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Abstract  
With the antibiotic resistance problem aggravated, new antibacterial agents show the 

great demands for developing. However, antibiotics are detected in the environment 

worldwide since they can be distributed to the environment via sewage water thus add 
to the resistance problem. So it is important to study their environmental impact 

during the development and selection of new antibacterial agents. In this study, three 

candidates of antibacterial agents (FN075, TW138 and EC240) developed by Fredrik 
Almqvist´s group at the Dept. of Chemistry, Umeå University were investigated and 

one candidate C10 was developed as internal standard.    
The present work describes an analytical method based on online SPE LC-MS/MS to 

simultaneous detect the candidates in MilliQ, surface, sewage influent and effluent 

water. The method was validated according to linearity, intra-day precision, matrix 
effect and stability also. Since the candidates show diverse behavior during analysis, it 

was however hard to develop a method for quantification of the whole group. Thus, 
with this method candidate FN075 can be quantified in all water matrices, candidate 

EC240 can be quantified in surface and effluent water but qualified in influent water 

and candidate TW138 can only be qualified in all water matrices. Candidate C10 
developed by Fredrik Almqvist’s group was used as internal standard in this method.  

Furthermore, the removal of the candidates during traditional sewage water treatment 

was investigated in a batch experiment. All three candidates showed lower levels in the 
chemical and biological treated waters compared to influent water. However, 

considering their relatively high log P values (4.55~5.33), three candidates probable 
mainly undergo sorption to sludge during treatment and are not degraded during the 

treatment.  

In addition, the environmental fate with focus on the phototransformation of the 
candidates and five traditionally used antibiotics were investigated in a batch 

experiment with artificial surface water, a kind of DOM enriched solution. The quality 
of artificial surface water like pH varied with the different DOC types and 

concentration matters, thus bring the different impact on the phototdegradation 

behavior of compounds. Candidates EC240 showed >50% losses after 0.5 h UV-
exposure and reached 100% losses after 8 h UV-exposure in higher pH of artificial 

surface water. Candidates TW138 showed 99% losses after 8 h UV-exposure in higher 

pH of artificial surface water. However FN075 showed the different behavior that high 
losses in lower pH, reaching 80% after 8h UV-exposure.  

In summary, candidates probably undergo sorption to sludge during wastewater 
treatment and thus will be distributed to the environment mainly via sludge. Based on 

their photostability in our experiments, they will probably undergo photodegradation 

under sunlight within short exposure time. Thus, it can be considered that candidates 
will cause low environmental impact if introduced on the marked and used restricted, 

thus will not aggravate the antibiotics problem.  

This master project show examples of experiments if used in drug registration and 
evaluation could improve the environmentally sustainability in drug development. If 
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the studied candidates will be introduced on the marked, this study will give useful 
reference data to authorities, and people working in the pharmaceutical industry and 

at hospitals, and the public.   
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1. Introduction 
 

1.1 Pharmaceuticals in the Environment 
Today the research on environmental pollutant have expanded beyond the 

conventional pollutants such as PCBs, pesticides, dioxins to, for instance, 
pharmaceuticals and personal care product (PPCPs) both human and veterinary[1-3]. 

Pharmaceuticals are a group of complex molecules with different functionalities, 

physicochemical and biological properties. They are developed and used due to their 
biological activity [4-7]. Normally, the pharmaceuticals are classified in term of their 

therapeutic purpose (e.g. antibiotics, analgesics, anti-inflammatory agent etc.)[4-7]. 

Along with the world’s population growing and ageing, more and more new medical 

treatments are needed and developed, and the amounts of pharmaceuticals can be 

expected to increase rapidly. Thus, the pharmaceutical pollution problems could also 
be expected to increase and cause more and more concerns.  

A number of different routes of entering the environment for pharmaceuticals have 
been noted in the scientific literature for several decades [3]. The most obvious 

pathways for environmental contamination of pharmaceuticals are through the 

excretion in urine and feces. However the pharmaceuticals are often partially 
metabolized and excreted unchanged in the urine or feces[1], both intact and 

metabolized pharmaceuticals still exist after sewage treatment, thus entering the 
wastewaters and receiving water[2]. So, the wastewater treatment plants can be 

considered as the main route for the introduction of pharmaceuticals into environment 

[3, 8-10]. In addition, anthropogenic sources also include household disposal, effluents 
discharge from some pharmaceutical production facilities[4].Other possible sources 

include discharge from unwanted illicit drug into the sewage system. Figure 1 listed 
some main pathways of pharmaceuticals entering environment.  

 

Figure 1. Main pathways of PPCPS entering the environment (Figure by Roma et al, 
adapted from Nikolaou et al., 2007) [11] 
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The great differences between pharmaceuticals and conventional pollutants when 
considering their environmental release are that they has a potential for unique direct 

release into the environment anywhere humans live or visit. In contrast to 
conventional pollutants like pesticides, pharmaceuticals at any stage of clinic testing 

are inevitable to be released into the environment via sewage water although at low 

concentration [3]. In addition, one could expect that urban regions are the major 
sources of contamination since there are more hospitals and sewage treatment plants. 

Generally, the higher µg -per-liter concentration level has been found in hospital 

effluent while municipal waste water showed lower µg -per-liter level[12]. However, 
rural regions with high agriculture/aquaculture, animal husbandry and also rural 

areas with pharmaceutical production [13] also needs to be considered as important 
[4-7]. 

There are more and more researches on the presence of pharmaceuticals in the 

environment[14]. For antibiotics, it has been found that the measurements in different 
countries generally show the same range levels in different aquatic compartments such 

as sewage water and surface water, respectively[4]. In the fish farming, the medication 
is given by direct injection of the pharmaceuticals into the water, thus the substances 

enter the water without any pre-treatment, resulting in the high concentration in the 

water compartment and adjacent sediments [8, 14]. Furthermore, several studies 
describes finding of antibiotics in sediments from medical treatment in fish 

farming[14]. 

Pharmaceuticals widely used globally by humans and for some food production as an 
intended purpose, entering and persisting in the environment during the life cycle, 

leading to significant adverse effects not only on aquatic/terrestrial organisms also 
affect humans via drinking water[4-8]. Brodin et al. (2013) reported that the 

benzodiazepine anxiolytic drug oxazepam altered the behavior and feeding rate of wild 

European perch in effluent-influenced surface waters[15]. After exposed to water with 
dilute drug concentration, perch exhibited increased activity, decreased sociality and 

higher feeding rate [15-17]. The growth, reproduction and survival of organisms were 
influenced by these behaviors, thus induce evolutionary and ecologically effects via the 

modifications of fish behavior[15]. As time goes by, it will influence the aquatic 

community compositions, even more the functions of aquatic system [15].  
As mentioned before, sewage treatment plants are considered as the main route for the 

introduction of pharmaceuticals into environment. The conventional sewage 

treatment plant includes three steps: mechanical treatment, chemical treatment and 
biological step. In the mechanical treatment step, the large particles such as sand and 

fat are removed. In the chemical treatment, mainly some phosphorus is flocculated by 
adding ferrous sulfate or ferrous chloride. The main purpose for biological step is the 

removal of organic content by microorganisms[18]. However current operating of 

wastewater treatment plants are not suitable for removing most of pharmaceuticals, 
which results in some portion of the compounds survive during the treatment process 

and they pass through sewage system and may end up in the environment, mainly in 

water compartment since most pharmaceuticals showed medium to high polarity[1, 8, 
10, 19-22]. Studies showed some pharmaceuticals can retain active for a long period, 
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thus persist in the environment and affecting aquatic life [8-10]. Lindberg et al. (2006) 
investigated the behavior of three fluoroquinolones (ciprofloxacin, norfloxacin, 

ofloxacin), on sulfonamide (sulfamethoxazole) and trimethoprim after treated by 
normal sewage treatment plant. The result showed that ciprofloxacin and norfloxacin 

preferred to sorb to sludge while trimethoprim and sulfamethoxazole were typically 

unaffected after sewage treatment [23-25].  
There is great challenging for detection of pharmaceuticals in the environment at low 

or very low concentration due to their diverse physicochemical properties and the 

complicated environmental matrices [26]. The reversed phase liquid chromatography 
(RPLC) is the most widely used chromatographic separation technique and can be used 

to solve a variety of analytical application problems and can be coupled with most 
detection techniques[20, 27].Online solid-phase extraction liquid chromatography-

tandem mass spectrometry (online SPE LC-MS/MS) is a popular technique for the 

analysis of pharmaceuticals in aqueous samples, this technique allows the sample’s 
pre-concentration and analysis in a single run, which greatly making the time 

consuming off-line SPE extraction procedures unnecessary thus minimize the labor 
involved in sampling and analysis[10, 20].   

