Effects of the antibiotic oxytetracycline
on tropical freshwater ecosystems

Wageningen University and Research Centre
Aquatic Ecology and Water Quality Management Group

Bart de Vreede (870530-910-080)
July 2010 – February 2011
Report No.: 003/2011

Data Rights for internal use only
Exceptions to be made with permission of the project leader

Supervision:
A. Rico Artero
K. Satapornvanit
M.A. Daam
P.J. van den Brink (examiner)

Wageningen University and Research centre
Kasetsart University
Technical University of Lisbon
Wageningen University and Research centre

Abstract
In the light of aquaculture intensification and the transition towards a sustainable sector, this
research was aimed at contributing to the identification of the potential risks for tropical freshwater
ecosystems originating from the use of antibiotics. A literature research, a microcosm experiment
and a set of laboratory tests with macroinvertebrates formed the pillars under this investigation on
the toxicity of the antibiotic oxytetracycline-hydrochloride (OTC-HCL) to plankton species,
macroinvertebrates and ecosystem parameters. The experimental microcosm set-up consisted of 20
glass fibre, open, outdoor tanks of 200 litre, in which six single pulse treatment levels were made.
The treatment of microcosms with the antibiotic OTC-HCl resulted in a considerable decrease in
dissolved oxygen and a lowering of pH at 30 mg OTC-HCl/L. Whether this is due to direct or indirect
processes is not clear, both find support from calculations and literature review. Indications were
also obtained for a negative effect of OTC-HCl on the processes of nitrification and decomposition.
Thanks to the separate analysis of the highest treatment level in determining the no-observed-effect
concentration at community level (NOECcommunity),a NOECcommunity was found on the short term of 0.03
mg/L and on the long term of 0.003 mg/L. The long term NOEC of 0.003 mg/L is also confirmed by
the NOEC of the most sensitive macroinvertebrate (Physidae) and the NOEC of the most sensitive
abiotic parameter (dissolved oxygen), being both 0.003 mg/L. The analysis of species abundance
plots shows more negative trends for the highest treatment and it makes recovery as observed in the
Principle Response Curves questionable.
Chlorophyll-a content of the water phase and periphyton showed hardly any treatment-related
effects. The results from the laboratory tests were not reliable due to high mortality in the control.
When comparing temperate data with the results of the current tropical experiment, it became clear
that the tropical macroinvertebrate communities are not sufficiently protected when basing safe
environmental concentrations on species sensitivity distributions (SSDs) constructed with temperate
invertebrate laboratory toxicity data. Protection is however sufficient when using an SSD based on
algae and cyanobacteria. Whether tropical phytoplankton is also protected with the latter SSD
cannot be stated based on the current research. The use of standard test species, in combination
with appropriate Assessment Factors provides protection in most cases. The inclusion of worm-like
taxa and snails in the selection of standard species should be considered because of their apparent
sensitivity in this experiment.
NOECs are likely to be exceeded within culture ponds or water bodies with cage culturing where the
recommended dose is applied. A challenge will be to obtain measured environmental concentrations
(MECs) for the Asian aquaculture practice, to enable verification of the model calculations.
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1. Introduction
Worldwide production and consumption of seafood products is increasing. Figure 1 shows a
considerable increase in production for capture fisheries and aquaculture combined. It can however
be stated that the overall catches of wild fish are stabilizing and the majority of the rise can therefore
be assigned to an increased aquaculture production. This is illustrated by the fact that in 1970 the
total amount of fish produced by aquaculture accounted for 3.9% of consumption, whereas in 2006
this had already grown to 36% (FAO, 2008).
The lion’s share of the world’s aquaculture production is produced in Asia: 91.1 % in 2007 on weight
basis (Tacon, 2010). Besides China a few major players exist in the world market. Thailand is one of
them and takes fourth place in production quantities worldwide, after China, India and Vietnam.
Increase in production in Thailand was 5% between 2004 and 2006 (FAO, 2008).
Within the aquaculture industry, a distinction can be made between different culture environments
based on salt, brackish and freshwater production systems. Some species in Thai freshwater culture
are tilapia, catfish, Java barb (Barbodes gonionotus) and Giant river prawn (Macrobrachium
rosenbergii). Brackish water culture focuses mainly on shellfish and crustaceans like Green mussel
(Perna viridis), Pacific white shrimp (Penaeus vannamei), Black tiger shrimp (Penaeus monodon) and
Blood cockle (Anadara nodifera) (FAO, 2010). An overview of the main trade commodities is given in
Table 1.

Figure 1. “World capture fisheries and aquaculture production.” (FAO, 2009).
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Table 1. Major Thai aquaculture production commodities and its export, data from 2007 (DOF, 2009)
Produced
% of total
Exported
% production % of total
(tonnes)
production
(tonnes)
exported
export
Shrimp
523400
38.19
350008
66.87
17.81
Tilapia
Catfish
Total brackish + fresh water
culturing
Total export aquatic
products

213800

15.60

12734

5.96

0.65

157600

11.50

7881

5.00

0.40

1370400

100.00
1965185

100.00

The different culture environments are also linked to various types of culturing methods. Fish pens,
cages and ponds that are under tidal influences are the main types of salt and brackish culturing.
Besides these methods, the introduction of artificial substrates like ropes, net and poles is common
practice in culturing shell fish and seaweed. Fresh water culturing focuses on ponds, raceways and
cage cultures in bigger lakes (FAO, 1989). More recently recirculation aquaculture systems (RAS)
were added to this list.
Most trends in modern aquaculture are intrinsically related to the increase in production and
productivity. The intensification of aquaculture production has relied on the use of higher stocking
densities, different feeding techniques (Biao and Kaijin, 2007), improved aquaculture practices (e.g.
aeration and recirculation systems) (Le and Munekage, 2004) and the (prophylactic) application of
antibiotics, disinfectants, probiotics and pesticides to treat and prevent disease outbreaks in the
cultured organisms (Gräslund and Bengtsson, 2001). The expansion and intensification of
aquaculture practices has raised several problems for adjacent water bodies. Gräslund and
Bengtsson (2001, and the references therein) captured them in their review on shrimp industry:
mixing of indigenous populations with culture stocks, eutrophication and the introduction of
chemicals in the environment.
Gräslund et al. (2003) gave an indication of the toxicity of the various chemicals used in Thai shrimp
culture, by interviewing 76 farmers and reviewing a set of specific papers. They concluded that the
products that are used, on average 13 per farm, may be dangerous to the environment since large
amounts of these compounds are expected to end up in the surrounding aquatic ecosystems due to
effluent discharges. Especially pesticides, malachite green, copper compounds and antibiotics (nonspecified) were highlighted by the authors because of their higher toxicity to non-target aquatic
organisms. In order to assess the potential environmental impacts of these chemicals on surrounding
aquatic ecosystems Environmental Risk Assessment (ERA) studies can be performed. Specific
guidelines for impact assessments of veterinary medicines used in aquaculture production are
presented in VICH (2000, 2004).
Several models and equations have been developed to determine the Predicted Environmental
Concentration (PEC), as part of the prospective risk assessment. Calculations are made using data on
e.g. compound characteristics, application amounts, degradation, fluxes and biological uptake
(EUSES, 2004; IUPAC, 2008; Kloskowski et al., undated). The inclusion of parameters like these
determine model complexity. If in the following text will be spoken of lower- and higher tier risk
assessment, then this will refer to low and high levels of model complexity, respectively (EC, 2002).
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The toxicity data coming from the effect assessment can be compared with the exposure in nature or
in the culture environment. A first indication of the risk posed by a certain compound can be
obtained in a relatively simple ‘first tier risk assessment’. In that case the ratio between PEC and a
safe concentration is determined. Performing lab experiments with standard aquatic species
normally sets these safe environmental concentrations. An example of such a concentration is the
Predicted No Effect Concentration (PNEC).
The PNEC for aquatic ecosystems can be determined by dividing the Effect Concentration of 50%
(EC50) or No Observed Effect Concentration (NOEC) by an appropriate assessment factor (AF) (VICH,
2004). This AF is a safety factor; a chance exists that there are species that have not been subject to
testing, with a lower effect concentration than the derived EC50 or NOEC (ibid.). The AF enables the
incorporation of this uncertainty and the protection of the untested species in future management of
aquatic ecosystems.

Van Leeuwen (2007, in Rico 2010) defines the prospective ratio of PEC divided by PNEC as Risk
Quotient;

Park and Choi (2008) define the retrospective Hazard Quotient as the MEC/PNEC. MEC stands for
Measured Environmental Concentration.

Suter (2007) captures both by stating that the HQ is the quotient of an exposure concentration
divided by a toxicological benchmark concentration. According to Smit et al. (2005), the quotientapproach, as mentioned above, is however insufficient to predict risks while it is unsuccessful in
capturing the probability of an event and the kind of effects that would occur. Solomon and Takacs
(2002) add that the RQ is based upon a single effect-point, which means that the RQ does not
consider the relationship between dose and response. They illustrate this with Figure 2.
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Figure 2. Adapted from Solomon and Takacs (2002). Two different dose response curves can provide
equal or different HQ’s, based on the effect-point which is taken as a start.
Previous opinions show why this method is mainly suitable for a lower-tier risk assessment, in which
the researcher wants to identify which compounds out of a vast array of possibilities, pose a
potential threat to the environment. After the first screening, more in-depth research can be done in
the higher tier risk assessment. This research can consist of performing field experiments (including
micro- and mesocosms), performing realistic advanced modelling or the estimation of a safe
environmental concentration out of a species sensitivity distribution (SSD) (Redshaw, 1995; EC,
2002).
An improvement of the quotient-approach can be established by taking into account the variability
and uncertainty of the input parameters. The so-called probabilistic risk assessment compares a
range or distribution of the exposure with a distribution of the benchmark. The Monte Carlo analysis
uses the distributions by taking a random sample from them (resample technique) and generating a
solution. The outcome will be a distribution curve of all generated quotients (Suter, 2007).
Merging the toxicity data of a single compound for several species can make another improvement
of the risk assessment. It gives a better indication of the overall toxicity of a chemical than calculating
safe environmental concentrations on the basis of solely one standard test species. Combining the
data can be done in an SSD (Posthuma et al., 2002). Plotting the data, EC50 or NOEC values, will
produce a cumulative distribution curve from which a hazardous concentration (HC) can be derived
(ibid.). This HCn defines the concentration level of the tested chemical at which ‘n’ per cent of the
species is affected (or 100-n per cent is protected). A protection of 95 % is generally considered
sufficient or ‘safe’ (ibid.), although this has also been subject to nuancing and criticism (Maltby et al.,
2005 and 2009).
In the analysis of the environmental impact of aquaculture practices, chemicals like antibiotics,
pesticides and disinfectants are investigated in risk assessments. There are however only few articles
that report on ERA execution in Asia (Rico, unpublished). This will lead to the problem statement in
the next chapter.
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2. Problem
Gräslund et al. (2003) reviewed the potential risks of antibiotics in aquaculture, concluding that
antibiotics can constitute a potential hazard for the produce, farmers, consumers and environment
when they are not used according to recommendations. Antibiotics can affect humans via the food
chain (Jørgensen and Halling-Sørensen, 2000; Heuer et al., 2009; Boonsaner and Hawker, 2010),
direct contact (Sapkota et al. 2008) or via the development of resistant strains of bacteria
(Holmström et al., 2003).
Direct toxic effects of pharmaceuticals are not to be expected in the aquatic environment according
to a review by Jones et al. (2004). In the same article, however, it is also stated that many antibiotics
are harmful for aquatic species. This is in line with toxicity data reported by other researchers,
accessible via the ECOTOX database (US EPA, 2010). Additionally, Jones et al. Indicated that longterm effects of low concentrations, the more direct pulses of pharmaceuticals coming from
application in aquaculture and the effect of compound mixtures need further investigation.
Christensen et al. (2006) found that mixtures of aquaculture antibiotics are able to be responsible for
worse effects than would be expected on the basis of concentration addition. Mixture effects can for
example occur when an antibiotic is combined with a substance that influences active transport,
therewith influencing concentrations within the cell. Isidori et al. (2005) also considered especially
long-term exposure to pharmaceuticals a problem for aquatic organisms. Gräslund et al. (2003)
showed the relevance of the preceding sources by stating that aquaculture farmers tend to use
multiple chemicals per production cycle.
Laboratory tests performed by Kong et al. (2006) and reviews by Le et al. (2005) and Kümmerer
(2009a, b) provide indications of effects of antibiotics on microbial communities in sediments and
sewage treatment plants. This is supported by studies of oxytetracycline resistant bacteria strains
(up to 413 identified) surrounding aquaculture facilities (Dang, 2006; Heepngoen 2008, Seyfried,
2010). The use of antibiotics introduces a new selection pressure which could lead to changes in the
microbial community and can thus affect basic ecosystem functions like nutrient recycling and the
provision of oxygen (Van der Grinten et al., 2010 and references therein). Furthermore the potential
direct and indirect effects of peak concentrations of aquaculture antibiotics in freshwater ecosystems
on phytoplankton and invertebrate communities characteristic of the tropical region still require
further investigations.
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3. Purpose
This MSc thesis was set up as a spin-off from a PhD track from Wageningen University (WU). The
doctoral student involved (Andreu Rico Artero) is enrolled in a EU research project called SEAT
(Sustaining Ethical Aquaculture Trade). It is aimed at solidification of the knowledge base around the
whole value chain of aquaculture products exported from Asia to EU, in order to support the
sustainable development of the seafood production sector and export trade.
The purpose of this thesis was to investigate the direct and indirect effects of aquaculture antibiotics
on several indigenous Thai freshwater species by performing model ecosystem studies with
oxytetracycline. This in order to draw conclusions on the potential extrapolation of threshold
concentrations derived with a limited number of standard test species belonging to the temperate
region for the protection of tropical freshwater ecosystems. Data was also used to identify functional
components and species in tropical systems that are sensitive to antibiotics and thus have a potential
to be used for the derivation of safe environmental concentrations for tropical freshwater
ecosystems.
By generating knowledge on the sensitivity of tropical ecosystems to aquaculture antibiotics, new
momentum is given to ERA studies that can assess the environmental sustainability of the
aquaculture sector in Thailand. Therewith it is hoped that this report supports the goals of SEAT and
WU to stimulate sustainable and ethical trade and to come to better monitoring and decision taking
in aquaculture trade control.

