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1. Introduction

Since the signing of the Convention on the Protection of the Marine Environment of the Baltic Sea Area
(Helsinki Convention) in 1974, the Baltic Marine Environment Protection Commission - Helsinki Commission
(or HELCOM for short) has been working to reduce the inputs of nutrients to the sea. Through coordinated
monitoring, HELCOM has, since the mid-1980s been compiling information about the magnitude and sources
of nutrient inputs into the Baltic Sea. By regularly compiling and reporting data on pollution inputs, HELCOM
is able to follow the progress towards reaching politically agreed nutrient reduction input goals.

In 2007, the HELCOM Baltic Sea Action Plan (BSAP) was adopted by the Baltic Sea coastal countries and the
European Community (HELCOM 2007). The BSAP has the overall objective of reaching good environmental
status in the Baltic Sea by 2021, by addressing eutrophication, hazardous substances, biodiversity and
maritime activities. The BSAP included for the first time ever a nutrient reduction scheme based on maximum
allowable inputs (MAI) of nutrients to achieve good status in terms of eutrophication derived through
modelled calculations by the Baltic Nest Institute (BNI) — Sweden. The plan also adopted provisional country-
wise allocation of reduction targets (CARTSs) to fulfil MAI through which the responsibility to reach these
nutrient reductions targets is shared according to the polluter pays principle.

The 2013 HELCOM Copenhagen Ministerial Declaration (HELCOM 2013) agreed on revised MAI and new
CARTSs that were calculated based on improved eutrophication targets and models, more complete data on
nutrient inputs (the one produced by the PLC-5.5 project) and revised allocation principles.

The present document contains guidelines prepared as a part of the project Sixth Baltic Sea Pollution Load
Compilation (PLC-6) and should serve to guide the Contracting Parties to the Helsinki Convention in their
national monitoring and reporting of pollution inputs in order to allow for compilation of harmonized data
for producing region-wide PLC assessments, and providing data for the follow up of MAI and CARTs. The
guidelines are in line with EU quality assurance standards and OSPAR methodologies.

Although the PLC-6 assessment will cover total inputs to the Baltic Sea, including inputs to the sea via the
atmosphere, the guidelines focus on compilation of waterborne input data (atmospheric deposition within
the Baltic Sea catchment area is included in the source apportionment of loads to inland surface waters).
Atmospheric deposition of nitrogen, cadmium, lead and mercury to the Baltic Sea is assessed and reported
annually by EMEP (Co-operative Programme for Monitoring and Evaluation of Long-Range Transmission of
Air Pollutants in Europe) to HELCOM.

A detailed description of the contents of these guidelines is given in Chapter 2.

1.1.  Aim of PLC assessments

For developing reliable, useful and easily elaborated PLC assessments and for evaluating progress in fulfilling
MAI and CART, it is very important to establish a consistent, harmonized, comparable, quality assured data
series without data gaps etc. This calls for the use of harmonized and comparable methodology, and for
reporting of well quality assured data to the PLC-database.

The PLC assessments aim to follow up on the implementation of the Convention on the Protection of the
Marine Environment of the Baltic Sea Area (Helsinki Convention) by its Contracting Parties, in particular
paragraphs 1 and 2 under Article 6 of the Convention:

e The Contracting Parties undertake to prevent and eliminate pollution of the Baltic
Sea Area from land-based sources by using, inter alia, Best Environmental Practice
for all sources and Best Available Technology for point sources. The relevant



measures to this end shall be taken by each Contracting Party in the catchment area
of the Baltic Sea without prejudice to its sovereignty.

e The Contracting Parties shall implement the procedures and measures set out in
Annex lll. To this end they shall, inter alia, as appropriate co-operate in the
development and adoption of specific programmes, guidelines, standards or
regulations concerning emissions and inputs to water and air, environmental
quality, and products containing harmful substances and materials and the use
thereof.

The PLC assessments also support follow-up of the implementation of the 2007 HELCOM Baltic Sea Action
Plan (BSAP) (HELCOM 2007), which includes a nutrient reduction scheme based on maximum allowable
inputs (MAI) and country-wise allocation of reduction targets (CARTs), and the updated MAI and new CARTs
decided on the 2013 HELCOM Copenhagen Declaration (HELCOM 2013).

In implementing the objectives of the Convention and the BSAP nutrient reduction scheme, the Helsinki
Commission (HELCOM) needs reliable data on inputs to the Baltic Sea from land-based sources in order to:

e Assess the effectiveness of measures taken to abate the pollution in the Baltic Sea catchment area
e Follow-up on progress towards MAIls and CARTSs, and
e Be able to identify further cost-effective measures for reducing pollution.

Such data also supports assessments of the state of the open sea and coastal waters.

The objectives of periodic waterborne pollution input compilations (PLC-Water) regarding pollution of the
Baltic Sea from land-based sources are to:

e Compile information on the waterborne inputs via rivers and direct discharges of important
pollutants entering the Baltic Sea from different sources in the Baltic Sea catchment area on the basis
of harmonized monitoring and modelling methods

e Follow-up the long-term changes in the pollution input from various sources by normalizing data and
making trend analysis with standardized methodologies

e Identify the main sources of pollution to the Baltic Sea in order to support prioritization of measures

e Assess overall the effectiveness of measures taken to reduce the pollution inputs into the Baltic Sea
catchment area

e Assess the development of waterborne and airborne nutrient inputs from different countries to the
different Baltic Sea sub-basins in order to evaluate progress in fulfilling nutrient reduction targets of
the Baltic Sea Action Plan

e Provide pollution input information for assessment of long-term changes and the state of the marine
environment in the open sea and the coastal zones.

1.2.  Aims of the PLC guidelines
The aims of these guidelines are to:

e Provide a framework and serve as a tool for HELCOM Contracting Parties in national monitoring,
guantification and reporting on total waterborne inputs of nitrogen, phosphorus and selected heavy
metals and their sources to the Baltic Sea to obtain a harmonized and comparable dataset covering
the whole Baltic Sea region

e Enhance the comparability, consistency and quality of the PLC data and, to the extent possible ensure
harmonized practises between Contracting Parties when carrying out PLCs and when assessing PLC
data for source quantification



e Provide guidance in cases where there is a choice of methods

e Ensure transparency, so that any differences in methods are easy to detect. This concerns cases
where harmonization of practices cannot be obtained due to climatic, topographical, hydrological or
other differences between Contracting Parties.

To fulfil the evolving data requirements of HELCOM and its Contracting Parties, these guidelines should be
regularly evaluated and updated by experts and adopted by the responsible subsidiary body of HELCOM.

1.3. PLC data reporting requirements

The PLC monitoring and reporting requirements reflect the data needs of HELCOM for supporting the
implementation of the Helsinki Convention and the Baltic Sea Action Plan (HELCOM 2007 and HELCOM 2013),
while bearing in mind also the monitoring and reporting needs of those HELCOM Contracting Parties that are
also EU Member States.

According to HELCOM Recommendation 26/2, waterborne pollution load compilation (PLC-Water) data is to
be reported by Contracting Parties to the Commission both on an annual and periodical basis:

e Annually, total inputs of nutrients and hazardous substances to the sea should be reported by
quantifying inputs from monitored rivers, unmonitored areas, and point sources discharging directly
to the sea (Table 1.1).

e Periodically (every six years), comprehensive waterborne pollution load compilations should be
carried out to quantify, in addition to the total inputs to the sea (annual reporting), also waterborne
discharges from point sources, losses from diffuse sources as well as natural background losses into
inland surface waters within the Baltic Sea catchment area located within the borders of the
Contracting Parties (Table 1.1 and 1.2).

The parameters to be reported have been agreed upon by the Contracting Parties as either obligatory or
voluntary (Tables 1.1 and 1.2). Further, the limits of quantification/detection for the different parameters
are taken into account when evaluating if they must be reported. See the List of definitions in Annex 1 for
explanations of the terms measured, calculated and estimated.

Table 1.1 lists the annual reporting obligation and Table 1.2 the additional reporting requirement besides
the annual reporting during the periodic assessment every six years.

The annual reporting requirements are further specified in Chapter 13 and more details on the additional
reporting requirements for the periodical reporting requirements are given in Chapter 14. The specific annual
reporting formats are included in Annex 2 and the periodical reporting formats in Annex 3.
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Table 1.1. Variables to be reported within PLC-Water (annually)

Parameters | Point sources discharging directly to | Monitored | Unmonitored | Transboundary at

the Baltic Sea’ rivers* the border of the
Municipal | Industrial Aqua- Contrac:cl'ng
Effluents* | Effluents* | culture* Party

BODs? + +9 + v v v
TOC %

Ptotal + + + + + +
Proa +8 \ + +

Ntotal + + + + +
NnHa v + +

Nno2* v + +

Nnos* v + +

Hg" +2 +° + + v
cdll +2 +9 +1 +1 v
zn11 +2 +9 v
cull +2 +9 v
Pblt 42 49 41 41 v
Nitt +2 + v
crit 42 49 v
Flow + + +° + + +

Footnotes:
+ obligatory

v voluntary

1 Except for rivers where heavy metal concentrations are below the limit of quantification. If all measurements are
below LOQ, then the value should be reported as zero and information provided about number of samples below
the LOQ. (Those countries who do not use LOQ should replace it with LOD.)

2 Heavy metals are obligatory for municipal WWTPs larger than 20,000 PE.

3 |f BOD7 is measured, it will be stored in the HELCOM PLC-Water database, and for PLC assessments a
conversion factor BODs = BOD; /1.15 will be used for converting to BODs

4 Can be monitored and reported as the sum of oxidized nitrogen (NO2,3-N).

5 Diffuse sources entering directly to the sea include inputs from scattered dwellings and rainwater overflows.

6 For aquaculture where it is relevant (outlet for discharges).

7 Point sources discharging directly to the Baltic Sea should preferably be reported individually, but can be reported
as a sum for every Baltic Sea sub-catchment for municipal effluents, industrial effluents, and aquaculture,
respectively.

8 Should be measured or calculated

% If monitoring of the parameter is required in the permit conditions of the industrial plant

10 Surface water retention of TN and TP on transboundary inputs in the receiving catchment should be reported if
updated data/information is available compared to former reported/used data.

11 In accordance to EU Water Framework Directive (Directive 2013/39/EU of the European Parliament and the of the
Council of 12 August 2013 amending Directives 2000/60/EC and 2008/105/EC a regard priority substances of water
plicy), heavy metals can be reported as dissolved concentrations, i.e. the dissolved phase of a water sample obtained
by filtration through a 0.45 um filter or any equivalent pre-treatment.

* Inthose cases where the recorded concentrations are below the limit of quantification, the estimated concentration
should be calculated using the equation: Estimate = ((100%-A) x LOQ)/100 where A= percentage of samples below
LOQ (cf. Chapter 12.7). This is according to one of the options listed in the guidance document on monitoring
adopted by EU under the IE Directive. (Those countries who do not use LOQ should replace it with LOD in the
equation.)



Table 1.2. In addition to the annual reporting in Table 1.1, the following data and information are also to be
reported periodically for PLC-Water every sixth year.

Point D|ffuse Natural Point Diffuse Natural back- Retention (monitored and
sources! | sources? | background | sources® | sources? ground losses | unmonitored, respectively)?
+

+ < < < + +
+ < < < + +

Footnotes:

+ obligatory

v voluntary

Reported for MWWTP, industries and aquaculture separately

Nutrient losses from diffuse sources can be estimated either as the total for all sources or as losses divided by
individual source/pathways

The point sources from unmonitored areas are to be reported individually although they can be aggregated
separately for MWWTP, industries and aquaculture (in monitored areas point sources are to be reported
individually).

Preferably a separate retention value should be estimated for each pathway, otherwise a single value can be
provided. See chapter 9 for calculation of retention.

In accordance to EU Water Framework Directive (Directive 2013/39/EU of the European Parliament and the of the
Council of 12 August 2013 amending Directives 2000/60/EC and 2008/105/EC a regard priority substances of water
policy), heavy metals can be reported as dissolved concentrations, i.e. the dissolved phase of a water sample
obtained by filtration through a 0.45 um filter or any equivalent pre-treatment.

Within the PLC-6 project, a questionnaire has been circulated to the Contracting Parties, requesting
information on parameters being monitored, and the frequency of monitoring, in rivers and point sources.
The results of the questionnaire have been compiled and are available on the PLC-6 project webpage on the
HELCOM website.
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2.  Framework and approach of waterborne pollution load compilation

2.1.  Overall framework
The guidelines focus mainly on nutrients but also cover quantification of total waterborne inputs of cadmium,
lead and mercury).

The overall structure of the guidelines is shown in Figure 2.1, reflecting the general framework and approach
used for quantifying total waterborne inputs to the Baltic Sea and for quantifying importance of different
nutrient sources. The different topics are described in separate chapters with cross-reference to other
chapters to avoid repetition of information. The reporting requirements are assigned to separate chapters
on annual obligations (Chapter 13) and on periodical reporting (Chapter 14), respectively. The details related
to reporting sheets can be found in Annex 2 and 3.

Structure of the PLC Guidelines
Chagter 2

Quantifying Quentiping Estimati e ‘Guidancs on Parameters to
dischanmes fnom: manitbored rroer | monitoring maonitor
L fiow and rivermes L S Chopter 3 Chopter 1

- mEala e
Staticticsi
methods and
dats quality
Chaptar 11

= Pt ey Chagtar £
Lict off

- Wi
comailmaciicns

Chagtar 3

definitions and

Pericdic reporting
i s

Figure 2.1. Structure of the pollution load compilation (PLC) guidelines illustrating where different topics are scrutinized.

The main definitions and abbreviations used in the guidelines are listed in Annex 1.

Retention is indicated in a grey box as it is used for quantifying transboundary inputs entering the Baltic Sea,
quantification of sources entering into freshwater and for source apportionment.

2.2.  Quantification of total inputs to the Baltic Sea

Contracting Parties are obliged annually to quantify and report total waterborne inputs from point and
diffuse sources entering to the Baltic Sea from their catchment (HELCOM Recommendation 26/2:
Compilation of Waterborne Pollution Load (PLC-Water)) (HELCOM 2005). Transboundary waterborne
nutrient inputs reaching the Baltic Sea should be included in the total waterborne inputs, and the
transboundary part of Contracting Parties waterborne inputs should be quantified to allow for the follow up
on the progress towards reaching the country-wise allocation of reduction targets (CARTs) under the nutrient
reductions scheme adopted in the 2013 HELCOM Copenhagen Ministerial Declaration (HELCOM 2013).



The total waterborne input is the sum of total riverine inputs from monitored and unmonitored areas plus
the input from point sources discharging directly to the Baltic Sea (also called direct discharges) and is
qguantified for nutrients and selected heavy metals per Contracting Party and per Baltic Sea sub-basin as:

Tlk = > lx monitored rivers + Ix unmonitored areas + I« point sources discharging directly to the sea (2.1)
where
Tly is total waterborne inputs (I) of the substance x from a country.

The objective is to provide estimates that are as exact as possible, of the total waterborne inputs entering
the Baltic Sea sub-basins including estimates of the share of transboundary waterborne nutrient inputs
entering the Baltic Sea. Further, the objectives are to quantify total inputs of cadmium, lead and mercury.
The annual reporting obligation is described in Chapter 13 and Annex 2.

2.3. Quantifying sources of waterborne nutrient inputs to the Baltic Sea

Contracting Parties are obliged to periodically (every six years) quantify and report nutrient discharges from
point sources, and nutrient losses from natural and anthropogenic diffuse sources into inland surface waters
within monitored and unmonitored catchment areas of the Baltic Sea located within their borders. Further
the Contracting Parties are obliged to periodically quantify and report the sources of the total nutrient inputs
entering the Baltic Sea taking into account the retention in inland surface waters. Quantification of sources
of inputs is explained in chapters 5 and 6, and quantification of transboundary loads in Chapter 8.

