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Appendix | List of 25 pharmaceuticals identified as
Environmentally Harmful by the Stockholm group (in
Swedish)

Forteckning 6ver miljobelastande lakemedel med atgardsforslag framtagen inom ramen for Region Stockholms miljéprogram

2017-2021

Substans Motiveringar Atgirdsforslag

Matningar avser Sverige om inget annat anges. Atgirdsforslagen ar framtagna i samrad med Region Stockholms
lakemedelskommitté och dess expertgrupper, och ar utifran ett
miljoperspektiv for att uppna malet i miljoprogrammet med
minskade utslapp av miljébelastande likemedel. Observera att
patientens basta alltid gar i forsta hand, se rekommenderade
lakemedel i Kloka listan. Flera lakemedel pa forteckningen finns
ocksa med i Kloka listan men aven for sadana lakemedel finns
konkreta tips pa hur man kan arbeta som kan innebéra minskad
belastning pa miljon. For flera miljobelastande substanser har
miljdutredningar genomforts for jamforbara alternativ pa Kloka
listan.

P& grund av risk for ekotoxiska halter av amoxicillin i
vatten évervakas substansen inom ramen for ¢ Amoxicillin rekommenderas i Kloka listan. Eradikering av

Heli lori 3 strikt indikation.
EU:s vattenlagstiftning for att "ka kunskapen elicobacter pylori endast pd strikt indikation

Amoxicillin om férekomst och spridning av antimikrobiella ¢ For antibiotika géller generellt s restriktiv anvéndning som
substanser i miljon". Utifran forvantade mojligt utan att riskera patientens hélsa. Relevanta
koncentrationer i
odlingar viktigt for att kunna vélja antibiotikum som har god
avloppsreningsverk riskerar amoxicillin att selektera  effekt med s& smalt spektrum som mojligt.
for antibiotikaresistenta bakterier.
¢ Azitromycin rekommenderas i Kloka listan for behandling av
Pa grund av risk for ekotoxiska halter av azitromycin Mycoplasma genitalium.
i vatten dvervakas substansen inom ramen for  For antibiotika galler generellt s restriktiv anvdndning som
EU:s vattenlagstiftning. Utifrdn uppmitta halter i mojligt utan att riskera patientens hélsa. Relevanta
a.\_llopp‘sr‘enllngsve‘rk selekterar zfmtromysln eventu?vllt odlingar viktigt for att kunna vélja antibiotikum som har god
. . for antibiotikaresistenta bakterier. Kan "samverka s .
Azitromycin effekt med sd smalt spektrum som mojligt.

i miljon med 6vriga makrolidantibiotika, exempelvis
erytromycin, klaritromycin och roxitromycin.

e Ciprofloxacin rekommenderas vid febril UVI hos vuxna i Kloka
listan som alternativ férstahandsbehandling

tillsammans med trimetoprim-sulfametoxazol.

e Ciprofloxacin ska inte anvandas vid empirisk behandling
av nedre urinvédgsinfektion utan feber, dd rekommenderas
nitrofurantoin (i Kloka listan och &r béattre frdn miljésynpunkt an
ciprofloxacin) eller pivmecillinam (i Kloka

Pa grund av risk for ekotoxiska halter av
ciprofloxacin i vatten 6vervakas substansen
inom ramen for EU:s vattenlagstiftning for att

Ciprofloxacin oka kunskapen om férekomst och spridning

av antimikrobiella substanser i miljon". Utifran listan och &r ett rimligt alternativ till ciprofloxacin fran
uppmatta halter i avloppsreningsverk riskerar miljésynpunkt). Nitrofurantoin beddéms utgéra den lagsta
ciprofloxacin att selektera for antibiotikaresistenta

bakterier. miljorisken av dessa.

¢ For antibiotika galler generellt sa restriktiv anvandning som
mojligt utan att riskera patientens hélsa. Relevanta

odlingar viktigt for att kunna vélja antibiotikum som har god
effekt med sa smalt spektrum som mojligt.



http://klokalistan2.janusinfo.se/20201/
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Substans Motiveringar Atgirdsforslag
Matningar avser Sverige om inget annat Atgardsforslagen ar framtagna i samrad med Region Stockholms
anges. lakemedelskommitté och dess expertgrupper, och ar utifran ett
miljoperspektiv for att uppna malet i miljoprogrammet med
minskade utslapp av miljobelastande lakemedel. Observera att
patientens bésta alltid gar i forsta hand, se rekommenderade
lakemedel i Kloka listan. Flera lakemedel pa forteckningen finns
ocksa med i Kloka listan men dven for sddana lakemedel finns
konkreta tips pa hur man kan arbeta som kan innebara minskad
belastning pa miljon. For flera miljobelastande substanser har
miljoutredningar genomforts for jamforbara alternativ pa Kloka
listan.
¢ Vid behandling av depression satts i forsta hand icke
farmakologisk behandling och/eller atgérder in (t.ex. KBT och
fysisk aktivitet) ensamt eller i kombination med ldkemedel.
Undvik 6verkonsumtion av alkohol.
e Citalopram rekommenderas inte i Kloka listan. Istallet
rekommenderas escitalopram. Frdn miljosynpunkt finns det
Koncentrationer av citalopram i fisk exponerad  en riskbild fér sivil rekommenderade likemedel i Kloka listan
for renat avloppsvatten motsvarar terapeutiska  (escitalopram, fluoxetin, klomipramin och sertralin) som for
Citalopram, nivaer hos méanniska. Halter i miljon av flera sidana som inte rekommenderas (paroxetin och venlafaxin). For
escitalopram SSRI/SNRI éverstiger de koncentrationer som substanser dar det finns god information om miljérisken innebar
rapporterats ha pdverkan pa vattenlevande det ingen uppenbar forbittring att byta ut en substans mot en
organismer, sérskilt ryggradslosa djur. annan. For dvriga substanser ar osikerheten kring miljorisken for
stor for att byte ska kunna rekommenderas fran miljosynpunkt.
e Undvik slentrianmdssig forskrivning av SSRI-preparat
(exempelvis escitalopram/citalopram). Utvdrdera och ompréva
behandlingen med SSRI-preparat. Kan ldkemedlet sattas ut?
o Startforpackning for escitalopram finns inom férmanen.
Halter av diazepam i vattendrag ar laga och ) ) . ) o
beddms ej medféra nagon risk. Diazepam ¢ Diazepam, retktillt och |_ntraven_ost, rekommenderas vid epilepsi
Diazepam metaboliseras dock till viss del till oxazepam och status migranosus i Kloka listan.
som i sin tur finns i halter som medfoér risk « Langverkande bensodiazepiner, exempelvis diazepam tabletter,
for miljopaverkan. Darfér kan anvdndning av bér undvikas till dldre.
diazepam bidra till risken.
e Diklofenak rekommenderas inte i Kloka listan. De NSAID-
Diklofenak P& grund av risk for ekotoxiska halter i vatten preparat (ibuprofen, ketoprofen och naproxen) + paracetamol

har diklofenak tidigare 6vervakats inom ramen
for EU:s vattenlagstiftning. Nu finns tillrackligt
med data for att bedéma om diklofenak ska
foreslds som ett prioriterat &mne nédr EU-
kommissionen nasta gang foreslar ett reviderat
sd kallat priodmnesdirektiv. For Sveriges

del har Havs- och vattenmyndigheten med
diklofenak bland sarskilda férorenande
amnen (SFA) i sin foreskrift HYMFS 2013:19
(Uppdaterad 2017-01-01),

Diklofenak éterfinns i ytvatten i halter som
rapporterats ha effekter pé fisk

som rekommenderas i Kloka listan dr alla battre fran
miljésynpunkt an diklofenak. Paracetamol &r ett mycket sékert
alternativ fran miljésynpunkt. Aven évriga beddéms medféra en
lag miljorisk, ndgot forhojd for ketoprofen.

¢ Observera att diklofenak dven séljs receptfritt (tabletter, gel,
plaster och spray). P& grund av risker for

hjartkarlbiverkningar beslutade Lidkemedelsverket att
receptbeldgga tabletter och kapslar med diklofenak fran den

1 juni 2020. Utvdrtes beredningar med diklofenak berdrs
inte av beslutet och séljs fortsatt receptfritt. Hur ser era
rekommendationer ut till patienter vad géller receptfria
smartlindrande lakemedel?

Erytromycin

P& grund av risk for ekotoxiska halter av
erytromycin i vatten évervakas substansen
inom ramen for

EU:s vattenlagstiftning. Utifran uppmatta halter
i avloppsreningsverk riskerar erytromycin att
selektera for antibiotikaresistenta bakterier.

Kan "samverka" i miljon med 6vriga
makrolidantibiotika, exempelvis azitromycin,
klaritromycin och roxitromycin.

e Erytromycin rekommenderas i Kloka listan.

e For antibiotika galler generellt sa restriktiv anvandning som
mojligt utan att riskera patientens hélsa. Relevanta

odlingar viktigt for att kunna vélja antibiotikum som har god effekt
med s& smalt spektrum som mojligt.



http://klokalistan2.janusinfo.se/20201/
https://eur-lex.europa.eu/legal-content/SV/TXT/PDF/?uri=CELEX:32018D0840&from=EN
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Substans Motiveringar Atgirdsforslag
Matningar avser Sverige om inget annat Atgirdsforslagen ar framtagna i samrad med Region Stockholms
anges. lakemedelskommitté och dess expertgrupper, och ar utifran ett
miljoperspektiv for att uppna malet i miljoprogrammet med
minskade utsldpp av miljobelastande lakemedel. Observera att
patientens basta alltid gar i forsta hand, se rekommenderade
lakemedel i Kloka listan. Flera lakemedel pa forteckningen finns
ocksa med i Kloka listan men dven for sidana lakemedel finns
konkreta tips pa hur man kan arbeta som kan innebara minskad
belastning pa miljon. For flera miljobelastande substanser har
miljoutredningar genomforts for jamforbara alternativ pa Kloka
listan.
e Estradiol rekommenderas i Kloka listan.
¢ Individuell anpassning av preventivmedel sdvél som ldkemedel
for behandling av klimakteriebesvar och symtomgivande vaginal
atrofi &r viktigt for att optimera behandlingen och undvika
biverkningar.
Pa gru.nd.av risk ff')r ekotoxiska halter av e Vid lokal applicering av plaster med estradiol (Estradot,
eStrad'O!_' vatten overvakas.sul?stans.en inom rekommenderas i Kloka listan) mot klimakteriebesvar ar den
Estradiol ramen for EUs va.tte.nllflgst.lftmng. Bidrar mangd ldkemedel som tillf6rs en individ avsevért lagre &n den dos
till dstrogenhalter i miljon tillsammans med som kravs for att ge motsvarande effekt med estradioltabletter.
exempelvis etinylestradiol och kroppseget
dstrogen. Se vidare etinylestradiol. e Sakerstéll att ni inom den egna verksamheten kasserar 6verblivet
ldkemedel samt brukade plaster och vaginalinligg pa ett korrekt
satt, http://www.janusinfo.se/Rutiner/Hantering-av-lakemedel/.
e Informera patienten om vikten av att kassera 6verblivet lakemedel
samt brukade pldster och vaginalinldgg pa ett
korrekt sétt (patientfolder "Skydda miljon slang ratt").
e Etinylestradiol (kombinerade preventivmedel) rekommenderas i
Kloka listan.
P& grund av risk for ekotoxiska halter av e Individuell anpassning av preventivmedel r viktigt for att
etinylestradiol i vatten 6vervakas substansen optimera behandlingen och undvika biverkningar.
inom ramen for EU:s vattenlagstiftning. Halter
Etinvlestradiol : vatten beddéms i vissa\ll gsuirtning e Sakerstéll att ni inom den egna verksamheten kasserar 6verblivet
y ldkemedel samt brukade p-ringar och pléster pa ett korrekt sétt,
fall vara tillrackligt hoga for att kunna paverka  http://www.janusinfo.se/Rutiner/Hantering-av-lakemedel/.
fortplantning och kénsutveckling hos fisk. e Informera patienten om vikten av att kassera éverblivet lakemedel
samt brukade p-ringar och pléster pa ett korrekt
satt (patientfolder " Skydda miljon slang ratt").
Halter i miljon bedéms kunna leda till e Felodipin rekommenderas inte i Kloka listan. | stallet
Felodipin terapeutiska rekommenderas amlodipin som &r battre fran miljésynpunkt
nivaer i fisk baserat pa &mnets fettloslighet. an felodipin.
¢ Vid behandling av depression satts i forsta hand icke
farmakologisk behandling och/eller atgérder in (t.ex. KBT och
fysisk aktivitet) ensamt eller i kombination med ldkemedel. Undvik
Overkonsumtion av alkohol.
¢ Fluoxetin rekommenderas i Kloka listan i forsta hand till barn och
ungdomar vid depression. Fluoxetin rekommenderas i Kloka listan
i andra hand vid angestsyndrom respektive tvdngssyndrom och
Fluoxetin har uppmatts i vild fisk, dock i relaterade tillstdnd. Fran miljosynpunkt finns det en riskbild for
sddana koncentrationer som motsvarar savdl rekommenderade ldkemedel i Kloka listan (escitalopram,
Fluoxetin subterapeutiska nivder hos manniska. Halter i fluoxetin, klomipramin och sertralin) som fér sddana som inte

miljén av flera SSRI/ SNRI &verstiger de som
rapporterats ha paverkan pé vattenlevande
organismer, sdrskilt ryggradslosa djur.

rekommenderas (paroxetin och venlafaxin). For substanser

dar det finns god information om miljérisken innebar det ingen
uppenbar forbdttring att byta ut en substans mot en annan. For
ovriga substanser dr osakerheten kring miljérisken for stor for att
byte ska kunna rekommenderas fran miljésynpunkt.

e Undvik slentrianmdssig forskrivning av SSRI-preparat (exempelvis
fluoxetin). Utvdrdera och ompréva behandlingen med SSRI-
preparat. Kan ldkemedlet sattas ut?

e Startforpackning finns inom férmanen.



http://klokalistan2.janusinfo.se/20201/
https://eur-lex.europa.eu/legal-content/SV/TXT/PDF/?uri=CELEX:32018D0840&from=EN
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Substans Motiveringar Atgirdsforslag
Matningar avser Sverige om inget annat Atgirdsforslagen ar framtagna i samrad med Region Stockholms
anges. lakemedelskommitté och dess expertgrupper, och ar utifran ett
miljoperspektiv for att uppna malet i miljoprogrammet med
minskade utsldpp av miljobelastande lakemedel. Observera att
patientens basta alltid gar i forsta hand, se rekommenderade
lakemedel i Kloka listan. Flera lakemedel pa forteckningen finns
ocksa med i Kloka listan men dven for sidana lakemedel finns
konkreta tips pa hur man kan arbeta som kan innebara minskad
belastning pa miljon. For flera miljobelastande substanser har
miljoutredningar genomforts for jamforbara alternativ pa Kloka
listan.
¢ Flupentixol rekommenderas inte i Kloka listan.
' Utlfran_uppmatta halter i yt\_/a_tten_beraknas o Ett alternativ vid nyinséattning kan vara aripiprazol
Flupentixol flupentixol kunna ansamlas i fisk till : : P AR,
) ) (rekommenderas i Kloka listan och dr battre fran miljosynpunkt
terapeutiska koncentrationer.
an flupentixol).
e Glibenklamid rekommenderas inte i Kloka listan.
e Individuell anpassning av ldkemedel vid behandling av diabetes
mellitus typ 2 &r viktigt for att optimera
Glibenklamid har uppmatts i vild fisk i sadana behandlingen och undvika biverkningar.
kpricentrationer som dr nara terapeutiska ¢ Alternativ kan vara glimepirid (rekommenderas i Kloka listan och
Glibenklamid nivaer har ungefir samma miljérisk som glibenklamid)
hos manniska. Det stods av dmnets ] eller repaglinid (rekommenderas i Kloka listan och &r béttre frén
fettloslighet och uppmaétta koncentrationer i miljdsynpunkt 4n glibenklamid).
avloppsvatten.
¢ Halsosamma levnadsvanor som viktnedgang vid 6vervikt,
Okad fysisk aktivitet, val sammansatt kost och att undvika
overkonsumtion av alkohol skulle kunna bidra till minskad
ldkemedelsanvandning hos vissa patienter.
Haloperidol har uppmétts i vild fisk och fisk ¢ Haloperidol rekommenderas inte i Kloka listan.
) e>.<.ponerad fo!' renat avloppS\_/atten  nivaer e Ett alternativ vid nyinsattning till patienter med schizofreni kan
Haloperidol néra terapeutiska koncentrationer hos vara aripiprazol (rekommenderas i Kloka listan och
manniska. Det stods av dmnets fettloslighet PP
och uppmitta koncentrationer i ytvatten. ar battre fran miljosynpunkt &n haloperidol).
e Irbesartan rekommenderas inte i Kloka listan.
Utifrdn uppmétta halter i ytvatten beraknas e Alternativ som angloten5|nrecgptorblolckerare kan vara
: AP kandesartan (rekommenderas i Kloka listan men osakert
irbesartan kunna ansamlas i fisk till bedémningsunderlag gor att det inte gar att avgéra om det ar
Irbesartan terapeutiska koncentrationer. Uppmaétta & & & 5 8

koncentrationer i enstaka studerade fiskar har
dock varit lagre.

fordelaktigt ur ett miljoperspektiv) eller losartan (rekommenderas i
Kloka listan och &r béttre fran miljésynpunkt an irbesartan).

o Startforpackningar for kandesartan och losartan finns inom
formanen.

