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Preamble

1 At the 43rd meeting of GESAMP in 2016 held in UN Environment’s
Headquarters in Kenya, Dr. Birguy Lamizana expressed the Division’s concern on the
possible impact of pharmaceuticals on marine environment and human health. She
further inferred that UN Environment-GPA will be interested to partner with GESAMP
to further investigate the issue. This interest in collaboration was further emphasized
in the speech of the Director, UN Environment --GPA at the 43rd session of GESAMP.
Felicia was then directed by the Chair to liaise with Birguy and UN Environment’s
Technical Secretary of GESAMP, Ms Joana Akrofi to develop a scoping paper on the
subject.

Introduction

2 Pharmaceuticals also referred to as medicine, medication or simply drug is
used to diagnose, cure, treat or prevent disease. www.ncbi.nim.nih.gov-;
http//en.wikipedia.org-pharmaceutical. Early day discovery of the first medicinal drugs
came from natural sources and existed in the form of herbs, plants, roots, vines and
fungi. Until the mid-nineteenth century, nature’s pharmaceuticals were all that were
available to relieve man’s pain and suffering. The modern pharmaceutical industry
traces its origin to two sources: apothecaries that moved into wholesale production of
drugs such as morphines, quinine and strychnine in the middle of the 19" century and
dye and chemical companies that established research laboratories and discovered
medical applications for the product. (www.google.ng-origin of pharmaceuticals). The
fact remains that from early to modern days of human evolution and civilization, human
beings have always depended on pharmaceuticals for wellbeing, be it natural or
synthesized from chemicals. With the stage of depending mostly on laboratory
synthesized formulae and population explosion, there came up the issue of
management of waste arising from both demographic and industrial processing of
pharmaceuticals just like with any other form of waste. Also the need for scientific
investigation on possible impact and sustainable management arose. Perusal of
literature has presented evidence for the presence of pharmaceuticals in the terrestrial,
river and estuarine environment and their possible impact to both the environment and
human. Again it is evident that such researches have not been extended to the marine
environment in a more generous manner irrespective of the trend of global population
and industrial activity shift to coastal and marine environment, the direction of flow of
effluent from the upland to the wet environment and ultimately to the oceans and seas
in many cases and report of presence of these pharmaceuticals in some aquatic
organisms and speculation that the salinity of the marine environment may encourage
concentration of these products in different combinations there by placing the
ecosystem and food chain more at risk of bioaccumulations. Further, little or no report
on studies on this in the global southern countries of Africa, small island states
amongst others are available in the literature.

3 Hence,the purpose of this proposal is to present the above situation and
request that GESAMP approves and supports that more studies on the subject is
carried out in the regions in the global south; that a comparative analysis is done on
the trend of accumulation globally and that the research seeks for ways of more
stringent treatment of this waste to prevent the risk.

Sources and trend
4 At this point, it may become imperative to question the sources of
pharmaceuticals in the marine environment. This have been identified to be from both

point sources such as industrial effluent discharge point and municipal waste directed
to the coastal and marine environment and other diffuse sources as run of from upland
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municipal waste streams including specific streams like medical and hospital waste
and animal husbandry and horticulture. The introduction from ships, aquaculture have
also been implicated. Gaw,S. et al.2014.

5 It is evident that cursory attention is being given to research on the sources,
exposure, fate and potential impact of pharmaceuticals in the marine environment
compared to terrestrial and rivers and estuarine environment there by leading to
knowledge gap which is also polarised within the global south and north. According to.
Hughes, S.R.et. al.2012. Over the last 15 years increasing attention has been paid to
understanding the presence and impacts of pharmaceuticals entering or detected in
freshwater ecosystems By contrast, significantly less attention has been paid to
understanding releases of pharmaceuticals from sewage and other routes into coastal
environments and their potential marine impacts. This is not surprising though as in
the past more attention usually paid to terrestrial and rivers and estuarine environment
s (resulting in more interest at achieving sustainable waste management for example)
compared to coast and marine environment where it not for recent global marine
environment protection global declarations as the paragraph of the outcome document
of Rio +20”the future we want”’, SDG 14 on conservation and sustainable use of oceans
and seas and efforts by nations to domesticate and implement the relevant IMO
conventions on prevention of marine pollution by ships.

6 According to a UN Environment report, 40% of the global population live within
100km at the coast.www.un.org.natinfo.pop_coastal_areas.this will naturally translate
to more waste and of cause pharmaceuticals in the marine environment. This will add
more stress to the marine environment promoting the challenges already posed by
climate change, marine litter and other emerging marine environment partubers.

7 Just like most anthropogenic substances introduced to the earth surface, fate
apply to pharmaceuticals in marine environment though it may differ from that of same
in fresh water environment. the fate here may be in form of
adsorpsion,dispersion,accumulation in aquatic environment including organisms,
decay and combination with other chemicals in the medium at different levels and
formation of secondary compounds that may have potentiated or reduced or
synergistic effects(50).In all these, salinity, seasonality and PH have been found to
be important factors.

