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Summary

Introduction: This report presents a strategy for monitoring and assessing the quality of sediments
based on their chemical status. This is a robust approach designed for routine checks. The
method proposes a procedure for the collection and pre-treatment of samples for chemical anal-
ysis. It also proposes sediment quality criteria (SQC) for a list of relevant contaminants as well as

a sediment quality classification system in accordance with the modular stepwise procedure.

Study design and sampling strategy: The method recommends collecting replicates from each
site at three different points a few meters apart and combining them into a composite sample
which will then be analyzed. For most study purposes and types of water bodies, the fraction <2
mm is proposed as a matrix for analysis. If, however, the monitoring aims at an analysis of trends
and if the proportion of fine sediments is low, the recommended matrix is the fine fraction (<63

pum).

Substances proposed for sediment monitoring: A list of twenty substances is proposed for which
it is recommended to collect information on environmental concentrations in sediment and to con-
duct a national risk assessment. This list includes four metals, four pesticides, two pharmaceuti-
cals, a bactericide, a fluorinated surfactant, a phthalate, nonylphenols and octylphenols, a syn-
thetic musk, a chlorinated aliphatic compound, and the groups of PCBs, PAHs and PBDEs. This
list should not be used in all cases but can be adapted according to the type of watercourse

studied, the sources of contamination present and the objectives of the study.

Sediment quality assessment: A two-level assessment method is proposed. Tier 1 consists of the
chemical analysis of the substances of interest and their comparison with the corresponding sed-
iment quality criteria (SQC). The SQC are derived from ecotoxicological data and correspond to
threshold concentrations above which a risk of adverse effects for benthic organisms cannot be
excluded. Depending on the relationship between the measured environmental concentration and

the SQC, the sediment quality can be divided into five quality classes.

The evaluation system proposed to assess the quality of the sediment is based on five classes
defined according to the value of the risk quotient (RQ). It is recommended to use the SQC as
references or screening tools. Concentrations below the SQC indicate substances and sites of
low ecotoxicological concern. The potential risk highlighted by exceeding the SQC at the first level
of investigation (Tier 1) requires confirmation by a more detailed and site-specific assessment at

Tier 2. Available tools to refine the exposure and / or effect assessment are briefly described.

Conclusions and perspectives: This approach is a first step towards harmonizing the evaluation
of sediment quality in Switzerland. It is based on practices already widespread at the national
level in order to ensure a certain continuity of the existing databases. The list of substances pro-
posed for the monitoring of sediments is mainly based on previous prioritization exercises and
the properties of the compounds given that data on measured environmental concentrations are

still scarce for Swiss sediments. Therefore, the list must be regularly updated according to new



data from measurement campaigns or regulatory actions pertaining to chemical substances. Like-
wise, the SQC should be updated as scientific knowledge improves. Future improvements to the
method will concern, in particular, toxicity due to mixtures of compounds and the development of

a more detailed protocol for refining risk assessment.




Table of contents

YU 1010 0= 1Y OSSP PTPPPTRR 4
TaDIE Of CONENES .....eieiiiiiee et e e nnne e re e nnne s 6

IO [0 1o o [0 T 1o TR TP PP RSP PPRTRPR 8
O R O o 1= 4 A PP 8
1.2 Objectives and scope of aPPliCALION .......ceeeiiiiiiiiiiiieiie e e 9
1.3 Organization Of the FEPOIM ......ceiie e e e e et rrreeaaeeean 10

P = T L= U =Y o] o SR 11
2.1. Legal framework in SWItZerland...........cccuuviiiiieiii e 11
2.2. International [aws and agreEmMENtS ...........eeeiieiiiiiiiiiiieie s e s e e s 13

3. Situation analysis of sediment quality in Switzerland...........cccoceiiiniini e, 16
3.1. Implementation of sediment quality assessments in Switzerland .............cccccvvvvvvvvvnenens 16
3.2. Situation analysis of sediment QUAIILY .........cc.cooiiiiiiiiiii e 17
32,1, TrACE MELAIS....cii ittt 17

3.2.2. Polychlorinated biphenyles (PCBS)........uuiiiiiiiiiiiiiiie e 18

3.2.3. Conclusions of the situation analysis ...........cccccerriiiiiiiiiiie e 21

4. Substances proposed for sediment MONITOMNNG ........ouviieiiiireeiiiiee e 22
4.1. Prioritization of organic MICrOPOIULANTS...........cciiiiiiiiiiiiie e 22
4.2. Selection of substances recommended for sediment MoNItoring.........cccccovcveeeeiiieeeenns 23

5. Study design and Sampling StrAtEQY .........cuueeeiiiiiieiiiiie e 25
LT S (0T |V [T [ o PP PTPPPPPPPPIN 26
5.1.1. Definition of Study ODJECHIVES.......uuiiiiiiiiiiiie e 26

5.1.2. Collection and evaluation of available information.............ccccccoeveiiii s 26

5.1.3. Selection of target COMPOUNGS.........oiiiiiiiiiiiiciec s 28

5.1.4.  MaLriX SEIECHION ...eeiiiiiiiieiiieiee ettt e e e e e s eeeeaans 28

5.1.5. Requirements for chemical analysis .........cccooeeoiiiiiiiiiiiiiie e 28

5.1.6.  Field quality CONIOL ... s 28

5.2. SamMpPling Strategy ...cccoeeeiieieeeeeeeeee 30
B5.2.1.  SItE SEIECHION ..ceiiieiiei e 30

5.2.2. Replicate and composite SAMPIES ........eeiiiiiiiiiiiiiie e 31

5.2.3. Frequency and time of SAMPING .....cooiiiiiiiiii e 33

L S o 0T o] 1= o | SO PSPPSRI 33

5.2.5. Measures to take before the field WOrk ..o 35

5.3, Field SAMPIING. ..ottt e et e e rreeeeane 38
5.3. 1. PrelimiNary MEASUIES. ......uuiiii ittt ettt e et e e e e et e e e e e s e annreeeeeas 39

5.3.2.  Collection Of SEAIMENT........ccuuiiiiiiiiii it 39

5.3.3.  Homogenization, sieving and bottling ..............oooeeiiiiiiiiee e, 40

5.3.4. Transport @nd SIOFAQgE ......ueeiiie ittt e et e e e e e e eeee s 41



5.3.5. Sample pPre-treatMent.........coeeeoiiiiiiiiieei e e e e e s 43

5.3.6.  Sediment PrOPEITIES ......uvviiiiieeeieiiiiiie e e st e e e e s s r e e e e e et r e e e e e e e annreaaees 43

B.3.7. IMELAIS ... 44

5.3.8.  Organic MIiCrOPOIULANTS. ........eviiiiiiiii ettt 46

6. Sediment QUAIILY BSSESSIMENT .....ccciiuiiiiiiiiie ettt e e e e e 48
6.1. Tier 1: Assessment based on SQC comparison to measured concentrations............... 49
6.1.1. Classification in qUAlItY CIASSES .......cocuuiiiiiiiiii e 52

6.1.2. Alternative methods for evaluating sediment quality based on the fine fraction .. 55

6.1.3.  MiXtUre risk aSSESSIMENL........cciiiiiiiiiiiiiie ittt e e e e 55

6.2. Tier 2: Risk assessment refiN@MENT .........ccuuiiiiiiiiieiii e 56
6.2.1. Refinement of EXPOSUIre aSSESSMENL........cc.uvviriieeeiiiiiiiee e e e e s e e e e snreneees 56

6.2.2. Refinement of effeCt aSSESSMENT.........ccciiiiiiiiiiiee e 58

7. CoNncCluSioNS aNd PEISPECLIVES ......uuuuuuuruieiiiiiiiiiiieiiinn e 62
RETEIBNCES .ottt st e s et s e e e e e e e 64
L] 0177 T 72
1 £SO OPPPPRTPPPPN 75
LISE OF fIQUIES ...ttt ettt e e st e e e et e e e e nbe e e e e areas 75
LISt OF tADIES ... e 76
Annex 1: Types of sampling deSign ... 77
ANNEX 2A: CRECK TIST ...ttt e et e et e e e sereeeeanes 79
ANNEX 2B: Field ProtOCOI .....coiiiiiiiiiiiiiee ettt e et e e et eeeaes 81
ANNEX 2C 1 FIEIA SNEEL ...ttt e et e e e 82
Annex 3: Sediment quality criteria (SQC) derivation method..............ccoviiiiiiiiiiei e 86
Annex 4: Effect concentrations accompanying preliminary SQC.........ccooiieiiiiiieeiiiieeee e 89
Annex 5: Information on natural background concentrations of trace metals in Switzerland ..... 90




1. Introduction

1.1 Context

Sediments act as habitats and spawning sites for many aquatic organisms and represent there-
fore a key compartment of aquatic ecosystems, delivering important ecological functions and ser-
vices (Wall 2004). However, they often act as a sink for various contaminants, which can pose a
threat to aquatic organisms and negatively influence the critical functions sediments perform. De-
spite their importance, aquatic sediments have received little attention, particularly with respect

to micropollutants such as pesticides or pharmaceutical products.

