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1 Summary

Passive sampling is a powerful tool that can corergly be used for monitoring of organic compounds
in water and other environmental compartmeittdias been designed to provide estimates of freely
dissolved concentrations which have been shownetanbmany cases most appropriate to explain
exposure and adverse effects in biota. Partiti@ethgpassive sampling also allows direct compari$on
measured water concentrations with concentratiomivierse compartments (e.g. water, sediment, hiota
based on the assessment of chemical activity irsethmatrices.The time-integrating character of
sampling in combination with the application of @pling matrix (polymers) with well-defined and
constant properties makes it possible to achievewar inherent variability of exposure information
compared to traditional grab sampling of whole waléhus, it is suitable for assessment of pollutant
trends in water bodies. This internal deliveralflehe SOLUTIONS project provides a practical guicen

on the use of passive samplers for monitoring doganllutants in water. Two categories of passive
samplers are addressed. The first category consppagition-based samplers for the measurement of
non-polar contaminants, and the guidance sets foeuslicone rubber based samplers, which have been
widely applied in the SOLUTIONS project. The secocategory encompasses adsorption passive
samplers for monitoring more polar aquatic contamnts; the typically applied samplers are baseden t
use of sorbents designed for solid-phase extraclibis guidance should assist users of passivelsasnp
who wish to implement passive sampling method$éirtresearch or monitoring work, as well as more
experienced users in the use of the available rdstlagcording to the state-of-the art. The guideline
addresses principles of passive sampling, sampégrapation, field deployment, laboratory processing
chemical analysis, calculation of aqueous concBaire and associated uncertainty considerations.
Aspects of quality assurance are also addressedll\Fipractical examples of sampler operation and
sample processing procedures are provided, whioke Heeen developed and applied within the
SOLUTIONS project.
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2 Graph

Passive samplers as a “reference” phase
to measure pollution level in aquatic systems
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4 List of Abbreviations

a-PSD adsorption-based passive sampler
BDEs brominated diphenyl ethers

CA chemical activity

DCM dichloromethane

DEE diethylether

DEQ degree of equilibrium

EPS the “enhanced” passive sampling system
EQS Environmental Quality Standards
GC/MS gas chromatography/mass spectrometry
HCB hexachlorobenzene

s instrumental internal standard

Kow polymer-water partition coefficient or sorbengter distribution coefficient
LDPE low density polyethylene

LOD limit of detection

LOQ limit of quantification

NBFR novel brominated flame retardants
OoCP organochlorine pesticide

OPFR organophosphorus flame retardant
PAH polycyclic aromatic hydrocarbon

PDMS polydimethylsiloxane

p-PSD partitioning-based passive sampler
PCB polychlorinated biphenyl

PRC performance reference compound

PS passive sampler

RIS recovery internal standard

SR silicone rubber

QA/QC Quality assurance/Quality control
SPMD semipermeable membrane device
TWA time-weighted average

WBL water boundary layer

WFD Water framework Directive 2000/60/EC
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5 Introduction

Environmental quality is recognized as a high fifoacross the world, and measures towards its
improvement have a positive effect on the qualftyhaman life. Anthropogenic pollutants in the adgoat
environment may have a negative effect not onlyhenecosystems, but, ultimately, also on the human
health. To control environmental pollution theimcentrations are monitored in various compartments
with the aim to detect trends, underpin risk asees$ and support decisions on remedial actionsa Dat
from chemical monitoring should be comparable betwdaboratories and provide accurate and
representative information on pollutant levels anmehds. Much emphasis has been placed on the
chemical-analytical aspects of measuring pollutemls in discrete samples but less attention leas b
paid to the underpinning sampling procedures, tieshbe very much larger uncertainties associatéd wi
this crucial phase of the monitoring process. Rassamplers present an innovative monitoring tool f
the time-integrated measurement of bioavailablgaroimant levels in the aquatic environment. Passive
sampling is based on the deployment in situ, oriasthe laboratory, of non-mechanical devices of
simple construction capable of accumulating contamis dissolved in water or other environmental
media. The uptake of hydrophobic/lipophilic subses by passive samplers (PS) is based on a much
better solubility of most organic substances inniagerial the samplers are made from, e.g. lowitdens
polyethylene (LDPE) filled with lipid (semipermeabimembrane devices, SPMD) or without lipid,
silicone rubber, i.e. polydimethylsiloxane (PDM3)sked materials, and polyoxymethylene. In additoon t
these partition samplers, adsorption-based samplersalso available that can accumulate the more
hydrophilic substances. From the uptake by PSyfréislsolved concentrations of substances in themwat
phase can be derived, often with extremely low témof quantification (LOQ). These derived
concentrations typically represent an average @veertain time period, often corresponding to the
deployment period of the sampler (typically 2-6 w&e These properties of PS present a potentiakval

for use in regulatory monitoring.

This technology has a great potential becauseeosimplicity of the principles underlying its furan,
and structure. In contrast to active samplers,igassamplers have no moving parts, they normallyalo
require a power source for their operation, andrala&ively inexpensive. In addition, these devicas
be deployed in almost any environmental conditibns making them ideal for pollutant monitoring eve

in remote areas with minimal infrastructure.

The implementation of passive sampling in monitprmogrammes requires:
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» Availability of samplers with well-defined and caast properties, which should preferably be
commercially available
» Existence of guidelines for use and data interpiceta
» Calibration data including sampler/water partitaoefficients for partition samplers (definition in
section 10) or an appropriate measure for accgeatgling rates for adsorption samplers
(definition in section 11)
* Quality assurance/Quality control
0 Uncertainty/variability of the method should be tm
o Proficiency testing schemes for analysis and da&pretation should be available

o Reference materials (or stations) for method tgsthould be available

The guidelines presented here cannot address sdlvygasamplers that are currently being used by the
scientific community, but they illustrate the udewo main types of passive samplers, namely pamntit
based samplers (p-PSD) for non-polar compoundsadsdrption-based samplers (a-PSD) showing the
examples of two specific samplers that have begieapwithin the SOLUTIONS project. Although
specific issues are expected when different typesumplers are applied, these guidelines addressaty

issues that apply for passive samplers in general.

The application of p-PSD for sampling hydrophobanpounds is illustrated using samplers based on
silicone rubber (SR) sheets. SR sheet samplers were chosen for appticaithin the SOLUTIONS
project because accurate polymer — water partdaefficients K..) are available for many contaminants
[1]. In addition, there is a better agreement betwaydrodynamic theory and experimental sampling
rates for these samplers [2] than for SPMDs [3] &ieemcatchers [4]. Further considerations for

evaluating the pros and cons of specific PSDs ediolind elsewhere [5].

The application of a-PSD for sampling polar commsiis illustrated using samplers basedeampore™
SPE disks The main criteria for their application in SOLUWMNS included a simple construction, a

simple working principle, mechanical robustness emmimercial availability.

6 Principles of passive sampling

Passive sampling is based on the deployment, inasituse in the laboratory, of devices capable of
accumulating contaminants from water or from otnedia present in the aquatic environment (sediment,

aquatic biota etc.), but also other environmentaldia e.g. air. Transfer of contaminants from the
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environment into the sampler is a spontaneous sidfu process that is driven by the difference in

chemical activity (CA; for explanation see 7) oétmonitored substance between the sampled medium
and the sampler sorption phase. The accumulatiosubktance in the sampler takes place until

thermodynamic equilibrium (in an open dynamic agusystems such as rivers a dynamic equilibrium or

steady state is meant) established between thelesaamd the water, or until the sampling process is

interrupted. The sampler exposure period is ususdlyeral days to weeks. Passive sampling can be
viewed as a special case of chemical extractiom ftbe sampled medium that is performed in situ

(Figure 1). During exposure in the field monitosdstances are extracted, and their concentratitrei

sampler extract is then determined in the laboyator

Ex situ extraction In situ extraction = passive sampling
| |
) v A v
Exhaustive Equilibrium Equilibrium Pre-equilibrium
extraction extraction passive passive
sampling sampling
Depletive Non-depletive Nondepletive Depletive
equilibrium equilibrium equilibrium equilibrium ©
extraction extraction passive passive 3
sampling sampling %
Q
Partition s
coefficient ®
Time-weighted
Total concentration L v | Freely average
— or concentration extractable between dissolved concentration;
by the applied method T concentration freely dissolved

Figure 1 Various extraction modes applied in anelysf environmental pollutants. Passive sampling ca
be considered as a special case of extraction,opméd in situ. Passive sampling combines sampling,
sample isolation from the matrix, analyte pre-carication and often sample conservation into a ngl

step.

10
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When the sampler’s calibration parameters are knaiwis possible to calculate the concentration of
substances in the sampled medium from their amoiousd in the sampler. At the initial stage of
sampler deployment, contaminants are absorbed &itea directly proportional to their aqueous
concentration (linear uptake stage; Figure 3)h&linear uptake stage the obtained sample repseten
concentration of the sampled substance in the sampedium for a certain period of time. In this gdha
the sampler integrates contaminant peak events dbatir during its exposure. The amount of a
compound accumulated in the sampler is proportitmtie time-weighted average of its concentraition
the water phase during exposure. As the samplimgirees, the concentration gradually approaches

contaminant’s equilibrium concentration in the skmp

A very important aspect of passive sampling isapgon to express the equilibrium concentratiorhie
form of CA [6] which then also applies to the saetpimedium (see 7). Differences in CA are the dgvin
force of spontaneous mass transfer between theugaenvironmental compartments. In practice the
results of passive sampling is expressed in fressotired concentrations which are essentially
proportional to CA. Due to the high sampler sompticapacity and integrative character of passive

sampling free dissolved concentrations can be rodtin water at extremely low levels (down to the

order of pg/L).
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Figure 2 Functional principle of a passive samplshowing a compounds’s chemical activity profiles
during diffusion and accumulation from water (ohet sampled medium; left hand side) to the sorbent
(receiving phase) in time along the diffusionallp&t The chemical activity of a substance in a medsim
given as ratio of concentration C and the subcoodledid solubility/uptake capacity S. The high
accumulation of the sampled substance in the saniplachieved by the high solubility (or uptake

capacity) in the receiving phasg. S

11
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In general, two types of passive samplers can stinduished: partition passive samplers (p-PSD) and
adsorption passive samplers (a-PSD). Although memgtirements apply to both types of samplers, it is
easier to discuss principles and application sé@lstréor both sampler types — see chapters 10 and 1

extracted water volume (N/Cp,)

time

Figure 3 Effectively extracted water volume asracfion of time. Here Ns the uptake at time t and,&

the free dissolved concentration. For long expogumees the extracted volume is constrained by the
sorption capacity of the passive samplg.fn,), and at short exposure times by the product ofdig
rate and time (Bxt). Adapted from [7].

12
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Compound
class

Uptake
process

Driving force

Speciation

Receiving
phase
selection

Mass
transfer

Desorption
kinetics

Insitu
calibration

Partition-based PS

Hydrophobic compounds

Dif fusion mpAbsorption
|

Sampler/water
partition coefficient

Log Ksw # log Kow

Independent
of concentration

[

Usually single form sampled

Adsorption-based PS

Polar compounds
Metals

Diffusion ™ Adsorption
l

Adsorption distribution

Ksw ® Kci/n

Adsorption isotherms
- dependent
on concentration

I

Many compounds dissociate

multiple pK, - multiple species sampled

Single receiving phase

for a broad range of compounds

A range of phases
to optimise performance

Membrane control app. log K, < 3

WBL control log K,,, > 3

\

Absorption and desorption
kinetics are isotropic

ke(up‘rake) = ke(r‘elease)

|

WBL control
for most analytes

|

Desorption is often
not isotropic
with adsorption
Sorption to multiple
binding sites

[

Performance reference
Compounds (PRC)

PRC use is not fully explored
More research is needed

Figure 4 Comparing properties of partitioning andsorption-based passive samplers.1

1 WBL means the water boundary laykyis the exchange rate constant of the compound letire sampler and the sampled medium.
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7 Equilibrium partitioning theory and the chemical activity concept

In agreement with the equilibrium partitioning tineo[8], it has been shown that exposure,
bioconcentration and toxicity of hydrophobic orgardompounds is related to the freely dissolved
concentration Csee) rather than to the total concentration that idekivarious quantities of compound
bound to dissolved organic matter, colloids, ompsmsled particulate matter forms [9,10]. In conttast
Cireer Whole water sample concentrations of organic dbals allow for only limited conclusions on
exposure of and risks to biota and thus hamperrstateding of relationships between contaminatiash an
ecological status [11]. The key issue for exposagsessment is the knowledge of the driving foree fo
spontaneous contaminant uptake to the organism iftsoenvironment. From the thermodynamic point of
view the driving force for uptake is given by thiéatence of chemical's CA (or fugacity) betweee th
water and the organism. Because CA is directly gutignal to Cyee, i.6. CA=Cied Sy being the ratio
between concentration and uptake capacity (hereaausolubility of the subcooled liquigly), the
importance of e for contaminant uptake and transport becomes puidiethe agueous CA is known,
this value also applies to all other matrices prese an aquatic ecosystem, provided they are at

equilibrium with water:

CA_ Cfree — Csed — Cbiota — CIipid but a|50= Cpassivesampler (1)

S(N U sed U biota lipid passivesampler

WhereCx andUy are the respective concentration and the uptaacty of matrix ‘x’. A difference in

CA is the driving force for a spontaneous cheminaks transfer between matrices, and also for uptake
by organisms. This is valid even when the chemgahken up via the food exposure route. However,
when the food is digested and/or consumed in thebodc processes within the organism, the internal
CA will change (i.e. increase) and so will the WetaWith time, both processes (i.e. the uptake thad
release) result in establishment of a steady stdte.resulting CA ratio between predator and peey i

biomagnification.

8 Site considerations

Prior to the start of a study with passive samplansumber of issues should be considered, inajuitia
following. The suitability of site for the purposé sampling should be assessed, i.e. if generalsst#
water quality in the water body should be monitotée site should be located outside mixing zonigs w
point sources of pollution, e.g. discharges ofuefffits from industrial and municipal wastewater|ytet

tributaries, contaminated sites etc. Secondlys itseful to acquire information on turbulence-flates,

14
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temperature, conductivity, pH, water depth, sticdiion, biofouling potential and turbidity at the
exposure sites. Thirdly, the possibility that targmmpounds may undergo photolysis should be
considered and, if so, whether deployment devioelssite conditions (e.g. turbidity, natural shadamgl
albedo or light reflectance from site surfaces) atilequately protect the samplers from sunlighhaf,
further measures to avoid photolytic degradatiory meed to be implemented. Fourthly, the risks that
samplers may be vandalized, stolen or otherwiserfared with, need to be assessed. Finally, a safe
access to the sampling site and possibility to wmrlsite with a minimised risk of sample contanmiorat
should be also considered.

9 Quality assurance and quality control

Quality assurance monitoring with passive samptaguires a series of quality control measures. &hes
include the analysis of the reagents and solveatgént blankg, preparation controls, field controls
and recovery spikes Comparison of reagent blanks, preparation and fientrols can help identify

possible sources of contamination and take thessacg measures to ensure quality.

9.1 Reagent blank

According to the EN ISO 5667-23 [12], reagent bla&n aliquot of reagent used in treatment ofigass
sampling devices which is analysed following depieyt in order to diagnose any contamination from
the reagents used. The amounts detected in thenmeédtanks can be subtracted from the amounts

detected in analysis of exposed samplers, preparatintrols, and field controls.