Two source quantification approaches are described in Chapter 10:

e Quantifying the total gross loads from point sources, diffuse sources and natural background losses
into inland surface waters within the whole Baltic Sea catchment area is important to get a
comprehensive overview of the total loading originating in the Baltic Sea catchment area and the
nutrient sources behind these inputs. This is called the “source oriented approach”.

e Quantifications of the sources of the total waterborne nutrient inputs to the sea are used for
assessing the main sources of waterborne nutrient inputs to the sea, and to evaluate the resulting
effects of land-based measures for reducing waterborne nutrient inputs (to the sea) taking into
account the importance of inland surface water retention. This is called the “load oriented
approach”.

The periodical reporting requirements are described in Chapter 14 and in Annex 3.

Examples of different point and diffuse sources and pathways for nutrients (and heavy metals) to inland
surface waters and waterborne inputs to the sea are shown in Figure 2.2. The Contracting Parties are not
obliged to quantify all the pathways, only the (major) point and diffuse sources described in Chapters 5 and 6.
Figure 2.3 illustrates how different sources add nutrients to inland surface waters and how retention in the
waters of the catchment area removes and/or retains nutrients.

10



<

\\\ LA

N
AN\ \\%\\\§\\\

Non agri-
Ammonia cultural land
wvolatilization

Figure 2.2. Sources and pathways of nutrients (and heavy metals) to the marine environment. Some of the arrows are
only of relevance for one of the nutrients e.g. combustion and ammonia volatilization (nitrogen). For the atmospheric
compartment, atmospheric deposition on surface inland waters is included in inputs from diffuse sources and only
airborne inputs on inland surface waters are included in the PLC guidelines). (Airborne emissions and deposition to the
sea are covered in EMEPs annual reports and fact sheets on airborne inputs, cf. Annex 7)

Retention is the removal of e.g. nutrients in surface waters of river systems including lakes, flooded
riverbanks and wetlands caused by biological, chemical and physical processes (Figure 2.3). As a proportion
of the nutrients entering inland surface water is retained or removed, retention must be taken into account
when e.g. evaluating sources for total waterborne inputs to sea and quantifying net contribution of riverine
transboundary inputs. Chapter 9 deals with retention in inland surface waters.
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Figure 2.3. lllustration of inputs to and removal processes (retention) from a river system (inland surface waters), which

includes transboundary inputs, monitored and unmonitored areas, and direct inputs to the sea. For definitions, see
Figure 2.4 and Annex 1.
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2.4. Supporting tools
The guidelines also include chapters regarding:

e An overview of the parameters to monitor (Chapter 1)

e Guidance on how to take and handle water samples in rivers, and to monitor river flow and discharge
from some point sources (Chapter 3)

e Statistical methods for assessing PLC data (estimating uncertainty, normalization, trend analysis etc.)
and how to handle data gaps and outliers (Chapter 11)

e Minimum quality assurance expected by the Contracting Parties, inter-laboratory comparison test,
recommended limits of quantification (Chapter 12)

e List of definitions and acronyms, detailed instructions on reporting sheets, a short description of used
methodology to quantify atmospheric deposition in the Baltic Sea etc. (Annexes 1-9).

Some of the statistical methods included in the guidelines serve as guidance for elaborating PLC assessments.
They will be performed in a uniform way within the HELCOM PLC data processing framework, and Contracting
Parties are not required to make these calculations (further specifications are given in Chapter 11).

2.5. Basic definitions

Figure 2.4 illustrates the definitions of catchment areas, monitored areas, unmonitored areas, direct and
indirect point sources and transboundary inputs (see also the list of definitions and acronyms contained in
Annex 1). It should be noted that in some cases, the locations of hydrological and chemical monitoring
stations differ from each other (see Chapter 4.2). In these cases, the chemical monitoring station defines the
monitored catchment.

Direct point sources are municipal wastewater treatment plants, industrial plants and aquaculture plants
discharging directly into the Baltic Sea. Further it includes marine aquaculture plants situated and discharging
in marine waters.

A river that has its outlet to the Baltic Sea at the border between two countries is considered a border river.
For these rivers, the inputs to the Baltic Sea are divided between the countries in relation to each country’s
share of total load.

A transboundary river has its outlet to the sea situated in one country, but is receiving transboundary inputs
from one or several upstream countries. Chapter 8 includes a list of the transboundary rivers where
Contracting Parties should quantify the proportion of transboundary inputs. In some cases a river is both
border and transboundary, as shown for Nemunas in Figure 8.1.
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Figure 2.4. Illustration of some key definitions used in these guidelines — see also Annex 1 “List of definitions and
acronyms”. (I=Industry, M=MWWTPs, A=aquaculture, I=Island, Hy=hydrographic monitoring station, Ch=Chemical
monitoring stations, u=unmonitored, m=monitored, t=transbounday, d= direct inputs).

2.6.  Division of the Baltic Sea catchment area

An overview of the entire catchment area and the sub-basins is presented in Figure 2.5 and in further details
for selected sub-basins in Figure 2.6. In order to take into account the harmonization process within HELCOM
and the assessment products dealing with pollution inputs and their effect in the marine environment, the
Baltic Sea is divided into the sub-basins listed in Table 2.1.

Table 2.1. Sub-catchment of the Baltic Sea catchment area for which data have to be reported

No. Sub-catchment Abbreviation
1 Bothnian Bay BOB
2 Bothnian Sea BOS
3 Archipelago Sea ARC
4 Gulf of Finland GUF
5 Gulf of Riga GUR
6 Baltic Proper BAP
7 Western Baltic WEB
8 The Sound Ssou
9 The Kattegat KAT

To enable for assessments the input figures must be presented separately for each sub-catchment by each
Contracting Party. A GIS shape file of the sub-basins can be downloaded via the HELCOM Map and Data
Service.
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Figure 2.5. The Baltic Sea catchment area and sub-basins as defined for PLC-Water.
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Figure 2.6. Close-ups of the Baltic Sea catchment area and sub-basins divisions in the Danish straits, the Archipelago Sea
and Gulf of Riga, and The Quark.

The main part of the catchment to the Baltic Sea is monitored and it is mainly minor rivers and catchment
areas close to the sea (coastal areas) that are unmonitored (Figures 2.7 and 2.8).
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Figure 2.7. Monitored and unmonitored areas in the HELCOM countries, transboundary catchments and parts of the
catchment area outside the HELCOM countries.
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Figure 2.8. Close up of Danish, German, western Poland and southern Swedish monitored and unmonitored areas in
the HELCOM countries, transboundary catchments and parts of the catchment area outside the HELCOM countries.
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3. Guidance on monitoring

This chapter gives guidance on how to monitor riverine and wastewater flow as well as how to take and
handle water samples in rivers, municipal wastewater treatment plants and industrial plants.

3.1. Flow measurements

3.1.1. Riverine flow measurements

For rivers with riverine water level and flow (velocity) measurements, the location of permanent hydrological
stations (if any), measurement equipment, frequency of water level and flow measurement should at least
follow the World Meteorological Organization (WMO) Guide to Hydrological Practices (WMO-No. 168, 2008)
and national quality assurance (QA) standards. See also Chapter 3.1.2. on requirements of monitoring water
flow.

The frequency of flow measurement should as a minimum correspond to the sampling frequency for the
determination of the load and be carried out at least 12 times per year.

Preferable the discharge (or at least the water level) should be monitored continuously and close to where
chemical samples are taken. If the discharges are not monitored continuously the measurements must cover
low, mean and high river flow rates, i.e. they need not necessarily to be done at regular intervals, but should
as a minimum reflect the main annual river flow pattern. A relation between discharge and water level should
be established based on the regular discharge measurement in order to calculate daily flow in the river.
Continuously controlled and regularly calibrated equipment (e.g. current meters) and carefully performed
measurements together with an accurate calculation can diminish errors.

3.1.2. Wastewater flow measurements

The accuracy of the wastewater flow measurements in municipal sewage systems and industrial plants are
in many cases of a considerable lower quality than can be expected. Measurement errors of more than 20%
are not unusual. However, the accuracy can be improved by increasing the awareness of the types of errors,
by elimination of these errors and by continuous maintenance of the measurement system and its accuracy.
Arelative error less than 5%, which can be achieved by most of the methods used in open and closed systems,
should be the target in each case.

An open flow measurement system includes channels, flumes and weirs, e.g. Venturi- and Parshall
channels/flumes and Thompson (V-notch) weirs. In closed systems the measurement takes place in pipes
using different kind of flow meters, e.g. ultrasonic (Acoustic -Doppler) and electromagnetic meters. Most of
these available methods are reliable if properly used and can be recommended for the wastewater flow
measurement. In this chapter only some general instructions related to the flow measurement and
improvement of its accuracy are presented. More detailed information can be obtained from numerous
standards (e.g. ISO-/DIN-standards), guidelines and handbooks (e.g. WMO-No. 168, 2008) that deal with flow
measurement methods, the theory and prerequisites of them, as well as possible sources of error, calibration
methods etc.

A flow measurement system should be chosen so that continuous measurement and registration of
wastewater flow can be carried out. In addition to the instant flow recorder the system should have a totalizer
to give the cumulative flow. Otherwise the system should be chosen on the basis of good accuracy and
reliability.

The whole flow measurement system (waterways plus measurement devices) should be planned carefully as
well as built and installed exactly according to dimensions, prerequisites and guidelines of the chosen
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system/method. Old systems should be checked thoroughly from time to time. Observed errors should be
corrected; if this is not possible, a new accurate system should be applied.

The measurement system/equipment should be calibrated on-site (in the real measurement conditions). The
calibration should be carried out by using an independent method/system that is accurate (relative error
preferably less than £ 2%). The accuracy of the calibration should be possible to estimate in each calibration.
The calibration should be repeated from time to time e.g. once per 1-2 years. If the system is stable the
calibration frequency can be reduced and vice versa.

In order to maintain continuously a good accuracy and reliability of the measurement system, waterways
and devices have to be cleaned and the function of them checked regularly. For example, in the case of
Venturi-channels and overflow weirs, the correctness of the water level measurement should be checked
daily.

The above mentioned principles for selection of flow measurement systems, and for calibration and control
of systems are valid for treated and untreated wastewater. However, the untreated wastewater outflow is
often not measured with stationary measurement systems. In these cases the flow have to be estimated, e.g.
on the basis of the water consumption.

3.2. Sampling strategy for water samples: site selection and sampling frequency

3.2.1. Riverine water sampling

The sampling strategy for water samples should be designed on the basis of historical records and cover the
whole flow cycle (low, mean and high river flow). It is important to cover periods of expected high river flow,
if continuous monitoring is not performed. It is known that in general there is a positive (but not necessarily
linear) correlation between periods of high river flow and high concentration, especially for substances trans-
ported in connection with particles as suspended solids, e.g. some nutrient species and some heavy metals.
Sampling should therefore be done at different high flow conditions as hysteresis effects may occur. For all
monitored rivers a minimum of 12 samples should be collected over a year in order to estimate the annual
input load (Rénnback et al. 2009, Ekholm et al 1995, and Rekolainen et al. 1995). The samples do not need
to be collected at regular intervals, but at a frequency that appropriately reflects the expected river flow
pattern. This is particularly important if only 12 samples are taken annually and there is a marked annual
variation in the flow pattern. If more samples are taken (e.g. 18, 26 or more) and/or the flow pattern does
not show significant annual variation, the samples can be more evenly distributed over the year. Overall, for
substances transported in connection with suspended solids, lower bias and better precision is obtained with
higher sampling frequency (Kronvang & Bruhn 1996) — see also Chapter 11.4.

The monitoring site should be in the river stretch where the water is well mixed (such as at a weir or immedi-
ately downstream of a weir) and, therefore, of uniform quality. Pooled sampling strategy (i.e. several sub-
samples are collected to make one pooled sample) is recommended where the concentration of sampled
substances can change markedly within a short period, and these sub-samples can be taken either flow- or
time-proportional. Otherwise discrete samples can be collected. The representativeness of the sampling
points in the cross-section must be checked. The Standard ISO 5667-6 should be used. Guidelines for carrying
out sampling are contained in Annex 4.

3.2.2. Wastewater sampling
There are several I1SO-standards dealing in detail with the sampling of wastewater already applied by
Contracting Parties. Therefore, in this chapter only the main principles of sampling are presented.
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In order to get representative samples they should be taken at points where the effluent has a high turbulent
flow to ensure good mixing. If the water is not mixed properly the suspended solids and other substances
may be unequally distributed in the water column, which may cause a remarkable error. The chosen sampling
location should be regularly cleaned to avoid excess contamination by sludge, bacterial film etc. from the
walls. Sampling frequency should be optimised taking into account the variation of flow and concentration.

3.2.2.1. Municipal wastewater treatment plants

The EC Urban Wastewater Treatment Directive (UWWTD) calls for measurements at the outlet of municipal
wastewater treatment plants, with a minimum frequency of sampling according to the number of PE
(Population Equivalent) connected; the monitoring of pollutants is required for municipal wastewater
treatment plants with more than 2,000 PE connected (Table 3.1).

Table 3.1. Number of PE (Population Equivalent) connected and number of samples required
regarding nutrients

Number of PE connected Number of samples

< 2,000 PE 4 samples or theoretical quantification when no sampling
2,000 — 9,999 PE 4 samples!?

10,000 — 49,999 PE 12 samples

> 50,000 PE 24 samples

L If one out of the four samples fails to comply with the requirements of the Urban Wastewater Treatment Directive,
12 samples should be taken in the year that follows.

For storm water treatments plants, 4-12 samples should be taken per year.

3.2.2.2. Industrial plants

In self-controlled large point sources (e.g. pulp, paper and metal processing mills, and larger plants producing
chemicals) sampling and analyses should be made 2-7 times per week. At smaller point sources a sampling
frequency 1-4 times per month, or even only a few times per year at very small sources, can be considered
acceptable. Samples from treated and untreated wastewater should always be taken as composite samples,
which are prepared either automatically or manually. In both cases 24-hours-flow-weighted composite
samples? should be the target at a well-defined point in the outlet of the industrial plant. At plants with very
small wastewater discharges the sampling period of the composite samples can be less than 24 hours (e.g.
8-12 hours).

For measurements at the outlet of industrial plants, the number of samples should be 12 times per year if
water consumption is more than 500 m3 per day, 4 times per year if consumption is 50-500 m? per day, and
2 samples a year if 5-50 m* water consumed per day.

2 According to the Urban Wastewater Treatment Directive (UWWTD, Council Directive 91/271 EEC, Annex 1)
alternative methods may be used provided that it can be demonstrated that equivalent results are obtained.
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4. Quantification of load from monitored rivers

The annual load for all monitored rivers should be determined and reported every year. For every monitored
river the annual load should be calculated for the measurement site, to have a calculated figure for the
monitored part of the catchment. The load from the unmonitored part of the river catchment area can either
be estimated for each river individually or estimated as a part of the unmonitored areas including coastal
areas for each Baltic Sea sub-basin.

For transboundary rivers the receiving (HELCOM) country with the river mouth has the obligation to carry
out measurements at the lowest monitoring station of the catchment area and to report total inputs entering
the sea (see Chapter 8). Furthermore, measurements of the transboundary inputs entering to the HELCOM
country should be carried out at the border. The Contracting Parties are also encouraged to cooperate with
the upstream country in order to accommodate data collection. Surface water retention within Contracting
Parties receiving transboundary inputs must be calculated in order to estimate transboundary inputs entering
the Baltic Sea. The Contracting Party receiving transboundary input has the responsibility to quantify the
retention (see Chapter 9).

The quantification and reporting of loads at the mouths of border rivers discharging into the Baltic Sea must
be coordinated by the relevant countries (see definition of border river in Annex 1).