Contaminants enter aquatic systems through various pathways. The main sources of diffuse pol-
lution to aquatic ecosystems are agriculture, urban areas and infrastructures (roads, railways),
and to a minor extent waste deposits, aquatic activities and atmospheric deposition (Wittmer et
al. 2014). Little research has been conducted on the extent of sediment contamination by diffuse
inputs. However, a recent study in small streams from areas with intensive agriculture showed
contamination of sediments by pesticides (Casado-Martinez et al. 2019). Several studies have
also showed that point sources such as wastewater treatment plants and combined sewage over-
flows have negative impacts on sediment quality in Switzerland (Benejam 2016, Loizeau et al.
2017). In addition, sediments can also contain plastic wastes, which can also be contaminated
with chemical compounds and may trigger ecotoxicological effects (Faure et al. 2015, Li et al.
2018). In the case of persistent organic pollutants, the contamination remains even after decades
of substance release. Examples of persistent contaminants are PCBs and mercury, which are
often associated with waste deposits and atmospheric depositions (Schmid et al. 2010, Ritscher
2018).

Contaminants will occur in a dissolved state in the water column or sorbed to sediment particles
depending on their physico-chemical properties and the environmental conditions (Figure 1). The
binding of chemical pollutants with sediment is a complex process, resulting from both absorption
(physical entrapment) and adsorption (association on the surface of the different constituents from
the sediment matrix). According to their properties (e.g. large specific surface areas, high ion
exchange capacities), the fine and medium-sized patrticles (< 63 um) are the most important scav-
engers of contaminants (Salomons and Brils 2004). Degradation mechanisms can also take
place, decreasing the concentration of the parent compounds and leading to the presence of

transformation products.

Aquatic organisms may be exposed to sediment-bound chemicals or their transformation prod-
ucts through direct contact or through ingestion of sediments and/or contaminated prey items
(bioaccumulation and biomagnification), potentially leading to secondary poisoning higher in the
food chain (Figure 1). Many processes are thus occurring at the same time, rendering the fate

and effects of chemicals in the sediment compartment difficult to assess.
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Figure 1: Conceptual model of sediment and trophic chain contamination dynamics.

1.2 Objectives and scope of application

This report presents a concept for sediment quality assessment and monitoring in Switzerland
based on the chemical status of the sediment. It is a first step towards the harmonization of prac-
tices implemented among cantons in this area. It is not an enforcement aid of the FOEN but a
guideline, which is designed to help Swiss cantonal authorities and other users screening and
prioritizing sites and substances as well as identifying trends of sediment contamination. For other
specific objectives such as contaminated sediment remediation, the concept presented here can
be used as a starting point to trigger further investigations. For such purposes, this report incor-
porates recommendations to facilitate a more detailed risk assessment of the sediment compart-

ment in the water body.

The method proposes a procedure for the collection and pre-treatment of samples for chemical
analysis. It also proposes sediment quality criteria (SQC) for a list of relevant contaminants as
well as a sediment quality classification system in accordance with the modular stepwise proce-
dure (MSP). It is recommended to use the SQC as references or screening tools. The potential
risk highlighted by exceeding the SQC at the first level of investigation (Level 1) requires confir-

mation by a more detailed and site-specific assessment.

This report was compiled in collaboration with experts from cantonal authorities, research insti-
tutes and the private sector. It is addressed to the authorities in charge of implementing environ-

mental monitoring and to other professional partners active in this domain.



1.3 Organization of the report

This report is organized as follows:
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Chapter 2: provides the legal framework in Switzerland and other international frame-
works and agreements.

Chapter 3: provides a situation analysis of sediment quality assessment in Switzerland.

Chapter 4: provides recommendations for the selection of substances for sediment mon-
itoring and the list of substances proposed for sediment monitoring in Switzerland
according to the present situation.

Chapter 5: presents the recommendations for the study design (definition of study ob-
jectives, preparation of the sampling strategy, etc.). It also provides an overview of avail-
able analytical methods for the list of substances proposed for sediment monitoring.

Chapter 6: includes recommendations for sediment quality assessment (methodology
for the assessment of results from field campaigns with a classification system for sedi-
ment quality and a tiered approach for a more detailed sediment risk assessment using
a two-tier approach).

Chapter 7: provides conclusions and perspectives.



2. Legal framework

2.1. Legal framework in Switzerland
Water Protection Act and ordinance
The aim of the Water Protection Act of 24 January 1991 (WPA?, SR 814.20) is to protect waters
against harmful effects (WPA, SR 814.20, art. 1). Surface waters comprise the water bodies and
their beds, including the bottoms and banks (art. 4a, WPA). It is prohibited to introduce, directly
or indirectly, substances into a body of water liable to pollute it or to allow such substances to
infiltrate (art. 6 para. 1, WPA).

The Water Protection Ordinance of 28 October 1998 (WPO?2, SR 814.201) defines ecological
targets for surface waters (Annex 1, point 1, para. 3, letter b and c). According to these, water
quality shall be such that suspended matter and sediments contain no artificial, persistent syn-
thetic substances and that other potential water pollutants which can enter the water as a result
of human activity do not accumulate in plants, animals, microorganisms, suspended matter or

sediments.

In addition, substances that enter waters as a result of human activity must not adversely affect
the reproduction, development and health of susceptible plants, animals and microorganisms
(Annex 2, para. 11, al. 2 letter f, WPO).

Based on Art. 6 al. 1 (WPA), the authorities can require emitters of substances to take
measures to prevent substances that accumulate in sediment from entering water, especially if

these substances may pollute water or affect aquatic organisms3.

If the water quality requirements in accordance with Annex 2 of the WPO are not met because
the sediments are polluted, remediation measures must be taken in accordance with Art. 47 of
the WPO. The same applies if, due to sediments, a particular use of the watercourse is no longer
guaranteed (for example, use for drinking water, fishing, recreation, a nature conservation area,
etc.). Remedial measures may also be necessary if sediment pollution causes damage to ani-
mals, for example through the consumption of fish in which substances from the sediment accu-
mulate (Annex 2, para. 11 al. 2 letter f WPO). However, the mere fact that the sediment quality
criteria developed within the framework of this project are exceeded is not sufficient to justify

remediation measures within the meaning of art. 47 of the WPO.

The Modular Stepwise Procedure and the relevance of this strategy

Within the framework of the Modular Stepwise Procedure, standardized methods for the investi-
gation and assessment of the status of rivers are being developed for Switzerland. The methods
are used to record structural and hydrological, biological, chemical and ecotoxicological aspects

of water quality in different stages with different processing intensities (Liechti et al. 1998). The

1 Swiss Water Protection Act (WPA) (in French, LEaux).
2 Swiss Water Protection Ordinance (WPQ) (in French, OEaux)
3 See the decision of the Federal Tribunal 1C_43/ 2007 of April 9, 2008, E. 2.4.

11


https://www.fedlex.admin.ch/eli/cc/1992/1860_1860_1860/fr
https://www.fedlex.admin.ch/eli/cc/1998/2863_2863_2863/fr

assessment is done by means of five different quality categories (http://www.modul-stufen-

konzept.ch). The concept developed in this project falls within the framework of the MSP and

aims to harmonize and improve the practices of cantonal authorities in terms of monitoring sedi-

ment quality. Although the developed quality criteria (SQC) are not numerical requirements in

accordance with Annex 2 of the WPO, they do represent values that reflect current scientific

knowledge on the effects of chemicals on aquatic organisms.

