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Abstract 
Antibiotics are used daily worldwide to treat infections and sometimes, are overused. 
As they are not entirely metabolized and a significant part of them ends up in 
wastewater treatment plants, so there are potential risks for the human populations if 
the wastewater treatment plants fail to remove the antibiotics from the wastewater. 
Kwazulu-Natal, South Africa put in place a decentralized water system that irrigates 
banana trees by using treated wastewater. As concerns have raised in regard to the 
bioaccumulation of these substances in the agricultural plants, this study explored the 
uptake of antibiotics, including amoxicillin, erythromycin, clarithromycin, 
azithromycin, trimethoprim, nalidixic acid, ofloxacin, ciprofloxacin and tetracyclines, 
and assessed the potential risk for human by eating plants. The project involved (1) Pak 
Choy grown in laboratory in Sweden with antibiotics in various concentrations and (2) 
banana (including fruit, leaf, stem, and root) that was irrigated with treated wastewater 
from Kwazulu-Natal. Solid Phase Extraction and dispersive Solid Phase Extraction 
were chosen and modified for this project, and finally two methods were developed for 
extractions from 4 plants matrices, including leaf, stem, fruit, and banana skin. 
Antibiotics in extracts were analyzed via LC-MS-MS, along with standards. The results 
showed that the most commonly used antibiotics were either not detected in the plants 
from Kwazulu-Natal or at extremely low concentration that was not a concern for 
safety. However, the results from in-laboratory experiments with Pak Choy showed 
accumulations of four antibiotics (clarithromycin, ciprofloxacin, ofloxacin, 
azithromycin) in leaves and stems at concentrations up to 29.9 ng/g for the highest 
spiked concentration. Clarithromycin was outside than the margins of safety for a daily 
intake of 300 grams of Pak Choy for an infant. 
 

Keywords: translocation, antibiotics, bioaccumulation, wastewater, SPE, QuEChERS, 
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1. Introduction 
1.1 Background information 
 
Worldwide consumption of antibiotics and retroviral drugs increased by 36% from 
2000 to 20101,2. Such increase has anthropogenic and environmental consequences 
especially in low income countries3,4 because of the lack of proper wastewater treatment 
plans.  Because of the overuse of antibiotics, bacteria adapt and become more and more 
resistant to treatments that could result in pandemic events in a post-antibiotic era5. 
 
When a patient is treated with antibiotics, a major portion of the substances is 
bioavailable (up to 90%) by the human body and mainly depends of the physico-
chemical properties of the substance6. The unavailable part is excreted from the body 
untouched or partly metabolized through urine. Sewage treatment plants (STP) are 
however not designed to remove pharmaceutical contaminants and has great removal 
efficiency variation through biodegradation or adsorption on sludge and depends on 
the molecule7. Sludge are used for agriculture as fertilizers, redistributing the pollutants 
in the environment (e.g. accumulation in the soil or discharge into rivers) or 
concentrating them in vegetables destined to human and animal consumption8. The 
treated wastewater from STPs is discarded in rivers and also used for irrigation in 
agriculture. Due to the physico-chemical properties as well as climate and pH 
variations, the fate of pharmaceutical and personal care products (PPCPs) is very 
difficult to predict. PPCPs can end up in the environment unchanged or partially 
degraded, which could affect aquatic and terrestrial organisms9. Because there is a 
continuous input of antibiotics in STP, if the accumulation rate in the environment is 
faster than its degradation then the concentration remains unchanged or increases 
through time. As it has already been demonstrated with other drugs such as 
antidepressants, this release in the environment can have unpredictable effects for 
aquatic and terrestrial matrices10. Humans are the final consumer of the food chain and 
a bioconcentration at all the previous levels could have catastrophic consequences 
because drugs can interact with each other’s in very different manners, resulting in 
additive, synergetic or suppressive effect11.  
 
While Western countries are aware of such health concerns, the main goal of World 
Health Organization is to have sanitation for all informal settlements lacking sanitation. 
The fast growth of cities like Durban in South Africa (SA) results in a lack of toilets and 
STP facilities for the entire population. As a consequence, rivers and soil in cities 
become heavily polluted where people are living. A collaborative project called 
decentralized wastewater treatment project (DEWATS) aims to provide basic sanitation 
using decentralized STP12 in many developing countries. Unlike classical STPs, the 
DEWATS is using an efficient and cost-friendly process, which is phytoremediation, to 
remove PPCPs. Plants have shown to increase the removal efficiencies of PPCPs from 2 
to 32% on specific molecules. Plants are burned afterwards to avoid the release of the 
bioaccumulated drugs into the environment. Combining sanitation and environmental 
concerns in a STP design is a great idea, but the problem with the discharged water from 
STP remains.  
 
Because of low rainfall, South Africa has water shortage and treated wastewater could 
be used for agricultural irrigation13. Beside the main goal of the DEWATS project to 
provide basic wastewater treatment plant, this solution could also remove the main 
contaminants, provide good sanitation conditions and make a profit out of the 
fertilizing properties by redirecting the remediated water to plants that tolerate 
constant water flow. In the case of Durban, banana plants were planted. However, 
because of the partial removal of PPCPs by the DEWATS before the banana plants, there 
is a potential risk of PPCPs translocation from banana roots to their fruits. If these drugs 
are to end up in the banana fruits, it may represent a threat for human health because 
of the drug-resistance of pathogens.  
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1.2 Antibiotics/properties 
 
An antibiotic usually refers to a substance that affects micro-organisms at a low 
concentration by either killing or inhibiting their actions. These molecules are used and 
designed to avoid having harmful effect on the person or animal taking them14. Several 
antibiotics were studied in this project and came from different antibacterial groups of 
molecules. 
 
13 antibiotics of 7 different types were studied: 
 
Penicillins (amoxicillin), macrolides (erythromycin, clarithromycin, azithromycin), 
trimethoprim, quinolones (nalidixic acid), Fluoroquinolones (ofloxacin and 
ciprofloxacin), tetracyclines and aminoglycosides (gentamicin, amikacin, tobramycin, 
neomycin) were studied. They were chosen because they represent the biggest groups 
of antibiotics used in South Africa and are more likely to be found in wastewater. 
 
These different molecules disrupt the bacteria in four different ways and aiming at15: 
 

- DNA (Quinolones, cephalosporins) 
- Metabolic processes (Trimethoprim) 
- Protein synthesis (Aminoglycosides, tetracyclines, macrolides) 
- Cell-wall synthesis (Beta-Lactams) 

 

 
Fig. 1 Common structures of antibiotics used in this project8 

 
The mode of action of these antibiotics will not be detailed in this thesis but it is 
important to note that the different structures and properties shown on Fig. 1 change 
their fate in the environment. A similar compound can therefore be accumulated in 
various plant parts in function of the pH and octanols/water partitioning. Antibiotics 
are also differently bioavailable and it is therefore important to know which kind of 
antibacterial class is more retained by plants.  
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1.3 Risk Assessment 
 
If antibiotics are not designed to harm humans, one could ask the importance of 
assessing their risk. There is a common misconception where an action gives a direct 
reaction. These drugs are targeting bacteria on a cellular level which through time 
would make the bacteria’s DNA mutate and adapt to the environment. When there is a 
continuous release of antibiotics in soil or water via wastewater, the ecosystem could 
suffer from indirect effects. Wastewater is diluted in rivers which are later pumped for 
drinkable water. Drinkable water would therefore contain the potential material to 
implement antibiotic resistant genes in human pathogens16. 
 
