INTERNATIONAL
STANDARD

ISO
5667-23

First edition
2011-03-01

Water quality — Sampling <=

Part 23:

Guidance on passivessampling in surface

waters

Qualité de I'eau — Echantillonnage —

Partie 23: Lignes directrices pour I'échantillonnage passif daps les eaux

de surface

Reference number
ISO 5667-23:2011(E)

© SO 2011


https://standardsiso.com/api/?name=f23619b3c4a5c0fd242ce3e301546cb9

ISO 5667-23:2011(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2011

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2011 — All rights reserved



https://standardsiso.com/api/?name=f23619b3c4a5c0fd242ce3e301546cb9

Contents

o= o
L X0 11 T T o
1 — Scope

2 Normative referenCes. ... ..o s ssmne e s smmmen e e e eesns uanet
3 Terms and defiNitioNs .........cooi i g bt ane e
4 PriNCIPIe ... s e
5 Handling passive sampling devices..........cccoviimmnnniinnnnsses e,
51 1.7 4 =T - | o o S
5.2 Passive sampling devices for organic compounds..........ccccuevmernn G,
5.3 Passive sampling devices for metals.........ccccccocemrieecrrrnnscerrnsee e Gt e
6 Estimation of appropriate field deployment time..................m s
7 Passive sampling device preparation and assembly ... o i
71 Passive sampling device preparation ............eee il nsannnnas
7.2 Passive sampling device assembly...........oo i S
7.3 Passive sampling device Storage ... i mmmemememennnnnnnsnnnnnsnsnsnsnsnsnsssssssssssssssssnns
8 Quality @SSUIaNCe........cccciiiiiirr e e e
8.1 171 4 =T - | S
8.2 Replicate passive sampling devices in-field deployment..........cccoeriiiiiciiiccrnncncccees
8.3 Replicate quality control passive sampling devices ...........ooccciiimiiiiiiccccssere s
8.4 Passive sampling device coNtrols i v i s
9 Selection of sampling site and.safety precautions............ccoooomiiiiiicciisic e
9.1 Selection of SAMPIING S .. L5 e
9.2 Appropriate precautions against accidents ..........ccccocciiiiiiiiiici e ———
10 Passive sampling device deployment and retrieval .............cccoovommiiiiiiiciinneees
10.1 Materials and apPPArAtUS ........ccccccviiicccirmmeirrr e e e e s ss s ssssn e e e e s s s ssnmer e e e ee s s s s snmnn e e e neenan
10.2 B2 10 1= o T o SRR
10.3 Deployment PrOCEAUIE ........cccviiiiiiccceieeere e e e s ssscsssser e e e e s ss s s s sssms s e e e e s sssssssmnnneeeessassssnnnnneenessnnsn
10.4 Retrieval Procedure...........coiiiiiiicii i
1 Extraction-of analytes from passive sampling devices and preparation for analysis ..
12 = L=
13 CalEUlatioNs ...
14 B =TS = o Yo o

ISO 5667-23:2011(E)

Annex A (informative) Tables providing a summary of the main types of passive sampling

devices and a summary of the methods for their calibration............ccccveeoicnriicccnnnnnnen.

Annex B (normative) Materials and apparatus to be taken to the field for use in the deployment of

Annex C (informative) Quality control measures

Bibliography

passive SAMPliNG dEVICES ........coiiiiiiiiiiir e s

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=f23619b3c4a5c0fd242ce3e301546cb9

ISO 5667-23:2011(E)

Foreword

SO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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— Part 10

entat, in_flaison with 1ISO, also take part in the Work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
Ask of technical committees is to prepare International Standards. Draft Interriational Stand
the technical committees are circulated to the member bodies for voting-,-Publication ag

| Standard requires approval by at least 75 % of the member bodies casting‘avote.

drawn to the possibility that some of the elements of this document may be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

3 was prepared by Technical Committee ISO/TC 147, Watef.quality, Subcommittee 6, Samy
thods).

bnsists of the following parts, under the general title Water quality — Sampling:

Guidance on the design of sampling programmesand sampling techniques

Preservation and handling of water samples

Guidance on sampling from lakes, natural and man-made

Guidance on sampling of drinking water from treatment works and piped distribution systems
Guidance on sampling of rivers and streams

Guidance on sampling-of water and steam in boiler plants

Guidance on the sampling of wet deposition

Guidance-el Sampling from marine waters

: Guidance on sampling of waste waters

the
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tent

ling

— Part 1
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— Part 12: Guidance on sampling of bottom sediments

— Part 13: Guidance on sampling of sludges

— Part 14: Guidance on quality assurance of environmental water sampling and handling

— Part 15: Guidance on the preservation and handling of sludge and sediment samples

— Part 16: Guidance on biotesting of samples
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— Part 17: Guidance on sampling of bulk suspended solids
— Part 19: Guidance on sampling of marine sediments

— Part 20: Guidance on the use of sampling data for decision making — Compliance with thresholds and
classification systems

— Part 21: Guidance on sampling of drinking water distributed by tankers or means other than distribution
pipes

— _Part 22: Guidance on the desian and.-installation of aroundwater monitoring noints.
7 7 7

— | Part 23: Guidance on passive sampling in surface waters
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Introduction

Passive sampling devices can be used for monitoring concentrations of a wide range of analytes, including
metals, inorganic anions, polar organic compounds (e.g. polar pesticides and pharmaceutical compounds),
non-polar organic compounds (e.g. non-polar pesticides), and industrial chemicals (e.g. polyaromatic
hydrocarbons and polychlorinated biphenyls) in aquatic environments.