4. Research question
From the problem statement and purpose sections, the following research questions can be
distinguished:
• What is the threshold concentration that is expected to protect macroinvertebrate
communities in tropical freshwater ecosystems affected by short and long term exposure to
oxytetracycline?
• Will the safe concentrations derived for macroinvertebrate communities result in a sufficient
protection level for ecosystem metabolism?
• Are the safe concentrations derived from laboratory and field experiments exceeded by
environmental concentrations produced by aquaculture effluent pollution?
• Will the use of threshold concentrations derived from toxicity data for temperate standard
test organisms in laboratory experiments result in a sufficient protection level for assessing
risks of oxytetracycline in the tropics?
Hypothesis:
Oxytetracycline is a compound that is, either pure or in hydrochlorinated form, much used in
aquaculture (Boonsaner and Hawker, 2010; Heepngoen et al., 2008; Rico et al., unpublished). It is
however dangerous in concentrations in the range of mg/L for temperate invertebrates. Acute
toxicity tests will have to confirm this for some tropical species. A higher sensitivity is expected for
ecosystems as a whole because algae and microorganisms, which form the foundation of the
ecosystems, will be affected at lower concentrations. This will become visible in ecosystem
parameters such as dissolved oxygen, nitrogen balance and decomposition rate. Comparisons made
for a limited number of pesticides (e.g. Daam et al., 2009c) showed no difference between
temperate and tropical data. This research will evaluate whether the same holds true for antibiotics.

12

5. Materials and methods
Oxytetracycline hydrochloride (OTC-HCl, Figure 3) is widely used in aquaculture production and
therefore it was used as a model compound in this research. A concentration range was established
in an exposure environment, in order to find a relation between dose and effect. Two types of
experiments were conducted. On the one hand single-species acute toxicity tests were done in glass
containers in a laboratory. On the other hand a long-term toxicity test with outdoor microcosms was
used to study the effects on communities and ecosystem level.

5.1 Test compound
The antibiotic oxytetracycline (OTC) is effective against both Gram positive and Gram negative
bacteria. Tetracyclines can work as an antibiotic because they interfere with the formation of
proteins. Proteins are formed after copying a DNA string into an mRNA string (transcription). mRNA is
then the messenger for the synthesis of polypeptides. Ribosomes are able to link the amino acids in
the right order based on the information in the mRNA (translation) (RU, 2008). Tetracyclines bind
reversibly to the ribosome and therewith they block protein synthesis. This inhibits growth and
maintenance of the microorganism (Isidori et al., 2005). Since the translation process by ribosomes
takes place within the cell, the tetracyclines have to enter the cell to act. The influx and efflux can be
active or passive. The influx and efflux of antibiotics play an important role in the resistance to
oxytetracycline (BAM, undated).
and Table 3 display more characteristics of the antibiotic that was used.

Figure 3. The molecular structure of oxytetracycline C22H24N2O9 (Himmelsbach and Buchberger,
2005).
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Table 2. Physico-chemical parameters of the antibiotic (Genaxxon, 2008; PPDB, 2010):
Oxytetracycline - hydrochloride
Molecular Mass
496.90 g mol-1
Solubility - In water
6900 mg l-1
Oxytetracycline
Molecular Mass
460.44 g mol-1
o
Solubility - In water at 20 C
313 mg l-1
Dosages that are applied for the treatment of bacterial infections in aquaculture are depending on
species and treatment type. US EPA gives a maximal applied dose for finfish of 82.8 mg/kg fish
weight (Chen et al. 2004, FWS, undated). The papers presented in Arthur et al. (2000) about Asian
aquaculture report concentrations in shrimp farming up to 100 mg/L for a single bath treatment,
whereas dosages at 1-10 mg/L for prolonged treatments are more common. Oral dosing is reported
to be about 5 grams of OTC per 100 kg fish.
Table 3. Product characteristics of the antibiotic as used in the present study:
Name:
Oxybac 50
Active ingredient:
50% (w/w) OTC-HCl
Lot:
308208
Expiring date:
06-08-2011
Appearance:
yellow powder
Company:
Better Pharma Company Ltd.
Withdrawal period:
21 days (fish/shrimp)
Effective against infections in shrimp by:
Vibrio sp. and Pseudomonas sp.
Effective against infections in fish by:
Aeromonas hydrophila, Vibrio sp., Pseudomonas
sp. and Streptococcus sp.
Dosage:
8-20 mg/L during 5-7 days (bath)
50-100 mg/kg organism during 7-10 days (mixed
with feed)
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5.2 Microcosm experiment
An outdoor microcosm experiment with 20 tanks of 200 L was set up to be able to monitor the
potential effects of OTC-HCl on plankton species, macroinvertebrates and ecosystem parameters.
The use of microcosms was chosen because it allows monitoring of direct effects, indirect effects,
recovery and community response while still being replicable (Brock et al., 2004; Van den Brink et al.,
2005; Daam et al., 2008).
1. Experimental design
OTC-HCl was introduced into microcosms at six different treatment regimes:
C0:
C1:
C2:
C3:
C4:
C5:

Control treatment
0.003 mg/L
0.03 mg/L
0.3 mg/L
3 mg/L
30 mg/L

(n=5)
(n=3)
(n=3)
(n=3)
(n=3)
(n=3)

OTC-HCl was introduced in a single pulse, simulating bath applications in aquaculture systems (cages)
and potential discharges from pond systems. Recommended maximum dosage for aquaculture bath
treatment is 20 mg/L per day during a period of 7 days. Aquatic ecosystems (drainage canals adjacent
to aquaculture pond system) are expected to receive effluents with a concentration of 3.2 mg/L1. A
study by Phong et al. (2009) shows that this might be an overestimation for a situation where the
antibiotic is applied within the feed. Their dissolved fraction reaches almost 5 mg/L within the fish
pond when feeding for 5 days with antibiotic enriched feed at a dose of 4 g/m3.
In this experiment the cosms were uncovered to make sure that the processes resulting from rain,
sun and gas exchange were not hampered. This is directly related to the research question in which
the influence of tropical circumstances was to be investigated. Data of a meteorological station in
Samutprakarn province were used to find relations between measured parameters and weather
influences.

1

Concentration of OTC-HCl in the pond: A fish density of 40 fish/m3, with an adult weight of 800 grams, yields 32 kg fish/m3.
The recommended application is equal to 200 mg product/kg fish/day or 100 mg OTC-HCl/kg fish/day, during a period of 10
days. This yields a post-treatment concentration in the pond of 32 mg OTC-HCl/L (C5). Degradation, sorption to sediment,
and bioaccumulation and biotransformation in fish are not taken into account (worst-case). A factor of ten is applied to take
into account the dilution by the receiving water body after discharge.
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2. Test units
The experimental units were 20 outdoor microcosms (diameter: 80 cm, depth: 50 cm, material: glass
fibre) placed on a plot of 3.5 by 10 meter. The water volume of a microcosm was approximately 200 L
(at a water depth of 40 cm). Each microcosm contained approximately 3 cm of clay sediment
collected from the shore of a mesotrophic water reservoir dominated by fish. Thereafter, the cosms
were filled with water from the same reservoir. Extra phytoplankton and zooplankton was collected
from the unpolluted AIT canal used by Daam et al. (2008) and was introduced in similar proportion in
the cosms. It was expected that the biocenosis established in the microcosms was similar to the one
used in the studies of Daam and therefore his previous taxonomic identification of plankton would
help in the further identification of species in the present study. The microcosms were stocked with
phytoplankton and zooplankton one month before the treatment. Water was exchanged randomly
between cosms for homogenization of the plankton and invertebrate communities before treatment.
An extra addition of N and P was provided to induce algal blooms in the concentrations of N: 1.4
mg/L and P: 0.18 mg/L biweekly during the whole experimental period. To this end, portions of 64
mg of NPK fertilizer (12-24-12 % of N-P-K respectively) were added in dissolved form to each of the
microcosms. The same holds for the nitrogen fertilizer (46% N), that was however applied in batches
of 97 mg.
This was done four times every two weeks, with three or four-day intervals, in order to reach the N
and P concentrations (N: 1.4 mg/L and P: 0.18 mg/L) recommended by Daam and Van den Brink
(2011).
3. Application of test substance
Stock solutions of OTC-HCl (Better Pharma, purity of 50%) were made with approximately 1 litre of
cosm water and were poured onto the surface water from lower to higher concentrations to avoid
cross-contamination. Subsequently, the water layer was mixed by means of a wooden stick in order
to promote a homogeneous distribution of the test substance over the water layer. Mixing was
performed carefully in order not to disturb the sediment.
4. Measurements
During a period of nine weeks at least one sampling moment was scheduled per week. At each
sampling moment (see Appendix 6) six litres of water were taken from each cosm. This was done
using a Perspex tube to obtain a depth-integrated sample.
Five litres were used for the analysis of plankton. The filtrate was used partially for the OTC analysis.
The remaining plankton filtrate was returned to the original cosms.
Next to the five litres for zooplankton and phytoplankton analysis, another one litre sample was
taken for water quality analysis. Half a litre of this sample was taken for chlorophyll-a analysis. The
filtrate was used for nutrient analysis, together with the remaining 0.5 L of unfiltered water.
1. Water-Quality parameters (WQ):
Nitrite, nitrate, ammonia, total phosphorus, alkalinity and total hardness were measured in the
laboratory of the department of fisheries of Kasetsart University according to the protocols described
in APHA (1995). Dissolved oxygen, temperature and pH were measured at 10 cm depth in the cosms,
using a YSI 550A DO instrument and a YSI pH100 instrument. These parameters were measured
twice, between 8-9 AM and 5-7 PM.
2. Phytoplankton (P)
For the analysis of chlorophyll-a, a sample of a known volume between 300 and 500 mL (until
saturation) was filtrated over a Whatman GF/C filter (pore size 1.2 µm, diameter 47 mm). The
acetone extraction procedure that was followed can be found in APHA (1995). The final result is a
concentration of chlorophyll-a in micrograms per litre.
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For the analysis of plankton species diversity and abundance a water sample of five litres was poured
over a phytoplankton net (21 µm mesh size). The concentrated sample (approximately 120 ml) was
fixated using 16 ml of formaldehyde (37% pure, yielding 4% v/v formaldehyde in fixated sample).
Phytoplankton taxonomy would be determined in a sub-sample of the concentrated sample to the
lowest practical level in the laboratory using a microscope (magnification 400x).
3. Zooplankton (Z)
Macrozooplankton (Cladocerans, Ostracods and Copepods) would be analysed in the same sample as
was taken for phytoplankton, using a binocular with a magnification of 10-60x. It is more common to
take separate samples for zooplankton and phytoplankton. However, after consultation of a
Kasetsart specialist, it was decided to take only one sample with the 21 µm net. This prevents the
generally small tropical zooplankton from escaping. Microzooplankton species (rotifers and nauplii)
would be identified and counted with a microscope using a magnification level of 100-400x. The
weight of both the sample and the subsample would be assessed to determine the proportion of the
sample that would be evaluated in order to calculate the amount of zooplankton present in both
samples. In this way correction would be made for the discrepancy in density of individuals between
the subsample and the original volume. Rotifers and Cladocerans would be identified to the lowest
practical taxonomic level. Copepods would be identified to suborder, and a distinction would be
made between nauplii and more mature stages. Ostracods were not be identified any further.
Subsequently, samples of zooplankton and phytoplankton would be stored at room temperature as a
back-up, in case any reconsideration was necessary.
4. Organic matter decomposition (OM)
The degradation of organic matter was studied using the methods described in Cuppen et al. (2000)
and Daam et al. (2010). Leaves from the banana tree (Musa), collected from the Kasetsart University
campus were submerged in tap water for two days to remove easily soluble compounds.
Subsequently they were dried at 60 °C for 72 h in an oven. A subsample was used to determine the
ratio of weights at 60 °C and 105 °C (24 hour drying). Just before the OTC treatment, 2 grams of Musa
leaves were hung into the cosms at 20 cm depth enclosed by nylon bags. The mesh size of the fabric
was 0.5 mm, large enough for microorganisms to enter (Brock et al., 1982). Three bags were placed
in each cosm and after 14, 28 and 56 days a sample was removed, dried at 105 °C and weighed.
5. Fate (F)
To determine the fate of the compound over time, water and sediment samples were collected.
Water and sediment samples were collected at 1h, 2d, 7d, 14d, 21d, 36d, 42d, 49d and 56d after
treatment.
A subsample from the zooplankton filtrate was used to extract the OTC from the water phase. First
the SPE columns (Oasis HLB/3cc/60mg LP Extraction cartridges) were activated with 3 ml of methanol
(99.8%). Subsequently 2 ml of distilled water was pushed through the column to rinse it. Ten
millilitres of cosm water were used as sample volume for the three lowest concentrations (including
the control) and 2.5 millilitres for the three highest levels.
SPE columns were stored at -20 °C and transported to Wageningen by the end of the experiment.
Water samples were analyzed with high performance liquid chromatography according to the
method described by Himmelsbach and Buchberger (2005).
Sediment samples were collected with a Perspex tube and brought to the laboratory. The top layers
(1.5cm) were stored in leak tight bags at -20 °C until analysis would take place in Wageningen,
according to Andreu et al. (2009).
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6. Macroinvertebrate community
The composition of the macroinvertebrate community was monitored using pebble baskets (one per
cosm), as is originally described in Brock et al. (1992), but which is however also used by Cuppen et
al. (2000), Daam et al. (2009b) and Daam and Van den Brink (2011). The baskets were placed on the
sediment. During lifting of the basket a net was used to prevent invertebrates from escaping from
the pebble basket. Counting of the organisms and identification up to family level was done outside
the cosms by washing the pebble baskets in a separate bucket. The invertebrates were returned to
their original cosm once counted. Pebble baskets were also returned to their original cosm. Daam
and Van den Brink (2011) described that the knowledge on invertebrates taxonomy from the tropical
region is rather limited or not easily available, which made the identification to a species level
difficult. Furthermore, it must be noted also that in some cases it was not possible to identify
differences between species in the field and therefore no counts on the species level could be made.
7. Periphyton (Peri)
Periphyton community colonization and growth was monitored making use of the methods as
described in Daam et al. (2008), who base their techniques on the set-up of Van Dijk (1993). At day 0
fifteen microscope slides were hung in each cosm. At three points in time, 5 microscopic slides were
taken from each cosm. This was done at day +14, +36 and +56. Periphyton was removed from the
slides with a brush and the total amount of chlorophyll-a was determined, with the same method as
was used for phytoplankton.

