissues.

e Greater accumulation in lipid rich tissue (breast milk)
and organs like liver and kidneys

e However, whilst total concentration varied, the signature
in different tissues was very similar in birds.

Higher BMI is likely to result in a higher PCB concentration.



Post uptake factors

e Biotransformation and elimination

e PCBs are converted into more water soluble
compounds so they can be excreted

e Not all PCBs are broken down at the same rate

 Breakdown pathways are through cytochrome P450
isozymes (CYP1A and CYP2B)

e These can be triggered not only by presence of PCBs
but also:
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PCB analysis



* PCBanalysis in contaminated land

assessments

1mgkg'1
1 e Screening values are very low
100 ug kg™ —— .
e Make sure your LOD is below your
0ugky'— o screening value
1 e <LOD might not mean no risk!
1pg kg "=
100 ng kgt — Key
- EC7 human health screening value
- WHO12 human health screening value
10 ng kg — Background concentrations of total PCBs in urban soils
- Background concentrations of EC7 PCBs in urban soils
! Background concentrations of WHO12 PCBs in urban soils

1ngkg'1



PCB ana|y5|s

Analysis normally performed by; GC-FID, GC-ECD or GC-MS.

Mono-CB

-——— Full scan

—Tri-CB

— Penta-CB

— Hepta-CB
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Separation using GCxGC-TOFMS
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e Complete resolution of 188 congeners (inc all WHO 12 PCBs)

e GC-ECD =95 peaks from 209 congeners, GC-MS = 148 peaks,
GCxGC-ToFMS = 200 peaks

» All PCBs separated in Aroclors A1254 and A1260, A1016 (63/66), A1242
(96/99), A1248 (113/115)



Sample extraction

e Collection of 100g of soil, extraction of ~10g

* For biological samples, that’s a lot of sample!







Current/emerging technology




Human exposure case study



T ———
Human exposure to PCBs at a transformer

dismantling plant

e PCBs currently being phased out

e Transformer fluid is being replaced
with safer alternatives

e 30 samples from individuals
working at a transformer
dismantling plant

e Workers include those with direct contact (dismantling workers)
those without direct contact (chief of operations, guard, admin /
cleaning staff)

e Could we establish the source of contamination



Summary of data from workers

e Using GCxGC-TOFMS a total of 84 PCBs were
identified in human serum

54 PCBs consistently detected (in >60%
participants)

e EC7 indicator PCB concentrations ranged from
11 to 350 ng/g serum (1.2 to 39 ug/g lipid)

e Background concentration in humans around 1
to 10 ng/g serum



Source identification of exposure

Workers with direct contact

Corcentration (g/g lipid)
I
=

i 10 15 20
Years with the company




nature of 5 main Aroclors [aw:s

Not used in transformers
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PC2

10+

FiNCipal component analysis

Background or minimal

occupational exposure - Years of work
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Elevated proportions of CB-28, CB-60, CB-66 and CB-74 (linked to inhalation from electric equipment)
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Conclusions

e The EC7 PCBs works well for a general screen for the
presence of PCBs

e WHO 12 great for HHRA, but further assessment should be
undertaken with elevated concentrations

e Source identification & age dating work requires a different
set of PCBs (Probably £300-600 per sample)

e These methods are specialised and so are not MCERTS,
however they are available and have been accepted in legal
cases!

* | hope you can find some applications for this research in
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Dave’s top tips to reduce your PCB burden

(note: these may not correspond to a healthier lifestyle)

Drink Coffee

Don’t exercise

\
Get breast i
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