9.2 Preparation control

The term 'preparation control’ is not explicitlyfdeed in the EN ISO 5667-23 norm, but it is essarftr

QC of the sampling process. The preparation contradals amounts of target compounds that have been
taken up during preparation, storage and subseguetysis of the samplers. In order to allow mutual
comparison of contaminant levels, it is crucialge preparation controls and exposure samplerstiiem
same production batch. Amounts of target compoundbe preparation controls should preferably be
similar to those in the procedural blanks. Resoltsthe preparation controls are used to estimate
LOD/LOQ. For that purpose the amount of analytentbin the preparation contrdE(ror! Reference
source not found) or the instrumental blank is substituted to Egumeb. If target compound amounts in
preparation controls are much higher than in tiageat blank, the sampler preparation procedureléghou

be critically assessed to identify and eliminate ¢huses of these elevated levels [13].

15
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sampling rates, LOQs are also site-specific. Thiegrative character of passiye

1 1*\‘ Look out!
\E Since the LOQ values for the water concentratios ealculated using site-specific
|
sampling often allows reducing LOQs by extendirgsampler exposure period.

The preparation controls are also analysed to igfieemation on the spiked amounts of PR®GIg) (in p-
PSDs. The PRC fraction that remains in the samgdter exposure is determined as the ratio of PRC

amount in exposed sampler to the amount find ipgmagion controlNo).

9.3 Field control

According to the EN ISO 5667-23 [12], field contrigl a quality control passive sampling device to
record any chemical accumulated in passive sampmlengces during manufacture, assembly, storage,
transportation, deployment, retrieval and subseigaiealysis. In addition to preparation control®, tield

controls reveal information on sampler contamimatibat occurred during deployment, transport and

retrieval procedures.

Field controls may contain higher target analyteanththe preparation controls, if sampler
deployment/retrieval operations are conducted ghllyi contaminated areas near factories, highways, o
on board ships, or when the working area is inraa aith elevated air contamination. Since contamin
concentrations in field controls are always vetg-specific, it is not recommended to use these ctntro
for determining average blank levels and detediioits. Field controls should mainly be used toesss
contamination from the atmosphere during transpod deployment/retrieval process in a qualitative
manner. Elevated concentrations of analytes inl fo@introls may indicate the need to revise/chahge t

procedure of passive sampler deployment and refriev

9.4 Performance reference compound (PRC)

According to the EN ISO 5667-23 [12], PRC is a comu that is added to the sampler prior to exposure
and has such an affinity to the sampler that gigates from the sampler during exposure, anddbes
not interfere with the sampling and analytical m®ses. Sampling kinetics can be quantified usieg th

dissipation of PRCs that are spiked into the samgler to deployment.

16
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9.5 Recovery spike

According to the EN ISO 5667-23 [12] recovery spi&ea quality control passive sampling device, pre-
spiked with known mass of analytical recovery staddused to determine the recovery level of patitit

from passive sampling devices following deployment.

9.6 QA/QC for toxicological analysis

QA/QC applied for passive samplers for toxicologi@aalysis is similar to those for chemical analysi
Preparation controls (9.2) and field controls (8) processed together with exposed samplershayd t
are treated like samples. Reagent blanks (9.1)epsad in the same way but without sheets. While
toxicity recovery is a good way to test for the @& applicability of an extraction and clean-uptimoel,

it does not provide any information on causesiigufficient recovery [14]. Thus, it is recommendieat
analytical recovery is assessed in addition tocitxirecovery, when recovery spikes (9.5) are sswly
The set of compounds used to monitor recovery shimglude those classes of chemicals that are known
to cause the effect of concern. This approach hélp to identify compound groups and properties tha

might be responsible for insufficient toxicity reewy [14].

Since PRCs (9.4) cannot be applied in samplersestdg to toxicological analysis, information on
sampling rates cannot be derived directly for tremmplers. Instead, an indirect method must baeappl
Samplers of the same dimensions are spiked withsP&@ deployed in parallel with the samplers for
toxicological analysis. Following exposure, thosenplers are analysed for PRC loss during exposure

and derived sampling rates are applied for samfdert®xicological analysis.

10 Partitioning-based PS devices

Partitioning-based PS devices (p-PSD) are made fnguarophobic polymeric materials with high
permeability for the compounds to be sampled. p48&sorb (or, more accurately, dissolve) substances
from water because of much better solubility of shbstances in the sampler material compared terwat
Consequently, hydrophobic substances with low slitlin water are strongly accumulated in p-PSDs,
while hydrophilic substances are concentrated touah smaller extent. Following a sufficiently long
exposure in the environment the absorbed concentrat the p-PSDs eventually attain equilibriumwit
the concentrations outside the sampler, e.g. watem the equilibrated concentration in the p-P$D a

agueous phase concentration can be estimatedthsisampler-water partition coefficientés(y).

However, in practice, with application of p-PSDswater, equilibrium is only attained for substances

with a logKpw up to 5 or 6 when exposed long or under turbutemditions. For more hydrophobic

17



Guidelines Passive Sampling S.I Utl'nS

substances the uptake is too slow (or actuallys#imepler uptake capacity too large) to attain egyitim

in typical exposure periods (2-8 weeks). In thatecthe estimate@y.. relies on the measurement of the
in situ water volume extracted by the p-PSD dutimg exposure period. This volume (or the sampling
rate, when expressed per time unit) is derived filoerelease of selected substances dosed toRISDp-
prior to exposure. Basically, the rate of releasmtrolled by the diffusion through the water boaryd
layer at the sampler surface, is determined. Tiwt @irder rate constant of the release under thengi
sampling conditions (temperature and turbulence)isal to that of the uptake and can consequertly b
used for calculatin@ree also in situations where equilibrium is not ateinModels and methods have

been developed to estimate sampling rates [2,$5)ell aKpw/[1], to deriveCyee from sampler uptake.

10.1 Commercial availability

Materials that are typically applied in sampler stoaction include low density polyethylene filledthv

lipid (semipermeable membrane devices, SPMD) [Bfedow density polyethylene (LDPE), silicone
rubber, i.e. polydimethylsiloxane (PDMS)-based malg, and polyoxymethylene (POM). The above
mentioned polymer materials used for constructirfSD are widely available and mostly inexpensive.
Preparing polymer-based passive samplers is aailapbratory routine. Only SPMDs are commercially
available including various deployment cages fofiedd deployment. However, the semipermeable
membrane devices present a bi-phasic sampler ¢thesist of LDPE and triolein) and there is a gelnera
trend to apply mono-phasic and highly permeableSp4 [16], since for such samplers simplified
contaminant uptake models are applicable [2], inctvithe internal sampler resistance to mass transfe
can be neglected. LDPE and PDMS based polymers timese criteria [17] but polyoxymethylene is an
example of a polymer with very low internal diffasi[18] and published uptake models that neglext th
internal resistance to mass transfer are not agipécfor samplers based on that material. Presehdye

is no commercial supplier of sampler materials tharantees the constant and homogeneous material
properties required for passive sampling. Idealbmmercial samplers should already be homogeneously

dosed with performance reference compounds (PR€jeady to deploy in the field [16].

10.2 Available guidance documents

The availability of guidance documents presentsafrtbe steps required for a broader implementation

passive sampling in environmental monitoring.
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Look in:

Several guidance documents, tips and tricks cafobed in literature
[3,19,20] For the application of SPMDs guidelines are aahie from
USGS[21]. In 2011 an ISO norm on the application of passampling
was published[12]. In 2012, a very useful guidelines for passive
sampling of neutral hydrophobic substances specitic silicone
polymers were published by ICEZ].

10.3Preparation, deployment, and retrieval

10.3.1Preparation of samplers

A very detailed information on preparation of e rubber samplers has been provided in a freely
available guidance document published by ICES §1] we refer the reader to it. Silicone rubberloan
obtained from different manufacturers but it haddéoconsidered that sampler/water partition coiefiits
slightly vary between suppliers. AlteSil silicor8] is one of the most widely used silicone matevish
reliable published sampler/water partition coeéfids [1] and transferred to other materials by sros
calibration [24]. Currently used silicone rubbeests for passive sampling are applied in film thedses
from 0.2 to 0.5 mm. Briefly, the sheets can betow size appropriate for sampling, mounting hckes

be made in it using a paper puncher. Those holebeaised for an easy mounting the sheets on sample
holder. The surface area for passive sampler ect# based on the information of expected analyte
levels. Sampling rates are directly proportionak&mmpler's surface area [25] and thus a largeaairf
area allows to lower the detection limits or allawsprepare sub-samples for analysis of more comgou
groups. Choosing a combination of sheet size aikrtess allows modifying the sampler uptake
capacity, which is for a particular compound givena product of sampler/water partition coefficient

(Kpw) and the sampler mass.

The silicone rubber sheets contain oligomers (stlwain polymers) that may interfere with the cheinica

analysis. These oligomers have to be removed pideploying the sheets. The sheets should therefor

be loosely packed and extracted by Soxhlet witlylatietate for at least 100 h. Details of the proced

are given in the mentioned guidance document [22].

10.3.25piking samplers with PRCs

The dissipation of performance reference compoyfiRCs; 9.4) from exposed samplers is used to
calculate the in situ sampling rates. Details ¢é¢ct@on of PRCs and the spiking procedure is givetihe

guidance document [22]. PRCs should be compouratsdth not naturally occur in the environment and
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accurate experiment#l,, values should be available for them. It is recomadeel to use a minimum of
six PRCs covering the range of Kg, 3.5 — 5.5 at increments of approximately 0.3 lagtsu
Additionally, one PRC can be included that will rim depleted at all (lo&pw > 6) and one that is
expected to be depleted completely (g < 3.3) [22]. It was shown that PAHs are not alwaygable
PRCs due to photodegradation. Photodegradatiordisated by a higher loss of PRCs from the sampler
during exposure than can be explained solely bydifiesive release from sampler to water. Monitgrin
such enhanced release of PRCs from samplers, suthehrysene andig-benzole]pyrene, may help to
identify photodegradation [26].

10.3.Required number of samplers

A sampler batch should consist of samplers fophned sampling sites. This number is increased by
10 % (but by at least four) preparation control)%nd approximately 20% of field control samplers
(9.3).

Look out!

consists of samplers that are homogeneous in guatitt amounts of spiked PRCs| It
is advised to perform a homogeneity check of thtehbby analysing a number of
randomly selected samplers for PRCs. Rapid anallyticethods such as thermal

desorption/GC-MS (10.5.3) enable a fast screening

\E For repeatability and mutual sample comparabilitlyis important that the batch

10.3.4Sampler storage

SR samplers can be stored during their transp@mé¢bfrom the sampling site as well as in the latowy
in wide mouth amber glass jars of an appropriate, dirmly closed by a screw cap with a thin (c& O.

mm) taylor made stainless steel liner. Sampleseastored in a freezer at -20°C.
10.3.Deployment devices

10.3.5.1Static deployment

Passive samplers can be deployed in water usingusadeployment devices. The purpose of deployment
devices is to hold samplers at the desired positidhe sampled water and protect them from beng t

by currents, severe weather, or boat traffic, deredy aquatic organisms [20]. Some devices, ages
from perforated steel plates also provide shadfrifpe samplers reducing photo-degradation of aaalyt

Passive samplers can often easily be deployed enfitdld with limited costs using inexpensive
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equipment, such as stainless steel or galvanisesth fn@mes (see Figure 5; left). More robust sarspler
may be required when the deployment is done unieng currents, where the sampler holders must
protect the samplers from mechanical damage. Wieghoging samplers in marine environment, all
components must be made of corrosion-resistantlsnétay. stainless steel 316L or titanium alloys).

Examples of various deployment devices can be faurice literature [20-22].

Figure 5. Examples of various deployment devicesiicone rubber sheets.

a1

Buoy

Attachment
to shore
by a rope

1m

Deployment
gael‘;:;fezlth TSR
1 sampler= sheet

6 sheets =

Figure 6. Example of deployment of silicone rubsieeets in water. If required (e.g. in strong cutsdn

the deployment device may be also anchored torthend using an anchor or a weight (not shown).
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The sampler deployment devices should have a fielyg that allows the device to hang on a buoy,
bridge or quay. Knots in ropes can be secured wvathle ties. An example of deployment is shown in

Figure 6.

10.3.5.2Enhanced passive sampling

The “enhanced” passive sampling system (EPS; Figuteas been designed to obtain enhanced passive
sampler uptake rates in order to achieve sufficsensitivity despite the short time available fampling
[27]. The system can be applied for increasing dimgpprates of compounds that are accumulated in
samplers under water boundary layer control (WBL]) [The increase in water flow velocity in the
vicinity of sampler reduces the resistance to ntemssfer in the WBL, resulting in faster chemical
uptake. The uptake principle in the EPS remainsstime as in classical static passive sampling laad t
monitoring results can be evaluated using usuaipasampler calibration parameters. Various passiv
samplers of hydrophobic and polar compounds candanted to the EPS device, but they should consist
of thin sheets containing sorbent material withuffigent analyte uptake capacity, such as silicone
rubber and LDPE sheets for sampling hydrophobicpmmds, or Empore™ disks for sampling polar
compounds. In addition to situations where onlyrsdeployment periods are possible the EPS is lusefu
in lakes or water bodies where natural flow velesiiand consequently sampling rates are low. Ti& EP

shows limited bio-fouling and photo-degradationdsissue.

The EPS device consists of a rectangular staistess$ plate box. During operation the box remajpesno
from two sides and it is fully immersed in watenélend of the box is connected to a submersiblegppum
(cca 9nih?) that forces water at high flow velocity (1-2 i) sthrough the exposure chamber. A
submersible temperature and light intensity loggeattached to the box during the entire exposure.
Samplers are mounted to the EPS device just befgresure and removed immediately after recovery.
The top of the EPS device is deployed approx. Olietow the water level. The operation procedure of
the EPS device is provided in Annex 2. The subrbkrgiump that is needed for EPS operation must be

connected to an electric power supply, which mesavmilable on site.
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Figure 7. Design of the “enhanced” passive samplgygtem (EPS). The EPS device consists of a
rectangular stainless steel plate chamber. Sampéees placed on a wire mesh support inside the
chamber and the box is closed by two lids. Duriagngsling, each sampler is exposed to water only from
one side. The box always remains open at the &fttland the right-hand side. The left-hand sidéhef
box is connected to a submersible pump (c& Bnthat forces water at high flow velocity (1-2 ) s

through the sampler exposure chamber. During opemathe EPS device is fully immersed in water.

Figure 8. The “enhanced" passive sampler (EPS) wgrideployment to water for sampling. The

submersible pump (visible at the bottom of theageat the left picture) forces water at high floglocity
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through the sampler exposure chamber above it.\ifdter stream jetting from the exposure chamber is
visible at the right picture. During operation thHePS device is fully immersed in water. In the

photographs it is lifted from water for a bettesibility.

10.3.5.3Mobile passive sampling device

The above mentioned “enhanced” passive samplingsy§EPS) can be applied as a mobile device for
temporally and spatially integrative sampling aice organic pollutants. In such case the EPS tsins2
concept similar to that of a Ferry-Box [28] to dhta representative picture of pollution situataiong
defined stretches or transects of large water lsadiduding rivers, lakes or seas. The EPS enhahees
uptake rate of contaminants into passive samptbeseby allowing reduction of the exposure time

needed for accumulation of sufficient chemicalsaoalysis.

