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Abstract

Recently, global concern has been raised to inyastithe ecological system, were
pharmaceuticalpollutants affect negatively on aquatic life andderground water,
researchers investigated main causes of its emaeatal impacts. Many Pharmaceutical
compounds has been detected in wastewater sampfeany areas. In Palestine, were
wadi Al-Qilt catchment area has been affected byyr@harmaceuticals. Upon that, this
study investigated the occurrence of main pharntazds in Al Qilt catchment area that
affected underground water, in addition of reviggvimformation on sorption and
transformation of three main pharmaceuticals, iditazh to assessing the risks of these
pharmaceuticals on public health. HPLC MS/MS analiiss been used to investigate the

presence of these pharmaceuticals.

The Al-Qilt catchment is located in the West Bamktloe western side of the Jordan Valley
covering about 173 kit is characterized by a steep relief with elewat in the range of
700 m.a.s.l in the western part to the range 00 425b.s.1 in the eastern part. At Al-Qilt,
there are about 96,935 inhabitants from Palestiocanmunities and Israeli colonies, they
discharge about 14,000°h of wastewater and only about 30% of these gtiesitis
treated, then it is mixed again with raw wastewakéoreover, at Al-Qilt the rainfall is
estimated by 600 mm/a in the west and it is 150animthe east area, which resulted of an
average rainfall over the catchment is 400 mm/ae Tdmng term observations of flow
mainly for Al-Qilt springs range from 3.0 to 12.0ci/a, and the continuous base flow for
the Ras Al-Qilt spring of around 300 I/s (PWA, 2D09

In this study, sixteen pharmaceuticals were andlymsing HPLC method, namely:
Phenacetin, Indomethacin, Diclofinac, Ibuprofenndiofen, Ketoprofen, Gemfibrozil,
Fenofibrat, Fenofibrinsaure, Bezafibrat, Clofibénse, Carbamazepin, Pentoxifyllin,
Naproxen, Diazepam, Etofibrat. From all of thosearpiaceuticals, only lbuprofen,
Diclofinac and Carbamazepne were detected in aidemes concentrations, while the
others were nil. These compounds are examples ahpteuticals that are released into
the environment, all are marketed in the Palestimearket (pharmacies), private clinics,
hospitals either for human veterinary u#isuprofen was detected only in the AWWTP
inffluent in the first and second sampling timelwa concentration of 300 ng/L and 1000
ng/L respectively and then disappeared in the ofiaenpling stations because it was



eliminated after AWWTP. Diclofinac was detected AWWTP influent in the two
sampling time with a concentration of 310 ng/Lhe first sampling time and 1450ng/L in
the second sampling time. This concentration wasedsed after treatment to 50ng/L and
225ng/L respectively. Then it was disappeared is RBQIlt and in Al Murashahat. On
the other hand, Carbamazepine was detected in AWihfllRnt with a concentration of
1995 ng/L in the first sampling time and then dasesl respectively to become 1750 ng/L
in AWWTP effluent, 1550 ng/L in wadi Mukhmas, 64/bgn Ras Al Quilt to reach a
value lower than background in al Murashahat inftuend effluent . The results revealed
that the concentration of diclofinac and ibuprofeere below the background then there
have no risk on al gilt catchment area, but thecentration of the carbamazepine in the
second sampling time in Al Murashat influent andlueht was 48ng\L and 44ng\L
respectively and this concentration was very low aear the background, then we can
conclude that there are no risk of carbamazepinararking water in Al Murashahat
station.
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Chapter One

Introduction

1.1 Introduction

Recently, the occurrence and the fate of pharmmediytactive compounds in the aquatic
environment have been recognized as one of theipeonenvironmental issues that have
been affecting the ecological system (Dietrethl., 2005; Kotcheret al., 2009).

Pharmaceutical compounds are any chemicals usedidgnosis, treatment, alteration or
prevention of diseas€é¥hompson, 2005). Pharmaceutical products are ugbdwt taking

into consideration their negative consequencefierenvironment in terms its high cost or
effect. There are more than 100,000 types of chamiare used in products and items

either in households, industries or agriculture.

Pharmaceutical pollution is considered as one efniost modern issues which may put
the environment in jeopardgKummerer, 2004). Most of pharmaceutical products ar
slightly transformed or even unchanged forms aspatied from the bodies of humans and
livestock in the form of fluids causing criticalrdage to the ecosystem. This issue is still
in the early phases of development in Palestinegravfour conventional wastewater
treatment plants are not capable of removing pheentecals completely as drinking water
treatment plants are not made particularly for mlating Pharmaceutically Active
Compounds (PhACSs).

According to recent researches a variety of phaeotsals were identified in various

water samples like health facilities of wastewapdrarmaceutical industries, wastewater
treatment plant effluent, surface and ground waterand his colleagues (2013) clarified
the presence of some drugs in ground water andRaithermore, drugs are poured down
in sinks; flushed in the toilet, or disposed in thash, without paying attention to their
risks through landfills leachates that may reachromund water (Yt al., 2013).

Although we need drugs for treatment of many disgag was found that they cause

negative impacts on non-targets, environment, heattd more. Therefore, negative

1



impacts can be mitigated through following scieativays such as controlling random
drugs used by the public, reducing distributiorpbysician free medical samples, sorting
of solid waste, sewage recycling, upgrading sewatfeastructure, raising public

awareness, nutrition and health maintenance, drogtisutes and research development.

Many studies show trace concentrations of pharnimeds in wastewater, various water
sources and some drinking-waters. One these studieducted by Andreozzi and his
colleagues (2003) argues that the presence of husubstances hindered
phototransformation of Diclofenac and Carbamazepivigle nitrate enhanced the
phototransformation rate of these compounds. Alghouof the positive effect of
phototransformation in the environment for redudingg levels it can lead to formation of
transformation product which are more stable amxittthan the parent compounds, e.g.
the carcinogenic acridine is formed during photatfarmation of Carbamazepine (Chiron
et al., 2006).

In Palestine and Jordan, Marei and Tiehm (2007)distu the occurrence of
pharmaceuticals in certain sites. The findings sftthat target compounds of (Ibuprofen,
Diclofinac and Carbamazepine) exist in an unnedlkEgamounts where it laid in the last

resorts of wastewater catchment areas.

Locally, Diclofinac and Ibuprofen are used in phaogutical manufacturing products for
human and veterinary sector, except CarbamazepinEhvs exclusively used for human,
whether used through physician prescription orh®y person himself. This is clear from
my reviews to the Palestinian Ministry of Healthadand many pharmacies. Regarding to
the above mentioned reasons, this study will ingatt the fate of some pharmaceuticals
compounds (Phenacetin, Indomethacin, Diclofinacipibfen, Fenoprofen, Ketoprofen,
Gemfibrozil, Fenofibrat, Fenofibrinsaure, BezafibraClofibrinsdure, Carbamazepin,
Pentoxifyllin, Naproxen, Diazepam, Etofibrat), migitbuprofen, Diclofinac sodium and

Carbamazepine in drinking water.



1.2. Objectives

This research aiming at understanding the occueerfate and the transportation of some
pharmaceuticals compounds (Phenacetin, Indomethaddiclofinac, Ibuprofen,
Fenoprofen, Ketoprofen, Gemfibrozil, Fenofibrat, n&fbrinsaure, Bezafibrat,
Clofibrinsaure, Carbamazepin, Pentoxifyllin, Napox Diazepam, Etofibrat), mainly
Ibuprofen, Diclofinac sodium and Carbamazepine adiwAl-Qilt catchment, and to

identify their risk on public health and environmen
The specific objectives are

1. To investigate the presence and measure the coatent of Phenacetin,
Indomethacin, Diclofinac, Ibuprofen, Fenoprofen, téf@ofen, Gemfibrozil,
Fenofibrat,  Fenofibrinsaure, Bezafibrat, Clofibéogse, Carbamazepin,
Pentoxifyllin, Naproxen, Diazepam, Etofibrat in tlvadis — mainly sewage waters-
, sSprings ground waters, Jericho water treatmemttghat supply drinking water to
Aqgbat-Jabr refugee camp.