 

1.2 Antibiotics, Resistance and Environmental occurrence 
Antibiotics are probably the most successful drug families to be so far developed and 

used in human therapy [28]. Except for human treatment, antibiotics are used for 

treating animal and plant infections and also for promoting growth in animal farming 
[28-32]. The term antibiotics now refer to the substances with some biological 

activities such as antibacterial, anti-fungal, or anti-parasitical activity [8, 33]. Due to 
the clinic use, chronic misuses and overuse nowadays of antibiotics in human and 

veterinary medicine, the antibiotic resistance problems are arisen, also caused the 

large number of antibiotics are released into the natural ecosystems[28].  
Resistance to antibiotics compose a major threat to public health and should be more 

given more attention than before [1]. Antibiotic resistance occurs when antibiotic lost 
its ability to effectively control bacterial growth or kill the bacteria; that is to say the 

bacteria are resistant and continue to multiply[34]. The phenomenon of antibiotic 

resistance in itself is not surprising. When an antibiotic is used, some bacteria can 
resist the antibiotic and have a great chance to survive than other susceptible bacteria. 

The susceptible bacteria are killed by the antibiotic, resulting in a selective pressure to 

the survival bacteria, allowing them to survive and multiply [9, 34-37]. Some 
resistances can occur without human activities since the bacteria can use antibiotics 

against other bacteria, which lead to the natural selection for resistance to 
antibiotics[34, 36]. However, the current higher-level antibiotic-resistant bacteria are 

mainly caused by overuse or abuse of antibiotics[34].  

Normally, antibiotic resistance can spread via bacteria population when new 
generations inherit resistance genes (vertically transfer), in another way, the genetic 

material can be transferred between two different bacterial species (horizontal transfer) 

[9, 34, 38]. Resistances can be transferred in the environment, thus induce potential 
adverse effects on aquatic and terrestrial organisms. Furthermore, the resistant 
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bacteria can also transfer to humans via drinking water or food type [9, 34, 37, 39, 40]. 
Kristiansson et al. (2011) used culture-independent shotgun metagenomics to 

investigate microbial communities in river sediments exposed to waste water from 
production of antibiotics. The results showed that the higher levels of several resistance 

genes were identified for horizontal gene transfer and the release of effluent 

contaminated with antibiotics promoted resistance genes for their mobility [38]. Thus, 
the antibiotic resistance is one of the major challenge for human and veterinary 

medicine. 

With the rise and spread of bacteria resistant to most commonly used antibiotics, there 
are great demands for developing the new antibacterial agents. The conventional 

antibiotics typically kill the bacteria or inhibit their growth by interfering with 
important function of the bacteria like cell wall biosynthesis, protein synthesis, DNA 

replication and repair, imposing a strong selective pressure on bacteria to obtain 

resistance [41-43]. New candidates for antibacterial agents developed at the 
Department of Chemistry, Umeå University [41-43] present a new way of tackling 

infectious diseases. Targeting bacterial virulence is an alternative approach that offers 
promising chances to inhibit pathogenesis without placing the immediate life-or-death 

pressure to the bacteria [44]. Pathogenic bacteria can produce some virulence factors 

such as adhesion molecules, secretion system, toxin and other factors. Theses virulence 
factors show an essential correlation to their ability to cause disease and damage the 

tissues of the host. Inhibiting the virulence factors can effectively weaken infection and 

thus offer a potential method to combat the infection [41-43]. The pathogenesis of 
bacterial disease start with bacteria attaching to the host tissue. The first contact is 

mediated by hair-like surface protein called pili or fimbriae which is on the bacterial 
surface. Pili are the important virulence factors for the bacteria, bacteria need these 

pili to adhesive the host cell, invade the host and establish biofilm [41-43]. Therefore, 

the bacteria can lose their infectivity by inhibiting pili being formed, thus prevent the 
bacteria from interacting with body’s cells. The candidates investigated in this project 

are also called pilicides, which inhibit the formation of virulence-associated termed 
pili[42]. This can induce bacteria resistant to this type of antibacterial substances at 

much slower rate[42].  

 
1.3 Environmental distribution and fate (Phototransformation)  

Environmental fate of the compound refers to the destiny of a chemical or biological 

pollutant after enters into the natural environment which provides an indication of 
what happens to the chemical when released into the environment[45]. When the 

chemicals entering the environment, they will be distributed in the different 
environmental compartments such as air, water or soil and undergo various biotic and 

abiotic processes[45]. If this change will be brought by microorganisms, the 

degradation process is called biodegradation or biotransformation[45]. In addition, 
compounds can also undergo abiotic transformation processes. Abiotic transformation 

processes mainly describe how the chemicals can be altered by abiotic processes thus 

reduce the concentration of substance in the environment[45]. The abiotic 
transformation process can be divided in different categories hydrolysis, oxidation, 
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reduction and photochemical transformation[45].  
Phototransformation is considered as the major degradation pathway for many 

chemicals in water, which is the interaction with sunlight[45, 46]. Compounds absorb 
a photon, the photon energy needs to be transferred to the reactive site within the 

molecule or another molecule, and then a series of photochemical transformation 

processes are undergone[45]. All photochemical reactions are started by absorption of 
photon, however this does not mean the photolysis will occur eventually [45, 47].  

Primary phototransformation can be divided into direct phototransformation and 

indirect photodegradation[46]. In direct phototransformation, the chemical itself 
absorbs light, becoming the excited state, then undergo the following transformation. 

A direct phototransformation requires an over-lap of chemicals’ electronic absorption 
spectra and irradiation wavelength [46, 47]. The fraction of absorbed photons which 

cause the photochemical reaction is called quantum yield and is calculated by the 

equation 1[45].  
 

Φ =
	 	 	 	 	 	 	 	

	 	 	 	 	 	 	
                       (equation1) 

 

If there is no over-lap with chemicals’ electronic absorption spectra, indirect 
phototransformation is undergone, in which, the energy transfer and electron come 

from an excited photosensitizer, mainly humic and fulvic acids in environmental 

water[46].  
Dissolved organic matter (DOM) is the ubiquitous compartment in the natural water 

and normally defined as the fraction of organic compounds passing through 0.45μm 
filter [48, 49]. DOM is formed by decomposition from living organisms like plants, 

animals or soil microorganisms and includes a wide variety of compounds. It is difficult 

to provide the exact chemical characteristics of DOM. In general, they includes small 
proportion of low molecular weight compounds such as carbohydrates and a large 

percentage of high molecular weight compounds usually termed as humic 
substances[48, 50]. Humic substances include three main fractions such as humic 

acids, fulvic acids and humin [51, 52]. Humic substances are the major components of 

the natural organic matter (NOM) in soil and water as well as in lake sediments, peats 
etc. In addition, humic substances in soil show the important components which affect 

soil fertility. In the aquatic system, such as rivers, about 50% DOM are humic 

substances which show the effect of the pH and alkalinity [48-50, 52]. Humic 
substances are the complex mixture of aromatic and aliphatic hydrocarbon structures 

with attached amide, carboxyl, ketone or other functional groups [48, 51]. In most 
natural or treatment waters, dissolved organic matter (DOM) shows as photosensitizer 

in the photochemical process [47].There are different indirect phototransformation 

pathways of pharmaceuticals in the DOM enriched water environment [47]. Figure 2 
showed some indirect photodegradation pathways.  