During the Joint Danube Survey 3 the “enhanced$ipassampling system was installed on board of the
expedition ship Argus and the application of terapoand spatial- integrative passive sampling aggno
resulted in samples that provide a representatotang of pollution situation in eight defined dtriees of

the Danube river [27]. The EPS device was deplayedhe frontal deck of the Argus (Figure 9). For
sampling, the device was immersed in a flow-throsghtem that consisted of a 600 L stainless steel
tank. The river water in the tank was exchangeal rate of about 3 i by a high performance pump.
The water intake to the chamber was by a vertit#| pipe positioned in front of the ship. The wate

sampling depth was about 0.5 m below the watel.leve
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Figure 9. A mobile ,enhanced” passive sampling de\vin operation.

The device was operated only during the cruisin¢hefship or when the ship anchored outside harbors
(e.g. for sampling) in areas not visibly impactgdgdwoint sources of pollution such as discharge gipe
industrial areas next to the river, or oil filmsle on the water surface. The device was switaféd
before the ship entered harbors and switched oim ageen the cruise resumed. Samplers were mounted

to the EPS device just before exposure and remiovettdiately afterwards.

Each individual water sampling period took approxiely 5 days. During that period the ship moved
downstream along a defined stretch. The obtainethbkacontained water pollutants integrated in time
and space along that stretch. Eight stretcheseoDémube were sampled with three sampler types (SR,
LDPE and ED).

Mobile exposures can also be performed by othenmeag. by towing samplers fastened to the erad of
benthic trawl net [29].

10.3.@eployment and retrieval

The following items are required for sampling: S#npholders, labeled samplers (including field
controls; 9.&rror! Reference source not found) stored in their transport containers, tweezeith w

rounded tips, a stainless steel plate or serviag that can be used for handling the samplers gurin

25



Guidelines Passive Sampling S.I Utl'nS

deployment and retrieval (low risk of contaminajiocable ties, milli-Q water, ropes, anchors, buyoys
pH- temperature- and conductivity- meter, a budket rope, vinyl gloves, clean scourers, papeneiss

and a camera to document the sampling operatiothenstate of samplers before and after deployment.
For deployment:

1. The field controls are unpacked and placed on thtainplate on a secure place (wind should not
take them). It is suggested to remove the fieldrobsheets from their container and expose them to
air on clean steel, glass, or ceramic surface duha time required for deployment, and later dyrin
recovery of the exposed samplers and their clegmingess. Time is registered.

2. Samplers are taken from their transport containdrfxed to the deployment device.

3. When all samplers are mounted, the deployment dewith samplers is immersed in water as
quickly as possible.

4. The sampler deployment device is secured in wasergua rope, buoy and anchor (for various
options see 10.3.4.

5. The field controls are packed in their originalnsport containers and time is registered. Field

control samplers should be placed in freezer as asgossible.

For retrieval:

1. The field controls are unpacked and placed on tlegalmplate on a secure place. Time is
registered.

2. The deployment device with the samplers is retddvem water and placed at a secure and clean
place.

3. Samplers are collected from the deployment deuwckmaced on a clean plate, tray or whatever

was collected for their cleaning purpose.

4, Local water and a clean scourer can be used tam ¢hea samplers as good as possible in the
shortest possible time.
Samplers are dried with a paper tissue and put ipatitle corresponding container.
Samplers and field controls are packed in thegioal transport containers and time is registered.
Samplers are stored according to storage instngt{mostly frozen at -20°C) and sent to the

processing laboratory.

For deployment it should be made sure that the osérial is clean. Before mounting the samplers al
the fixing gear to fix the samplers is preparedniers should be mounted just before exposure (and

removed from the sampler directly after recovetdgually non-sharp tweezers are required for mogntin

26



Guidelines Passive Sampling S.I utl ns

the sheets and a clean working place to sort thpleas on: either a stainless steel serving trdgyge

glass Petri or a ceramic dish.

Data on sampling are recorded on a sampling forme®ample of such form is provided Amnex 1

During recovery the same parameters are recordatithe time of deployment.

Depending on the season and place of deploymenttdwered sampler can be clean or totally covered
by biofilm and other adherent organisms. It is ®ajgd to document the situation by taking pictufes
the recovered samplers. Cleaning of the samplebess done immediately after recovery using local
water. Samplers that are almost clean are firseavipith a soaking wet tissue and subsequently ghatte
dry with tissue and transferred to the transpomta@oer in which they were delivered. If fouling
organisms grow on the sampler they should be sdraffeas completely as possible. Further residaes c
be removed using a very wet scourer. A nylon tg=eused in kitchen) without foam sponge and washed
with methanol is appropriate. Local water is besgdifor sampler cleaning. Samplers are preferadyy k
under local water as much as possible. Gloves dhmrrtainly be used if local water is so contanmgdat
that contact needs to be avoided, otherwise prppesshed and extensively rinsed hands contaminate
less than gloves may do. The cleaning should be @othe shortest time possible. It is not neceskar
brush a sampler as clean as new, but the cleaisetlie better. The situation can be documentet)us
camera. After cleaning the samplers are pattedadtly a tissue. Then the samplers are placed to thei
transport container. Finally, when the recovereddars are placed back in the storage containgr the
should be stored in dark, and as soon as poss#nisférred to a freezer, until analysis or dispatctne

analysing laboratory.

Look out!

—_— Cleaning of the samplers is best done immediati&r aecovery using local water.
\ Immersing samplers during the cleaning processédtemcollected from the sampling
f site minimizes their exposure to air and associatewlyte losses or sample
! contamination. Analyte losses are linearly relatedhe time of the cleaning process
on air but not likely if samplers are immersed otdl water. Water from the
sampling site contains analytes with similar coricaions to the water samplers
were exposed to during deployment. Local watenissequently more suitable than
distilled water brought from the laboratory.

10.4 Shipment of samplers to laboratory

Ideally, samplers should be sent to the procedsibgratory using a transport mean with the shortest

transport period. The use of heat insulated shgppontainers and ice packs are advised to maifdain
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temperatures during transport. Temperature loggars be added to the package if monitoring of a
temperature-controlled supply chain is required.ewkending samples the receiving laboratory should
be informed at forehand. The physical addresspniyt the P.O. Box, should always be included on the
label. Secondly, it is wise to have the phone nunwith international suffix of sending and receiyin

contact on the address label. Sampling materialgeageparate from samplers by regular mail service,
which is less expensive. Samples can also be semedular mail in a small package that may be

transported faster than a large one. Alternatigedpurier service can be used.

10.5Laboratory processing for chemical analysis

Several schemes for extracting the samplers mappked, including Soxhlet extraction, cold-extrant

or thermal desorption. Other extraction methodsl{sas accelerated solvent extraction, microwave
extraction etc.) may be used as well, provided theye tested for compatibility with the sampler
construction materials under applied extractiondatons. Performance of the applied method should

always be tested using recovery spikes (9.5).

Before extraction, samplers are taken from theziBeeand warmed up to laboratory temperature.
Individual SR sheets are then taken out from tetwrage containers (10.3.4) with clean tweezers and

patted with a dry paper tissue to remove residaaémw

Before extraction, the sheets are placed in anogpjate extraction vessel (a flask, Soxhlet extoact
chamber or thermal desorption tube — for detasct@pters (10.5.1-10.5.3). Recovery internal staisd
(RIS) can be dripped on the sheets or added tehbets in the Soxhlet thimble or extraction flaskha
beginning of the extraction/desorptfofPreparation controls (9.2) and field control8)Sre treated like
samples. Reagent blanks (9.1) processed in the saypndut without sheets. Recovery spikes (9.5) are
preparation controls that are spiked prior to estioa with known amounts of analytes. They aretééa

like samples.

10.5.1Soxhlet extraction

Using a pair of tweezers, samplers are concertiliied so that they fit into a Soxhlet extractiomueier

with maximum surface exposed to solvent. The vol@i8oxhlet extractor is selected approximately 5-

2 Annex 1 provides an example of application of ®asi recovery internal standards before extractiosilizone rubbers

exposed during the Joint Danube Survey (JDS3)wdrich were then subjected to analysis of a broadeaf analyte classes.
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10 times larger than the volume of the extractezbh The contact of sheets inside the chamber should
not be too dense, otherwise the extraction effayemay be reduced. One reagent blank (9.1) and one
procedural recovery spike sample (9.5) should bided in each batch of samplers. SR samples are th
spiked with recovery internal standards (RIS) bypming RIS solutions on the surface of the SR sheet
inside the Soxhlet extractor. An equal amount & Rblution as dosed to all samples is also collieicia

vial that is later analysed in parallel with thengdes as reference. This approach allows the Ri8ico

to be non-quantitative.

Soxhlet extraction with methanol, acetonitrile loeit mixture is recommended for silicone rubber?].[2
Typically, Soxhlet extraction can be accomplishethiw 8 hours. If the sheets do not fit into onexidet
apparatus, extractions can be done sequentialfefigcing the extracted sheets after 8 h and agintin

the extraction with the same portion of solvent][22sing combination of solvents forming a positive
azeotrope [30] may be beneficial for reducing tbéitg point [22]. Azeotrope tables are accessibée
different web pages [30]. Boiling point of the edtion solvent can also be reduced when Soxhlet
extraction is performed at a reduced pressure.nbt necessary to discard the silicone rubbertslader
extraction. If they have not been physically dandatieey may be thoroughly extracted and reused again
The benefit of reusing the silicone rubber sheethat they normally contain less silicone oligosniian

those applied for the first time.

Look out!

—a— 1 Extraction with non-polar solvents is not recommended, because these solvents

“ cause considerable swelling of the sheets (ethylacetate up to 200% and hexane up to

" 400%) and may extract any oligomers that have not been removed during pre-

| extraction. It is strongly recommended to test the analyte recovery of Soxhlet

extraction from silicone rubbers to methanol before applying the procedure to real

samples. Decomposition of some analytes (e.g., some hexachlorocyclohexane
isomers) may occur while boiling in methanol.

An example of Soxhlet extraction procedure apptedilicone rubber samplers exposed in the Danube

river during the Joint Danube Survey 3 [27] is givie Annex 2

3 For example, for the extraction of an AlteSililine rubber sheet with dimensions 14x28 cm andndnSthickness with an

approximate mass of 24 g, a 200 ml soxhlet extvaathamber is the appropriate size.
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10.5.2o0ld extraction

The second method to extract the sheets is aedtdction procedure. Sheets are transferred @DeoB
500 ml Erlenmeyer flask with glass stopper. Methgapproximately 10 times the volume of extracted
sheets) is added and the flask is shaken gentlynigfe. Subsequently, the extraction is repeatetth wi

fresh solvent for 8 h, after which the two extramts combined.

Look out!

steps are usually required to achieve complete analyte extraction. Note that several
subsequent extractions with a smaller volume of solvent are more efficient than a
single extraction step with a larger solvent volume. Use of cold extraction is advised
only if Soxhlet extraction is not applicable e.g. because of thermal lability of analytes.

—_—
\E Note that a cold extraction procedure is a batch process. Thus, several extraction

|

|

10.5.3rhermal desorption

PDMS, the main component of silicone rubber, igrttadly stable, inert and can be used in a broad
temperature range (it behaves as a sub-cooleddligatween 20 and 320 °C). After sampling, the
analytes can be introduced quantitatively into #@malytical system by thermal desorption [31]. The
possibility to recover and transfer volatile andhsgolatile analytes from PDMS by thermal desorptio
coupled to gas chromatography enabled the develapaieniniaturised sample preparation approaches
without the need of toxic solvents, including soptiase micro-extraction (SPME) [32] and stir bar
sorptive extraction (SBSE) [33].

The diffusion coefficients of most non-polar analywith a molecular mass up to 1000 in silicondoenb
are high enough to assure their homogeneous distib by diffusion in a rubber sheet during an
exposure lasting several weeks at temperatureseat@C [34,35]. Therefore, it is possible to cidiiig

a sharp and clean knife or a hole puncher) a goede (approximately 10 mg) of the sampler, ingert
into a thermal desorption liner and process it bermal desorption coupled online to a gas
chromatograph with a mass spectrometer. The maasatysed material is determined by weighing the
piece of polymer after the thermal desorption. Aample of such application is given by Vrana et al.
(2016) [36].

Thermal desorption/GC/MS allows a rapid analysiamdlytes and performance reference compounds in
exposed sampler without the use of organic solvettsvever, the procedure can be applied only for

thermally stable compounds that do not decomposi@githe thermal desorption step. Moreover, since
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only a small fraction of the total sample is sulgécto thermal desorption and subsequent instruahent
analysis, the method is typically not suitable doalysis of compounds present in silicone rubbévbe

10 ng ¢ [36]. It is highly recommended as a fast screeripgroach for determining levels of PRCs
(9.4) in exposed samplers. Because sampling ratese calculated from the retention of PRCs in the
exposed samplers (10.6), the volume of water eteidaby the sampler can be estimated. Based on the
known enrichment factor of analytes in the passaenpler, the extraction procedure of the whole

sampler can be adjusted, if needed.

Look out!

When thermally desorbing silicone rubber based materials or other polymers,
carefully check the maximum thermal desorption temperature in order to avoid
—a material decomposition. Materials may be desorbed only in a stream of an inert gas
to avoid oxidation and damage. Silicone rubbers may during the thermal desorption
process release siloxane oligomers which then condense in the gas chromatograph
and cause a persistent contamination of the instrument. It is advised to carefully
extract the silicone rubbers before use as described in 10.3 and test the material for
“bleeding” of siloxanes e.g. by scanning the presence of large “ghost” peaks of
various cyclic siloxanes in chromatograms (presence of ions with m/z 73, 147, 207,
221, 281, 295, 355, 429)[37]. Incomplete thermal desorption of strongly adsorbing
compounds with high boiling point may lead to carryover effects.

10.5.4A clean up step for the removal of silicone oligoriraces

In case some of the undesired siloxane oligomersire in the extracts, an additional clean-up of the
extract with C18-bonded silica cartridges (madeglaks) described by Smedes and Booij [22] can be
considered. The procedure has been tested for-ofeaf hexachlorobenzene, PCBs and PAHSs, but needs

to be adapted when applied for other compounds.

10.5.5volume reduction and solvent exchange of extracts

Volume reduction of extracts is best done using @ddfna-Danish apparatus but rotary vacuum
evaporation is also possible, providing the lossaripounds by volatilisation is negligible. Somedsra
solvent exchange is required, e.g. when an eximaotethanol or acetonitrile must be transferredito
non-polar solvent in order to perform a normal ghasica clean-up. For such a solvent exchange and
extract evaporation to dryness should be avoidedtla® use of azeotropes should be considered. Note

that the azeotropic solvent exchange does not wiwdn nitrogen blow-down is used for concentrating
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the extract [22]. Azeotrope tables are accessiblaliferent web pages [30]. A practical eexamgl@mm

efficient solvent transfer from methanol or acetidlei to hexane are given by Smedes and Booij [22].

A solvent keeper, which is a less volatile solvesinaining in the vessel and keeping the analytes
dissolved while a more volatile solvent is evapedatvith a high boiling point (e.g. nonane or iseoe)
can help to avoid losses preventing evaporatiodryoess. It is also useful when it also can be wsd

injection solvent.

10.5.65ample cleanup and instrumental analysis

Clean-up of the extracts and instrumental analgais be carried out according to standard laboratory
methods. An example of a sample clean-up procealpéed to silicone rubber samplers exposed in the
Danube River during the Joint Danube Survey 3 [24]iven in Annex 2. Extracts in non-polar solvents

are suitable for direct use in common clean-up andlytical methods as applied to water, biota, or

sediment extracts.