Further legal provisions and directives

The Contaminated Sites Ordinance (CSO“, SR 814.680, 1998) defines, among other
things, when a site is considered to be a contaminated site. In addition to the soil and air,
the surface water and groundwater are treated as protected environments and concentra-
tion limits for chemicals in the water or eluate of the contaminated site are given in Annex
1, which must not be exceeded. The enforcement aid "Polluted Sites and Surface Waters"

deals with all questions pertaining to contaminates sites and surface water (FOEN, 2020).

The Ordinance of the Pollution of Soil (OSol®, SR 814.12, 1998) provides in Annexes 1
and 2 indicative, test and remediation limits for inorganic or organic substances in soils.
These criteria are largely based on human toxicology data and are not specifically derived

for sediments.

The Waste Avoidance and Waste Ordinance (OLEDS, SR 814.600, 2015) defines
thresholds for excavated material in Annex 3. If concentration limits provided are not ex-
ceeded, the material may be used to replenish material supply points or carry out approved
terrain modifications. The excavated material also includes sediments used or produced
in hydraulic engineering - for example, in the upgrading of rivers, the dredging of retention
basins or the emptying of flood protection structures. Accordingly, this excavated material

or sediment has to be reused according to the principles of Art. 19 OLED.

The enforcement aid Uncontaminated Excavation and Excavation Material in lakes
within the framework of the Water Protection Act addresses the question of when ex-
cavated material may be deposited in a lake and what factors must be taken into account
(Wuest et al. 1999).

The Storm Wastewater Management Directive from VSA? (2019) indicates how to as-
sess water pollution from combined and storm water discharges. The pollutant load in
sediments is also evaluated through calculation. Based on the results obtained, sediment
analysis can be performed, as proposed in this report, to validate the results and develop

suitable measures in the sewer network.

4 Contaminated Sites Ordinance (in French, OCS).

5 Ordinance of the Pollution of Soil (in French, OSol).

6 Waste Avoidance and Waste Ordinance (in Frech, OLED).

7 Swiss water association.
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2.2. International laws and agreements
The European Unionbés Water Framework Directive
At European level, the Water Framework Directive (WFD), which aims at achieving "good eco-
|l ogical status of pverloaingobignoriagcsedimerd contaninationt even if
it is complex, because the ecological status of water bodies depends on it (EC 2000). Within the
WFD, chemical monitoring is performed on sediments and biota mostly with the objective of as-
sessing the long-term impacts of anthropogenic activities and ensuring that the existing levels of
contamination do not increase to a stage that poses a threat to the environment and human health
(EC 2010). Sediments are preferred for trend monitoring because the changes are not as fast as
in the water column, thus reliable long-term comparisons can be carried out. While bottom sedi-
ments are the recommended matrix for monitoring some metals and hydrophobic compounds in
marine and lentic water bodies (Maggi et al. 2012), suspended particulate matter are still preferred
in lotic and dynamic water bodies (EC 2010). In addition, it is also recognized that sediment mon-
itoring can also play a role when assessing impacts on environmental quality and in any investi-

gative monitoriteandhehaviggol | utantsoéd f a

To prevent and reduce water pollution, the WFD requires that measured environmental concen-
trations be compared to Environmental Quality Standards (EQS). EQS are defined as "the con-
centration of a pollutant or group of pollutants in water, sediment or biota which should not be
exceeded in order to protect human health and the environment" (EC 2010). These standards are
developed for priority substances in accordance with a common implementation strategy for EU
countries (EC 2011). The methodology for EQS derivation varies according to the protection ob-

jective (human health, biota, benthic invertebrates, pelagic organisms; EC 2011).

The monitoring of sediment and/or biota, with the water matrix, completes the picture of the status

of waterbod i e s . The |1 egal f Mammber \Btateskshosld have ¢he possibiliytto

establish EQS (for the existing 33 priority substances + 8 certain other pollutants) for sediment

and/or biota at national level and apply those EQS instead of the EQS for water set out in the

Directveo0 ( EC 2008) , provided that these sediment/ biota
alent to the EQS for water established at Community level. If Member States opt for applying EQS

for these alternative matrices, monitoring shall take place at least once every year for mercury,
hexachlorobenzene and hexachlorobutadiene, and for the other priority substances with a fre-

quency of monitoring so as to provide sufficient data for a reliable long-term trend analysis (EC

2008, Art. 3).

A Technical Guidance Document (TGD No 25) was published in 2010 dedicated to harmonizing
implementation strategies for sediment and biota chemical monitoring (EC 2010). This document
includes recommendations for matrix selection for the monitoring of chemical pollutants in water
bodies, general requirements such as statistical, data analysis, and quality assurance/quality con-
trol considerations, and recommendations for establishing appropriate monitoring programs (e.g.

selection of sampling stations, sample replication, frequency). It also includes recommendations

13



for the application of other lines of information in addition to chemical measurements such as in
situ communities, bioassays and/or bioavailability when EQS are exceeded yet entail a high level
of uncertainty. This approach is largely in line with the recommendations existing in North America
and elsewhere for sediment quality assessment (Wenning et al. 2005) and is in line with the rec-

ommendations in this document.

In practice, several European countries have established recommendations for sediment quality
assessment, but EQS for the sediment matrix are scarce compared to EQS for surface waters
and biota. Some countries have agreed to coordinate programs for the chemical monitoring of
transboundary water bodies mainly within the framework of international commissions, such as
the case of the Rhine (ICPR 2015).

The International Commission for the Protection of the Rhine (ICPR) Sediment Manage-
ment Plan

The Convention on the Protection of the Rhine is the basis for international cooperation for the

protection of the Rhine within the International Commission for the Protection of the Rhine (ICPR).

The ICPR set up a Sediment Management Plan (ICPR 2009) in recognition of the importance of
sediment quantity and quality for the Rhine watershed. The main objectives of the ICPR Sediment
Management Plan are to achieve balanced sediment processes and sustainable good sediment
quality in order to achieve objectives of water and soil protection and to enable the disposal of

dredged material without causing harm.

The implementation of the ICPR Sediment Management Plan includes an inventory with infor-
mation on relevant amounts and sediment contaminations in the Rhine watershed as well as an
assessment and classification of sediments to identify hots spots (or areas of highest risk for
achieving good water quality). The ICPR Sediment Management Plan also includes proposals for
measures and priorities for risk-oriented management of sediments and dredged material and for
effective monitoring strategies for contaminated sediments as well as their potential remobiliza-
tion. The ICPR Sediment Management Plan is supported by specific elements of the chemical
component of the Rhine monitoring program, which includes the analysis of certain substances
in suspended matter and the fluxes (ICPR 2015). It also includes a comparison with the evaluation
criteria, the monitoring of sudden pollution, the collection of a data base for evaluating new prob-

lems, and a prioritization of emerging contaminants for setting monitoring and analysis strategies.

The measures to improve sediment quality identified by the ICPR Sediment Management Plan
have been implemented in many locations but are in part still pending (ICPR 2020). The Program
ARhine 20400 requires t he idenfifieceimitee d\OPR $ediment Mari-
agement Plan by 2025, transparent communication in the event of implementation problems and
an examination of the updating of the Sediment Management Plan in close coordination with the

planned work for the improvement of the sediment balance in the Rhine (ICPR 2020).

For the 2015-2020 objectives, the ICPR prefers suspended particulate matter to water samples

for monitoring certain (organic) non-polar pollutants when levels of concentrations in the water

14
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phase are below quantification limits, when water quality criteria are too low, or for the monitoring
of trends and fluxes of non-polar and/or bioaccumulative substances®. Suspended particulate
matter is also preferred over sediments in the 2015-2020 program in order to continue using the
reference objectives included in the 2009 ICPR-SMP (ICPR 2009). However, the regulatory re-
quirements from the WFD apply for the Rhine. Therefore, concentrations measured in suspended
particulate matter are converted to total concentrations in water according to the quantity of sus-
pended matter on the day of the sampling.

