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Diclofenac

This pre-core test indicator and its threshold values are yet to be commonly agreed in HELCOM and the
presented thresholds are furthermore not currently approved EQS values, but provisional proposals.
The indictor is included as a test indicator for the purposes of the 'State of the Baltic Sea' report, and the
results are to be considered as intermediate.

Key Message

Pharmaceuticals represent a major group of substances of emerging concern and it is vital that a detailed
understanding of their distribution, role and fate in the environment is determined. This pre-core indicator
targets the development of a status evaluation of the occurrence and concentrations of diclofenac in the
Baltic Sea marine environment. Currently the distribution, role and fate of diclofenac in the Baltic Sea is not
clearly understood, with limited information from few monitoring and screening studies available. Thus,
while an initial overview is possible, accurate evaluations of the status of the environment cannot be made
at this time. Defining trends and environmental status will only be possible after monitoring has been carried
out to encompass the required spatial distribution and temporal periods. Furthermore, diclofenac was
included in the EU first watch list under the Environmental Quality Standards Directive, requiring those
HELCOM Contracting Parties who are also EU member states, to gather suitable monitoring data for the
purpose of facilitating the development of appropriate methods and addressing any risk posed. It has
recently been proposed that diclofenac be removed from this watch list since sufficient data has been
collected and it remains to be clarified if diclofenac will be added to the list of priority substances.
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Key message figure 1. Overview of sample location in Baltic Sea water (left and centre) and biota (right). Samples in which diclofenac
were detected are indicated by squares, with colours indicating good (green) and not good (red) status. Circles indicate samples in
which diclofenac was not detected, with colours indicating the analytical limit* certainty, green having analytical limits below the set
threshold value (i.e. reliable) and yellow having analytical limits above the set threshold value or unknown (i.e. uncertain reliability).

*The term “analytical limit” is used in this report as no differentiation between LOD and LOQ could be assigned to the reported values
in all cases.

www.helcom.fi > Baltic Sea trends > Indicators © HELCOM




O HELCOM INDICATORS o

Available data have indicated that the diclofenac concentration can be high close to waste water treatment
plants (WWTPs, these often being the major point of entry to the Baltic Sea), of which a large number can be
found situated in coastal regions (<20 km from the coast). High concentrations of diclofenac may also be
detected in rivers draining into the Baltic Sea. Moreover, concentrations of diclofenac have been detected in
water, sediments and biota in the Baltic Sea. Further data and analyses to determine the environmental
effects of increased diclofenac concentrations, the dispersal from source, and the spatial distribution in
water, sediments and biota are required to guide status evaluation.

The indicator is applicable in the waters of all countries bordering the Baltic Sea. The indicator is established
and further monitoring data is currently being gathered. The current data coverage (temporal and spatial) is
low and thus the results and confidence in the indicator evaluation are considered as intermediate.

Relevance of the core indicator

Pharmaceuticals represent a major group of substances of emerging concern and diclofenac, categorised in
the therapeutic group of anti-inflammatory and analgesics, is both a widely used pharmaceutical in the Baltic
Sea region and one of the most common pharmaceuticals currently detected in the environment (Unesco
and HELCOM, 2017). Diclofenac remains one of the most used and most widely sold anti-inflammatory and
analgesics in the region and it has been utilised for an extended period of time. It has been widely detected
in aquatic environments (e.g. 50 countries) and at concentrations that can be indicative of detrimental
environmental effects (Weber et al., 2014, Zang et al. 2008). In addition to its inclusion on the EU first watch
list a recent data analysis indicated that diclofenac was among the 20 most sold pharmaceuticals in the Baltic
Sea catchment area. Furthermore, it was also among the 20 pharmaceuticals with the highest concentrations
in WWTP influent and effluent, showed very low levels of removal in conventional WWTP systems (circa 1%),
and was among the 20 highest concentrations of measured pharmaceuticals detected in river water (Unesco
and HELCOM, 2017). It has also been detected in Baltic Sea biota at levels above threshold values (e.g. in
Perch, Hallgren and Wallenberg, 2015; Karlsson and Viktor, 2014) and previous studies have linked toxic
effects in marine organisms to high concentrations of diclofenac.
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Policy relevance of the core indicator

BSAP segment and objectives MSFD Descriptor and criteria

Primary link Hazardous substances D8 Concentrations of contaminants
e Concentration of hazardous D8C1 Within coastal and territorial and
substances close to natural levels beyond territorial  waters, the
e Healthy wildlife concentration of contaminants do not
exceed the threshold values.
Secondary link Hazardous substances D9 Contaminants in fish and seafood
e Fish safe to eat D9C1 The level of contaminants in

edible tissues (muscle, liver, roe, flesh
or other soft parts, as appropriate) of
seafood (including fish, crustaceans,
molluscs, echinoderms, seaweed and
other marine plants) caught or
harvested in the wild (excluding fin-fish
from mariculture) does not exceed the
threshold values.

Other relevant legislation: For some Contracting Parties the Water Framework Directive will be relevant and Diclofenac
was added to the EU watch list. It is currently being reviewed to determine if it will be added to the priority list.

Cite this indicator

HELCOM (2018) Diclofenac. HELCOM pre-core indicator report. Online. [Date Viewed], [Web link].
ISSN: 2343-2543

Download full indicator report

Diclofenac HELCOM pre-core indicator 2018 (pdf)
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Results and Confidence

This pre-core test indicator and its threshold values are yet to be commonly agreed in HELCOM and the
presented thresholds are furthermore not currently approved EQS values, but provisional proposals.
The indictor is included as a test indicator for the purposes of the 'State of the Baltic Sea' report, and the
results are to be considered as intermediate.

A major source of pharmaceuticals in the environment is the excretion of active substances consumed by
humans (and animals). Diclofenac enters WWTPs and is subsequently transferred to rivers and the marine
environment, where biota can consequently be exposed. Current data indicate that in many instances
pharmaceuticals, including diclofenac, are not effectively degraded in conventional WWTPs and are
sufficiently persistent to pass through treatment processes and reach surface waters (Tixier et al., 2003).
However, other sources have been shown or suggested, including the recreational use of waters (especially
in lakes and rivers, Atlasi et al 2012) and the spreading of WWTP sludges on land (Lindim et al., 2016). Sources
such as hospitals, pharmaceutical manufacturers, sewer overflow or leakage, septic tanks, agriculture and
storm water run-off are also relevant to consider as potential pathways of introduction to the Baltic Sea.

The sections described below are considered to be potentially relevant compartments to analyse diclofenac
for the evaluation of environmental status. A combined approach using monitoring or assessment of one or
several of these may provide the most appropriate indicator approach.

Sales

In the HELCOM BASE pilot project sales statistics were collected for Russia on 87 pharmaceutical preparations
registered for use in 2009-2010, including diclofenac. Calculations were made to estimate the total usage of
diclofenac in the St.Petersburg region (HELCOM 2014). Four major forms of diclofenac containing
pharmaceutical products were sold: creams, injections, pills and suppositories.

Sales of Non-Steroid Anti-Inflammatory creams for topical (external) application during one year (May 2012-
April 2013) in Russia totalled 33.9 million packages. Voltaren and Diclak were the two leading products sold,
with 4.7 million packages each. One 20 g unit of 1% Voltaren Gel contains 0.2 g diclofenac, with larger
packages of 50g, 75g and 100 g also available on the market. Diclak gel is available as similar packages with a
1% concentration and as a 5% preparation in 50 g tubes. Yearly sales of Diclak corresponds to 2.13 tonnes of
diclofenac. However, the proportion of Diklak sold with an active ingredient of either 5% or 1% is not known.
Therefore, the total consumption of diclofenac for external application is estimated from these data as 14
million units per year, or 2.8 tonnes. Based on calculations, the external application use of diclofenac in St.
Petersburg is estimated at 170 kg. Sales of pills, injections and suppositories by three leading brands are
shown in Results table 1. The total annual consumption of diclofenac through pharmaceutical preparations
other than creams for topical application is estimated at 20 tonnes, with an estimated sale of 27 million
diclofenac units in 2011. In 2010 hospitals purchased 900,000 packages for injections and <100,000 in the
form of pills, totalling an annual consumption of 20 tonnes (HELCOM 2014).
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Results table 1. Indicative annual consumption of three brands of pharmaceutical preparations containing
diclofenac in Russia (reproduced from HELCOM 2014).