Look in:

Useful references to analytical methods that are applicable for analysis
of WFD priority substances are available in the CIRCA public document
library — guidance documents [38,39].

http://ec.europa.eu/environment/water/water-
framework/facts fiqures/quidance docs en.htm

10.6 Calculations

For estimating aqueous contaminant concentratiom® ftheir uptake by the p-PSD estimates of the
substance specific sampled/extracted volume of m{atampling rate if expressed per time uRg; and

sampler-water partition coefficienks,, are required [40].

The calculation of aqueous concentrations invobmgeral steps that are detailed below and, briefly,
as follows. First, the water sampling rates areuwtated using the PRC fractions that are retainedtbe
ratio of PRC amounts at the end and at the beginafnthe exposure). Small retained PRC fractions
indicate fast sampling rates and vice versa. Tlsasepling rates are then used to calculate the agueo

concentrations of the other analytes.
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10.6.1.1 Estimationof the sampling rate

The magnitude oRs may be controlled by transport through the watarmary layer (WBL-controlled

uptake), or by transport in the polymer (membrametolled uptake). In case of WBL controlled uptake
the release rates of PRCs mirrors the compoundkeptaes under local hydrodynamic conditions, and
sampling rates can be estimated including a measfutieeir precision [15]. This also would cover the

effect of fouling that has been shown to haveeligffect on the final water concentration estinjéig.

In situ sampling rates can be obtained from thaimet! PRC fractions)(according to [22]:

e R

N, K 1)

where Nois the dosed amount measured in a reference samplerthe amount in the sampler after
exposureRis the (equivalent) water sampling rate (t)d is the exposure time (d)y is the mass of the

sampler (kg), an#ew(L kg™) is the sampler:water partition coefficient.

Look out!

1 Since the retained fraction of PRCs f (equation 1) in the sampler is
1 calculated as an amount ratio, it is not necessary to calibrate the
1 instrument for measurement of true PRC amounts. It is sufficient to

demonstrate linearity of instrumental response to PRC concentration.

For the purpose of calculating the f value, ratio of PRC internal standard

corrected peak area is sufficient in most cases.

For evaluation whether the uptake may be contrdigamembrane the knowledge of analyte diffusion
coefficient in the sampler polymer materi&llp) is required. It is necessary to consider the nramd
controlled mass transfer especially for compoundth wow K, values (logKow <3.5), since the
resistance to mass transfer is inversely propation theKp, value, and, as a result, for hydrophilic
compounds the resistance to mass transfer in polynay become dominant [25]. Membrane control
may also dominate in situations with extremely [BL resistance, e.g. at extremely high water flow

velocities (>10 m'9).
For neglecting the membrane resistance to massiérathe following criterion should be fulfilled:

ADK,,
R, << 5 (2)

m
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whereRs is the sampling rate for WBL-controlled uptakelca&ted from PRC dissipation as described
below,A is the sampler surface area, @apds the thickness of the applied polymer sheetxXgosed from

one side only, otherwise half-thickness is takea the calculation).

Rusina et al. (2007, 2010) [2,17] have demonstritatthe sampling rates of compounds fully colterbl

by the WBL decrease weakly with increasing molassnil).

_ B

. ®3)
where B is a proportionality constant that dependsthe water flow conditions and includes unit
conversions. The model considers the decreaseffoSidin coefficients in water with the increasing
molecular weight. Because the meaning of constarg Bther abstract, it is practical to calculdie t

sampling rate for a compound with a certain molassn(M), e.g. 300 g mid| using Equation (3).

The combination of equations (1) and (3) results imodel equation that enables calculation of WBL-
controlled sampling rate of a compound from its anainass and the retained PRC fractions using

unweighted noflinear leastsquares estimation according to [15]:

Bt
- 047 4)
KoM ™'my

where the retained PRC fractiorf} i§ the dependent variables(xM°*) is the independent variable

andB is the adjustable parameter, respectively.

Figure 10 shows curves where the retained PRC fractionttisdfito the denominator in the exponent of
equation 4. For longer exposures the curve shuftigherK,, values. At the longest exposure, i.e. 18 d,
PRCs with lod¢pw up to 5.5 are dissipated meaning that all sampldsstances up to th&,, have
attained equilibrium. At the other end little or dssipation was observed from Kg~=7, which means

that uptake still is in the linear phase ande@stimations rely on the sampling rate.
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Figure 10 Retained PRC fractions as a function of lggkv >4’

after 0-18 days of exposure of a
Twister™ stir bar made of PDMS at 20°C in wateam open system. The model fits for water boundary

layer controlled uptake BxM °#’(Equations 3 and 4) are shown as drawn lines. Aethfitom[42].

10.6.1.2Sampler-water partition coefficients

The second important parameter for calculation atew phase concentrations is the sampler-water
partition coefficientKy,. Since the solubility of hydrophobic substanceswater is affected by
temperature and salinity, th&, values are also affected by these parameters. didise publishe&pns

are determined under controlled laboratory cond#ion a system containing pure water at 20°C.
Application of temperature and salinity specifig,s showed that within the naturally occurring water
salinity and temperature range the variationkgf, values is limited to a factor 2 [43]. However, the
necessity of such correction is questionable becdumm the physicochemical point of view, the
chemical bioconcentration factor should not be még@ as a rigid constant either, but as a parartteér

is related to the thermodynamic state of the ingastd system, including its temperature, pressure,
salinity etc. Sampler-water partition coefficientcrease with the decreasing temperature [43] and
analogically, chemical bioconcentration factor dtddoe higher at lower temperature [44]. Similaily,
both cases the driving force for spontaneous cantm partitioning from water to the sampler polyme
or to a living organism tissue (by partitioning ltpids or proteins) increases with increasing ssfin
Since both the abiotic partition coefficienk&,) as well as the bioconcentration factor valueskBGare

expected to be likewise affected by temperature water salinity, their ratio should not be much
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dependent on those environmental variables. Cdioualaf free dissolved concentrations in wat€f.()
usingK,w that has not been corrected for temperature asalonity results in a concentration estimate in
a system at 20°C and zero salinity. We believe shah estimate dEee can then be directly compared
with an environmental quality standard (EQS) vakiech had been derived without taking into account

potential effects of temperature and salinity onadig organism exposure [45,46].

Theory of partition passive sampling and availaldalibration data
Look in:

The theory and modelling of partition passive sangplis in detail
described in the works of Huckins et[&]}, Booij et al. (2007)25] and
an overview is provided also by Lohmann et al. 20%]. Rusina et al
(2007, 2010)[2,17] have demonstrated that the sampling rates of
compounds fully controlled by the WBL decrease Weaith increasing
molar mass (M). Booij and Smedes (2014j] derived an improved
method for estimating in situ sampling rates of pmar passive
samplers using PRCs. Apell et al. (20]48] developed a mathematical
model that relates environmental, polymer and cleahproperties tha
control the sampling rate and provided a guidancehow to use th
model to select an appropriate polymer, deployntiem¢ and a suite of
PRCs.

Polymer-water partition coefficients ) of many compounds are
available for varioussilicone rubber basegolymers from Smedes et gl.
(2009) [1], Yates et al[49], Jonker et al. (2015)43], and a data
compilation is available in Difilippo and Eganhou&®10)[50].

Kow values forLDPE have been published by Miller et al. (20(&3],
Adams et al. (2007)52], Smedes et al. (2009)], Fernandez et al.
(2009) [53], Hale et al. (2010)54], and a critical review has been
provided by Lohmann et al. (201[B5].

For evaluation whether the uptake may be controbbgdhe membrang
diffusion coefficients of analytes in sampler padynare required.
Diffusion coefficients for LDPE and silicone rublmased polymers ar
available from Rusina et al. (2013d34] and Narvdez Valderrama
(2016)[35].

For characterizing new polymers, for which,Kvalues are not ye
available,polymer—polymer partitioningcan be used as the basis fo
deeper insight into partitioning differences of @wunds betwee
polymers, calibrating analytical methods, and cetency checking @
existing and calculation of new partition coeffitig[24].

D

[¢)

— =D

36



Guidelines Passive Sampling

saluti#ns

Look out!

Note that accurate J values are especially important for PRCs and
compounds that approach equilibrium during exposiagproximately|
with log Kw<5). For those compounds calculation of concentmatin
water is depending on knowing the sampling rate,idwderived from
the ratio of concentration found in sampler and .

The use of accurategivalues is less critical for compounds that are in
the linear uptake stage (see above), ang, Kalues that are
approximated using logl - logKow regression have sufficient accuracy
in such case.

10.6.1.3 Calculation of concentrations in the aqueous phase

The concentration in the water ph&3gis calculated according to [3,7]:

C =

W

KowMy|1—exp -

Bt (5)

047
KoM ™ my

An example of a fee calculation is shown below.

Look out!

In cases when sampler contamination occurs durirgsport and
manipulation in the field, the amount in preparaticontrol ©.2) No
and field control 9.3) Nt may be under certain conditions subtracted

from the amount in the exposed sampleruich approach is shown jin
chapter 10.7.1.
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silicone rubber passive sampler

exposed silicone rubber passive sampler. A passingler made of AlteSil silicone rubber with thessnm

204). PRCs and polycyclic aromatic hydrocarbons evanalysed in the exposed sampler and in

exposure was 2800 ng. Calculate pyrene concentratiovater phase.

Solution:

Fractionf is calculated as the ratio of a PRC between theuainfound in the exposed sampler and
preparation control (see Table below).

PRC compound | log K, [1] M f
Biphenyl-D10 3.63 164 0
PCB 1 4.22 189 0.00
PCB 2 4.41 189 0.01
PCB 3 4.36 189 0.01
PCB 10 4.58 223 0.01
PCB 14 5.11 223 0.03
PCB 21 5.22 258 0.10
PCB 30 5.71 292 0.08
PCB 50 5.38 258 0.40
PCB 55 6.15 327 0.49
PCB 78 5.99 292 0.60
PCB 104 6.07 292 0.70
PCB 145 6.62 361 0.84
PCB 204 7.59 430 0.98

The nonlinear regression of f using equation 4dg@=138 + 7 d', corresponding t&; (at M=300 g mof)
of 9.5+0.5Ld.

N; = 2800 ng is the amount of pyrene found inegkgosed sampler
Kow= 10" L/kg is the sampler/water partition coefficient

B= 138.4 d is the optimized parameter

m= 10 g = 0.01 kg is the mass of sampler

M= 202.2 g/mol is the molar mass

t= 42d is the sampler exposure time

The calculated concentration of pyrene in the watephase is:

C, = 2800 = 0.293 Y 9293 LY
Y 104675 x 0,01 x (1—exp(- 1384 42 ) S TTL L
) 10%675 x 202.506%47 x 0.01
Datasetl Datasetl
1.2
® f-measured 0.22
1.0 f-calc e )
£ o0 - E .
Q Rs=9.5 (+0.5) / @ e
% 0.6 / 0.00 — e, 0 'o: ® 4 .
E 0.4 / )
0.2 Jf
0.0 . o— . . . : -0.22
3 4 5 6 7 8 9 3 4 5 6 7 8 9

10g(Kpu/M-047) 10g(Kpu/M-047)

Figure 11. Retained PRC fractions as a functioh)g(KpWMO'“). The model fit (Equation 4) is displayed as avandine.

An example of calculation of concentration in the \&ter phase from the amount accumulated in

The example illustrates the calculation of freesdiged concentration of pyrene from its amount n|a

= 10 g was exposed for 42 days in surface watewaer temperature of 20°C. The sampler was spiked
before exposure with 70-700 ng PRCg-phenyl and PCB1, 2, 3, 10, 14, 21, 30, 50, %5,104, 145 a

the

preparation control Error! Reference source not found). The amount of pyrene in the sampler after

the
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10.7 QA/QC for partitioning-based PS devices

10.7.1Use of control samples and blanks

The amount of analytes, determined in reagent b{&rik can be subtracted from the amount measuared i

exposed samplers, preparation controls (9.2) ahd ¢ontrols (9.3).

Correction of the analyte amount in exposed passavepler K) using preparation controlslf) or field
controls {(\f) is not a simple subtraction. For compounds teath partition equilibrium between sampler
and water during exposure, their amount in the $amgt the end of exposure is not affected by the
amount that was in the sampler during its prepamaiie. the amount in the preparation control)(9.tn
contrast, for compounds with a high uptake capa@yxmy) their amount in the exposed sampler is
given by the sum of amount in the control and timoant accumulated in the sampler during exposure
[56]. Subtraction of the analyte amount in the oalstfrom the amount found in the exposed samgaer c
be done for compounds in the linear uptake phaseglthe entire exposure, which can be assessed fro
the PRC elimination data. A conservative samplect&n criterion is to set the minimum amount in
exposed samplers to ten times the amounts deteéatdde field controls, and to review sampler

construction and transport operations if this cbadiis not met [13].

If the user decides to perform correction, a schéonecontrol subtraction from exposed samplers is
described below and it may be used with cautioshttuld be emphasized, however, that this methed ha

not been assessed critically and accepted by tiéevgassive sampling community.

The evolution of analyte amount in the samphg),(in which no further contamination occurs during
transportation and manipulation during field dept@nt/retrieval can be described by a general emuati
[7,56]:

_ Rt Rt
N, = N,exp — +C K. .m|1l—-exp -
‘ 0 Il K WM, WP K M, ©)

The term

DEQ = (1—ex;{— KRSrtn B 7)
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can be described as degree of equilibrium attadluethg sampler exposur®EQ).

The first term in the sum presents the amount afyd@ in the sampler at the time of its preparatids),
which corresponds to the amount in the preparatmnrol (9.2). This term can be interpreted asraeft
dependent) blank level that can be subtracted ffmmamount detected in the exposed samplers. After
sampler exposure, depending on the compound prepethe term can approach two limit values. For
compounds, which quickly attain equilibrium betwesampler and water, this term becomes a value
close to zero with increasing time. In contrasty émmpounds, which only very slowly achieve

equilibrium, this term remains constant and eqoi&lgtduring entire exposure.

In cases when sampler contamination occurs durargsport and manipulation in the field, the amaont
preparation control (9.2), and field control (9.3N can be subtracted from the amount in the exposed

samplem\; according to equation:

N, eor = N, =[N, +05%|N, =N,[\1-DEQ)-05(N, -N,)| @

t_corr
The corrected amount of analyte in exposed samyilgs, can then be used for calculation of water
concentration. The calculation is based on an aggsamthat the contamination of field control doest
occur in a single event, but continuously at a tamtsrate during all operation steps including
manipulation, transport and storage of samplerghdtime of preparation the sampler was contaradhat
by the amountN, During transport to the sampling site and sampleplayment, additional
contamination can be derived from one half of tifeekence between the field and preparation control
i.e. 0.5%{; - Ng). The second half of contamination, i.e. 0N« No) is expected to be added to the
sampler during the operations of sampler retriaval transport from the field to laboratory. A pontiof
the amount of contamination, contained in the samal the start of the field exposure (Ng+0.5%(N;-

No)) is eliminated from the sampler during its expesin the sampled water i.eNf+0.5x(Ns-Ng)] *(1-
DEQ).