Pollutant leyels in surface water have traditionally been monitored by spot sampling (also known as bottle or
grab sampljng). Such sampling gives a snapshot of pollutant levels at a particular time. Pollutant. levels in
surface waler have a tendency to fluctuate over time and so it may be more desirable to monitor‘pollutants
over an extended period in order to obtain a more representative measure of the chemical quéality of a wlater
body. This [can be achieved by repeated spot sampling, continuous monitoring, biomonitoring or pasfsive
sampling.

Passive sampling involves the deployment of a passive sampling device that uses)a diffusion gradient to
collect pollytants over a period of days to weeks. This process is followed by extraction and analysis of| the
pollutants in a laboratory.

Passive sampling devices can be used in kinetic or equilibrium modes. In equilibrium mode, the passive
sampling de¢vice reaches equilibrium with the sampled medium, and provides a measure of the concentrgtion
at the time pf retrieval from the environment. In the kinetic mode, the passive sampling device samples if an
integrative vay, and provides a measure of the time-weighted average concentration of a pollutant in| the
water over |the exposure period. Where uptake into the receiving phase is under membrane control, then
passive sampling devices operate as integrative samplers between the time of deployment and an exposure
period of up to the time to half maximum accumulation in the receiving phase. Membrane control means [that
the transpoft resistance of the membrane is larger than-that of the water boundary layer. In stagnant water,

behave in 4 manner similar to those where uptake-is under membrane control, but the sampling rate depgnds
on flow conditions. Where flow conditions vary-over time, uptake can be under water boundary control when
turbulence is low, but change to membrane.control when turbulence increases.

to particulaje matter and to large~molecular mass organic compounds (e.g. humic and fulvic acids). [This

compounds;—aha-the—treatmer - < e < ive
sampling devrces used in surface water typlcally conS|st of a rece|vmg phase (typlcally a soIvent polymer or
sorbent) that has a high affinity for pollutants of interest and so collects them. This receiving phase can be
retained behind, or surrounded by, a membrane through which the target analytes can permeate. A schematic
representation of such a passive sampling device is shown in Figure 1. In its simplest form, a passive
sampling device is comprised solely of a naked membrane, fibre or bulk sorbent which acts as a receiving
phase. In such passive sampling devices, the polymer acts as both receiving phase and permeation
membrane. The polymers used in these passive sampling devices usually have a high permeation, and
uptake is controlled by the water boundary layer. Uptake comes under membrane control only at very high
flow rates. Different combinations of permeation layer and receiving phase are used for the different classes of
pollutant (non-polar organic, polar organic, and inorganic). Passive sampling devices are designed for use
with one of these main classes of pollutant.

vi © SO 2011 — Al rights reserved
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Passive sampling devices can be used in a number of modes including qualitative or semi-quantitative which
can be applied in the detection of sources of pollution, for example. When appropriate calibration data are
available, passive sampling devices can also be used quantitatively for measuring the concentration of the
free dissolved species of a pollutant.
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Scope
part of ISO 5667 specifies procedures for the determination of time-weighted-average concen

librium concentrations of the free dissolved fraction of organic and organometallic comg
janic substances, including metals, in surface water by passive sampling; followed by analysis

Normative references

following referenced documents are indispensable for.the application of this document
rences, only the edition cited applies. For undated (references, the latest edition of the
Iment (including any amendments) applies.
pling techniques

5667-3, Water quality — Sampling — Part-3: Preservation and handling of water samples
5667-4, Water quality — Sampling—<-Part 4: Guidance on sampling from lakes, natural and m
5667-6, Water quality — Sampling — Part 6: Guidance on sampling of rivers and streams

5667-9, Water quality —\Sampling — Part 9: Guidance on sampling from marine waters

5667-14, Water quality — Sampling — Part 14: Guidance on quality assurance of environn
pling and handling

6107-2, Water quality — Vocabulary — Part 2

TS 13530, Water quality — Guidance on analytical quality control for chemical and phys
pr analysis

frations and
ounds and

For dated
referenced

5667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes and

an-made

ental water

jcochemical

ISO 14644-1, Cleanrooms and associated controlled environments — Part 1: Classification of air cleanliness
by particle concentration

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=f23619b3c4a5c0fd242ce3e301546cb9

ISO 5667-23:2011(E)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 6107-2 and the following apply.

3.1

analytical recovery standard
compound added to passive sampling device receiving phase prior to analysis and whose recovery levels
during analysis are used to provide information about recovery efficiency

3.2

field contraol

quality confrol passive sampling device to record any chemical accumulated in passive sampling deV|
during manpfacture, assembly, storage, transportation, deployment, retrieval and subsequent analysis

3.3

passive sampling

sampling t

passive sampling device as a result of a difference between chemical potentials of th€ analyte in the
media: the pet flow of analyte from one medium to the other continues until equilibrium’is established in
system, or Uintil the sampling period is terminated

3.4

integrative
phase of s
sampling d
proportiona

3.5
performan
PRC
compound
dissipates f
processes

NOTE 1
pollutants.