2. To know the fate of the three main pharmaceuti¢ddaprofen, Diclofinac and
Carbamazepine) in Al Qilt cacthment area.

3. To identify the risk of these pharmaceuticals ohliguhealth.

1.3. Justification

In Palestine, there are many factories that manuf@harmaceuticals, in addition to the
existence of many governmental and specialized itadtspwhere a lot of their wastes
contain (lbuprofen, Diclofinac and Carbamazepinapag others that have been thrown
out in the environment. Despite the existence es¢hwastes in small quantities, long term
disposure of them may result in significant envinemtal concentrations and consider
being one of the most dangerous contaminant forPestinian environmenilshouli,
2012).

Pharmaceuticals and PPCPs exist in Palestine vspitats and drugs manufacture

factories, where these compounds have been threwisposals in residential wastewater.



The findings of many researches showed that al®%96) of it portray the main source of
influent to the plant. Since there is target PP@Rsbamazepine, Ibuprofen and Diclofinac
may be found in septic tanks and consequently ghoater due to incomplete human
metabolism and excretion into the waste streanyaligposal of unused medication in the
toilet or down to sink, and not be completely reed\during the wastewater treatment
process, these compounds may be discharged iet@nsirand land application sites, and
therefore contaminate aquatic environment or pensisurface water, groundwater, and

soil (Karnjanapiboonwong, 2010).

Carbamazepine (CBZ) has been frequently detectestudy area among other active
pharmaceutical ingredients (API) that has been usedrelatively high volumes.
Carbamazepine is a pharmaceutically active compoalwhg with its metabolite

Carbamazepine N-glucuronide while Carbamazepinkislitot.

This study focused on sixteen pharmaceuticals wthtbe determined but three were
found with significant concentrations: Ibuprofen,iciBfinac (non steroidal anti-

inflammatory drugs (NSAIDs)) and its metabolitead&Carbamazepine because of their
high consumption in Palestine, these pharmacestiasd marketed in the Palestinian

market (pharmacies).



Chapter Two

Literature review
2.1 Introduction

Palestine suffers from shortage of mineral watsoweces (streams, rivers), and water
deteriorations of natural resources due to humaivitees. These activities include
domestic or industrial wastewater, stone cuttimgiteary dumping sites and urban runoff.
These activities emit pollutants that reach to learest wadis. In West Bank, there are
about 363 disposal sites to discharge these ratewater into the environment (ARIJ,
1999a), eight of them are located in wadi Al-Qdtahment. The problem increases when
people transform their septic tank by trucks intadig, where it will also be mixed with
urban run off during winter season. In wadi Al-Qdatchment area there are 65,935
Palestinian people inhibit from cities, communiteasd refugee camps who live in West
Bank, in addition to nearly 6,000 people who avengj in Eastern Jerusalem. Furthermore,
there are six settlement colonies estimated byO0D6gkttlers living in the same area
(PCBS, 2003).

Generally, weakness and ignorance of concern towatdr treatment projects are noticed,
for example RIJA argued that 30% of wastewaterhdisged in West Bank is treated
efficiently, and 70% of the generated wastewaterdischarged untreated to the
environment 30% of total waste water which equal$,000 nd is treated at Al-Bireh
treatment station, but they remixed with raw wastewfrom Qalandiah and Al-Ram with
3,000 ni/d, all quantities continue running to downstreamtilueliminated completely
(ARIJ, 2007).

The study will focus on pharmaceutical compounds thay found in A-Qilt catchment. It

is worth mentioning that at this catchment arearehs only one pharmaceutical company
(Al-Quds Pharmaceutical Company), where it dispasasedical waste in special ways, it
uses ISO 14001 SYSTEM before they reach wastewetatment system, that means

medical waste is not the main source of pharmazaytollutant in the chosen wadi.

Wadi Al-Qilt is the main system in the area, itscbanent area extends from Jerusalem and
Ramallah in the west towards Jordan River in tie. ddhe system of wadi Al-Qilt springs



is the main water source féltration station(Al murashahat) where water tqamgs from
springs to the treatment facility through a 13kmmgoopen transportation canal. Al
murashahat applying slow sand filters system aohl@ination unit is located in Agbat-
Jabr refugee camp which serves nearly 5,000 irdoatisit Sand filter beds at Almurashahat
was covered with algal growth and there was arease in the turbidity of treated effluent

during storm weather flow.

The study conducted to provide information aboutliwa-Qilt drainage basin including
types and possible sources of pharmaceuticalsrthgtpresent in it. In order to investigate
the presence of pharmaceuticals in wadi Al-Qilichatent area, sampling stations were
assigned along the path of the wadis, starting fAdtBireh Wastewater Treatment Plant
(AWWTP) path of the wadis starting to Al Murashahalet

The most API that has been used in relatively kglames and which has been frequently

detected in the study area is Carbamazepine (CBZ2).

In this study, many pharmaceuticals has been detednmeasured and screened, where
three of them have significant concentrations, tbtgn Diclofinac (NSAIDs) and its
metabolites, and Carbamazepine (anticonvulsartere these pharmaceutical compounds
consumed higher than others in Palestine and neatket the Palestinian market
(pharmacies) among others (Ministry of Health, 2013

2.2 Definition of Non Steroidal Anti-Inflammatory Drugs (NSAIDs)

Non Steroidal Anti-Inflammatory Drugs (NSAIDs), atleugs with analgesic, antipyretic,
and, in higher doses, with anti-inflammatory eféecThe most common members of
NSAIDs are Aspirin, Diclofenac, lbuprofen, and Naxyen partly because they are
available over-the-counter (OTC) drugs in many ¢oes (Warden, 2010).



2.2.1 lbuprofen

2.2.1.1 Definition

Ibuprofen is considered as one of common consuntbleal NSAIDs, with analgesic and
antipyretic properties, which is an ionic acid gative (Jacobst al., 2011). It is the most
consumed drug from the classification of the NSAI®Wkere patients consume more than

70 million annual prescriptions in the world (MezdeArriagaet al., 2010).

Ibuprofen is a pulp medicine in the World Healthg@mization (WHO), have an anti-
platelet effect, though it is relatively mild anklost-lived when compared with other anti
platelet drugs. Half-life of Ibuprofen is (1.9-2.Rpurs, with a molecular weight = 206.281
g/mol (Jarrar, 2003). In many areas, lbuprofendradmes include (as Brufen, Motrin,
Nurofen, Advil, and Nuprin). Figure (2.1) shows ttteemical structure of ibuprofen.

CHs
CHs COCH
HsC
Figure 2.1: Chemical structure of ibuprofen

2.2.1.2History of Ibuprofen

Ibuprofen was discovered in 1961 by Andrew RM Dpnland his colleagues as a form of
propionic acid . It was developed at the Boots Camypin the 1960s in the UK. The
discovery was registered 1961. lbuprofen was naadéable under prescription in 1969,
while it had been approved in United States irdl@anget al., 1995).



2.2.1.3 Mode of Action

Ibuprofen is acting as inhibitor of both cyclogenase-1 (COX-1) and cyclooxygenase-2
(COX-2) enzymes which leads to the inhibition adgtaglandin synthesis, which leads to

analgesic and anti-inflammatory action of the diiegnget al.,1995).