On another side, if wastewater was redirected into agricultural fields, two main 
pathways would occur, adsorption in soil or bioaccumulation and translocation in 
vegetables8. While the ad- and absorption in soil would be ideal, it has been shown that 
plants can take up antibiotics. The uptake of antibiotics can greatly vary between plants 
and molecules and in the case of a consumption of contaminated plants, the human 
digestive tract biota could change. If inoffensive bacteria were to be killed, the bacterial 
communities implemented with antibiotic resistant genes could harm the hosts. 
Humans and animals would suffer from infections and in the worst-case scenario: 
death. It is therefore a necessity to assess if the concentration measured in the plants 
could cause a risk. 
 
The risk associated to a pollution is dependent of two different input equally important, 
the chemical (or hazard) and the exposure (population affected by the hazard)17. In the 
case of a human risk assessment, the ratio between the acceptable daily intake (ADI) 
and the dose that the population is exposed defines the margin of safety (MOS) (Eq.1). 
When this ratio is below 1 there is a risk. The values are in amount per kg body weight 
per day. 
 

Eq. 1 !"#	 = 	
&'(	(*+ ,+-.	/01	234)

'670(*+ ,+-.	/01	234)
 

 
ADI is obtained with the ratio between the concentration value from no adverse effect 
level (NOAEL) from the hazard and an assessment factor (AF) (Eq.2). The NOAEL is 
found in the literature and the AF is derived from the uncertainty of the NOAEL due to 
inter/intra-species variations and the time of the study found. 
 
Eq. 2  89:(µ< =< >?	@AB	CDE) 	= F"8GH µ<

=< >?	@AB	CDE /8J 
 
However, antibiotics are a special class of contaminants and only few studies have been 
done in human risk assessment. It is sometimes not evident to detect their effect on the 
general body, only in the human gastro-intestinal flora. This is the reason why 
toxicological and microbiological ADI were used in this risk assessment. From both 
values, the lowest one was used.  

1.4 Aim of the diploma 
 
The purpose of this research project is to assess whether a range of common PPCPs 
translocate in plants, and if yes, where and how much. The results will be able to help 
with risk assessment in human consumption. The work was divided in four different 
parts. A first part was to develop two methods of extraction of the analyzed antibiotics 
in different plant parts. A second part was to have a controlled experiment with fast-
growing plant, Pak Choy (B. rapa subsp. Chinensis) in this case, and a range of 
antibiotics of interest to examine the translocation of antibiotics. Pak Choy was chosen 
because it is widely grown in South Africa and is sensitive to water stress like banana 
plants. It was possible to have more precise control of the conditions and assess the 
systemic theoretical intake of chemicals by plants. A last part was then to take and 
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analyze samples of banana trees from the DEWATS project in South Africa to examine 
the possible accumulation of antibiotics in plants in a real-case scenario. A fourth part 
which summarized all the previous part into a risk assessment was done. 
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2. Popular scientific summary including social and 
ethical aspects 

2.1 Popular scientific summary 
 
Antibiotic consumption is on an increase throughout the entire world and its antibiotics 
are found in all matrices, from the water that we drink to the plants or animals we eat. 
Such increase raises concerns over their environmental and anthropological impact. 
These chemicals not only have the ability to kill bacteria but they can reshape an 
ecosystem, or for the human aspect, the intestinal flora. It could in fine promote the 
growth of harmful bacteria resistant to common antibacterial treatments. 
 
The most common release of antibiotic comes from the patients during the use of 
antibiotics in the treatment of a disease. When someone uses antibiotics, they are not 
entirely absorbed and a substantial fraction goes to Waste Water Treatment Plans 
(WWTPs). Most of the WWTPs do not have the facility to treat these neo-contaminants 
and they end up mostly degraded in agricultural fields through activated sludge or into 
rivers used to irrigate crops. These crops are then used for human or animal 
consumption and therefore raises a sanitary concern: Are we eating antibiotics without 
knowing it? 
 
This thesis assessed whether or not there is a risk for antibiotic uptake by plants when 
irrigated with wastewater in a controlled and uncontrolled environment. In the 
controlled environment as well as the uncontrolled one, antibiotics were found in 
different plant parts analysed (Roots, stem, leaves, fruit) but always to a level lower than 
one inducing a risk for human consumption. 
 
2.2 Social and ethical aspects 

One of the goal stated by United Nation is to “achieve by 2030 adequate and equitable 
sanitation and hygiene for all and end open defecation”18 This is an important matter in 
countries such as South Africa where not everyone has access to sanitation facilities 
within 500 metres. The lack of proper sanitation could cause major health issues as 
drinking water could be contaminated. 
 
The sanitation facilities, together with wastewater treatment plants, can much benefit 
human society in many ways by: (1) avoid spread of pathogens, (2) make more clean 
water available, and (3) potentially fertilize agricultural fields. But irrigating crops with 
wastewater might also have drawbacks as antibiotics could be still in an active form in 
the cultivated fruit or plant. When consumed by either an animal or a human, there 
might be an effect of these antibacterial residues on their digestive tube. The probability 
of having an antibacterial resistance can’t be neglected and this could render bacterial 
strain more resistant to common treatments. By removing one sanitation problem, 
another one might arise. This is the reason why it is important to assess if there is a 
translocation of the active substance in the comestible parts of plants and if it poses a 
threat to human kinds.  
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3. Experimental  
3.1 Reagents and chemicals 
 
The antibiotics studied were penicillin (amoxicillin (AMO)), macrolides (erythromycin 
(ERY), clarithromycin (CLA), azithromycin (AZI)), trimethoprim (TRI), quinolones 
(nalidixic acid (NAL)), Fluoroquinolones (ofloxacin (OFL) and ciprofloxacin (CIP)), 
tetracyclines (TET) and aminoglycosides (gentamicin (GEN), amikacin (AMI), 
tobramycin (TOB), neomycin (NEO)) at a purity >99%. 
 
All the reagents used in the extraction method were of HPLC grade such as methanol, 
acetonitrile, ethyl acetate and formic acid. HLB cartridges were bought from Oasis. 
Laboratory grade of sodium chloride, dSPE, magnesium sulfate, citric acid, trisodium 
citrate were also used. 

3.2 Preparation of the standards 
 
All standards used were high purity grade and standards and internal standards were 
prepared in 5 mL aliquot dissolving approximately 15 mg of standard into 5 mL of 
methanol. In the case of difficult dissolution, E-pure water was added and the standards 
were then sonicated for at least 1 hour. Fluoroquinolones, trimethoprim, tetracyclines, 
oxytetracyclines and macrolides were dissolved in methanol. Aminoglycosides standard 
solution was made by dissolving 15 mg into 5 mL with 0.1% Formic Acid (FA)19. 
 