 



11 
 

 
 

Figure 2. Indirect photodegradation pathways of pharmaceuticals in DOM enriched 
solutions (Figure from Yan et al. 2014) [47]  

 

1.4 Aim of the diploma work 

The aim of this master project was to investigate the environmental distribution and 
fate of three new candidates of antibacterial agents through laboratorial chemical 

experiments to study the environmental impact if these compounds are introduced to 
the marked and being used. The three candidates selected are developed by Fredrik 

Almqvist´s group at the Dept. of Chemistry, Umeå University. Three main parts were 

included in this master project:  
Firstly, a simple and reliable method for simultaneously quantification of the 

candidates was developed and validated. In the second part, batch experiments on 
removal of the candidates during traditional sewage water treatment were performed 

in order to see whether or not the candidates will be distributed to the environment via 

treated wastewater. Thirdly, batch experiments on phototransformation of the 
candidates in artificial surface water was investigated since the phototransformation 

is considered to be a significant degradation pathway for many chemicals in water.  
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2. Popular scientific summary  
 

2.1 Popular scientific summary  

The environmental pollution by pharmaceuticals is increasingly considered as a major 

threat to aquatic ecosystems as well as to humans along with continues detection of 
pharmaceuticals in the environment. Furthermore, due to overuse of pharmaceuticals 

especial for antibiotics, it caused the increasingly antibiotic resistance problem, thus 

the new antibiotics showed great demands for developing and it is important to study 
the environmental impact during development of antibacterial agents as if they are 

released into the environment and also are showing high stability and the risk of 
adding the resistance problem by inducing antibiotic resistance in the environment. In 

this project, three candidates of antibacterial agents were investigated to see if they can 

be distributed into the environment via conventional sewage treatment plant and 
whether they can be undergone the photodegradation in the environment.     

The findings of this master project showed that three candidates can be efficiently 
removed from the effluent water in traditional sewage treatment however they can still 

be released into the environment as they probable are being adsorbed to the sludge. In 

addition, three candidates can also undergo photodegradation under UV-exposure. 
This means that they can be degraded under exposure to sunlight both in water 

wastewater treatment plants (WWTPs) and in the environment. Considering their 

relatively high removal efficiency in WWTPs and low photostability these compounds, 
if introduced on the marked with a restricted use, will probable cause relatively low 

environmental impact. This master project show examples of experiments if used 
could improve the environmentally sustainability in drug development. 

 

2.2 Social and ethical aspects 
The drug development will always play an important role in our life. More and more 

new drugs are developed to save people’s lives. At the same time, the overuse of, for 
instance antibiotics causing the increasingly serious antibiotic resistance problems. 

Traditionally, during the drug development, there were not many considerations of 

potential environmental effects once they were excreted from the treated patient. 
Although, environmental impact data has not been included in the regulation of drug 

register and evaluation, data on environmental impact of pharmaceuticals probably 

will be required in the future due to the increasing concerns regarding pharmaceutical 
pollution. If the studied candidates will be introduced on the marked, this study will 

give useful reference data to authorities, and people working in the pharmaceutical 
industry and at hospitals, and the public.  
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3. Experimental 
 

3.1 Candidates for antibacterial agents 

The candidates C10, FN075, EC240, and TW138 for new antibacterial agents were 
developed at the Department of Chemistry, Umeå University. All candidates were of 

high purity (>98%). Three candidates and the internal standard (C10) included in this 
project are displayed in Figure 3 and some physicochemical properties of candidates 

listed in Table 1.  

 

Figure 3. Chemical structure and names of selected candidates belonging to the 

Pyridone (a-c) and Thiophene group (d), respectively. 
 

Table 1. Physicochemical properties of candidates [53] 

  Chemical Formula Molecular Weight LogP pKa 

C10 C22H19NO3S 377.46 3.47  3.29 

FN075 C26H18F3NO3S 481.49 5.33  3.14 

TW138 C25H23ClN2O4S 482.98 4.83 4.15 

EC240 C29H23NO3S 465.57 4.55 2.7 

 

 

3.2 Materials  
LC/MS grade quality of methanol and acetonitrile were purchased from Merck 

(Lichrosolv- hypergrad, Merck, Darmstadt, Germany) and formic acid (>98%) was 
obtained from Sigma-Aldrich (Steinheim, Germany). The purified water was produced 

by using MilliQ Advantage ultrapure system, including an UV radiation source 

(Millipore, Billerica, USA).  
 

3.3 Solution preparation  
The stock solution of all candidates were separately prepared in methanol and stored 

at -20 . Spiking mixture solution was prepared by diluting the stock solutions in 
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methanol to a concentration of 1 µg/mL for each candidate, then the spiking mixture 

solution was stored at -20 .  
 
3.4 Sample pretreatment  

Surface water and sewage influent, effluent water were collected from Täfteå River and 

Umeå sewage treatment plant, respectively. The wastewater was filtered through 0.45 
µm syringe filter (Regenerated cellulose target II F2500-7, Scantec Nordic) to remove 

particulate matter. The IS at concentration of 500 pg/mL was added, which was useful 

for quantity of candidates analyzed or instrument response varies from run to run. The 
acidification of sample was performed by adding 0.1% formic acid.  

 
3.5 On-line SPE LC-MS/MS method 

1 mL sample was injected by using a PAL HTC auto sampler equipped with cooled 

sample trays (CTC Analytics AG, Zwingen, Switzerland). 6-ports or 10-ports switching 
valves were used for column switching. A Surveyor LC pump (Thermo Fisher Scientific) 

was used to load the sample on an extraction column Oasis HLB (20 mm*2.1 mm i.d, 
15 µm particle size) by eluent program shown in Appendix Table S1. Then the valves 

was switched and the compounds were extracted by eluent program using Accela pump 

(Thermo Fisher Scientific). The candidates were then separated on an analytical 
column (Hypersil Gold aQ, 50 mm*2.1 mml i.d, 5 µm particles + guard column 20 

mm*2.1 mm i.d, 5 µm particles) by the gradient elution program shown in Appendix 

Table S2 using Accela pump [20].  
The candidates were analyzed by a triple quadrupole MS/MS TSQ Quantum Ultra 

Mass Spectrometer (Thermo Fisher Scientific). The software Xcalibur was used to 
provide method setup, data acquisition, data processing and reporting. 

The candidates were ionized by the heated electrospray ionization (HESI) in a positive 

mode. One precursor ion (M+H+) and two product ions used for qualify ion (q) and 
quantify ion (Q) were produced. The precursor and product ions, fragment voltage and 

collision energy for each candidate are summarized in the Appendix Table S3.  
The parameters of MS/MS spectrometer were following: The ionization voltage was 

3.5 kV with 15 arbitrary units of auxiliary gas and 35 arbitrary units of sheath gas. The 

vaporizer temperature and capillary temperature were 200 degree and 325 degree, 
respectively. Argon was used as the collision gas at a pressure of 1.5 mTorr and a 

resolution of 0.7 FMWH was used for the mass analyzing quadrupoles. The total time 

required for the online extraction and LC-MS/MS analysis was 12 min.   
 