Injections Pills Suppositories
(number of items) (number of items) (number of items)
Diclofenac 6,731,799 5,958,925 900,616
Ortophen 144,030 6,155,850 26
Voltaren 1,168,177 232,503 489,748
Diclofenac per package 05¢g lg 05¢g
Diclofenac per form 4 tonnes 12 tonnes 0.75 tonnes

Based on the above data the consumption of these pharmaceutical preparations for the St. Petersburg area
is estimated to be 700 kg per annum. If all the diclofenac were to enter the sewage system, the
concentrations could reach 850 ng/L (HELCOM 2014).

Similarly, in a recent data compilation covering reported data that encompassed circa 25% of the Baltic Sea
catchment population it was estimated that diclofenac was amongst the 20 most sold pharmaceuticals in the
region, with sales of >12 t /year (Unesco and HELCOM, 2017). In other studies changes in national
consumption have also been documented, with a general increase in sales being observed (Baranauskaité
and Dvarioniené, 2014), though in instances were legislation has changed the opposite trend has also been
observed (Lember et al., 2016).

Other trends in sales can also offer interesting insights into diclofenac usage that may be relevant for
understanding how it is discharged into the environment. A summary of sales in Sweden between 2010 and
2016 indicated that while prescribed medication decreased the total sales value of diclofenac (kg) remained
somewhat stable, with sales of non-prescribed medication increasing (Results figure 1).
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Results figure 1. Annual sales value of diclofenac (kg) for the whole of Sweden, 2010-2016 as provided by the Swedish Medical
Products Agency.

The modelling of diclofenac sales/usage, in conjunction with other variables such as WWTP removal rates,
has also been successfully utilised in recent studies to estimate river area exceeding European environmental
quality standards (Johnson et al., 2013), to consider future challenges in management (Baranauskaité and
Dvarioniené, 2014), and to follow annual trends and predict discharges to the Baltic Sea (Lember et al., 2016)
or river basins (Lindim et al., 2016). The latter study was followed up with a detailed prediction on discharges
to the Baltic Sea, including gaining high correlations with measured environmental data from the Stockholm
region where wastewater effluent is discharged to the Baltic without significant river transport (Lindim et al.,
2017).

Information on the sale of diclofenac is considered to be a potentially relevant proxy to be used in the
evaluation of environmental status. However, reporting would be required for the entire catchment region
and some understanding of the discrepancy between sales and use may need to be developed, as well as the
consideration seasonal aspects (e.g. elevated usage during winter months) and population demographics

(e.g. age).

Waste water treatment plants (WWTPs)

Diclofenac was regularly detected amongst the 20 highest pharmaceutical concentrations in WWTP waters
and sludges (Results table 2), and conventional treatment methods generally showed no major removal of it
during processing, circa 1% from the aqueous phase (Unesco and HELCOM, 2017). Low removal patterns in
WWTPs have generally been observed previously, where concentrations of diclofenac decreased by 11 and
28% between influent and effluent waters (Andersson et al. 2006, Fick et al. 2011; Miljgministeriet,
Naturstyrelsen, 2015), and in some cases effluent concentrations were higher than those in the influent
waters (HELCOM 2014, Zorita et al., 2009). It has also been suggested that diclofenac may be capable of
altering microbial communities within WWTPs with consequent effects of WWTP function (Kraigher et al.,
2008). Moreover, recent studies comparing WWT processes have shown there to be a wide range of removal
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rates dependent on the type of process employed and that environmental conditions at or surrounding
individual WWTPs may have an influence (reviewed in Vieno and Sillanpaa, 2014 and Lonappan et al., 2016).
This phenomenon might be explained by the liberation of diclofenac from conjugated metabolites during
bacterial treatment (HELCOM 2014), or by re-solubilisation of sediment/sludge associated diclofenac. In
other words, diclofenac is partially present in the sewage in a conjugated form, due to the metabolic
processes in the organism that first ingested the substance, the conjugates not being formed during the
WWTP process (Peres and Bacrelo 2008), and may result in a re-release of diclofenac into the environment
(Zorita et al., 2009).

Results table 2. Diclofenac concentrations from screening studies, scientific literature and data compilations. Ranges are given where
data are from extensive spatial or temporal collection.

WWTP influent (ng/L) WWTP effluent Reference
(ng/L)
Denmark Means of 60-370 Means of 30-370 Miljgministeriet, Naturstyrelsen (2015)
Maximum 490 Maximum 380
Estonia Mean 1190 Mean 1630 Unesco and HELCOM, 2017
Maximum 3000 Maximum 1840
Finland Mean: 939 Mean: 884 Unesco and HELCOM, 2017
Maximum: 3000 Maximum: 2000
Mean: 368 Mean: 1124 Lindholm-Lehto, 2016
Maximum: 933 Maximum: 2755
Mean: 260 Mean: 359 Kavander, 2017
Maximum: 360 Maximum: 710
Means of 250-800 Means of 1000-2250 | Lindholm-Lehto et al., 2016
Maximum: 90 Aysté et al., 2014
Mean: 50
Germany Mean: 420 Mean: 810, Ternes 1998
Maximum: 640 Maximum: 2100
1300 +100 Ternes et al. 2003
2330 1360 Quintana & Reemtsma 2004
Mean: 3290,
Maximum: 13000 Unesco and HELCOM, 2017
Mean: 2444,
Maximum: 4300 Unesco and HELCOM, 2017
Mean: 3390
Maximum: 13000 Monitoring (2016) HELCOM DATACALL
Latvia Maximum: 1311 Muter et al., 2017.
Maximum: 409
Maximum: 1165 NonHazCity project — unpublished
Means of 429-3280 Monitoring (2016) HELCOM DATA CALL
Sweden 81-270 Lilja et al. 2010
14-710 Andersson et al. 2006
900-7000 420-3900 Fick et al. 2011
100-670 200-700 Andersson et al. 2006
100 Remberger et al. 2009
190-540 220-230 Bendz et al. 2005
290-560 290-390 Breitholtz et al., 2012*
Mean: 230 Mean: 490 Zorita et al., 2009
Unesco and HELCOM, 2017
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Mean 158
Mean 676 Maximum 510 Unesco and HELCOM, 2017
Maximum 7000 Mean 334
Maximum 5000 Fick et al., 2015
Mean 486
Maximum 840 Haglund, 2017 - unpublished.
Mean 2324
Maximum 2971 Haglund, 2015.
Mean 817

Maximum 1320
Russia Mean 408 Mean 355 Unesco and HELCOM, 2017
Maximum 741 Maximum 514
Means of 350-620 Means of 510-550 HELCOM 2014
Maximum 800 Maximum 750

Note!: values for untreated sewage sludges for reporting HELCOM Contracting Parties were: mean: 79 ng/L and maximum: 250
ng/L. Untreated, digested and composted sludges contained diclofenac at circa 100, 100 and 10 pg/kg d.w., respectively (Unesco
and HELCOM, 2017).

Note2: Reported data from HELCOM Contracting Parties include the following number of data items (number of individual WWTPs):
Germany — 155 + 5 (11 and 5), Finland — 40 (13), Estonia — 6 (3), Denmark — 17 (6), and Sweden — 9 + >28 (3 and >4).

*Constructed wetlands, tertiary WWT process.