4.1. Methods for calculation of the load from monitored rivers

The objective is to obtain the total load from monitored rivers into the Baltic Sea. The calculation should be
made on the basis of water quality monitoring data and hydrological observations (see Chapter 4). Additional
information is available in the WMO Guide to Hydrological Practices, vol. | and Il, 6™ edition. Rivers with long-
term mean flow rates > 5 m3s? should be monitored regularly (at least 12 times per year).

By definition, monitored rivers have river flow and concentration measurements. When both hydrological
and chemical measurements are performed at the same station (hydrochemical monitoring station), one of
the calculation methods recommended below should be applied. If the hydrological and chemical
observations are not performed at the same station, the river flow should be calculated to the nearest
chemical station prior to the load calculation, e.g. using method proposed in Chapter 4.2.

The following annual load calculation methods (presented in order from most recommended to least
recommended) should be used:

Daily river flow and daily concentration (interpolated)

This method utilizes linear interpolated concentration values (C:) for days where pollutants have not been
measured.

If daily river flow (observed or modelled) to day t (Q:) is not available, it should be estimated by linear
interpolation between day with river flow data.

Concentrations C to day t of a substance are denoted:
C t=12,...n.

When the linear interpolation is made (for concentrations and/or discharge), the last measurements from
the previous year and the first measurements from the following year should be used when there is a new
year.

When daily concentrations and discharges have been calculated, then the annual load (L), as kg a%, is
estimated by:
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L= 0.0864Zn: (Q -Cy), (4.1)

t=1

Z = denotes summation
n = number of days

Concentrations are given in mg I'! (for nutrients — for heavy metals, concentrations are given as pg/l), river
flow as | s'. The estimate in the equation is multiplied by 0.0864 to obtain the daily loads that are summarized
in the equation over the whole year.

Mean monthly concentration and monthly river flow

Annual load (L) in kg a is calculated as:

12
L=1000>" W, *C,
i=1

(4.2)
Wi = volume of monthly river flow (m3) in month i;
G = mean monthly concentration (mg I!) in month i;
Daily river flow and daily concentration regression
Annual load (L) in kg a is calculated as:
n
L= mz Qi * Cri
i=1 (4.3)
Concentration is calculated from regression:
a
C.== +b+cxQ
r Q . i
i (4.4)
Q = daily river flow day i (measured) (I s});
Cii = the regression value of the concentration for day i (mg I%);
m = conversion factor of units;
a,b,c = coefficients typical of each quality parameter, observation station and time series;
n = number of days per year

This calculation using daily regression should only be applied if there is a good relationship between the
specific compound and the daily river flow.

4.2.  Methods for estimating the water flow for rivers where chemical and hydrological

stations are not located at the same place

For rivers where chemical and hydrological stations are not located at the same place there are different
methods to estimate the water flow at the chemical monitoring station for use in load calculations. For
instance, there are sophisticated models using GIS. However, most such models are region-specific and have
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to be tested before they can be applied to other regions. A more simple methodology, that might be applied
when the proportion of catchment area between the hydrological and chemical stations is low, is to
extrapolate the water flow from the hydrologically monitored part to the unmonitored catchment area based
on knowledge about the hydrological behaviour of the water flow of a comparable monitored catchment
area.

If there is no developed model or experience in modelling water flow, the following extrapolation method
might be used:

The annual river flow (m?3 s?) should be calculated for the catchment area covered by the chemical station by
multiplying the specific flow (m? s? km?) at the hydrological monitoring station with the area of the
chemically monitored catchment.

This method can be used for calculating monthly or annual flow, but not for daily values. For the estimation
of the annual loads the same equations as in Chapter 4.1 should be used. If other methodologies are applied,
information about the used methodology should be reported (cf. annexes 2 and 3).
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5.  Quantification of load from point sources

This chapter covers calculation and estimation methods to quantify the load from point sources (municipal
wastewater treatment plants, industrial plants and aquaculture plants) into recipient water bodies (defined
as monitored areas, unmonitored areas or directly to the sea). It should be noted that if a point source has
several outlets, located in different sub-basins, the load should be presented separately for each outlet.
Details on wastewater sampling and flow measurement are provided in Chapter 3, and on reporting
requirements in Chapter 13.

5.1.  Municipal Wastewater Treatment Plants (MWWTP)

The wastewater outflow should be measured continuously in order to calculate the total volume in a certain
time period (day, month, and year). Furthermore, the wastewater samples should be taken frequently as
flow-weighted composite samples. If that is not possible, the monitoring programme has to be optimized
(see Chapter 3 for details concerning wastewater monitoring and sampling). Annual discharges should be
calculated as the product of annual total quantity of wastewater and flow-weighted concentrations; the
three I1SO standard methods below (a, b and c) are examples of such quantification procedures. Where there
is no reliable monitoring method, the load may be derived from per capita load estimates (d).

a) Continuous flow measurements and sampling (e.g. 24 hours flow-weighted composite samples 7
times/week)

The annual load in kg a! is the cumulative load of continuously monitored time periods and can be
calculated as follows:

n
L= Z Q, *C,*0.001 (5.1)
i=1
L  =annual load (kg a?)
Q; =wastewater volume of period i (m?)
C:  =flow weighted concentration of period i (mg I'%)
n = number of day in the year

b) Continuous flow measurement and non-continuous sampling every second day, once a week or twice a
month (preferably as 24 hour composites)

The annual load can then be calculated as follows:

n
2. Q*C
L= *Q, *0.001 (5.2)
30
i=1
L  =annual load (kg a™)
Q; =wastewater volume of period i (m?)
C: = concentration of sample i (mg I?)
Q: =total wastewater volume of the year in m?
n = number of sampling periods
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c¢) Flow measurement only on sampling days and sampling rather seldom i.e. 1-12 times per year

In this case the annual load can be calculated by multiplying the average load of sampling days by 365,

as follows:
n
2. Q*C
L= *365*0.001 (5.3)
L  =annual load (kg a?)
Q; = wastewater volume on sampling day i (m?)
Ci  =concentration on sampling day i (mg I'%)
n = number of sampling days

d) Load estimate of small MWWTPs (<2,000PE) and for untreated sewage discharges without reliable
monitoring

If no reliable monitoring has been done for small MWWTP (<2,000 PE) or for untreated sewage
discharges and only population data (PE) are available, the load may be derived on the basis of the below
per capita load estimates:

. BODs 1 PE = 60 g O,/day (70 g O,/day for BOD>)
° Ntotal 1 PE =12 g N/day
. Ptotal 1 PE=2.7 gP/day

However, countries should use their own estimates if more specific data on the local conditions are available.
These estimates, including the calculation methods used, must be reported (see chapter 13 on annual
reporting).

During storm events, combined sewers® may not be able to treat all wastewater in the wastewater treatment
plant due to heavy loads of rainwater. This may lead to either an overflow* in the sewage system or that the
water is discharged directly to surface water via a bypass®. These portions need to be quantified and the
related nutrient loads estimated.

Note! When the drainage water from paved areas etc. are treated separately (i.e. not included in a combined
sewage system), the nutrient load via the drainage water should be included among the diffuse sources as
this kind of sources often do not have a distinct outlet.

5.2.  Industrial plants (INDUSTRY)
Ideally, all industrial plants should have a monitoring programme; practically it is necessary to ensure that at
least the industrial plants exceeding the EPER threshold values (EPER threshold values are presented in Annex

3 Combined sewage system includes both wastewater and drainage water from paved areas etc.. Control of

overflows is regulated with HELCOM Recommendation 23/5.

4 Overflows are discharges from combined sewerage system to the water body during rainfall when the flow
(mixture of sewage and rainfall runoff) in the system is over-loading the designed volume of the system. Control of
overflows is regulated with HELCOM Recommendation 23/5.

5 By-passes are discharges from a sewerage system to the water body to prevent station treatment plant
overflow damages during breaks in electricity supply or emergency repairing works. Use of by-passes is regulated with
HELCOM Recommendation 16/9.
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A1l to the Commission Decision 2000/479/EC on the implementation of EPER) have an adequate monitoring
programme (see Annex 6 in this report). The ultimate aim is to provide comparable and transparent figures,
and that the reported figures are as complete as possible.

Wherever possible, the annual discharges from industrial plants should be calculated as the product of the
total quantity of wastewater in a period multiplied with the corresponding flow-weighted concentrations and
summed up annually. The three ISO standard methods (a, b and c) in Chapter 5.1 are examples of such
quantification procedures. For industrial plants discharging less than the EPER threshold value into waters,
relevant standard discharge coefficients should be used in cases where no monitoring data is available. The
determination of such coefficients should be based on experience with discharges from larger plants that
have monitoring programmes, taking into account of differences in the degree of internal treatment at the
plants.

According to minimum reporting of EPER should include plants/facilities, which have a significant impact on
the environment. The significance is demonstrated by covering facilities that,

1. undertake one of the activities listed in Annex | (Categories of activities referred to in Article 10 of
the EU Directive 2010/75/EU on industrial emissions)®,

2. and exceed the production capacity/output,

3. and exceed threshold values fixed for the release of substances.

Plants/facilities that fulfil these criteria have to report data to the European Pollutant Release and Transfer
Register (E-PRTR)” available at http://prtr.ec.europa.eu/. The data reported to this Register could also be
reported for the use in PLC and needs not to be recalculated. For completeness and the PLC assessments,
any other plant with industrial effluents entering Baltic Sea and national catchment areas should be included
in PLC reporting.

Non-EU countries applying other rules are invited to strive for good correlation to these criteria and to
measurements and analytical methods complying with international standards. Source identification and
reporting details are in Annex 2, 3 and 6 of these guidelines.

5.3.  Aquaculture

The term aquaculture refers to the cultivation of both marine and freshwater species (e.g. fish and shellfish)
in either land-based systems that discharge either to rivers and inland lakes, through direct point sources or
production systems in coastal and open-marine areas. In general, fish farms are the main concern regarding
aquaculture as a nutrient source to the sea. On the contrary, shellfish cultures could be seen as having a net
export of nutrients from the water, as the nutrient supply is from the water, and by harvesting the produced
shellfish nutrients are actually removed from the system. Also some freshwater aquaculture plants can net
retain e.g. phosphorus.

The main source for nitrogen, phosphorus and organic matter (measured as BOD) discharges from
aquaculture is the feed supplied into the farming system. Cultivation of mussels and other species that do
not use artificial feed are not covered in this guideline. Discharges of nitrogen, phosphorus and BOD (organic

6 IED = EU Directive 2010/75/EU on industrial emissions. The IED was a recast of seven existing Directives related to industrial emissions into a
single clear and coherent legislative instrument. The recast included in particular the IPPC Directive.
7 PRTR = The European Pollutant Release and Transfer Register (E-PRTR) is the Europe-wide register that provides easily accessible key

environmental data from industrial facilities in European Union Member States and in Iceland, Liechtenstein, Norway, Serbia and Switzerland. It
replaced and improved upon the previous European Pollutant Emission Register (EPER).
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matter) are derived from uneaten feed, undigested nitrogen, phosphorus and organic matter (faeces), and
excretion via gills and urine. Measures aimed at the reduction of discharges from freshwater and marine fish
farming in specific, are regulated in HELCOM Recommendation 25/4 “Measures aimed at the reduction of
discharges from fresh water and marine fish farming” (HELCOM 2004).

Discharges from aquaculture plants into rivers or lakes can be determined by:

1. monitoring at the outlets from these plants or

2. through calculations. Calculations can be based either:
(a) on records of fish (or other farmed organism) production and feed used, or
(b) by using feed conversion rates (FCR) combined with chemical analyses of feed and fish and
taking into account removal of nutrients (and organic matter) by natural processes and sludge
removal (for more information, see OSPAR 2004 and HARP NUT Guideline 2, 2004).

Quantification of discharges from fish farming plants may be based on aggregated information extracted
from national registers of annual figures for relevant parameters from each individual plant. Such statistics
are usually collected as part of the requirements in the discharge permits. For the quantification of
discharges, the distinction is made between two main production types:

1. Plants without treatment (e.g. plants where the sludge is not collected or where the sludge is
collected, but discharged to the aquatic environment without treatment); and

2. Plants with treatment (e.g. plants with permanent removal of sludge), where the N and P contents
(and organic matter) in the sludge removed are quantified.

The quantification of discharges from aquaculture plants is described in the following three approaches:

1. Approach 1 is based on calculations from production parameters. The starting point is that
information is available on both production and feed consumption at plant level. The quantification
method is based on mass balance equations. Valid for both marine and freshwater aquaculture
plants.

2. Approach 2 is based on calculations from production parameters, but only information on either
production or feed is available at national level. Valid for both marine and freshwater aquaculture
plants.

3. Approach 3 is based on monitoring the discharge. It is feasible for ponds or other land based
production systems where the discharges are distinct point discharges (such as end of pipe/channel).
The quantification of losses is also based on mass balance equations, but in this case on monitoring
results. The method is valid only for freshwater aquaculture plants.

Approach 1 (marine and freshwater plants)

This approach forms a basis for the estimation of nitrogen, phosphorus and BOD (organic matter) discharges
from aquaculture plants (Cho et al. 1991).

a) For plants without treatment (sludge removal):

Phosphorus (P) or nitrogen (N) discharge to water body in kg a™* (Le;n)

Lew = 0.01%(ICj-GCf)-M-T (5.4)
I = amount of feed used for feeding of fish in kg a*

Ci =PorNcontentinfeedin%
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G = net growth of fish including dead fish in kg a*
Cf =PorNcontentinfishin %
M = nutrient losses due to metabolism in fish in kg a™

T = nutrient removal processes on the fish farm not related to sludge removal (e.g. nutrient
turnover, denitrification etc.) in kg a*

BOD discharge to water body in kg a* (Lsop)

Lsop= (P—D) (5.5)
P. =Internal fish farm loss from fish production
= (686-1671*F +1544*F 2 -354*F,3)*G (5.6)

F« =1/G feed quotient, i.e. feed used for producing fish during a year
I = amount of feed used for feeding of fish int a*
G = net growth of fish including dead fishint a*
D =area-decomposition/turnover of BOD = E4 * A (5.7)
Es =specific decomposition/turnover in kg m?a*
=(6.4* F,—4,2) * 0.365 (5.8)

A = water covered surface area in the fish farm (estimate of the sedimentation basin surface
area and of the plant lagoon, if present) in m?

b) For plants with treatment (sludge removal):

Phosphorus (P) or nitrogen (N) discharge to water body in kg a™ (Len)

Len =0.01%(ICj-GCf)-M-T-S (5.9)
I = amount of feed used for feeding of fish in kg a*
Ci =PorNcontentinfeedin %
G =growthoffishinkga®
Cf =PorNcontentinfishin %
M = nutrient losses due to metabolism in fish in kg a

T = nutrient removal processes on the fish farm not related to sludge removal
(e.g. nutrient turnover, denitrification etc.) in kg a*

S =amount of P or N removed with the sludge in kg a*

BOD discharge to water body in kg a* (Lsop)

Lgop = (P.—D) *(1-5) (5.10)
P. = Internal fish farm loss from fish production = (686-1671*F+1544*F>-354*F3)*G  (5.11)
F« =1/Gfeed quotient, i.e. feed used for producing fish during a year

I = amount of feed used for feeding of fish int a
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G = net growth of fish including dead fish int a*
D = area-decomposition/turnover of BOD = Eq * A (5.12)
Es = specific decomposition/turnover in kg m2a?

=(6.4* F,—4.2) * 0.365 (5.13)

A = water covered surface area in the fish farm (estimate of the sedimentation basin surface
area and of the plant lagoon if present) in m?

S = reduction factor for nutrient removal processes on the fish farm not related to sludge
removal.

The net growth (G) of one year in equations 5.4, 5.5, 5.9 and 5.10 is calculated as the sum of i, ii, and iii below
+ the difference between the standing stock by the end of the year and the beginning of the year:

i organisms taken out of the water for slaughter (alternatively the sum of slaughter weight
and slaughter offal) or sold alive (t a-1)

ii. dead organisms collected during the year (t a?), and
iii. escaped organisms (t al).

