ta'rgetScreenmgln Drinking Water

— An Overview —

Lutz Ahrens

ces ssessment, Swedish University of Agricultural
(SLU), Uppsala, Sweden
»







Progress in Analytical Chemistry
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Progress in Analytical Chemistry

Increase in chromatographic resolution
Increase in sensitivity

Increase in mass resolution (selectivity)
Increase in data processing



From Target to Non-target Screening

Target analysis Non-target screening
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Drinking Water Contamination

cirkulation ...

Cirkulation fragar: ”Sarbarheten for de har
amnena ar valdigt bekymmersamt”

Publicerat 2012-10-03 07:31

Uppsala Vattens planeringschef Sven Ahlgren dr bekymrad éver fynden av laga halter PFOS och

PFHxS (hexansulfonat) i Uppsalas dricksvarten. Problemet liknar i viss man det som finns i Tullinge.

UNT.

Akademiska slutar
anvanda egna

brunnar

-~ LippsalaTidningen

Publicerad 2013-10-10

Forsvaret kraver fortsatt
utredning av miljogifter

NYHETER Enligt Forsvarsmakten ar det inget som entydigt pekar pa att

miljoifterna | Uppsalas dricksvatten kommer fran Amna.
— Utredningarna maste fortsitta, sdger Folke Borgh pa Forsvarsmaktens

l ‘ 7 I Svenska
Miljoinstitutet

PRESSMEDDELANDE | 2013-12-17
Kemikalier fran brandskum fortsatter lacka ut i miljon

Mitningar visar att hogfluorerade dmnen, si kallade PFAS, fortsitter att licka ut
frdn svenska flygplatser. Med d inskningstakt ko det att ta 60-70 &r
innan halterna i miljoén ar nere pa normala nivéer igen, visar studien fran IVL
Svenska Miljdinstitutet.

Akademiska sjukhuset slutar anvinda vatten fran de tva
egna brunnar som fororenats av miljofarliga perfluorerade

alkylsyror.

Publicerad: 29/10/2013

miljéiprivningsenhet.

UNT.SE
Laga doser av giftet i
dricksvattnet

Dricksvattnet i Knivsta ar av god kvalitet fastan den
hilsoskadliga kemikalien PFOS har sparats i analyser. Det
séger Per Ericsson, vattenexpert pa Norrvatten. Men han
tycker att man ska undvika att dta mycket fisk fangad i

norra Malaren.

Publicerad: 24/10/2010



Per— and Polyfluoroalkyl Substances (PFASs)
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» Unique physicochemical properties
— C—F = high bond energy

— Hydrophobic group (their “tails“) and

hydrophilic group (“their head®)

» Wide area of application



Characteristics of PFASs

Persistent

C—F = high bond energy

heatfish Hawksbill turtle

Bioaccumulation B

Concentration (ng g~ ww)

Toxicity » Accumulates in blood-proteins, half-life in humans of about 8 years
> |Is suspected to cause liver, thyroid and pancreatic tumors
» Endocrine disrupting potential

' Great Lakes (bald eagles, fish and other birds) ‘
Alagka (polar bear) Southeastern US (birds and turtles)

Northern Pacific
(tuna)

Long-range
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oD pr Korea and Japan

(albatrosses) {birds)

India (dolphin}

Baltic sea (eagles, mammals) ) .
Italy (birds) Antarctica (penguins, seals)

Mediterranean (fish, mammals, birds) J




Characteristics of PFASs

Persistent Organic Pollutants

-> PFOS listed in the Stockholm Convention since 2009



Infiltration of PFAS-contaminated Water

Precipitation

Evaporation
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— Groundwater flow

Confining unit

Domagalski, Johnson, 2012, U.S. Geological Survey Fact Sheet 2012-3004, 4 p.



Temporal Trend of PFASs in blood from pregnant
Women in Uppsala

PFBS, nglg ww. PFHxS, ng/g ww. PFOS, ng/gww. PFOA, ng/gww. PFNA ng/g
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Glynn, Berger, Bignert, Ullah, Aune, Lignell, Darnerud , 2012, Environ Sci Technol, 46, 9071-9079



Temporal Trend of PFASs in blood from pregnant
Women in Uppsala

Too Late!