10.7.2nterlaboratory studies, learning exercises anfigency testing schemes

The Marine Chemistry Working Group (MCWG) and WaikiGroup on Marine Sediments WGMS,
operating within ICES, organised in 2006 the ICEE&ssive sampling Trial survey and Intercalibration”
The exercise was joined by 13 laboratories thdiopmed passive sampling of water and sediment at 30
stations [57]. The laboratory inter-calibration @spwas covered by performing all sampling using

duplicate samplers deployed in parallel; the pguditng laboratories analysed one of the samplers f
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their nearest station and the replicate samplers fall stations were analysed by a central laboyato
Comparing concentrations reported by the partidpamd by the central laboratory a CV around 20%
was derived for the analytical interlaboratory &#idn (excluding substances occurring in samples at
concentrations close to their LODs). This is coesed as a good result because the CV also inclindged
variation originating from sampling with replicagamplers that was shown to range between 5 and 13 %
[58]. Sampling rates calculated from PRC dissipasbowed an overall CV of 30%. The resulting mean
variability of estimated water concentrations viaility was around 35 %. Of course, with respecthe
result accuracy, the uncertainty of the applied@amwater partition coefficients needs to be takeo
account. It should be noted that for over 2/3 efldbs it was the first time they applied passamling

and none of them had ever analysed the PRCs bdfstuctions and sampling material (silicone
polymer) that was received from the central labmsatnay have contributed to achieve the respectable
obtained quality.

AQUAREF, the French national reference laboratooy the surveillance of aquatic environment,

organised an interlaboratory study on passive sam@mh 2010. Among other investigated parameters,
the study included passive sampling of polycyclionaatic hydrocarbons. Participants used their own
passive samplers, and sampling was tested at eslkewater and one marine site [59]. Various samplers
were applied but 11 out 20 participants used SPMDs.average between laboratory reproducibility was

estimated around 90% and was similar when onlysamepler type (SPMDs) was considered.

Within NORMAN (a network of reference laboratoriessearch centres and related organisations for
monitoring of emerging environmental substances)nd@rlaboratory study on passive sampling was
conducted in 2011 [60,61]. PBDEs were included he exercise from the group of hydrophobic
substances. In this exercise participants depldlyeid own sampler in triplicate and also receiveahf

the organiser triplicate silicone rubber polymesgiee samplers that were exposed in parallel. The
triplicate provided samplers showed good withinolabory variations (6-20%) indicating that passive
sampling was repeatable. The between laboratonyitsesf PBDE amounts accumulated in sampler
showed a variability of around 100%, which demaatstl difficulties the participating laboratories
experienced with sampler analysis. Also for theveosion from sampled chemical amounts to aqueous
concentrations laboratories did not show agreeraadtthis almost doubled variability in the between
laboratory results. This is likely due to insuféioi experience of the participating laboratoriethviie
analysis of PRC compounds and application of modfl@istranslation of passive sampler data into
aqueous concentrations. The latter source of umogrtwas confirmed when the organiser applied a

uniform method for the conversion of the particiggudata to the aqueous phase. Such approacheesult
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in much better comparableq& estimates (CV~ 25%). This test was performed o di@m nine
laboratories that reported PBDE as well as PRC datathe provided sampler. Among the five
laboratories that matched very well, three hadgdithe ICES Passive sampling Trial survey eadier.
conclusion, between laboratory variability can éduced when participating laboratories are expeeien
in the method application. Moreover, the variapitan also be significantly reduced by providingdst

participants with appropriate guidance and training

Quasimeme(Quality Assurance of Information for Marine Erommental Monitoring) is a community
of practice for marine environmental measuremems incudes proficiency testing schemes dedicated
for monitoring. In 2014 Quasimeme ran a first intemparison exercise with silicone passive samplers
exposed in parallel in a European estuary. Theetaagalytes included PCBs, PAHs, PBDEs and
participants determined the release of PRCs bynattig the fraction retained in the exposed sampler
compared to a non-exposed sampler. In averageetinebn laboratory reproducibility was around 30%.
Evaluation showed that the between-laboratory C¥ leaver than the one predicted by the Horwitz[62]

function. Quasimeme has organised next roundsegptbficiency testing in 2015 and 2016.

Accuracy of passive sampling results is relatethéoquality of partition coefficients. As literatuvalues
shows some variation [50,63], both the OSPAR/ICE® the AQUAREF/NORMAN [16] recommended
organisation of an inter-laboratory comparisontfa determination of partition coefficients in orde
obtain a measure of its uncertainty. The ICES Mafhemistry Working Group is currently working on

the production of guidelines for the determinatidipartition coefficients.
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11 Adsorption PS devices

Adsorption PS devices (a-PSD) generally contaimgudive materials that are also applied in solidggh
extraction of hydrophilic substances from water.alm a-PSD a thin layer of such material is applied
separated from the water phase by a filter or a bnane. Some a-PSD do not contain filters or
membranes, but they consist of disks containingrbest powder dispersed in a thin layer of porous
supporting material (e.g. Empore™ SPE disks). litkea p-PSD the substances diffuse through the
water boundary layer and the membrane or filtet, dmcumulation in the binding material is by an
adsorption process and not by dissolution. Adsonptif strongly hydrophilic substances is possibiees
binding can take place by a number of interactioetsveen the surface of the material and the chémica
e.g. van der Waalst—n interactions, hydrogen bonding, and Coulomb forf®§. After extended
exposure the uptake rate is reduced not only bifiletion but it can be limited also by saturatioiithe
sorption sites of the adsorbent applied. Also uptaknontarget compounds and other interferingraatu
compounds contributes to saturation and competesdiption sites with target substances. Difference
between p-PSD and a-PSD are illustrated in Figufieodavoid or reduce this effect exposure perigds a
kept shorter than with partition PS. Although exiga laboratory derived calibration datasets hasenb
reported for a-PSDs, literature shows limited agrewst [65,66]. Because of knowledge gaps on the
detailed understanding of mass transfer and sorgrocesses, conversion of chemical uptake by such
samplers to aqueous concentrations is associatéd laiger uncertainty [16]. In spite of these
shortcomings, a-PSDs samplers can give valuableltsesvith regards to substance screening to
determine whether water bodies are potentiallyiskt and as an alternative method in situations @her
classical monitoring approaches based on low freguepot sampling fail. In water bodies with highly
variable concentrations estimates of time weigldedrage substance concentrations from integrative

adsorption passive sampling will improve tempoegiresentativeness of monitoring.

11.1 Commercial availability

Various a-PSDs are available of which the “Polagadic Chemical Integrative Sampler (POCIS) is the
most known [67]. The POCIS comes in two versiome for pharmaceuticals and one for pesticides. The
latter contains a mixture of several adsorption spkaincluding a carbonaceous material. Little
advantages were observed using specific adsorf@sitsAnother a-PSD is the Chemcatcheavailable

in several configurations that contain various cartially available sorbent particle loaded Empore™
SPE disks as receiving phase, which can be usé&dowivithout an additional diffusion membrane [69].

Furthermore, Baker provides so-called Speedisk lwhi@a high diameter (5 cm) SPE cartridge intended
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for concentrating water samples in the laboratditye Speedisk™ performance as a passive sampler
proved to be as good as that other designed pasaimplers. A Speedi8khas a configuration similar to
that of a ChemcathBrbut is equipped with a glass fibre filter wheréest passive sampler types use
polethersulfone membranes. A range of Speetlistantaining sorbent materials suitable for sorptién
different compound groups is available. Within SALONS project, passive samplers based on
Empore™ SPE disks (Sigma-Aldrich; hereinafter meférito simply as Empore disks) have been applied
in the Danube case study and their performanceactaistics as passive samplers have been
characterized. Empore disks can be used withoutreabrane protection, which simplifies the chemical

uptake process, its description and modelling.

11.2 Available guidance documents

The uncertainty/validity of the a-PSD methods isgently a major barrier for its implementation in

monitoring schemes where strict method performaniteria are set [70].

Look in:

Although there is a large number of publications development,
calibration and application of a-PS[P19,71-74] not many officia
guidelines are available. A very general ISO guitelwas developed i
2011[12] and a guidance how to use a POCIS sampler caoumdfat
the USGS websif@1] and at Wikipedig75]. The information contains
practical advices on sampler use but the data preetation part is nof
sufficient, since clear deterministic methods fetireation of sampled
water volumes in field situations are often missing

>

11.3Deployment, and retrieval

Passive samplers can be deployed in water usingugadeployment devices and for deployment of a-
PSD the same general rules apply like for p-PShaasheen discussed earlier (10.3.4). In contoatbtet
p-PSD samplers made of flexible elastomers, a-P8Ids are typically constructed from materialg tha
are more fragile and may easier be mechanicallyagah This needs to be considered in construcfion o
deployment devices, which should allow free watextiom around sampler but minimise the risk of
sampler damage by strong water currents, floatetyid etc. Examples of various sampler deployment

devices are shown in Figure 12.

44



Guidelines Passive Sampling S.I utl'nS

Figure 12. Examples of various deployment devioeadsorption-based samplers.

11.4Laboratory analysis

Laboratory analysis can be carried out accordingtémdard laboratory methods that are applied in
processing water samples after their solid phasaaion. An example of a sample processing proeedu

applied to SDB-RPS Empore disk based samplersitbige exposed in the Danube River during the Joint
Danube Survey 3 [24] is given in Annex 4. Extraittspolar solvents are suitable for direct use in

common instrumental methods (e.g. LC/MS) as appbeslater.

11.5Calculations

Sampling rates have been widely studied for PO@I8pders in the laboratory as well as in the field b
the resulting extensive laboratory derived calibratdatasets that have been reported for POCIS in
literature show a high variability and do not se@mbe robust, when exposure conditions such as
temperature, flow velocity or sampler orientatiowards water flow are slightly changed [65,72,73je
uptake process is not yet well understood, samphites are typically substance specific, and maoaiels
scarce that allow to estimate sampling rates fonmmunds from their physicochemical properties [76].
Also it appeared that target substances often bhdsmrthe commonly applied polyethersulphone
membranes [77], which further complicates modelliighe extraction kinetics and analyte distribatio

in the sampler. So even with extensive calibratéon uncertainty of around factor two should be
considered for POCIS samplers [78]. The translatbrhaboratory calibrations to the field would be

limited to a factor of two [79].
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Recent research also focuses on the use of a reldenger for controlling the uptake, as is appliad
DGT samplers for metals, and may result in a manatrollable chemical uptake [80]. Basically, the
sampler is coated by a hydrogel layer that act dsfined artificial water boundary layer much kieic
than the natural water boundary layer of whichtthekness is variable depending on the hydrodynsmic
The consequence is, however, that the uptake fasealh sampler is also effectively reduced, which
decreases the sensitivity of the method. In curséntion, the user has the option to select sapl
rates available in literature for estimating watencentration from passive sampling data, but tsetba

consider that the result is affected by the reddyiviigh uncertainty of sampling rates [66].

11.5.1n situ calibration

In the current situation when deterministic methéaisestimation of sampled water volumes in field
situations are missing for a-PSDs, thesitu calibration of passive samplers can be appliethpyove the
accuracy of results produced by passive samplésinTsitu calibration approach is based on monitoring
of compounds of interest in water by two comparabkthods, namely by time proportional composite
water sampling, and by passive sampling. Tsitu calibrated sampling rates (fielR) can then be
derived from the regression of water concentratisn sampled mass on the passive sampler [81].
Moschet et al. [81] evaluated this approach for B82&ro-pollutants in several rivers using Chemcatch
sampler. They concluded that only substances weéthtively constant river concentrations can be
guantified accurately in the field by passive sampif substance-specific fielRs are determined. For
that purpose, the proposedsitu calibration is a very robust method and the sulegt&pecific empirical

Rs can be used in future monitoring studies in riveigh similar environmental conditions (i.e., flow
velocity, temperature, pH). A similar approach teen applied also for other a-PSDs configurations
[82-84].

11.5.ZEstimate of in situ sampling rates using co-depdogartition based samplers with
PRCs
Since calibration of a-PSD using PRCs has onlyratdid applicability (usually for a narrow range of

conditions and for limited number of substancesgbp other options need to be explored to assess

chemical mass transfer to a-PSD in the field.

For a-PSD configurations, without the use of a gutive polymer membrane which complicates the
uptake mechanism, it is reasonable to co-deplomntirethe field together with partition based passiv

samplers (p-PSD) in a similar sampler deploymerarayement (e.g., flat sheets oriented in a sinikay
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in the water stream and deployed in a sampler holite the same geometry). Unlike for a-PSD, for p-

PSD devices the in situ sampler calibration usiRE€® is a widely applied approach.

Data obtained by two co-deployed samplers canieetty compared, when assuming that certain caiteri

are fulfilled:

1.

3.

Substances suitable for cross-calibrationA group of compounds must be identified that
accumulates well in both applied sampler types,etgim the a-PSD sampler, and in the p-PSD.
Those substances should be measured in both exmaseplers. Such substances should be
present at most sampled sites at measurable coatiens. Polycyclic aromatic hydrocarbons or
alkylphenols are example compound classes.

Integrative uptake. For the substances identified in point 1 the sempptake capacity should be
high and their integrative uptake in both samptermsr the whole exposure should be guaranteed.
The two sampler types may differ in the surfaceatiee quality and the mass of sorbent material
applied. This implies that the mass of those comgsuound in both sampler depends solely on
their sampling rateRs and not on their sampler uptake capacitigsXmy). In other words, for
the substances intended for cross-calibration sagghould be integrative and the samplers far
from the thermodynamic equilibrium with the sampleater.

WBL controlled uptake should apply for substances identified in poininlboth passive
samplers. The sampling raiR is a product of mass transfer coefficient andabeve sampler
surface area. In most applied samplers the mainebdo mass transfer is the WBL, and from
theory, similar mass transfer coefficients are etguk Although for many a-PSD the WBL
controlled may not apply for all substances, itlikely for hydrophobic compounds [7]. To
minimise the chance of a membrane controlled uptage of protective or diffusion membranes
should be avoided. It should be taken into accdbat higher sampling rates are achieved in
absence of diffusion membranes; as a consequercmtdgrative uptake is shorter than when

using samplers protected by membranes.

In order to estimate the in siRgof the a-PSD, the following steps are followed:

1.

For the p-PSD device WBL-controlled sampling rates determined from PRC release using the
approach outlined in 10.6.1.1.
The substances that fulfil the above criteria (BAHS) are determined in both compared passive

samplers (e.g., in the a-PSD, and the p-PSD).
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3. The surface specific uptake of those compoundscfng) is compared for the two different
samplers.

4. When a significant correlation in uptake is fouitdis assumed that surface specific sampling
rates (actually, the mass transfer coefficient® proportional by the same factor and the
regression can be used to estimate sampling rathe a-PSD:

Na_pso/ Ai-psp -F

9
Np—PSD/Ab—PSD ®)
Rsa-psp = F % j:_PSD X R psp (10)
-PSD

The obtained WBL controlled sampling rate estinfaig.rspshould be from theory [7] a function of the
compound's diffusion coefficient in water and canelstimated for any compound from its molar niss

using the equation 3.
The concentration in the water ph&&gefrom its amount in a sampler operating in thedineptake mode

is calculated according to [7]:

C, =
w Rst

However, for long exposure times the extracted m@us constrained by the sorption capacity of the

(11)

passive sample(yxmy) and in such case, the more general equationddhe applied.
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An example of calculation ofin situ sampling rates of an adsorption passive sampler g co-deployed
partition based samplers with PRCs

The example illustrates the estimation of WBL ailed sampling rate of a sampler made of SDB-R
Empore disks from the sampling rate obtained usiagieployed (in the same sampling device) Alt
silicone rubber (SR) sheet spiked with PRCs. SampVias performed using the EPS device (17.1) deglc

Budapes{27]. Figure 14 shows an excellent correlation of uptai polycyclic aromatic hydrocarbons
both samplers. Using the approach outlined in PLampling rates in the Empore disk sampler cafobe
this situation estimated as:

AEmpore x 173

R =0.76 % R.sr =0.76 "@"RS,SR =0.34 xR, g

S,Empore

R

Figure 13. Co-deployed AlteSil silicone rubber &B-RPS Empore disks in an EPS device.
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Look out!