The total nitrogen and phosphorus content in the feed may be obtained from the feed manufacturers. In
order to facilitate national calculations, average figures based on the typical feed used in the catchment area
may be used, but if the type(s) of feed in each individual fish farm is known ideally that information should
be used. The indicative figures in Table 5.1.a and 5.1.b may be used if the above mentioned figures are not
available. If “moist/semi-moist feed” (higher content of water than “dry feed”)® is used, the quantity of
moist/semi-moist feed should be converted to the comparable amount of dry feed, as an expression of the
total quantity of feed used. The total phosphorus and nitrogen content in the produced organisms can be
obtained as a standard figure for each catchment area. If such figures are not available, the figures in Table
5.1 may be used.

Table 5.1.a Content of nitrogen and phosphorus in fish and fish feed

Total phosphorus content (%) | Total nitrogen content (%)
Fish (fresh) 0.4 2.5
Dry feed ! 1.0 7.5
Semi-moist feed ? 0.5 5.0
Moist(fresh) feed 3 0.45 2.5

8 The water content in this feed category varies, but a general guidance can be: semi-moist feed (35-80% is dry

matter), moist feed (< 35% is dry matter), while a dry feed has > 80% dry matter.
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1Dry matter >80 % 2Dry matter 35-80 % 3Dry matter <35 %

Table 5.1.b Content of nitrogen and phosphorus from fresh water fish farms

Total phosphorus content (%) | Total nitrogen content (%)

Fish (fresh) up to 0.43 2.75
800 grams
Dry feed Max. 1.0 Max. 9.0

The calculation of treatment yield requires that the nitrogen and phosphorus content in the sludge is
calculated/measured regularly (e.g. based on requirements in the discharge permits) as basis for
qguantification of the fraction that is removed by the sludge. If such figures are unavailable and, in the case
of regular removal of sludge, an average removal of 10% N and 40% P due to decantation may be considered.

Approach 2 (marine and freshwater plants)

If national registers on feed use and production on individual plants are not available, national sales statistics
could be used. If only statistics on production or feed used is available, an assumption of the feed conversion
ratio (FCR) should be made. FCR is the ratio between weight of feed used (dry feed basis) and weight gain of
the organism (production), expressed as:

Feed used (ta?)
Production (ta1)

FCR = (5.14)

The FCR is, among other things, species dependant and varies also by water temperature, as the fish
metabolism is temperature dependent. Hence, it is preferred to use FCRs specific for the actual catchment
or region based on estimates obtained from literature or determined from experimental work. If literature
values are used, the report should include a literature reference. If no values from literature or experimental
work are available the following standard figures are recommended:

e FCR=1.1 for big fish over 0.8 kg (although use 3.0 for mother fish )
e FCR=0.8-1.0 for fish between 30 g and 800 g
e FCR=0.6 for fingerlings

The figures are obtained from salmonid fish production under optimal growth conditions. Other figures
should be used for other fish. When FCR is available for the catchment/region to be reported on, the missing
figures of feed used or production may be estimated from the above-mentioned equation (equation 5.14).
Method 1 can then be followed for the quantification of the discharge.

Approach 3 (freshwater plants only)

For land-based aquaculture systems such as artificial ponds, basins and raceways, the nitrogen and phos-
phorus discharges may be quantified by monitoring the nitrogen and phosphorus concentrations and the
water flow in the inlet(s) and outlet(s) of the production system, followed by a mass balance calculation of
the increased discharge. The discharge of nitrogen and phosphorus (and organic matter) from a production
system may vary considerably over both the short and long timescale and depend, inter alia, on operational
factors such as standing stock, application of feed, feed quality, time of feeding, time of cleaning operations,
the presence of different purification tools and their effectiveness (e.g. plant lagoons are less effective during
a cold winter), as well as on the natural variation in the inlet(s) water quality. The effluent monitoring strategy
must reflect this variation.
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All fish farming (or other aquaculture) plants with an annual production of more than 200 tonnes should,
ideally, take as a minimum 12 contemporary samples a year in the inlet(s) and the outlet(s) for measurements
of nitrogen and phosphorus concentrations.

In order to ensure a reliable quantification, sampling of water for analyses of nitrogen and phosphorus (and
organic matter) should be flow-proportional over at least 24 hours and be carried out using automatic
samplers.

Further, at least flow in inlet(s) and outlet(s) should be monitored on sampling days, but ideally monitored
continuously providing daily water intake and outflow.

Good international laboratory practices, aiming at minimizing the degradation of samples between collection
and analysis should be applied. The water flow should be registered continuously. Flow measurements
should preferably be performed according to international standards (e.g. ISO standards).

The annual load of inlet(s) and outlet(s) may be calculated as follows:

n

2. Q*C,

=
L= 'n— *Q, (5.15)

>.Q
i=l

L = annual load;

Q = wastewater volume of the period i;

G = concentration of sample i;

Q¢ = total wastewater volume of the year;

n = number of sampling periods.

The total load of nitrogen or phosphorus (or organic matter) from the production system is calculated by
deducting the total nitrogen or phosphorus load in the inlet(s) from the total nitrogen or phosphorus load in
the outlet(s).

If flow and concentrations in inlet(s) to and outlet(s) from aquaculture plants are monitored regularly the
method “Daily river flow and daily concentration (interpolated)” in Chapter 4.1 should be used (Eq. 4.1).
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6.  Quantifying diffuse losses of nutrients

Diffuse sources of nutrients are defined as any source of nutrients not accounted for as a point source. Within
the periodic PLC-Water, quantifications of natural background and major diffuse anthropogenic nutrient
losses to inland surface waters and to the sea are required (Chapter 14). In the annual reporting, the diffuse
inputs are included in the total inputs from monitored rivers and unmonitored areas (cf. Chapter 13).

6.1. Quantification of the natural background nutrient losses
Procedures for the periodic quantification of natural nitrogen and phosphorous background losses into inland
surface waters are described below. Natural background losses cover:

e Losses from unmanaged land; and
e Part of losses from managed land that would occur irrespective of anthropogenic, e.g. agricultural,
activities.

Hence, the natural background losses are a part of the total diffuse losses. The Contracting Parties can use
two different approaches or a combination of the approaches to estimate natural background losses:

e Monitoring of small unmanaged catchment areas without or with very minor inputs from point
sources, and/or
o Use of models.

When background losses are estimated by models it is assumed that the anthropogenic surplus is zero,
implying e.g. that the prevailing atmospheric nitrogen deposition needs to be taken into consideration.

Natural background losses of nutrients are monitored in several countries. The figures given in Table 6.1 are
related to the period 1990-2000 besides data from Denmark that covers 1989-2012. They are obtained from
forested catchment areas and/or catchment areas with very low human impact (with the exception of the
impact of atmospheric deposition).

Table 6.1. Annual natural background losses and flow-weighed concentrations of nutrients as
reported by Contracting Parties

Country Total Nitrogen | Total Nitrogen | Total Phosphorus | Total Phosphorus | Waterflow in
in kg hat inmg It in kg ha® inmgl? I (s -km?)?

Denmark 2.64+0.31° 1.53+0.06! 0.086+0,0112 0.050+0.002* 6.19+0.61"

Estonia 33 1.1 0.12 0.04

Finland 0.7-2.0 0.03-0.7

Germany 1.23 0.733 0.061 0.036

Latvia 0.11

Lithuania 0.6-1.2 0.32-0.8 0.02-0.08 0.05-0.09 6.6

Poland 1.5 0.1

Sweden 0.33-2.8 0.013-0.065

1The average of median monitored values for 24 years (1989-2012) + 2 SE (SE is the standard error, and the

expressions corresponding to the 95% confidence interval) in seven small catchments without or with very low human

activities.

2 The average of median monitored values for 21 years (1989-2009) + 2 SE in seven small catchments without or with
very low human activities.
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6.2. Quantification of nutrient losses from diffuse anthropogenic sources
Diffuse anthropogenic nitrogen and phosphorus losses from the following sources should be considered in
the quantifications:

e Agricultural land

e Managed forestry and other managed land

e Atmospheric deposition directly on inland surface waters

e Scattered dwellings

e Rainwater constructions (e.g. paved surfaces without a distinct outlet)

Whereas point sources (defined as wastewater treatment plants, industrial plants and aquaculture plants)
are discharging into inland surface waters or directly to the sea with a defined outlet, losses from diffuse
sources (agriculture, forestry, atmospheric deposition, scattered dwellings, and rainwater constructions) may
be delivered via a number of different pathways into inland surface waters (in monitored and unmonitored
areas). Small, dispersed point source discharges e.g. from point sources in agriculture (e.g. farmyards) should
also be dealt with as diffuse sources as long as they do not have a distinct and monitored outlet (in which
case, they would instead be treated as a point-source). The pathways to inland waters are characterized by
different flow characteristics and include very different processes (see Figure 2.2). Depending on the land
use, losses of phosphorus and nitrogen can vary substantially. PLC-Water defines and considers the following
seven diffuse pathways:

e Surface run-off

e Erosion

e Groundwater

e Tile drainage

e Interflow®

e Atmospheric deposition on inland surface waters
e Rainwater constructions

e Scattered dwellings

A large number of removal, storage or transformation processes may influence the final quantities of
nitrogen and phosphorus entering inland surface waters. Knowledge about these processes of
transformation and retention within inland surface waters is necessary to quantify and to predict nutrient
losses into river systems in relation to their sources.

The different loss processes and pathways are very complex and variable, and the significance of their effects
also varies between nitrogen and phosphorus. It is therefore difficult to quantify diffuse losses in a consistent
and accurate way. The PLC-Water guidelines are not including a specific methodology for quantifying diffuse
sources or delivery pathways. There are many different methodologies, e.g. OSPAR HARP-NUT Guideline 6
on diffuse sources (OSPAR 2007; only existing as a draft version that has not been finalized). In the absence
of comprehensive measurements, it is necessary to apply calculation methodologies (e.g. various modelling
techniques).

6.2.1. Documentation on used estimation methods for diffuse sources

Processes and pathways widely differ. There exist many different methods to estimate the loss from diffuse
anthropogenic sources, it is vital that the Contracting Parties comprehensively describe the methodology
used for various sources to ensure transparency and to enable assessments. It is important that the
documentation include how e.g. the following important factors have been taken into consideration:

9 Substance transport within the vadose zone, i.e. unsaturated soils above the groundwater table.
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e Seasonal variation
e Retention (see chapter 9)
e Monitoring data as support to model or values from look-up tables or expert judgement

e Estimates based on source-oriented (sources are estimated) or load-oriented approach (only total
diffuse anthropogenic sources) — see also Chapter 10

There exist many different source-apportionment models, with varying capabilities to model the nutrient
flow under various conditions, and with very different demands on supporting data. Some examples on
commonly used models are given in Table 6.2. More examples are given in documentation from the
EUROHARP project, in which thorough descriptions, as well as comparisons and assessments of commonly
used models, can be found (e.g. Schoumans and Silgram 2003, and in 10 articles in Journal of Environmental
Monitoring Vol. 11, pages 503—609 e.g. Hejzlar et al. 2009, Kronvang et al. 2009, Schoumans et al. 20093,
Schoumans et al. 2009b, and Silgram et al. 2009).

Important issues that need to be considered before a model is chosen are e.g.:

e the purpose with the modelling (only source-apportionment or also scenarios on remedial
measures?)

e coverage of important pathways for the nutrients in the prevailing conditions

e supporting data availability compared to model needs

e source availability regarding man-power or financial support compared to what is expected for data
and model handling

e result assessment

Other important issues are temporal and spatial resolution (vertical and horizontal), high resolution generally
implicate higher requirements on supporting data as well as higher labour demands, but maybe one of the
most important issues is the applicability of the various models to the specific prevailing conditions that are
to be modelled. If there are resources enough, it might be suitable with an ensemble modelling, i.e. several
models are used and assessed together, to get more reliable estimates. More detailed concerns on various
issues prior to start modelling may be found in e.g. Schoumans and Silgram (2003).

For documenting a model, the issues listed above should be described including a description of the process
involved in the model and results of sensitivity and uncertainty analysis.
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Table 6.2. Examples on source-apportionment models that may be used to estimate various nutrient sources
and nutrient retention in different scales. Physically based model intend to describe relevant process in a
physically correct way, while conceptual models are more or less based on empirical information. Physical
models are generally relatively data demanding.

Name Type of model Model owner/origin
EUROHARP-NUTRET | Retention only EUROHARP
SLU, Sweden. Freely available for non-
FyrisNP Conceptual commercial purposes:
http://www.slu.se/waterhub
HBV-NP Semi-Physical SMHI, Sweden; freely available®®
US. EPA downloadable:
HSPF Physical
ysica http://water.usgs.gov/software/HSPF/
HYPE Semi-Physical SMHI, Sweden, open source
MESAW Conceptual Grimwall & Stalnacke (1996)
MIKE BASIN Conceptual DHI, Denmark; commercial
Downloadable:
MONERIS Semi-empirical http://moneris.igh-berlin.de/index.php/model-
structure.html
SWAT Physicall Downloadable public domain model:
E— y y http://swat.tamu.edu/software/
Vollenweider Conceptual, retention only P lake model (Vollenweider 1975)

10 The model is being phased out by SMHI in favour of the HYPE model
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7.  Methods for estimation of inputs from unmonitored areas
Unmonitored areas consist of unmonitored rivers, unmonitored parts of monitored rivers and coastal areas
including unmonitored islands (see Figure 2.4).

In unmonitored areas there are no available data on the requested water chemical determinands or on flow
measurements in rivers. For such areas it is recommended to use one of the methods described below for
estimating the loads (see also Chapter 6.2 on quantification of nutrient losses from anthropogenic diffuse
sources). Alternative load calculation methods may be used, but must be described in detail (cf. annexes 2
and 3).

There are different methods to estimate the load from unmonitored areas:
e Model results
e Extrapolating the knowledge about neighbouring rivers under similar conditions.

If an unmonitored area has climate, topography, geology, soil type, land use etc. that are similar with a
monitored area, also similar load in the output (river) can be assumed.

The following method should only be used if more sophisticated methods are not available and if the
unmonitored part of the catchments only constitutes a minor share of the total catchment:

A rough calculation then takes into account only the different surface areas of the basins, e.g.:

A .
L. LmAm (7.1)

Ln = input from unmonitored area An

Lm = known input coming from monitored area Am
An = area of unmonitored catchment

Am = area of monitored catchment

If possible the discharge from large point sources should be taken into account, as the discharges are rarely
equal in the monitored area that is extrapolated to the unmonitored area. In some regions/countries the
discharge from point sources is monitored and/or estimated also in unmonitored areas. Then the equation
7.1 above is changed to:

L.- DLm%+ PL, (7.2

Ln = estimated input coming from unmonitored area A,

DL, = known diffuse inputs coming from monitored area A, (estimated as monitored load minus
discharge from point sources taking into account retention)

PL, = monitored or estimated point source discharge from unmonitored areas;

An = area of unmonitored catchment

Am = area of monitored catchment.

Retention in surface waters within the unmonitored catchment should be taken into account when
quantifying DL, and PL,,.

Flow from unmonitored areas can be estimated with the methods described in Chapter 4.2.
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8.  Transboundary rivers

8.1. Introduction

The Fifth Baltic Sea Pollution Load Compilation, PLC-5 (HELCOM 2011) addressed challenges related to
transboundary nutrient inputs originating from countries both inside and outside the HELCOM area, as well
as ensuring a fair allocation of pollution reduction burden in case of sharing transboundary watersheds
between two or more HELCOM Contracting Parties. The initial calculations of nutrient inputs allocated
riverine input to the country with the river mouth. This implies that e.g. Latvia and Lithuania are assigned the
entire input via the Daugava and Nemunas to the Baltic Sea, respectively, while considerable proportions of
these catchments belong to Belarus and Russia. Hence, there is a need for proper evaluations of the
transboundary pollution inputs and to what extent these reach the Baltic Sea.