1

NOTE 2
compounds.

q

3.6
reagent blz

aliquot of r¢agent used in-treatment of passive sampling devices which is analysed following deployme

order to dia

3.7
recovery s

hnique based on the diffusion of an analyte from the sampled medium to a recejving phase in

phase of passive sampling
bmpling during which the rate of uptake of an analyte into)the receiving phase of the pas
bvice is approximately linear, and during which the uptake of the passive sampling devic
to the time-weighted average concentration of an analyte_in the environment

Ce reference compound

that is added to the sampler prior to exposure and has such an affinity to the sampler th
rom the sampler during exposure, and that does not interfere with the sampling and analy

he offloading (elimination) rates of .PRCs are used to provide information about in situ uptake kinetid

Purrently PRCs are available—neither for passive sampling devices for metals nor for polar org

nk

pnose any-contamination from the reagents used

bike

ces

the
two
the

Sive
e is

At it
tical

s of

anic

nt in

quality con

determine the recovery leve

3.8
passive sa

sampling de

mpling device class

d to

class of passive sampling device based on the class of pollutant which a passive sampling device is designed
to accumulate

NOTE

Passive sampling device classes include:
polar organic compounds;
non-polar organic compounds;

inorganic compounds, including metals.
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3.9

membrane control

where diffusion through the membrane of the passive sampler dominates the overall mass transfer and
resistance to mass transfer of analytes from the bulk water phase into the receiving phase

3.10

water boundary layer

viscous sub-layer of water adjacent to a surface, caused by complex hydrodynamic interactions of a surface
with water, that causes resistance to diffusion from the bulk phase of water to the receiving phase, and that
reduces in thickness with increasing turbulence in the bulk phase of water

31

sampling rate
RS
appprent volume of water cleared of analyte per time, calculated as the product of the‘eyerall mass transfer
coefficient and the area of the receiving phase exposed to the external environment

NOTE Sampling rate is expressed in litres per day.

3.12
deployment device
strugture to which passive sampling devices can be attached, or,in_which they can be contdined during
deployment, and that is suitable for ensuring that the passive sampling devices are retained in pogition at the
deployment site throughout the deployment period

EXAMPLES A metal mesh, a pole or a cage, with mooring lings, buoys and anchors where necessary.

4 |Principle

The| general features of a passive sampling.deyvice are illustrated in Figure 1. The structures of ’I‘he types of
passive sampling device for the different classes of pollutants, polar organic, non-polar organic, afnd inorganic
(including metals), are summarized in.Table A.1. The procedures commonly used to calibrate |the various
des|gns of passive sampling device are summarized in Table A.2.

Pollutants accumulate in the receiving phase of a passive sampling device over a measured periqd of time of
exppsure to surface water. Fhe-pollutants are extracted from the passive sampling device in th¢ laboratory
and|the amount of each pollutant accumulated is determined by chemical analysis.

Uptake of a pollutant_ jrnto the receiving phase of a sampling device follows a first order approach to a
maximum (see Figure2). The mass accumulated after an exposure time, ¢, m,, is given by Equation (1):

m, = mgoy [1 —exp(—ket) ] (1)
whgre
Mmax 1S the maximum mass accumulated;
ko is a first order macro rate constant (the overall exchange rate constant) that depends on the
properties of the sampler and the pollutant (see Note).
NOTE The parameters that make up the macro rate constant, £, are discussed in Clause 13.

Uptake is approximately linear with time throughout the exposure period between time of deployment, =0,
and the time to half maximum accumulation in the receiving phase, =1, 5. Under these conditions, and
providing that the mass transfer of pollutant is linearly related to the concentration in the water, then the
passive sampling device operates in integrative mode and can be used to measure the time-weighted average
concentration of pollutant to which the passive sampling device was exposed.

© 1SO 2011 — All rights reserved 3


https://standardsiso.com/api/?name=f23619b3c4a5c0fd242ce3e301546cb9

ISO 5667-23:2011(E)

The time to half maximum accumulation in the receiving phase, 1, 5, is calculated using Equation (2):

(2)

e =2
05 ko
At longer exposure times, as m,,, is approached, the passive sampling device operates in equilibrium mode,

and provides a measure of the concentration only at the time of retrieval of the passive sampling device.

2\ 3\F' 4
I
| ¢
|
1 |
\\ |
\. I
: 5
<.
[
|
|
|
|
|
! 1
1
I a
[
LI
Key
1 receiving phase 4 \Wwater boundary layer
2 housing 5 water
3 permeatjon membrane a  Diffusion of pollutant.
NOTE 1 The permeation membrane and water boundary layer constitute the permeation layer.
NOTE 2 Ih some passive sampling device designs, the housing is replaced by a membrane that completely enclpses
the receiving phase. In some passive sampling devices (e.g. polyethylene strips or silicone rubber sheet) the rece|ving
phase is not|held in a housing but is deployed naked on a holding frame. In these passive sampling devices, there is no
permeation membrane, but the water boundary layer acts as a permeation layer. For more information on individual types

of passive sgmpling devices, see References [1] to [8].

Figure ~—’Schematic representation of a passive sampling device

5 Hand|ing passive sampling devices
5.1 Gengral
5.1.1 Ensure safety precautions are in place and adhered 1o for handling all chemicals.