8 Geographical study spread shows that more work have been published in
Europe, Asia and North America. The assessment of the concentrations of
pharmaceuticals in coastal environments has been limited. Forty-nine studies have
reported concentrations for individual pharmaceuticals and metabolites detected in
estuarine and coastal waters. Only studies published since 2000 are considered.
Seventy per cent of these studies have been published since 2010. The geographical
breakdown for the studies is Europe (20) Asia (21), North America (6), South America
(1) and Oceania (1) Gaw,S.et.al To date, 113 pharmaceuticals and pharmaceutical
metabolites have been detected in coastal waters at concentrations ranging from 0.01
to 6800 ng I~! with the maximum concentrations for 69 of these compounds exceeding
the European Medicines Agency threshold for predicted environmental concentrations
for surface waters of 0.01 ug I”' Committee for Medicinal Products for Human Use
(CHMP). 2006). Some authors claim this could be underestimated based on extraction
procedure. Rate of accumulation of pharmaceuticals in different strata of the marine
environment shows that the sediment is a reservoir for the accumulation of
pharmaceuticals in marine ecosystems and can act as a secondary pollution source
from which pharmaceuticals can be released by changes in environmental conditions
such as salinity and pH Liang,et.al.,2013. Sediments can be resuspended during tidal
changes and during storm events exposing marine biota to sorbed pharmaceuticals.
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Twenty-two studies reporting sediment concentrations of pharmaceuticals for
estuarine and marine environments have been published since 2000. In total, 62
pharmaceuticals and transformation products have been detected in marine sediments
at concentrations up to 2 615 000 ng g~' wet weight Gaw,S.et.al.2014.

9 Five hundred and fifty-nine pharmaceuticals have been detected globally in
wastewater treatment plant effluent, influent, and sludge. Diclofenac was the most
commonly detected pharmaceutical. Nearly as common were carbemazepine (an
antiepileptic), sulfamethoxazole (an antibiotic), and ibuprofen and naproxen
(analgesics). Ethinyl estradiol has been detected in all United Nations regions, as has
the lipid-lowering drug clofibric acid (aus der Beek, et al., 2016).

” Upgrading wastewater treatment plants is expensive. Recommendations
about the most effective and affordable techniques for removal would be
useful; however even the best current technologies cannot remove all
emerging pollutants at all times. Focusing on one compound at a time is
impractical when mixtures of compounds could be far more dangerous than
any individual emerging pollutant. A lack of standardized monitoring
strategies worldwide and case-by-case approach to studies of impacts from
pharmaceuticals and personal care products mean that there is no
universal understanding of which wastewater treatment methods are 'best’,
or which emerging pollutants are 'worst™. “Detection of pharmaceuticals in
the aquatic environment has largely been reported in the USA, European
Union, Japan, and Australia, because these affluent countries account for
the vast majority of pharmaceutical consumption. In the European Union,
pharmaceutical use is increasing 3-4% by weight each year. Because of
this, the majority of action taken to address pharmaceuticals and personal
care products in the environment has also been in these countries”.

Fate

10 Gaw,S. et al. 2014 reported that according to their review researchers reported
factors reported leading to increase concentrations of pharmaceuticals in seawater
and sediment to include proximity to WWTP outfalls, higher effluent outflows, size of
the urban area and population, the number of rivers discharging into coastal waters,
the type of wastewater treatment, low mixing and dilution rates for WWTP effluents,
the hydrodynamic flushing and residence time for confined water bodies, the type,
scale and density of animal husbandry, and proximity to aquaculture. Typical municipal
wastewater treatment plants are not designed with the goal of removing
pharmaceuticals and personal care products effectively. In general, primary treatment
by physiochemical methods such as coagulation and flocculation are unable to remove
endocrine disrupting compounds and pharmaceuticals and personal care products
from effluent streams (Bolong, et al., 2009; Gavrilescu, et al., 2015). Chlorination has
also not been shown to be effective in removing the majority of pharmaceuticals.
Activated sludge and other forms of biological treatment have shown varying rates of
removal for pharmaceuticals, ranging from less than 20% to greater than 90% (World
Health, 2014). More promising are advanced wastewater treatment processes,
including ozonation, activated carbon and membrane nanofiltration and reverse
osmosis, and advanced oxidation technologies. One promising option that is still being
explored is the use of natural or constructed wetlands for treatment. Operational
configurations of treatment plants and the type of compound they are aiming to remove
influence the effectiveness of removal for each individual compound.