A detailed study of pharmaceuticals in the St Petersburg area, the HELCOM BASE pilot project, indicated that
seasonal and environmental factors (e.g. rainfall) may also influence the discharge rates from WWTPs
(HELCOM 2014). In summer months the average influent concentration was 408 ng/L (rage of 154-741 ng/L,
equivalent to 138-615 g/day), whereas effluent discharge water concentrations were on average 355 ng/L
(range of 154-514 ng/L, equivalent to 180-485 g/day). During winter the average concentration of diclofenac
in effluent waters was higher than in summer, 530 ng/L (range 440-630 ng/L, equivalent to 369-658 g/day);
despite the lower average influent concentrations of 350 ng/L (range 160-1700 ng/L, equivalent to 228-1205
g/day) (Results figure 2).

www.helcom.fi > Baltic Sea trends > Indicators © HELCOM




O HELCOM INDICATORS »

700

MW Influent
Effluent

0 | ‘ ‘ ‘ ‘ | ‘ ‘

[ w Y w @
=] =] [=] =] =]
(=] (=] (=] =} =]

Estimated diclofenac discharge {g/day)

21.7.2013
22.7.2013
2372013
24.7.2013
5.7.2013
23.7.2013

272013
30.7.2013
31.7.2013
182013
482013
582013
682013
18,2013

1600
W Influent
Effluent

1400
1200
1000

800

600

400

200 ‘\
Al

Estimated diclofenac discharge (g/day)

19.2.2014
2322014
2422014
X.22014
16.3.2014
1732014
18.3.2014
2332014
2432014
532014
3032014
3132014

14.2014

6.4.2014

742014

8.4.2014

Results figure 2. Estimated summer (orange shades, top) and winter (blue shades, bottom) diclofenac discharge in influent (darker
colours) and effluent (paler shades) at St. Petersburg WWTP.

This could relate to differences in the daily discharge estimates in effluent water in winter (average of 477
g/day) as compared to summer (average of 323 g/day), driven by increased use of diclofenac during the cold
period of the year, but it is also possible that metabolites are more readily produced in summer or are
hydrolysed back to diclofenac in winter via biological/chemical processes and/or that sludge/sediment bound
diclofenac in WWTPs is re-released and enters effluent waters. Such dynamics could result in the retention
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of higher concentrations of diclofenac within the WWTP during warmer summer months and stronger
discharges during winter.

At the central waste water treatment plant in St. Petersburg the influent water is a mix of domestic
wastewater and rainwater, thus meteorological conditions have an impact on water volumes in the process.
Factors such as rainfall, which showed a potential correlation with effluent discharge concentrations (R =
0.41, Results figure 3), may therefore influence the discharge rates (or concentrations in discharge waters),
influencing the concentrations of diclofenac discharged and potentially the transfer distances from WWTPs.
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Results figure 3. Correlation between diclofenac discharge in effluent waters and rainfall during summer sampling events at St.
Petersburg WWTP.

This pilot study indicated that the concentration of diclofenac in the WWTP was only two times lower than a
scenario in which all sold diclofenac were to enter the sewage system, and that the upper level of diclofenac
discharged from the city of St. Petersburg to the Baltic Sea would be 1.1 kg/day, an annual load of circa 400
kg (HELCOM 2014). Averaging the load to the annual water volume of 78.9 km3 (2,500 km?3/s) of the river
Neva, gives an average expected surface water concentration of diclofenac in the water flowing into the Gulf
of Finland of 4-5 ng/L (HELCOM 2014). This estimated concentration is close to the newly proposed threshold
value of 5 ng/L, assuming that usage and discharge rates remain at the current level and that accumulation
within the discharge zone does not take place over longer time periods.

Pathways — rivers

Rivers act as major pathways for the transport of diclofenac from WWTPs to the Baltic Sea environment and
elevated concentrations have been detected in the waters of numerous rivers that subsequently enter the
Baltic Sea (Results table 3).
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Results table 1. Diclofenac concentrations in river waters and sediments from screening studies, scientific literature, and data
compilations. The limit of quantification (LOQ) in the Swedish screenings studies was 10 ng L

Surface water (ng/L)

Sediment (ug/kg d.w.)

Reference

Circa 400-900
Maximum: 7.4
(Umea river)

River Pitea: 3.5, 0.19, 0.85, 3.1

Compiled data, Mean: 133 Unesco and HELCOM, 2017*
multiple countries | Maximum: 2710
Denmark Mean: 102 Unesco and HELCOM, 2017*
Maximum: 230
Mean: 76 Miljgministeriet, Naturstyrelsen,
Maximum: 230 2015
Monitoring (2016) HELCOM DATA CALL
Maximum: 300
Estonia Mean: 61 Unesco and HELCOM, 2017*
Maximum:130
Maximum:79 Monitoring (2016) HELCOMDATACALL
Finland Mean: 23 Unesco and HELCOM, 2017*
Maximum: 55
Maximum:93 Monitoring (2014-6) HELCOM DATACALL
Means of 5.1 - 187 Lindholm-Lehto et al., 2016
Germany Median: 150 Ternes 1998
Maximum: 1200
Mean: 170 Unesco and HELCOM, 2017*
Maximum: 1950
Mean: 170 Monitoring (2015-6) HELCOM DATA CALL
Maximum: 2710
Latvia Maximum: 8.4 Reinholds et al., 2017
Lithuania Mean: <10 (values below Monitoring (2016) HELCOMDATACALL
the LOQ)
Poland Slupia River, mean: 93 Borecka et al., 2015
Mean: 94 Monitoring (2016) HELCOM DATA CALL
Maximum: 665
Sweden Uppsala: 28, 90, 290, 880 Fick et al. 2011
Maximum: 120 Bendz et al. 2005

Remberger et al. 2009
Lindim et al., 2016
Case StUdy (2016) HELCOM DATA CALL

*This data compilation includes some of the data shown below for individual countries but is dominated by data from German

rivers. Reported data from HELCOM Contracting Parties include the following number of data items (number of individual rivers):
Germany — 1649 (124), Finland — 18 (4), Estonia — 12 (5), Denmark — 5 (4), and Sweden — 2 (2).

HELCOMDATA CALL Denotes data reported by countries in response to the HELCOM data call in Autumn 2017. This data represents
additional data from the 2015-2016 data that has been collected since the data call for used as the basis for the Unesco and
HELCOM, 2017 report. Data is summarised as maximum and mean values where possible, though ‘less-than’ values, where values

are determined as less than the LOQ, are not currently included. Where ‘less-than’ values occurred no mean value is calculated and

only a maximum value provided. The dates provided in brackets indicates the year(s) for which data are reported.

Initial data seems to indicate that concentrations detected in river waters may vary seasonally, peaking in

January and February (Results figure 4). The reasons behind this could relate to levels of usage in these
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months (i.e. higher usage in colder months) or to degradation and water treatment processes (e.g. the
function of WWTPs or rainfall and discharge rates).
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Results figure 4. Mean diclofenac concentrations in 15 Polish rivers sampled across the year (in 2016). Error bars represent Standard
Error (SE), n =15.

Elevated concentrations have been recorded, particularly in the immediate vicinity of WWTPs, though the
limited data that is currently available indicates that concentrations of diclofenac often decrease quite rapidly
with distance from the point of discharge, i.e. WWTPs (Results figure 5); a factor that requires further detailed
studies.

Diclofenac concentration [ngdL)

L
] 20 40 a0 a0 100

Distance from discharge point (ko)

Results figure 5. Diclofenac concentrations in samples with increasing distance from the point of discharge. Data are shown for the
River Aura (red)”, River Seindjoki and Kyré (blue)*, River Kyrénjoki (black)*™, and River Aurajoki (purple)™ (Vieno, 2007 and Lindqvist
et al. 2005™"). Concentrations upstream of the discharge points (discharge point being 0 km) were: 4, 0, 0 and 6 ng/L, respectively.
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It should however be noted that concentrations above proposed threshold values have still been recorded
in both Baltic Sea waters and in Baltic Sea biota. This foments a number of potentially important
considerations, such as the importance of WWTPs in close proximity to Baltic Sea coastal waters, the lack a
complete understanding of the fate of diclofenac (e.g. data on sediments along pathways and within the
Baltic Sea), and the importance of targeted sampling and analysis. For example, targeting potential indicator
species that may encounter highly elevated concentrations, i.e. those that are passive filter feeders or those
that traverse the marine-freshwater gradient via breeding or feeding life phases, and subsequently feed into
the marine food web, is of high importance.

Baltic Sea Environment

Water and sediments

Of the data compiled for the Status report on pharmaceuticals in the Baltic Sea (UNESCO and HELCOM, 2017),
within the pharmaceutical category anti-inflammatory and analgesics, diclofenac was the most frequently
detected substance in samples compiled from the marine environment; representing 257 water samples. The
highest concentrations of 54 ng/L was recorded in the south-western Baltic. The substance was detected in
54 (21%) of water samples and exceeded the proposed threshold value for diclofenac concentration in 6
samples from south-western Baltic Sea. The analytical limit for 83 (32%) samples where diclofenac was not
detected were unknown or were higher than the threshold value, meaning the absence of concentrations
above the threshold non-detection cannot be assured.