8 For example, PAHs, PCBs, DEHP, tributyltin and its compounds, or the isomers of hexachlorocyclohex-
ane.
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3. Situation analysis of sediment quality in Switzerland

This chapter presents an overview of the situation of sediment quality monitoring in Switzerland
as well as the state of sediment quality. The overview is based on several studies from the years
2012 to 2015. The full situation analysis can be found in the corresponding reports (Wildi et al.
2018 and Casado-Martinez et al. 2016).

3.1. Implementation of sediment quality assessments in Switzerland
According to information obtained in 2015, 14 of 26 cantons perform sediment sampling and anal-
ysis for chemical quality assessment on a more or less regular basis (Wildi et al. 2018). Among
these, seven cantons have studied running waters (rivers/streams) while the other seven have

assessed both running waters and lakes (Figure 2).

Sampling in rivers

Sampling in rivers and
in lakes

Figure 2. Cantons that monitor sediment quality in Switzerland.

Overall, sediment assessment is mainly carried out by cantonal agencies to monitor point sources

or accidental pollution, and to complement the assessment of water quality.

Four cantons have already established a sediment monitoring network. The other cantons choose
their sampling sites according to specific environmental objectives or known environmental is-

Ssues.

Overall, there is a lack of harmonization between cantonal methodologies used in sampling and
sample analysis as well as sediment quality assessment in general. In the absence of harmonized
recommendations for sediment sampling, sample preparation and chemical analyses, a situation
analysis performed in 2012 showed great heterogeneity in terms of sediment fraction and extrac-
tion techniques considered for trace metal quantification (Casado-Martinez et al. 2016). Only the
cantons of Bern, Basel-Land and Jura have already harmonized their sediment monitoring meth-

ods and have had a common standardized protocol for sediment sampling since 2006.
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The compounds targeted by most cantons are trace metals and, to a lesser extent, PAHs and
PCBs, although some cantons have also considered other groups of substances like pesticides
and PBDEs. Other compounds that cantons consider important for sediment monitoring include
pesticides (pyrethroids), organotin compounds and surfactants, but these are only considered at

specific sites to answer specific questions.

The most common methodology used for the monitoring of trace metal concentrations in sediment
is the collection of a composite field sample that is wet sieved at 63 um with site water, and
extracted with aqua regia (HNOs + HCI). Complementary measurements required for data inter-
pretation such as organic carbon content and grain size distribution are not often measured, which

might pose problems for normalization of chemical concentrations and risk assessment.

3.2. Situation analysis of sediment quality

3.2.1. Trace metals
According to a situation analysis performed in 2012, trace metal concentrations in Swiss sedi-
ments range from one order of magnitude for Hg, two orders of magnitude for Cd, Cr, Ni and Zn,
to three orders of magnitude for Cu and Pb (Table 1). Most data referred to the fine sediment
fraction (grain size fraction < 63 pm) and, to a much lesser extent, to whole sediments (sediment
fraction < 2 mm), with a non-negligible percentage of data (6%) of unknown grain size. Similarly,
almost half of the total number of entries were data obtained using microwave extraction with a
mixture of HCl and HNO3 or agqua regia, and the remaining entries did not refer to the extraction
methodology used. Most often, these correspond to microwave extraction with H202 and HNOs3,

which yield results similar to those of aqua regia (see Box 3).

The comparison of the measured metal concentrations with existing sediment quality guidelines
(TEC: threshold effect concentration, PEC: probable effect concentration (MacDonald et al.
2000); Box 1) showed that the order of metals with a higher proportion of entries above probable
effect concentrations for benthic invertebrates, indicating high concern, was, in decreasing order,
as follows: Ni > Zn > Pb ~ Cu > Hg ~ Cr > Cd. The order of metals, in decreasing order, with the
highest proportion of entries below the threshold effect concentrations for benthic invertebrates,
indicating low concern, was as follows: Cd > Hg > Pb > Zn ~ Cr ~ Cu > Ni. These percentages
are in some way an overestimation because the TEC and PEC are derived for whole sediments
(grain size < 2 mm) while most data referred to fine sediments, which tend to concentrate higher
concentrations of pollutants. Complementary data (e.g. grain size distribution) are not available
to normalize the measured concentrations, making a comparison among these two fractions im-

possible.

The spatial coverage of available data was patchy, with an apparently random distribution of sites
with concentrations of concern (exceeding the respective PEC). This suggests that the sites cor-
respond to hot spots associated with anthropogenic sources rather than relatively high natural

background concentrations associated with regional geochemical features. A high ratio between
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percentile 90% / 10% of measured concentrations indicates anthropogenic pollution (hot spots).
Hg and Pb showed the highest ratios whereas Cr and Ni showed much lower ones. A high inci-
dence of concentrations of concern for Ni (concentrations above the PEC) was located in canton
Geneva. Although an overrepresentation of Ni-contaminated sites in this canton could not be
excluded due to different study objectives, the high incidence of exceedance of indicative values
for soils in this canton was also observed
(GEOS; Lamy et al. 2014). Natural background as a contributing factor to the total Ni concentra-

tions in Geneva and other cantons is therefore not excluded.

Table 1: Descriptive statistics of sediment metal concentrations in Switzerland (1990-
2011). Data refer most often to the fine fraction (fraction < 63 um) and to a lesser extent to
total sediment (fraction <2 mm). The TEC and PEC are derived for total sediment (fraction
<2 mm; Box 1). All data expressed as mg/kg dry weight. MEC: measured concentration;
LOD: method detection limit. From: Casado-Martinez et al. 2016

Cr Ni Cu Zn Cd Hg Pb

Number of entries 488 607 607 593 498 559 592
% samples MEC < LOD 0 0 0 0 13 5 0
Mean 55.3 414 60.3 209 055 0.25 55.8
Standard Deviation 26.7 311 70.0 251 2.25 0.68 81.7
Coefficient of Variation 048 075 116 120 4.09 2.72 1.43
Minimum 7.40 5.00 1.30 13.3 LOD LOD 4.64
10" percentile 315 205 189 689 0.15 0.04 14.4
Median 495 342 420 148 0.38 0.12 36.0
90t percentile 86.0 634 113 378 0.78 0.41 103
Maximum 247 303 1068 3658 50.0 7.80 1287
Normal distribution @ No No No No No No No

90! percentile / 10t percentile 273 3.09 598 549 520 10.3 7.15
Threshold Effect Concentration 434 227 31.6 121 0.99 0.18 35.8

(TEC)

Probable Effect Concentration 111  48.6 149 459  4.98 1.06 128
(PEC)

% samples MEC < TEC 35 15 33 38 95 71 51
% samples TEC < MEC < PEC 62 66 61 55 5 26 43
% samples MEC > PEC 3 20 6 7 1 3 6

@ Shapiro Test, p<0.001.

3.2.2. Polychlorinated biphenyles (PCBs)
Regarding PCBs, the reviews on PCB data in Swiss waters (Schmid et al. 2010; Zennegg et al.
2016a; AWEL 2018; Loizeau et al. 2017) showed that PCB concentrations in sediments varied
over up to four orders of magnitude, depending on the PCB congener (Table 2). More than half
of the entries for the sum of indicator PCB congeners (6 i-PCBs) reported concentrations above
the median for Alpine lakes in Tessin (3.54 pg/kg d.w., n=14), which is considered as the refer-

ence concentration of pristine sites (Schmid et al. 2010). A slightly higher proportion of samples
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(66%) were below 10 pg/kg dw, which was defined as a threshold concentration to consider sed-
iments as slightly contaminated (Zennegg et al. 2016a). An additional 10% of entries had con-
centrations above typical concentrations at sites affected by diffuse sources (20 pg/kg dw, Zen-

negg et al. 2016a).

In terms of individual PCB congeners, approximately half of the sites have concentrations above
the concentration in Alpine lakes and above toxicity thresholds for effects in benthic invertebrates
(Box 1; de Deckere et al. 2011). As for metals, the threshold values derived from ecotoxicological
and/or biological studies (Consensus 1 and Consensus 2) refer to total sediment (grain size < 2
mm) whereas most of the data were obtained from the fine fraction, which tends to present higher
concentrations of contaminants. Data dispersion suggests that all congeners are present at rela-
tively high concentrations. The Birs (site Choindez), Lake Geneva (at the Vidy Bay), the Limmat
(site Ennetturgi), the Glatt and small rivers in canton Zurich (14 sites) present concentrations ten

times higher than the median at Alpine lakes.