11 Many factors have been related to uptake and accumulation of Pharmaceutical
in marine organisms by various authors such factors are: type of species and body-
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tissue, gender and so on. These preferential uptakes have implications for
ecotoxicological impacts and human exposure to pharmaceuticals via consumption of
seafood, Sally eta.al

12 Field data for bioaccumulation of pharmaceuticals in marine organisms is
limited. Field-derived bioaccumulation factors (BAFs) for pharmaceuticals in mussels
from San Francisco Bay included dehydropnifedipine (290-764), carbamezepine (90—
322), diphenhydramine (118-218), triamterene (57—71) and erythromycin-H.O (11—
54). The BAFs varied between sites by up to a factor of 7 Klosterhaus,S.L.2013
Bioconcentration factors (BCFs) ranged from 1300 to 1500 for uptake of 17a-
ethinyloestradiol by mussels (M. galloprovincialis) harvested from Venice Lagoon, Italy
Pojana,G2007 Field-derived BAFs for antibiotics ranged from 0 to 11 000 in shellfish
collected from the coastal environment of Dalian in China. Based on the average
BAFs, the authors concluded that sulfamethazine, sulfamethiazole,
sulfamonomethoxine and doxycycline are potentially bioaccumulative and that
sulfadiazine, sulfameter, sulfamethoxypyridazine and chloramphenicol are
bioaccumulative in shellfish Na,G.2013.

Effects

13 Despite the limited number of studies, a wide variety of adverse effects have
been reported for marine organisms with the effects being both test species and
pharmaceutical specific. Examples of reported adverse effects for analgesics include
reduced feeding rates Sole,M.2010 impacts on survival Guler,Y.2010, reduced mussel
byssus strength Ericson,H.2010 and changes in immune response Sole,M.2010 and
biochemical markers Gonzalez,M.2014. Studies have tended to focus on endpoints
related to the therapeutic mode of action of the pharmaceutical. For example, reduced
survival and developmental effects have been reported for anti-cancer drugs whereas
studies on anti-depressant drugs have focused on neurobehavioural endpoints and
spawning Bossus,M.C.2013 & Di Poi C 2013. The reported no observable effect
concentrations (NOECs) and lowest observable effect concentrations (LOECS) ranged
from several orders of magnitude above environmental concentrations to comparable
to reported environmental concentrations.

14 Pharmaceuticals are present in marine ecosystems as mixtures complicating
risk assessments. These complex mixtures may contain a wide variety of
pharmaceuticals and other contaminants as well as a number of compounds from the
same class (e.g. quinolone antibiotics) or with similar modes of action (e.g. non-
steroidal anti-inflammatories) Backhaus,T.2004. Additive effects have been reported
for mixtures of pharmaceuticals on marine organisms. Delorenzo,M.E. et.al.2008
investigated the toxicity of six pharmaceuticals and personal care products to the
marine phytoplankton species Dunaliella tertiolecta both singly and in binary mixtures
and reported additive toxicity for a mixture containing simvastatin and clofibric acid. As
mixture toxicity effects including synergistic effects have also been reported for
freshwater organisms and cell lines Shnell S.Bols 2009, NOECs and LOECs derived
from single substance testing may not be sufficient for deriving environmental quality
standards Blackhaus,J,2000.

15 Marine food webs could either be directly affected through bioaccumulation of
pharmaceuticals in the food chain to toxic levels or indirectly through the loss of a key
species particularly sensitive to pharmaceuticals. The impacts of pharmaceuticals on
primary producers such as phytoplankton is a key concern for marine ecosystems due
to the potential follow on effects on nutrient cycling and availability of food for other
organisms Delorenzo,M.E.2008. Similarly, endocrine disrupting compounds which
impact growth and reproduction in fish have the potential to affect predator and prey
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species Kidd,K.A.2014. the degree to which they are metabolized in the bodies of
target organisms, in addition to their degradation rates and partitioning of the
compound in sediments and the water column (Corcoran, et al., 2010). Some
pharmaceuticals are partially metabolized Concentrations of pharmaceuticals detected
in the aquatic environment are impacted by in the body of the target, others pass
through completely without having crossed the gut wall and are excreted without any
change. Concentrations of pharmaceuticals in wastewater also vary seasonally based
on temperature, solar radiation, and precipitation rate (Deblonde,et al., 2011).

16 Some pharmaceuticals and personal care products have very high acute
aguatic toxicity, while others elicit more subtle effects that are much more difficult to
detect (Daughton & Ternes, 1999). Furthermore, some emerging pollutants may
degrade very quickly, but still have the same level of impact as traditional priority
pollutants that are both toxic and persistent because they enter the environment
continuously over long periods of time (World Health Organisation, 2014).

17 Some areas are at greater risk than others. Densely populated cities where
waste flows directly into nearby surface waters are at great risk, as are developed
nations where pharmaceutical use is significant and growing rapidly. Even in remote
areas, however, there is a potential for exposure to emerging pollutants. The
persistent nature of many compounds means that they can be transported over long
distances, and a diverse array of harmful substances disproportionate to the amount
consumed locally have been reported in ecosystems of small island developing states.
This is true of pharmaceuticals and personal care products, microplastics, heavy
metals, and more (UN Environment, 2014).

