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Oa f0era va evyopioton ™V EmPrénovca Kabnyntpia pov Ap. Mdapiev Baokeg yia
TNV €VKALPI0 TOL HOV £dMOE TOPEXOVTOG OV OVTO TO BEpa V1o TTVYLOKY EPYacia, Yio
Vv moAvTUN Pondeto ko KalBodynon mov pov mapele Kb OAN TV JLOPKELD TNG
TTUYLOKNG EPYOCIOG KOL VIOl TV GUVEYN TNG AVIOTOKPION GE OMOLOONTOTE TPOEKVLYE
KOTO TNV EKTELECT] ALTOV TOV £PYOV.

Téhog, Ba MOl Vo €VYOPIOTNC® TNV OKOYEVELD LOL KOl TOVG (GIAOVG LOV 7OV
oTaONKaY dImAo OV KATA TO OKAOTLLOLKA LoV XPOVIO KOl TGTEYAV GE HEVO KOl OTNV
TPOoTAdELD LLOV.



INEPIAHYH

Ta evepyd @oplokeLTIKE GLOTATIKA OmOTEAOVV ovoieg oTlg omoieg Pacilovioar ot
KOplEg Aettovpyieg EVOG PUPUOKEVTIKOD TPOTOVTOG Kol GKOTO £XOVV TNV d1dyvmaon, T
Oepamneio kot To peTprocud N TPOANY Hog vosov otov avlpwmo 1 ota (wa. Katd
KOTOVAAWDGT QOPUOKEVTIKMY TPOIOVTWV VITAPYOVV TEPUTTMOCELS OOV £VOL LEPOG TOVG
petoforiletarl evd TO LWOAOITO OlaTNPEl TNV OPYIKN TOL HOPPN ®G EVEPYO
(QOPUOKEVTIKO GLOTOTIKO, HE OMOTEAECUN TNV OTEKKPLON TOL OO TOV OvOPOTIVO
opyavicpud oto vddtvo mepaiiov UEGH omoyeTELTIKOV O0dwv. Ta evepyd
QOPUOKEVTIKA GUOTOTIKG UTOPOVV €miong vo. KataAn&ovv o1o vodtvo mepiBdAiov
aKOMOL Kot amd TOL opyLKE oTddtor dnpovpyiag evog QopuaKenTikod Tpoiovtog. Kdabe
EVEPYO QUPUOKEVTIKO GLUOTATIKO £ivol GYESGUEVO MOTE VO EMPEPEL Lol BLOAOYIKT|
enidpaon. To yeyovog avtd dNUIOVPYEL EPOTALATA OVOPOPIKE LE TIC EMOPACELS TOL
TPOKOAOVV TO GUGTOTIKG OVTO GTOLG OPYOVICULOVS TOL TePBAALOVTOS 61O 0moio

KOTOAYOUV.

210%0¢ TG TMapoLOOS OWAMUATIKNAG €pyaciog, NTov 1 dlgpevvnon ¢ VTopéng
KOTOAAOUWT®V EVEPYDV QUPUOKEVTIKOV GUOTATIKOV KOl TV EMUTTAOCEMYV TOVG GTO
nepaAlov ava to moyKoouo. Ot TepIecaTEPES EPEVVEG OV £YLVOV Y1 TNV UEAETT
TOV TOPOTAVE EPOTNUATOS TEIVOLV VO EMKEVIPOVOVIUL GE GUYKEKPLUEVE EVEPYQ
(QOPUOKEVTIKA GLGTOTIKA KOl ORAOES OVGIAV OTMG TO OVOAYNTIKO AKETAUIVOPEVT, TO
OVTLPAEYLOVMOEG YUITOLTPOPEVT] Kol SIKAOPEVAKT). Y TAPYOVV OPKETEG OUAOES OVGUDY
Kol EVEPYH QUPULOKEVTIKA GUOTOTIKG TOV VIOAEITOVTOL TOEIKOAOYIKA dESOUEVA Yo
TPOGOOPIGUO TNG EMKIVOLVOTNTAG TOVG oTo TeptBdAlov. H pedlén tov mapomdvem
epOTAHOTOG 0eV €xel avamtuyBel TAP®G o€ TayKOCUI0 EMinEdO, VM Tapovstdlovtaon
eMEIYELS TOEIKOAOYIKMDV OEOOUEVMV Y10 OPIGUEVO EVEPYE POPUAKEVTIKO GUGTOTIKA.
[Mpaypatomomnke Piprioypaikn avackonnorn oa&lomoldviag ETGTHOVIKA apOpa
Kot Pdoeic dedopévmv. Enuaviikn kpibnke n a&omoinon g Pdong dedopévmv
Toxplanet otnv avéxktnon TIANPoOPOPIOY avaPOPIKA LE TV Enidpact KAbe evepyov

(POPUOKEVTIKOD GLOTATIKOD GE UIKPOOPYUVIGLLOVC.

MeletOnkav cuvoAlKa 15 Katnyopieg popUAKEVTIK®OV OVGLOV (OHAOES OVGLDV), GTIC
omoieg avnkovv 49 gvepyd eopprokeLTIKA cvotatikd. Ta kprrfpla pe ta omoia £yve M

emoyn tov apbpwv ftav (i) n ypovordynon tov apbpov, (ii) o deiktng amiynong



Kabe emiotnuovikod meplodikod ko (iii) n mpoéhevon g épevvag kdbe GpOpov

(xopa ekmdvnong Epevvag).