The new HELCOM data call (PRESSRURE and State&Consevation 2017) allowed new data to be compiled on
observation of diclofenac in open sea and coastal waters. Altogether 60 observation were reported for the
period 2014 and 2017 (and not included in the Unesco and HELCOM 2017 report) were supplied by Denmark,
Germany, Latvia, Poland and Sweden. Five observations where the threshold value was exceeded were
identified in marine waters, though analytical limits mean that in several cases the status can not be assessed
with complete certainty (Key message figure 1).The highest measured concentration - 15.6 ng/l — was
observed in the south-west Baltic Sea. Exceedances of the threshold were also observed in the Gdansk basin
and Bothnian Bay.

Analysis of diclofenac in in sediments is scarce, with 15 individual samples taken in coastal water of Sweden
and Estonia during screening studies. The substance was detected in 4 (27%) samples from coastal waters in
the Bothnian Bay, with the highest concentration of 3,5 pug /kg d.w. The analytical limit for the other samples
tested was above 10 pg /kg d.w., thus the absence of concentrations above the threshold cannot be assured.

The compiled data were obtained either from regular monitoring observations or from screening studies and
cover almost all sub-basins of the Baltic Sea. Nonetheless, a significant part of the data remains uncertain
due methodological issues and the associated detection limits.
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Biota

Data regarding concentrations of diclofenac in Baltic Sea biota is currently extremely limited. It has however
been detected in bile samples from European perch (Perca uviatilis) in a small number of samples (5 of 50)
in the Stockholm region. Concentrations ranged between 0.53 and 5.2 ug/kg w.w. (Karlsson and Viktor, 2014),
above the proposed threshold level (1 pg/kg w.w.) in three of five cases.

Confidence in the indicator

Currently data on diclofenac are obtained from a limited number of monitoring observations and mainly from
screening studies, though coverage is inclusive of a large area of the Baltic Sea. Nonetheless, greater spatial
and temporal coverage is required from all compartments with relevance to this indicator, especially the
concentrations of diclofenac in Baltic Sea water and biota. Knowledge of how well samples represent a larger
area (i.e. the appropriate HELCOM assessment units) needs to be developed to define the most suitable
monitoring strategy and time series data will enable detailed trend based evaluations. Bearing in mind that
diclofenac might be deposited to sediments, further detailed studies on fate and potential release/transfer
are required. Furthermore, a high priority will be to focus the development of clear agreements regarding
analytical methodologies to ensure the highest quality data can be obtained and that analytical limits do not
prevent good status assessment within marine environments downstream of source discharge points.

Due to the fact that the monitoring of pharmaceuticals is generally at an early stage, no evaluation of the
environmental status and no sub-basins spatial analysis has yet been made for this indicator. It is
recommended that monitoring should be carried out for several years before a decisive status evaluation is
done.

www.helcom.fi > Baltic Sea trends > Indicators © HELCOM




O HELCOM INDICATORS »

Thresholds and Status evaluation

This pre-core test indicator and its threshold values are yet to be commonly agreed in HELCOM and the
presented thresholds are furthermore not currently approved EQS values, but provisional proposals.
The indictor is included as a test indicator for the purposes of the 'State of the Baltic Sea' report, and the
results are to be considered as intermediate.

The EU Environmental Quality Standards for diclofenac is proposed as the threshold level for this indicator
(see note below). An annual average Environmental Quality Standard (AA-EQS) in marine waters of 0.005
ug/! (5 ng/L) is proposed. A concentration of diclofenac in biota being below 1 pg kg w.w., based on a value
protective for avian predators (secondary poisoning), and of 0.007 pg/| (7 ng/L) for marine and freshwaters
predators (secondary poisoning) is proposed (Thresholds figure 1).

value

fail

threshold value

achieve

Thresholds figure 1. Good status is achieved if the concentrations of diclofenac are below the defined threshold values.

The threshold values are in line with the scientific PNEC or NOEC values implying that no harmful effects can
be found. However, as the issue is of an emerging nature, it is proposed that the threshold value would
initially be evaluated as a trend (where data is suitable and accredited) so that no increase in diclofenac
concentration from the current status would be allowed. This is in-line with the EU directive on
environmental quality standards (2008/105/EC), Article 3, which states that long-term temporal trends
should be assessed for substances that accumulate in sediment and/or biota.

Note: Environmental Quality Standards and thresholds proposed in this indicator document are taken from
a draft 'EQS DATASHEET Environmental Quality Standard Dicolofenac” document, a document that
represents an EU/wide study (see Dossier Diclofenac reference). This document contains provisional
proposals for EQS values. Since diclofenac has been suggested to be removed from the EU watch list, on the
basis that enough data has been collected to determine if it is to be added to the priority list (or not), the
thresholds used in this indicator are based simply on the most recent proposals made during the ongoing
revision process. The process to determine the EQS thresholds and the position of diclofenac related to
monitoring requirements remain to be finalised within the EU and until that has been clarified the most
recent EQS proposals are maintained for the test thresholds applied in this indicator.
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Assessment Protocol

This pre-core test indicator and its threshold values are yet to be commonly agreed in HELCOM and the
presented thresholds are furthermore not currently approved EQS values, but provisional proposals.
The indictor is included as a test indicator for the purposes of the 'State of the Baltic Sea' report, and the
results are to be considered as intermediate.

Due to the fact that no commonly agreed monitoring strategy has been developed for pharmaceuticals, only
data from screening studies, scientific literature and data compilations are currently considered.

A number of factors of potential importance with respect to establishing suitable assessment protocols for
this indicator include: 1) developing and confirming the accurate usage and potential of sales statistics, 2)
gaining a better understanding of the environmental cycle of diclofenac, 3) developing a clearer
understanding of diclofenac transformations in the environment and WWTPs, 4) detailed monitoring of
WWTP discharge rates and diclofenac concentrations, 5) clarification of the apparent rapid decrease in
diclofenac concentration in rivers (fate and sediment status) 6) temporal monitoring to determine longer
term environmental impacts, 7) greater spatial monitoring, 8) enhanced monitoring of all relevant
compartments (e.g. water, sediment and biota), 9) potential designation of target organisms for monitoring
effort (e.g. benthic feeders, sedentary filter feeders, or species that traverse the marine-freshwater
boundary), 10) the role of WWTPs in close proximity to the Baltic Sea coast, and 11) agreement on suitable
analytical methodologies. Many of these factors are discussed in Lehtonen et al., (2014), and as greater
spatial and temporal data emerges clear progress will be possible.

Assessment units

The indicator is tentatively to be evaluated on the HELCOM assessment unit level 4
(http://www.helcom.fi/action-areas/monitoring-and-assessment/monitoring-and-assessment-strategy), as

the status of the marine environment is presumed to be affected mainly from WWTP related point sources.
In screening studies, water concentrations failing to achieve good status have generally been found to drop
over a distance of a few kilometres. As knowledge on the spatial extent of diclofenac dispersal, its fate, and
its impact increases it may be possible to apply a more suitable assessment strategy. The indicator is in theory
applicable in all assessment units throughout the Baltic Sea, as diclofenac is used in all HELCOM regions.
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Relevance of the Indicator

This pre-core test indicator and its threshold values are yet to be commonly agreed in HELCOM and the
presented thresholds are furthermore not currently approved EQS values, but provisional proposals.
The indictor is included as a test indicator for the purposes of the 'State of the Baltic Sea' report, and the
results are to be considered as intermediate.

Hazardous substances assessment

The status of the Baltic Sea marine environment in terms of contamination by hazardous substances is
assessed using several core indicators. Each indicator focuses on one important aspect of the complex issue.
In addition to providing an indicator-based evaluation of the status of the Baltic Sea in terms of
concentrations of diclofenac in the marine environment, this indicator may in the future be suitable for
incorporation into the overall hazardous substances assessment, integrated in conjunction with the other
hazardous substances core indicators.