5.3 Acute toxicity tests
Acute toxicity tests were performed in a laboratory with five concentration levels plus an untreated
control. Treatments were in principle evaluated in triplicate. Ten individuals were added to each of
the 18 glass containers. The containers were filled with filtered water from the same mesotrophic
pond as was used for the microcosm experiment, in order to mimic the natural conditions at best.
Filtration is important because of the tendency of OTC to bind to suspended matter (Hirsch et al.,
1999). A water sample of the grafted containers was taken at the start and end of the 48 hours
exposure period. The amount of OTC that was present in the sample was extracted by an SPE
column. High performance liquid chromatography (HPLC) analyses would be carried out in
Wageningen to determine the final concentrations of OTC in the water sample according to the
method described in Himmelsbach and Buchberger (2005).
OECD guidelines on prescribed endpoints and methodologies are available for Daphnia magna and
were adapted (OECD, 1984). In the present study, effects on Chironomids, Macrobrachium
lanchesteri, Branchinella Thailandensis and Notonectidae were studied using laboratory tests that
lasted for 48 hours. The test species were obtained from different sources (Table 4). Eighteen glass
containers of 1 litre were rinsed with soap and tap water. They were subsequently filled with filtered
water and 10 animals. Oxygen was provided via glass Pasteur-pipettes connected to two aquarium
pumps. Temperature, pH and DO-levels were measured directly after addition of the required
amount of stock solution containing the antibiotic and also at the end of the experiment. Dead
individuals were counted and removed after 24 and 48 hours.
Table 4. Test level and source of organisms used for the acute toxicity tests. A final test includes
measurements of abiotic parameters and antibiotic concentrations.
Species name
Chironomids
Macrobrachium lanchesteri
Branchinella Thailandensis
Notonectidae

Test level
Pre-test
Pre-test and final test
Pre-test
Pre-test

Source
Chatuchak market, Bangkok
Chatuchak market, Bangkok
Culture farm, Latburi
Outdoor tanks, KU, Bangkok
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Normally, a range-finding, or pre-test, is done to find out how sensitive organisms are to a test
compound. Without the pre-test it would be possible that the reaction of the organisms to
oxytetracycline is much too strong or too weak. Furthermore, a detailed test over the whole range
consumes too much time and resources. A pre-test is also useful to investigate how the testorganisms acclimatise to the lab environment and how their survival is without the chemical stressor.
Due to time constraints some pre-tests will serve as only data source because no subsequent final
tests could be done.
Literature was considered to establish a first concentration range for the pre-test. Looking at the US
EPA ECOTOX Database (US EPA, 2010), it is clear that there is only limited data on the toxicity of OTCHCl on freshwater invertebrates. Regarding fresh- and saltwater species, cyanobacteria turn out to
be most sensitive among the few species tested, with effect concentrations varying from 0.1 mg/L to
7 mg/L depending on the species and exposure period. Ando et al. (2007) show almost similar
results, as can be seen in Table 17 in the appendices. The lowest LOEC available in the ECOTOX
database for OTC is 25 µg/L, the lowest EC50 is calculated being 0.17 mg/L, while the lowest LC50 is 25
mg/L and the highest LC50s are calculated to be higher than 800 mg/L.
The highest sensitivity for cyanobacteria could be expected based on the fact that cyanobacteria
show resemblance in evolutionary origin and cell structure (both prokaryotes) with bacteria, the
principle target of OTC-HCl (Van der Grinten et al., 2010).
These effect-concentrations are assessed for different organisms and using different endpoints than
in our study, so comparison is difficult. Based on the available data, however, the concentration
range for a pre-test was 0, 5, 25, 75, 250 and 500 mg/L
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5.4 Statistics and data analysis
Microcosm experiments deliver big data sets. The Williams test (Williams, 1972) was used to
determine whether or not a treatment effect on single endpoints differs significantly from the
control. The Shannon index (Shannon, 1948) was used to capture the community response of the
macroinvertebrates. The outcome was compared to a Principle Response Curve (PRC) that was
performed to find the dominant components that explain the largest part of the variation in the data
set.
5.4.1 Univariate analysis
The Williams test is an ANOVA based test that assumes an increasing effect with an increasing dose.
While it allows the researcher to find all concentrations that differ significantly from the control, it
thus also allows to see which is the highest treatment without an effect, and thus by definition the
NOEC (Van den Brink et al., 1996). For all tests, significance was accepted at p ≤ 0.05 and they were
performed with Community Analysis, version 4.3.08, a computer program developed by Hommen et
al. (1994).
The Shannon-index can be used to express the biodiversity of an ecosystem as a single value. It is
based on the idea that a high biodiversity exists when species are equally distributed. Species counts
are converted to relative abundances within the ecosystem, and subsequently the outcomes are
multiplied by their own natural logarithm. The results of these products are generated per species
and summed. The sum multiplied by minus one is then the Shannon index:

i = species
s = total amount of species
ni = count for species i in ecosystem
N = total amount of individuals in ecosystem
5.4.2 Multivariate Analysis
Multivariate analysis is used to find patterns in big data sets. Ordination is a form of multivariate
analysis that maximises the differences in species composition between samples in the data set.
Principle Component Analysis (PCA) is a form of ordination in which an imaginary multidimensional
data cloud is, generally, reduced to two dimensions. The first principle component is responsible for
the largest amount of variation within the data set. This variation is then called eigenvalue (Van
Breukelen and Brock, 1993). The second component is independent of the first component, because
it is responsible for the largest part of the remaining variation. It forms two dimensions together with
the first principle component.
A constrained analysis focuses on that part of the variation in the data cloud that a researcher is
interested in. It takes the first principle component out of this variation. The constrained version of
PCA is called Redundancy Analysis (RDA) (Van den Brink and Ter Braak, 1999 and references therein).
Figure 4 illustrates this in a simplified form. The analysis of the macroinvertebrate dataset is done by
a Principle Response Curve (PRC), which is a special case of RDA. In PRC the product of time and
treatment is introduced as explanatory variables and time as a covariable. The former is done
because the concentration of stressor in the cosms (treatment) changes in time and the latter is done
to be able to display the developments in the model ecosystems in time, without the influence of
time itself.
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Figure 4. The principle of an RDA visualised. In an RDA one derives components out of a specific part
of the total variance. In case of a PRC for microcosms, variation A can represent variation in time,
variation B in replicates and variation C in treatment.

The PRC makes use of the following formula (literally from Van den Brink and Ter Braak, 1999):
yd(j)tk = y0tk + bkcdt + εd(j)tk
yd(j)tk
y0tk
bk
cdt
εd(j)tk

the abundance of species k in replicate mesocosm j of treatment d at time t,
the mean abundance of species k at time t in the control (d = 0),
the species weight, the regression coefficient for species k with respect to the sample scores,
the sample score of sample i on the latent variable (principal component),
an error term with mean zero and variance.

This means that the complex data set is reduced to a matrix of the parameter “yd(j)tk”. This is a value
composed of a reference value from the control, a component “bkcdt” describing the deviation from
the control and an error term. The deviation is a function of a species weight “bk” and the principle
component “cdt”. The first principle component captures the largest part of the deviation from
control, but not every species may show a similar response on the basis of this principle component.
This is expressed in the species weight, which shows whether a species’ abundance is in agreement
with the general trend for all species.
So the formula simplifies the data set by finding the most important component that shows the
largest possible part of the treatment variation. If all components with their species weights would
be summed, then the original data set would be complete again. This would however deliver an
‘endless’ list of numbers and graphs and that is why only the most important components are
analysed. Using Monte Carlo permutation tests, it can be tested if the first principle component is
significantly different from the other components and thus whether it is valid to base conclusions on
analysing this component.
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The Monte Carlo analysis is based on building a reference distribution of the test statistic by
permuting the treatment over the samples. After this the whole PRC is repeatedly regenerated, until
a distribution of the results is gotten. Based on this distribution one can see whether the original
sampling is an extreme, compared to a random distribution. An extreme case may point to a
significant effect in the experiment. Extreme is an arbitrary term, but in general the top five per cent
is considered significant, i.e. p ≤ 0.05. A NOECcommunity is determined per sampling date by applying
the Williams test to the first principle components generated by a PCA.
A Detrended Correspondence Analysis (DCA) was performed to confirm the legitimate use of the
linear PRC technique. In ecotoxicological experiments a linear response is expected based on
increasing effects at increasing concentration levels and limited variation in abiotic circumstances
(Van Wijngaarden et al., 1995). The length of gradient describes whether the species are sampled in
a part of their reaction to environmental parameters that is expected to show a linear or unimodal
response. The basics of this idea are elegantly explained and illustrated in Van Wijngaarden et al.
(1995).
All ordination analyses were performed with the computer program CANOCO (version 4.50). Before
using the species counts of the invertebrates, the numbers were log normally transformed to
account for exponential patterns that are inherent to population dynamics (Van den Brink and Ter
Braak, 1999). The data is Ln(Ax+B) transformed where “x” is the species count, “B” is equal to one to
avoid the natural logarithm of zero and “A” is chosen in such a way that “Ax” makes 2 for the lowest
abundance value above zero. In this way “A” is a correction factor that enables standardisation for
sample size (prevent discrepancies between e.g. one litre and two litre samples) (Van den Brink et al.,
2000).
5.4.3 Species Sensitivity Distribution
SSDs are cumulative S-shaped graphs that express a potential affected fraction of a community. This
fraction is displayed on the y-axis and the concentration of toxin is plotted on the x-axis. An SSD is
generated by plotting a ranked and normalised position based on the species’ EC50 as y-component,
and the actual concentration of the corresponding EC50 plotted on a log-scale as an x-component. In
order to be able to relate the findings of this study to other studies and to place the results in a
bigger perspective, SSDs were constructed using short-term EC50 values from, amongst others,
publications in the ECOTOX database (US EPA, 2010). The SSDs were constructed with the ETX 2.0
program (Van Vlaardingen et al., 2004).
Two SSDs were constructed; one for cyanobacteria/green algae and one for
macroinvertebrates/zooplankton. Data of cyanobacteria are mostly retrieved from a study by Ando
et al. (2007) who used a six day exposure period to investigate growth effects. Data from the ECOTOX
database (M. wesenbergii, S. Capricornutum and C. vulgaris) were added. For macroinvertebrates a
less consistent data set is available, so a selection was made in which fresh- and saltwater organisms
were combined, for an exposure period up to seven days, with end points of reproduction,
immobility and mortality. Multiple data points for a species were combined using a geometrical
mean.
According to Newman et al. (2000) and Wheeler et al.(2003) the amount of tested species influences
the reliability of a constructed SSD and therefore they advise to use sample sizes of minimal 10-15
species. The authors also mentioned other standards, 5 species according to the OECD and 4-8
species according to Baker (1994). In this thesis eight species was kept as a target because of limited
availability of toxicity data for the studied antibiotic.
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6. Results
All sampling days mentioned are expressed relative to the application moment (with day zero as the
day of application). Data points that differ significantly (p < 0.05 for Williams test) from the control
are indicated with an asterisk.