Table 2: Descriptive statistics of sediment PCB concentrations in Switzerland. Data is pro-
vided for the congeners most often quantified in Switzerland (6 i-PCB and 7 i-PCB), and
the two congeners used as individual indicators (PCB 153 and PCB 118). Data refer most
often to the fine fraction (fraction <63 um) and, to alesser extent, to total sediment (fraction
<2 mm). The threshold values i Consensus 1 and 2- are derived for total sediment (fraction
<2 mm; Box 1). All concentrations expressed as pg/kg dry weight. MEC: measured con-
centration; LOD: method detection limit.

PCB 118 PCB 153 6i-PCB 7i-PCB

Number of measurements 328 406 406 328
% samples MEC < LOD 38 13 12 42
Mean 1.96 3.26 9.50 14.5
Standard Derivation 5.37 7.15 17.7 25.6
Coefficient of Variation 2.74 2.19 1.87 1.77
Minimum 0.07 0.03 0.15 0.29
10" percentile 0.26 0.29 1.17 1.45
Median 1.00 1.92 5.53 7.85
90t percentile 3.42 6.00 19.7 29.1
Maximum 72.7 118 273 287
Normal distribution @ No No No No
90t percentile / 10t percentile 13 21 17 20
Threshold effect concentration Consensus 1 0.43 15 - -
Probable effect concentration Consensus 2 6.9 9.7 - -
% samples MEC < Consensus 1 49 a7 - -
:)J:z;mples Consensus 1 < MEC < Consen- 49 48 i i
% samples MEC > Consensus 2 21 4.9 - -
% samples MEC > median Alpin lakes 44 67 58 41

@ Test de Shapiro, p<0.001.
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Box 1: Sediment quality guidelines (SQGs) available for sediment quality assessment

oxylates, toxaphene

Substance consi- Tvpe of sedi- Protec- Context /derivation Type of data used in derivation ©® Use of assessment
Types of guideline dered ypment tion method Ecotoxi- Ecol EqP Oth factors to account Referece
goal cology cology q er for uncertainty
) Sediment quality as-
Thresh_old Effect Con ¥ P C Bisdjvidual and Dry sediment Protection sessment in US; con-
centration (TEC), Pro- EPAHs metd (02 mam of benthic sensus (geometric MacDonald
bable Effect Concentra- L ’ . geome n n n n et al. (2000)
tion (PEC)® nochlorine pesticides TOC) organisms mean of existing
SQGs)
Individual and x 19 Sediment quality as-
PCBs, individual and sessment in Flanders;
Consensus 1 (effect X g.gometf PAHS, metals, : ’ consensus (geometric
threshold), Consensus 2 DDD, DDE, Dry sediment Protection mean of ecological de Deckere
(02 min, of benthic - : n n
(probable effect thresh- hexachlorobenzene, TOC) orqanisms and ecotoxicological - - et al. (2011)
old)® extractable organoha- 9 thresholds from Flem-
logenes, non-polar hy- ish sediment data-
drocarbons base)
Environmental Qualit Priority substances Dry weight Protection EU Water Framework
uaty and other substances | whole sediment . A EC (2011,
Standard for sediments . > of benthic Directive; derivation n n ( n ( n
(EQSuwe) © depending on coun- (G2 mm, most organisms | EU TGD (2011, 2018) - - - - 2018)
sed try/river basin often 5% TOC) '
o ) Protection Mostly temporal and
ragervaie (v, | pob ey | et | ofbennc | spatalvend sy
ICPQI]? ) ’ rene métals hexap-y pand fine sedi- organisms derivation moving to ( n ( n ( n ( ( n ) ICPR (2009)
chlorobenzene ment / ecosys- EU WFD (EU TGD
tems 2011, 2018)
Quality Standard for xe ©  PCBs.H Expert report, not en-
sediments for protection Grindicator - 19, Dry weight forced as regulatory
X g.indicator PBDES, : Human T - Babut
of human health from whole sediment EQS; simple bioaccu- n
" - PFOS and hexabro- N health . - i - (2018)
fish consumption lodod (G2 mm) mulation / biomagnifi-
(QShum.cons) © mocyclododecane cation model
PCBs (total and Aro-
clor 1254), PAHs, met- Dry weight Protection
Interim Sediment Quality als, organochlorine whole sediment of benthic Sediment quality as- CCME
Guidelines (ISQGs) pesticides, PCDD/Fs, (@ mm, 1% organisms sessment in Canada n n ( n (2021)
nonylphenols and eth- TOC)

@) In parentheses, approaches used when no effect data is available (e.g. Equilibrium Partitioning i EqP- for EQSseq derivation) or used depending on substance type (TV).
® Concentrations above the PEC / Consensus 2 pose a likely risk to benthic communities, while concentrations below the TEC / Consensus 1 pose no risk to benthic invertebrate communities.
© The derivation method depends on the available data. More information on the EqP and the derivation of EQSseq in Annex 3.

@ The derivation method depends on the substance. For organic substances, generally EqP. The ICPR moves towards the WFD EQSq.q derivation method.
© Uses empirical data from simple models of bioaccumulation and biomagnification. Empirical data on accumulation in sediment, macroinvertebrates and fish.
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3.2.3. Conclusions of the situation analysis

From this situation analysis the following conclusions can be drawn:

The different objectives and strategies (selection of sampling sites, sampling and pro-
cessing protocols) among cantonal databases make it difficult to provide a concise picture
of sediment quality at a pan-national level. A harmonization of sampling and sample pro-
cessing protocols is advisable.

For the metals most commonly targeted in sediment quality assessment by cantonal agen-
cies, the situation analysis shows that the vast majority of the measurements for Cd and
Hg indicate good sediment quality that are at levels considered safe for the benthic com-
munities (concentrations of low concern). For Pb, Zn and Cu, most measurements are in
the range of intermediate quality, with a remaining 6-7% of concentrations above the level
of probable effects in benthic communities (highest concern). The most problematic metal
is Ni, which is present at medium-high concentrations when compared with existing sedi-
ment quality guidelines, although it is likely that these high concentrations are associated
with a relatively high natural background in Swiss sediments rather than anthropogenic

sources of pollution.

For PCBs, approx. 50% of the measurements of concentrations are above the environ-
mental levels in Alpine lakes, where there are no direct pollution sources. The 2-5% of the
measurements are above the concentrations of probable effects in benthic communities
(>PEC, Consensus 2, levels of highest concern).

A situation analysis for other types of organic micropollutants present in Swiss water bod-
ies such as pesticides, human and veterinary medicines or industrial chemicals cannot be
performed because measurement campaigns have been only performed occasionally or
have not been implemented at all. As it is known that these type of substances do occur
in the environment, a prioritization exercise using alternative indicators of exposure, haz-

ard and risk, as presented in the next chapter, is necessary.
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4. Substances proposed for sediment monitoring

It is a fact that, due to technical and economic reasons, it is not feasible to monitor the myriad of
chemical substances that may accumulate in sediments. In the context of providing recommen-
dations for sediment quality assessment strategies in Switzerland, 20 substances are selected
for which information on measured environmental concentrations in sediments and a risk assess-
ment at the national level is recommended. This list of substances is selected taking into consid-
eration the results of the situation analysis of sediment quality in Switzerland for metals and PCBs
and a prioritization exercise to identify other substances for which monitoring in sediments is rec-

ommended according to alternative exposure, hazard and risk indicators.

4.1. Prioritization of organic micropollutants
The prioritization of substances for the sediment compartment was carried out in several steps®

(for the full description see Casado-Martinez et al. 2018):

1) Identification of candidate substances. More than 1000 substances possibly relevant for

Switzerland were identified, including authorized plant protection products and biocides
(Wittmer et al. 2014), compounds detected in urban waste water effluents (Gétz et al.
2010), substances listed in the Swiss Contaminated Sites Ordinance (CSO) and those in

the Swiss Pollutant Release and Transfer Register (SwissPRTR).