Policy relevance

The Moscow Ministerial Declaration 2010 gives HELCOM a clear obligation to ’further assess the
environmentally negative impacts of pharmaceuticals and other substances that are not monitored regularly,
with the aim as a first step to assess in a coordinated manner their occurrence in the Baltic Sea and evaluate
their impacts on the Baltic biota’. The commitment was followed up by the 2013 HELCOM Ministerial
Declaration in which the Contracting Parties agreed to collect information on pharmaceuticals and assess the
status of contamination of pharmaceuticals and their degradation products in the marine environment.

Diclofenac was included on the EU first watch list (2013/39/EU) with the stated aim being to gather
monitoring data for the purpose of facilitating the determination of appropriate measures to address the risk
posed by those substances. Inclusion on such watch list is done when there is insufficient data to assess
potential negative impacts on the environment, the assertion being based on results from the prioritization
process of hazardous substances under the WFD, research results and similar reports. For those HELCOM
Contracting Parties that are also EU members the inclusion on the first watch list has required monitoring at
selected representative monitoring stations for a 12-month period, a process that started in 2015 and has
now been completed. The outcome of the review process based on this data collection will determine future
requirements for those HELCOM Contracting Parties that are also EU members.

There are no current restrictions on the use of diclofenac in the Baltic Sea region, though in India for example,
its use is being phased out due to the documented detrimental effects on vultures.

Furthermore, the monitoring of diclofenac and the development of the indicator may have direct relevance
to policies related to WWTPs and pharmaceutical disposal/take-back initiatives.
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Role of diclofenac in the ecosystem

Diclofenac is an active pharmaceutical ingredient belonging to a group called Ci
nonsteroidal anti-inflammatory drugs (NSAIDs) that works by reducing hormones

that cause inflammation and pain in the body. This pharmaceutical is widely used MH

in the Baltic Sea region, in the format of tablets to be ingested, injections and as Gl SOOH

creams for topical application.

Low removal rates and poor biodegradation have been reported, though reports on both seem to range
dependant on specific condition (as reviewed in Vieno and Sillanp&a, 2014). Consequently, effluent waters
from some WWTPs can contain high concentrations. Introduction to the Baltic Sea is believed to take place
primarily via this route, with rivers transferring diclofenac to the Sea. While concentrations have been shown
to decrease rapidly in rivers diclofenac has also been detected in water samples far from known sources
(HELCOM 2014).

The strongest evidence of the detrimental effects of diclofenac stems from the terrestrial environment.
Residues of diclofenac causing kidney failure is considered to be the main cause for a decline of >95 % in the
population of oriental white-backed vulture, one of the (previously) most common raptors in India and
Pakistan (Oaks et al, 2004, Shultz et al, 2004; Reddy et al, 2006; Swan et al, 2006; Cuthbert et al, 2006, 2007).

In the aquatic environment diclofenac has been shown to bioaccumulate in fish (Brown et al. 2007; Schwaiger
et al., 2004; Brozinski et al., 2013), including diclofenac metabolites (Kallio et al., 2010), and mussels (Ericson
et al., 2010). Toxic effects have also been recorded, including kidneys disruption (Schwaiger et al., 2004;
Triebskorn et al, 2004; Hoeger et al., 2005), damage to eggs and embryos (Hallare et al., 2004), and altered
gene expression (Cuklev et al.,, 2011). In crabs diclofenac has been shown to cause disruption of
osmoregulation (Eades & Waring 2010) and in broadcast spawning marine invertebrates it may have
consequences for reproductive success (Zanuri et al., 2017). In mussels diclofenac has been shown to have a
number of impacts. Early studies indicated that byssus strength (i.e. the ability to attach to substrates) was
impaired and that energy was potentially diverted from growth and reproduction, with possible long term
population effects (Ericson et al., 2010). More recent studies using biomarkers have shown a range of
alterations indicative of: oxidative stress, gill and digestive gland damage, altered protein folding, impaired
immunological response, and energy metabolism changes due to diclofenac or pollutant cocktail exposure
(Schmidt et al., 2011; Schmidt et al., 2013, Turja et al., 2014; Gonzalez-Rey and Bebianno, 2014; Turja et al.,
2015, Mezzelani et al., 2016). It has also been shown that mussels from more pristine environments were
more strongly influenced and that recovery time differed (Kumblad et al., 2015) and suggested that this
biomarker approach may offer promise as an environmental status indicator component (Lof et al., 2016).
Furthermore, in many cases these impacts were observed at environmentally relevant concentrations and is
some systems in the environment itself.

While the general consensus is that acute toxicity appears unlikely, there is significant concern that long term
exposure, continual discharges (i.e. increasing environmental deposition), and local environmental factors
may be key factors and that specific environmental zones or biological categories may be adversely
influenced by diclofenac concentrations. Diclofenac has been shown to be susceptible to photo-degradation,
though the process appears highly site-specific, and the breakdown compounds from this action may also be
compounds of concern (Schmitt-Jansen et al., 2007). Furthermore, there is evidence to suggest that mixtures
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of several hazardous compounds, as is commonly found in the environment, can have markedly stronger
negative impacts (Cleuvers, 2004) and should be considered, particularly in the light of long term exposure,
and that climate change alterations to the environment (e.g. ocean acidification) may influence the potency
of diclofenac (Munari et al., 2016).

Human pressures linked to the indicator

General MSFD Annex lll, Table 2a

Strong link Substances, litter and energy
- Input of other substances (e.g. synthetic
substances, non-synthetic substances,

radionuclides) — diffuse sources, point sources,
atmospheric deposition, acute events

Weak link
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Monitoring Requirements

This pre-core test indicator and its threshold values are yet to be commonly agreed in HELCOM and the
presented thresholds are furthermore not currently approved EQS values, but provisional proposals.
The indictor is included as a test indicator for the purposes of the 'State of the Baltic Sea' report, and the
results are to be considered as intermediate.

Monitoring methodology

Diclofenac can be analysed in water and in fish plasma, and other biomarkers are rapidly being developed.
Pharmaceuticals are generally present at very low concentrations in the environment, thus it is vital that
selected analytical methods take analytical limits into consideration (see Unesco and HELCOM, 2017 for
discussion). Agreement on methodology and the analytical procedure to carry out the designated analysis
will be convened on by HELCOM Contracting Parties during further indicator development.

The HELCOM BASE pilot project carried out sampling in waste water treatment plants according to the
following methodology:

o  WWTP personnel carried out sampling

e In influent water by sampling over a 24-hour period on which the average was calculated. Effluent
samples were grab samples taken on the same mornings.

e On several days, two samples were taken and analysed independently.

e Samples were collected by SRCES personnel immediately afterwards and extracted within 24 hours.

e 13Ce-Diclofenac was used as a surrogate standard and was introduced into the raw sample.

e Samples were analysed for Diclofenac using HPLC-HRMS.

Current monitoring

Diclofenac is currently not included in the regular environmental monitoring of any HELCOM Contracting
Party, though EU member states have been obliged to monitor this substance and report collated data due
to its inclusion on the first watch list of the EU priority substances. This process has now been completed and
the data review and decision making process are underway. The substance is considered an emerging issue,
and as such it has been included in some national screening programmes (e.g. Swedish EPA) and as extensive
spatial and temporal data is reported this indicator will be updated.

Description of optimal monitoring

Due to the lack of coherent data from the marine environment and especially from biota, it is not possible to
give recommendations on optimal monitoring at this time. Generally it can be stated that monitoring should
be commenced in coastal areas close to cities with large wastewater treatment plants (WWTPs), particularly
those within the coastal zone, and that intercalibration between all involved laboratories would be very
beneficial.
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Screening studies of surface water show concentrations generally dropping to below the threshold value at
a distance of 10 km from WWTPs. It might be appropriate to monitor concentrations at the WWTP and at a
specified distance from the plant in sea water and biota, however specifying the distance will require further
work. The change of diclofenac concentration over a distance from source is highly dependent on the
hydrological, hydro-chemical and hydro-biological regimes in the assessment unit. It might not be possible
to provide guidelines as the appropriate design of the sampling strategy that would be generally applicable
in all areas. However, it could be relevant to consider more closely the patterns in changing concentrations
versus distance from source from several locations, to consider whether min-max and median values at a
certain location or from several locations could be used when evaluating the status of the environment.
Examining concentration trends over time more closely is also considered to be relevant.