3.6 Method Development 
Since candidates’ chemical properties were different from the pharmaceuticals that 

have been analyzed previously at the department, the existing analytical system and 

methods had to be further developed. In addition, the four candidates selected differed 
in their chemical structure and thus show diverse behavior during analysis, which also 

made it hard to find a method that could be used for the whole group. Candidate 

TW138 is more polar than FN075 and EC240 and has more rotatable bonds with 
higher entropy. The pre-treatment and previous online SPE-LC/MSMS method 
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described was therefore a method selected after extensive method development of the 
on-line SPE LC-MS/MS method described by Lindberg et al.[20] The method 

development included syringe filter type selection, internal standard selection, column 
and elution condition evaluation, the parameters are listed in Table 2. The optimum 

conditions selected are marked in bold in the Table 2 and these conditions were 

validated in the following method validation part.  
 

Table 2. Parameters and conditions tested during method development 

Syringe filter selection 

Filtropur S Polythersulphone 

Regenerated cellulose target II 

Regenerated cellulose 

Elution program 
Normal elution program[20] 

Fast elution program 

Column selection 
Hypersil Gold aQ 

Hypersil Gold 

Sample acidification 0.1%, 0.4%, 1% Formic Acid 

Internal standard selection EC240, C10, IS-mixture* 

*mixture of internal standard used for pharmaceuticals analyzed at the department 

[20]  
 

3.6.1 Syringe filter test 

Recovery tests were performed to investigate the effect of using different kinds of 
syringe filters. In this project, three kinds syringe filters listed in Table 2 were tested. 

A batch of MilliQ water were spiked with candidates’ mixtures at concentration of 750 

pg/mL, then filtered through three syringe filter separately, every filter in triplicate. 
After filtration, each sample was spiked with IS at the concentration of 500 pg/mL and 

acidified by adding 0.1% FA. The recovery was calculated by comparing the signal 
between filtration and unfiltered water.   

 

3.6.2 Elution program and column selection 
There were four kinds of condition combinations for simultaneously doing elution 

program and column selection test: ①Normal elution and Hypersil Gold aQ column; 
②Normal elution and Hypersil Gold column; ③Fast elution and Hypersil Gold aQ 

column; ④Fast elution and Hypersil Gold column.  
 
3.6.3 Sample acidification 

Three different proportions of formic acid showed in Table 1 were tested separately 

under normal and fast elution program. The improvement (%) was calculated by 
comparing the signal between two different proportions condition.  

 
3.6.4 Internal standard selection 

The internal standards (EC240, C10 and IS-mixture) at concentration of 500 pg/mL 

were added to known concentration of each sample. The values of R2 and RSD were 
described to check which IS was suitable for this method.   
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3.7 Method Validation 

In the method validation, it was tested that the developed analytical method was 
acceptable for its intended purpose. The method validation included the studies of 

linearity, intra-day precision and limit of quantification. The matrix effect and 

candidates stability during storage were also evaluated.  
In all validation tests, the four sample matrices: MilliQ water, surface water, sewage 

influent and effluent water were evaluated. The method validation is summarized in 
Figure 4. 

 

 
 

Figure 4. Flow chart for method validation test of candidates  

 
3.7.1 Linearity and LOQ 

The linearity of a method is given by how well the calibration curve follows a straight 
line where R2 value closed to 1 represents a linear fit [54]. In this report, the 

measurement of the linearity was the square of the correlation coefficient (R2). The 

linearity of the calibration curve was tested at concentrations ranging from 10 pg/mL 
to 1500 pg/mL with nine calibration points prepared in all four matrices. The limit of 

quantification (LOQ) was defined as the lowest point in the calibration curve 1) within 
the linear range and 2) giving a signal-to-noise ratio > 10. The points in the calibration 

curve giving a R2 value > 0.96 was within the linear range.       

 
3.7.2 Intra-day precision (Repeatability)  

Precision refers to the repeatability of the result of the method. The intra-day precision 
was validated by four repeated injections of calibration curve standard at two levels of 

concentration, low (100 pg/mL) and high (750 pg/mL) to see the extraction and 

instrumental response variations. The method precision was calculated by the 
relatively standard deviation (RSD) of the four replicates at the two levels.   

 
3.7.3 Matrix effect  

The matrix effect refers to the combined effect of all components of the sample other 

than the analyte [21]. The matrix effect could cause the ionization suppression or 
enhancement. The candidates at concentration 750 pg/mL and IS at concentration 500 

pg/mL were spiked in triplicate in each water matrices. 
The matrix effect was assessed by comparing the differences between responses 

obtained from surface, in/effluent water and the MilliQ water.   
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3.7.4 Stability (storage) 

The stability test was performed to determine whether candidates were stable under 
different storage condition. As generally, after sampling, the samples are stored and 

not analyzed immediately. The stability evaluation of candidates were conducted by 

changing the storage condition for the samples, and then the recovery of the candidates 
were compared with the recovery in the control samples (day0). All samples in 

triplicate per condition were spiked with candidates at a concentration of 500 pg/mL 

and the conditions tested were freezer (-20 ) and refrigerator (4 ) during 1, 4, 28 
days storage.   

 
 

3.8 Environmental distribution of candidates (STP) 

 
3.8.1 Sample collection 

Three different water samples collected, where each represented one of the three 
phases in a conventional sewage treatment process: (1) raw sewage water, (2) water 

from pre-sedimentation and chemical treatment, (3) water from bio-sedimentation 

(biological treatment). All water types were collected in triplicate in plastic bottle as 
grab samples on April 14, 2015, at Umeå sewage treatment plant. Due to the heavy 

snow before collecting water, the total incoming water flow reached 2200 m3/h while 

general flow is around 500 m3/h, which resulted in the dilution of the raw sewage water. 
The temperature of incoming water was 10.6 degree.  

 
3.8.2 Batch experiment 

All batch experiments started within one hour after water collection and carried out 

according to the following steps: 10 ng/mL three candidates mixtures were added into 
each type of water and gently stirred in an open plastic beaker at room temperature. 

The duration of each experiment was determined by the hydraulic retention time in 
the plant: (1) raw sewage water 2.5 hour, (2) water from pre-sedimentation and 

chemical treatment 3 hour, (3) water from biological treatment 3.5 hour. Additional 

batch experiments conducted in MilliQ water as blank controls to assess possible losses 
from adsorption to plastic walls.  

After reaching the hydraulic retention time, the samples were filtered through the 0.45 

µm syringe filter (Regenerated cellulose target II F2500-7, Scantec Nordic); then the 
IS at concentration of 500 pg/mL and 0.1% FA were added. The samples were analyzed 

using the previous developed on-line SPE LC-MS/MS method. The pH of the water 
samples included in this batch experiment were listed in the appendix Table S5 and a 

flow chart of experimental design was illustrated in Figure 5. 
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Figure 5. Flow chart for environmental distribution test of candidates 

 
 

3.9 Environmental fate of candidates (Phototransformation) 

In this part, the fate of selected candidates during artificial sun-light exposure in 
artificial surface water were investigated. The artificial UV exposure experiment was 

performed to investigate whether or not the candidates could undergo 
phototransformation, and if so, whether the phototransformation was direct or 

indirect. The direct phototransformation requires an over-lap with the irradiation 

spectra of the UV source and the UV-absorption spectrum of candidates. Thus the UV 
absorption test was also performed for selected candidates.   

 
3.9.1 Matrix and solution preparation 

UV absorption: Solutions C10, FN075 and EC240 were prepared in MilliQ water at the 

concentration of 0.07 mM while the candidate TW138 was at the concentration of 2 
mM.  