5.1.2 |t is essential that passive sampling devices be kept isolated from potential sources of contamination
at all times except when being exposed at the sampling site. Ensure that the passive sampling devices are
stored and transported in gas-tight containers, of inert materials relevant to the pollutants of interest.

5.1.3 Avoid physical contact with the receiving phase or membrane of the passive sampling devices, since
this may affect the results. Where handling is unavoidable, use powder-free vinyl or latex gloves. Do not re-
use gloves.

5.1.4 For some passive sampling devices, it may be necessary to avoid or at least minimize exposure to

airborne contaminants during the handling, manipulation and deployment of passive sampling devices, and
the subsequent analysis.

© 1SO 2011 — All rights reserved
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____________________________________ —~Mmax
m; f—————
t0,5 t

Key
m; mass accumulated in sampler receiving phase t exposure time

Figure 2 — Profile of uptake of a pollutant into a passive sampling device
Thel use of a clean room classified in accordance with ISO 14644-1 or a laminar flow hood is regommended
whgn preparing some passive sampling devices.
5.1. Passive sampling devices and resultant extracts should not be stored in proximity to othef chemicals,
parcularly volatile.chemicals.
5.1.p Use suitable pipette tips that are clean and free from contamination for the addition of [reagents to
extrpcts,
5.2

5.2.1 Minimize contact of passive sampling devices for organic compounds with plastic materials.

5.2.2 Wash, using an organic solvent such as acetone, all equipment that comes into contact with passive
sampling devices during preparation prior to deployment, storage, transport, and preparation for analysis.

5.3 Passive sampling devices for metals

5.3.1 Acid wash all equipment that comes in contact with the extract obtained from the passive sampling
device after deployment, other than the passive sampling devices, in accordance with ISO 5667-3.

© 1S0O 2011 — Al rights reserved 5
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5.3.2 Use a grade of acid (containing less than 5 ug/kg of any individual heavy metal) that is appropriate for
trace metal analysis for addition to samples or for digestion.

6 Estimation of appropriate field deployment time

Where the aim of passive sampling is to estimate the time-weighted average concentration of a pollutant in
surface water, the exposure should not extend beyond the linear uptake phase (see Clause 4). Under these
conditions, the mass of pollutant collected in the receiving phase is limited by the sampling rate and exposure
time. The mass collected in the receiving phase should be above the level of quantification of the analytical
method. Theti i i i i the
sampling rdte of the passive sampling device. Where the concentration in the water is low and the sampling
rate is low,|it may not be possible to estimate a time-weighted average concentration. A passive-sampling
device whefe the sampling rate is commensurate with the expected range of concentration of the pollytant
should be used.

When equillbrium is approached, then the mass of pollutant collected in the receiving phase is determinegl by
the sorptiof capacity (the product of the volume of the sampler and the partition coefficient between| the
receiving phase and the environmental water) of the receiving phase. Under these gonditions, information on
time-weighted average concentrations is limited.

Where avai
commercial

7 Passi

7.1 Pasg
For sample
rubber, tha
samplers tg
solvent ext
of 1 week).
washes of 1
for up to 6 1

Where it is
purpose ac
each comp
the analyte
spiked into

partition cog¢fficientin.Steps of approximately 0,2. Where a labelled analogue of an analyte is not available,

advisable tq
coefficient t

ve sampling device preparation and assembly

able, the exposure time advised by the manufacturer should be used. For samplers that are
y produced, use calibration data provided in peer-reviewed publi¢ations.

ive sampling device preparation

rs, e.g. strips or sheets of polymeric material including low density polyethylene and silid
are not supplied as ready to use foi-passive sampling, it is necessary to clean the pas
remove oligomers and contaminants prior to use. This can be achieved by thermal desorption
action, e.g. Soxhlet extraction or repeated washing in a solvent like ethyl acetate, during a pe
Following this extraction stagey.any residual extraction solvent should be removed by at least
hethanol over a period of 24 After cleaning, such polymeric samplers can be stored in meth
nonths.

possible to use petformance reference compounds (PRCs), select suitable compounds for
cording to the compounds to be sampled (see Note). It is not feasible to use a labelled analogu
pbund to be samipled. Select compounds to cover the range of octanol/water partition coefficien
5 to be sampled in order to ensure offloading in the range 20 % to 50 % of the individual P
the receiving phase. It is advisable to use PRCs that cover the desired range of log octanol/w

use the overall offloading rate constant of a PRC with a slightly lower log octanol/water part
hah,that of the analyte in the calculation of the concentration of the analyte in the water.

not

one
Sive
and
riod
two
anol

this
e of
s of
RCs
ater
itis
tion

Prepare PRC solutions for each class of passive sampling device. Select the amount of PRC to be spiked.
This should be sufficient to ensure that the residue falls above the limit of quantification of the analytical
method. Avoid using larger quantities than necessary, since the materials offload into the environment. Use
the solution of PRCs to spike the receiving phase of selected passive sampling devices prior to assembly. Use
pure materials and state the use by date for the spiked passive sampling devices. Ensure that the receiving
phase is homogeneously spiked.
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In some cases, spiking is carried out during manufacture. For passive samplers where the receiving phase is
a sorption phase, spiking can be achieved by addition of a solution of the PRCs in a compatible volatile
solvent. For passive samplers, e.g. polymeric strips or sheets, that are not supplied ready for use, spiking is
achieved (after the cleaning stage) by soaking in a solution of PRCs in methanol and water mixtures. Detailed
advice on individual samplers and applications is available in peer-reviewed publications.