The pilot study in the St Petersburg area carried out in the HELCOM BASE project (HELCOM 2014) clearly
demonstrated the benefit from coupling environmental monitoring data with proxy data from
pharmaceutical sales. However the pilot study underlines the importance of accessing high quality sales data
for making relevant proxy evaluations. Improving the availability of this proxy data from pharmaceutical
sales, would be a cost effective method to improve the knowledge base of the environmental status
assessment of the Baltic Sea.
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Data and updating

This pre-core test indicator and its threshold values are yet to be commonly agreed in HELCOM and the
presented thresholds are furthermore not currently approved EQS values, but provisional proposals.
The indictor is included as a test indicator for the purposes of the 'State of the Baltic Sea' report, and the
results are to be considered as intermediate.

Access and use

The data and resulting data products (tables, figures and maps) available on the indicator report can be used
freely, given that the source is cited. The indicator should be cited as follows:

HELCOM (2018) Diclofenac. HELCOM pre-core indicator report. Online. [Date Viewed], [Web link].

ISSN 2343-2543

Metadata

The current data are very variable and somewhat disparate, being gathered from scientific publications,
reports and data compilations. All sources are presented in the reference list where possible. The majority of
measurements are from WWTPs, though some have been taken from rivers, estuaries and biota. Metadata
will be updated in subsequent versions and made available via the HELCOM data and mapping services at
that stage.

Data sources are referenced where possible. Monitoring data is often not published in the same formats as
other reference material and where data is referenced as HELCOM DATA CALL then this data refers to data
reported to HELCOM by national contact points for each individual country. All HELCOM countries reported
data during the process and the 2017 DATA CALL (PRESSRURE and State&Consevation 2017) referenced
above included the following information:

1) WWTP data from: Denmark (6 influent mean values, 6 effluent mean values, and 6 sludge mean
values), Finland (28 influent values of which 3 were mean values, 31 effluent values of which 3 were
mean values, and 2 sludge values of which one was a mean value), Germany (259 effluent values),
Latvia (2 influent values, and 6 effluent values of which 5 were mean values), Sweden (17 effluent
values, and 3 sludge values), and Russia (8 mean influent and 8 mean effluent values).

2) River data from: Denmark (17 items, of which 5 were ‘less-than’"eow y3lyes), Estonia (56 items, of
which 54 were ‘less-than’ values), Finland (62 items, of which 25 were ‘less-than’ values, and 15 were
mean values), Germany (2164 items, of which 1208 were ‘less-than’ values), Latvia 15 items, of which
l4were ‘less-than’ values), Lithuania (4 items, of which 4 were ‘less-than’ values), Poland (180 items),
and Sweden (8 items, of which 1was a ‘less-than’ value).

3) Open sea and coastal waters: All together 60 observation were reported for the period 2014 and
2017 with data supplied by Denmark, Germany, Latvia, Poland and Sweden. Only 3 observations out
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of 60 had analytical limits higher than the threshold value identified for marine water. Presence of
diclofenac in marine water was identified in 8 samples and the GES threshold was exceeded in 5

cases.

Note below ;¢ term is used for data that have values below the technical limits of quantification (LOQ) of the used equipment. It does not
indicate anything in relation to the threshold values (for which river data are not compared in the current report) but these data are not included
in the summary tables above. In the future these issues should be addresses to consider river data against possible threshold values and a
suitable incorporation of ‘less-than’ value data in the assessment.
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Contributors and references

This pre-core test indicator and its threshold values are yet to be commonly agreed in HELCOM and the
presented thresholds are furthermore not currently approved EQS values, but provisional proposals.
The indictor is included as a test indicator for the purposes of the 'State of the Baltic Sea' report, and the
results are to be considered as intermediate.
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Archive
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Diclofenac HELCOM pre-core indicator 2018 (pdf)

There are no previous versions of this indicator report at present.

References

Andersson, J., Woldegiorgis, A., Remberger, M., Kaj, L., Ekheden, Y., Dusan, B., Svenson, A., Brorstrom-
Lunden, E., Dye, C & Schlabach, N. (2006). Results from the Swedish national screening programme.
Subreport 1: Anti-biotics, anti-inflammatory substances and hormones. Swedish Environment Research
Institute. IVL Report B1689.

Atlasi Daneshvar, Jesper Svanfelt, Leif Kronberg, Gesa A. Weyhenmeyer. (2012). Neglected sources of
pharmaceuticals in river water—footprints of a Reggae festival. J Environ Monit 14(2): 596-603. doi:
10.1039/clem10551e

Baranauskaité, |. and Dvarioniené, J. (2014). Presence and detection of pharmaceutical substances
(Diclofenac, 17-B-estradiol, 17-a-etilinestradiol) in the environment. Future challenges for Lithuania.
Environmental Research, Engineering and Management 2(68): 25-40.

Bendz, D.; Paxeus, N.A.; Ginn, T.R.; Loge, F.J. (2005). Occurrence and fate of pharmaceutically active
compounds in the environment, a case study: Hoje River in Sweden. Journal of Hazardous Materials, Volume
122, Issue 3, July 2005, Pages 195-204.

Borecka, M., Siedlewicz, G., Halinski, L. P., Sikora, K & Pazdro, K. (2015). Contamination of the southern Baltic
Sea by the residues of selected pharmaceuticals: Method development and field studies. Marine Pollution
Bulletin. 94: 62-71.

www.helcom.fi > Baltic Sea trends > Indicators © HELCOM



http://www.helcom.fi/Core%20Indicators/Diclofenac%20HELCOM%20pre-core%20indicator%202018.pdf

O HELCOM INDICATORS o

Breitholtz, M., Naslund, M., Strae, D., Borg, H., et al., (2012). An evaluation of free water surface wetlands as
tertiary sewage water treatment of micro-pollutants. Ecotoxicology and Environmental Safety 78: 63-71.

Brown JN, Paxéus N, Forlin L, Larsson DGJ. (2007). Variations in bioconcentration of human pharmaceuticals
from sewage effluents into fish blood plasma. Environmental Toxicology and Pharmacology; 24: 267-274.

Brozinski, J-M., Lahti, M., Meierjohann, A., Oikari, A. & Kronberg, L. (2013). The anti-inflammatory drugs
diclofenac, naproxen and ibuprofen are found in the bile of wild fish caught down-stream of a wastewater
treatment plant. Environmental Science and Technology. 47: 342-8.

Cleuvers, M. (2004). Mixture toxicity of the anti-inflammatory drugs diclofenac, ibuprofen, naproxen, and
acetylsalicylic acid. Ecotoxicology and environmental safety 59(3): 309-315.

Cuklev, F., Kristiansson, E., Fick, J., Asker, N., Forlin, L., & Larsson D. G. J. (2011). Diclofenac in fish: blood
plasma levels similar to human therapeutic levels affect global hepatic gene expression. Environmental
Toxicology and Chemistry 30 (9): 2126-2134.

Cuthbert, R., Parry-Jones, J., Green, R.E. & Pain, D.J. (2006). NSAIDS and scavenging birds: Potential impacts
beyond Asia’s critically endangered vultures. Biology Letters, 22, 90-93

Cuthbert R, Parry-Jones J, Green RE, Pain DJ. (2007). NSAIDs and scavenging birds: Potential impacts beyond
Asia’s critically endangered vultures. Biol Lett 3:90-93.

Dossier Diclofenac_Draft_JRC-2017_V4.1-GM(update 31-05-2017) JRC 25June2017 as viewed on 13.11.17
at: https://circabc.europa.eu/w/browse/412c0e12-6235-497f-8607-2d8dc1d95da7.

Eades, C., Waring, C.P. (2010). The effects of diclofenac on the physiology of the green shore crab Carcinus
maenas. Marine Environmental Research 69:46—48.

European Commission (2013). Directive 2013/39/EU of the European Parliament and of the Council of 12
August 2013 amending Directives 2000/60/EC and 2008/105/EC as regards priority substances in the field of
water policy. Off. J. Eur. Union L 226: 1-17.

European Commission (2015). Commision Implementing Decission 2015/495/EU establishing a watch list of
substances for Union-wide monitoring in the field of water policy pursuant to Directive 2008/105/EC of the
European Parliament and of the Council.