6.1 Microcosm experiment
6.1.1 Abiotics
Temperature
Water temperature differed only very little between treatments (Figure 5), although a considerable
amount of the differences was still significant, as can be seen in Table 7. Temperatures in the
morning started around 30 °C and decreased gradually to a minimum of 24 °C at day +36. An increase
of about 2.5 °C took place in the following 20 days. Trends in morning and afternoon followed each
other quite well, except for a dip in the afternoon temperature at day +7. Afternoon temperatures
lay around 32 °C as a maximum and close to 26 °C as a minimum.

Temperature
34,00

32,00

Control morning

30,00

0.003 mg/L morning
Temperature (°C)

0.03 mg/L morning
28,00

0.3 mg/L morning
3 mg/L morning
30 mg/L morning

26,00

Control afternoon
0.003 mg/L afternoon
0.03 mg/L afternoon

24,00

0.3 mg/L afternoon
3 mg/L afternoon
30 mg/L afternoon

22,00

20,00
-8

-4

-1

+2

+7

+14

+21

+28

+36

+42

+49

+56

Sampling day

Figure 5. Results of temperature measurements in the morning and afternoon.
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Dissolved Oxygen
The amount of oxygen was significantly higher for the cosms of 30 mg/L on the three sampling days
preceding treatment (Figure 6). The amount of dissolved oxygen dropped in all treatment levels
(including control) after treatment, but the decline of oxygen in the cosms with 30 mg/L was very
obvious and significant, with a decrease to just below 1 mg/L. The tanks of the highest treatment
needed almost three weeks to return to normal oxygen levels. A general drop of 4 mg/L of oxygen
was visible for all systems in the last three weeks of the experiment.
Dissolved Oxygen morning
12

10

*

*
8

Control

O2 (mg/L)

*

0.003 mg/L
0.03 mg/L

6

0.3 mg/L
3 mg/L
30 mg/L

4

*
* *
2

*
*
0
-8

-4

-1

+2

+7

+14

+21

+28

+36

+42

+49

+56

Sampling day

Figure 6. Results of dissolved oxygen measurements in the morning in mg/L.
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A comparable response can be observed in Figure 7 for the amount of dissolved oxygen that was
measured in the afternoon of each sampling day. The same elevated start concentration and a
similar decrease after treatment are visible for the 30 mg/L treatment, but the drop in the last three
data points was absent.
Dissolved Oxygen afternoon
18

16

14

*

O2 (mg/L)

12

10

*

*

Control
0.003 mg/L
0.03 mg/L

8

0.3 mg/L
3 mg/L
6

*

30 mg/L

*

4

2

*
0
-8

-4

-1

+2

+7

+14

+21

+28

+36

+42

+49

+56

Sampling day

Figure 7. Results of dissolved oxygen measurements in the afternoon in mg/L.
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pH
A trend similar to that noted for the morning oxygen levels is visible in Figure 8 for the pH
measurements performed in the morning; a decline after treatment and a peak at day +36 and +42.
Differences compared to the control were however not significant after treatment, although a clear
non-significant decrease in pH was seen for the highest treatment levels. From day +2 onwards pH
started to increase again, ending 2 or 3 units higher.
pH morning
10,50

10,00

* 0.03/0.3/3/30 mg/L

9,50

pH

9,00

8,50

Control
*

0.003 mg/L
0.03 mg/L
0.3 mg/L
3 mg/L
30 mg/L

8,00

7,50

7,00
-8

-4

-1

+2

+7

+14

+21

+28

+36

+42

+49

+56

Sampling day

Figure 8. Results of pH measurements in the morning.
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Where the graph of pH in the morning showed comparable trends as oxygen in the morning, the
same is true for the afternoon observations for pH and oxygen, with a significant decrease in the
measured afternoon pH values in the highest treatment level. pH levels in the afternoon were higher
than for the morning, with values approaching or exceeding 10 for the last days (Figure 9).
pH afternoon
11,00

10,50

10,00

pH

* C5

9,50
Control
0.003 mg/L

9,00

0.03 mg/L
0.3 mg/L

*

8,50

3 mg/L
30 mg/L

8,00

*

7,50

*
7,00
-8

-4

-1

+2

+7

+14

+21

+28

+36

+42

+49

+56

Sampling day

Figure 9. Results of pH measurements in the afternoon.
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Alkalinity
No large fluctuations in alkalinity were observed during the course of the experiment, as observable
in Figure 10. Most data points were in the range of 8 to 14 mg/L. Values were remarkably similar at
day -1 (approximately 11.5 mg/L) and the alkalinity was a little, though significantly, elevated
between day +7 and +21 for the highest treatment level.

Alkalinity
18
16
14

*

CaCO3 (mg/L)

12

*
Control

10

0.003 mg/L
0.03 mg/L

8

0.3 mg/L
6

3 mg/L
30 mg/L

4
2
0
-8

-1

+2

+7

+21

+36

+49

Sampling day

Figure 10. Results of the alkalinity measurements in mg/L.
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Hardness
A gradual decrease in hardness can be seen in Figure 11. Levels drop for all treatments to
approximately 50% of the starting values, which were between 120 and 140 mg/L, with the decline
being a little lower for the majority of the treated cosms on days +7 and +21. Concentrations are
again a little elevated towards the end (roughly 20 mg/L extra).

Hardness (EDTA)
180
160
140

CaCO3 (mg/l)

120
Control

100

0.003 mg/L
0.03 mg/L

80

0.3 mg/L

60

3 mg/L
30 mg/L

40
20
0
-8

-1

+2

+7

+21

+36

+49

Sampling day

Figure 11. Results of the hardness measurements in mg/L.
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Ammonia
The general ammonia trend was a decrease over time from above 1 mg/L towards concentrations
below 0.2 mg/L (Figure 12). Very obvious however were the significant lower concentrations of
ammonia for the cosms of the two highest treatments at day -1. A significant increase was observed
for the 30 mg/L treatment on day +7. The low concentrations at days -8, +21 and +49 were caused by
very low absorption values in the spectrophotometer, which turned into negative concentration
values when converted with the standard curve of ammonia. This was corrected for by setting these
values to zero.

Ammonia
1,4
1,2

NH 3 (mg/L)

1
Control

*

0,8

0.003 mg/L
0.03 mg/L

0,6

0.3 mg/L

*

3 mg/L

0,4

30 mg/L

0,2
*

0
-8

-1

+2

+7

+21

+35

+49

Sampling day

Figure 12. Results of the ammonia measurements in mg/L.
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Nitrite
A relatively constant nitrite concentration until day +21 for the 30 mg/L treatment was in contrast to
the other treatment levels, which were scattered between 0.06 and 0.01 mg/L before treatment and
which showed a stable decline after treatment to 0.01 mg/L and lower. The highest treatment level
showed an elevated nitrite concentration at day +7 and +21, of which the latter was significant
(Figure 13).

Nitrite
0,07

0,06

NO2 (mg/L)

0,05

0,04

Control

*

0.003 mg/L
0.03 mg/L

0,03

0.3 mg/L
3 mg/L

0,02

30 mg/L

0,01

0,00
-8

-1

+2

+7

+21

+36

+49

Sampling day

Figure 13. Results of the nitrite measurements in mg/L.
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Nitrate
The two peaks of 0.3 mg/L and 3 mg/L treatments at day +2 were exceptions from the stable and low
(below 0.15 mg/L) nitrate concentrations that were observed for all treatments (Figure 14). On day
+49 the 0.03 mg/L and 30 mg/L treatment were significantly lower than the control.

Nitrate
0,35
0,3

NO3 (mg/L)

0,25
Control

0,2

0.003 mg/L
0.03 mg/L

0,15

0.3 mg/L
3 mg/L

0,1

30 mg/L

0,05

**
0
-8

-1

+2

+7

+21

+36

+49

Sampling day

Figure 14. Results of the nitrate measurements in mg/L.
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Ortho-phosphate
Two significant increases in ortho-phosphate concentrations were found for the two highest
treatment levels at day +2, while a slight increase at day +21 of the highest treatment was also
significant at 0.015 mg/L. Most other levels were below 0.01 mg/L (Figure 15).

Phosphate
0,030
**
0,025

PO4 (mg/L)

0,020
Control

*

0.003 mg/L

0,015

0.03 mg/L
0.3 mg/L
3 mg/L

0,010

30 mg/L

0,005

0,000
-8

-1

+2

+7

+21

+36

+49

Sampling day

Figure 15. Results of the ortho-phosphate measurements in mg/L.
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Fate
Sediment samples and SPE extraction columns are still to be analysed.
6.1.2 Biotics
Phytoplankton and zooplankton samples are still to be analysed.
Chlorophyll-a
A peak in chlorophyll-a concentrations at day -1 for 0.003 mg/L and two peaks for the two highest
treatments at day +7 are followed in Figure 16 by the increase in chlorophyll-a concentrations of the
control, 0.3 mg/L and 3 mg/L treatments up to averages above 50 µg/L.
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+7

+14
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+36
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+49
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Figure 16. Results of the chlorophyll-a measurements in µg/L. Data point [d +21,3 mg/L] differs also
significant from the control.
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Periphyton
In general a decrease in the amount of periphyton biomass, as indicated by its chlorophyll-a content,
in time is visible in Figure 17, except for the 0.003 mg/L treatment, which showed an elevated
amount at the last sampling day. There were no significant deviations from the control, despite the
fact that the concentrations ranged from 0.1 to 0.4 µg/dm2 .

Periphyton
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0.03 mg/L

0.3 mg/L

3 mg/L

30 mg/L

Figure 17. Results of the periphyton measurements in µg chlorophyll-a/dm2.
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Organic matter decomposition
Between day 0 and day+14 already 30 to 40% of the banana leaves in the litter bags was
decomposed. Only the 30 mg/L treatment showed a significantly lower decomposition with an
approximate degradation of 20%. This significant difference was not visible anymore at day +28,
when about 50% was degraded. After +56 days a decomposition average of about 90% was reached
in all cosms (Figure 18).
Decomposition of Organic Matter
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0.003 mg/L
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0.3 mg/L