In case of a-PSD the uptake rate is reduced nog bl equilibration but it can b
limited also by saturation of the sorption sitestted adsorbent applied. Also uptake
of non-target compounds and other interfering natutompounds contributes to
saturation and competes for sorption sites withgérsubstances. Effects of pH and
ionic strength on sorption distribution of polarmpounds in adsorbents are mare
pronounced than in case of non-polar compound paning to elastomer polymer
Finally, the sorption capacity of adsorbents isited by the available surface arg¢a
and typically, K. values are not constant with increasing concergrain water
! phase but non-linear sorption isotherms afdp].

1]

"2

To avoid or reduce those effects, sampling wittSBRs preferably performed in the
linear uptake mode and exposure periods are kemteshthan with p-PSD, typicall
only 2-4 weeks.Note that when samplers withoutffasive membrane or filter ar
applied, the integrative period may be even shoftercompounds with low J&
values.

(O]

Exemplary provisional adsorbent — dissolved phastidution coefficients (k) (L
kgh) for selected pharmaceuticals and adsorbent malgridetermined durin
SOLUTIONS project, are provided in Annex 3. Malues for a range of pesticides
have been recently published by Ahrens €84l.

QS

11.6 QA/QC of adsorption passive sampling including intdaboratory studies

The guidances on passive sampling referred toeeadil include advice on the use of various blank
samplers, with and without exposure and directimnsheck recovery of the chemical extractions like
would be done for water spot sampling [87]. A coeffansive kind of proficiency testing exercise was
the NORMAN Inter-Laboratory Study (NORMAN-ILS) ongiged in 2011. The study was intended as a
learning exercise and to determine the variabititgll the separate steps in the passive samphoceps.
About 30 laboratories joined the exercise and passampling of several groups of substances inotudi
pharmaceutical, currently used pesticides, peiifhaded compounds, steroid hormones and some others
was tested. The report of the NORMAN-ILS is avd#af60] and a summary has been published [61].
The overall conclusion was that the between laboyatariation was about 5 times larger than thdwwit
laboratory variability. The within laboratory vabidity was generally low and, because it was detive
from uptake of replicate samplings using providedafiel exposed POCIS samplers, consequently also
the sampling process could be considered equgtlgatable or better. In addition to samplers pravide
by the organiser, participants in parallel expaseir own samplers. In case when the uptake iredifit

samplers was based on the same mechanism/printiplesurface specific uptake was quite similar for
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the participants’ and the provided samplers, whigkans that the passive sampling process is, within
limits, repeatable in different sampler types. Tdifferent approaches laboratories used to derive
concentrations in the aqueous phase from the samupkake also caused a considerable variation.
Summarising, the analytical inter-laboratory vaitigbwas the largest source of variation, followby
approaches applied for conversion of passive samypake to agueous concentrations. The sampling
process itself had surprisingly good repeatabditg preparation of homogenous reference mater@is f

field exposed samplers seems to be very feasible.

The poor reproducibility of laboratory analysis ntegve been caused by the fact that many partigpant
were not yet experienced in analysing substancpassive samplers. Blueprints for improving anafti
performance are widely available and it can be rassuthat this can be resolved. In the past, the

approach helped to improve accuracy of trace ocgamliutant analysis in water samples.

That leaves the calibration to achieve an accuastienation of the sampled water volume yet unresblv
Considering the effort already made to solve tB®ué the uncertainty that comes along with present

available a-PSDs must probably be accepted for now.

Nevertheless, even when accepting the uncertaindyfactor two, adsorption passive sampling calh sti
be the method of choice preferred to spot samplmgresent discussions it has been a common peacti
to compare the inter-laboratory uncertainty of &P®ith the intra-laboratory method performance
parameters, i.e. accuracy (trueness and precisfahge analyte amount found in the sample colletigd
spot-sampling. With passive sampling the same le¥elccuracy as with spot sampling is achievable
only in the limit case. However, when the assessnoéruncertainty is extended by including the
variability of sampling in the field, there is ansiderable chance that, in spite the uncertairdp@ated
with a-PSDs, the annual average (AA) concentratanulated from continuous passive sampling with a
monthly sampler exchange frequency will be moreusblihan the AA calculated from monthly spot
sampling. This is because results from a-PSDs mrendst cases time- integrative and accidental
concentration variations are recorded by samplgnereas those are certainly missed with low frequen

spot sampling.

The implementation of a-PSD would be facilitated tiie legislation set clear criteria for

representativeness of samples used in complianogarniag.
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12 Sample processing for toxicological analysis

Several schemes for extracting the samplers magppéied, including Soxhlet extraction and cold-
extraction in a similar way as described in chagdi@rs. The main difference between the methods
applied for chemical and toxicological analysishiat during sample processing recovery or otherriat
standards should not be added, since those marfeirgtewith the bioassays and cause false positive

response in tests.

The same rules for solvent transfer apply as dasdrin chapter 10.5.5. The procedure for silicaider
sheets may be rather simple, since their extra¢tionethanol is advised. Methanol is a solvent ibisc
with water and compatible with many bioassays. Aypison based samplers are also often extracted to
methanol. Therefore transfer of extracts to otlbérents may be skipped in such case. Useful inftiona

on solvent transfer of extracts intended for tokigeal analysis can be found in Brack et al. (2014].

Look out!

Samplers intended for toxicological analysis should not be spiked with PRCs
(9.4Error! Reference source not found.) since bioassays may give undesired positive
response to those compounds. When passive samplers for chemical and toxicological
analysis are exposed simultaneously, they should be clearly distinguishable and their
mix-up during sample processing must be avoided. This can be done best by placing
them separately in labelled deployment cages, labelling them by a tag, or samplers
] made of polymer sheets may be cut to a shape that allows an easy identification.

,‘ When PRC-spiked and non-spiked samplers are exposed next to each other, it is

1 important that a direct physical contact between them is avoided. Since polymer
~J materials used in sampler construction have mostly a very good permeability
(diffusivityxsolubility) for the sampled chemicals and PRCs, samplers for toxicological
analysis may become cross-contaminated with PRCs from PRC-spiked samplers
during a direct contact. A layer of water between samplers has typically a high
resistance to mass transfer (low permeability), and thus, the risk of sampler
contamination by PRC from an adjacent sampler is minimized. Moreover, samplers
are deployed in open deployment devices with a fast water exchange and PRCs that
diffuse out of the spiked samplers are quickly and effectively diluted in water to
concentrations that are not detectable.

13 Reporting

The report of obtained estimates of concentrationthe water phase should include the information
about the exposure site, the deployment and regoWeraddition, it is relevant to provide data dret

analytical chemistry (recoveries, procedural blam@ksounts in the controls), as well as on the ¢aficn
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methods that were used. The latter is importardllmnv users of the data to recalculate the aqueous
concentrations in case better calculation methadsnproved sampler calibration parameters become
available [22]. The ISO 56667-23 [12] specifies thsnimum information that should be provided for

each analyte in the passive sampling device set.

14 Conclusions

Passive sampling is a powerful tool to complemert am many cases replace monitoring of organic
compounds in water and other environmental compartsn Passive sampling devices are able to deal
with variable concentrations and, because of thgelaccumulation of substances from the sampled
medium into the sampler, they can also achieve i@wylimits of quantification. This internal deliveble

of the SOLUTIONS project provides a practical guida on the use of passive samplers for monitoring
organic pollutants in water. The guidance shoutilifate practical implementation of passive samgli
devices in monitoring activities performed withiretframework of the SOLUTIONS project and beyond.
It is intended to facilitate the selection of arpegpriate sampling device based on the study dbgsct
(e.g. trend monitoring or checking compliance wahvironmental quality standards), information on
physico-chemical properties of monitored compouadd characteristics of the monitored water body.
The availability of such guidance documents presemte of important prerequisites for the intended
future implementation of passive sampling in retarlamonitoring programs. Further conditions inaud
the availability of calibrated passive samplers rielevant substance groups, a task that is alsogbei
performed within the SOLUTIONS project. The SOLUNS project provides also a platform for field
testing activities using novel passive samplergjrticomparison with other novel monitoring tools
developed within the project, such as the largeumal solid-phase extraction method, and their

application in case studies in selected Europeen basins.
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16 Annex 1. An example of a sampling record form

SAMPLING RECORD

SAMPLER:

Sampling site

GPS coordinates

Latitude

Longitude

DEPLOYMENT

RECOVERY

Who

Date and time

Duration of the deployment
and recovery process
(exposure to air for field

control)

Conductivity

pH

Water and air temperature

Flow

Water velocity

Water depth

Picture —time of snapshot
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17 Annex 2. Operation manual for the “enhanced” passig sampling
device

The “enhanced” passive sampling system (EPS; Figuteas been designed to obtain enhanced passive
sampler uptake rates in order to achieve sufficgensitivity despite the short time available famgpling

[27]. The system can be applied for increasing dmmpates of compounds that are accumulated in
samplers under water boundary layer control (WBL]) [The increase in water flow velocity in the
vicinity of sampler to 1-2 msreduces the resistance to mass transfer in WBdyltieg in faster
chemical uptake. The uptake principle in the ERBaias the same as in classical static passive sanpl

and the monitoring results can be evaluated ussnglypassive sampler calibration parameters.

17.1The EPS device

The sampling device (Figure 15) consists of a reqéar stainless steel plate box. During operatien
box remains open from two sides. One end of theip@onnected to a high volume immersible pump
that forces water at a high speed through the lboxgl the sampling operation. During operation,exat
ejected from the pump enters the box through aoslithe front end and exits through another slithen
opposite side. A protective “roof’ plate is placedfront of the exit opening. This prevents thetiexj

water to jet stream up. Instead, the roof platddebe upward flow of water back along the sides.

Two walls of the device box consist of a stainlste®l| square mesh (14x28 cm) with cca 10 mm eye siz
During sampling operation passive sampler sheetdagd on these “mesh walls” from the outside the
box. After placing of the samplers, the two “meshllg/ will be closed by two stainless steel plats|

from both sides. The lids stay in place duringgampling operation.
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Figure 15. The “enhanced” passive sampling devibep: the device, bottom: the device mounted on a

submersible pump.
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SIDE A SIDE B
Empore ‘
Empore
—
3 | |E
Silicone rubber m o
(SR) sheet Empore o | |&
D
Q
Empore ‘
SR TOX sampler has Em pore
ydff”\
140 mm ' 47mm | 40 mm

Figure 16. An example of positioning of various gas samplers in the sampling box during operation.
For an easy identification of samplers mountedhe EPS device, the polymer sheets comprising a
sampler may be cut into a specific shape. In tltupe a silicone rubber sampler intended for later
toxicological analysis is denoted in the drawing*8R® TOX” and it has one sheet corner cut off for a

easy and unambiguous identification.

17.2 Passive samplers applicable in the EPS device

Various passive samplers of hydrophobic and patanpgounds can be mounted to the EPS device, but

they should consist of thin sheets containing surineaterial with a sufficient analyte uptake capaci
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such as silicone rubber and LDPE sheets for sampiynirophobic compounds, or Empore™ disks for
sampling polar compounds. An example is given h@r@ concurrent deployment of three passive
samplers in the EPS device that enables to sangpiga@unds with a broad range of physicochemical
properties. The three types of passive sampletsatkanounted into the EPS device during operatien

silicone rubber sheets, Empore disks, and LDPEtshee

Containers with passive samplers will be labellathwa unique description containing information on
purpose of the sampler (exposure sampler or filddK) and the sampling station and sampling period
for which it is intended.

17.2.1Silicone rubber sampler

The sampler consists typically of a single AlteSlicone rubber sheet with dimensions 14x28 cm and
0.5 mm thickness, but samplers from other siliconbber based materials, with smaller sheet
dimensions, and with smaller sheet thickness canapyglied as well. Samplers are suitable for
accumulation of hydrophobic compounds from the watease during exposure. Samplers intended for
later chemical analysis may be spiked with a nundiePerformance Reference Compounds (PRCs;
Error! Reference source not found) that will be partially released during exposuBamplers for a later

toxicological analysis should not be spiked witty anemicals during their preparation since adding

chemicals to the sampler may interfere with therladxicological analysis.

17.2.2 Empore disks

The sampler consists of 10 solid phase extractiskedSDB-RPS Empore™ SPE disks (Sigma-Aldrich;
hereinafter referred to simply as Empore disks)hwd/ mm diameter. Samplers are suitable for
accumulation of hydrophilic compounds from the digsd phase, especially compounds that are present
neutral or in a cationic form in the dissolved ghaBre-conditioned Empore disks samplers are pdpar

according to the procedure described in Annex 3.

17.2.3 Low density polyethylene (LDPE) sheets

The sampler consists typically of LDPE sheets 4&28 Samplers accumulate hydrophobic compounds

from the dissolved phase.
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17.3Material, equipment and facilities

An electricity sockets with 220 V voltage is regaron site. A list of material required for opevatiof
the EPS device:

1. An EPS sampling device.

2. A submersible pump that is compatible with the deviFor example, the submersible pump BEST
ONE-10 [88] has been tested and showed a goodrpefae with the EPS device. In case of pump
fault or sampler damage, an additional backup E®&d with pumps should be available.

3. A waterproof extension cable (20 m) to connectpimap to a 220V power source that must be
available on site.

4. Equipment to hang the passive sampler (rope, sesckhble ties, stainless steel screws).

5. Submersible temperature loggers. In case the ldgdeggered by a magnet, it is necessary to tiake
to the sampling site. Submersible temperature logigeuld be attached to the EPS device during the
whole exposure. The battery and memory capacityldize sufficient for an operation during the
whole sampling campaign. A light sensor on the &rgg a useful feature that enables to monitor
eventual exposure of samplers to sunlight (e.gnduteployment and recovery operations).

6. Containers with passive samplers (17.2). Samplersld be labelled and a list of samples provided.
Until exposure the sampler containers are storedfinezer.

7. Two non-sharp tweezers

8. A clean stainless steel baking tray or a cleareglam an inert material that can be used sort the
samplers on (wrapped in aluminium foil and stored iclean place when not in use)

9. Methanol washed sponge for cleaning of silicondenand LDPE sampler sheets after exposure.

10.Beaker to take some local water

11.Vinyl gloves

12.Lint-free tissue paper to dry the SR and LDPE sheet

13. A bottle with Milli-Q water

14.For sampler recovery the original containers inclihthe samplers came before exposure

15. A camera to document the procedure

17.4Mounting of samplers in the EPS device

For deployment the material used should be cleamvofkspace is required of about 1 m to lay the

sampler BOX device horizontally during mounting atidmounting samplers. Non-sharp tweezers are
required for mounting the sheets and a clean wgrkilace to sort the samplers on: a stainless steel
baking tray. Samplers should be mounted just bedgposure (and removed from the sampler directly

after recovery). The data on sampling on shoulceberded on a sampling form.

1. All listed material for sampling is prepared.

2. Only the first time during a sequential deploymeinseveral samplers, the EPS device should be
connected with the submersible pump and fixed gtyorCare should be taken especially to avoid
losing the sealing O-rings.

The pump should be disconnected from electricity.

Start of the mounting time is recorded.

The container with SR field control (8.8.3) is of@ard placed on the clean steel baking tray during
the sampler mounting operation.

arw

68



Guidelines Passive Sampling S.I Ut l 'nS

6.

7.
8.
9.

10.

11.

12.

13.

14.

15.

16.
17.

18.

The screws on the ERf&vice are released and one lid on the devicedn.ofhe butterfly nuts that
hold the lid should be stored safely in the staslsteel dish and their contamination or loss durin
deployment should be avoided.