18 Climate change may also lead to changes in distribution and effects of
emerging pollutants. In areas with more intense rainfall, the frequency and severity of
polluted urban storm flows is expected to increase. Flushing to water bodies of organic
pollutants will likely increase along with it. Hot, dry summers and droughts will
decrease river flow, reducing contaminant dilution capacity and elevating
concentrations in some areas (Boxall, 2011).

“It is likely that newly developed technologies will have both positive and
negative impacts in this field. Companies are working to produce more
'‘pure’ forms of drugs with only the desired enantiomers. This will make
drugs more effective at lower doses and less active pharmaceutical
ingredients will be excreted into wastewater. It will also mean that lower
detection limits will be needed, as lower doses will potentially grow more
potent, with greater environmental impacts. Cutting edge nano-
technologies promise exciting improvements in health and other fields, but
their impacts on the environment are still not well understood”

19 At this stage, expansion of research and improvements in monitoring capacity
are the most important actions needed to address emerging pollutants.
Comprehensive policies and regulations can then be developed to prevent harm from
the most dangerous emerging pollutants, particularly to vulnerable populations. The
precautionary principle should be emphasised, but only in careful and evidence-based
ways. We must do our best to respond to emerging pollutants, while avoiding undue
or unnecessarily expensive burdens on communities that are only now beginning to
realize the benefits of pharmaceuticals and personal care products for human health
and well-being.

20 Widespread antibiotic resistance has been reported in fish, marine mammals
and seabirds living in coastal waters including in the North Eastern United States
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Rose,J.M.2009.Higher prevalence of antibiotic-resistant strains of bacteria has been
reported for marine wildlife populations exposed to sewage Blackburn,Jk,20010 and
there is evidence to suggest that the antibiotic-resistant bacteria present in seabirds
are of human origin Bonnedah,L.J.2009. The presence of antibiotic resistance genes
in marine ecosystems may be an indicator of ecological shifts occurring due to the
presence of pharmaceuticals Delorenzo,M.E.2008.

21 Literature review has highlighted that human and veterinary pharmaceuticals
and their transformation products (including metabolites) are present in coastal
ecosystems.

22 Occurrence data for the marine environment are only available for a tiny
fraction of the large number of pharmaceuticals currently in global use. There are
extremely limited laboratory ecotoxicology data for the impacts of pharmaceuticals on
marine organisms and a marked lack of field data. As for other ecosystems, a forward-
looking prioritization approach is needed for the marine risk assessment of both
generic and novel prescription pharmaceuticals. For example, such an approach has
been successfully used for Tamiflu that involved defining both the predicted exposure
concentration (PECmaine) and predicted no-effect concentrations (PNECmarine) tO
provide a prospective risk assessment Huchinson,T.H.et.al.2009.. For the PNECmarine
to be reliable, it is important to consider the mode of action of the pharmaceutical, for
instance, through the evaluation of Adverse Outcome Pathways in freshwater
organisms and to extrapolate this to marine species Huchinson, T.H.2013. An Adverse
Outcome Pathway is a conceptual framework for the link between exposure, the
interaction of a contaminant at the molecular level within a cell and an adverse
outcome or toxicological endpoint at the individual or community level.

23 As highlighted in reviews for pharmaceutical concentrations in freshwater
Hughes,S.R.et.al2012 there is a marked absence of data for pharmaceuticals in
marine environments in many regions (notably Africa, South America and small island
nations in Oceania). These data gaps could easily be overcome by collaboration
between well-resourced groups, with access to appropriate technology and validated
analytical methods in developed countries, and local scientists in developing countries,
at the same time providing valuable scientific and technical training.

24 There are insufficient data on the potential for impacts on higher trophic levels,
either through trophic transfer of pharmaceuticals or indirect effects, such as limited
availability of food, due to impacts on lower trophic levels including algae. For high
priority pharmaceuticals, it would be desirable to extend the environmental
assessment to include fish-eating birds and mammals as recently illustrated by Murray
Smith,R.J.et.al.201.

Facts from perusal of literature

+ Unwanted presences of anthropogenic pharmaceuticals have been
established in the marine environment;

+ Adverse effects of these pharmaceuticals have been recorded:;

+ The pharmaceuticals occur in combinations and can cause potentiated effects
through bioaccumulation in the marine environment and aquatic ecosystem;

+ Many factors can enhance the uptake of pharmaceuticals in aquatic the
organisms such as gender, genetic configuration, body tissue mass and such
can spell the rate and mode of bioaccumulation in the higher tropic level of the
food we and food chain; and
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+ Paucity of data and research concerning concentration and impact on human
and other organisms on the higher trophic level of the food chain/web and some
regions of the world such as Small Island states, Africa amongst others.