2.2.1.4 Pharmacokinetics:

The absorbtion of ibuprofen occurr in gastrointetilt is extremely surrounded (90-99%)
to plasma proteins and is largely metabolized &gtine compounds in the liver (mainly by
glucuronidation). The rapid and full excretion dfetinactive metabolites and a low
amount of unchanged Ibuprofen occur by the kidveyh elimination of 95% of the
administered dose in the urine during four hourmgéstion (Rangt al., 1995).

2.2.1.5 Medical Uses of Ibuprofen

In his study, Jarre mention that Ibuprofen is rim@st common NSAIDs, which used for
both human and veterinary purposes . It used Hertteatment of headaches, muscle
aches, back aches, dental pain, menstrual crangpartmitis.also Ibuprofen reduces fever
and relieves minor aches and pain due to the conootthor flu, by the enzyme in the
body that makes prostaglandins, and decreasingagiaadins helps to reduce pain,

swelling, and fever (Jarrar, 2003).

2.2.1.6 Ibuprofen Interactions

Matthieu shows that Ibuprofen can interact with amticoagulants (including
Warfarin),which  increase risk of severe bleeding fatal hemorrhage from the
gastrointestinal tract. more over, it reduces the-laypertensive effect of beta-blockers
and diuretics and this causes hyperkalemia in pigtie(Matthieu, 1992). Ibuprofen may
increase bleeding time in patients treated witho¥idline, and may also interact with

probenecid, antidiabetic medicines and phenytoierghiet al., 2007).



2.2.1.7 Side Effects of Ibuprofen

The Adverse effects of Ibuprofen are rare (with -poescription or short-term use of

Ibuprofen), they may includ@l-Nasser, 2000):

e Gastrointestinal (heartburn, dyspepsia, loss ofet@) nausea, diarrhea and
stomach pain),

e Central nervous system (CNS) (fatigue, dizzinessyausness and headache),

* Hypersensitivity reactions (itching and skin raghd3ermatitis and epidermal
necrolysis have been reported with Ibuprofen, leay varely,

* Photosensitivity (very rare cases),

» Cardiovascular (fluid retention and in some casedema) (rare effects at non-
prescription doses),

» Allergic reactions (like itching, skin rash, swatlii of the face, breathing
difficulties).

2.2.1.8 Ibuprofen Effects on Ecosystem

The main route of ibuprofen entering surface waierBom wastewater treatment plant
effluent, although a significant portion of ibupeafis degraded in wastewater treatment
(Buseret al., 1999). Ibuprofen metabolites include hydroxy aadooxyibuprofen. Studies

if Ibuprofen effect on aquatic life, like water ptacalled duckweedlLemna minor,
showed a declined ability to grow in an exponendi@etreasing manner. The effects on
Lemna have been the most severe recorded to date. Inal soosystem the loss of one
organism could mean disaster to the whole foodnchaith respect to human beings, there
IS an increasing concern as of prolonged use ofrdden, as it might cause
gastrointestinal, cardiovascular, kidney, and becainditions(Sirockiet al., 2013).

2.2.3Diclofenac
2.2.3.1 Definition

Diclofenac sodium is phenyl acetic acid derivatiVe.is used as anti-inflammatory,
analgesic and antipyretic for human and veterinatraatment. The proper dose is 1.4
L/Kg. It surrounds to human serum proteins as998s6 . It spread into and out of synovial



fluid. Their removal occurr through urinary andidmy excretion of the glucuronide and
the sulphate conjugates of the metabolite (ToddSorélen, 2007).

Diclofenac act like anti-microbial drug and is undevestigation for the treatment of
tuberculosis. Diclofenac sodium is applied for paghief in osteoarthritis, rheumatoid
arthritis , ankylosing spondylitis and often usedtteat chronic pain associated with
cancer. When Diclofinac was taken in small dosety dhere is an inhibition of the
development of Alzheimer disease. It also actsngisuaicosuric agent. Diclofenac is one
of the most used drug, it was one of the first PliAat could be detected in the aquatic
environment (Busest al., 1998).

Figure (2.2) shows the chemical structure of Dietaic.

{
O_C\ CH 30—

G0

Figure 2.2: Chemical structure of Diclofenac

CHo

>—\

2.2.3.2 History of Diclofenac

The name "Diclofenac” derives from its chemical eam2-(2,6dichloroanilino)
phenylaceticacid. Ciba-Geigy (now Novartis) adwncDiclofinac in 1973. It was first
introduced in the UK in 1979. The usage of Diclafirmay be as sodium or potassium salt.
Diclofinac is common drug and has a number of fdations.. The approval of OTC use
is found in some countries for minor aches and gaimd fever associated with common

infections (Salmann, 1986).
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2.2.3.3 Mode of action

Its action is similar to any NSAIDs. The Diclofinaxting as inhibition the enzyme,
cyclooxygenase (COX), an early component of thehadanic acid cascade, resulting in
the reduced formation of prostaglandins, thrombesand prostacylin (McGettiganal.,
2013).

2.2.3.4 Pharmacokinetics

The pharmacokinetics describes the absorptiiabolismm and excretion processes
occurring in the body after the drug is adminiser&he kidneys and liver generally

eliminate substances from the body, and data onptie@macokinetics of diclofenac

provides details as to which organ assumes primesponsibility for excretion and what

medical conditions may hinder the process (Ra&hal., 2008). Once absorbed, the body
metabolizes, or breaks down the compound into noétab and conjugates. These
substances generally bind to proteins, particulabbumin. Through a diffusion process,
diclofenac enters tissues that contain little toenof the drug. When tissue levels of the
medication exceed levels in the bloodstream orettieacellular spaces, proteins carry the
medication out of the tissues (KE and NM, 1997).

2.2.3.5 Medical use

Diclofinac is used for the treatment of pain, inflmatory disorders (musculoskeletal
complaints, especially arthritis, rheumatoid atibyi polymyositis, dermatomyositis,
osteoarthritis, dental pain, TMJ paispondylarthritis, ankylosing spondylitis, goutaaks
and pain management in cases of kidney stone slstbges), dysmenorrheal, and
additional indication in the treatment of acute raiges. Diclofinac is used commonly to
treat mild to moderate postoperative or post-traiangain, in particular when
inflammation is also preserdnd is effective against menstrual pain aaddemetriosis

menstrual (Prasanna and Chandrashekar, 2010).

Diclofinac medicinal sample (eye drops: Voltarerb@a) are sold to treat acute and
chronic nonbacterial inflammations of the antemart of the eyes (e.g., postoperative

states) .
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2.2.3.6 Interactions

McGettigan and his colleagues clarify the mechare$mction of Diclofenac sodium is as
same as other NSAIDs. it affects the enzyme, cyglgenase (COX), an early component
of the arachidonic acid cascade by inhibition, iegdto the reduced formation of
prostaglandins, thromboxanes and prostacyclin. ihero hand,McGettigan and his
colleagues say: It is not completely understood heduced synthesis of these compounds
results in therapeutic efficacy (McGettigetral., 2013).

2.2.3.7.Side effects
A serious side effect of Diclofinac such as (Solarapal ., 2006):

» Gastro Intestinal complications

* weight gain, swelling in some organs like tongui@ating less than usual or not at
all;

e jaundice (yellowing of the skin or eyes);

* Bruising, severe tingling, numbness, pain, musaakmess;

* Neck stiffness, chills, and/or seizure (convulsjons

* Severe skin reaction- fever

2.2.3.8 Diclofenac effect on ecosystem

Diclofinac is poorly removed in treatment plantdahus is found in the effluents, and

enters water bodies. In general Diclofenac is armpheeutical that entering aquatic

environment and must be considered harmful fordbesystem and there necessary to
evaluate the occurrence of the parent compoundirandformation products, as well as

their ecotoxicological effect. Diclofinac is easiyndergo phototransformation reactions in
the environment and it is toxic to some vulturecsgg Diclofenac can be taken by fish

with a concentration of (1pg\L) in the environmeltoreover, many studies have been
shown that Diclofenac undergoes bioconcentratidish (Hoeger, 2005).