After their preparation, the standards were stored in a -20ºC freezer with special 
protection to light as some of the compounds were sensitive to photodegradation (e.g. 
tetracycline). The storage time varied for different compounds and up to six-month 
storage was recommended20. The turnover of antibiotics was regular as the standards 
were the same as the ones used for the growth of plants in the laboratory. The 
concentrations used for the calibration curve varied from 0.01 to 1 µg/L, 1 µg/L to 100 
µg/L and from 100µg/L to 1000 µg/L. Three different calibration curves were used as 
the trays spiked with antibiotics had not the same concentration and were varying from 
a factor 100. The highest concentration was used to determine the recovery in the spiked 
concentration during the method development for the specific matrices analyzed. 

3.3 Method development 

3.3.1 Plant growth 
 
Pak Choy (B. rapa subsp. Chinensis) was used for the experiment because they are 
quick growing and commonly used in South Africa21. The chosen growing temperature 
was 21 ºC and were grown for a period of 11 weeks. Due to the impracticability of 
importing South African soil into Sweden, hydroponic culture was used.  
 
To grow Chinese cabbage hydroponically, a germination step was necessary which was 
facilitated by using vermiculite. The vermiculite was first put on trays and humidified 
with deionized water. Seeds were then put into the vermiculite at around 0.2 cm below 
its surface and transferred into the soil/hydroponic system after 5 days of growth. The 
solution used for their growth was a half strength Hoagland’s nutrient solution 122 and 
is detailed Table 1: 
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Table 1 Constituents for half strength Hoagland’s solution 1 

 Substance	 Weight	
(g)	 Molar	concentration	 Volume	in	mL	

pipetted	in	7L	trays	
M
ac
ro
nu

tr
ie
nt
s	 KH2PO4	 136.11	 1	 4.5	

KNO3	 101.15	 1	 17.5	

Ca(NO3)2	 164.09	 1	 17.5	

MgSO4	 120.36	 1	 7	

M
ic
ro
nu

tr
ie
nt
s	

H3BO3	 2.859	 0.05	

3.5	

ZnSO4	 0.225	 0.0014	

CuSO4	 0.081	 0.0005	

H2MoO4	 0.02	 0.0001	

MnCl2	 1.862	 0.0148	
Iron	

tartrate	 0.5	 0.0009	 3.5	

 
 
The set-up for the hydroponic plantation and harvest is shown on Fig. 2. 
 

Fig. 2 Hydroponics system for in-lab Pak Choy growth 

 
Three levels of antibiotics were spiked into the plants mimicking low level (0.5 µg), 
intermediate level (5 µg) usually found in wastewater plant for a multitude of 
compounds and high concentrations (50 µg)23 on 6 to 8 plants per treatment. Plants 
were grown under artificial lamps for 8 hours a day for the first four weeks and then up 
to 10-12 hours a day for the rest of the experiment. When the plants have been 
germinated for approximately 5 days, the plants were transferred into the hydroponic 
growth trays. The plants were carefully inserted into holes in the polystyrene and 
suspended via a sponge material. The roots were then checked to make sure that they 
were in contact with the nutrient solution. The nutrient solution was changed every 
week but the pH was checked every day to maintain a pH around 6.3. When required, 
the trays were adjusted with potassium hydroxide or sulfuric acid.  
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The light source used was a complex of 4 fluorescent tubes with 3000K of light and two 
LED growth lights bought from Clas Ohlson were put on each sides of the main lightning 
source. They were positioned under a series of mirrors and put at around 60 cm from 
the plants. To have an equal amount of light between each plant, the trays were daily 
moved. In order to increase the light diffusion, foil was applied on the walls of the fume 
hood.  
 
In another part, the same experiment was done in presence of soil instead of 
hydroponics system as shown on Fig. 3. The main change the concentration of 
antibiotics given to the plants. Instead of having a concentration given directly 
through the water intake, the plants were given a weekly concentration per plant 
ranging from 0.5 to 50 µg/plant. The water containing the antibiotics was spiked on 
each plant with 33 mL of solution every morning and this for 6 days a week. 
 

 
Fig. 3 Soil system for in-lab Pak Choy growth 

After harvesting, plants were cleaned with deionized water to avoid any contamination 
from the hydroponic solutions or the soil and then each plant was separated into parts; 
leaves, stem and roots. The samples were bagged and frozen at -20 ºC until analyzed. 
 
The samples from South Africa were separated at their arrival and immediately put in 
the freezer at -20 ºC waiting for extraction. Samples contained two lots of soil, leave, 
stem, root and fruit. The first lot was irrigated with tap water whereas the other one was 
irrigated with wastewater from the DEWATS facility. 

3.3.2 Optimisation of sample extraction  
 
Because of the nature of the samples, the analysis of plant samples was challenging. 
Pigments, fatty and waxy materials can cause matrix interferences and a robust and 
optimized pretreatment methodology was therefore essential to have reliable results 24. 
It was necessary to have a multi-analyte methodology. Two approaches were then 
investigated; a classical analysis through SPE cartridges and another one called “Quick, 
Easy, Cheap, Effective, Rugged and Safe method” (QuEChERS).  
 
The method used was similar to Wu et al. (2012)24. To sum-up, the plants were first 
freeze-dried and ground into a fine powder with a mortar. If the samples were not used 
immediately they were put in a -20 ºC freezer. Then 0.1 to 0.2 g of sample was put into 
a centrifuge tube and spiked with an internal standard mix. After the use of a bead 
beater, the two method of extraction differed: 
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For the SPE method (Fig. 4), the antibiotics were extracted with liquid/solid extraction 
twice in the presence of 5 mL acetonitrile in a sonication bath for 20 minutes. The two 
extracts were combined and dried at 30 ºC. The dry extract was then recovered with 
250 µL of methanol and 9.75 mL of deionized water. The extract was loaded on an HLB 
cartridge preconditioned with 6 mL methanol and 6 mL water. The cartridge was dried 
before the retained extract was eluted with 10 mL methanol. After a last dry, 1 mL of a 
10% MeOH with 0.1% formic acid solution was added to reproduce the mobile phase 
conditions used in the LC-MS-MS. After centrifugation, the vial was injected into 
LCMS-MS. 
 

Fig. 4 SPE method of extraction 
 
In parallel, another more recent method known as QuEChERS method was investigated 
25. It has been used in multiple situations for soil, plant, pesticides and antibiotics 
analysis. It was chosen because it has high recovery in numerous matrices and can be 
modified if necessary and Fig. 5 shows the modified method used.  
 