PFBS, ngfg ww. PFHx5, nglg ww. |
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Glynn, Berger, Bignert, Ullah, Aune, Lignell, Darnerud, 2012, Environ Sci Technol, 46, 9071-9079



Early Detection of Hazardous Chemicals in Drinking
Water - Safe-Drink

: SLU
Integrated chemical and Carin Wiberg

toxicological methods for early EEIEEReEEEy

Lutz Ahrens

detection of hazardous

chemicals in drinking water Meritxell Gros
Rikard Troger

Stephan Kohler

Uppsala University

Bjorn Hellman

Mid Sweden University
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Formas _ .
Swedish National Food

Agency
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Integrated chemical and toxicological method

Target & non-target
chemical screening

Preconcentrated
sample extract

Toxicological
screening assays %
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Human blood
serum analysis

Non-target
Screening

E Fractionation

Toxicological
screening assays

Modified from Brack. Anal. Bioanal. Chem. 2003. Safe-Drink
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Grab Sampling

Grab Sampling Large Volume Extraction Concentration Fractionation Analysis
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Passive Sampling

Passive sampling Sorbents

. !

% POCIS A, POCIS B,

NS

> SDB-RPS, C18

Photo: Lutz Ahrens

» Time-integrated sampling for freely dissolved
chemicals in water

Safe-Drink



Passive Sampler Sorbents

Passive sampler sorbents

Silicone rubber (SR)

Low-density polyethylene (LDPE)

POCIS A: Pharmaceutical-POCIS, (Oasis HLB sorbent)

POCIS B: Pesticide-POCIS, (Isolute ENV+ and Ambersorb 1500)

SDB-RPS: Styrene divinyl benzene Empore™ disk
C18 Empore™ disk

POCIS A

POCISB

Chemcatcher®
SDB-RPS

Chemcatcher®
c18

SR

LDPE

Y
>

Log Kow Safe-Drink



Uptake Process

A Equilibrium N' :me (= N™e)

Amount (NY)

time v
t

Nt : amount on the sampler after t days exposure
c,- free dissolved concentration in water
m,: sorbent mass per sampler

R.: sampling rate

C,: concentration in the sampler

»Affected by environmental
conditions (e.g. water temperature)




Workflow for Identification

Sampling, extraction, concentration, fractionation

LC/GC separation and HR-MS analysis

Target analysis

Confirmation and quantification (MS/MS, RT, reference standards )

Modified from Krauss, Singer, Hollender. Anal. Bioanal. Chem. 2010 Safe-Drink
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Perfluoroalkyl

Target Analysis

Substances (PFASs)
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Target Analysis

* >100,000 chemicals in the environment
* Low concentrations

* Mixtures

* Transformation products



Workflow for Identification

Sampling, extraction, concentration, fractionation

LC/GC separation and HR-MS analysis

Target analysis Suspect Screening Non-target screening

Compound library

Candidate selection (RT, MS/MS)

Confirmation and quantification (MS/MS, RT, reference standards )

Modified from Krauss, Singer, Hollender. Anal. Bioanal. Chem. 2010 Safe-Drink



Workflow for Identification

Sampling, extraction, concentration, fractionation

LC/GC separation and HR-MS analysis

Waters: Xevo G2-S QTof MS

Non-target screening

| Parameters
iz

Fragment peaks: in channel: [igh energy : Time 64705 /- 00216 minutes 1 30 mass pesk st
m/z tolerance: 50 mDa

71948708 in channe: |Low energy : Time 64705 «/- 0.0216 minutes : 30 mass peak list

|  Low Energy Exact mass filtering

atically run for selected component

Molecular formula
(MS isotope/adducts)

Structure (Database
search, MS/MS)

Candidate selection (RT, MS/MS)

Confirmation and quantification (MS/MS, RT, reference standards )

Modified from Krauss, Singer, Hollender. Anal. Bioanal. Chem. 2010 Safe-Drink



Challenges

» Grab sampling vs time-integrated sampling

= A sampling strategy for a broad suit of chemicals is
needed!

» Target analysis using multi-compound
guantification methods

» Non-target screening
= >100.000 chemicals in the environment. How to
process all the data?

> Integrated chemical and toxicological approach
=  Which can we detect? Which are relevant?



Questions?