12



2.2.4 Carbamazepine

2.2.4.1 Definition

Carbamazepinis an antiepileptic drug used to control seiz. It has beelsuggested as an
anthropogenic marker in water bodies, and its majonan metabolites, Carbamazer.
diol (CBZ-DiOH) and Carbamazepi N-glucuronide (CBZN-Glu) (Zwiene! et al., 2003;
Malarvizhiet al., 2012).

Figure (2.3) shows the chemical structure of Cadmaepine

N

A

07" “NH,

Figure 2.3: Chemical structure of Carbamazepine
2.2.4.2History of Carbamazepine

Carbamazepineawas discovered bchemist Walter Schindler J.R. Geigy AG in Ba
Switzerland, in 1953efore its an-epileptic properties had been discovered. Schi
synthesized drugn 196(. Firstly, Carbamazepine was marketed as a drug dat
trigeminal neuralgia (known as tic douloureux forly@. Carbamazene has been used as
an anticonvulsanin 196z and asantiepileptic in the UK since 19€to 1974. In 1971
Carbamazepine has approved in the . Drs. Hanaoka and Takezaki first us

Carbamazepine to control mania in patients refragdtmantipsychotic.

2.2.4.3 Mode of Action
The stabilizing otthe inactivated state of Volta-gated sodium channe caused by CBZ
which makes littleof these channeready to open. Thethe influenced cells becorless
excitable until the drug dissociates. Carbamazepia® also been shown to potent
GABA receptors made up of alphal, beta2, gammadrsigh This may be relevant to
activity in neuropathic pain and ma-depressive illness (Grangeral., 1995)
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2.2.4.4 Pharmacokinetics

Gastrointestinal tract is the site where CarbamaegiCBZ) completely absorbed with the
major amount of the dose being found in the ufireble 2.1). The slow rate of excretion
occur in the feces. Carbamazepine is also extdgsivetabolized in the body, as after oral
administration 72% of it was found in the urine &8% in the feces (Faigle and Feldman,
1976). Only 17% of the total usage of CBZ wouldelxpected to enter the environment as
CBZ, with 34% entering as the CBZ-DiOH or tBeglucuronide of CBZ-DIOH. The
major metabolic pathways of CBZ are shown in Figiard) (Faigle and Feldman , 1976).
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Figure 2.4:Carbamazepine metabolism (Zhastgl., 2008)

Biotransformation of CBZ via epoxidation and glumidation (I — CBZ; Il - CBZ-EP; llI
— CBZN-Glu; IV — minor mono-hydroxy derivative of CBZ; ¥ CBZ-DiOH) (Faigle and
Feldman, 1976).
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2.2.4.5 Medical uses of Carbamazepine

Carbamazepine is used for the treatment of seiso¥ders and neuropathic pain. Also it
used as a second line treatment for bipolar disadd along with antipsychotic agents in
schizophrenia. In the United States, the FDA-appdov indications
are epilepsy (including partial seizures and tahastic seizures), trigeminal neuralgia, and
manic and mixed episodes of bipolar | disord&a(et al., 2011).

Carbamazepine has an effective and safe applisatisiithium for the treatment of
bipolar disorder, both in the acute and maintenah@ses (Ceron-Litvadt al., 2009).

2.2.4.6 Interactions

Carbamazepine interacts with multiple drugs andhimgr should be used in joining other
medicines with it. When phenobarbital, phenytddilgntin), or primidone (Mysoline)
then Lower levels of it is seen. Warfarin (Counmdphenytoin (Dilantin), theophylline,
and valproic acid (Depakote, Depakote ER, DepakBepacon) were administrated with
Carbamazepine there is a rapid metabolization oceunile carbamazepine levels are
increased when taken with erythromycin,cimetidiiagamet), propoxyphene (Darvon),
and calcium channel blockers. The metabolism (destm) of the hormones in birth
control pills as well is increase by Carbamazepaned the effectiveness of birth control
pills can be reduced because of it. Unexpectednareges have occurred in patients taking
both carbamazepine and birth control pills. Conicgrmo Carbamazepine food interaction,
grapefruit juice raises the bioavailability of Canbazepine by inhibiting CYP3A4
enzymes in the gut wall and in the liver (Faigial., 1976).

2.2.4.7 Side Effects of Carbamazepine

Common side effects caused by Carbamazepine miaylac

Water retention, swelling, or difficulty breathinghich can be signs of CHF,

« High blood pressure (hypertension) or Ibl@od pressure (hypotension),

« Anirregular heart rhythm (arrhythmia),

+ Yellowing of the whites of the eyes or skin (jauw®), which may be a sign of liver

damage, including liver failure or hepatitis,
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+ Difficulty passing urine or a sudden, unexplaineztréase in urine production

(which can be a sign of kidney damag¢@jeneret al., 1997)

+ Low sodium levels in the blood (hyponatremia), Wwhinay cause symptoms such
as: Loss of appetite, nausea or vomiting, irritghiixcessive tiredness, confusion

hallucinations, muscle weakness.

2.2.4.8 Carbamazepine Effects on Ecosystem

CBZ is considered as an anthropogenic marker o&rurtontamination because of its
persistence (about 100 days) in effluent and serfeaters Claraet al., 2004 and Gagne
et al., 2006) The most influenced animals by CBZ are small arsntiie fish and other

invertebrate likgMytilus galloprovincialisYRamesket al., 2012)

The exposure of fish to environmental pollutantovsha variety of physiological
responses, including affectation of blood balanae,regulatory capacity and uptake and
its relative transport of oxygen (Bootd al., 1988). The physical, chemical and
pharmacological properties of Carbamazepine andofhac are summarized in Table
(2.1).
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Table 2.1 Physical, chemical and pharmacological propedfeéSarbamazepine
and Diclofinac (Zhangt al., 2008 )

Carbamazepine (CBZ)

Diclofinac (DFC)

Pharmacology

Structure,
formula, CAS
No. and

molecular weight

Usage
Water solubility

Log P (octanol—

water)

Henry’'s Law

Constant

pKa

Elimination half-
life

Excretion

Metabolites in
urine (%of oral

dosage)

Dosage

Other

Information

ClSH lZN 2O

298-46-4

236.27 g mol*
Analgesic, antiepileptic
17.7 mg L* (25 °C)
2.45

1.09 x 10° Pa i mol™ (25 °C)

Neutral

25-65 h

72% of oral dosage excreted in urin
28% in faeces

CBz, CBZ-epoxide, CBZ-diol, CBZ-
acridan, 2-OH-CBZ, 3-OH-CBZ

Maintenance usually 800-1200 mg
daily.
Autoinduction, i.e., long term

applications increase its metabolisn

C14H1:C2NO,

15307-86-5

296.16 g mol*

Analgesic, anti-inflammatory
23.73 mg L* (25 °C)

4.79%x10" Pa mi mol™ (25 °C)

4.18
2h

Biliary excretion: 65% of oral dosage

excreted in urine

DFC, 5-OH-DFC, 40H-DFC, 3-OH-
DFC, 4-5-diOH-DFC, 4-OH-5-ClI-
DFC, 3-OH-4-CH;0-DFC

75-150 mg daily

Dermal applications available
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2.3 Source of Pharmaceutical in Environment

In spite of all benefits of these drugs in the timent of many diseases for human and
animals, but the added to the environment in lapgantities, through several sources that
include (Moreno-Gonzélez al., 2014):

- Direct disposal at manufacturing.
- Excretion with urine and feces (wastewater).

- Drugs in animal manure.