NOTE
phase.

Some commercially available passive samplers are supplied with PRCs already spiked into the receiving

7.2 Passive sampling device assembly

7.21 Passive sampling devices that need to be assembled by the user should be assembled in an
env|ronmentally controlled room equipped to remove atmospheric contaminants.

7.2.2 Label each passive sampling device in accordance with ISO 5667-3.

NOTE The addition of a suitable label for each passive sampling device by the manufacturer aids pasgive sampling
devipe identification during deployment and during recovery, and after recovery.

7.3| Passive sampling device storage

It is|essential that passive sampling devices be kept isolated from potential sources of contamingtion during
storpge. Store prepared passive sampling devices in vapour-tight containers at controlled temperagures. Avoid
storjng passive sampling devices in proximity to chemicals.

The| storage temperature should be selected in accordance with the manufacturer's instructions, where
aval|lable. Where such instructions are not available, storé.samplers at 4 °C, and avoid freezing samplers that
contain traces of water.

8 |Quality assurance

8.1 General

Implement quality assurance measuires throughout the sampling and handling processes in accordance with
ISO|5667-14. Figure 3 illustrates how the quality assurance steps fit into the sequence of procesges involved
in using passive sampling devices.

Compare the results of.analysis of passive sampling devices deployed together (as specified in|8.2) and of
pasgive sampling devices with passive sampling device controls (as specified in 8.3), in order fo calculate
uncertainty of thesampling (see Clause 13). Refer to the guidance for analytical quality] control in
ISOfTS 13530.

8.2| Replicate passive sampling devices in field deployment
Thelramber-of-replieate—passive-samphng-devices-deployed-at-each-site—is—determined-by—the-design of the

sampling campaign, and the precision needed for the purposes of the campaign. If information is needed on
temporal changes over a long period, then passive sampling devices can be retrieved at a range of elapsed
times after deployment.

8.3 Replicate quality control passive sampling devices
Prepare quality control passive sampling devices at the same time and in the same way as those to be

deployed in the field. Use a minimum of one per sampling site for each class (polar organic compounds, non-
polar organic compounds and inorganic compounds including metals) of passive sampling device to be used.
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Preparation

Storage

Transport

Deployment

a Storage Exposure b

Retrieval

Transport

Storage

Processing

Analysis

NOTE Rield controls (a) are stored during the period of field exposure of deployed passive sampling devices (b).

Figure 3 — Scheme showing sequence of processes involved in using passive sampling device

"4

8.4 Pass1ive sampling device controls

For each passive sampling device set (group of passive sampling devices deployed together), prepare
passive sampling device controls in accordance with Table 1. The number and type of controls are dependent
upon the required level of confidence, but a minimum of one per sampling site should be used, or two where
there is only one sampling site in a campaign.

The average mass of the PRC spike and the associated precision are estimated by using all of the field
control passive sampling devices from each batch of passive sampling devices deployed within a field
campaign.

For monitoring the time-weighted average concentration of pollutant near the limit of detection, it is possible to

combine extracts from a number of passive sampling devices. Under these circumstances, it is necessary to
increase the number of control passive sampling devices pro rata.
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Table 1 — Passive sampling device control requirements

Control type Number required Treatment of controls

Separate the field controls from the passive sampling devices
manufactured or delivered together.

Transport field controls between the sampling site and laboratory with the
set of passive sampling devices.
At least one per

. sampling site, or two Expose field controls to the air at the sampling site during deployment
Field control ’

where there is only and retrieval of the passive sampling device set, but only during

one sampling site manipulation. Handle in the same way as the set of passive sampling
devices up 1o the start of deployment, and irom the start o recovery from
the field.

Process and analyse field controls concurrently with and-identically to the
passive sampling device set.

At least three per ) ) . , . . .
batch of passive Prior to processing of a passive sampling deyvice, fortify recovgry spike

sampling devices or passive sampling devices with a target compound mixture.
Refovery spike for each field
campaign if a single
batch of samplers is
used

Process and analyse recovery spike controls concurrently with and
identically to passive sampling devices of the same class in th¢ passive
sampling device set.

9 [Selection of sampling site and safety precautions

9.1| Selection of sampling site

Select a sampling site in accordance with ISO 5667-1 and ISO 5667-4 for lakes or ISO 5667-6 fgr rivers and
strepms or ISO 5667-9 for marine waters.

Before deployment and prior to retrieval pfipassive sampling devices, carefully inspect sampling| site for the
follgwing:

a) |sources of vapour-phase contaminants, including engine fumes, oils, tars, gasoline, diesel fuel, paints,
solvents, cigarette smoke @and asphalt pavement, if passive sampling devices are to be used for organic
compounds;

b) [sources of metallic.contamination, if passive sampling devices are to be used for metals;
c) |oily films or biofilms on the surface of the water;

d) |[it is esséntial that the passive sampling device be deployed at a point below which water Igvels do not

drop.so.that there is adequate water depth to ensure that the passive sampling device is kept|submerged
throughout deployment under all conditions.

Record any findings for the site.

NOTE  Some streams could become dry during periods without rain; deployment of samplers in such cases should be
in pools rather than riffles. In tidal waters, passive sampling devices should be deployed at a suitable distance beyond the
spring tide low water mark.