 
Artificial UV exposure: The artificial surface water was prepared by MilliQ water and a 

standard DOC. Two different DOC standards; Nordic Reservoir NOM (53.17% Carbon) 

and Suwannee River NOM (50.7% Carbon) were used at two concentration levels, 5 
mg/L and 15 mg/L, respectively. Then the artificial surface water was spiked with a 

mixture of selected candidates (FN075, TW138 and EC240) to get a final water 
concentration of 1 ng/mL. Meanwhile, five antibiotics (Trimethoprim, Ciprofloxacin, 

Ofloxacin, Norfloxacin and Sulfamethoxazole) were also tested at the concentration of 

10 ng/mL.  
 

3.9.2 Artificial UV-exposure experiment 
The prepared samples were transferred into 12 mL Pyrex tubes in triplicates while 

corresponding number of samples were covered by several layer of aluminum foil as 
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dark controls. All samples were exposed to artificial UV-light by placed underneath 

four mercury UV-lamps (Philips TLK 40W/09N) with a filter which assured an UV 
range between 300 and 400 nm. The samples were constantly rotating by using an 

RM5 “rocking/rolling action” and keep the temperature under 22 to 24 degree. The 

irradiation samples were collected following the exposure time, adding the IS and 0.1% 
formic acid, then analyzed by the method developed above. The result was performed 

by comparing the irradiation samples to the initial water sample (“zero” sample). In 
the Table 3, the different conditions and exposure time tested during UV exposure were 

listed and a flow chart of experimental design was illustrated in Figure 6. Five 

antibiotics were also tested to compare the behavior with selected candidates.  
 

Table 3. Different conditions tested during the UV exposure  

Standard DOC Concentration of DOC 

Short-term exposure time 
(candidates & five 

antibiotics) 

Nordic Reservoir NOM 

15 mg/L 0.5 h, 1 h, 4 h, 8 h 

5 mg/L 0.5 h, 1 h, 4 h, 8 h 

Suwannee River NOM 

15 mg/L 0.5 h, 1 h, 4 h, 8 h 

5 mg/L 0.5 h, 1 h, 4 h, 8 h 

 

 
 
Figure 6. Flow chart for UV-exposure test design for candidates and antibiotics  

 

The UV-vis recording spectrophotometer (UV-2100 Shimadzu Corporation) was used 
to measure the UV absorption of the candidates. The spectra of each candidate in 

MilliQ water were recorded between 240 nm and 450 nm in 0.5 nm steps. A reference 
sample without candidates was used for baseline correction. The irradiation spectrum 

of the artificial UV-light source has been recorded at the exposure site in 1 nm steps 

with an ILT 900-R spectroradiometer (International Light Technologies, 
Massachusetts, USA) previously by Blum[55]. The total irradiance in the UV range 

(300-400 nm) was 22 W/m2, and the maximum irradiance (average of six scans) of 
0.58 W/m2/nm at 364 nm. 
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4. Results and Discussion 
 
4.1 Method development  

During the method development, the sample pretreatment including acidification, 

filtration, IS and LC-system was evaluated. 0.1% FA was selected for sample 
acidification since 0.4% and 1% FA did not improve the resolution and detection limit 

of the method. The result of filter selection showed below in details. Hypersil Gold aQ 

column with a fast elution program was selected as LC separation method due to higher 
resolution compared to the traditionally used. C10 is the best choice as IS than other 

tested IS which further discussed in 4.2.1. However, C10 was unstable in the matrix 
effect, storage test, distribution test and fate test, sometimes given low intra-day 

precision. Thus, the data in the stability, distribution and fate tests were not 

compensated by C10.  
 

4.1.1 Filter selection 
The result of syringe filter selection is showed in the Figure 7, showing that very low 

recovery of the candidates FN075 (29%), TW138 (~0%) and EC240 (8%) when the 

syringe filter Filtropur S Polyethersulphone PES membrane was used and thus was not 
appropriate for the candidates. When compared the regenerated cellulose target II and 

regenerated cellulose filter, the recovery obtained from regenerated cellulose target II 

were higher; FN075 (92% vs 75%), TW138 (88% vs 80%) and EC240 (84% vs 71%), 
respectively. Thus, the filter Regenerated cellulose target II was selected to be used in 

the filtration.   
   

 

 
 

 
 

 

 
 

 

 
 

 
 

Figure 7. Recovery of candidates (FN075, TW138, EC240) after treated by three 

syringe filters. Recovery (%) calculated by comparing the signal between filtration 
and unfiltered water.   
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4.2 Method validation 

 
4.2.1 Linearity and LOQ 

In general, acceptable and good linearity and signal-to-noise ratio > 10 was obtained 

in the concentration range from 50 pg/mL to 1500 pg/mL, while using the lower 
calibration point 10 pg/mL caused bad linearity. For the three candidates FN075, 

TW138 and EC240 in MilliQ water, a linearity close to 1.0 was obtained, which showed 
a good linear fit. However, in surface, influent and effluent water, the R2 values were 

lower than in MilliQ with R2 values of 0.96 to 0.99 (effluent water), 0.93 to 0.98 

(surface water), and 0.92 to 0.97 (influent water), respectively. Figure 8-10 show the 
calibration curves of each candidate in all four water matrices. Good linearity of FN075 

were obtained in MilliQ water (0.99) and effluent water (0.99), while acceptable 
linearity were obtained in surface water (0.96) and influent water (0.97) (Figure 8). 

Good linearity of TW138 in MilliQ water (0.99) and acceptable linearity was obtained 

in effluent water (0.96), however relatively bad linearity were obtained in surface water 
(0.93) and influent water (0.92) (Figure 9). Good linearity of EC240 were obtained in 

MilliQ water (1.00) and surface water (0.98) and acceptable linearity was obtained in 
effluent water (0.96), however relatively bad linearity was obtained in influent water 

(0.92) (Figure 10). Thus, LOQ of 50 pg/mL could be determined for FN075 in all four 

water matrices and for EC240 in MilliQ and Effluent water as their linearity (R2 values > 
0.96) were acceptable.  

 

 
Figure 8. Calibration curve of candidate FN075 in MilliQ, surface, influent and 

effluent water at concentration from 50 pg/mL to 1500 pg/mL. Ratio of Peak Area 

was obtained by comparing the signal between candidates and IS.   
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Figure 9. Calibration curve of candidate TW138 in MilliQ, surface, influent and 
effluent water at concentration from 50 pg/mL to 1500 pg/mL. Ratio of Peak Area 

was obtained by comparing the signal between candidates and IS.    

 

 

Figure 10. Calibration curve of candidate EC240 in MilliQ, surface, influent and 

effluent water at concentration from 50 pg/mL to 1500 pg/mL. Ratio of Peak Area 
was obtained by comparing the signal between candidates and IS.  

  
 

 



23 
 

4.2.2 Intra-day precision (Repeatability)  
The RSD values of all candidates in four water matrices are listed in the appendix Table 

S4. The lowest RSD values of the candidates was obtained in MilliQ and influent water 
with RSD values <20% and <30%, respectively, which meant that the intra-day 

precision was acceptable. The RSD value of TW138 at 100 pg/mL was however high in 

effluent water (51%) and for EC240, the RSD in the surface at the same concentration 
was also high (39%). In general, the intra-day precision was still acceptable considering 

both extraction and analysis variation included although these two points with 

relatively high RSD existed.  
 