Klaritromycin

P& grund av risk for ekotoxiska halter av
klaritromycin i vatten 6vervakas substansen
inom ramen for

EU:s vattenlagstiftning. Utifran

uppmaétta halter i avloppsreningsverk
riskerar klaritromycin att selektera

for antibiotikaresistenta bakterier.

Kan "samverka" i miljon med 6vriga
makrolidantibiotika, exempelvis azitromycin,
erytromycin och roxitromycin.

e Klaritromycin rekommenderas i Kloka listan. Eradikering av
Helicobacter pylori endast pa strikt indikation.

e For antibiotika géller generellt sé restriktiv anvdndning som
mojligt utan att riskera patientens hélsa. Relevanta

odlingar viktigt for att kunna vélja antibiotikum som har god effekt
med s& smalt spektrum som mojligt.



http://klokalistan2.janusinfo.se/20201/
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Substans Motiveringar Atgirdsforslag
Matningar avser Sverige om inget annat Atgirdsforslagen ar framtagna i samrad med Region Stockholms
anges. lakemedelskommitté och dess expertgrupper, och ar utifran ett

miljoperspektiv for att uppna malet i miljoprogrammet med

minskade utsldpp av miljobelastande lakemedel. Observera att
patientens basta alltid gar i forsta hand, se rekommenderade
lakemedel i Kloka listan. Flera lakemedel pa forteckningen finns
ocksa med i Kloka listan men dven for sadana lakemedel finns
konkreta tips pa hur man kan arbeta som kan innebara minskad
belastning pa miljon. For flera miljobelastande substanser har
miljoutredningar genomforts for jamforbara alternativ pa Kloka
listan.

¢ Levonorgestrel rekommenderas i Kloka listan.

¢ Individuell anpassning av preventivmedel &r viktigt for att
optimera behandlingen och undvika biverkningar.

* Vid anvdndning av perorala kombinerade hormonella
preventivmedel &r den mangd levonorgestrel som tillférs per

Berdknade halter i ytvatten kan vara tillrackliga ~ dygn flerfalt hogre an den dos som avges med de langverkande
for levonorgestrel-avgivande hormonspiralerna. Jaydess, Levosert
att stora fortplantning i fisk. Fisk exponerad och Kyleena (rekommenderas i Kloka listan) kan darfor fran

Levonorgestrel for renat avioppsvatten ansamlar lakemedlet miljésynpunk vara alternativ till kombinerade
till koncentrationer som éverskrider p-piller. Den langverkande p-staven Nexplanon med etonogestrel
terapeutiska koncentrationer hos kvinnor som  dr ett annat alternativ (rekommenderas i Kloka listan).
tar p-piller.

arp-prier o Sakerstdll att ni inom den egna verksamheten kasserar 6verblivet
lakemedel samt brukade hormonspiraler och p-stavar pa ett
korrekt satt.

* Informera patienten om vikten av att kassera 6verblivet
lakemedel pa ett korrekt sétt (patientfoldern "Skydda miljon slang
ratt").

Utifran uppmatta halter beriknas meklozin * Meklozin (Postafen) rekommenderas i Kloka listan.

Meklozin kunna ansamlas i fisk till terapeutiska ) * Receptfri férpackning om 10 tabletter finns utan férmén. Denna
koncentrationer. Meklozin har dock i dagslaget  fgrpackning rekommenderas nir sa ar méjligt. Darutéver finns
inte hittats i fisk. forpackning om 100 tabletter inom férmanen.

o Tillfalliga orostillstand behdver inte behandlas farmakologiskt.

* Oxazepam rekommenderas som tillfallig symtomlindring vid
angestbesvar hos éldre och som abstinensbehandling vid
alkoholsjukdomar i Kloka listan.

Har uppmattsll miljon halcter mycket ndra ¢ Bensodiazepiner kan férsamra kognition samt 6ka risken
de koncentrationer som pdverkar beteendet A .. ° .

Oxazepam . R M for fall och darmed frakturer hos aldre. Endast oxazepam i
hos fisk. Uppmétt i vild fisk i halter som kan - P U
kopplas til stért beteendeménster lagsta effektiva dos och under kort tid (hdgst 2 veckor) kan

' rekommenderas till dldre. Alla bensodiazepiner bér dock undvikas
i mojligaste man.

¢ Lugnande medel ska endast anvdndas for korttidsbehandling.

* Sma forpackningar finns inom férmanen.

* Risperidon rekommenderas i Kloka listan.

o Ett alternativ vid nyinséttning till patienter med schizofreni kan

Uppmiitta halter i vild fisk motsvarar vara aripiprazol (rekommenderas i Kloka listan och

Risperidon terapeutiska koncentrationer hos manniska, ar battre fran miljésynpunkt &n risperidon).

vilket stods av dmnets fettloslighet och
uppmétta halter i avloppsvatten.

¢ Endast rekommenderat som korttidsbehandling vid psykotiska
symtom eller svar aggression till dldre.

o Startforpackning finns inom féormanen for vissa styrkor.

Roxitromycin

Utifran uppmatta halter i avloppsreningsverk
selekterar roxitromycin eventuellt

for antibiotikaresistenta bakterier.

Kan "samverka" i miljon med 6vriga
makrolidantibiotika, exempelvis azitromycin,
erytromycin och klaritromycin.

¢ Roxitromycin rekommenderas inte i Kloka listan.

¢ For antibiotika galler generellt sa restriktiv anvandning som
mojligt utan att riskera patientens hélsa. Relevanta

odlingar viktigt for att kunna vélja antibiotikum som har god effekt
med s& smalt spektrum som mojligt.



http://klokalistan2.janusinfo.se/20201/
http://janusinfo.se/Beslutsstod/Miljo-och-lakemedel/Dokument/Informationsmaterial/
http://janusinfo.se/Beslutsstod/Miljo-och-lakemedel/Dokument/Informationsmaterial/

Substans

Motiveringar

Matningar avser Sverige om inget annat anges.

Atgirdsforslag

Atgardsforslagen ar framtagna i samrad med Region Stockholms
lakemedelskommitté och dess expertgrupper, och ar utifran ett
miljoperspektiv for att uppna malet i miljoprogrammet med
minskade utslapp av miljobelastande lakemedel. Observera att
patientens basta alltid gar i forsta hand, se rekommenderade
lakemedel i Kloka listan. Flera lakemedel pa forteckningen finns
ocksa med i Kloka listan men aven for sidana lakemedel finns
konkreta tips pa hur man kan arbeta som kan innebara minskad
belastning pa miljon. For flera miljobelastande substanser har
miljoutredningar genomforts for jamforbara alternativ pa Kloka
listan.

Sertralin

Sertralin har hittats i vild fisk i koncentrationer
néra terapeutiska nivder hos manniska.

Halter i miljoén av flera SSRI/SNRI dverstiger
de koncentrationer som rapporterats ha
paverkan pa vattenlevande organismer, sarskilt
ryggradslosa djur.

¢ Vid behandling av depression sétts i forsta hand icke
farmakologisk behandling och/eller dtgarder in (t.ex. KBT och
fysisk aktivitet) ensamt eller i kombination med ldkemedel.
Undvik 6verkonsumtion av alkohol.

e Sertralin rekommenderas i Kloka listan. Frdn miljésynpunkt finns
det en riskbild for svél rekommenderade lakemedel i Kloka
listan (escitalopram, fluoxetin, klomipramin och sertralin) som
for sddana som inte rekommenderas (paroxetin och venlafaxin).
For substanser dér det finns god information om miljérisken
innebdr det ingen uppenbar férbéttring att byta ut en substans
mot en annan. For 6vriga substanser ar osékerheten kring
miljérisken for stor for att byte ska kunna rekommenderas frdn
miljésynpunkt.

e Undvik slentrianméssig forskrivning av SSRI-preparat (till
exempel sertralin). Utvdrdera och ompréva behandlingen med
SSRI-preparat. Kan ldkemedlet sattas ut?

o Startférpackning finns inom férmanen.

Tetracyklin

Utifrdn uppmatta halter i avloppsreningsverk
riskerar tetracyklin att selektera for
antibiotikaresistenta bakterier.

e Tetracyklin rekommenderas inte i Kloka listan. Observera
att lymecyklin, som rekommenderas i Kloka listan, snabbt
hydrolyseras till aktivt tetracyklin i samband med absorption.
Lymecyklin rekommenderas i andra hand vid medelsvar till svar
papulopustulds akne respektive i andra hand vid medelsvar till
svar rosacea.

e For antibiotika galler generellt sd restriktiv anvandning som
mojligt utan att riskera patientens hélsa. Relevanta

odlingar viktigt for att kunna vélja antibiotikum som har god
effekt med sd smalt spektrum som mgjligt.

Trimetoprim

Utifran uppmatta halter i avloppsreningsverk
riskerar trimetoprim att selektera for
antibiotikaresistenta bakterier.

* Trimetoprim rekommenderas i Kloka listan efter urinodling om
bakterien ar kénslig.

* Vid empirisk behandling av nedre urinvagsinfektion utan feber
rekommenderas i Kloka listan nitrofurantoin, som ar béttre frdn
miljésynpunkt &n trimetoprim, eller pivmecillinam, som utifran
risken for selektion av resistens i reningsverk forefaller vara ett
nagot battre alternativ an trimetoprim. Véxelbruk pa individnivd
rekommenderas for att minska risken for resistensutveckling.

e For antibiotika géller generellt sa restriktiv anvandning som
mojligt utan att riskera patientens hélsa. Relevanta

odlingar viktigt for att kunna vélja antibiotikum som har god
effekt med sd smalt spektrum som mojligt.

Venlafaxin

Venlafaxin har hittats i fisk exponerad for renat
avloppsvatten, dock i halter under terapeutiska
nivaer hos ménniska. Halter i miljon av flera
SSRI/

SNRI overstiger de koncentrationer som
rapporterats ha paverkan pd vattenlevande
organismer, sarskilt ryggradslosa djur.

¢ Vid behandling av depression satts i forsta hand icke
farmakologisk behandling och/eller atgérder in (t.ex. KBT och
fysisk aktivitet) ensamt eller i kombination med ldkemedel.
Undvik 6verkonsumtion av alkohol.

e Venlafaxin rekommenderas inte i Kloka listan. Frén
miljésynpunkt finns det en riskbild for savél rekommenderade
ladkemedel i Kloka listan (escitalopram, fluoxetin, klomipramin
och sertralin) som for sédana som inte rekommenderas
(paroxetin och venlafaxin). For substanser dar det finns god
information om miljérisken innebar det ingen uppenbar
forbattring att byta ut en substans mot en annan. For 6vriga
substanser dr osdkerheten kring miljorisken for stor for att byte
ska kunna rekommenderas fran miljosynpunkt.

o Startférpackning finns inom férmanen.



http://klokalistan2.janusinfo.se/20201/

Appendix Il List of substances in the project database

Substance

Therapeutic Group

Number of datapoints

10,11-Dihydroxycarbazepine

Human metabolite -

or 10,11- Dihydroxycarbamazepine anticonvulsant 3
10,11-Epoxy-carbamazepine g:t?zgzvrﬂli ;bto“te ) 83
;IgE-;;Ipha ethinyloestradiol Estrogen hormone 134
17-Beta oestradiol (E2) Estrogen hormone 122
4-Hydroxydiclofenac Human metabolite — NSAID 8
Amitriptyline Antidepressant 3
Amphetamine Stimulant 9
Atenolol Antihypertensive 113
Atorvastatin Statin 80
Azithromycin Antibiotic 86
Benzoylecgonine Human metabolite - stimulant 28
Bezafibrate Lipid lowering 27
Caffeine Stimulant 30
Carbamazepine Anticonvulsant 145
Chlorpheniramine Antihistamine 1
Ciprofloxacin Antibiotic 110
Citalopram Antidepressant 32
Clarithromycin Clarithromycin 153
Clopidogrel Blood thinner 5
Cocaine Stimulant 1
Cotinine Stimulant and metabolite 4
Cyclophosphamide Cytostatic 16
Diazepam Anxiolytic 2
Diclofenac NSAID 174
Erythromycin Antibiotic 146
Estriol (E3) Estrogen hormone 10
Fluoxetine Antidepressant 109
Gabapentin Anticonvulsant 5
Gliclazide Sulfonylurea 1
Ibuprofen NSAID 144
Ifosfamide Cytostatic 16
lohexol Contrast agent 19
Irbesartan Antihypertensive 3
Lidocaine Anaesthetic 29
Lorazepam Anxiolytic 1
Losartan Antihypertensive 3
Metformin Antidiabetic 86




Appendix Il Project database (Excel)

(See separate file)



Appendix IV

Guide to maps

A simplification to the maps was made with regard to the
NHS and WWTW facilities. Cartography classes in Table
V-A1 were used in both the gap analysis map and the risk

maps; Table V-A2 only to the risk maps (full detail of the

WWTW Type was retained in the gap analysis map).