Action requested of GESAMP

25 GESAMP is kindly invited to consider the facts so presented and approve a
mapping study to investigate the presence of pharmaceuticals in the marine
environment starting with those regions of the world were little or no research has been
carried out in this subject area Such regions being suggested to be given primary
concern are small island states, Africa and so on. Rapid assessment of the possible
public health impact to human should be an integral part of the study, enhanced waste
water treatment methods to prevent the entrance of pharmaceuticals into the marine
environment, assay of pattern of accumulation in the marine environment and
organisms amongst others.

* * %

L:\med\LONCONOF\GESAMP\SESSIONS\44\Documents\44_7_4.docx



REFERENCES:

Aus der Beek, T., Weber, F., Bergmann, A., Hickmann, S., Ebert, I., Hein, A. & Kuster,
A. (2016). Pharmaceuticals in the Environment- Global Occurrences and Perspectives.
Environmental Toxicology and Chemistry, 35 (4), p. 823-35.

Backhaus T. 2014. Medicines, shaken and stirred: a critical review on the
ecotoxicology of pharmaceutical mixtures. Phil. Trans. R. Soc. B 369, 20130585.
(doi:10.1098/rsth.2013.0585) [PMC free article] [PubMed].

Benotti MJ, Brownawell BJ. 2007. Distributions of pharmaceuticals in an urban estuary
during both dry- and wet-weather conditions. Environ. Sci. Technol. 41, 5795-5802.
(d0i:10.1021/es0629965) [PubMed].

Blackburn JK, Mitchell MA, Blackburn M-CH, Curtis A, Thompson BA. 2010. Evidence
of antibiotic resistance in free-swimming, top-level marine predatory fishes. J. Zoo
Wildlife Med. 41, 7-16. (doi:10.1638/2007-0061.1) [PubMed].

Bolong, N., Ismail, A. F., Salim, M. R., & Matsuura, T. (2009). A review of the effects
of emerging contaminants in wastewater and options for their removal. Desalination,
239(1), 229-246.

Bonnedahl J, et al. 2009. Dissemination of Escherichia coli with CTX-M type ESBL
between humans and yellow-legged gulls in the south of France. PLoS ONE 4, e5958.
(doi:10.1371/journal.pone.0005958) [PMC free article] [PubMed].

Bossus MC, Guler YZ, Short SJ, Morrison ER, Ford AT. 2013. Behavioural and
transcriptional changes in the amphipod Echinogammarus marinus exposed to two
antidepressants, fluoxetine and sertraline. Aquat. Toxicol. 151, 46-56.
(doi:10.1016/j.aguatox.2013.11.025) [PubMed].

Boxall, A. B. A. (2011). Hazardous substances in Europe's fresh and marine waters:
An overview. Publications Office of the European UnionHughes SR, Kay P, Brown LE.
2012. Global synthesis and critical evaluation of pharmaceutical data sets collected
from river systems. Environ. Sci. Technol. 47, 661-677. (d0i:10.1021/es3030148)
[PMC free article] [PubMed].

Chen B, Nie X, Shi Z, Huang X, Li X. 2013. The distribution and partitioning of common
antibiotics in water and sediment of the Pearl River Estuary, South China.
Chemosphere 92, 1410-1416. (doi:10.1016/j.chemosphere.2013.03.044) [PubMed]
Zheng S, et al. 2011. Antibiotics pollution in Jiulong River estuary: source, distribution
and bacterial resistance. Chemosphere 84, 1677-1685.
(doi:10.1016/j.chemosphere.2011.04.076) [PubMed].

Corcoran, J., Winter, M. J., & Tyler, C. R. (2010). Pharmaceuticals in the aquatic
environment: a critical review of the evidence for health effects in fish. Critical reviews
in toxicology, 40(4), 287-304.

Daughton, C. G., & Ternes, T. A. (1999). Pharmaceuticals and personal care products

in the environment: agents of subtle change?. Environmental health perspectives,
107(Suppl 6), 907.

L:\med\LONCONOF\GESAMP\SESSIONS\44\Documents\44_7_4.docx


http://dx.doi.org/10.1098/rstb.2013.0585
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4213595/
https://www.ncbi.nlm.nih.gov/pubmed/25405972
http://dx.doi.org/10.1021/es0629965
https://www.ncbi.nlm.nih.gov/pubmed/17874789
http://dx.doi.org/10.1638/2007-0061.1
https://www.ncbi.nlm.nih.gov/pubmed/20722248
http://dx.doi.org/10.1371/journal.pone.0005958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2694269/
https://www.ncbi.nlm.nih.gov/pubmed/19536298
http://dx.doi.org/10.1016/j.aquatox.2013.11.025
https://www.ncbi.nlm.nih.gov/pubmed/24373616
http://dx.doi.org/10.1021/es3030148
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3636779/
https://www.ncbi.nlm.nih.gov/pubmed/23227929
http://dx.doi.org/10.1016/j.chemosphere.2013.03.044
https://www.ncbi.nlm.nih.gov/pubmed/23628172
http://dx.doi.org/10.1016/j.chemosphere.2011.04.076
https://www.ncbi.nlm.nih.gov/pubmed/21620433

-10 -

Deblonde, T., Cossu-Leguille, C. & Hartemann, P. (2011). Emerging pollutants in
wastewater: a review of the literature. International journal of hygiene and
environmental health 214 (6) 442-448.