 
Figure 11. Linearity (R2) and intra-day precision (%RSD, n=4) of selected candidates   
 

 
4.2.3 Quantification 

In this project, the results of the signal-to-noise ratio, the linearity and the intra-day 

precision, was combined to conclude if a compound could be quantified or not with the 
developed method. In summary, FN075 could be quantified with the developed 

method in all water matrices due to high linearity (R2 0.96-0.99) and low intra-day 

precision (RSD≤27%). EC240 could be quantified in effluent water with the developed 
method but not in surface and influent water, respectively. TW138 however, couldn´t 

be quantified in any of the matrices due to low linearity (R2≤0.96) and low intra-day 
precision. EC240 could be thus only be identified in surface and influent water, 

respectively, and TW138 in all matrices with the developed method with two 

transitions (1 precursor and 2 product ion), which yielding at least 4 identification 
points according the requirement from Decision 2002/657/EC.  
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4.2.4 Matrix effect  
Figure 12 showed the matrix effect for each candidates in four water matrices. Where 

a ME (%) >100% represents ionization enhancement while a value of ME (%) <100% 
means ionization suppression. Thus ionization suppression was prevalent for most 

candidates with the exception of EC240 in surface water and FN075 in influent water, 

the ME (%) was >100%. Due to the matrix-matched standards were first treated by 
passing through the filter syringe, thus the ME (%) calculated in this test was also 

included the losses from syringe filter, however, there was not great losses caused by 

filter according the results from filter selection test showed in Figure 7.  
 

 

 
Figure 12. Matrix effect for candidates (FN075, TW138, EC240) in surface, influent 

and effluent water. The calculated ME (%) was calculated by comparing the signal 
between in matrix-matched standard and in calibration standard (MilliQ).   

 

 
4.2.5 Stability (storage) 

Overall, the recovery of all candidates in surface, influent and effluent water showed 

the decrease trend along with the storage period increased (Figure 13 to Figure 14) 
except in MilliQ water under 4 degree which showed the increased recovery along with 

storage time, which might be some errors during the analysis especial for the result on 
Day28, thus it can be considered as the outlier. The relatively higher recovery (>100%) 

was obtained on Day4 in MilliQ water under 4 and -20 degree, it might due to the 

relatively high RSD value which giving low precision. But in general, other tested 
conditions look reasonable and the trend of storage test were also concluded. In 

addition, due to storage samples were prepared in different water matrices, thus the 

losses during whole storage process were also included other effects like matrix effect 
or some degradations of candidates. It can be concluded that the losses of candidates 
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were >50% after stored 28 days, however from Day1 to Day4, there was not great losses 
of candidates within short-term period, thus the candidates were not recommended to 

be stored for a long time. In addition, the relatively higher recovery of candidates were 
obtained at 4 degree in surface and influent water which represented the higher 

stability of candidates in refrigerator than in freezer, thus, the candidates were 

preferred to be stored in refrigerator in surface and influent water. However there was 
similar losses when samples stored at 4 or -20 degree in effluent water. Thus, in the 

effluent water, temperature variation will not influence a lot for candidates when 

storage. In general, it was interested to find that the stability at 4 degree of the 
candidates at short-term period (4 days) in the order: influent water > effluent water > 

surface water. FN075 showed the highest stability in surface water (recovery 83% Day 
1) and influent water (recovery 80% Day 1 and Day 4) while candidate TW138 showed 

the high stability in influent water (recovery 86% Day 1), candidate EC240 showed 

relatively high stability in influent water (recovery 75% Day 1 and recovery 85% Day 4) 
and effluent water (recovery 73% Day 1) under 4 degree at short-term period. The 

similar result was obtained in Fedorova et al (2014) that under the short-term storage 
(7 days), keeping the samples in refrigerator showed better results than freezer of 124 

analytes while the stable analytes decreased with time during long-term storage at -

18 10 . In summary, losses were all existed when candidates kept in refrigerator or 
freezer. The immediate analysis after sampling will be a good way to reduce the losses.  

 

 
Figure 13. Recovery of candidates (FN075, TW138, and EC240) after storage at 4 

degree. Day 1, Day 4 and Day 28 in MilliQ, Surface, Influent and Effluent water. Each 
in triplicates, RSD ≤35% in MQ; RSD ≤30% in Surface; RSD≤31% in Influent water 

and RSD≤31% in effluent.               
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Figure 14. Recovery of candidates (FN075, TW138, and EC240) after storage at -20 

degree Day 1, Day 4 and Day 28 in MilliQ, Surface, Influent and Effluent water. Each 
in triplicates, RSD ≤37% in MQ; RSD ≤30% in Surface; RSD≤37% in Influent water 

and RSD≤26% in effluent.  

 
 

4.3 Environmental distribution of candidates (STP) 
In Figure 15, it showed the removal behavior after treatment of three candidates. In 

raw sewage water, high levels of candidates remaining in the aqueous phase. During 

the chemical treatment, the removal efficiencies of candidates in the range 52% to 80%. 
Then after biological treatment, three candidates were found in the aqueous phase at 

lowest levels that TW138 showed the lowest levels in the effluent, in sequence EC240 
and then FN075, with 5%, 15% and 23%, respectively, amount remaining compared to 

the levels in the MilliQ water. Thus, the removal efficiency of the biological treatment 

was high and in the range 77 to 95%. In this work, the candidates were however only 
analyzed in the aqueous phase, and not in sludge, so it could not be concluded if the 

candidates were removed by the sewage treatment even though they were found at low 

percentage in the aqueous phase after the treatment. However, the LogP values of 
candidates (FN075 (5.33), TW138 (4.83) and EC240 (4.55)) were all high, which 

means that the candidates are lipophilic and thus probable adsorbed to the sludge 
during the sewage treatment.      

A similar study by Lindberg et al (2006) reported that the two fluoroquinolones, 

ciprofloxacin and norfloxacin mainly undergo sorption to sludge during the treatment 
[23]. Approximately 80% of the total mass of both ciprofloxacin and norfloxacin 

entered the STP, adsorb to the particles in the raw sewage water. During the 

mechanical/chemical treatment, the removal efficiencies of ciprofloxacin and 
norfloxacin were 55% and 58%, respectively. Then during the biological treatment, the 
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removal efficiencies of ciprofloxacin and norfloxacin in aqueous phase were 44% and 
34%, respectively. Meanwhile, compounds in sludge were also analyzed in this report. 

Overall, approximately 3.6% and 3.4% of ciprofloxacin and norfloxacin remained in 
final effluent and 77% and 72% of ciprofloxacin and norfloxacin can be found in 

digested sludge. However, the behavior of trimethoprim in this study showed quite 

different from those of two fluoroquinolones. Trimethoprim did not sorb to sludge, the 
similarity concentrations were obtained in raw sewage water and the final effluent, 

which suggested the removal efficiency for trimethoprim is close to zero [23].  

The removal behaviors for compounds within the sewage treatment are related to their 
physicochemical properties [23, 56]. Ciprofloxacin and norfloxacin are ampholytic 

compound with pKa at 6.09 to 8.74 and at 6.34 to 8.75, respectively. Thus in Lindberg 
et al (2006), compounds should exist in their zwitterionic states since pH varies 

between 7.1 and 7.5 in raw sewage water and all treatment steps. The sorption to sludge 

for two compounds is not a consequence of pH changes [23]. Instead, the sorption to 
sludge for ciprofloxacin and norfloxacin were occurred due to hydrophobic and 

electrostatic interactions as mentioned in repot from Golet et al. most likely between 
fluoroquinolones and the flocs of added iron [56]. Ciprofloxacin and Norfloxacin 

showed high sorption properties as inferred from high Kd value (LogKd 4.3 and 4.2) in 

sludge, thus this can be explained the sorption mechanism of fluoroquinolones [56].  
Overall, candidates FN075, TW138 and EC240 showed the similar behavior with 

ciprofloxacin and norfloxacin. During chemical and biological treatment, they showed 

low levels in the aqueous phase, compared to in the raw sewage water were they 
showed high levels compared to the MilliQ water. Higher remaining levels in the raw 

sewage water compared to the study by Lindberg et al. could be the results of heavy 
snow before our sampling, resulting in dilution of the raw sewage water with less 

particle matter and hence particle adsorption. In addition, the calculated pKa values 

for candidates were all below 4.15 listed in Table 1, thus during all treatment steps, 
three candidates existed in their deprotonation states since pH range during all steps 

was 7.2 to 7.8. So pH changes did not influence the sorption to sludge of candidates 
during treatment. In addition, the high LogP value obtained implied candidates are 

probably adsorbed to sludge during sewage treatment, however the further study in 

sludge will be performed to validate this assumption.   
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Figure 15. % of the candidates FN075, TW138 and EC240 remaining in the waste 

water compared to the MilliQ water during batch experiment including the 

traditional sewage treatment steps. RSW: raw sewage water; Pre-sedi/Chem: water 
from presedimentation/Chemical treatment; Bio: water from biological treatment. 