The follow-up system for the new CARTs, which was adopted at the Copenhagen 2013 HELCOM Ministerial
Meeting (HELCOM 2013), require knowledge about transboundary riverine inputs from non-HELCOM
Contracting Parties as well as between Contracting Parties to follow up on the progress towards reaching the
nutrient reduction requirements. The new CARTSs are specific for each Contracting Parties “own” share of the
nutrient inputs to the Baltic Sea, and expected reductions in riverine inputs have also been allocated to non-
Contracting Parties. Further, transboundary inputs between HELCOM Contracting Parties were taken into
account when allocating the reductions requirements. Also the 2013 Copenhagen Ministerial Meeting
underlined that transboundary nutrient inputs originating in the non-Contracting Parties should be addressed
by initiating joint activities e.g. by bi- and/or multilateral projects and through other existing funding
mechanisms as well as by international agreements such as the 1992 UNECE Convention on Transboundary
Waters and Lakes, and the River Basin Management Plans of the EU Water Framework Directive for HELCOM
Contracting Parties being also EU Member States.

Therefore, addressing transboundary inputs between Contracting Parties and non-Contracting Parties and
between two or more Contracting Parties (including border rivers) has been identified as an important task
for the HELCOM LOAD group and future PLC assessments. Further, quantifying transboundary inputs
between countries can also be used to evaluate the importance of these inputs as a source to the receiving
countries and to follow development in transboundary inputs. For assessing the importance of measures
taken in upstream loading countries on the net inputs to the Baltic Sea, retention in downstream countries
surface waters must be taken into account (see Chapter 9).

This chapter defines actual and net transboundary inputs, and includes an overview of the rivers that are
identified as transboundary rivers. Further it includes border rivers and how they are defined. It also includes
a short overview of information necessary for assessing actual and net transboundary inputs.

About 7% of the total catchment draining to the Baltic Sea (1.73 million km?) is situated in non-Contracting
Parties, but also a proportion of the catchment area within Contracting Parties contributes with
transboundary riverine inputs to other Contracting Parties. Figure 2.5 shows the whole Baltic Sea catchment,
illustrating the catchment area within HELCOM Contracting Parties as well as non-Contracting Parties.

8.2.  Definitions

A transboundary river is a river that crosses at least one country (political) border and has its outlet to the
Baltic Sea in one of the HELCOM Contracting Parties. A transboundary river can cross more than one country,
both between Contracting Parties and from a non-Contracting to a Contracting Party. Therefore, riverine
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inputs can originate from one or more countries. To estimate net transboundary riverine inputs entering to
the Baltic Sea, retention in inland surface waters must be taken into account (see Chapter 9).

A border river is a river with its outlet to the Baltic Sea at the border between two countries. For these rivers,
the inputs to the Baltic Sea are divided between the countries in relation to each country’s share of total
load.

Transboundary rivers are illustrated in Figure 2.4, which introduces and defines some main terms used in the
PLC guidelines and as an example Figure 8.1, shows the lower part of the River Nemunas. River Nemunas
have been classified as a transboundary river, and is regarded as a quite complicated case due to the fact
that so many countries are involved in different parts of the catchment.

River Nemunas
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Figure 8.1. The lower part of the transboundary River Nemunas catchment. To the right from the map (not shown),
Lithuania receives riverine transboundary inputs from the non-Contracting Party Belarus. In the central part of the map
is the border between Russia (Kaliningrad Oblast) and Lithuania along the River Nemunas. There is also a river branch
(with a quarter of the entire flow of Nemunas) — Matrosovka (or Gilija in Lithuanian) Channel — which transports
transboundary inputs from Lithuania to Russia. The channel has an outlet to the Baltic Sea in Russia while the outlet of
the main branch of the River Nemunas is in Lithuania (not at the border between Russia and Lithuania). Source: Google
Earth, with some amendments.
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8.3. Estimates of actual and net transboundary inputs used in the 2013 Copenhagen

HELCOM Ministerial Declaration

Available data shows that the transboundary nutrient loads to the Baltic Sea are significant to some sub-
basins of the Baltic Sea. However, the existing assessments have not so far enabled the evaluation of the
significance of transboundary pollution accurately enough. Table 8.1 and Table 8.2 summarize estimates
compiled by the Baltic Nest Institute, Sweden (BNI) (Gustafsson & Morth, in prep.) on transboundary (actual
and net inputs) divided between Contracting Parties and non-Contracting Parties (Table 8.1) and between
Contracting Parties (Table 8.2) as used for calculating the new CARTs adopted by the 2013 HELCOM
Copenhagen Ministerial Meeting (HELCOM 2013).

Table 8.1. Transboundary riverine inputs from non-HELCOM countries in the Baltic Sea catchment area (in tonnes per
year) used in the CARTSs calculations. All data are averaged 1997-2003 except for the Belarusian data which are averaged
2004-2011. Input at the border is reduced by the retention coefficient to estimate net waterborne input to the Baltic
Sea (see Chapter 10). ‘Share of inputs to the sub-basin’ expresses (in %) how large a proportion of the total waterborne
input to a sub-basin originates from the non-Contracting Party during the reference period. GUR = Gulf of Riga, BAP =
Baltic Proper, GUF = Gulf of Finland, N = nitrogen, P = phosphorus. For more information, see Gustafsson & Moérth, in
prep.

Share of input to

From Via To Border Retention To Baltic the sub-basin
TN(t) TP (t) TN TP TN(t) TP(t) TN(%) TP (%)
Czech Poland BAP 5,700 410 0.40 0.28 3,420 295 11 1.7
Belarus Lithuania BAP 13,600 914 0.54 0.53 6,256 430 2.1 2.5
Ukraine Poland BAP 4,124 127 0.40 0.28 2,474 91 0.8 0.5
Belarus Poland BAP 5,071 331 0.40 0.28 3,043 238 1.0 1.4
Total BAP 15,193 1,055 5.1 6.1
Belarus Latvia GUR 8,532 1,360 0.27 0.32 6,228 925 7.9 41.4

Table 8.2. Transboundary riverine inputs between HELCOM Contracting Parties (in tonnes per year) in the reference
period (1997-2003). The input at the border is reduced by the retention coefficient to estimate net waterborne
transboundary inputs to the Baltic Sea. GUR = Gulf of Riga, BAP = Baltic Proper, GUF = Gulf of Finland, N = nitrogen, P =
phosphorus. In the Finnish inputs to Gulf of Finland via Russia retention in Lake Ladoga has been taken into account. For
more information, see Gustafsson & Moérth, in prep.

From Via To Border Retention To Baltic
TN (t) TP(t) TN(t) TP(t) TN (t) TP (t)

Lithuania Latvia BAP 5,516 158 0.39 0.58 3,365 66
Poland Russia BAP 4,400 320 0.30 0.37 3,080 202
Germany Poland BAP 2,337 101
Total BAP 8,782 369
Lithuania Latvia GUR 7,185 282 0.27 0.32 5,245 192
Russia Latvia GUR 4,256 734 0.54 0.71 1,957 215
Total GUR 7.202 407
Finland Russia GUF 0.48 0.82 5,353 49
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Data on sources in the non-Contracting Parties is still lacking and the available data does also not enable
calculation of the share of pollution originating from the upstream countries that actually reaches the Baltic
Sea as satisfactory estimates on retention in different individual rivers are not available.

If other (more) reliable data does not exist on retention within the catchment area, the results estimated in
the EU-funded RECOCA project can be used (Gustafsson & Morth, in prep.). These results are shown in
Chapter 9 (Figure 9.1 and Table 8.2) and Annex 5. These retention coefficients can be used for calculation of
net contribution of transboundary inputs from both Contracting and non-Contracting Parties at rivers
mouths.

8.4. Necessary information for quantifying transboundary input

The downstream HELCOM Contracting Party receiving riverine transboundary input from an upstream
country (Contracting Party or not) and having the river mouth at the Baltic Sea is responsible to collect data,
and to compile, quantify and report on the transboundary inputs. The downstream country is encouraged to
cooperate with the upstream country in order to quantify loads and river flow at the border using the
methods described in the PLC guidelines and to ensure that all relevant transboundary inputs are quantified
and reported to the PLC-Water database. Further, Contracting Parties should also report on retention in the
catchment receiving the transboundary input, if new data is available that differ from the one used for
calculating the CARTs that were adopted in Copenhagen 2013 HELCOM Ministerial Declaration. For border
rivers, the involved Contracting Parties should agree on the responsibilities above and report accordingly to
HELCOM.

Necessary information to be used for estimating transboundary riverine inputs includes:

e At the border and river mouth: annual water flow, total nitrogen, total phosphorus. Preferably also
fractions of nutrients and heavy metals (see list of parameters in Chapter 3) to allow for quantifying
actual annual transboundary inputs. Preferable this is based on monitoring. If the reported
information has been modelled, then information on how the estimates were obtained should be
reported

e Name of the river and the location of the monitoring point(s) (geographical coordinates)

e Size of catchments in the up- and downstream countries

e Estimate of retention (in inland surface waters) on transboundary N and P input in receiving
Contracting Party, if any new information is available

e In periodic assessment of nutrient source quantifications: population in the catchment, point and
diffuse sources, information on land use, life stock, fertilizer application etc. (all in both the up- and
downstream countries)

e Ifariver crosses more than one country, all the information is needed from each country in order to
enable separation of the information per country.

8.5. Overview of transboundary rivers to take into account in annual reporting

This sub-chapter describes how transboundary inputs can be divided between Contracting Parties. The
division for the biggest rivers is based on monitored inputs at the border where the river enters another
Contracting Party and taking into account retention in the downstream Contracting Party receiving the
transboundary inputs. For a few rivers, also the location of big point sources is taken into account. In a strict
sense, there are 82 transboundary rivers, but for many of these almost the whole catchment is situated in
one country only and for these the transboundary inputs are neglected.
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Table 8.3 contains an overview of the transboundary rivers from which annual transboundary riverine inputs
should be taken into account and net transboundary inputs should be estimated. The reported
transboundary inputs will serve as input to the PLC assessments and to the annual follow-up of the BSAP
nutrient reduction requirements adopted by the 2013 HELCOM Ministerial Declaration. The table provides
information about the involved Contracting and non-Contracting Parties for each river, the division of the
catchment, monitoring stations in HELCOM Contracting Parties at the border where transboundary riverine
inputs enters, expected available information in upstream country etc. In addition, Table 8.3 also provides
information on border rivers within the Baltic Sea catchment. Note! This table includes information by
summer 2015 and will be reviewed and updated as new information becomes available.

43



Table 8.3 List of transboundary and border rivers that should be taken into account in annual and periodical PLC reporting

— Lithuania border); 1
hydrological — flow MS (Masa-
Bauska);

River Mémele:

1 hydrochemical surveillance MS
(Memele, 0.5 km below

7 hydrological stations
(rivers Svete, Platonis,
Sidabra, Yslykis, Musa,
Nemunelis 2 stations)
near the LT/LV border

River Transboundary/ | CP to provide Total catchment and Monitoring station in CP and Expected available Other comments
name border river information and | proportion of what is monitored information in
between which involved CP catchment in involved upstream country(ies)
CP’s/countries countries
Narva Border and EE (own Total area: 58,126 km? | EE: LV: RU to contact LV or to decide
transboundary catchment) and EE: 30.2 % 2 hydrochemical stations (7 km No hydrochemical whether to take on LV load as part
river RU (LV and RU LV:6.3 % from mouth and outflow from surveillance monitoring | of RU inputs
catchment) RU: 63.0 % Peipsi), stations with annual
LV to RU; EE and BY: 0.5% 2 hydrological stations (20 km measurements;
RU, BY from mouth outflow from Peipsi | 1 hydrological — flow
) monitoring station
RU: (Zilupe — Pasiene)
chemical monitoring station -12
km from mouth; hydrological -
16 km
Torne alv Border river SE Total area: SE: Chemical station at Mattila It is agreed that 55 % of the inputs
between SE and 40,112 km? (approx. 7 km from outlet). of N and P entering the sea via the
FI SE: 63.9% Hydrological station at river is from SE and the remaining
FI: 35.0 % Kukkolankoski (approx. 20 km 45 % from Fl
NO:1.2% from outlet)
Fi:
Gauja Transboundary LV Total area: LV: EE:
river 8,950 km? 1 hydrochemical surveillance MS | 1 hydrological station
EE/LV LV:77.5% (Gauja, 2.0 km below Carnikava, and 1 hydrochemical
EE:12.5% mouth); station (river Mustjogi, 4
1 hydrological — flow MS (Gauja km from LV border)
— Sigulda)
Lielupe Transboundary LV Total area: LV: LT:
river 17,814 km? Border MS: 4 chemical stations
LI/LV LV:50.4 % River Misa: 1 hydrochemical (rivers Platone, Sidabra,
LT:49.6 % surveillance MS (Misa, on Latvia | Musa ir Nemunelis) and
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Skaistkalne); 1 hydrological —
flow monitoring station — data
from LT (Mémele — Tabokine);
Mouth MS:

River Lielupe:

1 hydrochemical surveillance MS
(Lielupe, 0.5 km below
Kalnciems); 1 hydrological — flow
monitoring station (Lielupe-

MeZotne)
Oder Transboundary PL Total area: PL: DE:
river 118,840 km? 1 station with hydrological and 2 hydrochemical
CZ/DE/PL CZ:6.1% hydrochemical measurements stations (one of them on
DE: 4.7 % (Krajnik,71.9 km from the PL border), 3
PL: 89.2% mouth) hydrological stations
CZ:
1 station with
hydrological and
hydrochemical
measurements (border
station, Chalupki 741.9
from the mouth)
Neva Transboundary RU Total area: 281,000 RU:
river km? mouth hydrological station — 27
BY/FI/RU BY: 0.3 % km from mouth and 4 chemical
FI: 20.2 % stations in each branch of Neva
RU:79.5 % river (one-in 1.4 from mouth,
three —in 0.025 km from mouth)
Pregolya Transboundary RU Total area: 15,500 km? | RU: PL:
river LT: 0.6 % chemical monitoring station -1 In PLC-5.5 PL loads were
LT/PL/RU PL:51.1% km from mouth; hydrological - calculated based on data from the
RU:48.3 % =50 km and includes only river Lyna and Wegorapa with

nutrient fractions (P-PO4,N-
NO....etc)
PL:

using average flow from years
1994-2003 and 2006)
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PL Monitoring stations: Lyna 73.7
km (lack of flow data since year
2007;

Wegorapa 96.5 km (lack of flow
data since 2007)

Venta Transboundary LV Total area: 11,692 km? | LV: LT:
river LT:44.3 % Border MS: 3 chemical stations
LT/LV LV:55.7 1 hydrochemical surveillance MS | (rivers Varduva, Venta,
(Venta, 0.5 km below Nigrande) ; | Vadakstis) near the
Mouth MS : LT/LV border and 1
1 hydrochemical surveillance MS | hydrological station
(Venta, Vendzava, hidroprofils). (river Venta)
1 hydrological — flow monitoring
station (Venta-Kuldiga).
Barta Transboundary LV Total area: LT:
river 2,016 km? 1 chemical station and
LT/LV LT:37.1% 1 hydrological station in
LV: 62.9 % the Bartuva river near
the LT/LV border
Daugava EE/LT/RU/BY/LV LV Total area: 87,900 km? | LV: RU:
EE: 0.2% Border MS: chemical monitoring

LT:2.2%

RU:31.6 %
BY:38.2%
LV:27.7 %

1 hydrochemical surveillance MS
(Daugava, Piedruja, Latvia -
Belarus boder);

1 hydrological — flow monitoring
station (Daugava-Daugavpils)
Mouth MS :

1 hydrochemical surveillance MS
(Riga reservoir, 1.0km below
Lipsi) ;

1 hydrological — flow monitoring
station (Daugava-Jékabpils).

station at the RU/BY
border;

LT:

1 chemical and 1
hydrological station at
the LT/BY border in the
river Birveta (around 3
km away from the
border) and 1 chemical
and 1 hydrological
station in the river
Dysna (around 1.5 km
away from the border)
EE:

river Pedetsi, no
monitoring
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Nemunas | RU/LV/BY/PL/LT LT Total area: 97,920 km? | LT: LT:
RU: 1.6 % 2 chemical and 2 hydrological Sesupe river at the
LV:0.1% stations at the LT/BY border (one | LT/RU border has 1
BY:47.1% of each in the Nemunas river chemicaland 1
PL:2.6 % around 10 km away from the hydrological station.
LT: 48.6 % border and in the Neris river
around 2 km away from the
border).
5 hydrological and 4 chemical
stations are on the LT/RU border
in the Nemunas river. Last one
around 8 km from the mouth.
RU:
2 chemical stations: 1% in the
Nemanus river in 59 km from
mouth; 2" in the Matrosovka
canal in 24 km from mouth
(monitoring includes only
nutrient fractions (P-PO4,N-
NO:...etc)
Vistula BY/UA/SK/PL PL Total area: 194,424 PL: PL: PL:
km? Polish loads (Kiezmark 12km No (BY, UA, SK) Bug river, (transboundary and
BY: 6.5 % from the mouth) borer river with BY and UA). For
UA:5.7% Loads from BY (Monitoring PLC-5.5 loads were estimated
SK:1.0% stations on the Bug river 222.0; basing on own data)
PL: 86.7 % 227.5 and 291.0km and Narew
river 44.6 km)
Loads from UA (monitoring
station on Bug river 578.1km)
Gota alv NO/SE SE Total area: 50,233 SE: Sweden to SE: Currently (and in previous PLC

km?