Industrial wastewater may be possible source faortaznination of surface water. The

following figure (2.5) shows routes of the pharmaa=als entering to the environment:

Treated effluent, untreated
storm overflow, system failure

Figure 2.5 Drug flow Pharmaceuticals and their metabolitegeenvironment from

homes, health care facilities, and farms (Half@@D8)

The pharmaceutical administrated (consumed) by huafizr required action in the body

get excreted with urine and feces as original campdp and usually as a number of
metabolites. The environmental concerns stems Becthese Pharmaceuticals are not
always adequately destroyed in the wastewaterntexdt plants(Dietrich et al., 2005),

consequently they enter the surface water whesertteey affect aquatic lif¢Katarzynaet
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al., 2007).Moreover, drinking water treatment plaate not specifically designed to
remove PhAcs.

2.4 Removal in WWTP

The elimination of pharmaceutical compounds ocaul&/WTPs in different mechanisms.
The phototransformation is the important processckvhs used microorganism to
mineralize pharmaceutical compounds into watercantdon dioxideor degrade them into
inactive form. As WWT process occur in open aiastewater are exposed to sun light

general, pollutants will be removed from water di§ipping into air or by sorption onto

sludge that is regularly discharged.

In Palestine, the WWTP use activated sludge presebsese processes do not remove
pharmaceutical Compounds completely. Marie and mi€RB007) studied the emerging
pollutants elimination processes applying membitanesactor and combination of MBR
and Powdered Activated Carbon (PAC) technique amideg the following results in
Table (2.2).
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Table 2.2 Degree of elimination of four pharmaceutical tahses (Bezafibrate,
Carbamazepine, lbuprofen, Diclofinac) by batch awiumn mechanism (Marei and
Tiehm, 2007)

Elimination according to Elimination in Literature

Marei and Tiehm study.

Substance Batch Column observed not observed

(effluent)  (20°)

Bezafibrate +++ +++ Josset al.(2006);
Quintanaet
al.(2005) \
Carbamazepine - + Claraet al.(2004);
Schyettet
\ al.(2006)
Ibuprofen ++ + ++ + Josset al.(2006);
Zwieneret al
.(2000); Smoolet \
al.(2008)
Diclofinac +++ + + Gonzalezt Josset al.(2006);
al.(2006) Quintanaet
al.(2005)

*- no removl, + removal<50%, ++ removal 50 90%, +eMmoval>90%
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2.5 General description of Wadi Al Qilt drainage ba&in Study area

Study area of Wadi Al Qilt is illustrated in Figu{2.6).
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Figure 2.6: Al Qilt catchment area

2.5.1Study area location

The study area is Wadi Al-Qilt cachment area (AWWTWkkhmas bridge, Al Qilt spring,
Al Murashahat in agpat jaber). Wadi Al-Qilt is sited in the east of the West Bank,

including part of Ramallah, Al Bireh, Jerusalem afapes down to Jericho with an area of

174 Knf (ARIJ, 2007).
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2.5.2 Metrological Data

2.5.2.1 Population

Palestinian population living in the Wadi Al Qilasin were estimated to be about 97,000
inhabitant (Al Bireh City (38200), Kafr O’'gb (100p0Qalandia Camp (8800), Borga
(2240), Jaba’ (3140), Mikhmas (1820), Al-Ram (2484@izma (5920), Anata (9340) and
Beit Hanina(1345)).

2.5.2.3 Climate

The West bank is dominated by the Mediterraneanatk with distinctive four seasons,
with short wet period and longer dry period.

2.5.2.4 Rainfall

In Al-Qilt, the average rainfall over the catchmeea is about 400 mm/year (PWA,
2009).
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Chapter Three
Methodology

3.1 Personal communications and interviews

Meetings and personal communications with emplojen the Palestinian Water
Authority (PWA), some employee who work in the msiny of health and in the Jerusalem
pharmaceutical companyhe goal of this meetings was to renew the dataentify other
issues with the water resources that are not megdian the literature, as well as to collect

data about the status of the pharmaceuticals isttityy area.

3.2 Field Work

Field work and field surveys were basic modulesanh aspect of this study, essentially to
assure the data collected during the interviewskrtow the existing water resources,
limiting sampling stations and water sampling. éieisits were done to the study area. at
November 2013 and April 2013. Because of the coatiflow of water through wadis
from AWWTP to water filtration plant(Al Murashahatdampling stations were limited
through Wadi Al Qilt, begining from AWWTP efflueias it constitute the beginig flow in
the drainage area), going through Wadi Al Qilt, iegdvith the effluent of Al Murashahat.

Sampling frequency was variable according to thather status.

3.3 Sampling Time and Site

Samples were collected at two different times iové&mber 2012 during one days during
wet weather in winter and the samples were colleatgin in April 2013 from the same
stations and analyzed to make sure of the firsilteS water samples were taken, from
four stations (AWWTP, Mukhmas bridge, Al Qilt spginAl Murashahat in Agpat Jaber)
(Figure 3.1). Distance between sampling statiomgufe 3.2).
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Figure 3.1: Wastewater sampling locations in Al-Qilt catchment
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3.4 Field analysis and wet chemistry

The physical chemo-physical parameters such asrielcconductivity, total dissolved
solid, pH and temperature were measured with deitaltruments at the field. Collecting
data and the visit has been shown in Figure (3.2).

Figure 3.3: Measuring physical parameters in the water samples

(pH, Temperature and TDS)
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3.5 Samples Collection

The procedure for sample collection is critical there is no difference in sample
collection, which will lead to sample analysis. ®8&lis a description of somienportant

factors of sample collection to be concerned.

3.6 Samples Bottles

The samples were collected in HDPE bottles. Thestfles are impact resistant, and
provide a good moisture barriample bottles were filled and nearly 1 inch éftpty of
bottle rim. This will leave an air space in the génbottle to allow for mixing of the

sample in the laboratory.

3.7 Sample Volume

500 mL of sample is enough to be extracted throadgbPEcartridge. Sample analysis
include duplicates. Which need two separate saimpites to evaluate sample collection
reproducibility.

3.8 Preservative

A preservative should be used to prevent the deositipn for the analyte of interest. The
samples were preserved using concentrated hydmchémid 4% to stop microbial
activity.

3.9 Filtration
Filtration is important after sample collectiongrevent bacteriagrowth. If the sample is
not more turbid and filtration may decrease analgt®very and, sample filtration was not

applied. Instead, samples wenealyzed within seven days, and samples weredefettle

any particles (if any) for one hour before samplaetion.
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3.10 Sample Storage

Samples were stored at 4°C. The water samples cshmil be frozen during storage
however should be cold enough to deter any algamdiion or bacterial growth. Samples

should also be away from excessive sunlight.

3.11 Water Analysis

The aim of water analysis was made to define thellef pharmaceutical pollution of
water flux in wadi Al Qilt. This was achieved thgiu measuringthe following

pharmaceutical compounds Phenacetin, IndomethBadigfinac, Ibuprofen, Fenoprofen,
Ketoprofen, Gemfibrozil, Fenofibrat, Fenofibrinsaur Bezafibrat, Clofibrinsaure,
Carbamazepin, Pentoxifyllin, Naproxen, Diazepampfitat using High Performance
Liquid Chromatography (HPLC) in Water Research €e(tFZ), Magdeburg, Germany.

Samples were acidified and preserved at 4°C ablegation until the analysis.

All compounds were pre-concentrated applying sphdse extraction (SPE) and analyzed
by HPLC coupled with tandem spectrometry (MS/IM$)EShas an advantages which is
relatively less solvent is useduitable operation and good reproducibility (Lawetral.,
2009). The pH of the samples was adjusted in thealaextraction day. Before SPE
conformable internal standards for all analytesewapiked into the samples and used for
quantification. Limits of quantification (LOQ) wef ng L1in all case.