Fick, J., Lindberg, RH., Kaj, L. & Brorstrém-Lundén, E. (2011). Results from the Swedish national screening
programme 2010. Subreport 3: Pharmaceuticals. Swedish Environment Research Institute. IVL Report B2014.

Fick et al 2015. Screening 2014: Analysis of pharmaceuticals and hormones in samples from WWTPs and
receiving waters: http://urn.kb.se/resolve?urn=urn:nbn:se:naturvardsverket:diva-6505.

Gonzalez-Rey, M., & Bebianno, M. J. (2014). Effects of non-steroidal anti-inflammatory drug (NSAID)
diclofenac exposure in mussel Mytilus galloprovincialis. Aquatic toxicology: 148, 221-230.

Haglund, P. and Olofsson, U. (2011). Miljoévervakning av utgaende vatten & slam fran svenska
avloppsreningsverk. Resultat fran ar 2010 och en sammanfattning av slamresultaten fér aren 2004-2010.
Kemiska institutionen vid Umea universitet pa uppdrag av Naturvardsverket.

www.helcom.fi > Baltic Sea trends > Indicators © HELCOM



https://circabc.europa.eu/w/browse/412c0e12-6235-497f-8607-2d8dc1d95da7
http://urn.kb.se/resolve?urn=urn:nbn:se:naturvardsverket:diva-6505

O HELCOM INDICATORS o

Haglund, P. and Olofsson, U. (2013). Miljoovervakning av utgaende vatten & slam fran svenska
avloppsreningsverk. Resultat fran ar 2011 och en sammanfattning av slamresultaten for aren 2004-2011.
Kemiska institutionen vid Umea universitet pa uppdrag av Naturvardsverket.

Haglund, P. and Olofsson, U. (2014). Miljoovervakning av utgaende vatten & slam fran svenska
avloppsreningsverk. Resultat fran ar 2012 och 2013 och en sammanfattning av slamresultaten for aren 2004-
2013. Kemiska institutionen vid Umea universitet pa uppdrag av Naturvardsverket.

Haglund 2015. http://urn.kb.se/resolve?urn=urn:nbn:se:naturvardsverket:diva-6909.

Hallare, A. V., Kéhler, H-R. & Triebskorn, R. (2004). Developmental toxicity and stress protein response in
zebrafish embryos after exposure to diclofenac and its solvent, DMSO. Chemosphere 56; 659-66.

Hallgren, P. & Wallberg, P. (2015). Background report on pharmaceutical concentrations and effects in the
Baltic Sea. Policy Area Hazards of the EU Strategy for the Baltic Sea Region. Swedish Environmental Protection
Agency, Stockholm, Sweden.

HELCOM (2014) BASE project 2012-2014: Pilot activity to identify sources and flow patterns of
pharmaceuticals in St. Petersburg to the Baltic Sea.

Hoeger, B., Kollnere, B., Dietrich, D.R., & Hitzfeld, B. (2005). Water-borne diclofenac affects kidney and gill
integrity and selected immune parameters in brown trout (Sa/mo trutta f. fario). Aquatic Toxicology 75: 53-
64.

Kallio, J-M., Lahti, M., Oikari, A. & Kronberg, L. (2010). Metabolites of the aquatic pollutant diclofenac in fish
bile. Environmental Science and Technology 44: 7213-7219.

Karlsson, M. & Viktor, T. (2014). Miljostorande dmnen | fisk fran Stockholmsregionen 2013. Raport B2214
from the Swedish Environment Research Institute IVL.

Kavander K., 2017. Ladkeaineiden kulkeutuminen ja poistuminen urbaanin hydrologisen kierron aikana.
Master's thesis, Tampere University of Technology.

Kraigher, B., Kesjek, T., Heath, E., Kompare, B., & Mandic-Mulec, I. (2008). Influence of pharmaceutical
residues on the structure of activated sludge bacterial communities in wastewater treatment bioreactors.
Water Research 42: 4578-88.

Kumblad, L., Oskarsson, H., Palmer, C., & Wiklund, A. K. E. (2015). Response and recovery of Baltic Sea blue
mussels from exposure to pharmaceuticals. Marine Ecology Progress Series, 526: 89-100.

Lehtonen, K.K., Sundelin, B., Lang T., & Strand, J. (2014). Development of tools for integrated monitoring and
assessment of hazardous substances and their biological effects in the Baltic Sea. AMBIO 42: 69-81.

Lember, E., Pachel, K., & Loigu, E. (2016). Modelling diclofenac and ibuprofen residues in major Estonian
seaside cities. Journal of Water Security 2.

Lilja, K., Remberger, M., Kaj, L., Allard, A.-S., Andersson, H. & Brorstrom-Lunden, E. (2010). Chemical and
biological monitoring of sewage effluent water. Swedish Environment Research Institute. IVL Report B1897.

Lindholm-Lehto P. 2016. Occurence of Pharmaceuticals in Municipal Wastewater Treatment Plants and
Receiving Surface Waters in Central and Southern Finland. Dissertation. Department of Chemistry, University
of Jyvaskyla, Research report No. 194

www.helcom.fi > Baltic Sea trends > Indicators © HELCOM



http://urn.kb.se/resolve?urn=urn:nbn:se:naturvardsverket:diva-6909

O HELCOM INDICATORS o

Lindholm-Lehto P.C., Ahkola H.S.J., Knuutinen J.S., Koistinen J., Lahti K., Vahtera H., Herve S.H. (2016).
Suitability of passive sampling for the monitoring of pharmaceuticals in Finnish Surface waters.
Environmental Science and Pollution Research, 18:18043-18054.

Lindim, C., van Gils, J., Georgieva, D., Mekenyan, O., & Cousins, L.T. (2016). Evaluation of human
pharmaceutical emissions and concentrations in Swedish river basins. Science of the Total Environment. 572:
508-519.

Lindim, C., van Gils, J., Cousins, I.T., Kuhne, R., Georgieva, D., & Kutsarova, S. (2017). Model-predicted
occurrence of multiple pharmaceuticals in Swedish surface waters and their flushing to the Baltic Sea.
Environmental Pollution 223: 595-604.

Lindgvist N., Tuhkanen T., Kronberg L. 2005. Occurence of acidic pharmaceuticals in raw and treated sewages
and in receiving waters. Water research 39 (2005): 2219 - 2228.

Lonappan, L., Brar, S.K., Das, R.K., Verma, M. & Surampalli, R.Y. (2016). Diclofenac and its transformation
products: Environmental occurrence and tioxicity — A review. Environment International 96: 127-138.

Lof, M., Sundelin, B., Liewenborg, B., Bandh, C., Broeg, K., et al., (2016). Biomarker-enhanced assessment of
reproductive disorders in Monoporeia affinis exposed to contaminated sediment in the Baltic Sea. Ecological
Indicators: 63, 187-195.

Mezzelani, M., Gorbi, S., Da Ros, Z., Fattorini, D., d'Errico, et al., (2016). Ecotoxicological potential of non-
steroidal anti-inflammatory drugs (NSAIDs) in marine organisms: bioavailability, biomarkers and natural
occurrence in Mytilus galloprovincialis. Marine environmental research: 121, 31-39.

Miljgministeriet, Naturstyrelsen (2015). NOVANA-Screeningsundersggelse for humane laegemidler i
vandmiljget (In Danish). Available at: http://naturstyrelsen.dk/media/133385/screening-for-humane-

laegemilder-i-vandmiljoeet.pdf

Munari, M., Chemello, G., Finos, L., Ingrosso, G., Giani, M., & Marin, M. G. (2016). Coping with seawater
acidification and the emerging contaminant diclofenac at the larval stage: A tale from the clam Ruditapes
philippinarum. Chemosphere: 160, 293-302.

Muter, O;, |; Svinka, V; Svinka, R; and Bartkevics, V. (2017) Distinguishing the roles of carrier and biofilm in
filtering media for the removal of pharmaceutical compounds from wastewater. Process Safety and
Environmental Protection (111) 462-474.

Oaks JL, Gilbert M, Virani MZ, Watson RT, Meteyer CU, et al. (2004). Diclofenac residues as the cause of
vulture population declines in Pakistan. Nature 427: 630-633.

Perez, S., Barcelo, D. (2008). First evidence for occurrence of hydroxylated human metabolites of diclofenac
and aceclofenac in wastewater using QqLIT-MS and QqTOF-MS. Anal. Chem. 80, 8135-8145.