NO: 16.7 %
SE: 83.3 %

investigate the
availability and
continuity of point
source and land use
data during the PLC-6
project

deliveries), Sweden has treated
the load entering the sea from
these areas as negligible due to
low anthropogenic pressures in
the mountainous areas of all these
rivers and high retention in lakes
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Indalsilve | NO/SE SE Total area: 26,726 km? | SE: SE: Sweden to between these regions and the
n NO:7.9% investigate the sea. Sweden will evaluate this
SE:92.1% availability and approach within the PLC-6
continuity of point project, investigating the
source and land use availability and continuity of point
data during the PLC-6 source and land use data and the
project expected nutrient retention in
Angerman | NO/SE SE Total area: 31,864 k SE: SE: Sweden to lakes and water courses.
slven m?2 investigate the Based on these estimates, a
NO: 4.9 % availability and decision will be taken as to
SE: 95.1% continuity of point whether to maintain the current
source and land use approach (which assumes that the
data during the PLC-6 Norwegian contribution to the
project total load from each of these
three rivers is negligible compared
to the Swedish loads) or whether
this approach should be re-
evaluated and the rivers treated
as conventional transboundary
watercourses.
Coast LT/LV LV Total area: 5,257 km? LV: LT:
LV/Baltic LT:14.2 % Barta river: Bartuva is included
Proper LV: 85.8 % Border MS: separately in this list.
1 hydrochemical surveillance MS | There are no more
(Barta, Latvia - Lithuania border); | significant
Mouth MS : transboundary coastal
1 hydrochemical surveillance MS | catchments shared
(Barta, 0.2 km above Dikupji, between LT and LV
hidroprofils).
1 hydrological — flow monitoring
station (Barta-Dukupji).
Coast RU/ | PL/RU RU Total area: 1,538 km?
Baltic PL: 25 %
Proper RU: 75 %
(RU:
Propose
to refer
this
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section to

Mamonov

ka and

Prokhladn

aya rivers)

Coast RU/ | FI/RU RU Total area: 2,715 km? RU:

Gulf of Fl: 59 % chemical station on river

Finland RU:41 % Seleznevka — 12 km upstream
mouth; hydrological station — 25
km upstream mouth.

Salaca LV/EE LV Total area 3,471 km? LV:

LV:91.9 %
EE: 8.1%

1 hydrochemical surveillance MS
(Salaca, 0.5 km above
Salacgriva) ;

1 hydrological — flow monitoring
station (Salaca-Lagaste).
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9. Quantification of nutrient retention

9.1. Introduction

Retention of nitrogen and phosphorus in surface waters (lakes, rivers including flooded riparian zones) is a
process that permanently removes nitrate through denitrification or stores of nitrogen and phosphorus for
shorter or longer time periods in sediments and vegetation thus delaying the nutrient transport in river
basins. In some cases retention can even be negative due to the release of nutrients from lake and river
sediments. In general, phosphorus retention is influenced by sedimentation and other physical and chemical
processes, while nitrogen retention to a large extent is influenced by biological processes.

Retention needs to be estimated in order to enable quantification of sources of nutrients to marine areas
from different parts of river basins. A geographically detailed estimate of retention will make a reliable source
apportionment of the inputs to the sea possible, which in turn will enable efficient water protection
measures. ldeally, if individual evaluation of all different measures and sources are expected, retention
should be estimated separately for all categories of nutrient sources in a river system, also taking into account
the distance to the coast.

If the loads from agriculture are expressed as losses from the root zone, the retention estimates will also
include soil retention, i.e. removal processes that occur in soil and groundwater. These guidelines only deal
with retention of phosphorus and nitrogen in inland surface waters, which is also the reporting obligation for
the PLC periodic assessments.

9.2. Quantification
The total retention in the river catchment (R) is the sum of retention for each source category, expressed as:

R=Rp+Rp+Rs (91)
Where R, Roand Rgis retention for point sources, diffuse sources and background load, respectively (t a?).

It is generally difficult to distinguish retention from the different sources in equation 9.1. The calculation can
be simplified if it is assumed that retention is proportional to the total load of each source and that the
retained fraction is the same for all sources. Then only the total retention (R) is needed. Further, the
procedure outlined above requires measurements at one or several monitoring sites of the selected river in
order to determine riverine load (can be a normalized riverine load). It also requires data on nitrogen and
phosphorus point source discharges and natural background losses in the river catchment area. If there is a
significant degree of uncertainty in the retention estimate, more than one retention methodology or a
sensitivity analysis should be applied to get a range for the quantification of diffuse sources entering inland
surface waters.

The following main quantification approaches can be used:

A. Mass balance approach
B. Modelling approach

A. Mass balance approach

This approach is based on monitoring data from inland waters, used to calculate mass balances for selected
parts of the river system. The method can be applied to:
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e the whole river catchment

e lakes, (use results on lakes retention from parts of the catchment for lakes in the remaining part
of the are scaled to the whole catchment

e sub-catchments covering the whole catchment

Basically the methodology is the same irrespective of the size of the calculation unit. The retention is
calculated as the difference between the input and output of the considered water body, preferably on an
annual basis, according to the equation:

(la+lb+Ic+1In) -U=R (9.2)
Where la — In are input sources, U is Output and R is retention.

Estimates of diffuse inputs based on a longer time period (more than one year) will result in a retention
estimate for the corresponding period.

Estimation using equation 9.2 can be simplified by ignoring small input sources. Another simplification can
be made by analyzing only a few sub-catchments representing different parts of the river system and
transforming the results to the whole river. If possible, retention in big lakes should always be assessed
separately

The simplest way of calculating total retention in a catchment is to make a mass balance for the whole river
system and calculate retention as the difference between the sum of all inputs at source (gross load) from
the load calculated at the river mouth station (net load). A major problem with this approach is that it only
gives an average retention figure for the whole river system. Retention may differ between sources
positioned in different parts of the catchment, and thus the source apportionment at the coast will not be
precise. For small rivers this difference may be less important. When applying the mass balance approach to
larger river catchments the calculations become more complicated and the use of numerical models may be
necessary.

B. Modelling approach

A modelling approach is often applied when retention is calculated in a river system for the whole catchment
or for sub-catchments. The retention is calculated with empirical or dynamical models covering from mass
balance models to algorithms describing the relationship between retention and river characteristics. The
selected model should preferably be able to calculate retention of individual sub-catchments as well as for
the whole river system.

There are several, both freely available and commercial, models that can be used to calculate retention. They
all need input data on point and diffuse nutrient sources as well as river and lake characteristics. Some
available models are described in Table 6.2. They have variable applicability depending on e.g. the scale and
climatologically conditions of the study catchment. In the EUROHARP project several models compiling
retention have been compared regarding their retention estimates and the results are published in Hejzlar
et al. 2009.

9.3. Available retention data

Where available, retention data provided by Contracting Parties has been used. If such data have not been
available, then e.g. results estimated by projects such as RECOCCA were used for estimating net
transboundary inputs.
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Several studies have been made in different Baltic Sea countries to estimate nutrient retention. One example
is the RECOCA project (2009-2012) in which total and surface water nutrient retention of the major river
catchments around the Baltic Sea were calculated. Total retention, including both soil and water retention,
were estimated using a regional mass balance model (Hong et al. 2012). The results show quite high retention
values for the largest catchments of the Baltic Sea (50-86% for total nitrogen and 85 to nearly 100% for
phosphorus). Nutrient retention in surface waters (river and lakes) was also calculated for all major river
catchments around the Baltic Sea using the MESAW model (Stalnacke et al. 2003). Both retention datasets
from the RECOCA project are available from BNI-Sweden.

Retention estimates of transboundary inputs should only contain retention in rivers and lakes. Inputs and
retention coefficients of transboundary inputs were compiled during the revision of MAI and CARTSs for the
BSAP (see Table 8.1 and 8.2, and Figure 9.1).
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Figure 9.1. The nitrogen and phosphorus surface water retention coefficients used to estimate waterborne
transboundary inputs by the RECOCCA project (cf. Chapter 8.3). The retention data calculated by RECOCCA has been
used if Contracting Parties have not provided data. From Gustafsson & Morth, in prep.
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10. Quantification of sources of waterborne inputs to inland waters and
to the sea

Quantifying the total gross loads from point sources, diffuse sources and natural background losses into
inland surface waters within the whole Baltic Sea catchment area (the so called source oriented approach) is
important to get a comprehensive overview of the total loading originating in the Baltic Sea catchment area.
This is also a prerequisite for the estimation of retention and source apportionment. The quantification of
gross loads together with retention is also important for evaluating effectiveness of measures for reducing
waterborne pollution to the sea. The quantification of input sources to inland surface waters is described in
Chapter 10.1.

Quantification of sources of waterborne riverine inputs to the sea (or the so called load oriented approach)
is a tool to evaluate the contribution from different inland point and diffuse sources of the total riverine input
of nitrogen and phosphorus entering the Baltic Sea (see Chapter 4 for a description on how to quantify
riverine inputs). The objective is to divide riverine input to the sea into different sources (anthropogenic
sources and natural background losses). This apportionment is done on the basis of the total nitrogen and
phosphorus inputs taking into account the retention in inland surface waters (see Chapter 9 for information
on retention). The quantification of sources of waterborne inputs to the sea is described below in Chapter
10.2.

Retention in inland surface waters is the connecting link between the “Source Orientated Approach” and the
“Load Orientated Approach”. See also Figure 2.3.

10.1. Source oriented approach: Quantification of sources of waterborne inputs into inland

surface waters

The source-oriented approach aims to quantify all inputs from point sources, diffuse sources and natural
background losses into inland surface waters within the Baltic Sea catchment area. Quantifying these inputs
is important for assessing e.g. the effectiveness of pollution reduction measures and the extent of retention
of pollutants in the catchment area.

Quantification of losses from point sources is described in Chapter 5 and quantification of diffuse sources
and natural background losses are described in chapters 6 and 7.

Quantification of loads using the source-oriented approach is carried out only periodically for PLC projects,
ideally every sixth year in accordance with HELCOM Recommendation 26/2 (HELCOM 2005). All information
and data that have to be reported are summarized in Annexes 2 and 3.

10.2. Load oriented approach: Quantification on sources of waterborne inputs to the sea
According to HELCOM Recommendation 26/2 the sources of waterborne inputs to the sea (riverine load
apportionment) should be quantified for the periodic pollution input compilations. It should be done for the
monitored rivers and reported either individually per monitored river or aggregated for several rivers. For
unmonitored areas, riverine load apportionment figures should be reported per Contracting Party for each
Baltic Sea sub-basin.

Point and diffuse sources behave differently in relation to meteorological/hydrological factors: Discharges
from point sources are normally comparatively constant during the whole year, while losses from diffuse
sources vary strongly with the meteorological and/or hydrological conditions. Thus, in order to reduce
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temporal variability of diffuse sources it may be suitable to base the source apportionment on flow
normalized data. In addition, quantification of natural background losses to inland surface water is necessary
for calculating the total nutrient loading entering inland surface waters.

Part of the loading entering inland surface waters is retained in lakes, rivers and flooded riparian zones before
it is discharged into the Baltic Sea. Thus, to divide the riverine net export into its sources, the retention
processes must be taken into account (see Chapter 9 for more information on retention).

10.2.1. Calculation principles for riverine load apportionment

The recommended procedure for large river catchments is to first divide the catchment into sub-catchments,
and then estimate the nutrient input and calculate retention using a mass balance approach or by using a
numerical model tool in each sub-catchment. In this way both the total retention and the retention of
individual nutrient sources at the river outlet can be achieved. A simpler approach may be used for smaller
river catchments and unmonitored areas. Methodologies to calculate retention are described in Chapter 9.

As a minimum the riverine source apportionment should cover the following three source categories: point
sources, losses from anthropogenic diffuse sources and natural background sources. If possible it is
recommended to divide these main sources into further categories in accordance with the sources listed in
chapters 5 and 6.

If models for quantifying net inputs entering the Baltic Sea sub-basin from each source are not available a
simplified approach can be used. This starts out by expressing the riverine load apportionment (L) in the
following equation:

Lriver=Dp+LOp+LOs—Rp-Ra-Rs (10.1)
where
Dy = discharges from point sources (t a?)
LOp = losses from anthropogenic diffuse sources (t a)
LOs = natural background losses (t a)

Re, Roand Rgis retention for point sources, losses from diffuse and natural background sources, respectively
(tal) (also an aggregated value for total retention might be used).

See Chapter 9 for a description on how to calculate retention.

The following equation can then be used for calculating nitrogen and phosphorus losses from diffuse
sources (LOp):

LOD = Lriver'DP'LOB+Rp+Rd+Rb, (10.2)

In equations 10.1 and 10.2 flow normalized data can be used to reduce temporal variability of diffuse
sources.
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11. Statistical methods and data validation

11.1. Introduction

The aim of this chapter is to describe statistical methods. Sub-chapters 11.2-11.4 are expected to be carried
out by the Contracting Parties whereas sub-chapters 11.5-11.8 will be carried out when making the
assessment of the results.

This chapter includes equations for the required mathematical calculations in the statistical methods to be
applied when compiling pollution input (PLC) assessments, with focus on waterborne inputs, involving
preparation of key input pressure indicators and annual assessments of whether the Contracting Parties fulfil
the reduction requirements. The described methods include flow normalization of nutrient loads, testing for
trends, filling in data gaps, estimation of the uncertainty of datasets and, finally, how to test for fulfiiment of
CART.

Note that some of the methods are presented as guidance for elaboration of PLC assessments and that
normalization, trends analysis and statistical tests on fulfiiment of MAI and CART will be performed in a
uniform way within the HELCOM PLC data processing framework (Contracting Parties will not be required to
make these calculations).

Some examples are included in sub-chapters 11.5-11.7.

11.2. Datagaps

Before forwarding data to the PLC Data Manager, Contracting Parties should check for data gaps and can
make use of the proposed method in this sub-chapter. Further, the methods are used for PLC-assessments.