Cartridges were eluted with 10 mL acetone. Aftdraetion, the elute was evaporated until
dry and reforming with 50 mL methanol followed by 3nL ultra pure water. The

compounds were isolated by an Agilent 1100 HPLCilehg Technologies, Waldbronn,

Germany) on a Luna C18 column (250 mm - 2 mm; 5 fithenomenex, Aschaffenburg,
Germany). An APl 2000 mass spectrometer (AB Sdimster City, USA) was used for

detection and quantification of CBZ (Langeal., 2011).

Samples analysis based on Water and WastewatedathMethods (APHA, 2000), and
based on  "Deutsche Einheitsverfahren  zur  Wasser-,bwasser- und
Schlammuntersuchung”. Specefic methods appliechéyWater Research Center (UFZ),

Magdeburg, Germany.
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4.1 General

In this study we analyzed sixteenth pharmaceuticaipound in water samples and we get

Chapter Four

Results and Discussion

the following results in Table (4.1), Figure (4(&)b.c.d.e.f.g.h.l)

Table 4.1 The Occurrence of Pharmaceuticals in Al Qilt Gatent Area

Pharmaceutical Sampling station Concentration of
compound name name pharmaceutical compound
28/11/2012 15/04/2013
Ibuprofen AWWTP inffluent 300ng/L 1000ng/L
AWWTP effluent <BG <BG
Mukhmas Wadi Quelle <BG <BG
Ras Al Qilt Quelle <BG <BG
Al Murashahat influent <BG <BG
Al Murashahat effluent <BG <BG
Diclofinac AWWTP inffluent 310ng/L 1450ng/L
AWWTP effluent 50ng/L 225ng/L
Mukhmas Wadi Quelle 100ng/L 70ng/L
Ras Al Qilt Quelle <BG <BG
Al Murashahat influent <BG <BG
Al Murashahat effluent <BG <BG
Carbamazepine AWWTP inffluent 1995ng/L 1450ng/L
AWWTP effluent 1750ng/L 2000ng/L
Mukhmas Wadi Quelle 1550ng/L 1995ng/L
Ras Al Qilt Quelle 64ng/L 82ng/L
Al Murashahat influent <BG 48ng/L
Al Murashahat effluent <BG 44ng/L
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Figure 4.1a: Concentration of pharmaceuticals inBireh effluent in28-11-2012
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Figure 4.1.b Concentration of pharaceuticals in Mukhmas wadi 28-11-2012.
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Figure 4.1.c Concentration of pharmaceuticals in Ras Al in 28-112012
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Figure 4.1.d Concentration of pharmaceuticalsBireh effluent in 154-2013
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Figure 4.1.ft Concentration of pharmaceuticals in Mukhmas 1in 154-2013
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Figure 4.1.h Corcentration of pharmaceuticals in Agpat Ji drinking wate before
treatmenin the water treatment ple in 15-4-2013
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Figure 4.1.f Concentration of pharmaceuticals in Agpat J drinking wate after

treatmenin the water treatment ple in 15-4-2013
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Sixteenth pharmaceutical compounds were analyzedhé water samples, namely
Phenacetin, Indomethacin, Diclofinac, Ibuprofenndiofen, Ketoprofen, Gemfibrozil,
Fenofibrat, Fenofibrinsaure, Bezafibrat, Clofibénse, Carbamazepin, Pentoxifyllin,
Naproxen, Diazepam, Etofibratin all of those, only Ibuprofen, Diclofinac and
Carbamazepine were detected and the other arellmd. values of these compounds
decreasing through the system (going from the Bestipling station at the effluent of
AWWTP to last sampling station in Murashahat) ircréasing the values of Ibuprofen,

Diclofinac, Carbamazepin&his was due to the dilution process.

Moving from AWWTP to Al Murashahat, the highest was measured pharmaceutical
compounds were registered for AWWTP effluent. Tdwdst values recorded downstream
due to the dilution process through the wadis beeai the discharge that come from Ein

Fara, Ein Jumaiz, Ein Al-Ru’yan, Ein Al Fawwar daith Al Qilt springs into the wadis.

AWWTPs use activated sludge processes through wmicnoorganisms are used for
mineralization the pollutants into water and carlghoxide.lt is possible to remove the
Pollutants from water by stripping into air or bgrgtion onto sludge that is discharged
orderly. Some substances may be undergo photddramstion process. Thus, the
elimination of pharmaceutical residues in activatdddge processes includes four
mechanisms: biotransformation, air stripping, sorpaind photo-transformation (Zhagg
al., 2008).

There are an absence of these compounds Phenabtedmmethacin Ketoprofen,
Gemfibrozil, Fenofibrat, Bezafibrat, Clofibrinsaureentoxifyllin, Naproxen, Diazepam,
Etofibrat in the four sampling station except Intahacin also detected in the AWWTP
with low concentration 60 ng/L below background #meh it was disappear and then these
compound is eliminated due to their biodegradabilit water. The results revealed that
there are three compounds with low concentratioresgnt in the different sampling
station, these compound are lbuprofen, Diclofin@arbamazepineThese compounds
have a high consumption rate in PalestiResults showed variation in these compound
concentration in the analyzed samples in different sample statiamd it decrease with
distance due to the dilution processvarying extent beingvhich depend upon factors
such as stream flow rate conditions and percertdgreated wastewater in the receiving
water bodiesThe results revealed the concentration of pharmaadwcompounds in the

four stations. According to these results we saat the presence of Ibuprofen only in the
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AWWTP effluent in the first and second samplingdimith a concentration of 300 ng/L
and 1000 ng/L respectively and then disappearedher sampling stations. Ibuprofen can
remove in WWTPs for more than 90% (Schuman, 20B®)Yransformation is considered
as a potential elimination pathway of ibuprofen.eTimetabolites of Ibuprofen can be
removed efficiently, then it is not considered ® fersistent. In the lake only the parent
compound is determined and none of its metabdlBeseret al. 1999).

Diclofinac was detected in AWWTP influent in the awsampling time with a
concentration of 310ng/L in the first sampling tissed 1450ng/L in the second sampling
time. This concentration was decreased after tre@tnto 50ng/L and 225ng/L
respectively. This mechanism of treatment can tatimate pharmaceutical compounds
completely For Diclofinac, the elimination activity varies swch between different STPs
in different studies. There is no elimination ofcldfinac in three Swiss STPs. (Tauxe-
Wuerschet al., 2005). The average of elimination of diclofemanging from 17% (up to
75% (Stumpfet al., 1999; Ternes, 1998). Diclofinac is considered-persistent in the
environment, and decreases quickly in rivers (Bestd., 2005) and lakes (Buset al.,
1998). Diclofinac is an Acid and found in the aguanvironment as an anion, which
interpret a high solubility and very low volatiligan. Several studies were presented for
monitoring the activity of elimination of pharmadeal residues including Diclofinac and
Carbamazepine. The results revealed that the Bctii elimination of Diclofinac by
WWTPs vary according to the study conducted by (gleh al., 2008). It revealed that the
activity of elimination ranging from 0% up to 80%uit mainly in the way of 21-40% in

wastewater treatment plants (Figure 4.1).
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Figure 4.2: Removal efficiency distributions of Carbamazepind B®iclofenac in
WWTPs (Zhangt al., 2008)

A study was conducted by (Quintaetal., 2005) to investigate the biodegradation of
Diclofenac by activated sludge. It shows that thare no transformation of Diclofenac
over 28 days, neither when Diclofinac was the ssbeirce of carbon (20 mg?).