9.2 Appropriate precautions against accidents

The enormously wide range of conditions encountered in sampling surface waters can subject sampling
personnel to a variety of risks.

Sampling personnel should be informed of the necessary precautions to be taken during sampling operations.
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ISO 5667-1 specifies certain safety precautions, including sampling from boats and from ice-covered waters.

ISO 5667-6 specifies safety precautions to be considered when sampling from river banks.

IMPORTANT — Take precautions against accidents, and provide appropriate safety training.

Attention is drawn to the requirements of health and safety regulations.

10 Passive sampling device deployment and retrieval

NOTE

10.1 Materials and apparatus

A check list
devices is g

10.2 Tran

10.2.1 Fol

not commsq
laboratoried.

10.2.2 Usq

from the e
transport to

10.2.3 Eng

as recomm
avoid freez
storage fac

10.3 Depl

10.3.1 Tra
sampling s

environmen

10.3.2 Re

water flow 1

calibration

are not avpilable>~The pH is necessary to interpret the data when the pollutants being measured
dissociable [compounds.

/
controls is pr

schematic outline of the sequence of processes involved in using passive sampling devices and
bvided in Figure 3.

of materials and apparatus to be taken to the field for use in the deployment.0Ppassive samy
rovided in Annex B.

sport

ow the storage and handling instructions supplied by the manufacturer or, for samplers that
rcially produced, use calibration data provided in peer-reviewed publications by compsg

appropriate containers (B.5) to ensure that individual, passive sampling devices remain isol
nvironment, from potential sources of contamination, and from each other during storage
the deployment site and back to the laboratory following retrieval.

ure that during transport passive samplers.are maintained at an appropriate storage temperat
bnded by the manufacturer. Where such instructions are not available, store samplers at 4 °C,

ng samplers that contain traces of water. This can be achieved by using an appropriate port
ity, e.g. an insulated container with-cooling blocks.

pyment procedure

hsport the labelled passive sampling devices (B.1) and required control devices (B.2) to
t (10.2.3), where necessary.

ord any watér-quality determinands significant to the study, e.g. water temperature, pH, turbi

ate (B.6). Water temperature and flow rates are necessary in order to be able to select approp
arameters/for passive samplers, e.g. those for metals and polar organic compounds, where P

field

ling

are

tent

hted
and

ure,
and
hble

the

te in sealed containers’ (B.5) inside a portable storage facility to maintain a low tempergture

dity,
iate
RCs
are

10.3.3 Using gloves (B.4) remove each passive sampling device from its container in accordance with the
manufacturer's instructions. Treat field control passive sampling devices in exactly the same way as the field
deployed passive sampling devices, but do not deploy them.

For some p

assive sampling devices, the containers can require opening under water.

10.3.4 Where possible, take care not to touch the membrane of the passive sampling device, unless the type
of passive sampling device so requires. Prepare each passive sampling device as necessary and install in the
deployment device (B.8) (see Note 1). Where photodegradation of organic chemicals is of concern, protect the
passive sampling device from direct light during deployment (see Note 2).
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Ensure that exposure of the passive sampling device to the atmosphere during deployment and retrieval is
kept to a minimum. This is particularly important when pollutants are present in the vapour phase. Some

desi

NOTE 1

gns of passive sampling device can rapidly accumulate volatile pollutants from the air.

placement of the deployment devices in the water.

NOTE 2

pote

ntial chemical loss due to photodegradation.

Where surface layers of chemicals are visible, precautions can be needed to reduce contamination during the

The use of photolysis surrogates, e.g. PRCs, added to the passive sampling device can help determine any

10.3.5 Anchor the deployment device (B.8), to which the passive samplers are attached, to the river, lake or

sea
(B.1
wat
levg
the

exp
bec
pas

The
aga

The
floo

10.3
fiel

10.3
for

2) to the deployment device if necessary to keep it submerged at this depth. Record the dept
br surface at which the passive sampling device is deployed (B.7). Take account of flu€tuatig
| so that, if possible, the passive sampling device remains at the same depth below the surface
deployment. In any case, ensure that the passive sampling device remains submerged thr
bsure period. Passive sampling devices should be deployed in such a way/that no air ¢
bmes trapped on the receiving membrane. Air and sediment can reduce uptake rate, or cont
5ive sampling device.

deployment device should be positioned so that it is as inconspicuaUs as possible, in ord
nst tampering or vandalism.

passive sampling device should be adequately secured and{protected against damage and
1 events or storms.

.6 When the set of passive sampling devices is being deployed, close the containers that
control(s).

.7 Close the empty passive sampling deviceceontainers and place them in the portable sto

ach weights
h below the
ns in water
throughout
bughout the
r sediment
Aminate the

er to guard

loss during

contain the

age facility,

transport back to the laboratory along with* the field control(s). Where necessary, mainptain a low

temperature (B.3) during transport back to the {aboratory.

10.3.8 Record the date and time of deployment, weather conditions, and the name of the person executing
the fdeployment.

10.3.9 Where necessary, check\the integrity of the deployment device and passive sampling| devices at
recgrded intervals. Measure @nd’record relevant water quality determinants at deployment and rgtrieval (see
10.3.2).

NOTE For some investigations, it can be necessary to recover devices sequentially throughout thgd deployment
perigd.