DeLorenzo ME, Fleming J. 2008. Individual and mixture effects of selected
pharmaceuticals and personal care products on the marine phytoplankton species
Dunaliella tertiolecta. Arch. Environ. Contam. Toxicol. 54, 203-210.
(doi:10.1007/s00244-007-9032-2) [PubMed].

Di Poi C, Darmaillacq A-S, Dickel L, Boulouard M, Bellanger C. 2013. Effects of
perinatal exposure to waterborne fluoxetine on memory processing in the cuttlefish
Sepia officinalis. Aquat. Toxicol. 132, 84-91. (doi:10.1016/j.aquatox.2013.02.004)

[PubMed].

Ericson H, Thorsén G, Kumblad L. 2010. Physiological effects of diclofenac, ibuprofen
and propranolol on Baltic Sea blue mussels. Aquat. Toxicol. 99, 223-231.
(doi:10.1016/j.aquatox.2010.04.017) [PubMed].

Fedorova G, Nebesky V, Randak T, Grabic R. 2014. Simultaneous determination of
32 antibiotics in aquaculture products using LC-MS/MS. Chem. Pap. 68, 29-36.
(doi:10.2478/s11696-013-0428-3).

Franzellitti S, Buratti S, Capolupo M, Du B, Haddad SP, Chambliss CK, Brooks BW,
Fabbri E. 2013. An exploratory investigation of various modes of action and potential
adverse outcomes of fluoxetine in marine mussels. Aquat. Toxicol. 151, 14-26.
(doi:10.1016/j.aquatox.2013.11.016) [PubMed].

Gonzalez-Rey M, Bebianno MJ. 2014. Effects of non-steroidal anti-inflammatory drug
(NSAID) diclofenac exposure in mussel Mytilus galloprovincialis. Aquat. Toxicol. 148,
221-230. (doi:10.1016/j.aquatox.2014.01.011) [PubMed].

Guler Y, Ford AT. 2010. Anti-depressants make amphipods see the light. Aquat.
Toxicol. 99, 397—404. (doi:10.1016/j.aquatox.2010.05.019) [PubMed].

Gulkowska A, He Y, So M, Yeung LW, Leung H, Giesy J, Lam PKS, Martin M,
Richardson BJ. 2007. The occurrence of selected antibiotics in Hong Kong coastal
waters. Mar. Pollut. Bull. 54, 1287-1293. (doi:10.1016/].marpolbul.2007.04.008)

[PubMed].

Hutchinson TH, Beesley A, Frickers PE, Readman JW, Shaw JP, Straub JO. 2009.
Extending the environmental risk assessment for oseltamivir (Tamiflu) under pandemic
use conditions to the coastal marine compartment. Environ. Int. 35, 931-936.
(doi:10.1016/j.envint.2009.04.001) [PubMed].

Jia A, Hu J, Wu X, Peng H, Wu S, Dong Z. 2011. Occurrence and source
apportionment of sulfonamides and their metabolites in Liaodong Bay and the adjacent
Liao River Basin, North China. Environ. Toxicol. Chem. 30, 1252-1260.
(doi:10.1002/etc.508) [PubMed].

Kidd KA, Paterson MJ, Rennie MD, Podemski CL, Findlay DL, Blanchfield PJ, Liber K.
2014. Direct and indirect responses of a freshwater food web to a potent synthetic
oestrogen. Phil. Trans. R. Soc. B 369, 20130578. (d0i:10.1098/rstb.2013.0578) [PMC
free article] [PubMed].

L:\med\LONCONOF\GESAMP\SESSIONS\44\Documents\44_7_4.docx


http://dx.doi.org/10.1007/s00244-007-9032-2
https://www.ncbi.nlm.nih.gov/pubmed/17846821
http://dx.doi.org/10.1016/j.aquatox.2013.02.004
https://www.ncbi.nlm.nih.gov/pubmed/23474317
http://dx.doi.org/10.1016/j.aquatox.2010.04.017
https://www.ncbi.nlm.nih.gov/pubmed/20554059
http://dx.doi.org/10.2478/s11696-013-0428-3
http://dx.doi.org/10.1016/j.aquatox.2013.11.016
https://www.ncbi.nlm.nih.gov/pubmed/24361074
http://dx.doi.org/10.1016/j.aquatox.2014.01.011
https://www.ncbi.nlm.nih.gov/pubmed/24525329
http://dx.doi.org/10.1016/j.aquatox.2010.05.019
https://www.ncbi.nlm.nih.gov/pubmed/20591511
http://dx.doi.org/10.1016/j.marpolbul.2007.04.008
https://www.ncbi.nlm.nih.gov/pubmed/17553528
http://dx.doi.org/10.1016/j.envint.2009.04.001
https://www.ncbi.nlm.nih.gov/pubmed/19395032
http://dx.doi.org/10.1002/etc.508
https://www.ncbi.nlm.nih.gov/pubmed/21351294
http://dx.doi.org/10.1098/rstb.2013.0578
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4213590/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4213590/
https://www.ncbi.nlm.nih.gov/pubmed/25405967