Guide to maps and gap analysis

Table V-A1 NHS Site to Cartography class, with frequency

Use Cartography Class FREQUENCY
Other 77
01 Acute Hospital Acute hospital 30
02 Children's Hospital Other 3
03 Maternity Hospital Maternity hospital 2
04 Specialist Hospital Other 10
05 Mental Health Hospital Mental health hospital 28
06 Community Hospital Other 67
07 Older People Hospital Other 26
08 Multi Service Hospital Multi-service hospital 9
22 Clinics (Inc. Day Hospitals & Resource Centres) Other 156
26 Patient Residential Accommodation Patient residential accommodation 14
41 GP Practice Other 11
42 Dental Practice Other 8
43 Pharmacy Other 1
51 Care Home Other 23
91 Non NHS Functions Other 2
98 Non-Operational Other 25

Table V-A2 WWTW Type to cartography class, with frequency

WWTW _Type Cartography Class Frequency
ST - SEPTIC TANKS Septic tanks 1177
SECA - SEC. ACTIVATED SLUDGE Secondary 186
SECB - SECONDARY BIOLOGICAL Secondary 295
TE A1 - TERTIARY A1 Tertiary 36
TE B1 - TERTIARY B1 Tertiary 58
PRIM - PRIMARY Primary 40
TE A2 - TERTIARY A2 Tertiary 27
TE B2 - TERTIARY B2 Tertiary 15
SCR - SCREENED VIA SEA Primary 3
PRE - PRELIM VIA SEA Primary 8
SOUNS - UNSCREENED RAW OUTFALL Primary 13




Gap Analysis map

C R E\,a J orvlar Gap Analysis
FOR YVATERS Sample locations, NHS Estate, WWTW
C RW2017 16 Second Draft, incorporating edits from 22nd April 2020 I

Sample Locations:
Environmental Matrix
s Hospital sewage untreated
Mains Drinking water
Septic tank effluent
Surface water - estuary
Surface water - loch
Surface water - river or stream
WWTP effluent
WWTP influent
WWTP primary sample
WWTP secondary sample
WWTW
e_grd_Type
Secondary activated sludge with
®  tertiary physico-chemical/

biological WWTW
Secondary activated sludge
WWTW
Secondary activated shudge with
tertiary settiement WWTW
= Preliminary treatment sea outfall

Secondary biological with tertiary
«  physico-chemical/biological
wwTw
Secondary biological with tertiary
settlement WWTW
= Screened sea outfall

a

* & & o6 & @ @ »

= Primary treatment WWTW
=  Secondary Biological WWTW

Unscreened sea outfall
- Septictank
NHS Estate
Class for mapping
&  Acute hospital
4 Maternity hospital
4 Mental health hospital
== Multi-service hospital
Patient residential 4
+ accommedation .\
&  Other i
Average Number of Beds Sources of data:
& Please refer to the project report.
66
» nh Helwig et al. Reduction of pharmaceuticals in
+ ronm R / the water environment — baseline assessment
o 1607 B 1 ‘ | and recommendations, CRWa017/16 -
SEPA M o
73 Date of map: 23rd April 2020.
Catchments 2 J ‘
] ol ¥ b Version of map: 1.1
Unitary Areas i *

10




Appendix V Maps - Ecotoxicological Risk

Clarithromycin (Ecotoxicity risk)

& J cenreor Locations of measurements of priority
C R E\[ \/ Eéfﬁffm compounds and their ecotoxicity risk:
CRW2017 16 Clarithromycin

Dots representing ecotox risk are shown in seven size bands:
1-7samples .
8- 14 samples .
15 - 21 samples L]
22 - 28 samples [ J
29 - 35 samples &
> 35 samples [ ]
The display of the dots prioritises high ecotox risk over lower risk

WWTW symbols are shown in four size bands according
to their Population Equivalent:

<= 2,000 - ik
2,000 to 10,000 ] b I}
10,0000 25,000 ® o &
> 25,000 ™ l‘—{: P,r'
A Sieoabrg e
ey =

.
S 1

-

:-—

) e <
i g i i
;} S i

Clarithromycin

Mean ecotox risk
«  <0.01
0.01 to 0,10
+ 0.10to 1.00
« 1.00to 10.00
¢« > 10.00

Scottish Water WWTW ‘
Categories b
B Primary g\)

B Seconda pis
" £ /\“ P‘\‘\
W Tertiary “ \

W Septic tanks “ﬁ ?
o :
SEPA ‘lg d Catchment beundaries © SEPA, Some features of this information

l,:‘,‘%ﬂr.. are based on digital spatial data licensed from the Centre for Ecology
F and Hydralagy © NERC (CEH). Cantains OS data @ Crown capyright 2010

| | catchments

T ,é — N ]

Please note that
there are no
measurements in
the Shetland or

Orkney Islands.

Scale at A3:
1:1,500,000

it

\pymere
Sources of data:
Please refer to the project report.

Helwig et al. Reduction of pharmaceuticals in
the water environment — baseline assessment *

and recommendations, CRW2017/16

Date of map: 13th May 2020.
Version of map: 1.0
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Diclofenac (Ecotoxicity risk)

& [ ceATReEOF Locations of measurements of priority
EXPERTISE . G 5 ]
C I { E\l \/ FOR WATERS compounds and their ecotoxicity risk:
CRW2017_16 SIS b

Dots representing ecotox risk are shown in seven size bands:
1-7samples .
8- 14 samples e
15 - 21 samples L
22 - 28 samples ®
29 - 35 samples ®

> 35 samples o
The display of the dots prioritises high ecotox risk over lower risk

WWTW symbols are shown in four size bands according
to their Population Equivalent:

<= 2,000 . SRR i
M

2,000 t0 10,000 ] . 54

10,000 tO 25,000 L] = $

> 25,000

X %" Please notathat
it there are no
W measurements in
the Shetland or
Orkney Islands.

Scale at A3:
1:1,500,000

Diclofenac

Mean ecotox risk
. <0.01
§ 0.01 to 0.10
il 0.10to1.00

+  1.00to 10.00
il ¢ >1000

Scottish Water WWTW e
. ; Sources of data:
Categories K\ Please refer to the project report.
B Primary p
i
B Secondary [, Helwig et al. Reduction of pharmaceuticals in
B Tertiary 1 the water environment - baseline assessment *
W Septic tanks ;\, and recommendations. CRW2017/16 -
’ 3 4 Catchment boundaries © SEPA. Some features of this information .
SEPA P éj arebased ondigital spatial dats licensed from the Centee for Ecology Date of map: 13th May 2020.
‘ \ Catchments 'L‘« and Hydrology © NERC (CEH). Contains OS data @ Crawn capyright 2620 Version of map: 1.0
z I p.;'" )
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17-alpha ethinyloestradiol (EE2) (Ecotoxicity risk)

& [ CenTReOF Locations of measurements of priority
C R E\l J s compounds and their ecotoxicity risk:
CRW2017 16 17-alpha ethinyloestradiol (EE2) B

Dots representing ecotox risk are shown in seven size bands:
1-7samples .

8 - 14 samples - A
15 - 21 samples L
22 - 28 samples ®
29 - 35 samples ®
>35samples [ ]

The display of the dots prioritises high ecotox risk over lower risk

WWTW symbols are shown in four size bands according
to their Population Equivalent:

<=2,000 .
2,000 to 10,000 []
10,000 t0 25,000 W
> 25,000 ]

4 Please note that
j: o there are no
e measurements in
the Shetland or

Orkney Islands.

e
e

Scale at A3:
1:1,500,000

17-alpha
ethinyloestradiol (EE2)

Mean ecotox risk
+ <001
0.01t0 0,10
bl + 010to1.00
« 1.00to 10.00
& +« > 10.00

Scottish Water WWTW

Sources of data:

Categories
9 Please refer to the project report.
W Primary %
M Secondary % puome 5 Helwig et al. Reduction of pharmaceuticals in
W Tertiary v }_\ e L the water environment — baseline assessment
Werkio i :
N PN e
M Septic tanks 2 L . and recommendations. CRW2017/16
ks )
£ & Catchment boundaries © SEPA. Some features of this information "
SEPA A are based on digital spatial data licensed from the Centee for Ecology Date of map: 13th May 2020.
‘ Catchments i and Hydrology © NERC [CEH). Contains OS data @ Crown copynght 2020, Version of map: 1.0
r’ “i’-—v"—\ ‘(/' 1
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Erythromycin (Ecotoxicity risk)

@ ] CEnTRECF Locations of measurements of priority
C R E\] \/ %ﬁ:ﬁﬁms compounds and their ecotoxicity risk:
CRW2017_16 Erythromycin

Dots representing ecotox risk are shown in seven size bands:

1-7samples .

8-14 samples - 2
15 - 21 samples L4

22 - 28 samples [ d

29 - 35 samples

> 35 samples [ ]

The display of the dots prioritises high ecotox risk over lower risk

WWTW symbols are shown in four size bands according
to their Population Equivalent:
<= 2,000

2,000 to 10,000
10,000 to 25,000
> 25,000

Please note that
there are no
measurements in
the Shetland or
Orkney Islands.

Ll

Scale at A3:
1:1,500,000

Erythromycin
Mean ecotox risk
*  <0.01
] 0.01t0 0.10
|+ o0.10to1.00
i
= 1.00to 10.00 )
1A * >10.00
Scottish Water WWTW
. Sources of data:
Categories Please refer to the project report.
W Primary
W Secondary Helwig et al. Reduction of pharmaceuticals in
W Tertiary the water environment — baseline assessment
W septic tanks and recommendations. CRW2017/16 —
A ¢ Catchment boundaries © SEPA. Some features of this information <
SEPA AR are based on digial spatial dats Bcensed from the Cantre for Ecology Date of map: 13th May 2030.
‘ Catchments i and Hydralogy © NERC (CEH). Contains OS5 data @ Crown copyright 2020, Version of map: 1.0
7 C Ao ! !
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Ibuprofen (Ecotoxicity risk)

Locations of measurements of priority
compounds and their ecotoxicity risk:
Ibuprofen

CREW s
CRW2017_16

Dots representing ecotox risk are shown in seven size bands:
1-7samples .

8- 14 samples -

15 - 21 samples L4
22 - 28samples [ J
29 - 35 samples L J
> 35 samples @
The display of the dots prioritises high ecotox risk over lower risk

WWTW symbols are shown in four size bands according
to their Population Equivalent:
<=2,000

2,000 to 10,000
10,000 10 25,000
> 25,000

Please note that
! there are no
| measurements in
: the Shetland or
Orkney Islands.

Scale at A3:
1:1,500,000

Ibuprofen
Mean ecotox risk ;
* <0.01
ﬁ/ 0.01t0 0.10
r’i 0.10 to 1.00
* 100 to 10.00 N e
-
B * > 10.00 \
Scottish Water WWTW e
i Sources of data:
Categories Please refer to the project report.
W Primary
M Secondary Helwig et al. Reduction of pharmaceuticals in
0 Tertiary ‘ 1 the water environment — baseline assessment
B Septic tanks \F'\} and recommendations. CRW2017/16 —
'
E 3
P Catchment boundaries © SEPA_ Some features af this information
SEPA A h are based on digital spatial data licensed fram the Centre for Ecology Date of map: 13th May 20320.
| | Catchments ‘;\\:’ and Hydrology © NERC (CEH). Contains OS data @ Crown copyright 2020, Version of map: 1.0
T < Ao ! )
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Appendix VI Maps — AMR Risk

Ciprofloxacin (surface waters)

1-7samples
8- 14 5amples
15 - 21 samples
22 - 28 samples
29 - 35 samples
>35samples

<= 2,000

2,000 to 10,000
10,000 1O 25,000
> 25,000

CREW

CRW2017_16

Dots representing AMR risk are shown in seven size bands:

.
.
L]
L J
[ ]

The display of the dots prioritises high AMR risk over lower risk

WWTW symbols are shown in four size bands according
to their Population Equivalent:

Locations of measurements of priority

AR compounds in surface waters and their

antimicrobial resistance risk: Ciprofloxacin

P Please note that
T ¥, there are no
R measurements in

the Shetland or
Orkney Islands.

Scale at A3:
1:1,500,000

Ciprofloxacin £
. § - _—
Mean AMR risk |
« <001 T
I [
0.01t0 0.10 e
0.10 to 1.00
) + 1.00to 10,00 { e
I *+ >10 &
) { X
Scottish Water WWTW | ™
; hi Sources of data:
Categories !%\ Please refer to the project report.
W Primary .
B Secondary 4;’;,_.‘1-\ Helwig et al. Reduction of pharmaceuticals in
W Tertiary v ' the water environment - baseline assessment
o ) i
B soptictanks ARy ¢ and recommendations. CRW2017/16
3\} i
g Catchment boundaries & SEPA. Some features of this informatian 3
SEPA J) & o are based on digital <patisl data licensed fiom the Céntre fof Ecology Date of map: 13th May 2020.
‘ ‘ Catchments /rwl\f and Hydrology © NERC (CEH). Contains OS data @ Crown copyright 2020. Version of map: 1.0
il Sy A l
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Clarithromycin (surface waters)

@ J cevrreor Locations of measurements of priority
C R E\[ \/ ks compounds in surface waters and their
antimicrobial resistance risk: Clarithromycin
CRW2017_16 ¥ B

Dots representing AMR risk are shown in seven size bands:
1-7samples .

8 - 14 samples »

15 - 21 samples L
22 - 28 samples ®
29 - 35 samples ®
> 35 samples [ ]
The display of the dots prioritises high AMR risk over lower risk

WWTW symbols are shown in four size bands according
to their Population Equivalent:

<= 2,000 .
2,000 t0/10,000 .
10,000t0 25,000 W
> 25,000 [

Please note that
there are no
measurements in
the Shetland or
Orkney Islands.

Scale at A3:
1:1,500,000

Clarithromycin

Mean AMR risk
+ <001
0.0 to 0.10
i| ¢ 010to1.00
* 1.0 to 10.00

i & =10 \
Scottish Water WWTW
i Sources of data:
o Please refer to the project report.
MW Primary
B Secondary Helwig et al. Reduction of pharmaceuticalsin
[ Tertiary the water environment - baseline assessment *
W Septic tanks and recommendations. CRW2017/16
1) ¢
H d Carchment boundaries © SEPA. St features of this inf Lio
SEPA ¥ ¢ e OIS S —
| | Catchments Tm" and Hydralogy & NERC (CEH). Contains OS5 data € Crown capyright 2020, Version of map: 1.0
i .‘fx—'ﬂi‘/ 1
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Erythromycin (surface waters)

& J CEnTREOF Locations of measurements of priority
C R E\{ \/ sty LB compounds in surface waters and their
antimicrobial resistance risk: Erythromycin
CRW2017_16 R B

Dats representing AMR risk are shown in seven size bands:
1-7s5amples .
8 - 14 samples .

*
15 - 21 samples L]
22 - 28 samples ®
29-35s5amples @
> 35samples [ ]
The display of the dots prioritises high AMR risk over lower risk

WWTW symbols are shown in four size bands according
to their Population Equivalent:
<= 2,000 . 'ﬂr\#

2,000 to 10,000 L] 2 b
10,0000 25,000 ™ ;/W/ ,f'“
> 35,000 u S

|
f
%
b V5
@,
S Please note that
£ there are na

measurements in
the Shetland or
Orkney Islands.