Fig. 5 dSPE method of extraction 
 
After spiking the samples with internal standard, they were then processed as specified 
in a modified version of the method reported in Hu et al (2014)26. A hydration step was 
added as it was proved that the extraction worked better when 1:1 water content was 
added to the sample27.  
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5 mL of acetonitrile/methanol solution (85:15, v/v), 0.5 g of citric acid monohydrate 
and 0.25 g of trisodium citrate buffer was added. After addition, the tubes were shaken 
for 10 minutes and frozen at -20 ºC for 15 minutes. 2 g of anhydrous magnesium 
sulphate with addition of 0.5 g of sodium chloride was used to have a phase separation 
between water and the solvents. The tube was then shaken for 2 minutes with a VX 
multiple vortexer and centrifuged at 5000 rpm at a temperature of 4 ºC. After the 
separation, 2 mL of the supernatant was transferred into a 15 mL poly-propylene 
centrifuge tube containing 70 mg of primary secondary amine sorbent used to be a 
dispersive phase agent. After 1 minutes of vortex, the mixture was then centrifuged at 
6000 rpm at 4 ºC for 2 minutes. The supernatant was then transferred into a clean glass 
tube and evaporated to near dryness at 30 ºC under nitrogen stream. The residues were 
finally dissolved and vortexed in 1 mL of methanol with 0.1% formic acid aqueous 
solution (10:90, v/v). The solution was filtered through a 0.22 micrometre nylon 
membrane filter and analysed through LC-MS-MS. 

3.3.3 LC-MS-MS analysis 
 
Ultra-performance liquid chromatography coupled to mass spectrometry from Thermo 
Fisher (UPLC- MS-MS) was used with Xcalibur software. The instrument was divided 
into two parts, the UPLC with an autosampler from DIONEX Ultimate 3000 and the 
Mass Spectrometer from Thermo Fisher. The autosampler was held at 5 ºC. A 20 µL 
aliquot of the extracted sample was injected onto the UPLC instrument. 
 
Reversed phase UPLC was performed. Two C18 columns (Hypersil Gold with dimension 
of 50x2.1mm and 1.9 µm particle size and ACE Excel 2 C18-AR with dimension of 150x 
2.1 mm and 2 µm particle size) were tested. The applied gradient is shown in Table 2 
with the two mobile phases consisting of (A) water with 0.1% FA and (B) methanol with 
0.1% FA. 
 
Table 2 Elution gradient for antibiotics 

Retention	time	(min)	 Flow	(mL/min)	 %	A	 %	B	
0	 0.2	 95	 5	
1.5	 0.2	 95	 5	
6	 0.25	 0	 100	
8.9	 0.25	 0	 100	
9	 0.2	 95	 5	
12	 0.2	 95	 5	

 
The separated antibiotics were then analyzed with the Quantiva mass spectrometer 
using electrospray ionization (ESI) operating in positive and negative mode. The 
characteristics are listed in Table 3. Data processing was performed using the Xcalibur 
software. 
 
Table 3 Characteristics of the MS-MS analysis 

Ion	Source	Type	:				 H-ESI	
Spray	Voltage:				 Static	

					Positive	Ion	(V):				 3500	
					Negative	Ion	(V):				 2500	
Sheath	Gas	(Arb):				 40	
Aux	Gas	(Arb):				 12	

Sweep	Gas	(Arb):			 0	
Ion	Transfer	Tube	Temp	(°C):				 350	

Vaporizer	Temp	(°C):				 338	
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All the other values for the collision energies for each antibiotic are shown in the 
Appendix I.  

3.3.4 Moisture content 
 
It is necessary to know the moisture content of the samples to be able to do a risk 
assessment. A quick test was done in order to obtain the loss on drying of Pak Choy 
leaves. From the data, it was therefore possible to calculate the wet content of antibiotics 
in the plants as shown on Table 4. 
 
Table 4 Loss on drying of Pak Choy 

 Glass	(g)	 Before	drying	(g)	 After	drying	(g)	 Dry	weight	(%)	
Leaves	 42.0064	 42.0982	 42.0188	 13.51	

 
 
The formula used in Table 4 was taken from European Pharmacopeia standards where 
the sample was dried under 105 ºC until two consecutive weight values were not 
fluctuating more than 1mg: 
 
Eq.3 9BE	?AK<ℎM	(%) = 100 ∗

RSTUVWWXRSYZ[\]	^]_`ab
RSTUVWWXRSc\Zd]\	^]_`ab

 

     
With the data, it was then possible to calculate the human risk assessment for a daily 
consumption of 300g of vegetable. 
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4. Results and Discussion  
4.1 Instrumental analysis and optimization/validation 
 
When analysing antibiotics, it is necessary to tune the LC-MS-MS to have the right m/z 
ratio. Some antibiotics were not already tuned such as the aminoglycoside family and 
concentrations of 1000ng/mL per antibiotic were prepared and injected directly into 
the mass spectrometer. The highest intensities (either positive or negative) for the 
product ions were used for the calibration curve. The values obtained with the tuning 
can be found in the Appendix I. After tuning, the antibiotics were simultaneously tested 
to see the linearity of the measurement. Three dilutions in series were made (from 1000 
to 100 ng/mL ,100 to 1 ng/mL and 1ng/mL to 0.05ng/mL). The results were shown in 
Fig. 6 and Table 5. 

Fig. 6 Example of calibration curve for Ciprofloxacin 
 
 
Table 5 Ratio between Standard and Internal standard: slope and R2 for the tested 
antibiotics 

Ratio Standard/Internal Standard SLOPE R2 
Amoxicillin/Trimethoprim 13 0.021 1.000 
Azithromycin/ Ciprofloxacin D8 0.002 0.982 
Chloramphenicol 0.000 0.996 
Chloramphenicol/ Clindamycin D3 0.000 0.996 
Ciprofloxacin/ Ciprofloxacin D8 0.027 0.999 
Clarithromycin/ Clindamycin D3 0.008 0.993 
Erythromycin/Erythromycin 13C2 0.001 0.993 
Nalixidic Acid/Clindamycin D3 0.025 1.000 
Ofloxacin/Ofloxacin D3 0.020 0.999 
Tetracycline/Tetracycline D6 0.021 0.993 
Trimethoprim/Trimethoprim 13C6 0.005 0.997 

 
The calibration curve as well as the R2 seem to demonstrate a direct relationship 
between the concentration and the ratio between Standard and Internal Standard. Few 
more standards were then used for the rest of the experiment as the curve has an 
excellent linearity from 0.05 to 1000 ng/mL. However, Table 5 shows less antibiotics 
than the one that were supposed to be analysed. It has not been possible to detect with 
the current LC-MS-MS some antibiotics and especially the aminoglycosides. 
 
The limit of detection (LOD) and limits of quantification (LOQ) were assessed by doing 
three injections per concentration. The LOQ was calculated with the formula: 
 

y	=	0,0271x	- 0,0419
R²	=	0,9997
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Eq. 4  LOQ = 10* RSDSTD/IS/Slope      
  
where RSD was the relative standard deviation of the ratio between the standards and 
the internal standards. 
 
To simplify, the highest LOQ found was extrapolated to all the antibiotics and was 
considered as 0.1 ng/mL. 
 
To validate the methods of extraction, 3 extractions were completed at three different 
times. The same process than the extraction method stated in 3.3.2 was used except that 
1000 ng of antibiotics were spiked in the same time than the addition of internal 
standard. After that 30 minutes were given to make the methanol evaporate, the 
extraction was carried on. The matrices analysed were from several sources, banana 
fruit, banana skin, leaves, soil and stem. 

4.2 Extraction from plants 
 
Soil did not give reliable results for SPE extraction method and therefore was not 
included in the Appendix II. The two tables on Appendix II give the relative standard 
deviation and values obtained while blank samples were spiked at 1000 ng on the 
different matrices tested for dSPE and SPE extraction. 
 