3 mg/L

30 mg/L
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Figure 18. Results of the decomposition measurements. Percentage of the initial weight that was
decomposed is shown.
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Shannon-index
The Shannon index for macroinvertebrates showed a general decline at days +7, +14 and +21 (Figure
19) to values around 1.0, except for the 30 mg/L treatment, that showed a significant drop at day +7
to 0.5 and a subsequent increase at days +14 and +21.
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Figure 19. Shannon-index for each sampling moment, displayed per treatment.
PRC Analysis
The results of the original PRC analysis showed a different response for the highest treatment,
compared to the other treatment levels. A NOECcommunity of 3 mg/L for day -1 indicated also that the
cosms of the highest treatment differed already from the other cosms before application. The same
holds true for the DO levels, which were significantly higher before treatment. That is why results are
presented separately for the highest treatment. The legitimate use of a PRC was confirmed by a
length of gradient of 2.3.
Figure 20 shows the PRCs resulting from the analysis of the macroinvertebrate dataset on the left
and corresponding species weights on the right. The PRC curves display the effects of the all but
highest OTC treatments. Twenty-three per cent of all variance could be attributed to the sampling
date; this is displayed on the horizontal axis. Twenty-five per cent of all variance could be attributed
to treatment level, 28% of which is displayed on the vertical axis. The lines represent the
development of the treatments in time. The species weight (bk) can be interpreted as the affinity of a
taxon with the Principal Response Curves (cdt). A Monte Carlo permutation test indicated that the
treatment explained a significant amount of the total variance (p = 0.012) of which a moderate
significant part is displayed in the diagram (p = 0.066).
All treatment lines show a decreasing trend, to an approximate minimum of -0.8 for 0.03, 0.3 and 3
mg/L. A more acute effect was visible for 0.3 mg/L and 3 mg/L. All treatments seemed to recover,
although fluctuations remained visible from day +36 onwards. The species weights of the PRC in
Figure 20 show a relatively high affinity for Physidae and Naididae/Lumbriculidae (above 1). Baetidae
and Libellulidae show opposite weights below -1.
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Figure 20. PRC diagram for all but the highest treatment (left) and corresponding species weights
(right).
Table 5 shows the results of Monte Carlo permutation tests and the results of the Williams test on
the first PCA scores. The latter allowed determination of a NOECcommunity for each sampling date. The
Monte Carlo tests evaluated the significance of the effects of the all but highest treatments on the
composition of the macroinvertebrate community. Important is the significant effect on the first
three sampling dates after application, with corresponding NOECs of 0.03 mg/L and 0.003 mg/L.
Table 5. Results of Monte Carlo permutation tests for all but highest treatments and the results of
NOECcommunity determination. An asterisks indicates significance at p < 0.05.
day
P-value NOEC (mg/L)
-1
0.300
+2
0.006*
0.03
+7
0.012*
0.03
+14
0.028*
0.003
+21
0.189
0.003
+28
0.221
+36
0.005*
0.03
+42
0.025*
+49
0.090
+56
0.423
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Figure 21 shows the PRC resulting from the analysis of the macroinvertebrate dataset on the left and
corresponding species weights on the right. The PRC curve displays the effects of the highest OTC-HCl
treatment. Thirty per cent of all variance could be attributed to the sampling date; this is displayed
on the horizontal axis. Fifteen per cent of all variance could be attributed to treatment level, 42% of
which is displayed on the vertical axis. A Monte Carlo permutation test indicated that the treatment
explained a significant amount of the total variance (p = 0.018) of which a significant part is displayed
in the diagram (p = 0.018). Large disagreement with the general trend of 30 mg/L is visible for
Chironomidae and Baetidae with bk values of -1.67 and -2.10 respectively.
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Figure 21. PRC diagram for the highest treatment (left) and corresponding species weights (right).
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Table 6 shows that when the effects of the highest treatment on the composition of the
macroinvertebrate community were evaluated, there was only one data point significant at day +14.
Table 6. Results of Monte Carlo permutation tests for the highest treatment.
Day
P-value
-1
0.412
2
0.130
7
0.227
14
0.018*
21
0.094
28
1.000
36
0.271
42
0.487
49
0.113
56
0.128
Table 7 shows the matrix of all NOECs of the measured parameters as discussed in the previous
paragraphs. Important is the significant elevated DO in the cosms belonging to the highest treatment
compared to the other cosms on day -8, -4 and -1, one of the reasons for splitting the PRC analysis in
two.
Table 7. NOEC-matrix for all ecosystem parameters. [NM]: not measured, [>]: NOEC is higher than 30
mg/L, []: a significant increase or decrease compared to the control.
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Abundance plots
A drop in number of Baetidae is visible for the highest treatment level in
Figure 22. A comparable drop, although delayed, can be seen for 3 mg/L. Declining trends can be
seen for all treatments around days + 36 and +42. Large fluctuations provide a rather scattered
image and no clear trends are visible.
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Figure 22. Geometrical mean of abundance per treatment level for Baetidae.
All treatment levels, including control, show a decline in
Figure 23, where the abundance of Notonectidae is displayed. The sharpest drop, almost to zero, can
be observed for the 30 mg/L treatment. There is no recovery to initial numbers within the sampling
period.
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Figure 23. Geometrical mean of abundance per treatment level for Notonectidae.
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A very low abundance with two interesting significant high extremes at day +14 and +21 is shown for
the highest treatment level for Chironomidae by Figure 24.
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Figure 24. Geometrical mean of abundance per treatment level for Chironomidae.

The gradual increase of Physidae individuals is displayed by Figure 25. Fluctuations are considerable.
A drop, with subsequent recovery, is visible for the highest treatment.
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Figure 25. Geometrical mean of abundance per treatment level for Physidae.
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The number worms in the cosms is very variable, without any clear treatment-related effects, as is
illustrated by the abundance plot of Naididae/Lumbriculidae in Figure 26.
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Figure 26. Geometrical mean of abundance per treatment level for Naididae/Lumbriculidae.
Only the most interesting graphs were shown. The Williams test was, however, used to calculate a
matrix of NOECs all the individual species at all dates. The results are displayed in Table 8. The
relative high abundance of Notonectidae and Libellulidae on day +2 is also seen in the high bk value
of the PRC in Figure 21.
Table 8. NOECs on species level. [>]: NOEC is higher than 30 mg/L, []: a significant increase or
decrease compared to the control.
Order
Ephimeroptera
Hemiptera
Odonata
Basommatophora
Coleoptera
Diptera
Hemiptera
Basommatophora
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Baetidae
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Physidae
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Pleidae
Planorbidae
Naididae/
Lumbriculidae
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6.2 Acute test
Unfortunately, a general observation for all five acute tests with Macrobrachium, Chironomids,
Branchinella and Notonectidae was that the mortality in the controls was higher than 10 or 20%
(Tables 10-14, Appendix 2). In some situations even as high as 90% after 48 hours. Despite that, the
mortality of 100% for Notonectidae in the two highest treatments was evident (Table 14, Appendix
2). There was only one full-scale test. The results from the measurements of abiotics in that trial with
Macrobrachium can be found in Appendix 3. A decrease of pH by approximately two units is visible
for the highest treatment as compared to the control.

6.3 Species Sensitivity Distributions
The construction of SSDs resulted in HC5s of 0.051 mg/L and 1.586 mg/L and HC50s of 0.846 mg/L and
54.46 mg/L for phytoplankton and invertebrates respectively (Table 9). The data points justified the
use of a log-normal distribution. The input values and output can be found in Appendix 5. The SSDs
are combined in one graph in Figure 30, Appendix 8.
Table 9. Main findings resulting from SSD construction.
SSD Phytoplankton
SSD Invertebrates
HC5
HC5
0.051 (mg/L)
1.586 (mg/L)
HC50
0.846 (mg/L)