O

R o RS .
3 ! "1&-\,‘/,__,%% e . «

: e B §}> 55 ey / . s
’ X o T T e ; DR I
& o s e ) =Y e
= ]qf‘cf’ s SR _ /"Ea o LN A E\'Y_ N
e . {7,
-\

Scale at A3:
1:1,500,000

Erythromycin

Mean AMR risk
*  <0.01
0.01 to 0.10

'i *  0,10to 1,00
¢ 1.00to 10.00

P « >10
Scottish Water WWTW Ypsomousn
Categories Sources of data:
9 Please refer to the project report.
W Primary
W Secondary Helwig et al. Reduction of pharmaceuticals in
[ Tertiary the water environment — baseline assessment
0 Septic tanks : and recommendations. CRWzo017/16 -
2 7
2 A Catchment boundaries © SEPA, Some features of this information =
SEPA i:im ,j are based on digital spatial data licensed from the Centre for Ecology Date of map: 13th May 2020.
| | Catchments I ff and Hydrology @ NERC (CEH). Contains OS data @ Crown copyright 2020 Version of map: 1.0
i Ao |
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=

Ciprofloxacin (WWTW effluent)
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Appendix VII PNEC values, Assessment Factors and sources

Compounds PNEC (pg/l) (Values in  Modelled AF References Species

bold were used for risk  value?

calculation)
1011 Dihyehosycarbamazepine Not searched
10,11-epoxy-Carbamazepine 25 23
17-Alpha ethinyloestradiol (EE2) 0.000035 22
17-beta oestradiol (E2) 0.0004 23
2,6-di-tert-butyl-4-methylphenol 3.16 37
2,6-di-tert-butyl-4-methylphenol 0.191 1000 38
4-hydroxydiclofenac 0.05 39 & 40
Allopurinol 0.45 43
Amitriptyline 8 31
Amitriptyline 25 100 34
Amitriptyline 10 100 34 Lemna minor
Amlodipine 0.28 44
Amphetamine Not searched
Amoxicillin 0.0078 100 1 &”;(;:‘;g;“s
Amoxicillin 0.0037 1000  2&3 Q/e"rcl:gﬁ]y;z:
Atenolol 148 23
Atorvastatin 1.7 23
Azithromycin 0.019 23
Benzoylecgonine 4.9 ECOSAR 29
Bezafibrate 50 1000 17 Invertebrate
Caffeine 0.00005 1000 30 Xenopus laevis
Caffeine 40 1000 5 Ceriodaphnia dubia
Candesartan 100 5
Carbamazepine 25 23
Chlorpheniramine Not searched
Ciprofloxacin 0.089 23
Citalopram 6.5 ECOSAR
Clarithromycin 0.12 25
Clopidogrel 1.6 12
Clotrimazole 0.014 QSAR*** 1000 12 Green algae*
Cocaine 4.9 ECOSAR 29
Cotinine Not searched
Cyclophosphamide 1120 50 13 Daphnia magna
Dextropropoxyphene 0.8 35
Diazepam 4.3 1000 4 &17 Daphnia magna
Diclofenac 0.05 39 &40
Donepezil 2.3 32
E3 - estriol 0.06 36 Gobiocypris rarus
E3 - estriol 0.0075 100 30 Oryzias latipes
Erythromycin 0.2 25
Felodipine 0.05 1000 5 (nz;gz; hynchus
Felodipine 20 10 5 2;&2; hynchus
Fluoxetine 0.047 23
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Compounds PNEC (pg/l) (Values in  Modelled AF References Species

bold were used for risk  value?

calculation)
Fluvoxamine 1.24 50 30 & 45 ?jg’:;gﬁ;ﬂs
Fluvoxamine 3051 QSARA 100 33 Fish*
Fluvoxamine 0.062 1000 34 SRjg’:;gﬁgﬂs
Gabapentin Not found
Glibenclamide 56.5 1000 5 Sf;sr;ioc‘;fzrsnus
Gliclazide Not searched
Haloperidol 1.4 1000 5 Danio rerio
Haloperidol 0.37 10 5 sjg):;gﬁgﬂs
Ibuprofen 0.01 23
Ifosfamide 809.4 1000 15 Danio rerio
lohexol 1000 1000 5 Salmo Sala
Irbesartan 704 10 5 Eir?rii:?sles
Levonorgestrel 0.00001 10 5 E:'r:;?e?sles
Levonorgestrel >>0.00008 10 6 girr;n;p:ies
Lidocaine 32 1000 5 Daphnia magna
Lorazepam 2 ECOSAR 1000 30 & 32 Algae*
Losartan 1000 10 5 g::;zr;sles
Meclozine 0.12 QSAR*** 1000 12 Green algae*
Mefenamic acid 0.79 QSAR*** 1000 12 Green algae*
Mefenamic acid 0.428 ECOSAR Daphnid*
Mefenamic acid 3.9 1000 30 &45 ;&i%’:ﬁzepha'us
Mefenamic acid 0.43 ECOSAR 1000 3
Mesalazine 10000 ghn;\?vryht)ézﬁgus
Metformin 13.45 23
Methylparaben Not searched
N-acetyl sulphamethoxazole Not searched
Naproxen 15 10 5 Daphnia magna
Naproxen 0.64 16
Norerythromycin 0.2 23
Norsertraline 0.121 23
Oestrone (E1) 0.0036 25
Ofloxacin 10 10 9 Cyanobacteria**
Ofloxacin 0.016 1000 14 Cyanobacteria**
Ofloxacin 0.5 10 14 Cyanobacteria**
Omeprazole 41.9 1000 5 Danio rerio
Orlistat 0.032 50 28 Daphnia magna
Orthoatorvastatin 1.7 23
ortho-Hydroxyatorvastatin 1.7 23
Oxazepam 32 QSAR*** 1000 12 Green algae*
Oxazepam 4.3 29
Oxytetracycline 0.207 1000 8 zI:/e\:ichz;yoS::
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Compounds PNEC (pg/l) (Values in  Modelled AF References Species
bold were used for risk  value?
calculation)

Oxytetracycline 18 10 9 Cyanobacteria* *

Paracetamol 46 10 5 Pimephales
promelas

Paracetamol 9.2 1000 5 Danio rerio

para-Hydroxyatorvastatin 1.7 23

Paroxetine 0.14 1000 5 Scenedesmus
subspicatus

Paroxetine 8.8 50 30 & 45 Ceriodaphnia dubia

Povidone lodine 1.84 46

Propranolol 0.1 23

Ranitidine 0.31 23

Risperidone 5.8 1000 5 Lepomls_
macrochirus

Roxithromycin 0.047 1000 7 Raphidocelis
subcapitata

Roxithromycin 1 10 7 Raphld_ocells
subcapitata

Salbutamol Not searched

Sertraline 0.121 23

Sulfamethoxazole 0.118 50 13 ISynechoc_occus
eopolensis

Sulfamethoxazole 0.027 1000 14 Cyanobacteria**

Sulfamethoxazole 0.59 10 14 Cyanobacteria**

Tamoxifen 0.49 23

Tazobactam 0.06 47

Tetracycline 0.09 1000 8 Microcystis
aeruginosa

Tetracycline 3.2 10 9 Cyanobacteria**

Tramadol 64 18

Triclosan 0.05 10 19 Scene_desmus
subspicatus

Triclosan 0.02 10 20 Raphidocelis
subcapitata

Triclosan 0.0044 1000 21 Raphidocelis
subcapitata

Triclosan 0.0007 1000 21 Scenedesmus
subspicatus

Trimethoprim 3 1000 10 Oncorynchus mykiss

Trimethoprim 0.0058 50 30 & 45 Dreissena
polymorpha

Trimethoprim 100 10 9 Anabaena flos-
aquae

Venlafaxine 0.013 ECOSAR 1000 11 Cladoceran*

X-ray contrast media iopromide(iodine-123, .

2225, 129, -131) > >10000 100 41 Daphnia magna

X-ray contrast media iopromide(iodine-123, .

2225, 129, -131) 8.8 ECOSAR 100 42 Green algae

Notes

* QSAR and similar prediction tools use generic descriptors - "Green algae"; "Daphnia" or "fish"

** Publication derived data from lab experiments but only discussed data for generic type

. xx QSAR models selected were set up for neutral organic molecules and use the octanol-water partition

coefficient (Kow) as hydrophobicity descriptor.
N PNEC values estimated using chronic toxicity for fish values (obtained from PBT Profiler) divided by an

assessment factor of 100

27



References

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Andreozzi, R., Caprio, V., Ciniglia, C., De Champdore, M., Lo Giudice, R., Marotta, R., Zuccato, R., 2004. Antibiotics
in the environment: occurrence in Italian STPs, fate, and preliminary assessment on algal toxicity of amoxicillin.
Environmental Science and Technology, 38: pp.6832-6838.

Holten Lutzhoft, H.C., Halling-Sorensen, B., Jorgensen, S.E., 1999. Algal toxicity of antibacterial agents applied in Danish
fish farming. Archive of Environmental Contamination and Toxicology 36: pp.1-6.

Verlicchi, P, Al Aukidy, M. Zambello, E., 2012. Occurrence of pharmaceutical compounds in urban wastewater: Removal,
mass load and environmental risk after a secondary treatment: A review, The Science of the Total Environment 429(0):
pp.123- 155.

Lilius, H., Isomaa, B., Holmstrom, T., 1994. A comparison of the toxicity of 50 reference chemicals to freshly isolated
rainbow-trout hepatocytes and Daphnia magna. Aquatic Toxicology 30 (1), 47-60

FASS Allménhet. 2013. [Cited 17 Feb 2014]. Available from: http://www.fass.se/LIF/startpage?5 Toxicon Environmental
Sciences (1994) Brixham Environmental Lab Report BD4165

Zeilinger J, Steger-Hartmann T, Maser E, Goller S, Vonk R, Ldnge R. 2009. Effects of Synthetic Gestagens on Fish
Reproduction. Environ Toxicol Chem 28:2663-2670.

Yang, L-H., Ying, G-G., Su, H-C., Stauber, J.L., Adams, M.S., Binet, M.T., 2008. Growth inhibiting effects of twelve
antibacterial agents and their mixtures on the freshwater microalga Pseudokirchneriella subcapitata. Environmental
Toxicology and Chemistry 27(5): pp.1201-1208.

Halling-Sorensen, B., 2000. Algal toxicity of antibacterial agents used in intensive farming.
Chemosphere 40: pp.731-739.

Tell et al., 2019 Science-based Targets for Antibiotics in Receiving Waters from Pharmaceutical Manufacturing
Operations. Integrated Environmental Assessment and Management, 15(3): pp. 312-319

Hembrock-Heger A, Bergmann A. 2007. Eintrag von Arzneimittel und deren Verhalb und Verbleib in der Umwelt.
Fachbericht 2. Landesamt fuir Natur, Umwelt und Verbraucherschutz, Nordrhein-Westfalen, Recklinghausen, Germany

Valcarcel Y, Alfonso SG, Rodriguez-Gil JL, Gil A, Catald M. 2011. Detection of pharmaceutically active compounds in the
rivers and tap water of the Madrid Region (Spain) and potential ecotoxicological risk. Chemosphere 84:1336-1348

Escher Bl, Baumgartner R, Koller M, Treyer K, Lienert J, McArdell CS. 2011. Environmental toxicology and risk assessment
of pharmaceuticals from hospital wastewater. Water Res 45:75-92

Grung, M., Kallgvist, T., Sakshaug, S., Skurtveit, S., Thomas, K.V., 2008. Environmental assessment of Norwegian priority
pharmaceuticals based on the EMEA guideline. Ecotoxicology and Environmental Safety 71: pp.328-340.

Ferrari, B., Mons, R., Vollat, B., Frayse, B., Paxéus, N., Lo Guidice, R., et al., 2004. Environmental risk assessment of six
human pharmaceuticals: are the current environmental risk assessment procedures sufficient for the protection of the
aquatic environment? Environmental Toxicology and Chemistry 23: pp.1344-1354.

Weigt, S., Huebler, N., Strecker, R., Braunbeck, T., Broschard, T.H., 2011. Zebrafish (Danio rerio) embryos as a model for
testing proteratogens. Toxicology 281: pp.25-36.

Grung M, Heimstad ES, Moe M, Schlabach M, Svenson A, Thomas K, Woldegiorgis A. 2007. Human and Veterinary
Pharmaceuticals, Narcotics, and Personal Care Products in the Environment. TA-2325/2007. Norwegian Pollution Control
Authority, Oslo, Norway

Boillot 2008 in Verlecci

Webb S. 2000. Risk Assessment Approaches for Pharmaceuticals. Proceedings, International Seminar on Pharmaceuticals
in the Environment. Brussels, Belgium, 9 March 2000.

NICNAS 2009, Priority Existing Chemical Assessment Report No. 30: Triclosan https://webetox.uba.de/
webETOX/public/basics/ziel.do?id=5152

Schlich, K., Wenzel, A., Shemotyuk, L. (2014) EQS Datasheet: Environmental Quality Standard Triclosan, https://
webetox.uba.de/webETOX/public/basics/ziel.do?id=5003

Orvos DR, Versteeg DJ, Inauen J, Capdevielle M, Rothenstein A, Cunningham V (2002) Aquatic toxicity of
triclosan. Environ Toxicol Chem 21:1338-1349

WEFD EQS Dossier (http://ec.europa.eu/health//sites/health/files/scientific_committees/environmental_risks/
docs/scher_o_146.pdf)

The National Chemical Investigations Programme 2015-2020, Volume 2 Monitoring of Substances of Emerging
Concern, UKWIR Report Ref: 18/EQ/01/13

EC Watchlist first update report ("Review of the 1st Watch List Under the Water Framework Directive and
Recommendations for the 2nd Watch List" Loos T et al Feb 2018, EC)

"Review of the 1st Watch List Under the Water Framework Directive and Recommendations for the 2nd
Watch List", Loos R et al Feb 2018, EC

Jones, O.A., Voulvoulis, N., Lester, J.N., 2002. Aquatic environmental assessment of the top 25 English prescription
pharmaceuticals. Water Research 36: pp.5013-5022

US Environmental Protection Agency, 1996. ECOTOX database program, version 1. US Environmental Protection
Agency, Mid-Continent Ecology Division, Duluth, USA.

GSK, 2008. Safety datasheet: Alli, GSK, Brentford, Middlesex, UK

28


http://www.fass.se/LIF/startpage?5
https://webetox.uba.de/webETOX/public/basics/ziel.do?id=5152
https://webetox.uba.de/webETOX/public/basics/ziel.do?id=5152
https://webetox.uba.de/webETOX/public/basics/ziel.do?id=5003
https://webetox.uba.de/webETOX/public/basics/ziel.do?id=5003
http://ec.europa.eu/health//sites/health/files/scientific_committees/environmental_risks/docs/scher_
http://ec.europa.eu/health//sites/health/files/scientific_committees/environmental_risks/docs/scher_

29

30

31

32

33

34

35

36

37

38

39

40

M

42

43

44

45

46

47

Van der Aa M., et al (2013) Risk assessment for drugs of abuse in the Dutch watercycle. Water Research,
47(5): 1848-1857

Orias and Perrodin (2013). Characterization of the ecotoxicity of hospital effluents: a review. Science of the Total
Environment, 454-455: 250-276

Al-Aukidy et al., 2014. A framework for the assessment of the environmental risk posed by pharmaceuticals originating
from hospital effluents. Sci. Total. Env. 493: 54-64

Oliveira et al. 2015. Characterization of Pharmaceuticals and Personal Care Products in Hospital Effluent and Waste
Water Influent/ Effluent by Direct-Injection LC-MS-MS. Sci. Total. Env. 518-519: 459-478.

Deo R.P. 2014. Pharmaceuticals in the Surface Water of the USA: A Review. Current Environmental Health
Reports, 1(2): 113-122.

Agerstrand M. and Ruden C. 2010. Evaluation of the accuracy and consistency of the Swedish Environmental
Classification and Information System for pharmaceuticals. Sci. Total Env. 408(11): 2327-2339

Ashton D. et al. 2004. Investigating the environmental transport of human pharmaceuticals to streams in the United
Kingdom. Sci. Total Env. 333(1-3): 167-187

Caldwell D.J et al. 2012. Predicted-no-effect concentrations for the steroid estrogens estrone, 17B-estradiol, estriol, and
17a-ethinylestradiol. Environmental Toxicology and Chemistry, 31(6): 1396-1406

Carvalho, R.N., Ceriani, L., Ippolito, A., Lettieri, T. 2015. Development of the first Watch List under the Environmental
Quality Standards Directive, EUR2714, Publications Office of the European Union, Luxembourg, 2015, doi:
10.2788/101376

Lu Z. et al. 2019. Distribution and fate of synthetic phenolic antioxidants in various wastewater treatment processes
in Canada. Chemosphere, 219: 826-835

EQS Datasheet, Environmental Quality Standard, Diclofenac, German Environment Agency
(UBA), 2017

Monitoring-based prioritisation report (Carvalho et al., 2016) https://circabc.europa.eu/w/
browse/52c8d8d3906¢-48b5-a75e-53013702b20a)

Steger-Hartmann et al. 1999. Environmental Risk Assessment for the Widely Used lodinated X-RayContrast Agent
lopromide (Ultravist). Ecotoxicology and Environmental Safety, 42: 274-281.