-11 -

Klosterhaus SL, Grace R, Hamilton MC, Yee D. 2013. Method validation and
reconnaissance of pharmaceuticals, personal care products, and alkylphenols in
surface waters, sediments, and mussels in an urban estuary. Environ. Int. 54, 92-99.
(doi:10.1016/j.envint.2013.01.009) [PubMed].

Lara-Martin PA, Gonzélez-Mazo E, Petrovic M, Barcel6 D, Brownawell BJ. 2014.
Occurrence, distribution and partitioning of nonionic surfactants and pharmaceuticals
in the urbanized Long Island Sound Estuary (NY). Mar. Pollut. Bull. 85, 710-719.
(doi:10.1016/j.marpolbul.2014.01.022) [PubMed].

Le Bris H, Pouliguen H. 2004. Experimental study on the bioaccumulation of
oxytetracycline and oxolinic acid by the blue mussel (Mytilus edulis). An evaluation of
its ability to bio-monitor antibiotics in the marine environment. Mar. Pollut. Bull. 48,
434-440. (doi:10.1016/j.marpolbul.2003.08.018) [PubMed].

Li W, Shi Y, Gao L, Liu J, Cai Y. 2012. Investigation of antibiotics in mollusks from
coastal waters in the Bohai Sea of China. Environ. Pollut. 162, 56-62.
(doi:10.1016/j.envpol.2011.10.022) [PubMed].

Madureira TV, Barreiro JC, Rocha MJ, Rocha E, Cass QB, Tiritan ME. 2010.
Spatiotemporal distribution of pharmaceuticals in the Douro River estuary (Portugal).
Sci. Total Environ. 408, 5513-5520. (doi:10.1016/j.scitotenv.2010.07.069) [PubMed].

Maruya KA, Vidal-Dorsch DE, Bay SM, Kwon JW, Xia K, Armbrust KL. 2012. Organic
contaminants of emerging concern in sediments and flatfish collected near outfalls
discharging treated wastewater effluent to the Southern California Bight. Environ.
Toxicol. Chem. 31, 2683—-2688. (doi:10.1002/etc.2003) [PubMed].

McEneff G, Barron L, Kelleher B, Paull B, Quinn B. 2014. A year-long study of the
spatial occurrence and relative distribution of pharmaceutical residues in sewage
effluent, receiving marine waters and marine bivalves. Sci. Total Environ. 476, 317—
326. (doi:10.1016/j.scitotenv.2013.12.123) [PubMed].

Moore JE, Rao JR, Moore PJ, Millar BC, Goldsmith CE, Loughrey A, Rooney PJ. 2010.
Determination of total antibiotic resistance in waterborne bacteria in rivers and streams
in Northern Ireland: can antibiotic-resistant bacteria be an indicator of ecological
change? Aquat. Ecol. 44, 349-358. (d0i:10.1007/s10452-009-9294-27).

Murray-Smith RJ, Coombe VT, Gronlund MH, Waern F, Baird JA. 2012. Managing
emissions of active pharmaceutical ingredients from manufacturing facilities: an
environmental quality standard approach. Integr. Environ. Assess. Manage. 8, 320—
330. (doi:10.1002/ieam.1268) [PubMed].

Na G, Fang X, Cai Y, Ge L, Zong H, Yuan X, Yao Z, Zhang Z. 2013. Occurrence,
distribution, and bioaccumulation of antibiotics in coastal environment of Dalian, China.
Mar. Pollut. Bull. 69, 233-237. (doi:10.1016/].marpolbul.2012.12.028) [PubMed].

Pojana G, Gomiero A, Jonkers N, Marcomini A. 2007. Natural and synthetic endocrine
disrupting compounds (EDCs) in water, sediment and biota of a coastal lagoon.
Environ. Int. 33, 929-936. (doi:10.1016/j.envint.2007.05.003) [PubMed].

Rose JM, Gast RJ, Bogomolni A, Ellis JC, Lentell BJ, Touhey K, Moore M. 2009.
Occurrence and patterns of antibiotic resistance in vertebrates off the Northeastern
United States coast. FEMS Microbiol. Ecol. 67, 421-431. (doi:10.1111/j.1574-
6941.2009.00648.x) [PMC free article] [PubMed].