HC50
54.460 (mg/L)
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7. Discussion
7.1 Microcosm experiment
7.1.1 Abiotics
All following descriptions of biotic and abiotic observations are related to their mutual interactions. It
is difficult to relate them to external influences, especially if the externals are not monitored. In
Appendix 7, however, the precipitation is displayed for the experimental period. The rainy days
between day +7 and +21 might have influenced the alkalinity, hardness and ammonia concentrations
by dilution (decreasing trends in that period, Figures 10, 11 and 12). In the following discussion the
emphasis is laid on interactions between endpoints measured in the cosms.
Temperature
An explanation of the significant differences in temperature, especially in the morning (Figure 5), is
that it takes approximately half an hour to measure all 20 temperature values (which is done in
combination with dissolved oxygen). During this time the sun is rising and warms up the cosms. The
significant effect compared to control may exist because the temperatures are measured from the
control upwards and therefore the controls are relatively cool compared to the rest.
Peaks and dales are most probably related to cloud cover, thus sunshine, combined with the water
depth in the cosms. Unfortunately no data on these parameters is available.
Dissolved Oxygen
The major drop in dissolved oxygen levels in the highest treatment levels (Figures 6 and 7) could have
several causes. One of them could be that the addition of the antibiotic introduces an organic
compound that can be oxidized. The magnitude of this effect can be calculated based on the
theoretical oxygen demand for complete aerobic breakdown of the organic substance, the so called
Theoretical Oxygen Demand (ThOD, Baker et al., 1999). This yields the following calculation for OTCHCl:
C22H24O9N2+ 22 O2 22 CO2 + 9 H2O + 2 NH3
NH3+ 2 O2 NO3- + H2O + H+
This means a consumption of 24 moles O2 per mole OTC. An addition of 30 mg/L equals 0.0604
mmol/L OTC-HCl. This amount consumes 1.4490 mmol/L of oxygen. That is 46.4 mg O2/L.
It is obvious that this amount cannot be consumed immediately because the water phase does not
possess such an amount of oxygen. It can however be replenished in the meantime by diffusion from
the air and by production from photosynthesis. It has to be considered as well that the breakdown of
organic compounds is a gradual process. This means the demand will not come all at once.
Furthermore, the half-life of the compound based on other processes like hydrolysis and photolysis
might be of importance. Boonsaner and Hawker (2010) provide a short, though in-depth,
introduction in the fate of OTC in the environment. It is a very complicated situation, depending on
temperature, hardness, pH, light and available surfaces or tissues to adhere to. Doi and Stoskopf
(2000) investigated these factors and concluded that the major decomposing factor for OTC is light. It
is difficult to translate the separately investigated factors to the complex matrix of field conditions.
This is illustrated by a review from Arthur et al. (2000) showing an overview of studies on the half-life
of OTC in sediments, giving a range from 9 to 419 days. An experiment investigating aqueous
concentrations under sunny field conditions is performed by Xuan et al. (2010) showing a half-life of
OTC in the water phase of 0.19 d.
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This half-life can however not be transferred ‘one-on-one’ to the present microcosm experiment. The
half-life in the current set-up might even be shorter because of a more alkaline situation, the
presence of multiple divalent ions, higher temperatures and, most likely, a higher light intensity
related to the lower latitude of the location of the present study (for rationale see Xuan et al., 2010).
The latter could however be compensated by an increased turbidity in the start-up of the
experiment. The question remains however if the photolysis as observed by Doi and Stoskopf (2000)
and Xuan et al. (2010) will affect the oxygen demand, especially because Campos et al. (2001)
showed that the total amount of Dissolved Organic Carbon is not influenced after breakdown of OTC
(observed colour change and absence of antibiotic activity) during their experiment.
Resuming, it has become clear with this calculation and the afore mentioned sources that the ThOD
of OTC-HCl cannot be ignored without further investigations.
A second explanation for the oxygen drop is a direct toxic effect of the antibiotic to cyanobacteria or
algae, leading to reduced photosynthesis and an extra amount of dead organic matter, that
consumes oxygen during breakdown. Ando et al. (2007) investigated the direct toxicity of OTC-HCl on
cyanobacteria and they found an EC50 of 0.032 mg/L for Anabaena cylindrica, which means a 50%
growth reduction in a 6 day exposure period. It has to be noted that unfortunately no identification
of phytoplankton in the cosms of the present study is made yet. This makes comparison on species
level impossible. The applied concentrations in the microcosm experiment are high enough to induce
effects based on this data from Ando et al. The same is true for studies from ECOTOX, which indicate
sensitivity for green algae and cyanobacteria at the concentrations applied in this experiment. Wilson
et al. (2004) followed the same reasoning of direct toxicity for an observed reduction in dissolved
oxygen and total phytoplankton abundance in an microcosm experiment with a mixture of four
tetracyclines. Direct comparison with this study is difficult because of their continuous application of
antibiotics during the test period and the parallel use of four compounds.
Another explanation of the reduced oxygen levels is a change in the community of primary
producers. A few days after the application of the compound a green film became visible on the
microcosms of the highest treatment level (illustrated in Appendix 9.) A hypothesis is that this layer
consisted of floating algae or cyanobacteria (Lurling, personal communication). They probably
outcompeted the other primary producers by the light inhibitory effect of OTC-HCl. Unclear is if the
species responsible for the floating layer were eradicated by the OTC application and recolonised
more quickly than other species or that the layer consisted of species that were resistant to the
antibiotic. Once established, the floating layer forms an impermeable boundary for oxygen diffusion
and light, the latter further hampering photosynthesis in lower water layers. From personal
observation was noted that the water turned dark red or brown after about 48 hours. This is also
confirmed by the study of Wilson et al. (2004), where light inhibition was measured for the mixture
of tetracycline compounds.
Summarizing the oxygen depletion can be caused by several effects:
• Oxygen consumption by the breakdown of the antibiotic and dead cells,
• Reduced photosynthesis, due to direct toxicity of the antibiotic,
• Reduced photosynthesis by light inhibition by water colouring and layer formation,
• Reduced diffusion of oxygen due to layer formation.
Based on the foregone discussion the second and third point might be most important in explaining
the oxygen depletion. It remains however unexplained why this is not supported by the
measurements of total chlorophyll-a. The absence of clear effects in chlorophyll-a concentrations
might be caused by a change in community structure of primary producers; an increase of the
floating mass against a decrease of the submerged amount.
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In line with this, Daam et al. (2009a) discussed that effects of the herbicide linuron on the
chlorophyll-a content of periphyton and especially phytoplankton did not always reflect the effects
noted on community level in a microcosm study conducted in Thailand.
In aerated lab-tests and during application in shrimp culturing, the dissolved oxygen levels are
elevated artificially by mechanical aeration and therefore low oxygen levels will not be problematic
stressors for aquatic life in those situations.
pH and Alkalinity
As already observed in the results section, it is visible from the measurements in this experiment that
the pH and oxygen graphs show similar trends, probably because they are linked by the process of
photosynthesis. A reduction in the amount of photosynthesis leads to more dissolved carbon dioxide
and therefore to more carbonic acid. The dissociation of this molecule to bicarbonate, carbonate and
protons will decrease pH and increase the alkalinity. An elevated alkalinity was indeed significant in
the highest treatment level. Therefore a reduced pH and an increased alkalinity can be indicators of a
hampered primary production. This may be a result of the direct toxicity of the antibiotic, as
mentioned earlier.
The pH is however not only indirectly influenced by the addition of the antibiotic. A clear drop of
about two units in pH in the laboratory tests (Table 15, Appendix 3) suggests that the hydrochloride
part of the OTC-HCl complex dissociates and releases hydrogen ions.
A calculation of the pH drop in the laboratory test shows that 500 mg OTC-HCl/L gives an addition of
250 mg OTC-HCl to the 0.5 L vessels. Together with the molecular weight of OTC-HCl (496.6 g/mol)
this yields 0.503 mmol OTC-HCl. This will cause an equal addition of HCl to the solution. HCl is a
strong acid and dissociates completely. The result is a H+ concentration of 1.007 mmol/L . Combined
with an existing pH of 8.35 and an alkalinity of about 10 mg/L this will give:
[H+] = 1.007E-3 + 1E-8.35 – (10/1000)/50 = 8.069E-4 mol/L which relates to a pH of 3.1.
That the actual pH drop is not that big can be caused by an interaction of protons with the OTC
molecule before or after the dissolution. It is not known to the author in which form the
hydrochloride part is bound or mixed with the antibiotic and if the protons become readily available
after dissolution. Besides that, Andreu et al. (2009) make a useful remark regarding the behaviour of
tetracyclines. Due to the various hydroxyl-groups and the presence of a primary amine group, the
molecule can act as zwitterion; containing a positive as well as a negatively charged group. So
probably the protons are partially taken up by the OTC molecules after dissolution.
The general increasing pH trends over time are caused by an increasing amount of primary producers
in the cosms. This leads to a dale at the end of the morning pH and morning DO, due to increased
respiration during the night. A larger amount of photosynthetic processes compensates the increase
in dissolved protons during day-time.
In two or three cosms some rooted macrophytes developed. This was noted and no action was taken
because there was chosen in an earlier phase not to interfere with biomass development. It would
have been nice to make a scoring system for the presence of the amount of primary producers. In
this way it might be possible to find effects related to the type or amount of biomass without actually
weighing the biomass.
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Hardness
The decrease in divalent ions is probably caused by precipitation (either or not in combination with
phosphorus and OTC). Another possibility is that the ions are taken up by snails and primary
producers. No further quantification was made of this.
Ammonia, Nitrite and Nitrate
In the process of nitrification, ammonia is converted to nitrate via the intermediary product nitrite. In
literature, contrasting studies exist concerning the effect of OTC on the nitrifying community. A
model ecosystem study by Klaver and Matthews (1994) showed an inhibition from 12.5 mg/L
onwards. Higher concentrations between 50 and 70 mg/L almost stopped nitrification. In a study by
Campos et al. (2001), a hampered nitrification became visible from 250 mg/L onwards. Gomez et al.
(1996) found however no effect for concentrations of 250 mg/L. That these differences are probably
related to the various experimental set-ups is also illustrated by Halling-Sørensen (2001), who
showed a range of EC50s for the nitrification from 0.14 to 1.71 mg/L based on different protocols.
From the present study a hampered nitrification became visible for a concentration of 30 mg/L. A
significant elevation of ammonia at day +7 is however the only evidence (Figure 12). The study of
Campos et al. (2001) showed a fast recovery of 5 days after continuous exposure to 250 mg/L.
Despite that recovery in the present study might have been slower due to the absence of extensive
biofilms, it seems unlikely that the elevated concentration of nitrite at day +21 was still a result of
recovery from the hampered nitrification. Campos et al. (2001) did not observe elevated nitrite
concentrations either, an indication that the second step of nitrification is not affected by OTC. The
possibility of hampered nitrification by a lack of oxygen cannot be confirmed by the former studies as
they all used aerated systems. A higher sampling frequency for the nitrogen components in this study
would have allowed to draw stronger conclusions based on the relations between the three
components.
Ortho-phosphate
The peaks of 3 mg/L and 30 mg/L at day +2 in Figure 15 could point at decay of organic material, but
this is unlikely because the anaerobic situation, which is an indicator of the decay, is not present in
the 3 mg/L treatment. Besides that, the P-concentrations are already lowered at day +7, when the
anaerobic situation in the highest treatment still exists. Another explanation of low P-concentrations
is fixation (Nur and Bates, 1979). At low pH this is mainly due to complexation with iron and
aluminium, at higher pH this process occurs with calcium. At the high pH in this experiment
complexation and subsequent precipitation with calcium could be contributing to a low P
concentration and a decline in hardness since calcium is an important divalent ion.
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7.1.2 Biotics
Chlorophyll-a
Unfortunately the results of the zooplankton sampling are not yet available. They could provide
evidence for the assumption that the two chlorophyll-a peaks of 3 mg/L and 30 mg/L treatments at
day +7 are caused by reduced grazing pressure of zooplankton (Figure 16). Differences between
cosms are large concerning chlorophyll-a concentrations. The equilibrium between trophic levels is
fragile because of the small size of the cosms (Marshall Adams and Giddings and references therein,
1982) and in some cosms a green algae soup emerged, probably by a small distortion of this
equilibrium (e.g. a large predator entered the system). Only three or four cosms are responsible for
the large differences in averages that are visible at the end of the experiment. This is also why not all
data points of the 0.3 mg/L treatment differ significantly from the control: one single cosm leading to
a high average will also cause a large standard deviation. It might be questioned whether chlorophylla content is a good proxy to monitor effects on primary producers, as also discussed above. Without
the information gathered with the phytoplankton sampling, it is impossible to conclude anything
about possible changes in community structure of small primary producers in the model ecosystems.
Changes could be expected based on a difference in sensitivity to antibiotics, as was already
discussed in the section about oxygen. The higher sensitivity of cyanobacteria to antibiotics
compared to green algae is mentioned by several authors (Lützhøft et al., 1999; Ferreira et al., 2007;
Kümmerer, 2009).
Periphyton
No significant effects have occurred on the establishing periphyton communities. Most likely effects
are levelled out by an increasing grazing pressure of snails or the fact that effects are not clearly
visible on still establishing communities.
Decomposition
The litter bags containing banana leaves were introduced in the cosms to study degradation as a
low-tech indicator of decomposing microbial activity. The highest treatment level seems to affect the
microbial community because decomposition is significantly hampered compared to the control. The
decrease in activity can be an effect of direct toxicity but can also be an effect of reduced oxygen
levels, as was suggested, but not confirmed, by Daam et al., 2010. That the presence of oxygen is no
requirement for decomposition of organic matter and that a complete anaerobic situation can be
more beneficial for breakdown than a situation with low oxygen levels is stated by Reddy and Debusk
(1991), Avnimelech et al. (1992) and Kristensen et al. (1995). Still, former authors state that
decomposition under well aerated circumstances is most efficient. The systems seem to be
recovered after 4 weeks, when decomposition percentages are comparable to other treatments.
Shannon-index
The Shannon-index is a simple biodiversity indicator. A small test was done to test the behaviour of
the index (see Appendix 4) and its suitability for showing a community response compared to the
more complex PRC method. The first test shows already a first disadvantage of using the index. If all
species in a system are affected in the same proportions, this will not become visible in the final
output. A decline in certain species will still be noted, as can be seen in the second test. The third test
shows however the difficulty of using this index. A system with several trophic levels, as mimicked in
system 1, gives a lower index number than system 2, while both can be healthy ecosystems.
Another disadvantage is that one cannot see which processes occur on species level; the actual
drivers behind the changes in index number. Together with the afore mentioned difficulties it is
concluded that the Shannon index can be useful to indicate changes in species composition, it must
however not be used to base conclusions on solely.
Despite the mentioned disadvantages, it is still possible to see a change in community structure in
day +7 for the highest treatment level (Figure 19). This change is not visible in the second PRC
diagram.
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Principal Response Curves
The difference between the cosms of the highest treatment regime and the other cosms in the pretreatment period was the reason of separate analysis of the two. A possible explanation for the
difference is a flaw in the start-up of the experiment. The three tanks corresponding to 30 mg/L were
filled earlier as a test, to see how they would behave during filling. However, they were not emptied
when the rest of the cosms was also filled, so actually they had about one week longer to reach
biocenosis. This led to clearer water and more photosynthesis in the cosms of 30 mg/L (visible via DO
and pH levels in Figures 6,7,8 and 9). The effects on the macroinvertebrate community are difficult to
predict. A NOECcommunity of 3 mg/L for day -1 indicated however that the cosms of the highest
treatment differed already in species composition from the other cosms before application. This is
enough reason to base the final conclusions regarding the macroinvertebrate community on the data
of all but the highest treatment.
The PRC-diagram in Figure 20 shows that the effects of OTC-HCl are more acute for higher
concentrations. However, the three concentrations 0.03, 0.3 and 3 mg/L all reach an approximate cdt
of -0.8. That the lowest test-concentration is the only one without an effect on the long term is
confirmed by the NOECcommunity. The lowest NOECcommunity value that becomes evident from the
statistical analysis of the macroinvertebrate dataset of all but the highest treatment is 0.003 mg/L.
This is also the individual NOEC for the Physidae, who seem to be affected most by the treatments.
They show a high bk value together with the Naididae/Lumbricullidae. Further investigation of wormlike taxa and snails is advised to confirm their high sensitivity compared to other macroinvertebrates.
The NOECcommunity for the short term (<7 days) can be set to 0.03 mg/L based on the results in Table 5.
However, a NOEC for the long term is used for comparison with other data sources, because
exposure in the natural environment will also be long term. And in this way it is also a protective
worst-case comparison.
When considering the graph of the PRC of the highest treatment in Figure 21 it becomes visible that
the increase of days +2 and +7 is the largest difference with the other PRC. Most likely this increase is
caused by the abundance of Notonectidae and Libellulidae, which show a considerable increase in bk
value, compared to the other PRC. This is confirmed by the abundance plots (Figure 23 for
Notonectidae, Libellulidae not shown). Probably these species are less susceptible to the antibiotic
on the short term, because of their size (Libellulidae, Camargo et al., 2005; Vesela and Vijverberg,
2007) or air breathing capacity (Notonectidae, confirmed by laboratory experiments and by
Buchwalter et al., 2003). Hydrophilidae sp. 1 possesses the same traits, but shows no similar
response. This might be related to their highest tendency for migration (personal observation).
Remarkable is that, against all expectations, the NOECcommunity of 0.003 mg/L is protective for all other
ecosystem parameters that were monitored. Most effects on other parameters occurred at 30 mg/L.
Whether this is an artefact created by a low sampling frequency for nitrification and decomposition is
to be investigated.
Abundance plots
The scattered trends of Baetidae for all treatments makes it difficult to grasp the response of the
species to the treatment. That is also why the bk values are low in both PRC diagrams. An analysis of
the abundance (Figure 22) shows a negative effect of the highest treatment, which was not visible in
the PRC.
The low abundance value for day +14 in combination with relative high numbers for days +2 and +7
(Figure 23) explains the high affinity of Notonectidae with the second PRC diagram. The declining
trends are unfortunately not very obvious from the first PRC analysis, with a negative bk value. Again
a non- significant effect occurs for the highest treatment. There might however also be another
influencing factor, considering the decline for all treatments, including the control.
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The high peak at day +14 in Figure 24 for the Chironomidae explains the negative bk value for the
second PRC diagram. Based on this peak a stimulating effect is observed for the highest treatment.
This is an interesting result because Chironomidae are used as indicator species in laboratory tests
(VICH, 2004). Whether the current effect is indirectly caused by abiotic circumstances or species
interactions cannot be said. Further investigations might be desired.
It seems that the Physidae (Figure 25) need some time to establish their populations and that the
application of antibiotic delays their expansion. Population growth is however not completely
prevented while recovery takes place within the experimental period.
The suggested sensitivity of worm-like taxa to OTC-HCl, was based on the first PRC and its’
accompanying species score. The effects are however not that easily extractable from the abundance
plot (Figure 26). It would be wise to investigate this further in controlled laboratory tests, to be able
to distinguish direct and indirect effects.
The PRC diagrams show negative trends in the first two weeks after application. After that recovery
takes place. The individual abundance plots show more negative trends than could be derived from
the PRCs. The recovery in the abundance plots is however not as obvious as would be expected.
Possibly this is due to species with establishing communities that have low abundances before
treatment and start to increase after day +21. This is especially the case for Physidae, Hydrophilidae
and Planorbidae (latter two are not shown).

7.2 Acute tests
It is hard to say anything about the acute toxic effect of OTC-HCl due to high mortality in the controls.
A general guideline for a maximum mortality is about 20% (OECD, 1984). This number is exceeded in
multiple controls and experiments. There are however indications of toxicity in the test with
Notonectidae, where 100% mortality was observed after 24 hours for 250 and 500 mg/L. Some
recommendations are given in chapter 10 to improve laboratory tests. The pH drop (as seen in Table
15) was reason for discussion in the previous section.