Mendoza et al. 2015. Pharmaceuticals and iodinated contrast media in a hospital wastewater: A case study to analyse
their presence and characterise their environmental risk and hazard. Environmental Research, 140: 225-241.

Lienert J, Gudel K, Escher B. 2007. Screening Method for Ecotoxicological Hazard Assessment of 42 Pharmaceuticals
Considering Human Metabolism and Excretory Routes. Environ Sci Technol 41:4471-4478

Huber S, Remberger M, Goetsch A, Davanger K, Lennart K, Herze D, Schlabach M, Jérundsdéttir H, Vester J, Arnérsson
M, Mortensen |, Schwartson R, Dam M. 2013. Pharmaceuticals and additives in personal care products as environmental
pollutants: Faroe Islands, Iceland and Greenland. TemaNord 2013:541. Nordic Council of Ministers. Copenhagen,
Denmark.

Molander L, Agerstrand M, Rudén C. WikiPharma—a freely available, easily accessible,interactive and comprehensive
database for environmental effect data for pharma-ceuticals. Regul Toxicol Pharmacol 2009;55:367-71

Huschek G, Hansen PD, Maurer HH, Krengel D, Kayser A. 2004. Environmental risk assessment of medicinal products for
human use according to European Commission recommendations. Environ Toxicol 19:226-240

De Souza SML, de Vasconcelos EC, Dziedzic M, de Oliveira CMR. 2009. Environmental risk assessment of antibiotics: An
intensive care unit analysis. Chemosphere 77:962-967.

29


https://circabc.europa.eu/w/browse/52c8d8d3906c-48b5-a75e-53013702b20a
https://circabc.europa.eu/w/browse/52c8d8d3906c-48b5-a75e-53013702b20a

Appendix VIII
Antibacterial properties
of non-antibiotic
pharmaceuticals: a
literature review

MEDLINE search

Lucyna Gozdzielewska, Lesley Price

Search methods

MEDLINE database was chosen because it contains a
large number of peer-reviewed journals from around the
world, covering a broad range of biomedical and health
topics. MEDLINE was searched on the 27 August 2019
for records on antibacterial effects of non-antibiotic drugs
of interest (listed in Appendix VIII.1). A mixture of MeSH
terms and free text words, including the generic name,
compound name and brand names of each drug were
combined. To limit the number of irrelevant hits, the
search was limited by excluding records related to drug
interactions and adverse drug reactions. No limiters were
applied to the publication date, language or study design.
The full search strategy is presented in Appendix VIII.2.
Titles and abstracts of the identified records were screened
for relevance. Studies investigating antibiotic modulating
effect of on-antibiotic drugs or effect on the immune
response were not considered. Content analysis was used
to identify pharmaceuticals that showed antibacterial
properties with findings summarised below.

Results

A total of 1446 records were identified in the electronic
search. After screening the titles and abstracts, 116 studies
were considered relevant. Amongst these, 12 records
investigated antibacterial properties of more than one
non-antibiotic drugs of interest.

Lidocaine (n=44)

Lidocaine was the most commonly investigated, with

44 studies investigating its antibacterial properties.
Amongst these, 36 demonstrated antibacterial properties
of lidocaine. Furthermore, of the 44 studies on lidocaine,
four (Gajraj et al., 1998; Sakuragi et al., 1999; Vidovich,
M. L., et al., 1999; Wachowski, I., et al. 1999) focused
specifically on the effect of lidocaine on bacterial growth
in Propofol — an anaesthesia drug that was previously
found to enhance microbial growth when contaminated.
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However, only one study (Gajraj et al., 1998) showed
antibacterial activity of lidocaine in mixtures with propofol,
and one (Sakuragi et al., 1999) showed bacteriostatic
rather than bactericidal effect when tested against E.coli.

Non-steroid anti-inflammatory drugs: Ibuprofen (n=19),
Diclofenac (n=16) & Naproxen (n=2)

Antibacterial properties of Ibuprofen were investigated
in 19 studies, amongst which only 3 showed no
antibacterial effect of Ibuprofen against six common
periodontal pathogens (Hersh et al., 1991), Brucella
species (Mufoz-Criado et al., 1996) and against urinary
tract infection isolates (Whiteside et al., 2019). Sixteen
studies investigated antibacterial properties of diclofenac
and all sixteen showed its antibacterial | properties against
a variety of strains and isolates. Similarly, Naproxen
demonstrated an anti-microbial effect in two studies
(Kruszewska et al., 2000; Kruszewska et al., 2002).

Antidepressants: Fluoxetine (n=6), Sertraline (n=6),
Venlafaxine (n=1) & Escitalopram (n=2)

Fluoxetine and Sertraline were investigated for their
antibacterial properties in 6 studies each, and in both
cases, all six studies demonstrated antibacterial properties
of these antidepressants. Similarly, Escitalopram (Cussotto
et al., 2019; Valipour et al., 2019) and analogues of
Venlafaxine, rather than Venlafaxine itself, (Kavitha et al.,
2006), demonstrated antibacterial properties.

Analgesics: Paracetamol (n=5) & Tramadol (n=3)

For Paracetamol, four out of five studies showed its
antibacterial effect (Akhter et al., 2010; Al-Janabi, 2010;
Sheu et al., 1975; Vijayashree, 2019) and for Tramadol
two out of three studies demonstrated antibacterial
properties (Kruszewska et al., 2002; Tamanai-Shacoori et
al., 2007) and one did not (Farzam et al., 2018).

Cardiac drugs: Atorvastatin (n=5) & Propranolol (n=1)

For Atorvastatin, a statin, two (Ko et al., 2017; Masadeh
et al., 2012) out of five studies demonstrated its
antibacterial effect, while for Propranolol three studies did
so (Jerwood et al., 2008; Kapoor et al., 2018; Kruszewska
et al., 2004).

Anti-inflammatory or anti-oxidant: Butylated
hydroxytoluene (n=5)

Five studies investigated Butylated hydroxytoluene (Ayaz
et al., 1980; Chew et al., 1985; Gailani et al., 1984;
Santhakumari et al., 2018; Turcotte et al, 1978) and all
confirmed its antibacterial properties.



Ranitidine (n=4)

Four studies tested antibacterial properties of Ranitidine of
which two, demonstrated such properties (Alarcén et al.,
1999: Brorson et al., 2001). Ranitidine was also found to
have an antibiotic-modulating effect when included in the
multidrug regimen for the treatment of Helicobacter Pylori
eradication; however modulating effect was beyond the
scope of this literature search.

Hypoglycaemic drugs: Metformin (n=3) & Glibenclamide
(n=1)

Metformin demonstrated an antibacterial effect (Courtois
et al., 2018; Kapoor et al., 2018; Malik et al., 2018) but
Glibenclamide did not have such an effect (Koh et al.,
2013); however, the latter was tested against one type of
bacteria only (Burkholderia pseudomallei).

Chemotherapy drugs: Tamoxifen (n=2) &
Cyclophosphamide (n=1)

Tamoxifen showed an antibacterial effect in two
studies (El Arbi et al., 2014; Montoya et al 2018) but
Cyclophosphamide only minimal antibacterial activity
(Peiris et al., 1993).

Antipsychotic drugs: Flupenthixol (n=2) & Haloperidol
(n=1)

Both Flupenthixol (Jeyaseeli et al., 2006; Kristiansen et al.,
1986) and Haloperidol (Mortensen et al., 1992) showed
antibacterial effect in two and one study respectively.

Hormone replacement therapy: Estradiol (n=1)

The hormone Estradiol as opposed to a specific drug
demonstrated antibacterial effect in one study. (Hosoda et
al., 2011.

Furthermore, when screening the search results it was
identified that Estradiol, Metformin, and Glibenclamide
were found to influence the immune responses, while
statins (Atorvastatin, Simvastatin) were found to have

a synergistic effect when administered with antibiotic

in addition to the ability to stimulate the host immune
system. However, these properties are beyond the scope
of this review.

Appendix VIII.1. List of drugs included
in the search

2,6-di-tert-butyl-4-methylphenol

Atenolol

Atorvastatin

Bezafibrate

Carbamazepine

Citalopram

Cyclophosphamide

Dextropropoxyphene

Diazepam

Diclofenac

Escitalopram

Estradiol (E2)

Estriol (E3)

Estrone (E1)

Ethinylestradiol (EE2)

Felodipine

Fluoxetine

Flupenthixol

Glibenclamide

Haloperidol

Ibuprofen

Ifosfamide

jodine-123

lodine-125

lodine-129

lodine-131

Irbesartan

Levonorgestrel

Lidocaine

Meclozine

Mefanamic acid

Metformin

Naproxen

Oxazepam

Paracetamol

Propranolol

Ranitidine

Risperidone

Sertraline

Tamoxifen

Tramadol

Venlafaxine




Appendix VIII.2. Search strategy for
MEDLINE

1. Non-antibiotic drugs: mesh terms

MH "Diclofenac" OR (MH "lbuprofen") OR (MH
"Ethinyl Estradiol") OR (MH "Naproxen") OR (MH
"Levonorgestrel") OR (MH "Estradiol") OR (MH
"Estrone") OR (MH "Estriol") OR (MH "Citalopram")
OR (MH "Fluoxetine") OR (MH "Sertraline") OR (MH
"Venlafaxine Hydrochloride") OR (MH "Felodipine")
OR (MH "Irbesartan") OR (MH "Atorvastatin")

OR (MH "Propranolol") OR (MH "Atenolol") OR
(MH "Flupenthixol") OR (MH "Haloperidol") OR
(MH "Risperidone") OR (MH "Diazepam") OR

(MH "Oxazepam") OR (MH "Glyburide") OR (MH
"Metformin") OR (MH "Carbamazepine") OR (MH
"Tamoxifen") OR (MH "Cyclophosphamide") OR
(MH "Ifosfamide") OR (MH "Dextropropoxyphene")
OR (MH "Acetaminophen") OR (MH "Tramadol")
OR (MH "Lidocaine") OR (MH "Meclizine") OR (MH
"Ranitidine") OR (MH "Bezafibrate") OR (MH "Butylated
Hydroxytoluene") OR (MH "lodine Isotopes")

2. Non-antibiotic drugs: free text words

Diclofenac OR Voltaren OR Cataflam OR Cambia OR
Zorvolex OR Ibuprofen OR Brufen OR Anadin OR
“Feminax Express” OR Ibucalm OR Ibular OR Nurofen
OR Cuprofen OR Calprofen OR Fenpaed OR Ibugel OR
Ibuleve OR Phorpain OR Fenbid OR Flarin OR Motrin
OR Advil OR IBU OR “Mefanamic acid” OR “Mefenamic
acid” OR Ponstan OR Ponstel OR Naproxen OR
“Feminax Ultra" OR Naprosyn OR Nexocin OR Stirlescent
OR Aleve OR Anaprox OR “Ethinylestradiol (EE2)" OR
“Ethinylestradiol ee2” OR Ethinylestradiol OR *Ethinyl
estradiol” OR Estinyl OR Levonorgestrel OR Norgeston
OR Emerres OR Ezinelle OR Levonelle OR Levonorgestrel
OR Melkine OR Upostelle OR Mirena OR “Estradiol
(E2)" OR estradiol OR “Estradiol e2" OR Oestradiol

OR FemSeven OR Estraderm OR Bedol OR Vagifem OR
Elleste OR Sandrena OR Progynova OR Estring OR Evorel
OR Estradot OR Oestrogel OR Zumenon OR Vagifem
OR Evorel OR Estradot OR “Estrone (E1)" OR “estrone
e1"” OR Estrone OR Kestrone OR Estragyn OR Aquest
OR "Estriol (E3)" OR "estriol e3" OR estriol OR Ovestin
OR Oestriol OR Citalopram OR Cipramil OR Celexa OR
Escitalopram OR Cipralex OR Fluoxetine OR Olena OR
Prozac OR Prozep OR Rapiflux OR Sarafem OR Selfemra
OR Sertraline OR Lustral OR Zoloft OR Venlafaxine

OR Venlalic OR Sunveniz OR Venladex OR ViePax OR
Sunveniz OR Venlalic OR Apclaven OR Majoven OR
Vencarm OR Venlablue OR Alventa OR Apclaven OR
Depefex OR Efexor OR Politid OR Tonpular OR Venaxx
OR Venlasov OR Vensir OR Venzip OR Vencarm OR
Effexor OR Felodipine OR Cardioplen OR Felotens OR
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Folpik OR Neofel OR Parmid OR Plendil OR Vascalpha
OR Irbesartan OR Aprovel OR Ifirmasta OR Avapro OR
Atorvastatin OR Lipitor OR Propranolol OR Inderal OR
Inderal OR Hemangeol OR InnoPran OR Bedranol OR
“Beta-Prograne” OR Angilol OR Atenolol OR Tenormin
OR Flupenthixol OR Flupentixol OR Fluanxol OR Depixol
OR Navane OR aractan OR “Thiothixene HCl Intensol”
OR Haloperidol OR Halkid OR Haldol OR Serenace OR
Risperidone OR Risperdal OR Perseris OR Diazepam

OR Diazemuls OR Stesolid OR Valium OR Diastat OR
Zetran OR Oxazepam OR Serax OR Glibenclamide

OR Glyburide OR DiaBeta OR “Glynase PresTab” OR
Micronase OR Metformin OR Bolamyn OR Glucient OR
Glucophage OR Meijumet OR Metabet OR Metuxtan
OR Sukkarto OR Yaltormin OR Glumetza OR Fortamet
OR Carbamazepine OR Tegretol OR Carbagen OR Epitol
OR Carbatrol OR Tamoxifen OR Nolvadex OR
Tamofen OR Cyclophosphamide OR Cytoxan OR Neosar
OR Ifosfamide OR Ifex OR Dextropropoxyphene OR
Destropropoxifene OR Paracetamol OR Acetaminophen
OR Anadin OR Hedex OR Mandanol OR Panadol OR
Paravict OR Alvedon OR Calpol OR “Junior Parapaed”
OR Altridexamol OR Perfalgan OR Tylenol OR Mapap
OR Tramadol OR Zydol OR Brimisol OR Invodol OR
Mabron OR Maneo OR Marol OR Tilodol OR Tradorec
OR Tramulief OR Zytram OR Zamadol OR Maxitram OR
Tramquel OR Ultram OR Tramal OR Ultram OR Lidocaine
OR "LMX 4" OR Versatis OR Xylocaine OR Ralvo OR
Vagisil OR Xylocaine OR Nervocaine OR Lidoject OR
Meclozine OR Meclizine OR Antivert OR Bonine OR
D-Vert OR “Dramamine Less Drowsy” OR Driminate OR
Meclicot OR Medivert OR “Ru-Vert-M" OR “Meni-D"
OR Ranitidine OR Gavilast OR Ranicalm OR Zantac
OR Bezafibrate OR Bezalip OR Fibrazate OR “2,6-di-tert-
butyl-4-methylphenol” OR “Butylated hydroxytoluene”
OR "iodine-123" OR "iodine I-123" OR "Sodium lodide"
OR “lodine-125" OR "lodine 1-125" OR “lodine-129"
OR "lodine I-129" OR "lodine-131" OR “lodine I-131"

3. Antibacterial properties

Antibacterial* OR antimicrobial* OR "anti-microbial*"
OR antiinfection* OR "anti-infection*" OR "anti-
infective” OR antiinfective OR antibacterial* OR "anti-
bacterial*" OR bactericidal OR germicidal

4. Terms for exclusion

Mesh terms: (MH "Drug Interactions") OR (MH "Drug-
Related Side Effects and Adverse Reactions") OR (MH
"Mycoses") OR (MH "Neutropenia")

Search combination

((1 OR 2) AND 3) NOT 4



Appendix VIII.3. Full list of identified
studies per drug

2,6-di-tert-butyl-4 methylphenol (n=5)

1.