2) Identification of sediment relevant substances. In total, 240 substances were considered

relevant for the sediment compartment according to substance properties (hydrophobicity
expressed as log Kow O3 or OB galkKd persistence -lfexPleessed as
in soil O40 days) or proven occurrence (previous

3) Ranking of substances. The 240 substances considered potentially relevant for sediment

monitoring in Switzerland were ranked according to exposure, hazard and risk scores.
Exposure was assessed, where available, according to demonstrated occurrence in sed-
iments and present use. Hazard assessment was based on substance properties (per-
sistence, bioaccumulation, biomagnification, toxicity and endocrine disrupting potential).
Risk potential was based on the traditional risk assessment paradigm that divides meas-
ured environmental concentrations by existing environmental quality standards for the
sediment compartment in the EU or estimated from existing criteria for surface waters in
Switzerland. The risk score was multiplied by a factor of two to give additional weight to
proven evidence of risk in the assessment compared to the other two indicators, exposure

and hazard.

4) Development of a list of priority substances. See Chapter 4.2.

9 The screening approach was largely based on the NORMAN (network of reference laboratories, research
centers and related organizations for monitoring emerging environmental substances) system. See:
https://www.norman-network.net/
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4.2. Selection of substances recommended for sediment monitoring
The twenty contaminants proposed for sediment monitoring in Switzerland were selected taking

into consideration:
- The ranking in the prioritization.
- The main sources of pollution in Switzerland.

- Their occurrence at ecotoxicologically relevant concentrations and/or their tendency to

accumulate in benthic organisms and/or magnify along the food chains.

- The possibility to analyze the proposed list of substances easily with one or two analytical
techniques.

The final list of substances proposed for sediment monitoring is presented in Table 3. This list
should not be considered as applicable to all cases and can be refined according to the type of

water body, the sources of contamination present, and the study objectives.

It should be noted that the list of substances proposed for sediment monitoring could be updated
in the future if new data of measured environmental concentrations in sediments points to a low
risk at the national level and concentrations are decreasing over time or if the substance is banned
in Switzerland. Conversely, new substances could be added to the list if there is evidence that

the substance may pose a risk at the national level or if concentrations increase over time.
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Table 3: List of substances proposed for sediment monitoring. NA: non-applicable.

CAS Substance Type
330-54-1 Diuron Herbicide
2921-88-2 Chlorpyrifos Insecticide

52315-07-8 Cypermethrin Insecticide
107534-96-3 Tebuconazole Fungicide
85721-33-1 Ciprofloxacin Antibiotic
50-28-2 E2®@
53-16-7 El Hormones
57-63-6 EE2
3380-34-5 Triclosan Bactericide
(0

NA (Sﬁr?cljjifator) Organobromines

1763-23-1 PFOS © Fluorosurfactant
117-81-7 DEHP @ Phtalate

NA Nonylphenols Phenols

NA Octylphenols Phenols
21145-77-7 Tonalide Synthetic musk

8746823 HCBD © Halogenated aliphatic compound

NA (16 ::ﬁ‘il(a::'zors) Polycyclic aromatic hydrocarbons

PCB @ . .

NA (7 indicators) Polychlorinated biphenyls
7440-50-8 Cu Trace metal
7440-66-6 Zn Trace metal
7439-97-6 Hg Trace metal
7439-92-1 Pb Trace metal

@ E2: Estradiol-17beta, E1: Estrone, EE2: Ethynylestradiol-17alpha.

®) Polybrominated diphenyl ethers, including: 41318-75-6 (BDE28), 5436-43-1 (BDE47), 60348-60-9
(BDE99), 189084-64-8 (BDE100), 68631-49-2 (BDE153), 207122-15-4 (BDE154), 207122-16-5 (BDE183),
1163-19-5 (BDE209).

© Perfluorooctane sulfonate.
@ Bis (2-ethylhexyl) phthalate.
(©) Hexachlorobutadiene.

® 16 EPA polycyclic aromatic hydrocarbons, including: 91-20-3 (naphthalene), 208-96-8 (acenaphthylene),
83-32-9 (acenaphthene), 86-73-7 (fluorene), 85-01-8 (phenanthrene), 120-12-7 (anthracene), 129-00-0
(pyrene), 206-44-0 (fluoranthene), 218-01-9 (chrysene), 56-55-3 (benz[a]anthracene), 207-08-9
(benzolk]fluoranthene), 205-99-2 (benzo[b]fluoranthene), 50-32-8 (benzo[a]pyrene), 191-24-2
(benzo[ghi]perylene), 53-70-3 (dibenz[a,h]anthracene), 193-39-5 (Indeno[1,2,3-cd]pyrene).

@ Including: 7012-37-5 (PCB28), 35693-99-3 (PCB52), 37680-73-2 (PCB101), 35065-28-2 (PCB138),
35065-27-1 (PCB153), 35065-29-3 (PCB180), 31508-00-6 (PCB118).
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5. Study design and sampling strategy

This chapter presents the proposed study design, including the definition of the study objectives,
the preparation of the sampling strategy, recommendations for the implementation of the field
campaign and the description of sediment collection and handling, and recommendations for the
analysis of chemicals to be monitored. The detailed sampling strategy included here is suitable
for wadeable streams and other small surface water courses, and includes the elements listed in
Figure 3.

Study design (Chapter 5.1)

Definition of objectives

Collection and evaluation of available information
Selection of target compounds

Matrix selection

Requirements for chemical analyses

Field quality control

Sampling strategy (Chapter 5.2)

Selection of sites

Replicate and composite samples
Frequency and time of sampling
Equipment

Measures to take before fieldwork

Field sampling (Chapter 5.3)

Preliminary measures

Collection of sediment
Homogenization, sieving and bottling
Transport

Preservation and storage

Analysis (Chapter 5.4)

Sample pre-treatment
Sediment properties
Metals

Organic micropollutants

Figure 3: Components of the sampling design, the sampling strategy and analysis as de-
scribed in Chapter 5.
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5.1. Study design

5.1.1. Definition of study objectives
The study design will depend on the study objectives and the research questions that need to be

answered according to Table 4.
Four different objectives have been identified for sediment quality assessment in Switzerland:

1. Monitoring of sediment quality, for example for obtaining an overview of the potential
impact of sediment quality on benthic organisms on the cantonal or regional scale. This
is most commonly the objective when no previous information on sediment quality is
available or when seeking an indication of potential biological impacts due to sediment

contamination.

2. lIdentifying the causes of a known ecological impairment, for example a bad score in
the modular stepwise procedure modules?0.

3. Assessment and monitoring of potential ecological impairment at known hot spots
(for example a contaminated site) for purposes of remediation planning and success con-

trol.

4. Trend monitoring for identifying spatial and temporal trends of sediment contamination.

5.1.2. Collection and evaluation of available information
After defining the objectives of the study, it is necessary to collect and assess all available infor-
mation related to the objectives and the water body being assessed. If possible, the following

information should be considered:

- Known or suspected sources of contamination, including past contamination and pol-
lution sources upstream (for example, data about domestic and industrial wastewater
treatments, descriptions of the surrounding area and soil uses, including soil contam-

ination).
- Data on sediment and water quality or description of effects already observed.

This information can be useful at different stages of the assessment. Available information can
serve, as well, to delimit the study area and to identify potential sampling sites, the most
suitable sampling equipment and other important points such as the number of people
required as well as health and safety precautions. Otherwise, a preliminary field survey

may be required.

10 Modules of the Modular Stepwise Procedure for assessing the quality of invertebrate communities, wa-
ter plants or fishes.
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Table 4: Recommendations for the selection of the study design according to study objectives and sediment properties.

Objective

Monitoring of sediment
quality

Identification of causes of
ecological impairment

Assessment and monitoring
ecological impairment at
identified hot spots

Trend monitoring

Problems to solve

1) Evaluation of potential im-
pacts in benthic organisms on
cantonal or regional scale

2) Find indication of biological
impact due to sediment con-
tamination

2) Find indication of biological
impact due to sediment con-
tamination

Test for contribution of sedi-
ments to known ecological im-
pairment (e.g. bad score in Mod-
ular Stepwise Procedure mod-
ules)

1) Monitor the impact at identi-
fied hot spots (e.g. point-
sources or known discharges)
2) Remediation planning and
success control

1) Identify spatial and temporal
trends of sediment contamination
2) Prioritize sites based on
chemical contamination

Type of assessment Ecotoxicological Chemical

S

3 <5% Assessment not recommended @

¢s

\Y% = 0,
Matrix for g = < 20% <63 um
analysis % E 20-80% <2mm (<63 umou) 2 mm ®

o 1S

o & | >80% <2mm©

o £

Classification by comparison with

Evaluation Classification of sediments into 5 classes through comparison with SQC SQC or other established thresh-

olds @

@ Sampling sites for sediment monitoring should ideally have more than 5% fine fraction (<63 um) (EC 2010).
®) The fraction <2 mm can already identify point sources of pollution and spatial trends in sediment contamination when the sediment contains at least 20% fines (< 63 um), but this may
not hold true of all instances.
© According to the results from field trials for sites that have a high proportion of fines, the measurements are representative for the entire matrix, and hence results can be used for

comparison to SQC.