 

 
4.4 Environmental fate of candidates (Phototransformation) 

In the artificial UV-exposure test, the total losses from UV samples and losses from 
dark control samples were calculated and if low losses are obtained in dark controls 

samples, this means main degradation process was phototransformation. The 

photodegradation (%) was calculated by subtracting between total losses of UV 
samples and losses of dark controls. Thus the photodegradation or 

phototransformation described in the following sections was the actual losses caused 
by artificial UV.  

 

4.4.1 Candidates (FN075, TW138 and EC240) 
In general, FN075, TW138 and EC240 all showed losses after UV-exposure. Candidate 

EC240 showed the highest losses (>50% after 0.5 h of UV-exposure in all tested 

conditions), with highest losses in the lower DOC concentration conditions; Nordic 5 
mg/L, 6.01 (losses 95%) and Suwannee 5 mg/L, 4.18 (losses 94%). In condition Nordic 

5 mg/L, the losses reached 99% after 4 h and 100% losses after 8 h UV-exposure for 
EC240. This is possible due to there existed high levels DOC at higher concentration, 

thus, DOC as photosensitizer can received more protons from UV-light than 

substances, thus causing some shielding effects on substances of receiving the UV-light. 
Thus the higher losses were obtained at 5 mg/L under two DOC type Nordic and 

Suwannee. In addition, the differences between Nordic and Suwannee are that high 

percentage of inorganic residue is in Nordic Reservoir and high percentage of oxygen 
element is in Suwannee River. Normally oxygen showed the important element when 
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happening the photodegradation according to the description of photodegradation 
pathways of pharmaceuticals in DOM enriched solution showed in Figure 2. Finally, 

the highest losses were founded for EC240 was in Nordic 5 mg/L however it is hard to 
explained the detailed reason due to photolysis process are in general complex. For 

EC240, the DOC type Nordic (relatively higher pH than Suwannee) might give more 

influence during the photolysis process.  
Candidate TW138 also showed the highest losses in Nordic 5 mg/L pH 6.01, reaching 

99% in losses after 8 h UV-exposure. The DOC type Nordic (relatively higher pH than 

Suwannee) with lower concentration give more influences during the photolysis 
process.  

However, the different behavior for FN075 was obtained that the highest losses of 
FN075, reaching 80% after 8 h UV-exposure were obtained in Suwannee 15 mg/L pH 

4.18. Thus more acidic solution with high percentage showed great influence for FN075 

during the photolysis process.   
In general, TW138, EC240 and FN075 can all undergo phototransformation. In 

addition, the further study was performed to see the phototransformation is direct or 
indirect.   

Candidate EC240 showed great overlapped with the irradiation spectra of UV-source 

in the range of 300 nm to 400 nm displayed in Figure 17. In most cases, the direct 
photolysis process are depend upon (1) the overlap of electronic absorption spectra of 

compounds and the irradiation spectra of UV-source and (2) molecular structure [47]. 

Thus, the quantum yield for direct photolysis shows the key parameter for 
photochemical fate prediction showed in the equation 1. So for candidate EC240, the 

great overlapped with irradiation spectra of UV-source was obtained, it can be 
considered as the found losses were caused by direct photolysis, of course not complete, 

thus, in the further the quantum yield was measured to get further confirmation. 

However for TW138 and FN05 all showed partly overlapped with the irradiation 
spectra of the UV-source displayed in Figure 17. Normally, if there is no overlap with 

irradiation spectra of UV-sources, thus the photochemical process is considered as 
indirect photolysis under DOC mediates [47]. However, the photolysis process are in 

general complex, it is actually hard to very detailed clarify the photodegradation 

process. In general, it can be considered the losses for TW138 and FN075 might be 
caused both direct photolysis and indirect photolysis.   
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Figure 16. Photodegradation of FN075, TW138 and EC240 after UV-exposure for 0.5 

h, 1 h, 4 h and 8 h. Two DOC standard Nordic and Suwannee at two concentration 
level: 15 mg/L and 5 mg/L. High percentage of inorganic residue is in Nordic 

Reservoir and high percentage of oxygen element is in Suwannee River. The 

photodegradation (%) was calculated by the losses obtained from UV samples 
subtract the losses obtained from dark control. Each in triplicate, RSD≤32% for four 

conditions above. 
  

 

 

Figure 17. Absorption spectra for C10, FN075, TW138 and EC240 in MilliQ and the 

irradiation spectra of the UV-lamp. The absorbance of candidates under wavelength 
between 260 nm and 450 nm.   
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4.4.2 Antibiotics (Trimethoprim, Ciprofloxacin, Ofloxacin, Norfloxacin 

and Sulfamethoxazole) 
Figure 18 show two groups of stability during the 8h of UV-exposure. Trimethoprim 

and sulfamethoxazole showed similar behavior with almost no losses after UV-

exposure for 8 hours. Ciprofloxacin, ofloxacin and norfloxacin, however, showed a 
similar behavior as the candidates with high losses after 8 h of UV-exposure. In 

comparison, ciprofloxacin and norfloxacin showed higher losses during the tested 

conditions than ofloxacin. Ciprofloxacin reached the highest losses (80%) in Nordic 5 
mg/L. Ciprofloxacin is an ampholytic compound with pKa values of 6.09 for the 

carboxylic group and 8.74 for the nitrogen on piperazinyl ring [57]. In an acidic 
solution, ciprofloxacin is protonated and the cationic form is dominant. In the 

relatively neutral solution, the carboxyl group lose a hydrogen, and thus the 

zwitterionic form of ciprofloxacin dominate. In a basic solution, the hydrogen attached 
to nitrogen in piperazinyl ring is deprotonated and the anionic form of ciprofloxacin is 

dominant [11]. Kirsti et al. (1995) reported that ciprofloxacin seemed to be most 
sensitive to undergo photodegradation in its zwitterionic form at slightly basic pH [58, 

59]. It is hard to clarify the detailed or exact mechanisms for phototransformation of 

chemicals due to photolysis process are in general complex. In this case, Nordic 
(relatively higher pH than Suwannee) showed more influences for ciprofloxacin during 

its photolysis process. Thus, the highest losses for ciprofloxacin were found in Nordic 

5 mg/L.    
For norfloxacin, similar losses was obtained in Nordic 5 mg/L (58%) and Suwannee 15 

mg/L (57%) after 8 h UV-exposure. One can be explained from study of Ahmad et al 
(2015) that both the cationic and anionic species of norfloxacin are resistant to 

photodegradation compared to the zwitterionic species [60]. Norfloxacin has pKa 

values of 6.34 for the carboxylic group and 8.75 for the nitrogen on piperazinyl ring 
[57]. The zwitterionic species of norfloxacin are around pH 6-7. Another can also be 

explained from study of Ahmad et al (2015) that photodegradation of norfloxacin was 
carried out under aerobic condition and this is showed from the formation of two 

norfloxacin products on the oxidation of piperazinyl ring and the effect of oxygen in 

the reaction [60]. In this study, high percentage of oxygen element is included the DOC 
standard Suwannee, thus norfloxacin also showed the similar losses in Suwannee 

15mg/L.  
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Figure 18. Photodegradation of Trimethoprim, Ciprofloxacin, Ofloxacin, Norfloxacin 
and Sulfamethoxazole after UV-exposure for 0.5 h, 1 h, 4 h and 8 h. Two DOC 

standard Nordic and Suwannee at two concentration level: 15 mg/L and 5 mg/L. 