7.3 Species Sensitivity Distributions
Based on the SSDs that were constructed using toxicology data from literature research, it would
have been expected to find a higher mortality than that was currently observed in the present
laboratory tests. Especially considering that there was a factor 10 between the HC50 for
macroinvertebrates of approximately 50 mg/L and the maximum exposure of 500 mg/L.
The HC5s can be used as a protection level in policy making (Maltby, 2006). The HC5s found in the
SSDs can be compared with the NOECcommunity of 0.003 mg/L, to see whether policy makers would
protect the tropical ecosystems sufficiently when basing their decisions on the outcome of
temperate SSDs. The SSDs are generated with EC50 values, so a compensation factor of 10 is applied
to convert this to NOECs (EPPA, 1998 in OECD, 2008). The corrected median HC5s was 0.005 mg/L
and 0.159 mg/L for respectively cyanobacteria and macroinvertebrates. AFs of 1.67 and 53 are
needed respectively to come to the NOECcommunity derived from this microcosm study. In general an AF
of 1 to 5 is used (Brock et al., 2006). This means that tropical macroinvertebrate communities are not
sufficiently protected when basing safe environmental concentrations on SSDs constructed with
temperate invertebrate laboratory toxicity data.
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7.4 Standard species
Another way of comparing the NOEC of the tropical macroinvertebrate community with temperate
data is by selecting standard species and applying recommended AFs. Seven standard reference
species were selected from Van Leeuwen and Vermeiere (2007) that were also available for OTC in
the ECOTOX database (US EPA, 2010). EC50 values were converted with a factor ten to NOECs. The
geometrical mean of all available data points is displayed with a broad column, the range of
concentrations that the mean was taken from is indicated with a red bar (Figure 27). This means that
they are not regular error bars. The factors needed to come from the NOEC per species to the
NOECcommunity of this research is displayed on the bars. Normally, assessment factors of 1000 and 100
are used for macroinvertebrates and algae respectively (VICH, 2004). This means that a tropical
community is sufficiently protected when using this approach, except when using Daphnia magna
and Vibrio fischeri. It is peculiar that a bacteria strain ends up as most resilient. This might be due to
the fact that the exposure period in the test with V. fischeri was very short and that the test was
executed in salt water.

NOECs of standard species compared with NOECcommunity

Concentration OTC (mg/L)

10

1

2800
1600
160

0,1

30

40

260

60

0,01

NOEC community = 0,003 mg/L
0,001

Test species

Figure 27. Comparison of NOECs of standard species with NOECcommunity.
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7.5 Environmental concentrations
Measured concentrations of nutrients in the microcosms are low due to uptake by phytoplankton
and macrophytes. Whether this has led to a high zooplankton biomass in the systems is not yet
known. Nutrient levels are comparable to the results presented by Daam et al. (2009a). Treatment
effects are however not as explicit as in that study (comparing might not be completely legitimate
since a completely different stressor was used). Furthermore, phosphate levels are remarkably
lower, despite the fact that the current nutrient additions are based on the levels used in that study.
This is maybe caused by a difference in the application of the nutrients, because in the study by
Daam et al. (2009a) trisodium phosphate was used and in the present study a household NPK
fertilizer was applied. The amount of primary producers in the cosms does however not point to a
phosphate deficiency that could have been caused by a low solubility of the fertilizer that was
currently used. Furthermore, the influence of seasonal differences between experiments is
important as stated by Daam and Van den Brink (2011).
Important in assessing the final impact of OTC on ecosystem components is the comparison of the
threshold concentrations found in experiments with environmental concentrations. Quite some
studies investigated OTC concentrations in sediments. It is however impossible to compare them
with the current study as fate samples of the microcosm study are not analysed yet and laboratory
tests lacked sediment layers. Concerning the aqueous phase, a very simplistic calculation (see
Chapter 5) for the discharge concentrations of aquaculture facilities showed a concentration of 3.2
mg/L. A comparable calculation by Boxall et al. (2005) for trout farming (with a sedimentation pond)
yielded a maximum peak concentration in receiving surface water of 0.24 mg/L, using a dose of 75
mg/kg and 8 repeated dosages. A more complicated modelling of receiving river concentrations was
performed by Rose and Pedersen (2005). They calculated concentrations in the nanogram per litre
range. Based on previous discussions about degradation and adsorption of the antibiotic, it can
already be concluded that the first two calculations will give an overestimation. This is supported
with MECs from Western countries, which are all below 0.004 mg/L (Hirsch et al., 1999; Kolpin et al.,
2002; Calamari et al., 2003; Yang and Carlson, 2004; Boxall et al., 2005; Park and Choi, 2008;
Watkinson et al., 2009), although they do not focus specifically on the aquaculture situation.
It can thus be stated based on simple calculations that the derived NOECs of 0.03 mg/L and 0.003
mg/L for OTC-HCl are exceeded in receiving water bodies. A more complex model shows however the
opposite. This was also expected based on the short half-life and high adsorption capacity of the
compound. Still, NOECs are to be exceeded within culture ponds or water bodies with cage culturing
where the recommended dose is applied. It will thus be interesting to obtain MECs for the Asian
aquaculture practice, enabling to verify model calculations. These MECs should not be obtained for
OTC solely. The popularity of OTC as an aquaculture drug makes it a compound of interest, and was
therefore chosen as the model compound of this study, but the author is of the opinion that the
chemical characteristics of antibiotics differ in such a degree that extrapolation of the results of OTCHCl to other drugs is not legitimate.
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8. Influence of OTC-HCl on ecosystem interactions
In Figure 28 a schematic summary is given of hypothesised ecosystem interactions and direct and
indirect effects of OTC-HCl that are discussed in the previous sections. For the sake of simplicity only
the most important interactions are displayed with arrows. Starting from OTC-HCl, seven arrows
point towards DO, microbes, zooplankton, macroinvertebrates, light, primary production and pH.
Four of them are accompanied by a question mark showing that some indications for the relationship
were found in this research, though proof is still limited. The same holds for the effect of oxygen on
the degradation of organic matter.
The box of primary production is connected with double arrows to light, nitrogen compounds,
macroinvertebrates, zooplankton and phosphate. This presents the stimulating influence of nutrients
and light on plants. The grazing pressure of invertebrates and zooplankton is shown by a negative
arrow.
All nitrogen compounds are combined in one box because of the ability of algae and macrophytes to
take up various forms of nitrogen (Nelson, 1980; Brinkhuis, 1989). NH3 is shown to represent
ammonia and ammonium compounds. The addition of fertilizer is not displayed, but could be seen as
another external input to the systems, next to the antibiotic. This would lead to an input for both
nitrogen compounds and phosphate.
The boxes with a “T” correspond to a temperature increase that may lead to a decrease in dissolved
gasses like oxygen and carbon dioxide. The inverse is true for a colder situation.
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Figure 28. Schematic representation of the hypothesised ecosystem interactions that are of relevance in the microcosm experiment.

9. Conclusions
The treatment of microcosms with the antibiotic oxytetracycline resulted in a considerable decrease
in dissolved oxygen and a lowering of pH. Whether this is due to direct or indirect processes is not
evident, both can play a role based on calculations and literature review. There are indications that
supports the negative effect of OTC-HCl on the nitrification process and decomposition. It is possible,
however, that more pronounced effects would have been visible with improved methodologies (see
recommendations) and a higher sampling frequency. The influence of an oxygen deficiency on
nitrification and decomposition is not confirmed.
Thanks to the separate analysis of the highest treatment level in determining the NOECcommunity
resulted in a NOECcommunity on the short term of 0.03 mg/L and for the long term of 0.003 mg/L. The
highest treatment showed effects on day +14 in the PRC and for +7 in the Shannon-index. The long
term NOEC of 0.003 mg/L is also confirmed by the NOEC of the most sensitive macroinvertebrate
(Physidae) and the NOEC of the most sensitive abiotic parameter (DO), being both 0.003 mg/L.
The PRC diagrams show negative trends in the first two weeks after application. After that recovery
takes place. The individual abundance plots show even more negative trends than could be derived
from the PRCs. The recovery in the abundance plots is however not as obvious as would be expected.
Possibly this is due to species with establishing communities that have low abundances before
treatment and start to increase after day +21.
Chlorophyll-a content of the water phase and periphyton show hardly any treatment-related effects.
It might be questioned whether chlorophyll-a content is a good proxy to monitor effects on primary
producers. The results from the laboratory tests were not reliable due to high mortality in the
control.
When comparing temperate data with the results of the current tropical experiment, it became clear
that the tropical macroinvertebrate communities are not sufficiently protected when basing safe
environmental concentrations on SSDs constructed with temperate invertebrate laboratory toxicity
data. Protection is however sufficient when using an SSD based on algae and cyanobacteria. Whether
tropical phytoplankton is also protected with the latter SSD is not known. The use of standard test
species, in combination with appropriate assessment factors provides protection in most cases.
It can be stated based on simple calculations that the derived NOECs of 0.03 mg/L and 0.003 mg/L for
OTC-HCl are exceeded in receiving water bodies. A more complex model shows however the
opposite. This was also expected based on the short half-life and high adsorption capacity of the
compound. Still, NOECs are expected to be exceeded within culture ponds or water bodies with cage
culturing where the recommended dose is applied. A challenge is to obtain MECs for the Asian
aquaculture practice, enabling the verification of the model calculations. These MECs must not be
found for OTC solely since the chemical characteristics of antibiotics differ in such a degree that
extrapolation of the results of OTC-HCl to other drugs may not be legitimate.

10. Recommendations
Below a few practical recommendations are given for future research in ecotoxicology, using model
ecosystems and laboratory tests.

10.1 Practical recommendations for microcosm experiments
For a better experiment more labour hours should be made available. Time constraints led to the
following problems:
• Some reagents should have been prepared more frequent to avoid any degradation of the
reagent. It would have been better to make a new standard curve each time that a reagent
was prepared;
• Periphyton was now analysed after keeping the slides in the freezer for one day, because not
all actions could be executed on the sampling day;
• Chlorophyll filters were kept in the freezer for a maximum of 23 days, whereas a maximum of
21 days is advised. Probably immediate processing would have been better.
Analytic procedures were not always completely according to the original guidelines, it turned out
that some information got lost in translating English to Thai and again from Thai to English.
Although maybe hard to realise, more advanced or sensitive equipment would be desirable for
consistent results. Especially the spectrophotometer had some problems. Sometimes fluctuations up
to 200% were visible, even when there was no cuvette in the spectrophotometer. The pH meter was
not working properly either. Calibration was finally done with a pH 7 and a pH 10 buffer, which led to
proper pH in the high range but to an underestimate in the low range: the pH4 buffer gave a result of
3.5.
The fact that nutrient concentrations were low possibly led to few significant differences between
the treatments. More sensitive equipment would have been an option next to adding more
nutrients. It is however not known in what way this would affect equilibria connected to nutrients, as
displayed in Figure 28. It would at least better represent the high nutrient, immersed macrophyte
poor, surface waters in Thailand (Daam et al., 2009c; personal observation, 2010). A higher sampling
frequency would have been good to monitor fast changes in nitrification processes.
A clayish layer of soil was applied to the cosms, to function as sediment. No method or equipment
was available to use real pond sediment and therefore this soil was retrieved from the pond shore to
approach the real sediment at best. The clayish substance was well suitable for retrieving sediment
samples from the cosms using a Perspex tube. It took however a considerable amount of time to fill
the cosms at the beginning of the experiment and to clean them in the end. Another disadvantage of
the clayish soil is that it took a long time before the whirled up particles had settled. At a certain
moment it was decided to empty and refill the cosms. The refill was done with a Styrofoam plate
over the sediment to avoid disturbance of the sediment. A standardized soil mixture as advised by
the OECD (2004) could be used in future experiments to improve handling and comparison with
other experiments. It is however questionable whether such sediment would mimic natural tropical
conditions well enough, regarding e.g. adsorption and microbial community (Fleming et al., 1998;
Goedkoop et al. 2005).
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Fixation of zooplankton samples was now done using formaldehyde. It is however advised to
consider storage with alcohol in future experiments, because this is less toxic and odorous and
therefore more safe and comfortable to work with. This is especially important when counting and
identifying plankton.
Immediately after putting the litter bags in the microcosms it turned out that the bags were floating.
Possibly the mesh size was too small, which caused air bubbles to be caught in the bags. Squeezing
allowed to bubbles to escape, but after degradation processes took place bubbles started to appear
again. That is why it was monitored if bags were floating or not when retrieved from the cosms.
Although not tested for significance, floating bags showed on average a higher degradation rate than
submerged bags. Solution would probably be to use a bigger mesh size or to put a little weight (e.g. a
pebble) in the bag. Using bigger meshes will allow more invertebrates to enter the bags and this will
influence the results. Either by their consumption of organic material or by their actual weight. The
latter has to be prevented by removing all animals before weighing, but this turned out difficult and
time consuming. In a future experiment it might be useful to retrieve the litter bags earlier or more
frequent from the cosms, to monitor effects on the short term better.
During the whole experiment distilled water was used for analysis. When making standard curves at
the end of the experiment it turned out that this distilled water most probably contained nutrients
by itself. This is proposed because the blanks showed still considerable absorption. The use of double
distilled water lowered the absorption of blanks, but the real solution came with the use of deionised
water, retrieved from the Marine Science department.