A summary of the different working methods was given on Table 6. 
 
 
Table 6 Summary of detectable antibiotics with the dSPE and SPE method 

Antibiotic	
SPE	(%	Absolute	Recovery)	 dSPE	(%	Absolute	Recovery)	

Banana	
Skin	 Fruit	 Stem	 Leaves	 Soil	 Banana	

Skin	 Fruit	 Stem	 Leaves	 Soil	

AMO		 -	 7	 9	 -	

-	

-	 11	 -	 -	 -	
AZI		 59	 131	 -	 -	 -	 -	 -	 -	 9	
CHL		 -	 -	 -	 -	 -	 -	 -	 -	 15	
CIP	 -	 -	 -	 5	 7	 11	 25	 16	 6	
CLA	 69	 72	 -	 74	 -	 -	 -	 -	 -	
NAL		 104	 94	 -	 98	 -	 -	 -	 -	 -	
OFL	 13	 30	 -	 -	 12	 19	 52	 29	 10	
TET	 21	 -	 81	 -	 11	 10	 24	 19	 9	
TRI	 42	 49	 4	 54	 17	 20	 38	 28	 22	

Note: - indicates data not available 
 
The two methods of extraction were in some cases not working for the same antibiotics 
and therefore the two methods of extraction were complementary such as in the fruit 
and matrices. However, the SPE method had higher recoveries and could detect more 
antibiotics. Most of the antibiotics were recovered for the leaves and stem matrices 
through dSPE extraction. Finally, the best method of extraction for antibiotics in soils 
was the dSPE one as it was possible to extract 4 antibiotics with reproducible results. 
Due to sample size and time issues, the samples were analysed only by one method of 
extraction for a specific matrix and SPE was used for the South African samples of 
banana skin and fruits whereas the leave and stem matrices were analysed through 
QuEChERS. 
 
The recoveries seemed higher for SPE method. QuEChERS is usually with higher 
sample size (1g instead of 0.1-0.2 used in this thesis) and it could represent a problem 
as the detection limit might be too high. In further experiments, it would be necessary 



14 
 

to test lower spiking concentrations for the methods at a concentration of 10 and 
100ng/mL. 
 
Regarding to the column used, an unknown problem in the tubing before the pre-
column affected some antibiotics such as nalidixic acid and tetracycline. To improve 
resolution, the column was replaced with an ACE Excel 2 C18-AR with dimension of 
150X 2.1mm id.  
 
4.3 In lab growth 
 
After several attempts, the hydroponic plants failed because of several factors such as 
the contamination of the water with algae, and non-optimal conditions plant growth. 
Only vegetables grown in soil were analyzed. 
 
As specified previously, all the samples were analyzed through dSPE and each replicate 
was one plant material. Most of the antibiotics analyzed were not detected or detected 
to a concentration close to the blank samples. However, few antibiotics showed a 
significant uptake increase proportional to the concentration they have been exposed.  
 
 

 
Fig. 7 Results for the extraction of antibiotics for in-lab Pak Choy growth 
 
 
In this experiment and as shown on Fig. 7, 4 antibiotics were systematically compared 
and the concentration for some of the antibiotics increased by a factor 10 between each 
tray. The most significant increase was clarithromycin. However, the extraction that 
analyzed this precise compound was not considered reproducible as the concentration 
detected when the method was developed was systematically lower than the spiked one. 
The samples should therefore be reanalyzed with the SPE method which was proven to 
be very consistent for clarithromycin samples. The concentration can therefore have 
even higher concentration than the one obtained through this extraction. In addition, it 
seems that the highest concentrations for every antibiotic at high concentration was 
found in the leaf part. 
 
Many different factors influence the distribution of antibiotics from the soil matrix to 
the roots, stem and leaves. The factors can be sorted in three different kinds: 
 

- Physical and chemical properties of the antibiotic with the Kow, the Henry’s Law 
constant and the water solubility28.  

- The soil properties (Humidity, organic matter percent, temperature) 
- The plant characteristics with all the different parts containing a different 

percent of fatty material and pH differences29 
 
First and foremost, it is necessary to understand that different mechanisms are 
simultaneously at work for the interactions between the soil and root matrices and that 
they depend of the properties of the antibiotics. Fig. 8 shows a schematic representation 
of how basic and acidic compounds could behave in a soil-root interaction. 
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Fig. 8 Mechanisms of weak acids and bases at the level of soil/root interaction (after 

Trapp, 2004)30 
 
In the case of neutral compounds, the main path would be a diffusion that would go 
through the root membrane. For ionizable compounds (weak acids and bases), they are 
present in several fractions as shown in Fig. 8.  Mechanisms can therefore change and 
vary from electrostatic interactions to diffusion (neutral fraction). 
 
A mathematical model has been developed to know the neutral fraction in specific pH 
conditions of basic or acidic compounds. If there is an important part of neutral 
fraction, the compound has a higher chance to be taken up by the root system23. 
 
Eq.5  Fn =	 e

efegh(ijkilV)
   

with i equal to 1 for acids and -1 for bases  
  
Ofloxacin31 and ciprofloxacin32 are respectively zwitterionic and neutral in a pH close to 
6.5-7. Only azithromycin and clarithromycin could be interpreted by this model. The 
results for the antibiotics that were detected are shown on Table 7. 
 
Table 7 Neutral fraction of ionic antibiotics found in the plants 

	Antibiotics	 i pH pKa Fn 
Azithromycin	 -1	 6.50	 8.74	 0.01	
Clarithromycin	 -1	 6.50	 8.99	 0.00	

 
 
The neutral fraction was, according to this equation almost nonexistent for 
azithromycin and clarithromycin. The case for clarithromycin is well known and is 
mostly available in a cationic form under environmental conditions33. As the root 
membrane (plasmalemma) is usually -120mV as shown on Fig. 8, the cations could be 
electrically attracted inside the membrane. No actual explanation could be found for 
azithromycin.  
 
The fact that there is a lack of neutral fraction for azithromycin and clarithromycin and 
that they are found at a relatively high concentration in leaves and stems would suggest 
that the model shown on Fig. 8 doesn’t work for these particular antibiotics. This is 
indeed an ideal case scenario with a well-known soil fraction. In the case of the 
experiment, these antibiotics could then be in complexed form as shown on Fig. 8 and 
enter easier in the root system.  Regarding to the rest of the antibiotics that are 
zwitterionic, they can’t also follow this model and further research in this domain is 
necessary. Another idea explaining this uptake might be the complexation of these 
antibiotics with metals, for example, which would render them neutral. To verify this 
hypothesis, an experiment could be designed as follow:  



16 
 

 
One could put in place a hydroponic system with three trays. One would be the blank, 
another two containing the different antibiotics of interest in presence and absence of 
Ethylenediaminetetraacetic acid (EDTA). The concentration obtained in the different 
trays could be compared in order to see if there is a change in water concentration with 
addition of EDTA. The use of hydroponic system would also rule out the soil influence 
in the water/plant system. 
 