10.4 Retrieval procedure

10.4.1 ARecord any water quality determinands significant to the study, e.g. water temperature, gH, turbidity,
water-flow rate (B.6).

10.4.2 Retrieve the deployment device. Check whether the deployment device and samplers have been
tampered with during deployment. Where samplers have been disturbed during deployment, they should not
be used to estimate concentrations of pollutants in the surface water. Using gloves (B.4), retrieve passive
sampling devices, taking care not to touch the membrane surface, except where procedures require this.

10.4.3 At the time the passive sampling devices are retrieved, open the container housing the field control(s)
(B.2).

10.4.4 Check the integrity of each passive sampling device. Record any damage, e.g. ruptured membrane,
and the extent of biofouling. Where the membrane has been damaged, the passive sampling device should
not be used to estimate the concentrations of pollutants in water.
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10.4.5 Prepare each passive sampling device as necessary. Return each passive sampling device to its
original container (B.5). Close the container housing the field control(s).

10.4.6 Seal each container and place immediately in the portable storage facility to maintain a low
temperature (B.3) along with the field control(s) (B.2).

10.4.7 Ensure that passive sampling devices remain isolated from potential sources of contamination during
transport to the laboratory and subsequent storage by placing the passive sampling devices in their sealed
containers immediately after retrieval. Store passive sampling devices at temperatures recommended by the
passive sampling device manufacturer prior to analysis.

10.4.8 Reg¢ord the date and time of retrieval, the name of the person executing the retrieval, and the weather
conditions.

11 Extragtion of analytes from passive sampling devices and preparation for
analysis

When prepgring passive sampling devices and controls for analysis, follow the handling instructions given in
Clause 5.

Prepare thg receiving phase for analysis so as to avoid contamination frony fouling on the passive sampling
device surfaces.

NOTE This can be achieved by cleaning the membrane surface or careful*disassembly of passive sampling devides.

Use extracjion protocols provided by the manufacturer. For:samplers, e.g. strips or sheets of polymeric
material induding low density polyethylene and silicone rubbgr, that are prepared in-house, use protocols|that
are reported in peer-reviewed publications.

The extracfion uses techniques, e.g. dialysis, solvent extraction, acid digestion or thermal desorption], to
extract the [analytes of interest, residual PRCs_and-recovery spike compounds for analysis. The techn|que
used is dete¢rmined by the type of passive sampling device used, and the class of analyte sampled.

12 Analysis

Using suitaple methods, analyse'‘samples from the passive sampling devices and controls to determine| the
amount of gach analyte, PRC-and recovery spike compound in the receiving phase, e.g. gas chromatogrgphy
mass spectrometry (GC-MS), gas chromatography-electron capture detection (GC-ECD), liguid
chromatogrpphy mass spectrometry (LC-MS), liquid chromatography fluorescence spectrometry (LC-fluor)) for
organic anglytes; atomic-absorption spectrometry (AAS) or inductively coupled plasma mass spectromietry
(ICP-MS) fgr metal ahalytes.

Before conimencing analysis, it is essential, using laboratory tests, to establish overall precision, bias [and
limits of detection of the methods

Use methods that have been validated by the laboratory that is to perform the analysis.

NOTE Where there is a need to measure very low trace levels of a pollutant, extracts from multiple passive sampling
devices can be combined prior to analysis.
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13 Calculations

Where the passive sampler has been used in equilibrium mode, calculate the concentration, in nanograms per
litre, of dissolved analytes in the water, p,, at the time of recovery of the sampler from the water as follows:

m
Pa = A 3)
where
m is the mass, in nanograms, of analyte accumulated in the receiving phase of the passiye sampling
device at equilibrium;
K s the partition coefficient between the receiving phase and water;

Vs is the volume, in cubic decimetres (litres), of the receiving phase.

Parfition coefficients and volumes of the receiving phase are provided by.the manufacturer for sgme passive
samplers. For samplers, e.g. strips or sheets of polymeric material including low density polyethylene and
silicbne rubber, that are prepared in-house, use calibration ddta “that are reported in pegr-reviewed
publications.

Where the concentration of an analyte in the passive, sampler has not reached equilibrium with the
congentration in the water, but the exposure time is greater than the time to half equilibriun), then it is
necessary to use Equation (4) to estimate the concentration of the analyte in the water.

(4)

whdre

m, is the mass, in nanograms, of analyte accumulated in the receiving phase of the passiye sampling
device after an exposure time,

t is the exposure-{ime, in seconds;

kg is the overdll mass transfer coefficient, in decimetres per day, of the analyte from Water to the
passiveisampling device;

A is'the effective area, in square decimetres, of the passive sampling device.

Where the exposure time for an analyte has not exceeded the time to half equilibrium, the gampler has
opeEated in_integrative mode, and the time-weighted average concentration, in nanograms per litre, of

dissolved analytes in water, p,, over the deployment time can be calculated as follows:

m
- 5
Pa koAt ()

This is a very general formulation of the calculation. It assumes unidirectional, linear, integrative uptake of the
analyte during the whole deployment period. In the linear phase of uptake (see Figure 2) the sampling rate
(the apparent volume, kyA4, in cubic decimetres per day or litres per day, of water cleared of pollutant per time)
is independent of the concentration of the pollutant in the water.
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Some errors associated with the estimates of p, can be determined from the use of appropriate quality control
measures (see Annex C). Examples of calculation and quality control measures for the various types of
passive sampling device are provided by the manufacturers of some types of passive sampling device and in
the bibliography (see especially References [10], [12], [13], [16], [17], [25], [26], [27], [28]).