Diclofenac shows poor biodegradation in batch ielation experiments using sludge from
WWTPs and MBR, respectively. According to the resal Figure (4.1),the removal

efficiency of Diclofinac could be up to 80% but f@arbamazepine was mostly below
10%. This variation might be that Carbamazepin®isbiodegraded at low concentrations
while biodegradation of Diclofinac may be possibleer some conditions. The activity

of elimination of these compounds is independenthef sludge retention timgsRT)

(Claraet al. 2004;Kreuzingeret al., 2004).

Concentration of Diclofinac in wadi Mukhmas wasrgesed in the first sampling time to

100ng/L due to mixing of not treated wastewatet tiweme from Qalandia camfhen the
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concentration of Diclofinac was disappeared in st sample stations (Rad Qilt, Al
Murashahat in Agpat Jaber) which also showed thebfinac is not very persistent in the
wadi Al Qilt, that it is rapidly degradednost likely via direct photolysis when it is
transported downstream .The main removal procefBiabfinac is Phototransformation
(Tixier et al., 2003). The half-life of Diclofinac exposed tantight was less than 1 h
(Zhanget al., 2008). (Packeet al., 2003) proved in their study that the presence of
isopropyl alcohol, a radical quenchém Diclofinac is responsible for the rapid
phototransformation of (Diclofinac in purified watede-ionized water and Mississippi
River water In addition, Diclofinac having no large presencegroundwater to some
extent due to its low mobility (Buset al., 1999) . This study found a variation in the
Diclofinac concentration in the two sampling petitite concentration of it is higher in the
second sampling time than in the first samplingetimthe AWWTP influent and effluent
(1450 ng/L, 225 ng/L) respectively, may due to ¢kasonal variations in the consumption

rate and elimination rates by humans and by WWTPs.

Carbamazepine was detected in AWWTP influent witmcentration of 1995 ng/L in the
first sampling time and then decreased respectitelpecome 1750 ng/L in AWWTP
efluent, 1550 ng/L in wadi Mukhmas, 64 ng/L in RdQuilt to reach a value lower than
background in al Murashahat influent and efflueAt we saw that Carbamazepine

concentrations tend to decrease with increasingriie of the catchment area (Table 4.2).

Table 4.2 Distance between sample stations and the presémptermaceuticals in it.

Station St.1 St.2 St.3 St.4
name Al-Bireh Mukhmas Ras Al-Qilt ~ Water filtration plant
WWTP (Al Murshahat)
Distance 0 5.2 19.5 27.5
from (Km)
Drug Ibuprofen Diclofinac Diclofinac Carbamazepine
Diclofinac ~ Carbamazepine Carbamazepine
Carbamazepine

The measured concentration may decrease due thblgtien and flushingThe photolysis
of Carbamazepine under sunlight irradiation ocduekatively low rate, therefore we can
say this compound is persistent in surface wat@tee measured concentration of

Carbamazepine in the second sampling time was bg80in AWWTP influent, 2000
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ng/L effluent 1995 ng/L in wadi Mukhmas, 82 ng/L in Ras Al Qi#t8 ng/L in al
Murashahat influent and 42ng/L in al Murashahauefit. There are some variations in a
concentrations between first and second samplmg.tiAs we saw the concentration in
AWWTP influent in the second sampling time was low&an the concentration in the first
sampling time may be due to the decrease consumgtithese pharmaceutical compound
during this period, then the concentration of thesmpound increased in the AWWTP
effluent. This increase might be because of adagition of CBZ in the beginning than its
desorption due to aging (decay, changing of strectd activated sludge enabling a better
extraction of considered compound in the analytroethod) of the activated sludge, or
may be due to possible accumulation processes gfadates and parent compounds
(Jimenezet al., 2011). Another interpretation is the daily camtcation fluctuations during
the sampling period (Claret al., 2004). Or the separation of glucuronide conjegaif
those pharmaceuticals by enzymatic processes itrédhtment plant (Vienet al., 2005).
So it is difficult to estimate the biodegradatioh mharmaceutical residues since it is

difficult to distinguish the bio-reduction from tlseparation increase.

Then, the concentration decrease in wadi Mukhmas mot significant value because of
mixing of nontreated wastewater from Qalandia camg Al Ram then decrease to 82ng/L
in Ras Al Qilt and 48ng/L in JWTP influent due teetdilution and finally decrease to
42ng/L in JWTP effluent which is not significant aomt because Carbamazepin is
typically degraded with less than 10% during thestewater treatment proceddost

studies confirmed this issuProperties of Carbamazepine may be the reasoitsféow

elimination activity, thes properties include; fir¢ is resistant to biodegradation at low

concentrations, secondly, it is hardly attached shidge (Nguyen,B., 2012).

Carbamazepine and Diclofinac, as discussed abaee,esamples of pharmaceutical
compounds that have poor removal by WWTPs. Thesgoands have been determined
in WWTP effluents, surface waters, groundwater aochsionally in drinking water, with
succesive concentrations due to dilution and se@n®val processes as soil retention and
phototransformation. Those compounds have beerctddten WWTP effluents and in
surface waters in some countries (Figure 4.2). &hera significant difference in the
concentrations of these compounds among counfrias. difference can be explained by

the variation in the consumption rates of both pteeutical compounds in those
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countries and due to the not enough investigatibat carried out so far in the countries

that do not have high concentration.
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Figure 4.3: Average detected concentrations of Carbamazepuh®aofinac in WWTP

effluents (a) and surface waters (b) in some c@astSource (Zhang al., 2008)

Because of the absence of functional groups thdtdhyze easily under environmental
conditions in this compounds hydrolysis is not expd to be an important environmental
fate process(Alshouli, 2012). It is possible forri@zamazepine to pass through an
unsaturated underground zone and reach an aquwess not degraded during its passage
through underground/groundwater passage (@&aah, 2004).
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Andreozziet al. (2003) showed in their study that presence ofibigubstances hindered
phototransformation of Diclofinac and Carbamazepivhile nitrate enhanced the
phototransformation rate of these compounds. Alghouof the positive effect of
phototransformation in the environment for redudingg levels it can lead to formation of
transformation product which are more stable axictthan the parent compounds, e.g.
the carcinogenic acridine is formed during photw¢farmation of Carbamazepine.

Marei and Tiehm (2007) studied the occurrence darplfaceuticals in Palestine and in
Jordan in certain sites and gained a results gimilth the results of this study for the
target compounds (Ibuprofen, Diclofinac and Carbeepae) (Figures 4.3 a and b),

Pharmaceuticals in Jordan
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Figure 4.4a:Pharmaceuticals in Jordan (Marei and Tiehm, 2007)
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Pharmaceuticals In Palestine

BWWTP Ban Zaid (14.11.2007) OWWTP Al Bireh (14.11.2007)
EWadi Fana WW untreated (14.11.07) EWadi Tufah WW unireated (14.11.2

Figure 4.4b: Pharmaceuticals in Palestine (Marei and Tiehm, 007

4.2 Effect and Risk of pharmaceuticals

In this study we note that the target pharmacelstivare decrease until to disappear in the
last station except Carbamazepine that presestatibns of the catchment area due to the
previous reasons we mentioned that is first, itrasistant to biodegradation at low
concentrations, secondly, it is hardly attached @ttidge. The Carbamazepine guidance
value in drinking water is 40 ppb in MDH/USAhe highest concentration reported in the
USA was 40 ng/l for meprobamate (Ferarri, 2004 €bncentrations of pharmaceuticals
in groundwater and surface water sources impacgtegldstewater discharges are typically
less than 0.1ug/L, and concentrations in treated drinking-watex asually well below
0.05 pug/L (WHO, 2011). The effect of pharmaceuticals andrthlesidues in aquatic
environment are in most cases restricted to skam acute responses such as lethality in
algae, invertebrates and fish (Webb, 2001). Theorgbr effects of pharmaceutical
compounds are scarcely tested. To carry out acceratironment risk assessment, a long

term exposures are essentiédlevated accumulation of Diclofinac in aquatisties were
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reported, despite its low lipid solubility (Oakisal., 2004). The chronic effect of Ibuprofen
could have interaction with estrogen homeostasiextaka fish (Harmt al., 2005).