@ For non-ionic substances SQC are normalized for organic carbon content, accounting for the matrix effect on bioavailability to some extent. Otherwise, measured concentration values
have to be compared with established thresholds from older measurements in the region or alternative thresholds values (Chapter 6).
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5.1.3. Selection of target compounds

Target compounds should be selected on a case-by-case basis to meet the study objectives. If
no specific set of compounds has been identified, then target compounds should be selected
taking into account the relevant sources of pollution at the study site and existing information
gathered in the preliminary survey. The list of substances proposed for sediment monitoring
(Chapter 4) covers the most important pollution sources in Switzerland and can be used as is or

adapted based on site-specific considerations.

5.1.4. Matrix selection

The method described here is designed to assess the quality of bed sediments using ecotoxico-
logically-based environmental quality criteria SQC. Taking into consideration that SQC are de-
rived using effect data from the < 2 mm fraction of sediment samples, the ecotoxicologically rele-
vant matrix for sediment risk assessment is the < 2 mm sediment fraction. Therefore, in most

cases a < 2 mm sediment fraction should be analysed.

In the course of this project, it became clear that a single methodology would not suit all the
assessment objectives for all types of water bodies in Switzerland. There are cases in which
analysis of the < 2 mm sediment fraction may not be suitable, depending on study objectives and
the nature of the sediment matrix (Table 4). If the purpose of sediment monitoring is trend analysis
and the proportion of fine sediments is relatively low, the matrix recommended for analysis is the
fine fraction (< 63 um). In general, focusing on areas of fine sediment or performing the analyses
on the fine fraction will increase the statistical power to detect spatial and long-term temporal

changes and reduce sampling effort1.

5.1.5. Requirements for chemical analysis

When designing the study, it is advisable to contact the laboratory performing the chemical anal-
yses to ensure analytical techniques are suitable to meet the objectives of the study (e.g. com-

parison with SQC) and to define the required sample volume.

5.1.6. Field quality control

Collection of field quality control samples is recommended during sediment sampling. The most
important types of quality control samples are summarized in Table 5. The type and frequency of

sample collection for quality control should be specified in the study design according to the target

11 In general, sediments with a low proportion of fines show higher random variability, requiring a higher
number of samples to detect statistically significant trends. For in-depth information on how to design appro-
priate sampling strategies taking into consideration statistical requirements, the reader is referred to the EC
WFD Guidance Documents on chemical monitoring (EC 2003, 2009, 2010) and ISO Standard 5667-1 (ISO
2006).
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analytes, the expected concentrations in the samples and potential sample contamination (e.g. if

sampling in a particularly dirty environment for trace concentrations of analytes, the number of

field blanks should be higher than if sampling in a relatively clean environment). The decision to

introduce each type of blank samples should be evaluated during the preparation of the study

design, taking into account potential bias in the results of the study and the availability of the

necessary resources for their collection and processing since the use of blanks will increase the

sampling effort and costs of analysis.

Table 5: Types of field quality control samples and quality control objective (adapted from

US EPA 1997).

Type of quality
control sample

Objective

Pre-treatment

Container blank

To evaluate con-
tamination in
sample containers

One of the sample containers is filled with analyte-
free water or organic solvent.

The blank is analyzed along with the samples col-
lected in the same batch of containers.

This type of blank is recommended when containers
may contain traces of undesirable substances.

To evaluate on-

An aliquot of analyte-free sample is transferred to one
of the sample containers.

Field blank . L :
site contamination | The blank is analyzed for one or all of the analytes for
which associated samples are being analyzed.
o ] A plastic container of water is kept in the sample
Toindicate if ap- | cooler with the batch of samples between sample col-
propriate sample | |ection and delivery.
ten’_nper_ature Was | The temperature of this water is measured and rec-
Temperature maintained be- . .
orded when samples are received at the analytical la-
blank tween sample col-

lection and deliv-
ery to the analyti-
cal laboratory

boratory.

This type of blank is relevant when temperature may
change the concentrations of contaminants in the sed-
iments (e.g. transformation of target compounds).

Field split sam-
ple

To measure and
document repeat-
ability of sample
handling proce-
dures, heteroge-
neity of the sam-
ple matrix, and
the standardiza-
tion of analytical
procedures

Twice as much sample is collected, then aliquots are
distributed in two sets of containers. This results in two
theoretically equivalent samples collected from one
sampling location.

The field split sample is analyzed for the same set of
analytes as the original sample.

If the split sample is analyzed by a second laboratory,
it documents the standardization of analytical proce-
dures.

Field replicate

To evaluate the
repeatability of
field sampling
methodology and
heterogeneity of
the sample matrix

A second sample is collected using the same sampling
methodology at the same sampling location and as
soon after the original sample as possible.

The field replicate is analyzed for the same set of an-
alytes as the original sample.

N field replicates may be collected at a particular sam-
pling location; statistical analysis of analytical results
(mean and standard deviation) estimates the likely
range of concentrations at a given location.
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5.2.  Sampling strategy

After defining the study objectives and the main axes of the study design, it is possible to proceed
to the preparation of the sampling strategy. The sampling strategy includes information on the
sampling sites, the sampling equipment and materials, the frequency and time of sampling, and
the type of samples collected (replicates or composite samples). The sampling strategy should
also include a brief description of the project (objectives and research questions) and the data

quality objectives.

5.2.1. Site selection

Sampling at multiple sampling sites may be needed to identify the nature, location and magnitude
of sediment contamination, with the number and distribution being dependent on the objective of
the study. Thus, it is not possible to recommend a single sampling strategy for site selection that

can be used in all situations.

Options for selecting sampling sites fall into three categories: random sampling, stratified random

sampling and targeted sampling:

1 Random sampling, in which samples are randomly located, is adequate in homogene-
ous areas or when no information about local conditions is available. This type of sam-
pling strategy provides an unbiased assessment of sediment quality within a water body
and is adequate when the objective is the monitoring of sediment quality on cantonal,
regional or watershed scales. It is also useful to delineate sediment contamination around
known hot spots. Random sampling may not be suitable for rivers and streams where
tributaries and local contamination sources are of concern. In such cases, a more sys-

tematic or targeted sampling strategy is needed.

1 Stratified random sampling strategies account for spatial heterogeneity and ensure key
sites are not missed. In this type of sampling several homogeneous areas are identified
within a larger heterogeneous area, and then samples are collected randomly within each
homogeneous area. This type of sampling strategy requires previous knowledge of local
conditions and well-defined zones of different sediment types or land uses. It is recom-
mended when the objective of the study is to identify contaminated sediment on a quan-
titative spatial and temporal scale, for example in order to characterize specific dredging
or remediation sites. In the case of an emission (discharge), sampling locations at in-

creasing distances from the point source may be more adequate.

i Targeted sampling means that sampling sites are selected based on previous
knowledge. It can be quickly and easily implemented and study objectives can be
achieved with a limited budget. However, it is only adequate when relatively small-scale
conditions are under investigation, when a small number of samples are required, and

when reliable previous knowledge about the area, the pollution source or the sediment
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contamination problem is available. Targeted sampling should only be used when the
objective of the study is to obtain an overview of sediment quality, or when there are time
or budget limitations that preclude the implementation of statistical sampling designs.

Whereas these three types of sampling strategies are appropriate for most study objectives, other
types of sampling designs may be necessary to deal with the variability of sediment contamina-
tion. Annex 1 summarizes different types of sampling designs and provides respective ad-
vantages and disadvantages as well as recommendations for implementation for specific situa-

tions.