When the antibiotics manage to pass through the root plasmalemma, they can end up 
in different places such as the cell wall, the cytoplasm or the vacuole. Neutral 
compounds are dependent of the pH and the neutral fraction can be ionized again. This 
can result in an ion-trap process, concentrating the substances in the 
cytoplasm/vacuole30. For cationic substances, this is unlikely to be the case as they are 
more prone to be attracted to the membrane and tend to go to high pH plant 
compartment and therefore the phloem which would increase their diffusion in all plant 
parts. This could explain the high concentration of clarithromycin in leaves. 
 
For neutral compounds, their Kow determine their translocation potential and follows a 
bell-shape model with a maximum translocation at a Kow of 1.7834. The more the 
compound is hydrophilic, the more it is retained into lipids (roots) whereas for 
hydrophilic substances, they are either translocated to leaves (non-ionic) or trapped in 
the phloem (ionic)35. 
 
4.4 Results for banana samples from South Africa 
 
Samples from Kwazulu-Natal, South Africa from the 2016 harvest have been analysed 
following the same methods of extraction as per the Pak Choy experiment. It can be 
noted that another matrix has been added to the previous experiment and it was an 
experimental trial as there was a lack of root material to validate the method. The results 
presented on Fig. 9 and Table 8 were the mean of the concentration obtained for all the 
samples on each analysed system. 
 

 
Fig. 9  Scheme of banana tree. 1, 2 are banana skin and fruit; 3, 4 are stem and leaf; 5 

is root. 
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Table 8 Results in µg/g found for antibiotics in banana samples from South Africa 

 Antibiotics	 Fruit	 Banana	
skin	 Stem	 Leave	 Roots	

Ta
p	
w
at
er
	

Azithromycin	 0.2	±0.4	 1.0±0.9	 ND	 ND	 ND	
Ciprofloxacin	 0.9	±1.6	 ND	 4.7±13.3	 78.3±	29.4	 ND	
Clarithromycin	 ND	 ND	 ND	 ND	 ND	

Ofloxacin	 0.2	±0.5	 0.1±0.3	 ND	 59.3±20.6	 ND	
Trimethoprim	 0.4	±0.3	 0.9±0.7	 17.3±19.2	 ND	 0.3±0.1	

De
w
at
s	

Azithromycin	 0.3±0.4	 2.5±1.9	 ND	 ND	 ND	
Ciprofloxacin	 ND	 ND	 ND	 132.6±59.3	 2.2±0.2	
Clarithromycin	 7.8±5.8	 0.1±0.3	 ND	 ND	 ND	

Ofloxacin	 1.5±1.6	 ND	 ND	 65.5±28.4	 0.5±0.1	
Trimethoprim	 0.5±0.3	 1.0±0.4	 1.1	 ND	 0.8±0.1	

  
 
For the fruit samples, only low concentration of ciprofloxacin and trimethoprim was 
detected in the samples irrigated with tap water. On the contrary, in the DEWATS, one 
replicate of clarithromycin showed a peak corresponding to a concentration of about 69 
ng/g. The rest of the samples had unquantifiable amount of clarithromycin. On the 
same way, five out of nine samples showed quantifiable amount of ofloxacin in the fruit 
ranging from 1 to 5 ng/g. This shows that there is a slight uptake of ofloxacin. For 
trimethoprim, it was present in both samples which could be due to the influence of the 
internal standard. 
 
Banana skin extraction showed no results except for azithromycin and trimethoprim 
but there were no differences between tap and DEWATS water. In the case of the stem 
however, the results showed that the samples from tap water had higher concentrations 
of ciprofloxacin and trimethoprim than the DEWATS which is hard to explain. For the 
leaves the concentration of ciprofloxacin and ofloxacin was important for tap and 
DEWATS irrigation system and it could be due to a transport of the water from the 
DEWATS to the tap water system. 
 
Finally, the root system did not have high concentration compared to other matrices 
such as the leaves. The method might not be able to extract in this matrix and the results 
should be interpreted carefully. 
 
One of the explanation for the non-detection of most of the antibiotics in the banana 
fruit may reside in the fact that roots are releasing many organic, inorganic and ionic 
compounds but also proteins and enzymes into the media. This release is associated 
with the growth of the root system but is also a possible degradation mechanism36. In 
addition, in the case of an actual uptake, xenobiotics can be degraded through 
cytochrome P450 reducing even more their presence in the plants. 
 
4.5 Risk assessment 
 
One of the main goal of this study was to assess if a risk for human consumption was 
possible and to what extent. As previously explained, ADI values were used to quantify 
if there was a possibility that the bioaccumulated antibiotics could either change the 
microbiology in the digestive tract or harm humans through direct effect. 
 
However, it was not possible to obtain all the ADIs from the literature. In most of the 
cases the pharmaceutical industry does not have the obligation to do any study for 
vegetables. This could be easily explained as they are not the first media in which 
antibiotics might end up.  It was still possible to obtain some information through 
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agencies such as JEFCA, WHO or EMA. The results shown on Table 9 were the data 
applicable for this thesis. 
 
Table 9 Toxicological or microbiological ADI per antibiotics 

Antibiotic	 ADI	μg/kg	(either	toxicological	or	microbiological	
according	to	the	lowest	concentration)	

Amoxicillin	 0.737	
Cefalexin	 54.438	
Ceftriaxone	 N/A	

Clarithromycin	 N/A	
Erythromycin	 0.739	
Azithromycin	 N/A	
Nalidixic	acid	 N/A	
Ofloxacin	 240	

Tetracycline	 3041	
Ciprofloxacin	 240	

Chloramphenicol	 N/A	
Trimethoprim	 4.242	

 
The values obtained on Table 9 were used to assess the MOS. As expected, most of the 
antibiotics had no ADI as the substance are not supposed to harm humans. As taken 
with the example of Pak Choy, the risk was calculated for the 4 antibiotics detected 
(clarithromycin, azithromycin, ciprofloxacin and ofloxacin). Data were not available for 
Clarithromycin and Azithromycin. Erythromycin has the same structure and its ADI of 
0.7 µg/kg has therefore been used. 
 
To be able to assess the risk, it was necessary to calculate an average daily consumption 
for Pak Choy and Bananas for not only one category of people but in infant, child and 
adult separately. No data was known for Pak Choy but bananas were consumed at 
approximately 300 g/person/day in South Africa and the same data was therefore used 
for Pak Choy43. It is important to note that the concentrations used in the risk 
assessment were the ones obtained in the Pak Choy tray spiked with high concentration 
of antibiotics. 
 
Table 10 Risk assessment of Pak Choy consumption for a daily consumption of 300 g 

Antibiotics Leaves	
(ng/g)	

Corrected	
amounts	
(ng/g)	

Daily	
uptake	
(µg/kg)	

ADI	
(µg/kg)	

MOS 

Infant	
(5	kg)	

Kid		
(40	kg)	

Adult	
(70	kg)	

Azithromycin	 48	 6.5	 1.9	 0.7	 1.8	 14.4	 25.2	
Ciprofloxacin	 33	 4.5	 1.3	 2	 7.5	 59.8	 104.7	
Clarithromycin	 219	 29.6	 8.9	 0.7	 0.4	 3.2	 5.5	
Ofloxacin	 45	 6.1	 1.8	 2	 5.5	 43.9	 76.8	

 
 
The results in Table 10 were corrected with the moisture content of Pak Choy samples. 
The moisture content is very high and therefore influences the amount of antibiotics for 
a net weight of vegetables. In this case, the Margin of Safety is higher than 1 for all the 
antibiotics except for clarithromycin for infant (0.4). The fact that a child would eat 300 
g of Pak Choy is highly unlikely and it would be necessary to calculate the maximum 
possible intake for this category of person.  So far, the results show that there are no 
risks associated with the consumption of 300 g of Pak Choy per day. 
 