10.2 Practical recommendations for laboratory tests
The initial set-up of this research was to investigate toxicity of OTC in lab tests only. The decision to
start a microcosm experiment changed the direction, because the vast amount of time available in
Thailand was now consumed by the execution of this experiment only. More time would have
allowed to investigate:
• The influence of consumption of dead individuals. It has been observed that some shrimps
fed on their dead congeners. More frequent counting and removing of dead individuals
would enhance the reliability of the counts;
• The influence of aeration, because sometimes the bubbles seemed quite fierce, compared to
the vessel size and the animal’s swimming capacity;
• The influence of pH. A pH drop of 2 units was visible right after application of the highest
dose;
• General handling and survival, both have to be investigated more to reduce mortality in the
controls. With the current mortality (exceeding 10% in controls) no valid conclusions about
toxicity can be drawn.
Lids or frames covered with a net would prevent escapes and would simplify handling and counting,
compared to the current paper and net coverings.

10.3 Future research
Extraction, sediment and plankton samples belonging to this research project are still to be analysed
and will hopefully give more insight in the fate of OTC and the impact it has on the plankton
community. It can also show whether an increase in zooplankton acted as a sink of nutrients.
Small experiments under laboratory conditions would probably answer questions that have risen
around the drops in pH and dissolved oxygen after application of the antibiotic.
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12. Appendices
Appendix 1. Learning goals
During a previous course, called Academic Consultancy Training, we were trained in self-reflection. I
included a small paragraph here, trying to apply this for my thesis. I made a scaling of 6 steps that
show different levels of written products on the basis of disciplinary background. I think that it is
important to consider three aspects of a written product, being quantity, quality and information
source. The scaling:
1.
2.
3.
4.
5.
6.

Student makes no contribution or contributes by copying other people’s information,
without proper referencing;
Student contributes in a way that shows inaccuracy in grammar and which does not cover
the complete topic, incomplete referencing;
Student writes correct sentences, the content is however not sufficient;
Student produces a nice piece of text, which makes use of the right referencing;
Student delivers a structured text, with good referencing, however it is felt that the own
contribution to the content and ideas presented is limited;
Student is able to produce a structured, well-balanced text with body, on the basis of own
experience, education and external information gathered.

In general, people experience my texts readable and with acceptable English sentence structure and
grammar. I think my referencing is good, especially compared to some foreign students. I am glad
that the university paid a lot of attention to this point of academic writing. Furthermore, I like to
come up with new ideas, theories and critics to current ideas, but I have some problem in putting this
to a nice bodied text. I tend to list all the facts, without giving fluency or smoothness. I hoped to be
able to improve this when writing my thesis report. Although Andreu improved a lot in the draft
phase of my proposal, I still don’t feel that I am very good at this.
I think some progress is visible in the overall process, probably from a four to a five. A six is not
reached in my opinion because a lot of the ideas and methodologies of previous studies have been
adopted and there is not so much new input in the final outcome.
Another challenge for me was the data analysis. I hadn’t done any statistics for four years, so I had to
start from scratch again. I have to say that I did not expect to have so much fun in unravelling the
mysteries of the PRC and I think I understand the majority of the reasoning now.
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Appendix 2. Toxicity test results from laboratory tests with OTC-HCl.
Treatment numbers consist of the concentration level before the dot and a subsequent replicate
number after the dot.
Table 10. Mortality in 48h laboratory toxicity test for OTC-HCl with Chironomids.
24h
48 h
Cum. Mort.
alive
dead
alive
dead
0.1
7
3
6
1
40
0.2
7
3
4
3
60
0.3
7
3
6
1
40
5.1
7
3
6
1
40
5.2
5
5
4
1
60
25.1
7
3
6
1
40
25.2
8
2
7
1
30
75.1
6
4
6
0
40
75.2
9
1
9
0
10
250.1
9
1
8
1
20
250.2
9
1
9
0
10
500.1
9
1
5
4
50
500.2
8
2
7
1
30
Table 11. Mortality in 48h laboratory toxicity test for OTC-HCl with M. lanchesteri, first trial
24h
48 h
Cum. Mort.
alive
dead
alive
dead
0.1
10
0
8
2
20
0.2
9
1
9
0
10
0.3
8
2
7
1
30
5.1
10
0
10
0
0
5.2
9
1
9
0
10
25.1
10
0
10
0
0
25.2
10
0
10
0
0
75.1
7
3
7
0
30
75.2
10
0
9
1
10
250.1
10
0
3
7
70
250.2
8
2
7
1
30
500.1
8
2
6
2
40
500.2
9
1
8
1
20
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Table 12. Mortality in 48h laboratory toxicity test for OTC-HCl with M. lanchesteri, second trail
24h
48 h
Cum. Mort.
alive
dead
alive
dead
0.1
7
3
7
0
30
0.2
8
2
8
0
20
0.3
7
3
7
0
30
5.1
9
1
8
1
20
5.2
10
0
10
0
0
5.3
9
1
9
0
10
25.1
9
1
8
1
20
25.2
9
1
9
0
10
25.3
10
0
10
0
0
75.1
10
0
10
0
0
75.2
10
0
10
0
0
75.3
10
0
10
0
0
250.1
9
1
8
1
20
250.2
9
1
9
0
10
250.3
10
0
9
1
10
500.1
10
0
9
1
10
500.2
7
3
6
1
40
500.3
10
0
10
0
0

Table 13. Mortality in 48h laboratory toxicity test for OTC-HCl with Thai Fairy Shrimp (Branchinella
Thailandensis Sanoamuang)
24h
48 h
Cum. Mort.
alive
dead missing
alive
dead missing
(incl. missing)
0.1
9
1
6
2
1
40
0.2
6
3
1
3
3
70
0.3
7
1
2
4
3
60
5.1
9
1
6
3
40
5.2
9
1
4
4
1
60
5.3
10
7
2
1
30
25.1
10
5
3
2
50
25.2
10
3
6
1
70
25.3
10
3
7
70
75.1
10
7
3
30
75.2
10
9
1
10
75.3
9
1
9
0
10
250.1
7
3
6
1
40
250.2
9
1
8
1
20
250.3
8
1
1
8
0
20
500.1
7
2
1
6
1
40
500.2
8
1
1
6
2
40
500.3
10
4
5
1
60
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Table 14. Mortality in 48h laboratory toxicity test for OTC-HCl with Backswimmers (Notonectidae).
24h
48 h
Cum. Mort.
alive
dead
missing
alive
dead
missing
(incl. missing)
0.1 (NA)
7
3
5
2
50
0.2 (NA)
9
1
6
3
40
0.3
8
2
1
7
90
0.4
4
5
1
2
1
1
80
5.1
4
6
4
0
60
5.2
9
1
2
7
80
25.1
4
6
E
2
2
80
25.2
7
3
E
3
3
1
70
75.1
3
7
E
2
1
80
75.2
7
3
2
5
80
250.1
0
10
0
0
100
250.2
0
10
0
0
100
500.1
0
10
0
0
100
500.2
0
10
0
0
100
“E” indicates the escape of one individual from the test container, after application.
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Appendix 3. Results of abiotics in second trial of M. lanchesteri acute toxicity lab tests
Table 15. Results of abiotic measurements in second toxicity test with M. lanchesteri.
Temp
DO
pH
0h
48h
0h
48h 0h
48h
Control
26.53 27.33 7.17 6.91 8.35 8.50
5 mg/L
26.33 26.83 7.23 6.99 8.30 8.51
25 mg/L
26.27 26.67 7.21 7.05 8.09 8.53
75 mg/L
26.80 26.93 7.12 6.91 7.51 8.39
250 mg/L
26.80 27.17 7.13 6.79 6.83 7.83
500 mg/L
26.90 27.53 7.10 6.77 6.09 6.88

Appendix 4. Shannon example
Table 16. Output of Shannon ecosystem examples.
System 1 System 2
Index 1 Index 2
species 1
5
1
1.609438 1.609438
species 2
5
1
species 3
5
1
species 4
5
1
species 5
5
1
Sum

species 1
species 2
species 3
species 4
species 5
Sum

species 1
species 2
species 3
species 4
species 5
Sum

25

5

System 1 System 2
0
1
0
1
0
1
5
1
5
1
10

5

System 1 System 2
1
1
2
1
3
1
4
1
5
1
15

Index 1 Index 2
0.643775 1.609438

Index 1 Index 2
1.200346 1.609438

5
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Appendix 5. SSD specifications
Table 17. SSD Cyanobacteria (CB) and Green algae (GA).
CB
CB
CB
CB
CB
GA
CB
CB
GA
GA
CB

Species Latin Name
Anabaena cylindrica

EC50 (mg/L)
0.03

Microcystis aeruginosa
Microcystis wesenbergii

0.22
0.35

Anabaena variabilis
Anabaena flos-aquae

0.36
0.39

Pseudokirchneriella subcapitata
Synechococcus leopoldensis

0.88
1.10

Synechococcus sp.
Selenastrum capricornutum

2.00
5.00

Chlorella vulgaris
Nostoc sp.

6.72
7.00

Test for normality (Anderson-Darling)
At 10% critical
At 5% critical
At 2.5% critical
At 1% critical
LL HC5
0.01
LL HC50
0.34

HC5
0.05
HC50
0.85

UL HC5
0.15
UL HC50
2.09

Table 18. SSD Invertebrates
Species Latin Name
Ceriodaphnia dubia
Brachionus calyciflorus

Accepted
Accepted
Accepted
Accepted
Ando et al.
ECOTOX

EC50 (mg/L)
1.83
8.00

Thamnocephalus platyurus
Daphnia magna
Hydra attenuate
Litopenaeus vannamei
Artemia franchiscana
Artemia parthenogenetica

25.00
48.05
63.34
153.15
540.50
837.61

Test for normality (Anderson-Darling)
At 10% critical
At 5% critical
At 2.5% critical
At 1% critical
LL HC5
0.08
LL HC50
13.72

HC5
1.59
HC50
54.46

UL HC5
7.59
UL HC50
216.10

2007
2010

Accepted
Accepted
Accepted
Accepted
Williams et al.
OPP
Sahul H. et al..
Isidoriet al.
Ferreira et al.
Quinn et al.

1992
2000
2000
2005
2007
2008
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Appendix 6. Sampling time line.
Sampling day
Date of sampling

-8
-4
-1
0
+2
+7
+14
+21
+28
+36
21-09-10 25-09-10 28-09-10 29-09-10 01-10-10 06-10-10 13-10-10 20-10-10 27-10-10 03-11-10

+42
+49
+56
10-11-10 17-11-10 24-11-10

Week

-1

-1

0

0

0

1

2

3

4

5

6

7

8

Macroinvertebrates
Phytoplankton
Zooplankton
Fate
DO/pH/T
Chlorophyll-a
Water Quality
Decomposition
Periphyton

Phyto
Zoo
DpT
Chl-a
WQ
-

Macro
Phyto
Zoo
DpT
Chl-a
WQ
-

Macro
Phyto
Zoo
DpT
Chl-a
WQ
-

Fate
-

Macro
Phyto
Zoo
Fate
DpT
Chl-a
WQ
-

Macro
Phyto
Zoo
Fate
DpT
Chl-a
WQ
-

Macro
Phyto
Zoo
Fate
DpT
Chl-a
OM
Peri

Macro
Phyto
Zoo
DpT
Chl-a
WQ
-

Macro
Phyto
Zoo
Fate
DpT
Chl-a
OM
Peri

Macro
Phyto
Zoo
DpT
Chl-a
WQ
-

Macro
Phyto
Zoo
Fate
DpT
Chl-a
-

Macro
Phyto
Zoo
DpT
Chl-a
WQ
-

Macro
Phyto
Zoo
Fate
DpT
Chl-a
OM
Peri
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Appendix 7. Precipitation

Precipitation
100
90
80

Precipitation (mm)

70
60
50
40
30
20
10
0

Date

Figure 29. Precipitation during the experimental period of the microcosm study.
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Appendix 8. Species Sensitivity Distributions for oxytetracycline with two taxonomic groups: phytoplankton and invertebrates.

SSDs for phytoplankton and invertebrates
1,0
Nostoc sp.

Artemia parthenogenetica

Chlorella vulgaris
Artemia franchiscana

Potentially Affected Fraction

0,8

Selenastrum capricornutum
Litopenaeus vannamei

Synechococcus sp.
0,6

Synechococcus leopoldensis

Hydra attenuata

Pseudokirchneriella subcapitata
Daphnia magna

Anabaena flos-aquae

0,4

Anabaena variabilis

Thamnocephalus platyurus

Microcystis wesenbergii

0,2

Brachionus calyciflorus
Microcystis aeruginosa
Phytoplankton

Ceriodaphnia dubia

Anabaena cylindrica

Invertebrates

0,0
1,E-03

1,E-02

1,E-01

1,E+00

1,E+01

1,E+02

1,E+03

1,E+04

EC50 (mg/L)

Figure 30. Species Sensitivity Distributions for oxytetracycline with two taxonomic groups: phytoplankton and invertebrates.
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Appendix 9. Microcosm pictures

Figure 31. Microcosm pictures of the floating biomass approximately one week after treatment.
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