The container with SR passive samplers is opend@daampler is taken out using a pair of tweezers.
The passive sampler is mounted into the EPS dewicerding to Figure 19.

The lid on the EPS is closed using the 4 buttertits. The EPS device is turned so the side with the
other lid is up.

Points 4.-9. are repeated with LDPE and Emporesdisknplers- they are mounted on the other side
of the EPS device. Positioning in the box shoulditwee according to Figure 16. During exposure, all
samplers are exposed from one side to the same. wate

Empore disks are mounted in the EPS device asafslldhe lid of the device on the floor so that it's
bended sides show up as shown in Figure 22. UgiagZers, glass fibre filter (47 mm glass fiber
filter disks) supports are placed on the lid inifioss where Empore disks will be placed. Empore
disks are placed on the top of the glass filteirsceSboth filters and the Empore disks are wely the
will stick to the lid. The lid is taken from botides and slowly turned upside down. Care has to be
taken that the disks are not released. Finallylithis placed back in its position. The Emporekdis
should always be in direct contact with the megte Glass fibre filter is only a support to helftirfid

up the gap between the lid and mesh so that thpleesrare not washed away by the water current
during exposure.

All butterfly nuts should be secured against loasgivy pulling cable ties (tie wraps) through the
holes in butterfly nut wings on both sides of tle s shown in Figure 20.

The submersible temperature logger is fixed tdridmme bar of the box above the roof using a cable
tie. In the protocol the code of the logger is teritdown. The code is usually visible on the badk s
of the logger under a transparent plastic. Thedoggactivated. The memory and battery capacity
should allow logger operation without interruptidaring the whole duration of the campaign. After a
successful logger start at the beginning of thepdiaugn operation the logger remains attached to the
EPS device and no other operation is needed, exapiptg the light sensor window with a paper
tissue each time the device is pulled out from waltkso functionality of the logger should be
checked regularly (usually, the logger that ispemtion give signals — a flashing light diode)eTh
logger is only removed from the device at the efnithe whole campaign. A label is placed on the
logger to identify to which device it was attached.

The box is hung on a rope that will be used forla@pent. The depth of sampler deployment below
the water level should be kept constant duringx@hosures. The device should remain submerged
during the sampling operation and also the deviceilsl be fixed safely (where possible, double
fixing with a steel and a nylon rope). Precautishsuld be made that the EPS devices (if several are
operated side by side) does not get entangleceaath other and avoid them turning around axis
during exposure. This can be done by fixing eaalicgeby two ropes fastened at different positions
on the shore.

The electric cable of the submersible pump is cotateto the 220V socket and the pump is switched
on. Caution should be taken to avoid touching #naag while the EPS device is in operation and the
pump is on.

Start of exposure is recorded.

Field controls are returned back to their contan€ontainers of exposure samplers should be stored
closed.

The sampling protocol should be filled in. An exdenig given in Annex 1.
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1 1*\‘ Look out!
f There is a risk of an electric shock when the deigan operation. Caution should be
| taken and touching any wet parts of the EPS deshoald be avoided while the pump
is connected to electricity.

17.5Recovery of samplers from the EPS device

19. All listed material for sampling is prepared.

20.The pump is disconnected from electricity.

21.Gloves should be used if local water is contamohaied physical contact with it needs to be avoided,
otherwise properly washed and extensively rinsedib@ontaminate less than gloves may do.

22.Start of sampler recovery is recorded.

23.The EPS device is pulled from water. The devigaased horizontally on a desk or a clean surface
with the one lid up.

24.The clean stainless steel tray is prepared foimgabe samplers after taking out from the EPS
device. The tray should be filled with local water.

25.The submersible logger device should be checkedsifstill active (led diode indicator). It is onl
replaced if it is not active.

26.The containers with field controls are opened dadegdl on a clean surface.

27.The screws on the EPS device are released anddome the box is opened.

28.The dedicated passive sampler containers are opetiex$e are the same in which the samplers were
delivered for deployment.

29.The exposed sampler is taken out from the EPS dexing tweezers

30. The recovered situation is documented by takingupécwith a camera of the recovered samplers.

31. Silicone rubber samplers are put to the steelftiag with local water for cleaning purpose. Emeor
disks are normally not cleaned after exposure.

32.Local water and the provided pre-cleaned scouren@p is used to clean the samplers as good as
possible in the shortest possible time. The samgleould be kept under local water as much as
possible.

33.Samplers are dried by patting with a lint free pasue and put in the corresponding transport and
storage jar; the lid is closed. The cleaning shbeldione in the shortest time possible, e.g. leas 5
minutes.

34.The field controls are packed in their correspogdiaontainers and time is recorded

35.The device is then turned so that the other lichshap.

36.Points 27.-35 are repeated with LDPE and Empotesdiamplers.

37.LDPE sheets should be only gently cleaned usingpeptissue — the scourer/sponge would scratch it!

38.Empore disks should not be cleaned. Any watererstbrage vials should be poured out before
exposed Empore disks are inserted in it.

39.1f the sampling campaign is designed to deploy sdveamplers in a time sequence, another set of
samplers is mounted.

40.The sampling protocol is filled in.

41.The recovered samplers are placed back in theggt@antainers ad they should be stored in the dark,
and as soon as possible are transferred to a free## analysis or dispatch to the analysing
laboratory.

70



Guidelines Passive Sampling S.| utl'nS

Figure 18. The EPS device with an open lid on dde. s
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Figure 19. Mounting a SR sheet in the EPS devicge Bhis should preferably be done by tweezers or

using gloves.

Figure 20. Cable ties to protect butterfly screvgaimst loosening during exposure. Cable ties maest b

closed.

Figure 21. A fixing eye to hang the box device oope during exposure.
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Figure 22 Mounting Empore disks into the EPS device
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18 Annex 3 An example of a sample processing proceduref silicone

rubber samplers

The sampler consists of a single AlteSil siliconeher sheet with dimensions 14x28 cm and 0.5 mm

thickness. Samplers were applied during the Joariube Survey 3 to accumulate compounds from the

dissolved phase during exposure to Danube watér [27

1.

Before extraction, samplers are taken from thezeand warmed up to laboratory temperature.
Individual SR sheet were taken with clean tweeaadspatted with a dry paper tissue to remove
residual water.

Using a pair of tweezers, the SR sheets are fadambncertina so that they fit into a 200 mL
Soxhlet extraction chamber (Figure 23). 6 SR shexetplaced in 6 parallel Soxhlet extractors as
one extraction batch. 1 reagent blanks and 1 reg®ke is extracted in each batch.

SR samples are spiked with recovery internal stalsd@|S) by dripping RIS solutions on the
surface of the SR sheet inside the Soxhlet extractwording to Table 1. An equal amount of RIS
as dosed to all samples is also collect in a t@l &re analysed in parallel with the samples as
reference. This approach allows the RIS solutiobetmon-quantitative.

Pre-cleaned boiling stones are added + 250 mL metfwato a 250 mL round bottom flask of a
Soxhlet extraction apparatus.

Compounds sorbed in the SR sheet are extracté&Hour in methanol using Soxhlet extraction.
The SR sheets are taken out from the Soxhlet @xtrachamber. They are placed on a clean
stainless steel baking tray in the fume cupboartroght to evaporate the remaining solvent.
Weightm, of the dry SR sheet after extraction is recorded.

The volume of the extract in methanol is reducecc®4-5 mL using Kuderna-Danish evaporation
apparatus (Figure 24).

To remove any particles, sand or any residual ahtrganic material that might be co-extracted
from the surface of SR during extraction a smatidtuof glass wool + 0.3g anhydrous,;8@) is

put into an empty glass Pasteur pipette. The fpipette is washed with three times 1 mL
methanol. The extract is quantitatively transfetieethe Pasteur pipette by rinsing the round bottom
flask 3 times with 2 mL methanol. Finally, thedil pipette is washed with three times 1 mL
methanol. The filtered extract is collected in naethl to a pre-weighteahg) labeled 100 mL point
flask that contains boiling stones. The volumesuced in point flask to approximately 1.5-2 mL
using Kuderna-Danish evaporation apparatus.

The total weight of the 100 mL point flask with thenL extract in methanotrg) is recorded. The
weight is compared with the desired valog)( If necessary, the volume of the extract is ferth
reduced under soft nitrogen flow or methanol iseatith have exactly 2 mL of extract.

18.1 Sample division for analysis by liquid chromatograjy

10.

11.

10% (200uL) of the extract in methanol is colleatsthg a 200 pL syringe into pre-weighed 2mL
minivial (me) for analysis of pharmaceuticals (Ph), polar pastis (Pe); non-target screening
(NTR) and the total weight is recordeds).

10% (200uL) of the extract in methanol is colleatsthg a 200 pL syringe into pre-weighed LC
vial (my) for analysis ofteroids, alkylphenols and bisphenol A (&td record the total weight of
the extract (rg).
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12. The used syringes are washed with hexane and atld temaining extract of 1.6 mL (80%) in 100
mL point flask to transfer to hexane accordingrmcpdure below and process by further cleanup
steps for GC/MS analysis. For details see thetisigischeme in Figure 25.

Table 1 Recovery internal standard (RIS) mixtummposition added to exposed silicone rubber samplers

before their extraction.

Compound Compound added| RIS Concentration Spike Amount
group analysed as RIS [ng mL™] volume[uL]; spiked/sample
solvent
[ng]
Naphtalene-lp 5000 250
Polycyclic aromatic Phenanthrene-fg 5000 250
hydrocarbons
Perylene-Q, 5000 250
Polychlorinated
) PCB 4 1000 50; hexane 50
biphenyls
PCB 29 1000 50
Alkyl- and Aryl-
phosphates PCB 185 1000 50
13C-triphenylphosphate 5000 250
Brominated diphenyl 40 2
ethers (BDEs) A mix of BDEsC
Novel brominated and 50; hexane
flame retardants a mix of NBFRs*C-
(NBFRs)
Alachlor-Dy3 500 50
Diuron- 500 50
Pharmaceuticals, Ds
Currently used Simazine-Qy 500 100; acetonitrile 50
pesticides -
Caffeine-Gs 500 50
Triclosan-G3 500 50
Steroids 170-ethinylestradiol -D 25 2.5
100; acetonitrile
Alkylphenols n-nonylphenol 25 2.5
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Figure 24. Kuderna-Danish apparatus for volume retthn of sampler extracts

18.2 Sample processing for analysis by gas chromatograph

13. The remaining extract 1.6 mL (80% of the total vo&) is transferred from methanol to hexane.
For that purpose 20 mL of hexane are added toetin@ining extract in a 100 mL point flask and
Kuderna-Danish apparatus is used to reduce theneota 1.5-2 mL (control with the desired
weight in hexane g). If necessary the volume of the extract is furtteeluced under soft nitrogen
flow or hexane is added to have exactly 1.6 mLradlfextract. The weight of point flask with 1.6
mL in hexane is recordedy).

18.3 Sample division for analysis by gas chromatography

14. 5% (100pL) of the extract in hexane are collectadgi100 pL syringe into pre-weighed labeled
GC minivial () for non-target screening (NTR) and the total \weigy.) is recorded.
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15. 5% (100uL) of the extract in hexane are collecta#dgi 100 pL syringe into pre-weighed labeled
GC vial (m3) for non-target screening (NTR) (by a differentthoal) and record the total weight
(my4) is recorded.

16. From the remaining 1.4 mL extract in hexane in ptiask 400 uL are taken to a pre-weighted
20 mL labeled vialrtys) for a non-destructive clean up (see the non-detste procedure 18.4) and
the total weightmys is recorded.

17. The remaining 1 mL stays in the 100 mL point flaskl is subjected to destructive clean up (see the
procedure 18.5).

18.4Non-destructive extract cleanup

The cleanup is used for analysis of PAHs, PRCs, RIBBrganophosphate flame
retardants and musks.

18. For each sample a small piece of glass wool araigunot of 5g activated silica gel (pre-extracted
in DCM and baked at 150°C for 12h) is prepared.

19. Glass columnsi=1 cm, 30 cm long are used for cleanup.

20. The column is conditioned with 15 mL of diethyletf®EE) followed by 15 mL of hexane.

21. The 1 mL extract (from step 17) in hexane is quatiiely transferred to the column by washing 3
times the point flask with 0.5 ml hexane.

22. Compounds are eluted and collected in 100mL labeegboration point flask with:
a) 40 mL 100% DEE b) 10 mL 100% acetone (for alkggphate elution)

23. Instrumental internal standard (11S) is added tmpftask according to Table 2.

24. The DEE and acetone are evaporated using KudernatbDapparatus down to about 1 mL.

25. Transfer the extract in DEE and Acetone to hexanadaling 20mL of hexane and boiling using
Kuderna-Danish evaporation unit and concentrdte1ib-2 mL. The extract is in hexane.

26. The volume of hexane is reduced using soft nitrdgem down to 0.3-0.4 mL.

27. The extract is quantitatively transferred to GOnpedl mini vials (LmL volume) and reduce the
volume to have 400 pL (the same as volume splitted)

28. The extract is analysed using GC-MS for PAHs, muBk&Bs, PRCs and organophosphorus flame
retardants.

Table 2 Instrumental internal standards added twaet portion for analysis of PAHS, organophosphate

flame retardants, PCBs, PRCs and musks.

Compound 1S Concentration Spike volume Amount spiked/sample
ng/ml
[ng/mi m Ing]
Terphenyl 4000 50 200
PCB 121 200 10
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18.5Destructive extract cleanup and analysis of PCBs, CPs, PBDEs

The remaining 1 mL extract is cleaned up for anglgs§ OCPs, PCBs, PRCs and BDEs using activated
silica gel modified with sulfuric acid, activateddanon-activated silica.

29. Silica gel is pre-extracted 8-10h in DCM and ba&ed50°C for 12h. To prepare 44% modified
silica gel 100g activated silica gel are used ahd (799) sulphuric acid are added in a round
bottom flask. The mixture is manually shaken uthtdre are no agglutinated clumps and silica gel
looks homogeneous. The flask is placed in thermostrnight. Storage period is up to 14 days.

30. Glass columns d=1 cm, 30 cm long are used for alean

31. The column is filled from the bottom to top witHags wool+1g activated silica gel+ 8g sulphuric
acid modified silica gel + 1g non-activated silgs.

32. The column is conditioned with 20 mL hexane:DCML(Liv).

33. 1 mL extract in hexane is quantitatively transfdri@ the column by washing 3 times the point
flask with 0.5 mL hexane:DCM (1:1 v/v).

34. Compounds are eluted in 100mL labeled evaporatbomt flask with 30 mL hexane:DCM (1:1
VIv).

35. Instrumental internal standard (11S) solution isled to the extract according to Table 3.

36. The hexane-DCM mixture is evaporated using Kud&aaish glassware to approximately 1.5-2
mL.

37. The extract is transferred to hexane by adding P@fihexane and boiling using Kuderna-Danish
evaporation unit and concentrates to approximdtéy2 ml .The extract is in hexane.

38. The extract in hexane is further evaporated to 80@40.4 mL under a gentle,Ntream.

39. The extract is quantitatively transferred to paihtenL GC minivials and evaporated further under
soft N, flow to ~100p.l.

40. Samples are analysed by GC-MS for PCBs, BDEs, OCPs.

Table 3 Instrumental syringe internal standardsedito SR extract portion for analysis of PCBs, OCPs
PBDEs.