Mé£G® GTOTIOTIKNG OVAALGNG VITOAOYIGTNKE 1 OUAO OLGLOV OV £PEPE TNV UEYIOTN
oLuYVOTNTO M Omoie MTOV 1 KATNYopid TOV OVTIPOTIKOV — OVIYKPOPLOK®OV LE
10600T0 aviyvevong 24,5% (cvvoro 51 dpBpwv) kol 10 gvepyd QOPUOKELTIKO
OLOTOTIKO LE TNV HEYOADTEPT GLYVOTNTA ITAV TO OVTIPAEYLOVMDIES IUTOVTPOPEVT TO
omoio Ppébnke ommv 10w Béom pe  TO AVOAYNTIKO OKETOULVOPEVY], HE TOCOGTO

aviyvevong 10,2% and 11g cuvolkég 177 aviyvedoelg avtiotorya.

Méylot T HéEoNS GLYKEVTP®ONG TOGO GTO €16EPYOUEVO OGO Kol 6TO €EepOUEVO
pevpa Aopdtov otabudv eneepyaciog EPepe TO AVOAYNTIKO AKETOUVOPEVT] LE TUUES
ovykévipoong 11595 £ 2892 ng/L wor 54021 + 178983 ng/L avtictoya. Tmv
EMIYIOTN T OLYKEVIPOONG €VEPYOD  QUPUOKEVTIKOD GUOTOTIKOV KOTE TNV
BiBAoypa@IK) avaoKOTNOTN EiYE TO AVTIPAEYHOVAIES KETOTPOPEVT LE GUYKEVTPMON
0.67 ng/L ev®d TV UEYIOTN KOATOYEYPOULEVT] GLYKEVIPWOON £QPEPE TO OVOAYNTIKO

axeTapvoévn pe Ty 675000 ng/L.

To cvunépacua mov mpoékvye and avt v PiPAoypaeikn avockonnor, givat to
YEYOVOC TG Ol (QPOPUOKEVTIKEG OVGIEC €1GEPYOVIOL GTO TEPPAAAOV Kot QEPOLV
apvNTIKY eMidpaot og avtd, 6mws emPefaidbnke amd To dedoUEva EIGEPYOUEVOV KOt
eEepyopevav Apdtov 51 otabuov eneéepyaciog kabmdG Kol amd £PEVVEC Ao TIC
omoieg emaAnOevetarl 1N enidpacn VTN GE O1POPOVS UIKPOOPYUVIGHOVS Ol 0Toiot

amotelovV ProdeikTec.

AgEerg KAEWOW: [evepyd QOPUOKEVTIKO GLOTATIKG, OWASES OLGIDV, GLYVOTNTA,
nepPdrrov, otobuol enelepyaciog Avpdtwv, ioepyouevo Aoua, e&epyouevo Aoua,

EMOPACELS GE UIKPOOPYAVIGUOVG]



Abstract

Active pharmaceutical ingredients (APIs) are substances on which the main effects of
a pharmaceutical product are based on. APIs serve the purpose of diagnosing, treating
and countering the symptoms of a disease on humans or animals. While consumed,
the APIs are sometimes partly metabolized, with their main part remaining at its
normal state with the result of being directly excrited and ending up in the sewage
system and from then on to the environment. APIs can end up in the environment
from their early stages of manufacturing. Every API is designed to have a certain
biological effect and that produces the question of what impact can it have on the

environment it ends up in.

The goal of this dissertation was to investigate the occurrence of APIs and their
impact in the environment they end up after being consumed. Most researches being
conducted are focused on certain group classes and APIs like the analgesic
acetaminophen, the antiinflammatory ibuprofen and Diclofenac. There are many more
group classes and APIs to be investigated. This research has not yet reached a global
scale and there are a lot of missing data regarding the acute toxicities of some APIs. A
literature analysis was conducted using scientific articles and databases. The database
Toxplanet provided most of the necessary toxicity data needed to study the impacts of

APIs on microorganisms.

A total of 15 group classes have been investigated which include 49 APIs. The criteria
in which the articles were chosen were (i) The dating of the article, (ii) the impact

factor of each journal and (iii) the origins of each study in the articles used.

A following statistic analysis provided the most detected group class, which was the
antimicrobials — antibiotics class with a detection percentage of 24,5% of a total of 51
articles, along with the two most detected APIs, which were the anti-inflammatory
ibuprofen sharing the same position with the analgesic acetaminophen, with a

detection percentage of 10,2% of the total 177 detections accomplished.

The highest average concentration in both the influent and effluent sewage was
recorded for the analgesic acetaminophen with concentrations of 11595 + 2892 ng/L
and 54021 + 178983 ng/L respectively. The lowest recorded concentration belonged
to the API ketoprofen with a concentration of 0,67 ng/L while the highest recorded
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concentration belonged to the analgesic acetaminophen with a concentration of
675000 ng/L.

The conclusions that were created upon the literature analysis was that APIs do enter
the environment and have negative impact upon it, as it was confirmed by the data
provided by the 51 wastewater treatment plants studied, along with other studies
providing the effects of each API to certain microorganisms that are considered to be

biomarkers.

Keywords: [pharmaceuticals, active pharamaceutical ingredient, group class,
detection frequency, wastewater treatment plants, influent, effluent, effects,

environment]