Table 4.3 Effects of ibuprofen, Diclofinac and Carbamazepim various aqguatic
organisms at low pharmaceutical concentration (Agity/L).

Drug Effect Concentration
Ibuprofen Significant decrease in activity of cacggan 1 and 10 ng/L
G. pulex
Toxic effects to microbial communities 19/L
Growth inhibition of duckweed L. minor, up 1,10,100 and 1000g/L
to 25%
Diclofinac Subtle sub cellular effects in fish ud/L

Renal lesions and alteration of gills in fish u@'L

Carbamazepine  Slightly earlier maturation and répction 1ug/L
of Daphnia and higher production of
offspring

According to the results of this study there isammparison in the effect of ibuprofen
because ibuprofen was disappear in WWTP. In caskctaffinac the concentration of it is
below the concentration in the table above theretigeno risk. In case of carbamazepine
the concentration of it in this study was 1550ngkid 1995ng\L in Mukhmas bridge in
first and second sampling time and this concewtnais higher than the concentration in
the table above(1 microgram) and may cause a nsowll animals such as daphnia.In the

Ras al Qilt and Al Murashat the concentration i®Wwelmicrogram then there is no risk.

Ferrariet al. (2003) studied the toxic effects of Diclofinacda@Garbamazepine on algae,
bacteria, fish and microcrustaceans. They repah&idooth Carbamazepine and Diclofinac
had a relatively limited acute eco-toxicity on thested organisms and chronic tests

displayed higher toxicity than acute tests (sederdl).
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Table 4.4 Effects of ibuprofen, Diclofinac and Carbamazepim various aquatic
organisms at low pharmaceutical concentrat{@ghanget al., 2008)

Acute toxicity ECso Chronic toxicity PNEC
NOEC
Carbamazepine >13.8-81 mg [ 25-100 mg [* 0.42ug Lt
1-10 mg [* 6.359ug L™*

4.5-383.5mg [

75.1-502.6 mg T*

Diclofinac 11.5-22.7mg T 1-10 mg [* 116pg L!

1-10 mg L* 138.74ug L !

3.3-1422mg !

90 + 20ug L™ on zebra fish

embryos.

68 mg " 45 mg L+

1 mg ! on Daphnia
magna and fig L™
on histopathological

lesions

ECso concentrations that cause 50% of effect.
NOEC: no observed effect concentration.
PNEC: predicted no-effect concentrations.

Pharmaceuticals in the environment have an effecromal like birds such as vultures,
raptors, cranes and owel. A study by Oakal. (2004) showed that the death of between
34 and 95% of the population of oriental white-atkvultures, was linked to the
consumption of water contaminated with Diclofinac,painkiller widely used by the
human population that cause kidney failure anderalcgout in birdsin addition, it has
also been found that detrimental effects may hajyyetie transfer of compounds within

the food web.

Diclofinac is reported to negatively affect vultysepulations in Southeast Asia (Pakistan,
India, Bangladesh and Nepal), as it caused a sdYeoline of vultures, after feeding
themselves with domestic livestock and cattle, Whiere given Diclofinac (Oaks, 2004).
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Old world vultures consume dead livestock thattleatcarcass which having diclofinac in
their body, as Diclofinac is used for treatmenkdigestock in Asia. Dose of only 1 mg of
these drug causes acute kidney failure and dedthinwa few days. Many studies

confirmed that ingestion of residues of the Dialafi causes high mortality rate.

The impact of Diclofinac on the mortality, growtnd development of fish was studied by
Svobodovaet al. (2013). They reported that the exposure to Dickaf at 3mg/L was
associated with increased mortality, increasedviagtof glutathione S-transferase, and

decreased activity of glutathione reductase.

4.3 Effect of target pharmaceuticals on groundwater

NSAIDs reach groundwater when municipal wastewatebiosolids are applied in soils
then it may migrate through soils or be transforimeid ending into groundwater. CBZ has
poor sorption and relative persistence which sugtped it may pose a high leakage risk
for groundwater contamination when recycled foigation . Carbamazepine had the
lowest concentration at the top soil layers whielwenthe highest organic carbon content,
which means that there s potential degradationCarbamazepinein surface
soils. Carbamazepine also showed significant actatioo from year to year (McLain and
Williams, 2012).Soils may adsorb CBZ and making it to move slowlp igroundwater
(Williams et al., 2012). Carbamazepine and Diclofinac are clasbifas slow-mobile
compounds in SOM-rich soil layers. They showed hagbbility when introduced into
SOM-poor soils, and their mobility increases siguaifitly . Chemicals' characteristics
(such as pK(a) values) and soil propertiegluence the mobility of NSAIDs in
soil.According to the results of this study the cemration of Target compounds was
below background and disappear in Ras Al Qilt amd Al Murashahat except

carbamazepine which was near the background s ihb risk on it.
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4.4 Conclusions
* Findings of this study show the following:

* lbuprofen is detected only in the AWWTP effluentthe first and second sampling time
with a concentration of 300 ng/L and 1000 ng/L exdwely, and then disappeared in
other sampling stations because it was efficierghgoved in AWWTP.

* Diclofinac was detected in AWWTP influent in thievo sampling time with a
concentration of 310ng/L in the first sampling tiared 1450ng/L in the second sampling
time. This concentration was decreased after tremitnto 50ng/L and 225ng/L
respectively. Then it was disappeared in Ras At @id in Al Murashahat due to the
photodegradation process.

* Carbamazepine was detected in AWWTP inffluerthve concentration of 1995 ng/L in
the first sampling time and then decreased respdygtio become 1750 ng/L in AWWTP
effluent, 1550 ng/L in wadi mukhmas, 64 ng/L in eaguilt to reach a value lower than

background in al murashahat influent and effluent.

* Only Carbamazepine were detected in the Ras i&liQthe first and second sampling
time and in Al Murashahat influent and effluenttie second sampling time, where the

highest values were recorded for AWWTP effluent.

* The concentration of pharmaceutical compounds(lifep; Diclofinac,

Carbamazepine) on Al Qilt catchment area are bddavkground or near it, then they
have no risk on groundwater and public health. Adiog to the literature review it may
have a risk on small animals as inertebrates atdviihen it found in a concentration
higher than the concentration that detected ingtudy with significant value and do not

have a risk on human.
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4.5 Recommendations’

To reduce the pharmaceutical environmental poltytiois recommended to:

1. Back to alternative medicine and using herbsetiuce the pharmaceutical pollution,
which they finished in the water.

2. Emphasis monitoring on pharmacies and inhikttieom selling medicines randomly
and without medical prescription.

3. Studies should be conducted for other chemiglflifants such as endocrine disruptor
chemicals (EDC), hormone imposters, sex hormonletomt which distort the

reproductive organs of animal life.

4. Interested ministries must be determine theamspilities towards pharmaceuticals

waste management in Palestine.

5. It must be apply more laws and regulations lhki® pharmaceuticals waste

management outside health care centers.

6. More researches in this regard should be caougdiurther investigation into the fate of
Ibuprofen, Diclofinac, Carbamazepinee in the emwinent which include:Degradation
rates, local and global distribution, toxicity ¢fto understand their risk on water bodies

and drinking water.

7. Further improvement and validation of the emptbynethods for the analysis of these

pharmaceuticals in water.

8. Studying the effect of these pharmaceuticalpwriic health and environmerih other

places in Palestine. .

9. Disposal of expired pharmaceuticals by healtlay,wand improve the methods of

pharmaceutical removal in wastewater treatmentiglan
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