Compound IS Spike volume Amount Final conc,
Concentration m spiked/sample Final V., ng/ml
[ng/ml] [ng] ml
MBDE-MXFR (*C-PBDE 77, 138) 100 0.01 1 0.1 10
PCB 121 200 0.05 10 0.1 100
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/

Siliconerubber extractin methanol (2mL)

Extractin Methanol

l

Extractin Hexane

v v
200 plL (10%) 200 plL (10%) l ‘}
forpolar alkylphenols,
analysis PEST, bisphenol A 100 pL (5%) 100 uL (5%) for
Pharm, Non- fornon-target non-target
target screening screening
by LC-MS by LC-MS
analysis analysis by GC-TOF by GC-Orbitrap

Figure 25. Division of the silicone rubber sampkettract for various methods of sample cleanup and

subsequent instrumental analysis.

l

1.4 mL (70%) for
analysis
by GC-MS

400 pL (20%) for non-
destructive cleanup GC-MS
(PAHs, musks, PFRs, PCB-
PRCs, NBFRs

BDEs, PRCs)

1mL (50%) for destructive
cleanup GC-MS (PCBs, OCPs,
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19 Annex 4 An example of a sample processing proceduad adsorption
based passive samplers based on Empore disks

The sampler consists of 10 Empore™ SPE Disks SDB-RRI7 mm (Sigma-Aldrich) (hereinafter

referred to simply as Empore disks) without spikimgany compound (PRC or other). Samplers were
applied during the Joint Danube Survey 3 to accateupolar compounds from the dissolved phase
during exposure to Danube water [27]. Empore digkee stored in a labeled 100 ml wide mouth glass

jar closed by a plastic screw cap (with an alumirimer inside).

19.1 Sampler preparation

Before sampling, Empore disks are washed and dondd by subsequently immersing them in a) 100
mL acetone; b) 100 mL isopropanol; ¢) 100 mL metthaand d) 2x 100 mL milliQ water. The
conditioned discs are stored immersed in milliQewxdhat is filled to the 100 ml glass jar. Samplens
dispatched to the sampling site in a portable ogobox and are kept in a refrigerator at 4°C until
deployment. After field exposure Empore disks dexgd in the same transport/storage flask in which
they were delivered. The milliQ water in the tramdfstorage vial is discarded during sampler
deployment. At the end of exposure no water is dddehe samplers. Samplers are placed in thedreez
at -20°C immediately upon delivery to the laboratdWith each sampler batch, a number of preparation

controls (9.2), field controls (9.3) and reagemirtils (9.1) and laboratory spikes (9.5) is processed

Sample processing consists of several steps: $pikith recovery internal standards, freeze dryifig o

Empore disks, solvent extraction and sample dimi$ow various instrumental analytical methods.

19.2 Spiking Empore discs with recovery standards

1. All Empore disk samples intended for chemical asialgre first spiked with recovery internal
standards (RIS) (G caffeine, Gstriclosan, MBPFOA, M8BPFOS, Alachlokl Diuron-d¢;, Simazine-
dio, D-EE, n-nonylphenol) by adding RIS solution in methatwodach jar with Empore disks
according to Table 4. An equal amount of recovéandards as dosed to all samples is also collext in
vial that will be analysed in parallel with the gales as reference

2. In addition, recovery spike samples (9.5) are spikéh a standard mix of target compounds
according to Table 5.

Table 4 Recovery internal standards (RIS) applied
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Compound RIS Concentration [ng mLY| Spike volume Amount spiked/sample

[pL] [ng]
C,3 caffeine 400 100 40
Cys triclosan 400 40
M8PFOA 80 8
M8PFOS 80 8
Alachlor-d; 1000 100
Diuron-d 1000 100
Simazine-g, 1000 100
D-EE, 40 10C 4
nonylphenol 80 8

Table 5 Procedural recovery standards added to vecpspike samples
Standard Concentration Spike volume Amount
[ng mL™ [uL] spiked/sample
[ng]

Mix of currently used 400 100 40
pesticides
Mix of 400 100 40
pharmaceuticals
Steroid(estrogen) mix 40 100 4

19.3Freeze drying

Freeze drying is applied to remove excess waten fitee exposed Empore disks. Note that one sampler
consists of 10 Empore disks, thus the volume ofewattained by the disks after exposure is not
negligible.
3. For freeze drying a set of approx. 20 screw capdie prepared that fit on the original 100 mLIbett

that were used for sample storage. The lids shmeildrovided with a small whole (2-3 mm) in the

middle, inside with an aluminum foil liner. Altertingely, the screw caps on the jars with samples can
be only slightly released (but not removed).
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4. The samples are collected closed in their oridirmisport/storage vials, caps are also lafietel the
weight is recordednf;). The screw caps are then exchanged for thoseim B, covered temporally
with aluminum foil and placed to a freezer at -8@8Cat least 1 hour to pre-cool as deep as passibl
The original caps are meanwhile safely stored —@aged in a clean zip-lock bag to avoid
contamination.

5. Before usage of freeze drier is cleaned inside ipyng with ethanol 2-3 times to remove possible
contamination.

6. Vacuum pump of the freeze dryer is turned on aftcbfefor 0.5 h. When it reaches the desired
temperature the first batch of jars with Emporéslis quickly transferred (remove the covering)foil
from the deep freezer to the freeze dryer and inabelgt the vacuum is turned on.

7. Preparation controls (9.2) samples stay in thez&ekyer during the entire processing of Emporksdis
(to record the worst case scenario of contamingation

8. The Empore disks are freeze dried for 24 hours.

9. The prescribed operation procedure is followedriogthe samples back to normal pressure and

laboratory temperature.

10. Samples are closed with the original screw caj(¢éal on the top). The flasks with the dried
disks inside are weighed. The weightis recordedIf storage is necessary, the closed flasks areeplac
to a zip-lock bag and stored in a freezer unticpssing.

19.4 Extraction

11. 1% extraction: Analytes retained on the disks (note that onepsanconsists of 10 Empore disks)
are extracted by adding 70 ml acetone. Extracigerformed 3 times by overnight (12 h) slow
shaking at room temperature.

12.  The acetone extract is transferred to a colledtask — a 250 ml round bottom flask (with
compatible ground joint) for the volume reductiaging vacuum rotary evaporation.

13.  The three extracts from step 11 are combined.

14.  After extraction leave the 100ml glass bottles weiitracted disks are left open in the fume
cupboard overnight to evaporate the residue ohtleone from the samples. Then the 100ml glass
bottles are placed for 1h to a drying oven at 507 lids are put back and after cooling down to
laboratory temperature weigh is immediately recdr(a;). Difference between frand m (water
content of disk) mis compared with ;m(water remained or extracted mass from the diskssses
due incomplete drying or sorbent loss during maaijn).

15. The Empore disks are removed from the 100ml glatites. The empty 100ml sample glass
bottles with lid are weighed (n The mass of sorbent material (10 Empore diskeaiculated as
Ms=Mp-My,

16. The volume of extract is reduced to about 3-4 mbgigacuum rotary evaporation.

17. To remove particles that released from Empore diskng extraction a small bunch of glass wool
+ 0.3g anhydrous N&Q, are placed into an empty glass Pasteur pipetefilléd pipette is washed
with three times 1 ml acetone. The extract is gtetitely transferred to the Pasteur pipette bgirig
the round bottom flask 3 times with 2ml acetoneakly, the filled pipette is washed with three tene
1 mL acetone. The filtered extract in acetone Iected to a 100 mL pointed round bottom flask. The
volume of acetone is reduced to cca 1 mL using wacrotary evaporation.

18.  To transfer the extract to methanol 20 mL methameladded and the volume of the extract is
reduced to approximately 0.5 mL using vacuum ro&gporation.

* Most of the sample lids already have labels.
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19. The extract is transferred (with a Pasteur pipatte) pre-weighed (record weightrs; with
labeled cap) clean 4 mL amber glass vial with awarap. The evaporation flask is rinsed twice with
about 0.5 mL methanol. The volume (mass) is adjust? mL (desired weight s + 1.589) (by
adding methanol from further rinses of the evaporafiask in drops by a Pasteur pipette or syrioge
a balance up to a desired weighfJhe vial is immediately closed until next stepd #me weight with
cap is recorded).

19.5Sample aliquotation
Final samples are in methanol.

20. The sample is divided into GC/LC vials in aliqufis different types of analysis using a syringe.
Vial/septum type should be checked and recommehgédose who will perform the instrumental
analysis (to avoid contamination). The preparatibaliquots is described in the next steps.

21. Sample for analysis of (Ph) Pharmaceuticals, (B&rPesticides + perfluorinated compounds;
(NTR) non-target screening by LC/MS: 250 pL of séentpken from step 19 = 12.5%.

22.  Sample for analysis of alkylphenols + steroidssphenol A (St): 250 pL of sample are taken
from step 19 = 12.5%.

23.  Storage/backup = 62.5%. The weight of vial + extthat remains in the vial is recorded;J and
remaining mass of extrank= my;-ms is calculatedThe remaining sample is closed and stored in a
freezer.

24.  The samples are stored according instructions @sethvho will perform analysis. Spiking with
internal (syringe) standards should be performepgdygons who will perform instrumental analysis,
unless agreed in a different way.

25. The procedure is repeated for each sample.

Table 6. Typical recoveries of selected curreadgd pesticides from Empore™ SPE Disks SDB-RPS

using procedure described in Annex 4

Compount Mean
recovery
(%)
Acetochlor 81%
Alachlor 92%
Atrazine 91%
Azinphos metyl 94%
Carbary 91%
Chlorpyrifos 90%
Chlortoluror 91%
Clopyralid 83%
Dimethachlo 92%
Dimethoate 93%
Diuron 97%
Fenoxaprop ethyl 91%
Fluroxypyr 112%

® Density of methanol is 0.792 g ¢in
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Compound Mean
recovery
(%)
Malathior 85%
Metazachlor 93%
Metolachlor 98%
Metribuzir 52%
Pendimethalin 869
Pirimicart 94%
Prochloraz 91%
Propiconazol 94%
Pyrazon 93%
Tebuconazol 98%
Terbufos 35%
Terbuthylazin 92%
Tribenuror-methy! 100%

Table 7. Typical recoveries of selected steroidnfmmes and alkylphenols from Empore™ SPE Disks

SDB-RPS using procedure described in Annex 4

Mean

recovery
Compound (%)
estrone (E3) 108%
17-a-estradiol (E2) 93%
17-B-estradiol (EB) 91%
17-a-ethinylestradiol (EE2) 89%
estriol (E1) 94%
4-nonylphenol 111%
4-t-octylphenol 909

Table 8 Typical recoveries of selected pharmacelsgiédrom Empore™ SPE Disks SDB-RPS using

procedure described in Annex 4.

Mean

recovery
Compound (%)
acetaminophen 88%
DEET 73%
caffeine 88%
carbamazepine 85%
sulfomethoxazol 79%
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20 Annex 5. Provisional adsorbent — dissolved phase dfiibution

coefficients Kpw) (L kg™) for selected contaminants.

Table 9 Sorbent/water distribution coefficient (IEgw) of selected pharmaceuticals on the SDB-RPS
Empore disk sorbent. The values were derived bilile@iing 100 ml of solution containing a nominal

analyte concentration of 10 pg L-1 with 100 mg ablent at pH=7 and 20°C.

Compound CAS Ka log Kow log Kpw
ibuprofen 15687-27-1 491 3.97 2.74+0.27
ketoprofen 22071-15-4 4.45 3.12 2.83+0.27
naproxen 22204-53-1 4.15 3.18 2.84+0.27
triclocarban 101-20-2 - 4.90 2.75+0.28
clofibric acid 882-09-7 3.37 2.90 3.37+0.27
acetaminophen 103-90-2 9.38 0.46 2.93+0.01
DEET 134-62-3 - 2.02 3.47+0.23
caffeine 58-08-2 10.4 -0.07 3.15+0.02
carbamazepine 298-46-4 13.9 2.45 3.12+0.02
sulfamethoxazole 723-46-6 1.6;5.7 0.89 3.09+0.01
atenolol 29122-68-7, 9.60 0.16 2.01+0.17
diclofenac 15307-86-5 4.15 4.51 3.04+0.04
ciprofloxacine 85721-33-1 6.09 0.28 0.85+0.16

Table 10 Sorbent/water distribution coefficienty(lis,) of selected pharmaceuticals for the Oasis HLB

sorbent. Experimental conditions were the sameeasribed in Table 9.

Compound CAS logKpw
ibuprofen 15687-27-1 5.75%0.21
ketoprofen 22071-15-4 5.83+0.20
naproxen 22204-53-1 5.70x0.17
triclocarban 101-20-2 4.304£0.14
clofibric acid 882-09-7 4.061£0.14
acetaminophen 103-90-2 2.99+0.41
DEET 134-62-3 6.02+0.41
caffeine 58-08-2 3.83+0.43
carbamazepine 298-46-4 5.45+0.24
sulfamethoxazole 723-46-6 4.40+0.44
atenolol 29122-68-1 4.09+0.37
diclofenac 15307-86-5% 5.41+0.40
ciprofloxacin 85721-33-1 4.61+0.32
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Table 11 Sorbent/water distribution coefficientg(ldpw) of selected pharmaceuticals for the OasisXMA

sorbent. Experimental conditions were the sameeasribed in Table 9.

Compound CAS logKpw
ibuprofen 15687-27-1 5.76£0.05
ketoprofen 22071-15-4 6.01+0.04
naproxen 22204-53-1 5.80%0.06
triclocarban 101-20-2 5.51+0.26
clofibric acid 882-09-7 6.05+0.03
acetaminophen 103-90-2 2.74+0.02
DEET 134-62-3 5.18%£0.13
caffeine 58-08-2 3.41+0.02
carbamazepine 298-46-4 4.13+0.06
sulfamethoxazole 723-46-6 5.20+0.04
atenolol 29122-68-1 1.64+0.01
diclofenac 15307-86-5% 5.27+0.22
ciprofloxacin 85721-33-1 4.02+0.29

sorbent. Experimental conditions were the sameeasribed in Table 9.

Compound CAS 08K pw
ibuprofen 15687-27-1 2.25+0.36
ketoprofen 22071-15-4 2.12+0.35
naproxen 22204-53-1 2.3820.36
triclocarban 101-20-2 3.09+0.35
clofibric acid 882-09-7 1.01+0.35
acetaminophen 103-90-2 2.11+0.15
DEET 134-62-3 2.25+0.19
caffeine 58-08-2 1.45+0.21
carbamazepine 298-46-4 3.09+0.03
sulfamethoxazole 723-46-6 3.04£0.05
atenolol 29122-68-1 3.39+0.08
diclofenac 15307-86-5% 2.34+0.34
ciprofloxacin 85721-33-1 3.09+0.11

Table 12 Sorbent/water distribution coefficientg(l&pw) of selected pharmaceuticals for the XAD7
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Table 13 Sorbent/water distribution coefficientg(l&pw) of selected pharmaceuticals for the AlteSil

silicone rubber. Experimental conditions were thens as described in Table 9.

Compound CAS o] e
ibuprofen 15687-27-1 1.96+0.10
ketoprofen 22071-15-4 0.67+0.13
naproxen 22204-53-1 1.08+0.11
triclocarban 101-20-2 2.52+0.08
clofibric acid 882-09-7 -0.33+0.12
acetaminophen 103-90-2 -0.26+0.10
DEET 134-62-3 2.19+0.18
caffeine 58-08-2 0.65+0.11
carbamazepine 298-46-4 1.86+0.03
sulfamethoxazole 723-46-6 0.30+0.27
atenolol 29122-68-7 0.46+0.33
diclofenac 15307-86-5 1.94+0.04
ciprofloxacin 85721-33-1 0.39+0.18
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