L:\med\LONCONOF\GESAMP\SESSIONS\44\Documents\44_7_4.docx


http://dx.doi.org/10.1016/j.envint.2013.01.009
https://www.ncbi.nlm.nih.gov/pubmed/23527629
http://dx.doi.org/10.1016/j.marpolbul.2014.01.022
https://www.ncbi.nlm.nih.gov/pubmed/24467856
http://dx.doi.org/10.1016/j.marpolbul.2003.08.018
https://www.ncbi.nlm.nih.gov/pubmed/14980459
http://dx.doi.org/10.1016/j.envpol.2011.10.022
https://www.ncbi.nlm.nih.gov/pubmed/22243847
http://dx.doi.org/10.1016/j.scitotenv.2010.07.069
https://www.ncbi.nlm.nih.gov/pubmed/20732709
http://dx.doi.org/10.1002/etc.2003
https://www.ncbi.nlm.nih.gov/pubmed/22987513
http://dx.doi.org/10.1016/j.scitotenv.2013.12.123
https://www.ncbi.nlm.nih.gov/pubmed/24472720
http://dx.doi.org/10.1007/s10452-009-9294-z
http://dx.doi.org/10.1002/ieam.1268
https://www.ncbi.nlm.nih.gov/pubmed/22057894
http://dx.doi.org/10.1016/j.marpolbul.2012.12.028
https://www.ncbi.nlm.nih.gov/pubmed/23465572
http://dx.doi.org/10.1016/j.envint.2007.05.003
https://www.ncbi.nlm.nih.gov/pubmed/17559935
http://dx.doi.org/10.1111/j.1574-6941.2009.00648.x
http://dx.doi.org/10.1111/j.1574-6941.2009.00648.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5444207/
https://www.ncbi.nlm.nih.gov/pubmed/19187217

-12 -

Sally Gaw et al.2014.Sources,impacts and trend of pharmaceuticals in the marine and
coastal environment,Philosopical transactions of the Royal Society ,Biological
science:http/dx doi.org/10.1039/9781782622345-00070.

Schnell S, Bols NC, Barata C, Porte C. 2009. Single and combined toxicity of
pharmaceuticals and personal care products (PPCPs) on the rainbow trout liver cell
line RTL-W1. Aquat. Toxicol. 93, 244-252. (doi:10.1016/[.aquatox.2009.05.007)

[PubMed].

Sekovski |, Newton A, Dennison WC. 2012. Megacities in the coastal zone: using a
driver-pressure-state-impact-response framework to address complex environmental
problems. Estuarine Coastal Shelf Sci. 96, 48-59. (doi:10.1016/j.ecss.2011.07.011).

Solé M, Shaw JP, Frickers PE, Readman JW, Hutchinson TH. 2010. Effects on feeding
rate and biomarker responses of marine mussels experimentally exposed to
propranolol and acetaminophen. Anal. Bioanal. Chem. 396, 649-656.
(doi:10.1007/s00216-009-3182-1) [PubMed].

Vasskog T, Anderssen T, Pedersen-Bjergaard S, Kallenborn R, Jensen E. 2008.
Occurrence of selective serotonin reuptake inhibitors in sewage and receiving waters
at Spitsbergen and in Norway. J. Chromatogr. A 1185, 194-205.
(d0i:10.1016/j.chroma.2008.01.063) [PubMed].

Zou S, XuW, Zhang R, Tang J, Chen Y, Zhang G. 2011. Occurrence and distribution
of antibiotics in coastal water of the Bohai Bay, China: impacts of river discharge and
aquaculture activities. Environ. Pollut. 159, 2913-2920.
(doi:10.1016/j.envpol.2011.04.037) [PubMed].

WHO (2014). Pharmaceuticals in Drinking-water. ISBN 978 92 4 150208 5.

http://apps.who.int/iris/bitstream/10665/44630/1/9789241502085 engq.pdf.

Http//en.wikipedia.org-pharmaceutical.

www.ncbi.nlm.nih.gov-EarlyS.

www,google.ng-origin of pharmaceuticals.

WWW.un.org.natinfo.pop coastal areas.

L:\med\LONCONOF\GESAMP\SESSIONS\44\Documents\44_7_4.docx


http://dx.doi.org/10.1016/j.aquatox.2009.05.007
https://www.ncbi.nlm.nih.gov/pubmed/19500862
http://dx.doi.org/10.1016/j.ecss.2011.07.011
http://dx.doi.org/10.1007/s00216-009-3182-1
https://www.ncbi.nlm.nih.gov/pubmed/19838684
http://dx.doi.org/10.1016/j.chroma.2008.01.063
https://www.ncbi.nlm.nih.gov/pubmed/18280486
http://dx.doi.org/10.1016/j.envpol.2011.04.037
https://www.ncbi.nlm.nih.gov/pubmed/21576000
http://apps.who.int/iris/bitstream/10665/44630/1/9789241502085_eng.pdf
http://www.ncbi.nlm.nih.gov-early/
http://www.un.org.natinfo.pop_coastal_areas/