Several methods can be applied to fill in data gaps. Depending on the type of gap, the following methods are
suggested (without any order of priority):

e Mean value of a statistical distribution. The distribution is determined either by including all relevant
data on the given catchment or from a shorter time series, for instance when estimating missing data
from point sources in the beginning or end of a time series. Note! This procedure is not directly
appropriate to use on data that has a clear seasonality (e.g. as concentration data or other kinds of
cyclic data. In that case, the data used need to be split into the appropriate seasons before the
calculations.

e Mean of adjacent values. Supposing that x; and x. are two time series values with the value x, missing,
then

Xqt+Xc

. (11.1)

e Linear interpolation. Supposing that x, and x, are the two adjacent values to n missing values, then
the k™ missing value (from x.) will be

Xp =

Xp—Xq

b (11.2)

e If runoff is known and a good relationship can be established between the input by a certain variable
and runoff, this relationship can be used to estimate missing values.

e A g-q relationship can be used to estimate missing runoff values; a good g-q relationship can often
be established for a similar nearby river.

o Aload-load relationship for another river for which high correlation can be verified.

e Model estimations of unmeasured catchment loads, if possible — otherwise, inputs can be estimated
from reference data.

X =Xq + k-

55



e Assignment of a real value in the interval between zero and the limit of quantification (LOQ) to
observations below the limit of quantification according to the description in Chapter 12.7 on how
to handle concentrations under LOQ when calculating loads.

Above, a number of methods for filling in gaps are presented. The question is which method is the best to
use. Usually, this will be decided by the given situation, but the listed methods can be ranked accordingly:

1. Model approach —i.e. a regression type model for estimating load or flow

2. Linear interpolation including average of adjacent observations

3. Values from a look-up table or values provided by experts

4. Nofilling in of data gaps. Uses the available time series as it is and continue with the assessment.
11.3. Outliers

The Contracting Parties should check their data for outliers before they are submitted to the PLC Data
Manager. Before PLC assessments, reported data are checked for outliers.

Outliers are data values that are extreme compared to other reported values for the same locality (country,
basin, catchment, etc.), and can only be determined and flagged by conducting a formal outlier test using for
instance:

e Dixon’s 4 sigma (o) test: Outliers are the values outside the interval consisting of the mean +4 times
the standard deviation

e A boxand whisker diagram

e Experience-based definition of maximum and minimum values that is not likely to be exceeded or
fallen below

e  Water quality standards (interval values or limits), if available.

It is important to note that outliers are not necessarily faulty data, but could be extreme observations
requiring an extra careful evaluation prior to use in statistical analyses and other assessments.

Suspect or dubious values are values that do not fulfil the requirement of being determined as a formal
outlier, but differ significantly from the remaining values in the time series and are suspected to be wrong
but cannot be proven to be wrong. For instance, it could be an unreliable (high or low) load value compared
with the reported runoff. Suspect or dubious values may occur if changes in laboratory standards have
occurred, or if changes have been made in other measurement methods, resulting in an abrupt change in
data values. Also calculation mistakes may occur due to use of wrong units, faulty water samples, laboratory
mistakes, etc. Abnormal observations may also be true values caused by for instance accidental emissions.
Suspect or dubious values should be treated as a formal outlier.

Usually, filling in data gaps or replacing suspect data cannot substitute measured data; thus, if possible,
preferably measured or consistent model data should be found and used. If a reported data value is
determined to be an outlier and deemed to be omitted from assessments, the outlier can be replaced in the
assessment using a method from the list on data gaps. If a dubious value is determined, deemed to be wrong
and omitted from assessments, and if it is not possible for the Contracting Party to correct the value, it should
be removed from the PLC-Water database by the Contracting Party. It should be stressed that filled-in data
gaps must be clearly marked in the PLC-Water database.
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11.4. Uncertainty of inputs (yearly input from a specific country or area)

The uncertainty of input data is very important information when assessing data. Contracting Parties are
expected to report as a minimum the total uncertainty on their total inputs by sub-catchment level (sub-
chapters 13.4 and 14.3). Further the total uncertainty will be estimated for elaboration of PLC assessments.
The method below can be used as standard methodology for performing the uncertainty estimates in a
uniform way.

A standardized methodology is needed to estimate uncertainty in national datasets. One such methodology
is DUET-H/WQ that was developed for monitored rivers and is described in a paper by Harmel et al. (2009)
(software is available at the PLC-6 project page on the HELCOM website). It is based on the so-called RMSE
(root mean square error) propagation method and gives a fair approximation of the true value, which often
is very hard to derive.

In DUET-H/WQ the uncertainty of individual measurements is estimated by the equation:

EP = \/55 +E2 4 B2 + E2 + Edpy, (11.3)

where according to Harmel et al. (2009)

Eg = Uncertainty of the discharge measurement (%)

Ec = Uncertainty of sample collection (%)

Epg = Uncertainty of sample preservation/storage (+%)
E, = Uncertainty arising from laboratory analysis (+%)

Eppy = Uncertainty arising from data processing and data management (+%).

Then the total uncertainty of the aggregated data can be estimated by

2
EPtotar = % o (x 1) (11.4)
and EPyorar is given as £%. EPtorr is the uncertainty of the sum x = }i-; x;, where x; is the monthly load from
a catchment or country. Uncertainty consists of two components precision and bias, but is often given as one
value. The uncertainties for many of the components listed above are not quantified or estimated, but the
uncertainty on individual water flow quantifications are well known and should in most cases be lower than
+ 5% (Herschy 2009 and WMO 2008). The precision on daily water flow depends on the number of discharge
observations, and is estimated for open gauging stations in streams channels in Denmark to be from 8%
(given as standard deviation) with 10 annual discharge observations (measurements of discharge), about 6
% with 12 measurements to less than 1% with more than 40 annual measurements (Kronvang et al. 2014).
For modelled water flow the uncertainty might be higher. For chemical analysis the requirement in Denmark
is that the total (expanded) uncertainty for total nitrogen and total phosphorus is less than 15% (or 0.1 mg N
I* and 0.01 mg P I'* at low concentration values in freshwater, respectively 5 mg N It and 1 mg P I'* at low
concentration values in wastewater).

The total uncertainty on countries total waterborne nutrient inputs to the Baltic Sea or main sub-basins is
the result of uncertainty estimates from several monitoring stations, unmonitored areas, and direct inputs.
Denmark has estimated bias and precision for different catchment scales depending on sampling frequency
(Table 11.1), and it is rather obvious that the uncertainty is reduced with higher aggregation levels (larger
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catchment sizes). The uncertainty on total Danish waterborne nitrogen inputs is 2.1% and 3.4% for
phosphorus based on Table 11.1 (Kronvang et al. 2014).

In general, countries have not assessed the total uncertainty of their nutrient inputs. The PLC-5.5 project
(HELCOM in prep) roughly estimated an uncertainty of 15-25% for annual total waterborne nitrogen and 20-
30% on total phosphorus inputs to Kattegat, Western Baltic, the main part of Baltic Proper, Bothnian Bay and
Bothnian Sea, and for the remaining part of the Baltic Sea up to 50% uncertainty. The uncertainty for annual
water flow to the above listed sub-basins is estimated to 5-10% for most sub-basins and 10-20% for the

remaining ones.

Table 11.1. Danish total uncertainty estimates (bias and precision) on total waterborne phosphorus loads in
three rivers and on the Danish national scale for total waterborne inputs of nitrogen and phosphorus. StDev
= standard deviation. (Based on Kronvang et al. 2014.). Data from small and medium scale rivers are from

Bruhn & Kronvang 1996).

Sampling Frequency Small scale Medium scale Larger scale Danish national scale
(10 km?) (100 km?) (500 km?)
Gelbak River Gjern River Odense River
Total P Total P Total P Total N Total P
Accuracy (Bias) -2.0% -3.0%
Monthly -18 % -6.1% -3.0%
Fortnightly -16 % -4.8% -2.0%
Precision (StDev) 0.5% 1.6%
Monthly 22% 16% 12%
Fortnightly 12% 9.3% 6.7%

11.5. Hydrological normalization of riverine inputs

Input data are normalized in order to be better able to detect possible trends in inputs over time by
smoothing out the effects of meteorological and hydrographical conditions. The methods presented below
are to serve as guidance for elaboration of PLC assessments and will be performed in a uniform way within
the HELCOM PLC data processing framework, and the Contracting Parties will not be required to make

these calculations.

The empirical hydrological normalization method on waterborne nutrient total inputs should be based on
the linear relationship between the log-transformed annual runoff (Q) and the log-transformed annual load
(L) of a nutrient where a and B are parameters associated with linear regression and €i stands for the
residual error in the linear regression.

InL; =a+p-logQ; + ¢, (11.5)

This gives the following equation for normalized loads

_ . atplogQ) :
Liy = exp (lnLL a+/?-logQi) exp(0.5 - MSE). (11.6)

In the above equation, In is the natural logarithmic function, exp the exponential function, Q is the average
runoff for the whole tine series period, & are the interception with y-axis, E the inclination of regression line
and MSE stands for Mean Squared Error. @, ,L? and MSE are all derived by the regression analysis. The MSE is
normally calculated in standard statistical software and is defined as
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1 o
MSE=—3iL 1 (x; — £)%, (11.7)

where n is the number of observations in the time series, x; is the observed value and X, is the modelled
value from linear regression.

Note! Caution should be taken when handling loads with significant upstream point-sources, as these sources
affect the relationship between the substance and the discharge, which may result in different relationship
during high and low flow situations. Also, large changes in the load from the upstream point-sources may
have an impact on the normalization.

As an example, the relationship between log-transformed inputs of total phosphorus and runoff in the
Swedish river Gota alv is shown in Figure 11.1.
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Figure 11.1. Linear regression on total waterborne phosphorus inputs and river flow for Gota alv in Sweden. The
transformation is based on the natural logarithmic function.

Figure 11.2 shows the normalized inputs of total phosphorus summed up for all rivers discharging to the
Kattegat including direct point sources. As can be seen, the variation between years is reduced significantly.
These normalized inputs summed for all the rivers together with inputs from direct point sources and from
atmospheric deposition are used for trend analysis and target testing.
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Figure 11.2. Normalized (green) and measured riverine inputs of total phosphorus to the Kattegat.

11.6. Trend analysis and the estimation of change

As with e.g. hydrological normalization in Chapter 11.5), the trend analysis will be performed in a uniform
way within the HELCOM PLC data processing framework, and Contracting Parties are not be required to make
these calculations.

Concerning trend analysis it is suggested to use the Mann-Kendall non-parametric trend method for testing
a significant monotonic trend in the normalized time series. This is a fairly robust method although
autocorrelation can deflate the power of the test. We assume that the autocorrelation in the time series of
annual nutrient inputs is of minor importance and therefore we see the Mann-Kendall trend test as a very
good approximation. This non-parametric method can be used on “raw” nutrient time series, normalized
time series and river flow (meteorological) time series. If it will be decided to use monthly load time series in
the future, the Mann-Kendall trend test is available in an extended seasonal version (Hirsch and Slack 1984),
which can be applied provided that seasonal trends are homogeneous.

The Mann-Kendall method (Hirsch et al. 1982) is a well-established procedure to test for a monotonic trend
in a time series and is a non-parametric method based on Kendall’s tau, which is a measure of the correlation
between two different variables. The method is robust towards outliers and a few missing data. If the trend
is linear, Mann-Kendall’'s method has slightly less power than ordinary regression analysis. A detailed
mathematical description of the method can be found in sub-chapter 11.8 and software can be freely
downloaded at e.g.

http://en.ilmatieteenlaitos.fi/makesens or http://www.miljostatistik.se/mannkendall.html.

If a time series plot shows a clear change-point in time (also called a trend reversal), if for instance the first
part of the time series shows a linear increase and the second part a linear decrease in nutrient inputs, then
the analysis can be carried out by applying two separate Mann-Kendall’s trend tests if both time series have
a sufficient number of years or by using a model with two linear curves (called the two-sections method, see
Carstensen and Larsen 2006). Year of trend reversal (the change-point) can either be determined by
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inspecting the time series plot or by applying a statistical method (Carstensen & Larsen 2006). If an exact
year of change in the inputs is known (changes at sewage plants, etc.), this year should, of course, by applied
as change-point and the time series should be divided accordingly.

The second part of the trend analysis concerns estimating the size of the trend or the change per year. Again,
several different methods exist and which to use depends on the shape of the trend. The Theil-Sen slope
estimator (Hirsch et al. 1982) is a non-parametric estimator that is resistant towards outlier (suspicious)
values. The method assumes a linear trend and estimates the change per year. However, the estimator fails
if a trend is non-linear, and if the time series contain one or several change-points the time series must be
split into two or more parts.

The size of a linear trend can also be estimated by regression. This is the classical approach, but it is not
flexible with regard to all shapes of trends. The simplest method is using the start and end values in the time
series of flow-normalized inputs. However, if the start and/or end values are too distant from the general
trend, this method is not to be trusted.

If we are interested in the total change in nutrient inputs over the whole time series expressed as a
percentage, we can use one of the following two methods. Using the estimated linear slope the total change
can be calculated as:

100- =%, (11.8)

where nis the length of the series, & is the estimated input at start year minus one year and [;’ is the estimated
slope. Equation 11.8 is based on the Theil-Sen slope estimate and a is estimated using the estimator
suggested by Conover (1980). Using start and end values we have the equation for calculating the total
change:

100 - (end-start) /start. (11.9)

For some times series the start value, the end value or both can differ too much from the general trend —in
such cases an approach using the average value of, for instance, the first three years and the last three years
would reduce the influence of single years.

As an example, Figure 11.3 shows the linear trend line fitted through the time series of total phosphorus
inputs. The trend in total phosphorus inputs to the Kattegat (water + airborne) seems to be almost linear.
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Figure 11.3. Linear trend fit to total water + airborne inputs to the Kattegat during 1995-2010.

The Mann-Kendall trend test shows a highly significant downward trend (two-sided test, P=0.0060; one-sided
test, P=0.0030). The slope is estimated to be -21 tonnes per year (Theil-Sen’s slope). The total change in input
over the period is estimated to be -17% using estimated slope and intercept values.

11.7. Testing fulfilment of BSAP reduction targets

This methodology will be applied in a uniform way by HELCOM when evaluating progress in and fulfilment
of MAI and CART. Contracting Parties are not supposed to make these tests.

11.7.1. Testing without significant trends

To test if a nutrient reduction target has been fulfilled is assumed that we have a time series of normalized
inputs. The time series is initially presumed to be without a statistical significant trend and without a
significantly large serial correlation, and we assume that the reduction target T (or any kind of target such as
CART) is defined without error, i.e. is a fixed value (an amount of nitrogen/phosphorus without uncertainty).
Finally, it is assumed that the data are sampled from a Gaussian distribution with mean value p and variance

o’.

As null hypothesis for the statistical test, we assume that the target has not been fulfilled, i.e.

Hy u2T.

The alternative hypothesis Hptp<T follows from this, i.e. the target has been fulfilled. Now assume that
the test probability a is defined to be 5% (0.05), and then calculate the statistic
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where X is the mean of all values in the time series and SE is the standard error (SE = standard deviation
divided by square root of n = number of observations in the time series) and, finally, 1.645 is the 95%
percentile in a one sided Gaussian distribution with mean 0 and variance equal 1. A test probability of 5%
means that we have a 5% probability of incorrectly rejecting the null hypothesis.

This statistic is called the adjusted mean and if the statistic is less than the target T, then the reduction target
is met.