Banana samples had only clarithromycin detected once out of nine replicates but this 
concentration could be extrapolated and checked if there was any risk. As the 
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consumption was also approximated to 300 g/day, and that the concentration obtained 
in the banana fruit was more than 20 times lower than the one found in the Pak Choy 
leaves, the MOS calculated showed that MOS>1 from infant to adult. It has therefore 
been assumed that the consumption of bananas from the DEWATS were safe to be eaten 
in regard to the analyzed antibiotics. 
 
The consumption of these fruits and vegetables were safe. It was however necessary to 
assess the amount of vegetables that a person would have to eat to observe a 
negative/harmful effect. 
 
To answer this question, the reverse calculation was applied and the results were 
summed up in Table 11. 
 
 
Table 11 Safe amount of Pak Choy in kg that could be consumed before any effect 

could arise 

Antibiotics 
Consumption	limit	of	vegetables	(kg)	

Infant	(5	kg)	 Kid	(40	kg)	 Adult	(70	kg)	
Azithromycin	 0.5	 4.3	 7.6	
Ciprofloxacin	 2.2	 17.9	 31.4	
Clarithromycin	 0.1	 0.9	 1.7	
Ofloxacin	 1.6	 13.2	 23	

 
The amount shown on Table 11 is very high and it is unlikely that anyone would eat 
more than a kilogram of Pak Choy per day. The only sensitive group would be the infant 
which would only need to consume 0.1 kg of Pak Choy to get an effect on the intestinal 
flora. This could be problematic as Pak Choy can be used to soup and it is common to 
use in this case more than 100 g of vegetables.  
 
If this concentration is lower than the MOS, then it is necessary to assess up to which 
concentration of antibiotics the Pak Choy or banana required to affect human health 
considering a consumption of 300g of vegetable/fruit per day. Another projection has 
therefore been made but in this case for all the antibiotics that were detected with the 
method of analysis and an ADI was available. 
 
Equation 6 was used by considering that the MOS was equal to 1. 
 

Eq.6 mnopAoMBDMKno	KoCqpKo<	D	BKr=	 = 	
&'(	(*+ ,+-.	/01	234)

'3st4	u662	svS3,0	(,+)
 

 
Table 12 Concentration of antibiotics required to induce a risk 

Antibiotics ADI	
(µg/kg) 

Concentration	(ng/g)	required	for	an	effect	
Infant	(5	kg)	 Kid	(40	kg)	 Adult	(70	kg)	

Amoxicillin	 0.7	 12	 93	 163	
Azithromycin	 0.7	 12	 93	 163	
Cefalexin	 54.4	 907	 7253	 12693	

Ciprofloxacin	 2	 33	 267	 467	
Clarithromycin	 0.7	 12	 93	 163	
Erythromycin	 0.7	 12	 93	 163	
Ofloxacin	 2	 33	 267	 467	

Tetracycline	 30	 500	 4000	 7000	
Trimethoprim	 4	 70	 560	 980	
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According to Table 12 derived from Eq.6, amoxicillin, clarithromycin, erythromycin, 
azithromycin have the lowest threshold and even for an adult of 70 kg, only 163 ng/g is 
required to induce effects. On the other end, cefalexin and tetracycline required a very 
high concentration to get an effect. 
 
It is unlikely to obtain such concentration from the effluents of the DEWATS as the 
values obtained in the effluents had only two antibiotics detected, trimethoprim at a 
concentration of 378 ng/L of ciprofloxacin and 55 ng/L of trimethoprim (Späth, 2017)44. 
Because of the important removal process of these antibiotics through 
adsorption/absorption through the soil particles and then the small uptake of 
antibiotics observed, it is possible that the antibiotics have not had the time to reach the 
banana fruit and was degraded into metabolites beforehand. 
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5. Conclusions  
This project is a pioneer in the understanding the uptake of 13 antibiotic (amoxicillin, 
erythromycin, clarithromycin, azithromycin, trimethoprim, nalixidic acid, ofloxacin, 
ciprofloxacin, gentamycin, amikacin, tobramycin and neomycin) by plants both in 
controlled laboratory conditions and in a real case scenario basis which is the DEWATS 
in South Africa. 
 
SPE and dSPE methods development for the extraction of antibiotics through matrices 
gave complementary results. By combining the two methods and applying them to all 
the matrices it was possible to avoid any matrices related interferences for most of the 
antibiotics. To an extent, the bioconcentration of antibiotics could even be assessed 
from the root uptake to the leaves or fruits in the upper part of banana plants. The 
quantification for Pak Choy did not include root system due to low sample size but the 
other matrices analyzed gave good results for four antibiotics: azithromycin, 
clarithromycin, ciprofloxacin and ofloxacin. With these data, there was a noticeable 
trend proving that macrolides and fluoroquinolones were more prone to be 
accumulated in the leaves. Regarding the banana plants, no trend could be found and 
there could have been a leach between the tap water and the DEWATS irrigation as the 
two study sites were few meters apart. Nalidixic acid, tetracycline and aminoglycosides 
were not able to be analyzed due to technical issues (low signal and/or loss of peaks). 
 
The mechanisms for antibiotic uptake in the plant from the roots could not all be 
explained and this is due to the versatile properties of the antibiotics which are neutral, 
basic, acidic, or zwitterionic. Easy and empirical models couldn’t resolve several 
antibiotics such as the uptake of clarithromycin by Pak Choy.  
 
With the data obtained but also the data from literature, it was possible to assess if there 
was a human risk into consuming these plants/fruits for the 13 antibiotics selected. It 
appeared that the concentrations detected for only 4 out of 13 antibiotics which were 
azithromycin, clarithromycin, ciprofloxacin and ofloxacin were too low to provoke any 
microbiological response except for the infant (<5 kg) where clarithromycin was in too 
high concentration. Of course, many more substances (anti-retroviral, hormones) may 
also be found in the wastewater and the results shown here are only assessing the 
human risk with the consumption of these vegetables/fruits in regard to the antibiotics 
analyzed in the experiment. 
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6. Outlook  
The results obtained in this thesis opened new perspectives on how antibiotics behave 
in the environment. Complementary experiments could be done to improve the 
understanding of the uptake mechanism, from the effluent to the plants. 
 
The hydroponic system was the first trial done in this kind of facility and it depended 
on a lot of factors which were not entirely controlled such as the humidity, the lightning, 
the possible contaminations and the pH of the water solution. With the results from the 
soil experiment, it has been proven that plants could be grown in such conditions and 
it would be important to move forward and try another hydroponic plant. Doing so 
would bring great results to see the uptake from water to roots and the upper part of the 
plants. In addition, it would be necessary to double the growth time in order to have 
bigger sample size and therefore give more material for the extraction. 
 