The value of the overall mass transfer coefficient for any analyte is in general a device- and site-specific
calibration parameter. It is obtained in a variety of ways, depending on the specific passive sampling device
used and deployment conditions. It is a substance-specific value dependent on the physicochemical
properties of the analytes and environmental variables, e.g. water temperature and hydrodynamic conditions.

The overall mass transfer coefficient can be obtained in a number of ways, including the use of empirical
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fluctuations

The kinetic
They shoul
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offloading ¢
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effects of te
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PRC usually
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where
MpRC, ¢

MpRC,0
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Since kp and
can be used
offloading ar
constant, ke:

ata or from theoretical considerations where the parameters are provided by the manufactirer.

errs, e.g. strips or sheets of polymeric material including low density polyethylene and ’silig

are prepared in-house, use calibration data that are reported in peer-reviewed publicati
data typically cover a range of temperatures and turbulence conditions. In addition,”for s
npling devices, PRCs (see Note 1) can be used to correct the overall mass transfer coefficien
in environmental conditions (see Figure 4).

of offloading of the PRC (see Note 2) and the kinetics of uptake of a pollutant should be relg
] have first order isotropic exchange kinetics (Figure 4). Hence, they are/affected in a matc
ironmental variables, e.g. temperature and turbulence. When these conditions are met, then
f the PRC can be used to provide an in situ calibration of the passive sampling device. He
s can also be used to adjust the overall exchange rate constaft for uptake of a pollutant for
mperature and turbulence.

PRC is an analyte that is added to the receiving phase of a passive sampling device prior to deployme
has properties similar to those of the pollutants of interest, but a PRC should not be present in
in significant concentrations. Typically perdeuterated qr BC-labelled analytes are used as PRCs.
Esible to measure offloading of the PRC from the receiving phase during exposure of the passive sam

he kinetics of offloading of the PRC can be destribed by a first order loss equation:

= mprc,0 XP(—kpf)

is the residual mass of PRC inthe receiving phase after an exposure time,
is the mass of PRC spiked into the receiving phase;
is the first order rate constant for offloading of the PRC from the receiving phase.

the overalhexchange rate constant for uptake of the pollutant, &, (Figure 4), are related, the offloading of
to adjust uptake rates for the effects of temperature and turbulence. Where the kinetics of uptake
e isotropic, the overall offloading exchange rate constant, kp, is a function of the overall uptake exchange,
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The overall offloading exchange rate constant, &, can be used to calculate, using Equation (2), the time to half maximum
accumulation of the pollutant in the receiving phase (Figure 4).
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Key
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The
set:

ass of analyte in receiving phase 1 pollutant

Exposure time 2 performancetyreference compound

gure 4 — Time courses of uptake of a pollutant (1) into, and offloading of a performance
compound (2) from, the receiving phase of a passive sampling device

Test report

test report shall include at feast the following information for each analyte in the passive sam

sampling location;
date and timef deployment and retrieval of passive sampling devices;
site characteristics;

name of person deploying and retrieving the device;

reference

bling device

e)
f)
9)
h)

i)

water quality determinands recorded at deployment and retrieval;

levels of target analytes quantified in quality control samples;

amount of the analyte determined in the sampler, with its estimated uncertainty;
time-weighted average concentration of analyte in the surface water;

details of the method used, with reference to this part of ISO 5667 (ISO 5667-23:2011).
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At least the following information shall be recorded for each analyte in the passive sampling device set and be
available if necessary to aid interpretation of the report:

1) identity of set of passive sampling devices;
2) passive sampling device type and manufacturer;
3) passive sampling device batch number;

4) passive sampling device field identification;

5) passive sampling device uptake rate and the method used to determine it;

6) where gpplicable, further information on the sample site, e.g. previous levels of any pollutants found;
7) any PRCs used and their levels in passive sampling devices before and after exposure;

8) recovely spike compounds used;

9) samplg preparation method;

10) analyti¢gal method.
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Annex A
(informative)

Tables providing a summary of the main types of passive sampling
devices and a summary of the methods for their calibration

Papsive sampling Performance
. a
Hevice class Receiving phase Membrane reference Fmpound
avaijable
Polyethersulfone No
Polysulfone
_ Microporous adsorbent materials,
Polar orgznlc e.g. SDBP, activated carbon Regenerated cellulose
conipounds o J
Solid phase microextraction fibres In the absence of a diffusional No
membrane the water boundary
layer may actés a diffusional
layer
Triolein Polyethylene
Octadecyl silica Regenerated cellulose
Non-polar organic | Polydimethylsiloxane Water boundary layer Ves
conppounds Low density polyethylene (see Note)
Organic solvents (e.g. hexane)
Polyoxymethylene
Inotganic Polyacrylamide hydrogel
confpounds Chelating resin Mi lul tat No
inclliding metals icroporous cellulose acetate
NOTE Polymer samplers can act as both permeation membrane and receiving phase at the same time.
2 |See 3.5.
b Poly(styrene-divinylbenzene) polymer.
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