Sampling sites should be selected based on the objectives of the study and the available infor-
mation collected in a preliminary survey. In general, the following recommendations can be pro-
vided (EC 2010; Annex 1, 2):

- To deal with tributaries or point sources, sampling of the receiving water body should

occur where complete mixing is ensured.

- If gradients of contamination are expected because of morphological conditions and/or

pollution sources, more sampling sites are required.

- When monitoring of a temporal trend is the objective, samples should consistently be
taken at the same well-defined sites. This requires exact coordinates and sites where

continuous accessibility is ensured.

Because contaminants in sediments are mainly associated with the fine-grained fraction, fine
sediments will have higher contaminant concentrations than coarser ones for an area influenced
by the same pollution source(s). The preferred sampling points are those with relatively high
amounts of fines, i.e. net deposition areas with soft sediments. In rivers and streams, currents are
generally stronger than in lakes and thus the central channel contains the least amounts of de-
posited fine sediment. Fine deposited sediment is more likely to be found where the water flow is
low, for example near the bank of the river and in concave stretches (Figure 4). When assessing
lakes, fine deposited sediments are more likely to be found away from the inlet of rivers and
shores of lakes, where waves and currents are the highest. At pristine lakes, a relatively low
number of sampling sites is required in most situations. Sites containing peat, pebbles, rocks,
compacted sediments or coarse sand are less suitable. As a rule of thumb, sampling should not

take place in areas with less than 5% of fine sediments (EC 2010).

Sampling site records, including site coordinates and maps with appropriate identification of ac-

cess roads, should be included in the sampling strategy.

5.2.2. Replicate and composite samples

The number of replicate samples to be collected at each site varies on a case-by-case basis

according to the size of the site, the type, distribution and concentrations of the contaminants, the
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heterogeneity of the sediment, and the desired level of statistical resolution or precision if quanti-
tative statistical comparisons within and among sites are required. In practice, the number of
samples collected at each site usually results from a compromise due to the logistics of sample
collection and the costs of analyses. Compositing replicate samples into one sample to be ana-
lyzed is a cost-effective option that may allow study objectives under budget constraints to be met
nonetheless. Under these circumstances, it is recommended to collect sediments at a minimum
of three different points per sampling site separated by several meters, ideally one near each river
bank and one within the channel (Figure 4). This approach is considered a good compromise to
provide quality data with relatively low uncertainty when limited resources are available, if a large
area is being sampled, or if large quantities of sediment are needed because different types of
analyses (e.g. chemistry, toxicity, bioaccumulation) are performed (US EPA 2001, de Deckere et
al. 2000).

Figure 4. Examples of sediment sampling in at least three different points per sampling
site for a composite sample.

Special care should be taken in the case of highly heterogeneous pollution. Pooling of individual
samples into one composite sample is not recommended if this could result in dilution of a very
localized hot spot. In addition, it is not recommended to mix samples with very different grain size
characteristics or when performing power analysis for setting temporal trends programs because
such mixing prevents the estimation of field variability, a key parameter for establishing program
requirements (EC 2010).

Replicate samples are needed to ensure data quality within any type of study. However, this

significantly increases analytical costs. For monitoring programs, field replicates taken at 10% of
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the study sites are deemed sufficient for quality control. For regulatory programs or sediment
management decision-making, e.g. in the context of dredged material or contaminated sites man-
agement, 3-5 replicates per site are recommended. Depending on the target substance, 30 i 50

% relative percent difference!? is used for field replicates as a quality objective (US EPA 2001).

5.2.3. Frequency and time of sampling

Although sediment contamination is temporally not as variable as water quality, sediments are
subject to random or systematic variations. In the case of systematic variations (e.g. seasonal),
the choice of the sampling time and frequency should capture the entire cycle or at least cover
the maximum and minimum values. This is best achieved by systematic and regular sampling
schedules.

If the characteristics of the water body do not indicate seasonal variations and sampling is carried
out only once a year, sampling should take place at the end of the dry season. For rain-fed water
bodies, sampling is recommended at the end of the summer, and for snow-fed water bodies, at
the end of winter. This increases the probability of collecting fine sediments. As a rule of thumb,
sampling should never take place after an increase of flow that would erode and transport fine

sediments (>0.50 m/s; Schiavone and Coquery 2011).

If random inputs of micropollutants or variations in sediment concentrations are predominant, the
moment of sampling is less important but an increased sampling frequency is needed to obtain
accurate estimates of sediment concentrations over time. It should be noted that the predominant
type of variation may be different for different compounds at the same site. In case of doubt,
random stratified sampling in time is the best compromise and the number of samples to be taken
should allow statistical analysis (EC 2003, 2009, 2010; ISO 2006).

5.2.4. Equipment

There are several types of samplers used for collecting bed sediments, and the selection of one
or another type will depend on the accessibility of the site, water depth, the bed material, com-

pounds investigated and the type of investigation and research questions being addressed.

At sites with low water depth such as wadeable streams and bank sediments, the easiest system
to use is a scoop or a manual dredge (Figure 5). Scoops are available in plastic or metal, and the
selection of the scoop material depends on the chemicals to be analyzed. Plastic should be used
when the target compounds are trace metals, while metal should be used when the target com-
pounds are organics. At higher water depths (or when the target matrix is the fine fraction (< 63

pum)), telescopic samplers may be a better option than scoops (Figure 5).
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Where C1 is the concentration of analyte from sample 1, C2 is the concentration of analyte from sample 2.
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Grab samplers consist of one or more hinged buckets that close while being raised (Figure 5).
Grabs are ideal for determining the horizontal distribution of variables in physical, chemical and
biological investigations and for assessing recent inputs of pollutants. They are most often used
in lakes and large rivers and their usability is relatively limited in small streams and channels. The
inner surface of grabs is not inert and, in the case of the van Veen grab, it is metallic, which can

contaminate sediments in contact with this inner surface.

Corer samplers consist of a tube that is pushed into the sediment. When pulling the tube out, an
undisturbed sediment core is obtained that can be used for determining the vertical distribution of
variables, defining strata, and for assessing long-term historical inputs. This system is suitable for
physical and chemical investigations as well as limited biological investigations. Its suitability for
different types of substrates depends on the specific type of corer used. Gravity and box corers
are not suitable in coarse-grain or consolidated sediment but vibrocorers are. Cohesionless fluvial
sediments and coarse-grain sediment in general, which cannot be sampled using traditional sam-
pling equipment, can be collected using freeze-core technology. This technique, which involves
the freezing of sediments by injecting liquid N or COg, is also useful for determining accurately

the vertical distribution of contamination independent of the nature of the matrix.

If suspended sediment and sediment deposition is the target of investigation, other methods such
as sediment traps and time-integrated suspended sediment tube samplers can be used (Figure
5). Sediment traps passively collect particulate material settling out of the water column over a
time period. They can be simply open buckets of a given volume that are filled with cleaned gravel
and immersed in the streambed. They have been used extensively for decades to study particle
fluxes and composition in lacustrine environments, and they are suitable for physical, chemical
and biological analyses. Time-integrated suspended sediment tube samplers are suitable for col-
lecting time-integrated suspended sediments in running streams and can be easily constructed
and deployed (Phillips et al. 2000). For other types of instrumentation addressing different types
of bed material, bed topography and water quality, see US Geological Survey Federal Interagency
Sedimentation Project (FISP)®.

13 https://water.usgs.gov/fisp/catalog_index.html
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Figure 5: Different sampling devices that can be used in the field. A) Telescopic sampler
B) Ekman grab sampler C) Time-integrated suspended tube sampler D) Scoop.

5.2.5. Measures to take before the field work
Safety measures
The following tasks have to be addressed before going into the field. They are important for the

safety of the operators and the appropriate implementation of the sampling campaign:
- For safety reasons, at least two people are necessary for sampling.

- Hydraulic power: if the flow in the water body or section where the field work takes place
is regulated by hydropower dams, the operator of the hydropower facility should be con-
tacted to fix the date and time of sampling according to the exact schedule of flow varia-
tions. Sampling should not be carried out unless safety is guaranteed by the hydropower

facility operator. Special attention should be paid to automatic installations (e.g. automatic

purges).
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