11.7.2. Testing with significant trends
In the case of a time series of nutrient inputs with a significant trend, another statistical method is needed

for testing if a BSAP target is met. Let us assume that the trend is linear, that a linear regression model with
year as the independent variable can be fitted to the time series and that estimates for a and f can be
calculated — then the linear model can be used to predict a normalized nutrient input for the last year n in
the time series. This estimate is calculated as

L,y = @+ f - year,. (11.11)

Then the standard error of the estimate which is defined as

SEr=\/MSE-\/1/n + year,? /¥, year? (11.12)

where MSE is the Mean Squared Error as defined in Chapter 11.5, n is the number of years in the time series,
yearn is the last year in the time series (i.e. 2010) and year; simply stands for a given year in the time series
(i.e. 1997). Then calculate the statistic

Xap = Ly + th—2,005 - SET, (11.13)

where t,_; o5 is the 95% percentile in a t-distribution with n-2 degrees of freedom (see list below). The
mathematical definition of the standard error of the prediction SE, given in (3.5) is a well-known statistic from
ordinary linear regression.

Finally, the following “traffic light” system will be used for evaluating whether a country has met the BSAP
target, is close to meeting the target or has not met the target. Statistically, the system is defined as:

If X or L;;V > T, i.e. the average normalized nutrient input over the considered period or the estimated
normalized input for the last year is above target value.

Yellow:

If Xor L,y <T,and if X4p > T, i.e. the null hypothesis of the target test is accepted, but the average
normalized input or the estimated normalized input for the last year is lower than the target.

If X4p < T, i.e.the null hypothesis of the target test is rejected.

List of 95% percentiles for the one sided t-distribution with n-2 degrees of freedom:
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3
N

95% percentile n-2 95% percentile

1 6.314 13 1.771
2 2.920 14 1.761
3 2.353 15 1.753
4 2.132 16 1.746
5 2.015 17 1.734
6 1.943 18 1.729
7 1.895 19 1.725
8 1.860 20 1.721
9 1.833 21 1.717
10 1.812 22 1.714
11 1.796 23 1.711
12 1.782 24 1.708

The following example applies the methodology. The phosphorus input ceiling for the Kattegat is set to 1,687
tonnes. The normalized total phosphorus inputs also show a significant downward trend, and when applying
a linear trend to the time series the normalized input in 2010 is estimated to 1,549 tonnes. This gives the
following test value: 1,549+1.76147=1,634, which is 53 tonnes below the target (Figure 11.4). Therefore,
inputs of phosphorus to the Kattegat are given a green light.
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Figure 11.4. Testing the target value for total water and airborne phosphorus inputs to the Kattegat 1995-2010. Black
line is target, “------ “line is estimated value in 2010 and “......."” line is test value according to equation 11.13.

11.8. Mathematical description of the Mann-Kendall trend test

Trend analysis of a time series of length T consisting of yearly inputs of nutrients can be done by applying
Mann-Kendall’s trend test (Hirsch et al. 1982). This test method is also known as Kendall’s 7 (Kendall 1975).
The aim of this test is to show if a downward or an upward trend over the period of T years is statistically
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significant or if the time series merely consists of a set of random observations of a certain size. The Mann-
Kendall’s trend test has become a very effective and popular method for trend analysis of water quality data.

The Mann-Kendall’s trend test is a non-parametric statistical method, which means that the method has
fewer assumptions than a formal parametric test method. The data do not need to follow a Gaussian
distribution like in ordinary linear regression, but should be without serial correlation. Furthermore, the
method tests for monotonic trends and not necessarily linear trends, and it thus tests for a wider range of
possible trend shapes. Monotonic trends are an either downward or upward tendency without any specific
form. If the time series data are Gaussian distributed and the trend is actually linear, the power of the Mann-
Kendall trend method is slightly lower than that of ordinary linear regression due to the accommodation of
the slightly less restrictive assumptions.

Let X;,X,,..., X, be yearly inputs of total nitrogen or total phosphorus for the years.1,2,...,n. The null

hypothesis of the trend analysis is that the n yearly data values are randomly ordered. The null hypothesis is
tested against the alternative hypothesis that the time series has a monotonic trend. The Kendall statistic is
calculated as

S= nz_l isgn(xj - xi), (11.14)

i=L j=itl
where

1 x>0

.sgn(x)=40 x=0.

-1 x<0

If either Xj or X is missing then sgn(xj - Xi): 0 per definition.

The trend is tested by calculating the test statistic

S-1
(var(S ))% $>0
L = 0 S=0
S—+11 <0
(var(s))

The variance of S under the hypothesis of no trend is calculated as

- n(n-1)2n+5)

var(S
18

) (11.15)

where N is the number of loads in the time series.

A positive S-value indicates an upward trend and a negative value a downward trend. When both a downward
and an upward trend are of interest (a two-sided test), the null hypothesis of randomly ordered data is
rejected when the numerical value of Zis less than the (%) -percentile or greater than the (1— %)—percentile
(two-sided test) in the Gaussian distribution with mean value 0 and variance 1. A one-sided test can be carried
out as well. The significance level & is typically 5%. The reason for evaluating Z in the standard Gaussian
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distribution is the fact that S under the null hypothesis is Gaussian distributed with mean value 0 and variance
var(S) forN — 00 . The Gaussian approximation is very good if n 210 and fair for 5<n<10.

An estimate of the trend 3 (a slope estimate) can be calculated by assuming a constant (linear) trend during
the period and presenting the estimate as change per year. Hirsch et al. (1982) introduced Theil-Sen’s slope

estimator: for all pairs of observations (Xi , Xj) with 1< j<i<nl<j<i<nl<j<i<n calculate
X =X,

=—. (11.16)
i—j

ij

Then the slope estimator is the median value of all the dij -values and is a robust non-parametric estimator

and will generally work for time series with serial correlation and non-Gaussian distributed data. A
100(1— a)% confidence interval for the slope can be obtained as follows (Gilbert 1987):

Choose the desired confidence level & & & (1,5 or 10%) and apply

2576 «=0.01
,Z,,, =11960 @& =0.05,
1645 o =0.10

in the following calculations. A confidence level of 5% is standard.

Calculate
C, =2, -(var(s)). (11.17)
Calculate
M, = N-€C, (11.18)
2
and
M, = N*C. (11.19)
2
where
1
N =—n(n-1)
n(n-1)

Lower and upper confidence limits are the M th largest and the (M ) +1)th largest value of the N ranked

slope estimates dij .

A non-parametric estimate for the intercept a can be calculated according to Conover (1980). The estimator
is calculated as

&=M,—p M (11.20)
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where M, is the median value of all the data in the time series and M; is the median value of 1,2,...,n

12,....,n12,...,n.

If the time series consists of data from different seasons (i.e. monthly loads), Mann-Kendall’s seasonal trend
test may be applied (Hirsch and Slack 1984). This is done by calculating the test statistic S for every season
separately. Then the test statistic for the whole time series is equal to the sum of each of the seasonal test
statistics. We refer to Carstensen and Larsen (2006) for a detailed mathematical description of the seasonal
trend test.

67



12. Quality assurance on water chemical analysis

12.1. Specific aspects of quality assurance

The Article 3, paragraph 5, of Helsinki Convention states that the Contracting Parties shall ensure that
measurements and calculations of emissions from point sources to water and air, and of inputs from diffuse
sources to water and air, are carried out in a scientifically appropriate manner in order to assess the state of
the marine environment of the Baltic Sea Area and ascertain the implementation of this Convention.
Additionally, HELCOM 16 has adopted a quality assurance policy, according to which:

1. Contracting Parties acknowledge that only reliable information can provide the basis for effective
and economic environmental policy and management regarding the Convention area

2. Contracting Parties acknowledge that environmental information is the product of a chain of
activities, constituting programme design, execution, evaluation and reporting, and that each activity
has to meet certain quality requirements

3. Contracting Parties agree to quality assurance requirements be set for each of these activities

4. Contracting Parties agree to make sure that suitable resources are available nationally (e.g. ships,
laboratories) in order to achieve this goal

5. Contracting Parties fully commit themselves to follow the guidelines, protocols etc. adopted by the
Commission and its Committees in accordance with this procedure of quality assurance.

Basic principles of quality assurance are also referred to in the HELCOM Monitoring and Assessment Strategy
adopted by the 2013 HELCOM Copenhagen Ministerial Meeting.

Detailed description of general aspects of QA/QC is described in the HELCOM COMBINE Manual, Part B.
General Guidelines on Quality Assurance for Monitoring in the Baltic Sea, available on the HELCOM website:
HELCOM COMBINE Manual. Technical specifications for chemical analysis and monitoring of water status in
relation to the water framework directive can be found in the QA/QC directive (Commission Directive
2009/90/EC) as well.

The Contracting Parties are responsible of the quality assurance of the data submitted to HELCOM PLC-Water
database.

The laboratories providing data to PLC should have a quality assurance system that follows the requirements
of EN ISO/IEC 17025. Participating laboratories are encouraged to endeavour the obtainment of official
accreditation for variables on which they report data in accordance with PLC.

All institutes/laboratories should participate in regular (annual) inter-laboratory comparison tests at relevant
levels of nutrients and metals. Also, the laboratories should use appropriate reference materials for internal
quality control and assurance. The use of certified reference material is encouraged.

All institutes/laboratories performing the collection of samples to PLC have to be careful in order to get
representative and uncontaminated samples. Guidance on sampling can be found in WMO Guidance 168
chapter 7.3 and ISO 5667 standards on Water Quality — Sampling. Different aspects of sampling are covered
in different parts of the ISO standard.

All Contracting Parties have to nominate a national QA contact person responsible for PLC quality assurance.

The national QA contact person will help in ensuring comparability and reliability of analytical data provided
by the laboratories in their country. The national QA contact person should:
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e provide information about PLC-Water at the national level and guarantee that information on the
PLC Guidelines and the QA section of the COMBINE Manual reach the laboratories submitting PLC
data

e co-operate nationally with the laboratories participating in PLC-Water data collection

e collect the mandatory information (see end of Chapter 13.4) from laboratories and report them to
PLC-6 Project by the end of October 2015.

The PLC-Water laboratories are asked to estimate the uncertainty of their analytical measurements. The
estimated uncertainties should be reported for the individual variables in the form of expanded
measurement uncertainty including a 95% confidence interval together with information on the
concentration level. The expanded uncertainty U is obtained by multiplying the combined standard
uncertainty U. by a coverage factor k, which is 2 (rounded values 1.96 from student t-factor) when the level
of confidence is 95%:

U=U,-2 (12.1)

12.2. Minimum quality assurance by the Contracting Parties
The COMBINE Manual for marine monitoring in HELCOM describes quality assurance as covering all aspects
of analytical investigation, and includes the following principal elements (last updated 26 September 2013):
e Knowledge of the purpose of the investigation is essential to establish the required data quality
e Provision and optimization of appropriate laboratory facilities and analytical equipment
e Selection and training of staff for the analytical task in question
e Establishment of definitive directions for appropriate collection, preservation, storage and transport
procedures to maintain the integrity of samples prior to analysis
e Use of suitable pre-treatment procedures prior to analysis of samples, to prevent uncontrolled
contamination or loss of the determinant in the samples
e Validation of appropriate analytical methods to ensure that measurements are of the required
quality to meet the needs of the investigations
e Conduct of regular intra-laboratory checks on the accuracy of routine measurements, by the analysis
of appropriate reference materials, to assess whether the analytical methods are remaining under
control, and the documentation and interpretation of the results on control charts
e Participation in inter-laboratory quality assessments (proficiency testing schemes, ring-tests, training
courses) to provide an independent assessment of the laboratory's capability of producing reliable
measurements
e The preparation and use of written instructions, laboratory protocols, laboratory journals, etc., so
that specific analytical data can be traced to the relevant samples and vice versa.

As minimum quality assurance in PLC, Contracting Parties has to consider:

e Monitoring water level and discharge, and establish water level-discharge relationships

e Guidance on water sampling

e Demands on sample storage and preservation

e Demands on laboratory performance

e Guidance on compiling and assessing data, and reporting data including data on quality assurance.

12.3. Inter-laboratory comparison tests on chemical analyses
All institutes/laboratories should participate in regular (annual) inter-laboratory comparison tests. It is
recommended to perform the inter-laboratory comparison tests according to the ISO/IEC Guide 17043.
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Participation in inter-laboratory comparison tests is obligatory for accredited laboratories as well as for
laboratories that have a quality assurance system that follows the requirements of EN/ISO 17025.

For the inter-laboratory comparison tests that the laboratories participate in, it is essential that:

the test material is as similar as possible to the matrices (e.g. riverine water and/or wastewater) to
be analysed within PLC-Water

different concentration levels of each substance in each matrix are included in the test and they are
adequate to the concentrations of the samples collected in PLC-Water

the participating laboratories use the analytical methods, which are intended to apply for PLC-Water.

Inter-laboratory comparison tests can be found in the Internet. Here are some examples:

12.4.

QUASIMEME: http://www.quasimeme.org

Eurofins: http://www.eurofins.dk/dk/milj0/vores-ydelser/praestationsprOvninger/proficiency-
testing-environment.aspx

EPTIS: http://www.eptis.bam.de

Department of Applied Environmental Science, Stockholm University: http://enviropro.itm.su.se

Proftest SYKE, Finnish Environment Institute: http://www.syke.fi/proftest/en

The PLC-6 inter-laboratory comparison test on chemical analyses

An inter-laboratory comparison test was conducted in 2013 within the PLC6 project in order to have
laboratories from each of the CPs participating in the same test study. The aim was to get an overall picture
of the quality of the data from chemical analyses and of the comparability of data in PLC.

The inter-laboratory comparison study was performed with statistical analysis with outlier test according to
ISO/DIS 5725 and Youden plots. The study included nutrients and metals in riverine water and wastewater.
In total, 17 laboratories representing all CPs participated with either analyses of nutrients or metals or both
in either riverine water and/or wastewater.

In the report on the inter-laboratory comparison test (Lassen & Larsen 2013) it is concluded that:

Generally the analytical quality is good and comparable between the laboratories with a few
exceptions, which can at least partly be explained by other factors than the analytical skills

NHz-N showed most likely to be too instable to be included in this kind of inter-comparison test and
consequently no conclusions can be made on the analytical performance on this substance
Although the relative total variance between the participating laboratories (CV(R)) on PO4-P and P-
total in riverine water was high, the analytical quality is considered to be acceptable, because the
concentration levels were rather low. That implies high CV(R)-values although the absolute variances
were low

Mercury concentrations in riverine water showed high deviations. However, it is well known that it
is difficult to perform Hg analyses in water with high precision at low concentration levels.
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12.5. Validation of PLC-Water chemical data
The national QA contact persons are responsible for validation of the chemical data to be submitted to the
HELCOM PLC-Water Database.

The validation by Contracting Parties of the data should be carried out at the national level based on
information on:
e accreditation status (strongly advised for laboratories)
e use of quality assurance system that follows the requirements of EN ISO/IEC 17025 (strongly advised
for laboratories)
e measurement uncertainty, estimated as expanded uncertainty, see Annex 5 (mandatory for
laboratories)
limit of quantification (mandatory for laboratories)
use of reference material (recommended for laboratories)
use of control charts (mandatory for laboratories)
participation in laboratory inter-comparison tests (strongly advised for laboratories).

The measurement uncertainty has to be estimated as combined standard uncertainty, which means that
reproducibility within laboratory and repeatability between laboratories are included in the calculation of
the uncertainty and the further calculation of expanded uncertainty. Examples can be found in Annex 5 and
further explanation in Magnusson et al (2004).

Measurement uncertainty can be calculated with a new software tool — Mukit (measurement uncertainty
kit), which is based on the Nordtest method [Naykki et al., 2012]. This free software is available in the
webpage of the SYKE calibration laboratory (ENVICAL): http://www.syke.fi/envical/en.

Missing mandatory information will be flagged in the PLC-Water database.

12.6. Recommended limits of quantification (LOQ)

The levels of quantifications should in principle be lower than the expected concentrations in order to have
as few observations as possible below LOQ (to avoid inclusion of concentrations estimated on basis of LOQ
in the load calculation). As guidance, the following levels of quantification are suggested not to be exc