Quintama, J.B. & Reemtsma, T. (2004). Sensitive determination of acidic drugs and triclosan in surface and
wastewater by ion-pair reverse-phase liquid chromatography/tandem mass spectrometry. Rapid Commun
Mass Spectrom. 18:765-774.

Reddy NCP, Anjaneyulu Y., Sivasankari, B & Rao KA. (2006). Comparative toxicity studies in birds using
nimesulide and diclofenac sodium. Environmental Toxicology and Pharmacology, 22, 142-147.

www.helcom.fi > Baltic Sea trends > Indicators © HELCOM



http://naturstyrelsen.dk/media/133385/screening-for-humane-laegemilder-i-vandmiljoeet.pdf
http://naturstyrelsen.dk/media/133385/screening-for-humane-laegemilder-i-vandmiljoeet.pdf
https://www.sciencedirect.com/science/article/pii/S0957582017302537?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0957582017302537?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0957582017302537?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0957582017302537?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0957582017302537?via%3Dihub#!
https://www.sciencedirect.com/science/journal/09575820
https://www.sciencedirect.com/science/journal/09575820

O HELCOM INDICATORS o

Reinholds, I, Pugajeva, I, Zacs, D. et al. Environ Monit Assess (2017) 189: 568.
https://doi.org/10.1007/s10661-017-6304-9

Remberger, M., Wiklund, P., Woldegiorgis, A., Viktor, T., Kaj, |. & Brorstrom-Lundén, E. (2009). Anti-
inflammatory and analgesic drugs in WWTP influent and effluent streams and the occurrence in the aquatic
environment. Swedish Environmental Research Institute. IVL Report B1810.

Schmidt, W., O’Rouke, K., Hernan, R. & Quinn, B. (2011). Effects of the pharmaceuticals gemfibrozil and
diclofenac on the marine mussel (Mytilus spp.) and their comparison with standard toxicity tests. Marine
Pollution Bulletin 62: 1389-1395.

Schmidt, W., Rainville, L-C., McEneff, G., Sheehan, D. & Quinn, B. (2013). A proteomic evaluation of the effects
of the pharmaceuticals diclofenac and gemfibrozil on marine mussels (Mytilus spp.): evidence for chronic
sublethal effects on stress-response proteins. Drug Testing and Analysis 6: 210-219.

Schmitt-Jansen, M., Bartels, P., Adler, N., & Altenburger, R. (2007). Phytotoxicity assessment of diclofenac
and its phototransformation products. Analytical and bioanalytical chemistry 387(4): 1389-1396.

Schwaiger J; Ferling H; Mallow U; Wintermayr H; Negele RD. (2004). Toxic effects of the non-steroidal anti-
inflammatory drug diclofenac. Part I: histopathological alterations and bioaccumulation in rainbow trout.
Aquatic Toxicology 68: 141-150.

Shultz, S., Baral, H.S., Sheonaidh, C., Cunningham, A.A., Devojit, D., Ghalsasi, G.R., Goudar, M.S., Green, R.E.,
Jones, A., Prashant, N., Pain, D.J., Vibhu, P., (2004). Diclofenac poisoning is widespread in declining vulture
populations across the Indian subcontinent. Proc. R. Soc. Lond. B Biol. Sci. 271, S458-S460.

Schwaiger, J., Ferling, H., Mallow, U., Wintermayr, H., & Negele, R. D. (2004). Toxic effects of the non-steroidal
anti-inflammatory drug diclofenac: Part |: histopathological alterations and bioaccumulation in rainbow
trout. Aquatic Toxicology 68(2): 141-150.

Swan G, Naidoo V, Cuthbert R, Green RE, Pain DJ, et al. (2006). Removing the Threat of Diclofenac to Critically
Endangered Asian Vultures. PLoS Biology 4: 396—-402.

Ternes, T.A. (1998). Occurrence of drugs in German sewage treatment plants and rivers. Water Research 32:
3245-3260.

Ternes, T.A., Stuber, J., Herrmann, N., McDowell, D., Ried, A., Kampmann, M. & Teiser, B. (2003). Ozonation:
A tool for removal of pharmaceuticals, contrast media and musk fragnances from wastewater. Water
Research 37: 1976-1982.

Tixier C, Singer HP, Oellers S, Muller SR. (2003). Occurrence and fate of carbamazepine, clofibric acid,
diclofenac, ibuprofen, ketoprofen, and naproxen in surface waters. Environ Sci Technol 37:1061-1068.
doi:10.1021/es025834r

Triebskorn, R., Casper, H., Heyd, A., Eikemper, R., Kdhler H-R. & Schwaiger, J. (2004). Toxic effects of non-
steroidal anti-inflammatory drug diclofenac. Part Il. Cytological effects on liver, kidney, gills, and intestine of
rainbow trout (Oncorhynchus mykiss). Aquatic Toxicology 68: 151-66.

Turja, R., Hoher, N., Snoeijs, P., BarSiené, J., Butrimavicienég, L., et al., (2014). A multibiomarker approach to
the assessment of pollution impacts in two Baltic Sea coastal areas in Sweden using caged mussels (Mytilus
trossulus). Science of the Total Environment 473: 398-409.

www.helcom.fi > Baltic Sea trends > Indicators © HELCOM




O HELCOM INDICATORS o

Turja, R., Lehtonen, K. K., Meierjohann, A., Brozinski, J. M., Vahtera, et al., (2015). The mussel caging approach
in assessing biological effects of wastewater treatment plant discharges in the Gulf of Finland (Baltic
Sea). Marine pollution bulletin, 97(1): 135-149.

UNESCO and HELCOM (2017). Pharmaceuticals in the aquatic environment of the Baltic Sea region — A status
report. UNESCO Emerging Pollutants in Water Series 1 — No. 1, UNESCO Publishing, Paris.

Vieno, N. (2007). Occurrence of pharmaceuticals in Finnish sewage treatment plants, surface waters and their
elimination in drinkin water processes. Doctoral thesis. Tampere University of Technology.

Vieno, N.M., Harkki, H., Tuhkanen, T. & Kronberg, L. (2007). Occurrence of pharmaceuticals in river waterand
their elimination in a pilot-scale drinking water treatment plant.Enviro. Sci. Techno. 41:5077-5084.

Vieno, N. & Sillanpaa, M. (2014). Fate of diclofenac in municipal wastewater treatment plan — A review.
Environment International 69: 28-39.

Weber, F-A., aus der Beek, T., Bergmann, A., Carius, A., Gruttner, G., et al. (2014). Pharmaceuticals in the
environment — the global perspective. Occurrence, effects, and potential cooperative action under SAICM.
German Federal Ministry for the Environment, Nature Conservation, Building and nuclear Safety. Available
at:
https://www.umweltbundesamt.de/sites/default/files/medien/378/publikationen/pharmaceuticals_in_the
_environment_0.pdf

Zhang, Y.; Geien S.; Gal, C. (2008). Carbamazepine and diclofenac - Removal in wastewater treatment plants
and occurrence in water bodies. Chemosphere, 73, 1151-1161.

Zorita, S., Martensson, L., & Mathiasson L. (2009). Occurrence and removal of pharmaceuticals in a municipal
sewage treatment system in the south of Sweden. Science of the Total Environment 407: 2760-70.

Zanuri, N. B. M., Bentley, M. G., & Caldwell, G. S. (2017). Assessing the impact of diclofenac, ibuprofen and
sildenafil citrate (Viagra®) on the fertilisation biology of broadcast spawning marine invertebrates. Marine
Environmental Research: 127, 126-136.

Aysté L., Mehtonen J., Kalevi K. 2014. Kartoitus laikeaineista yhdyskuntajitevedessd ja pintavedessa.
Loppuraportti 8.9.2014.

HELCOM pre-core indicator report
ISSN 2343-2543

www.helcom.fi > Baltic Sea trends > Indicators © HELCOM




	Muter, O; , I; Svinka, V; Svinka, R; and Bartkevics, V. (2017) Distinguishing the roles of carrier and biofilm in filtering media for the removal of pharmaceutical compounds from wastewater. Process Safety and Environmental Protection (111) 462-474.