The next step would be to also measure the antibiotics in the soil and roots from the 
grown plants in the lab but also the soil in South Africa. The dSPE gave acceptable 
results for their extraction and it could be used to get the overall information and 
calculate the ratio root/leaf. 
 
If there was more time, it would be also very important to reanalyze the antibiotics that 
were not working anymore and see if they were obtained in the extracts. 
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Appendix 
Appendix I 

 Table A 1 Tuning conditions on the MS for analysis of the targeted antibiotics 

Compound	
Start	
time	
(min)	

End	
time	
(min)	

Polarity	 Precursor	
(m/z)	

Product	
(m/z)	

Collision	
energy	(V)	

RF	lens	
(V)	

Nalidixic	acid	Quan	 0.5	 12	 Positive	 233	 215	 14	 57	
Sulfamethoxazole	Quan	 0.5	 12	 Positive	 254	 156	 16	 54	
Sulfamethoxazole2H4	
Quan	 0.5	 12	 Positive	 258	 160	 16	 54	

Sulfamethoxazole13C6	
Quan	 0.5	 12	 Positive	 260	 162	 17	 64	

Trimethoprim	Quan	 0.5	 12	 Positive	 291	 230	 24	 79	
Trimethoprim13C3	Quan	 0.5	 12	 Positive	 294	 233	 23	 76	
Trimethoprim13C_2H3	
Quan	 0.5	 12	 Positive	 295	 230	 23	 79	

Chloramphenicol	Pos	
Quan	 0.5	 12	 Positive	 323	 275	 13	 57	

Ciprofloxacin	Quan	 0.5	 12	 Positive	 332	 314	 21	 71	
CiprofloxacinD8	Quan	 0.5	 12	 Positive	 340	 322	 21	 74	
Ofloxacin	Quan	 0.5	 12	 Positive	 362	 318	 18	 74	
Cefadroxil	Quan	 0.5	 12	 Positive	 364	 114	 19	 42	
OfloxacinD3	Quan	 0.5	 12	 Positive	 365	 321	 19	 76	
CefadroxilD4	Quan	 0.5	 12	 Positive	 368	 114	 19	 35	
Amoxicillin_MeOH	Quan	 0.5	 12	 Positive	 398	 381	 10	 51	
Amoxicillin2H4	Quan	 0.5	 12	 Positive	 402	 385	 10	 52	
Clindamycin	Quan	 0.5	 12	 Positive	 425	 126	 27	 79	
ClindamycinD3	Quan	 0.5	 12	 Positive	 428	 129	 27	 86	
Tetracycline	Quan	 0.5	 12	 Positive	 445	 410	 18	 64	
TetracyclineD6	Quan	 0.5	 12	 Positive	 451	 416	 18	 66	
Tobramycin	Qual	 0.5	 12	 Positive	 468	 163	 23	 67	
Tobramycin	Quan	 0.5	 12	 Positive	 468	 324	 14	 67	
Gentamycin	Qual	 0.5	 12	 Positive	 478	 157	 21	 66	
Gentamycin	Quan	 0.5	 12	 Positive	 478	 322	 14	 66	
Ceftriaxone	Quan	 0.5	 12	 Positive	 555	 396	 10	 68	
Amikacin	Qual	 0.5	 12	 Positive	 586	 264	 25	 90	
Amikacin	Quan	 0.5	 12	 Positive	 586	 425	 19	 90	
Neomycin	Qual	 0.5	 12	 Positive	 615	 293	 24	 104	
Neomycin	Quan	 0.5	 12	 Positive	 615	 455	 21	 104	
Erythromycin716	Quan	 0.5	 12	 Positive	 716	 558	 16	 89	
Erythromycin718_13C2	
Quan	 0.5	 12	 Positive	 718	 560	 18	 87	

Erythromycin	Quan	 0.5	 12	 Positive	 734	 576	 17	 83	
Erythromycin13C2	Quan	 0.5	 12	 Positive	 736	 578	 19	 87	
Clarithromycin	Quan	 0.5	 12	 Positive	 748	 158	 27	 86	
Azithromycin	qual	 0.5	 12	 Positive	 749	 573	 33	 106	
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Azithromycin	Quan	 0.5	 12	 Positive	 749	 591	 28	 106	
Chloramphenicol_NEG32
0	Quan	 0.5	 12	 Negative	 321	 152	 17	 70	
Chloramphenicol_NEG32
0	q2	 0.5	 12	 Negative	 321	 194	 10	 70	

Chloramphenicol_NEG32
0	q1	 0.5	 12	 Negative	 321	 257	 11	 70	
Chloramphenicol_NEG32
2	Quan	 0.5	 12	 Negative	 323	 152	 17	 59	
Chloramphenicol_NEG32
2	q2	 0.5	 12	 Negative	 323	 257	 10	 59	

Chloramphenicol_NEG32
2	q1	 0.5	 12	 Negative	 323	 259	 10	 59	

Virginiamycin	S1	Q2	 0.5	 12	 Negative	 822	 177	 43	 125	
Virginiamycin	S1	Q1	 0.5	 12	 Negative	 822	 563	 30	 125	
Virginiamycin	S1	Quan	 0.5	 12	 Negative	 822	 778	 21	 125	
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Appendix II 
 
Table A 2 Antibiotics spiking and standard deviation with dSPE method 

 
 
 
 

Table A 3 Antibiotics spiking and standard deviation results with SPE method 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

SB F ST L SB F ST L
Amoxicillin 664 928 712 488 33 20 21 30
Azithromycin 956 1228 2158 832 22 33 53 51

Chloramphenicol 1055 1377 1153 1360 38 37 36 N/A
Ciprofloxacin 1395 1439 1640 1213 4 11 21 25
Clarithromycin 1097 1199 1655 897 9 4 57 21
Nalixidic_Acid 1266 1203 1955 1066 26 2 72 13
Ofloxacin 972 973 883 924 11 28 37 34

Tetracycline 1189 1445 1279 1232 12 15 70 149
Trimethoprim 961 1104 1226 1146 4 21 16 15

Analytes result (ng) STDV (%)

Compounds Analytes result (ng) STDV (%) 
SB F  ST S L SB F  ST S L 

Amoxicillin 565 688 958 1048 725 25 13 38 40 38 
Azithromycin 564 730 430 125 824 37 60 40 79 16 
Cefalexin 113 157 290 48 194 15 58 17 42 25 
Chloramphenicol_320 148 227 215 170 - 21 18 13 31 -  
Chloramphenicol_322 694 849 581 821 851 65 48 31 39 29 
Ciprofloxacin 928 890 1089 955 1010 5 17 9 30 5 
Clarithromycin 197 433 338 32 465 95 64 23 103 79 
Erythromycin 170 185 192 222 459 106 58 41 161 55 
Nalidixic Acid 1463 1932 1916 1046 2056 26 29 28 38 51 
Ofloxacin 1072 839 1105 1147 1127 6 9 6 19 2 
Tetracycline 996 1005 1129 1057 1153 10 17 12 21 9 
Trimethoprim 1055 993 1122 1034 1150 8 10 8 29 4 
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