Ayaz, M., et al. (1980). "Antimicrobial Effect

of Butylated Hydroxyanisole and Butylated
Hydroxytoluene on Staphylococcus aureus 1." Journal
Of Food Protection 43(1): 4-6.

Chew, B. P, et al. (1985). "In vitro growth inhibition
of mastitis causing bacteria by phenolics and metal
chelators." Journal Of Dairy Science 68(11): 3037-
304e6.

Gailani, M. B. and D. Y. C. Fung (1984).

" Antimicrobial Effects of Selected Antioxidants in
Laboratory Media and in Ground Pork." Journal Of
Food Protection 47(6): 428-433.

Santhakumari, S., et al. (2018). "In vitro and in vivo
effect of 2,6-Di-tert-butyl-4-methylphenol as an
antibiofilm agent against quorum sensing mediated
biofilm formation of Vibrio spp." International Journal
Of Food Microbiology 281: 60-71.

Turcotte, P. and S. A. Saheb (1978). "[Antimicrobial
activity of phenolic antioxidants]." Canadian Journal
Of Microbiology 24(11): 1306-1320.

Atorvastatin (n=5)

1.

Coban, A. Y., et al. (2010). "[Investigation of the in
vitro antibacterial effects of statins]." Mikrobiyoloji
Bulteni 44(1): 161-163. (Did not show antimicrobial
effect)

Graziano, T. S., et al. (2015). "Statins and
Antimicrobial Effects: Simvastatin as a Potential

Drug against Staphylococcus aureus Biofilm." Plos
One 10(5): e0128098-e0128098. (Did not show
antimicrobial effect, but was tested against MRSA and
MSSA strains only)

Ko, H. H. T., et al. (2017). "Statins: antimicrobial
resistance breakers or makers?" Peerj 5:
€3952-e3952. (Review)

"Masadeh, M., et al. (2012). "Antibacterial activity
of statins: a comparative study of atorvastatin,
simvastatin, and rosuvastatin." Annals Of Clinical
Microbiology And Antimicrobials 11: 13-13.

Welsh, A.-M., et al. (2009). " Antimicrobial action of
atorvastatin and rosuvastatin." Pathology 41(7): 689-
691. (Showed bacteriostatic, rather than bactericidal
effect)

Cyclophosphamide (n=1)

1.

Peiris, V. and B. A. Oppenheim (1993). "Antimicrobial
activity of cytotoxic drugs may influence isolation

33

of bacteria and fungi from blood cultures." Journal
Of Clinical Pathology 46(12): 1124-1125 (Showed
minimal antimicrobial activity)

Diclofenac (n=16)

1.

10.

Algahtani, F. Y., et al. (2019). "Preparation,
characterization, and antibacterial activity of
diclofenac-loaded chitosan nanoparticles." Saudi
Pharmaceutical Journal: SPJ: The Official Publication
Of The Saudi Pharmaceutical Society 27(1): 82-87.

Annadurai, S., et al. (1998). "Antibacterial activity
of the antiinflammatory agent diclofenac sodium."
Indian Journal Of Experimental Biology 36(1): 86-90.

Annadurai, S., et al. (2002). "Experimental studies
on synergism between aminoglycosides and the
antimicrobial antiinflammatory agent diclofenac
sodium." Journal Of Chemotherapy (Florence, Italy)
14(1): 47-53.

Bandara, B. M. K., et al. (2004). "Non-steroidal anti
inflammatory agents decrease bacterial colonisation
of contact lenses and prevent adhesion to human
corneal epithelial cells." Current Eye Research 29(4-
5): 245-251.

Chockattu, S. J., et al. (2018). "Comparison of anti-
bacterial efficiency of ibuprofen, diclofenac, and
calcium hydroxide against Enterococcus faecalis in
an endodontic model: An in vitro study." Journal Of
Conservative Dentistry: JCD 21(1): 80-84.

Dastidar, S. G., et al. (2000). "The anti-bacterial

action of diclofenac shown by inhibition of DNA
synthesis." International Journal Of Antimicrobial
Agents 14(3): 249-251.

Dutta, N. K., et al. (2007). "Activity of diclofenac
used alone and in combination with streptomycin
against Mycobacterium tuberculosis in mice."
International Journal Of Antimicrobial Agents 30(4):
336-340.

Dutta, N. K., et al. (2008). "In vitro efficacy of
diclofenac against Listeria monocytogenes." European
Journal Of Clinical Microbiology & Infectious
Diseases: Official Publication Of The European Society
Of Clinical Microbiology 27(4): 315-319.

Guzel, M., et al. (2010). "Clinical efficacy of
diclofenac sodium and flunixin meglumine as adjuncts
to antibacterial treatment of respiratory disease of
calves." Australian Veterinary Journal 88(6): 236-239.

Kahlous, N. A., et al. (2017). "Using
Chemoinformatics, Bioinformatics, and Bioassay

to Predict and Explain the Antibacterial Activity of
Nonantibiotic Food and Drug Administration Drugs."
Assay And Drug Development Technologies 15(3):
89-105.



1.

12.

13.

14.

15.

16.

Kruszewska, H., et al. (2002). "Search of antimicrobial
activity of selected non-antibiotic drugs." Acta
Poloniae Pharmaceutica 59(6): 436-439.

Mazumdar, K., et al. (2006). "Diclofenac in the
management of E. coli urinary tract infections." In
Vivo (Athens, Greece) 20(5): 613-619.

Mazumdar, K., et al. (2009). "The anti-inflammatory
non-antibiotic helper compound diclofenac: an
antibacterial drug target." European Journal Of
Clinical Microbiology & Infectious Diseases: Official
Publication Of The European Society Of Clinical
Microbiology 28(8): 881-891.

Mufoz-Criado, S., et al. (1996). "In vitro activity

of nonsteroidal anti-inflammatory agents,
phenotiazines, and antidepressants against Brucella
species." European Journal Of Clinical Microbiology
& Infectious Diseases: Official Publication Of The
European Society Of Clinical Microbiology 15(5):
418-420.

Pawar, H. V., et al. (2019). "Comparison of in vitro
antibacterial activity of streptomycin-diclofenac
loaded composite biomaterial dressings with
commercial silver based antimicrobial wound
dressings." International Journal Of Biological
Macromolecules 121: 191-199.

Salem-Milani, A., et al. (2013). " Antibacterial Effect of
Diclofenac Sodium on Enterococcus faecalis." Journal
Of Dentistry (Tehran, Iran) 10(1): 16-22.

Escitalopram (n=2)

1.

Cussotto, S., et al. (2019). "Differential effects of
psychotropic drugs on microbiome composition and
gastrointestinal function." Psychopharmacology
236(5): 1671-1685.

"Valipour, R., et al. (2019). " "Study of DNA-Binding
Activity and Antibacterial Effect of Escitalopram
Oxalate, an Extensively Prescribed Antidepressant." "
Drug Research (Found to kill E.coli, but not Bacillus
subtilis)

Estradiol (does not state what type of estradiol; n=1)

1.

Hosoda, K., et al. (2011). "Steroid hormones as
bactericidal agents to Helicobacter pylori." FEMS
Microbiology Letters 318(1): 68-75.

Fluoxetine (n=6)

1.

Batista de Andrade Neto, J., et al. (2019). "A
mechanistic approach to the in-vitro resistance
modulating effects of fluoxetine against meticillin
resistant Staphylococcus aureus strains." Microbial
Pathogenesis 127: 335-340

Brochmann, R. P, et al. (2016). " Antimicrobial
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synergy between carprofen and doxycycline against
metbhicillin-resistant Staphylococcus pseudintermedius
ST71." BMC Veterinary Research 12(1): 126-126.

Cussotto, S., et al. (2019). "Differential effects of
psychotropic drugs on microbiome composition and
gastrointestinal function." Psychopharmacology
236(5): 1671-1685.

Karine de Sousa, A., et al. (2018). "New roles of
fluoxetine in pharmacology: Antibacterial effect
and modulation of antibiotic activity." Microbial
Pathogenesis 123: 368-371

Kruszewska, H., et al. (2004). "Examination of
antimicrobial activity of selected non-antibiotic
drugs." Acta Poloniae Pharmaceutica 61 Suppl: 18-
21.

Munoz-Bellido, J. L., et al. (2000). "Antimicrobial
activity of psychotropic drugs: selective serotonin
reuptake inhibitors." International Journal Of
Antimicrobial Agents 14(3): 177-180. (Review)

Flupenthixol (n=2)

1.

Jeyaseeli, L., et al. (2006). "Antimicrobial potentiality
of the thioxanthene flupenthixol through extensive in
vitro and in vivo experiments." International Journal
Of Antimicrobial Agents 27(1): 58-62.

Kristiansen, J. E. and B. Vergmann (1986). "The
antibacterial effect of selected phenothiazines and
thioxanthenes on slow-growing mycobacteria."
Acta Pathologica, Microbiologica, Et Immunologica
Scandinavica. Section B, Microbiology 94(6): 393-
398.

Glibenclamide (n=1)

1.

Koh, G. C. K. W.,, et al. (2013). "Glyburide reduces
bacterial dissemination in a mouse model of
melioidosis." Plos Neglected Tropical Diseases
7(10): e2500-e2500. (Tested against Burkholderia
pseudomallei only and did not show antibacterial
effect against it)

Haloperidol (n=1)

1.

Mortensen, |., et al. (1992). "The antibacterial effect
of some neuroleptics on strains isolated from patients
with meningitis." Pharmacology & Toxicology 71(6):
449-451.

Ibuprofen (n=19)

1.

Al-Janabi, A. A. H. S. (2010). "In vitro antibacterial
activity of Ibuprofen and acetaminophen." Journal Of
Global Infectious Diseases 2(2): 105-108

Cederlund, H. and P. A. Mérdh (1993). "Antimicrobial
activities of N-acetylcysteine and some non-



10.

11.

12.

steroidal antiinflammatory drugs." The Journal Of
Antimicrobial Chemotherapy 32(6): 903-904.

Chockattu, S. J., et al. (2018). "Comparison of anti-
bacterial efficiency of ibuprofen, diclofenac, and
calcium hydroxide against Enterococcus faecalis in
an endodontic model: An in vitro study." Journal Of
Conservative Dentistry: JCD 21(1): 80-84.

Elvers, K. T. and S. J. Wright (1995). " Antibacterial
activity of the anti-inflammatory compound
ibuprofen.” Letters In Applied Microbiology 20(2):
82-84.

Guzman, J. D., et al. (2013). "Antitubercular specific
activity of ibuprofen and the other 2-arylpropanoic
acids using the HT-SPOTi whole-cell phenotypic
assay." BMJ Open 3(6).

Hersh, E. V., et al. (1991). "Antimicrobial activity
of flurbiprofen and ibuprofen in vitro against six
common periodontal pathogens." The Journal
Of Clinical Dentistry 3(1): 1-5. (Tested against six
common periodontal pathogens and showed no
antibacterial effect)

Hockertz, S. and R. Heckenberger (1996). "Treatment
of an acute bacterial infection with a combination of
acetylsalicylic acid/ibuprofen and interferon gamma."
Arzneimittel-Forschung 46(10): 1012-1015.

Hockertz, S., et al. (1995). "Influence of ibuprofen
on the infection with Listeria monocytogenes."
Arzneimittel-Forschung 45(1): 104-107.

Kahlous, N. A., et al. (2017). "Using
Chemoinformatics, Bioinformatics, and Bioassay

to Predict and Explain the Antibacterial Activity of
Nonantibiotic Food and Drug Administration Drugs."
Assay And Drug Development Technologies 15(3):
89-105.

Kirkwood, Z. I., et al. (2018). "Antimycobacterial
activity of nonantibiotics associated with the
polypharmacy of cystic fibrosis (CF) against
mycobacterium abscessus." International Journal Of
Mycobacteriology 7(4): 358-360.

Kruszewska, H., et al. (2004). "Examination of
antimicrobial activity of selected non-antibiotic
drugs." Acta Poloniae Pharmaceutica 61 Suppl: 18-
21.

Mufoz-Criado, S., et al. (1996). "In vitro activity

of nonsteroidal anti-inflammatory agents,
phenotiazines, and antidepressants against Brucella
species." European Journal Of Clinical Microbiology
& Infectious Diseases: Official Publication Of The
European Society Of Clinical Microbiology 15(5): 418-
420. (Tested against Brucella species only; showed no
antimicrobial effect)

13.

14.

15.

16.

17.

18.

19.

Obad, J., et al. (2015). "Antimicrobial activity of
ibuprofen: new perspectives on an "OId" non-
antibiotic drug." European Journal Of Pharmaceutical
Sciences: Official Journal Of The European Federation
For Pharmaceutical Sciences 71: 93-98.

Oliveira, I. M., et al. (2019). "Repurposing ibuprofen
to control Staphylococcus aureus biofilms." European
Journal Of Medicinal Chemistry 166: 197-205.

Salem-Milani, A., et al. (2013). "Antibacterial Effect of
Diclofenac Sodium on Enterococcus faecalis." Journal
Of Dentistry (Tehran, Iran) 10(1): 16-22.

Shah, P. N., et al. (2018). "Antimicrobial Activity of
Ibuprofen against Cystic Fibrosis-Associated Gram-
Negative Pathogens." Antimicrobial Agents And
Chemotherapy 62(3).

Shirin, H., et al. (2006). "Non-steroidal anti-
inflammatory drugs have bacteriostatic and
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"Vijayashree Priyadharsini, J. (2019). " "In silico
validation of non-antibiotic drugs, acetaminophen,
and ibuprofen as antibacterial agents against red
complex pathogens."" Journal Of Periodontology.

Whiteside, S. A., et al. (2019). "lbuprofen lacks
direct antimicrobial properties for the treatment of
urinary tract infection isolates." Journal Of Medical
Microbiology 68(8): 1244-1252. (Showed no
antimicrobial effect)

Lidocaine (n=44)

1.

Adler, D. M. T., et al. (2017). "The antimicrobial
activity of bupivacaine, lidocaine and mepivacaine
against equine pathogens: An investigation of 40
bacterial isolates." Veterinary Journal (London,
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lidocaine with phenylephrine as topical anesthetics:
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Appendix IX
Consideration of

confidence in PNEC
values

Introduction

The accepted method to calculate of the potential
environmental risk of a pharmaceutical or any chemical

is deceptively simple. It is based on the determination

of the concentration of a compound expected in the
environment, or Predicted Environmental Concentrations
(PECs), and the concentration below which no effects are
expected, or Predicted No-Effect Concentrations (PNECs)
and expressing their association as a ratio or Risk Quotient
(RQ):

PEC

~ PNEC

Where Measured Environmental Concentrations (MEC)
are available, risk can also be defined as:

0 MEC

LE ~ PNEC

In the European water regulation framework,
Environmental Quality Standards (EQS) are set based on

this kind of risk assessment, whereby two distinct limits
are set:

e athreshold for the average concentration of the
substance concerned, calculated from measurements
over a 1-year period. The purpose of this standard is
to ensure protection against long-term exposure to
pollutants in the aquatic environment;

e amaximum allowable concentration of the substance
concerned, i.e. the maximum for any single
measurement. The purpose of this standard is to
ensure protection against short-term exposure, i.e.
pollution peaks (Directive 2008/105/EC).