High percentage of inorganic residue is in Nordic Reservoir and high percentage of 
oxygen element is in Suwannee River. Each in triplicate, RSD≤ 25% in four conditions 

above.  
 

  

 
4.4.3 Candidates vs Antibiotics  

Overall, the trend of losses in Nordic 5 mg/L between TW138, EC240 and ciprofloxacin, 
norfloxacin showed similar, however higher losses were founded for TW138 and 

EC240. When comparing FN075 and ciprofloxacin or norfloxacin, the trend of losses 

also similar but higher losses were obtained for FN075 in Suwannee 15 mg/L. In 
summary, three candidates showed similar behavior with ciprofloxacin and 

norfloxacin.   
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5. Conclusions 
 
The major results on the distribution and fate of the selected candidates FN075, 

TW138 and EC240 found from this master project was that:  

 

 Three candidates showed different behaviors during the method development 
and validation. However, the method was still considered reliable due to the 

acceptable instrument precisions were obtained (RSD in the range 1% to 35%). 
FN075 can be quantified in all water matrices with this developed method, 

while TW138 can only be identified and EC240 can be quantified in effluent 
water with this developed method.  

 

 FN075, TW138 and EC240 showed high removal from the aqueous phase in 
chemical and biological treatment, probable due to a high adsorption to the 

sludge during sewage treatment. Thus they still has a great risk of entering the 
environment via the treated sludge and probable cannot be efficient removed 

in conventional sewage treatment.   

 

 Candidates FN075, TW138 and EC240 show high phototransformation in the 
artificial surface water after 8 h of UV-exposure. The photolysis process is in 

general complex, thus it is hard to clarify detailed process at this time, different 
DOC type with different concentration levels resulted in the varied photolysis 

behavior for candidates. TW138 and EC240 can easier undergo 
phototransformation in DOC Nordic with 5 pg/mL while FN075 showed higher 

losses after UV-exposure in DOC Suwannee with 15 pg/mL (relatively acidic 

condition). Since higher percentage of oxygen element were in the DOC from 
Suwannee than in the Nordic, it was also concluded that FN075 undergo 

phototransformation under higher percentage oxygen.  
 

 Overall, the FN075, TW138 and EC240 showed similar behaviors as the 
ciprofloxacin and norfloxacin during sewage treatment with high removal from 
the aqueous phase. They probable sorb to sludge due to their high LogP value. 

However, as sludge was not analyzed in this master project, these conclusions 

need to be the further investigated.  
 

 Three candidates FN075, TW138 and EC240 all showed high losses after 
artificial UV-exposure and more basic solution of DOC Nordic at lower 

concentration 5 mg/L promoted degradation of TW138 and EC240 and FN075 

was influenced by more acidic solution with high percentage of oxygen element. 
In general, three candidates showed the similar behavior as fluoroquinolones. 

 

 Considering their relatively high removal efficiency in WWTPs and low 
photostability, these compounds will probable cause relatively low 
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environmental impact.  
 

 This master project show examples of experiments if used could improve the 
environmentally sustainability in drug development. 
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6. Outlook 
 

 Since selected FN075, TW138, EC240 and C10 (as internal standard) showed 
the diverse behavior during method development, the compromise analytical 

method was developed due to the time limited. Thus, this method can be 
further improved. At this point, FN075 is the only compound that can be 

quantified in all three matrices (surface, effluent and influent water) with this 

method. Thus, with this method more compounds with similar properties as 
FN075 can be tested. The method could in the future be improved by testing 

other IS, as the IS C10 was not very stable during the analysis. If possible in the 
future, labeled IS can be synthesized, which would improve the method 

significant. In this method, the online SPE was used for sample pre-treatment. 

It saves time during the sample pretreatment. However, in the future it can be 
tested if the off-line SPE could improve the LOQ.  

 

 Selected candidates showed high possibility to adsorb to the sludge during the 
sewage treatment according present result. Thus, the test of sludge should be 

investigated to improve the study on their behavior and fate in WWTP. Then a 
new analytical method will be developed.  

 

 In the phototransformation test, the artificial UV was only tested. Thus, 
outdoor experiments with natural solar light can be further tested to investigate 

the behavior and fate of candidates under the real natural condition. The UV-
sources that were used in this test simulate however quite well the radiation 

intensity during an average day. 
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8. Appendix 
 

Table S1. gradient program for the Surveyor LC pump 

 

Time (min) 
Flow      

(µl/min) 
Water 

(%) 
100% CAN,   0.1%FA MeOH,  0.1%FA 

0.00  0.050  100.00  0.00  0.00  

0.01  1.500  100.00  0.00  0.00  
2.00  1.500  100.00  0.00  0.00  

2.01  0.100  0.00  100.00  0.00  
7.00  1.000  0.00  100.00  0.00  

7.01  1.000  100.00  0.00  0.00  

11.00  1.000  100.00  0.00  0.00  
11.01  0.050  100.00  0.00  0.00  

 

 
Table S2. gradient program for the Accela LC pump 

 
  

Time 

(min) 

A%(H2O, 0.1% 

FA) 

B% (Acetonitrile, 0.1% 

FA) 

C% (MeOH, 

0.1%FA) 
D% 

Flow  

(µl/min) 

0.00  80 15 5 0 250 
2.00  80 15 5 0 250 

4.00  55 40 5 0 350 

6.00  0 95 5 0 400 
8.50  0 95 5 0 400 

8.51  80 15 5 0 250 
12.00  80 15 5 0 250 

 

 
Table S3. Detailed ionization data of candidates 

 
    

Candidates Polarity 
Precursor 

ion (m/z) 

Product 

ion (m/z) 

Collision 

Energy(V) 

Tube Lens 

(V) 
Type 

C10 
+ 378.0 332.2 25 140.15 Q 
+ 378.0 141.3 40 140.15 q 

FN075 
+ 482.1 436.1 28 147.66 Q 

+ 482.1 141.0 45 147.66 q 

TW138 
+ 483.0 356.1 14 94.60 Q 

+ 483.0 338.0 24 94.60 q 

EC240 
+ 466.1 448.4 22 107.37 Q 

+ 466.1 425.4 10 107.37 q 
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Table S4. Linearity and instrument precision of method   
 

    
Concentration 

(pg/mL) 
%RSD R-square 

MQ 

FN075 
100 5 0.99 

750 7 0.99 

TW138 
100 19 0.99 

750 17 0.99 

EC240 
100 9 1.00 

750 17 1.00 

Surface 

FN075 
100 15 0.96 

750 27 0.96 

TW138 
100 8 0.93 

750 31 0.93 

EC240 
100 39 0.98 

750 28 0.98 

Influent 

FN075 
100 11 0.97 

750 17 0.97 

TW138 
100 27 0.92 

750 24 0.92 

EC240 
100 26 0.92 

750 24 0.92 

Effluent  

FN075 
100 15 0.99 

750 9 0.99 

TW138 
100 51 0.96 

750 7 0.96 

EC240 
100 14 0.96 

750 9 0.96 

 
 

Table S5. pH of the water included in the batch experiment of environmental 

distribution   
       

Treatment 
Steps  

sample 1 sample2 sample3 

RSW 7.79 7.72 7.75 

Chemical 7.32 7.30 7.35 
Biological 7.31 7.37 7.29 
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