The PEC is a prediction of the expected concentration in
the environment based on total consumption and both
in-sewer and environmental dilution, sometimes refined
by metabolic characteristics (e.g. the percentage excreted
as parent compound) or removal efficiency in wastewater
treatment processes (e.g. Helwig et al., 2016. Metabolism
of pharmaceuticals vary among humans with age, sex
and fragility (McLachlan and Pont, 2011) all affecting
the pharmacokinetics and thus excretion. The removal
process, in the case of pharmaceuticals, mainly occurs

at the wastewater treatment plants (WWTP), but could
involve natural processes such as photo-degradation

or absorption onto sludge or soil particles. There is no
standard construction for WWTP and the time material
remains within the WWTP varies, as does the composition
of the raw influent. Thus the percentage removal value
can differ between studies. Verlicchi et al. (2012) in their
review of pharmaceutical removal from urban wastewater
reported that for diclofenac, for example, the removal
rate ranged between 3 and 65.1% in the eighteen studies
they reviewed. Additionally, many pharmaceuticals, due to
their usage, are not continuously released into the sewage
system and depends on season and population age.

Thus, quantifying the PEC of a pharmaceutical relies on a
number of assumptions that can influence the final value
and the actual concentration in the environment is likely
to vary considerably not only spatially but also temporally.

Evaluating the environmental response or effect is done
via determining the PNEC, which is defined as the
concentration below which effects are not expected

to occur. Although PNECs can be derived for a range
of habits or fauna, unless specified otherwise usually
PNEC is implied.

fresh water

PNECs are based on laboratory-based ecotoxicity
experiments for a range of endpoints, whereby a single
species is exposed to a single drug. Most commonly,
endpoints include growth, reproduction or mortality.

Data are typically reported as the concentrations where
either a percentage reduction of the parameter was
observed, typically either 50% inhibition of growth or
mortality (EC50 or LC50; Median Effective Concentration/
Median Lethal Concentration), or — preferably - as No
Observed Effect Concentration (NOEC), where NOEC

is the highest concentration tested with no statistical
significant difference in effect compared to the control.

In preference, values should be obtained from long-term
(chronic) eco-toxicity studies, which extend over multiple
generations of the test organism. The accepted base-set of
organisms for deriving PNEC, . comprises of algae,
Daphnia and fish, representing three trophic levels: algae
as primary producers; Daphnia as primary consumers and
fish as secondary consumers (European Chemicals Agency,
2008). The result from the most sensitive species being
used in the risk evaluation.

To calculate the PNEC, an Assessment Factor is then
applied, which can range from 10 to 1000. This is
included as a protective factor to allow the transfer of
laboratory results to real ecosystems, for the fact that the
laboratory evaluation does not include the entire range of
organisms present in these situations and for the fact that
other stressors will be present. The more extensive the
experimental ecotoxicity data available, the smaller the
Assessment Factor (Table 1).



Table 1: Assessment factors used to derive a PNEC
Available data

fresh water

(European Chemicals Agency, 2008)

Assessment factor

At least one short-term L(E)C, from each of three trophic levels (fish, Daphnia and algae) 1000

One long-term EC,  or NOEC (either fish or Daphnia) 100
Two long-term results (e.g. EC, or NOECs) from two trophic levels (fish and/or Daphnia 50
and/or algae)

Long-term results (e.g. EC, or NOECs) from the three species (normally fish, Daphnia and 10

algae) representing three trophic levels

Quality assurance issues associated with PNEC data

Given that the eco-toxicological parameter from the

most sensitive species is used in the risk assessment or
even, in the case of multiple NOEC's or EC, s, the lowest
value (relating to the most sensitive end point) from one
species, ensuring that the data is adequate is paramount.
Adequacy, as defined in the European Chemicals Agency's
Technical Guidance Document on Risk Assessment, has
two elements:

¢ reliability: covering the inherent quality of a test
relating to test methodology and the way that the
performance and results of the test are described,;

e relevance: covering the extent to which a test is
appropriate for a particular hazard or risk assessment.

Relevance refers, inter alia, to appropriate end points and
test conditions. Traditionally, reliability has been assessed
using the Klimisch scoring approach (Klimisch et al., 1997),
which rates PNEC data as K1: reliable without restrictions;
K2: reliable with restrictions; K3: unreliable or K4: not
assignable (Table 2). Generally only PNEC generated from
work rated as K1 or K2 should be considered.

More recently, the society of Environmental Toxicology
and Chemistry project “Criteria for Reporting and
Evaluating Ecotoxicity Data (CRED)" involving 75 risk
assessors from 12 countries (Kase et al., 2016) produced
a more detailed evaluation method. The Klimisch et al.
(1997) has, 14 evaluation criteria/questions for chronic

ecotoxicity (12 for acute ecotoxicity) that should be met
to enable confidence in the reliability of the data, whereas
CRED has a set of 20 reliability and 13 relevance criteria
(Moermond et al., 2016). Where the reliability criteria
refer to the laboratory testing procedure, analysis and

the relevance criteria cover wider aspects such as “Is

the species tested relevant for the compartment under
evaluation?" For example, earthworm data would not

be relevant if the study were considering freshwater
exposure. Additionally, the CRED protocol recommends 50
reporting criteria for publications purporting to establish
PNEC data to enable data published to reliably be used

as secondary information. Similar to the Klimisch et al.
(1997), the CRED evaluation method establishes four
reliability categories: reliable without restrictions (R1),
reliable with restrictions (R2), not reliable (R3), and not
assignable (R4).

The CRED protocol seems to be a following on or
development of the work by Agerstrand et al., (2011)
identifying evaluation criteria regarding the use of
ecotoxicity data for environmental risk assessment of
pharmaceuticals. These authors identified 44 mandatory
criteria and 19 optional criteria required for the reliability
evaluation.

Additionally, the European Medicines Agency (EMA)
requires all newly marketed human pharmaceuticals

should have an environmental risk assessment (ERA),
experimental studies to produce the PNEC should

Table 2 Summary of the Klimisch Criteria (Benson et al., 2017)

Code Category Description
Refers to studies/data carried out or generated according to internationally accepted
Reliable without testing-guidelines (preferably good laboratory practice {GLP}) or in which the test
1 parameters documented are based on a specific (national) testing guideline (preferably

restrictions

GLP), or in which all parameters described are closely related/comparable to a guideline
method.

Reliable with restrictions

Studies or data (mostly not performed according to GLP) in which the test parameters
documented do not comply totally with the specific testing guideline, but are sufficient
to accept the data or in which investigations are described that cannot be subsumed
under a testing guideline, but which are nevertheless well-documented and scientifically
acceptable.

Not reliable

Studies/data in which there are interferences between the measuring system and the
test substance, or in which organisms/test systems were used that are not relevant in
relation to exposure, or which were carried out or generated according to a method
which is not acceptable, the documentation of which is not sufficient for an assessment
and which is not convincing for an expert assessment.

Not assignable

Studies or data which do not give sufficient experimental details and which are only
listed in short abstracts or secondary literature.

40



preferably follow standard test protocols produced by,
for example, by OECD (Organisation for Economic
Cooperation and Development), AFNOR (Association
Francaise de Normalisation) or ISO (International
Organization for Standardization) and be conducted

in compliance with Good Laboratory Practices (GLP)
(EMA, 2006). However, there was no backdating of
this requirement and many pharmaceuticals, even the
ubiquitous ones such as ibuprofen or amoxicillin do not
have an ERA. Burns et al. (2018) reported that only 71
of the top 350 pharmaceuticals in use in the UK had
environmental risk assessment (ERA) available via the
EMA European Medicines Agency as European Public

Assessment Reports and of those registered for market use

in the UK (1912 pharmaceuticals) only around 11% had
ERA's.

Klimisch et al. (1997); EMA (2006) and CRED recommend
the adoption of GLP and all studies identifying evaluation
criteria base their evaluation on standard test protocols.
All allow non-standard protocols to be used a large
number of the evaluation criteria would be met if PNEC
evaluations are preformed following these standard
protocols.

Reliability evaluation of PNEC data

Since scientific journals tend to emphasize conciseness

it is difficult for enough information to be presented for
the evaluation protocols to rate the study reliable without
restrictions, reliable with restrictions, etc. Therefore,
these are often overlooked and the emphasis placed on
commissioned studies either for submission to regulators
or as evidence requested by governmental bodies such as
the WFD.

Some, such as the eChemPortal (Global Portal to
Information on Chemical Substances) (https://www.

echemportal.org/echemportal/propertysearch/page.
action?pagelD=0) operated by OECD have a database of
ecotoxicological information which are categorised into

the reliability categories, presumably based on Klimisch et
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al. (1997) scoring system, however this database appear
to focus on organic chemicals and to a lesser degree metal
salts. There does not appear to be a database which

offers a similar evaluation for pharmaceuticals.

Fass.se (https://www.fass.se/LIF/startpage?userType=0)
does quote data, often from pharmaceuticals companies,
which are presumably reliable. Additionally, a number of
papers have been published written exclusively or mainly
by employees of pharmaceuticals companies (Caldwell

et al., 2012; Murray-Smith et al., 2012; Vestel et al.,
2016 and Tell et al., 2019). The PNEC published in these
manuscripts are likely to be drawn from the respective
companies’ database and thus can be considered as
reliable, although there is a lack of transparency on
underlying ecotoxicity studies. Table 3 provides a
comparison of the PNEC data obtained as part of the
literature review of this CREW study and those for the
comparable pharmaceuticals from papers published by
the pharmaceutical industries. It is clear that the greatest
discrepancy occurs when the lowest PNEC found for the
selected pharmaceuticals in this project was obtained
from published papers, for example for trimethoprim,
the PNEC adopted in this project was obtained from
Orias and Perrodin (2013) at 0.0058 pg/L but that from
the pharmaceutical industries was 100 pg/L. Orias and
Perrodin (2013) quoted work using freshwater zebra
mussels, which based on their assessment was the most
sensitive of the 20 species examined and the endpoint was
decreased metabolic activity. Thus, these authors looked
at a more sensitive endpoint than inhibition of growth or
death.

The above highlights another important point: while

the information obtained from the papers produced by
representatives of the pharmaceutical industry will focus
on the three baseline set of organisms: algae, Daphnia
and fish and report on standard endpoints (i.e. death or
growth inhibition), data from published papers reporting
on academic studies can report on non-standard test
organisms and endpoints. This information is acceptable
as long as the study met the criteria of reliability.


https://www.echemportal.org/echemportal/propertysearch/page.action?pageID=0
https://www.echemportal.org/echemportal/propertysearch/page.action?pageID=0
https://www.echemportal.org/echemportal/propertysearch/page.action?pageID=0
https://www.fass.se/LIF/startpage?userType=0

Without reviewing the original data sources cited in the
“CREW all data 16 Dec" spreadsheet using either Klimisch
et al. (1997) or Moermond et al. (2016) approach,
probably only those PNEC that were obtained from work
associated with the Water Framework Directive should be
thought as reliable enough to be used in creating a priority
list of pharmaceuticals to be used in Scotland although
PNEC data submitted to Fass.se is thought to be subject to
some scrutiny and may be sufficiently reliable.

Table 3: PNEC values for selected compounds

Compound CREW Reference Pharma papers  Reference

database (taken from the CREW all data (pg/L)

(pg/L) spreadsheet)
2E7E'§)'pha ethinyl oestradiol 00993 \wEp EQs Dossier 0.0001 Caldwell et al. 2012
17-beta oestradiol (E2) 0.0004 WFD EQS Dossier 0.002 Caldwell et al. 2012
Atenolol 148 NCIP 2015-2020 148 Vestel et al. 2016
Atorvastatin 1.7 NCIP 2015-2020 14 Vestel et al. 2016
Azithromycin 0.019 Loos et al. 2018 0.02 Tell et al. 2019
Bezafibrate 50 Boillot, 2008 1000 Vestel et al. 2016
Ciprofloxacin 0.089 NCIP 2015-2020 0.57 Tell et al. 2019
Clarithromycin 0.12 Loos et al. 2018 0.08 Tell et al. 2019
Erythromycin 0.2 Loos et al. 2018 0.5 Tell et al. 2019
Estriol (E3) 0.06 Caldwell et al. 2012 0.06 Caldwell et al. 2012
Ibuprofen 0.01 NCIP 2015-2020 1 Johnson & Johnson
Irbesartan 704 FASS Allménhet. 2013 704 Vestel et al. 2016
Lidocaine 32 FASS Allménhet. 2013 110* Murray-Smith et al. 2011
Metformin 13.45 NCIP 2015-2020 1030 Vestel et al. 2016
Naproxen 0.64 Grung et al. 2007 4.2 Murray-Smith et al. 2011
Oestrone (E1) 0.0036 Loos et al. 2018 0.006 Caldwell et al. 2012
Oxytetracycline 18 Tell et al., 2019 18 Tell et al. 2019
Propranolol 0.1 NCIP 2015-2020 0.02 Vestel et al. 2016
Sulfamethoxazole 0.59 Ferrari et al. 2004 0.6 Tell et al. 2019
Tamoxifen 0.49 NCIP 2015-2020 0.49** Vestel et al. 2016
Tramadol 64 Webb 2000 73 Vestel et al. 2016
Trimethoprim 0.0058 Orias and Perrodin 2013 100 Tell et al. 2019

NCIP 2015-2020: The National Chemical Investigations Programme 2015-2020

Johnson & Johnson: Information obtained from https://www.nsfwetcenter.org/2018/09/11/new-pnec-list-9-11-18/ citing data from

Johnson & Johnson
* listed as lidocaine hydrochloride

** listed as tamoxifen citrate
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Appendix Xl Information relevant to the gap analysis

Priority Compounds by Water Body Type

Ibuprofen

24;17%

83;57%

Clarithromycin

{29: 19%

85; 56%

32;21%

Erythromycin

131;21%

33;23%

Diclofenac

31;18%

- (:
34; 20% it et

17a-ethynyl-
estradiol

M River or Stream

m Loch

™ Estuary

WWTW Effluent

= WWTW Influent

W Septic Tank Effluent

B Other (Hospital sewage untreated, WWTW primary,
WWTW secondary, mains drinking water)

Figure a1. Water body types with monitoring data of the five priority compounds, with number of datapoints and percentage value

indicated.
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Priority Compounds by Scottish Local Authority

Ibuprofen m Aberdeen City, 3

H Aberdeenshire, 18

w Angus, 2

m City of Edinburgh, 5

i m m East Lothian, 4

H Fife, 11

B Glasgow City, 9

= Highland, 15

H Midlothian, 8

m North Lanarkshire, 14
Perth and Kinross, 5

H South Lanarkshire, 4

m Stirling, 4

N West Lothian, 42

Clarithromycin g 2 | m Aberdeen City, 3

m Aberdeenshire, 21

i Angus, 2

H City of Edinburgh, 5

m East Lothian, 4

i Fife, 11

m Glasgow City, 9

m Highland, 18

H Midlothian, 8

m North Lanarkshire, 14
Perth and Kinross, 4

m South Lanarkshire, 8

m Stirling, 4

m West Lothian, 42

Figure a2. Scottish local authorities (14 total) with monitoring data of the five priority compounds, with number of datapoints and
percentage value indicated.
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DiCIOfenac m Aberdeen City, 3

B Aberdeenshire, 32

= Angus, 2

m City of Edinburgh, 5

m East Lothian, 4

m Fife, 15

B Glasgow City, 9

m Highland, 19

m Midlothian, 8

® North Lanarkshire, 14
Perth and Kinross, 5

mSouth Lanarkshire, 12

m Stirling, 4

® West Lothian, 42

Erythromycin m Aberdeen City, 1

B Aberdeenshire, 19

= Angus, 2

m City of Edinburgh, 5

W East Lothian, 4

w Fife, 18

m Glasgow City, 9

m Highland, 4

m Midlothian, 8

m North Lanarkshire, 14
Perth and Kinross, 4

m South Lanarkshire, 12

m Stirling, 4

m West Lothian, 42

Figure a2 (cont'd). Scottish local authorities (14 total) with monitoring data of the five priority compounds, with number of datapoints and
percentage value indicated.
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17a-ethynylestradiol

H Aberdeen City, 3

B Aberdeenshire, 23

m Angus, 2

m City of Edinburgh, 5

m East Lothian, 4

w Fife, 18

m Glasgow City, 9

mHighland, 14

m Midlothian, 8

m North Lanarkshire, 12
Perth and Kinross, 4

mSouth Lanarkshire, 8

m Stirling, 4

® West Lothian, 20

Figure a2 (cont'd). Scottish local authorities (14 total) with monitoring data of the five priority compounds, with number of datapoints and
percentage value indicated.
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Table al. List of Scottish local authorities without pharmaceutical monitoring data. Population, number and types of WWTWs and hospitals in
those regions included, and corresponding catchments indicated. CS = Cess & septic tanks, NWR = not WIC reportable, PRE = preliminary only,

PRI = primary treatment, SEC = secondary treatment, TER = tertiary treatment. Acute = acute hospital, Mar = maternity hospital, MH = mental
health hospital, MS = multi-service hospital, PRA = patient residential accommodation

Local Authority Population’ WWTWs Hospitals
Total, PE range, Catchments Total, Beds Catchments
range,
(by type) (mean) (by type) (m egan)
Argyll and Bute 85,870 150 0-14,445  Appin coastal 12 0-52 Cowal/Clyde
loch tal
(547) Clyde estuary “13) sealochs coasta
Island of Bute
CS=116 Cowal/Clyde Other =12 coastal !
sealochs coastal
NWR =10 Islay coastal
PRI = 2 Island of Mull coastal
- Kintyre coastal
SEC =18 Islay coastal
- ) Knapdale coastal
TER = 4 Kintyre coastal
- Loch Fyne coastal
Knapdale coastal
Loch Fyne coastal
River Add
River Awe
River Leven (Loch
Lomond)
Tiree coastal
Clackmannanshire 51,540 6 59 — 44,077 River Devon 1 45 Stirling coastal
(10,138) Stirling coastal
CS=1 Other =1
SEC=5
Combhairle nan 26,720 170 0-11,605 Barra coastal 6 0-85 Barra coastal
Eil Si 154 17
rean star (154) Benbecula coastal azn Benbecula coastal
CS =148 Berneray coastal Acute =1 Berneray coastal
PRI =1 Eilean Arnol coastal Other =5 Lewis and Harris
tal
SEC =21 Eriskay coastal coasta

Great Bernera coastal

Lewis and Harris
coastal

North Uist coastal
Scalpay coastal

South Uist coastal
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Local Authority Population’ WWTWs Hospitals
Total, PE range, Catchments Total, Beds Catchments
(by type) (mean) (by type) :::?5::)
Dumfries and 148,860 179 0-43,350 Annan coastal 23 0-85 Dumfries coastal
Galloway 837) Auchencairn Bay/ (1 Galloway coastal
CS=110 Rough estuary MH =3 Gretna coastal
NWR =1 Eiigz:;fh and Cree MS =1 River Annan
PRI =4 Dumfries coastal Other =17 River Cree
SEC =48 Galloway coastal PRA =2 River Dee (Solway)
TER =16 Gretna coastal River Esk (Solway)
Lochar water River Nith
Piltanton and Luce Stewartry coastal
estuary
River Annan
River Bladnoch
River Cree
River Dee (Solway)
River Esk (Solway)
River Nith
Solway estuary
Stewartry coastal
Urr water
Water of Luce
Dundee city 149,320 2 0-21(10) Dundee coastal 20 0-788 Dighty water
©3) Dundee coastal
CS=2 Acute =1
MH =1
MS =1
Other =17
East Ayrshire 122,010 28 0-16,628  River Ayr 20 0-560 River Ayr
1.777) River Doon 30) River Doon
CS=13 River Irvine Acute =1 River Irvine
SEC =14 River Nith Mat =1 River Nith
TER=1 Other =17
PRA =1
East 108,640 2 49 - 57 River Kelvin 5 0 River Kelvin
Dunbartonshire (53)
CS=2 MH =1
Other =3
PRA =1
East Renfrewshire 95,530 5 26 -54,257 River Garnock 2 0 White Cart water
(12942) White Cart water
CS=1 Other =2
SEC=2
TER=2
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Local Authority Population’ WWTWs Hospitals
Total, PE range, Catchments Total, Beds Catchments
(by type) (mean) (by type) ::r?egaer;)
Falkirk 160,890 14 41-91,701 Forth estuary 15 0-724 Forth estuary
(21,650) Forth estuary (south) (62) (south) coastal
CS =1 coastal Acute = 1 River Avon
PRI = 1 River Avon MH = 1 ?Fizle';ri?rron
SEC = 10 River Carron (Falkirk) Other = 11
TER = 2 Stirling coastal PRA < 2
Inverclyde 77,800 1 87,914 Inverclyde coastal 8 0-343 Inverclyde coastal
(42)
SEC =1 Acute =2
Other=6
Moray 95,820 63 0-44,985 Banff coastal 9 0-178 Banff coastal
(1,645) Moray coastal 28) Moray coastal
CS=49 Muckle burn Acute =1 River Deveron
PRI =3 River Deveron Other =8 River Lossie
SEC =10 River Findhorn River Spey
TER =1 River Lossie
River Spey
North Ayrshire 134,740 34 4-332,371 Arran coastal 9 0-244 Arran coastal
(12,950) Great Cumbrae 29) Great Cumbrae
cs <26 coastal MH = 1 coastal
NWR = 1 In.verclyde coastal Other — 8 IC\JO(:StFaIAyrshwe
PRI = 2 River Garnock _
) . River Garnock
SEC=3 River Irvine . .
River Irvine
TER=2
Orkney Islands 22,270 41 0-13,485 Eday coastal 5 0-49(9) Orkney coastal
(464) Flotta coastal
CS=30 Loch of Stenness Acute =1
NWR =1 Orkney coastal Other = 4
SEC=9 Rousay coastal
TER =1 Sanday coastal
South Walls coastal
Stronsay coastal
Westray coastal
Renfrewshire 179,100 4 22 - Black Cart water 9 0-654 Black Cart water
25236 (?2389) Glasgow coastal @1 Glasgow coastal
cS=1 Acute =1 White Cart water
SEC =3 MH =2
Other=6
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Local Authority Population’ WWTWs Hospitals

Total, PE range, Catchments Total, Beds Catchments
(by type) (mean) (by type) ::eg;;)
Scottish Borders 115,510 97 0-30,714  Berwick coastal 3 0-267 Berwick coastal
(1:414) Eye water 6) River Tweed
CS=37 River Esk (Lothian) Acute =1
PRI=6 River Esk (Solway) Other =2
SEC =42 River Tweed
TER =12 Whiteadder water
Shetland Islands 22,920 80 0-10,517  Bressay coastal 6 0-48(8) Fair Isle coastal
(251) Fetlar coastal Foula coastal
CS=79 Housay coastal Acute =1 Housay coastal
SEC =1 Shetland coastal Other =5 Shetland coastal

Unst coastal
West Burra coastal

Whalsay coastal

Yell coastal
South Ayrshire 112,610 22 7-15,491  North Ayrshire 9 0-334 North Ayrshire
(1,268) coastal (58) coastal
cs=12 River Ayr Acute = 1 River Ayr
SEC =10 Rfver Do'on MH =2 ig:-:ralAyrshlre
River Irvine Other = 6 .
River Stinchar Water of Girvan
Water of Girvan
West 88,930 5 135 - Clyde estuary 7 0-168 Dumbarton coastal
Dunbartonshire 581,220 River Leven (Loch “0) Glasgow coastal
CS=1 (128,681)  Lomond) Acute = 1 River Leven (Loch
SEC =3 Other =6 Lomond)
TER =1

" Population (by the National Records for Scotland, 2019 https://www.nrscotland.gov.uk/statistics-and-data/statistics/stats-at-a-glance/
council-area-profiles)
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Table a2. List of Scottish local authorities with pharmaceutical monitoring data. Population, number and types of WWTWs
and hospitals in those regions included, source and corresponding catchment indicated. CS = Cess & septic tanks, NWR = not

WIC reportable, PRE = preliminary only, PRI = primary treatment, SEC = secondary treatment, TER = tertiary treatment. Acute =
acute hospital, Mat = maternity hospital, MH = mental health hospital, MS = multi-service hospital, PRA = patient residential
accommodation

Local Population’ WWTWs Hospitals
TG T Total, PE range, Catchments Total, Beds Catchments
(by type) (mean) (by type) ::‘eg;;)
Aberdeen City 228,670 6 7 -289,584 Buchan coastal 22 0-713  Aberdeen North coastal
(56,254) River Dee (Grampian) (63) Aberdeen South coastal
CS=2 River Don Acute =2 River Dee (Grampian)
SEC =2 Mat =1 River Don
TER =2 MH =2
MS =1
Other =14
PRA =2
Aberdeenshire 261,210 193 0-35,293  Banff coastal 19 0-39 Banff coastal
(1,089) Bervie water 12) Buchan coastal
CS=111 Buchan coastal Other =19 Kincardine and Angus
PRE = 4 Kincardine and Angus coastal
PRI = 2 coastal River Dee (Grampian)
SEC = 59 River Dee (Grampian) River Deveron
TER = 17 River Deveron River Don
River Don River Ugie
River North Esk
(Tayside)
River Ugie
River Ythan
Ythan estuary
Angus 116,200 63 0-240,824 Dighty water 13 0-64 Dighty water
(5.070) Dundee coastal (1 Dundee coastal
CS=32 Firth of Tay MH =1 Kincardine and Angus
PRI =1 Kincardine and Angus ~ MS =2 coastal
SEC = 21 coastal Other = 10 Lunan water
TER=9 Lunan water ﬁ:;;(lj\l;rth Esk
Montrose Basin
River_North Esk EEZ;;SE)U th Esk
(Tayside)
River South Esk River Tay
(Tayside)
River Tay
City of 524,930 2 39,818 - River Almond 27 0-986 Edinburgh coastal
Edinburgh Z416§2625??8) ®7) River Almond
TER=2 Acute =2 Water of Leith
MH =1
Other =23
PRA =1
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Local Population’ WWTWs Hospitals
bt Total, PE range, Catchments Total, Beds Catchments
(by type) (mean) (by type) :::‘ii;)
East Lothian 107,090 27 0-28,786  East Lothian coastal 6 0-50 East Lothian coastal
(2,452) River Esk (Lothian) a3) River Tyne
CS=15 River Tyne MH =1
PRI =2 Other=5
SEC=6
TER=4
Fife 373,550 53 14 - Eden estuary 29 0-635 North Fife coastal
172,355 Firth of Tay “2) River Eden
=15 6521) Forth estuary Acute =2 River Leven (Fife)
PRE=6 North Fife coastal MH =3 South Fife coastal
PRI=7 River Eden Other =24
SEC=21 South Fife coastal
TER=4 Stirling coastal
Glasgow City 633,120 3 232,840 Clyde estuary 48 0- Glasgow coastal
(_35;?34;13? River Clyde 276:)7 River Clyde
SEC=2 Acute =6 River Kelvin
TER=1 MH =5 White Cart water
Other = 37
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Local Population’ WWTWs Hospitals
AT IS Total, PE range, Catchments Total, Beds Catchments
(by type) (mean) (by type) ::faen')
Highland 235,830 302 0-85,623  Appin coastal 60 0-447  Appin coastal
(856) Ardgour coastal a4) Ardnamurchan coastal
CS =208 Ardnamurchan coastal  Acute = 1 Brora coastal
PRE =1 Beauly/Inverness firth — papy _ 4 Cromarty coastal
PRI =3 Beauly coastal MS =1 Dornoch coastal
SEC=73 Brora coastal Other = 57 Inverness coastal
TER =17 Cromarty coastal Isle of Skye coastal
Cromarty firth
Dornoch coastal Minch coastal
Dornoch firth Moray coastal
Forss water River Nairn
Inverness coastal River Ness
Isle of Skye coastal River Spey
Loch Linnhe River Thurso
Minch coastal Sounds coastal
Muckle burn Thurso coastal
River Alness Tongue coastal
River Beauly Torridon coastal
River Cassley Wick coastal
River Nonon
River Ewe
River Findhorn
River Fleet
River Glass
River Helmsdale
River Leven (Lochaber)
River Lochy
River Morar
River Nairn
River Naver
River Ness
River Oykel
River Shiel
River Shin
River Spey
River Thurso
Sounds coastal
Thurso coastal
Tongue coastal
Wick coastal
Wick river
Midlothian 92,460 14 2-13,190 River Esk (Lothian) 3 0 River Esk (Lothian)
(1,595) River Tyne
CS=5 Other =2
SEC=7 PRA =1
TER=2
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Local Population’ WWTWs Hospitals

bt Total, PE range, Catchments Total, Beds Catchments
(by type) (mean) (by type) :::‘i?;)
North 341,370 15 23 -48,319 River Alimond 10 0-622 River Clyde
Lanarkshire (8,098) River Avon (121) River Kelvin
CS=3 River Carron (Falkirk) Acute =2
SEC=6 River Clyde MS =1
TER=6 River Kelvin Other=7
South 320,530 124 0-63,430 River Clyde 15 0-490 River Clyde
Lanarkshire (1.876) River Tweed 61 River Tweed
CS=97 White Cart water Acute =1 White Cart water
SEC =18 MH =2
TER=9 MS =1
Other = 11
Perth and 151,950 89 3-100,352 Allan water 14 0-209 Earn coastal
Kinross (2.128) Dundee coastal 61 Perth coastal
CS=42 Earn coastal MH =1 River Earn
SEC =34 Firth of Tay MS =1 River Leven (Fife)
TER =11 Perth coastal Other =12 River Tay
River Devon
River Earn
River Leven (Fife)
River Tay
Stirling Coastal
Stirling 94,210 38 17 - 78,107 Allan water 8 0 Allan water
(3.079) Forth estuary Forth estuary (South)
CS=8 Forth estuary (South) ~ Other=6 coastal
PRI = 1 coastal PRA < 2 River Tay
SEC = 25 River Earn Stirling coastal
TER = 4 River Forth
River Leven (Loch
Lomond)
River Tay
Stirling coastal
West Lothian 183,100 22 8-115,185 Forth estuary (South) 10 0-427 River AlImond
(9,786) coastal G2 River Avon
S5 River Almond Acute = 1
PRI = 1 River Avon Other =7
SEC=7 PRA =2
TER=9

" Population (by the National Records for Scotland, 2019 https://www.nrscotland.gov.uk/statistics-and-data/statistics/stats-at-a-glance/
council-area-profiles)
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