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Summary 
The Fish Embryo Acute Toxicity (FET) Test was adopted by the 
Organisation for Economic Co-operation and Development as 
OECD TG 236 in 2013. The test has been designed to determine 
acute toxicity of chemicals on embryonic stages of fish and 
proposed as an alternative method to the Fish Acute Toxicity Test 
performed according to OECD TG 203. In recent years fish 
embryos were used not only in the assessment of toxicity of 
chemicals but also for environmental and wastewater samples. In 
our study we investigated the acute toxicity of treated 
wastewater from seven hospitals in the Czech Republic. Our main 
purpose was to compare the suitability and sensitivity of 
zebrafish embryos with the sensitivity of two other aquatic 
organisms commonly used for wastewater testing – Daphnia 
magna and Aliivibrio fischeri. For the aim of this study, in 
addition to the lethal endpoints of the FET test, sublethal effects 
such as delayed heartbeat, lack of blood circulation, pericardial 
and yolk sac edema, spinal curvature and pigmentation failures 
were evaluated. The comparison of three species demonstrated 
that the sensitivity of zebrafish embryos is comparable or in some 
cases higher than the sensitivity of D. magna and A. fischeri. The 
inclusion of sublethal endpoints caused statistically significant 
increase of the FET test efficiency in the range of 1-12 %. Based 
on our results, the FET test, especially with the addition of 
sublethal effects evaluation, can be considered as a sufficiently 
sensitive and useful additional tool for ecotoxicity testing of the 
acute toxicity potential of hospital effluents. 
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Introduction 
 

The Fish Embryo Acute Toxicity Test (FET test) 
was adopted by the Organisation for Economic  
Co-operation and Development as OECD TG 236 in 
2013 (OECD 2013). The method using fish embryos as 
the testing organisms has been primary designed to 
determine acute toxicity of chemicals. Fish embryos as 
non-feeding developmental stages are not categorized as 
protected vertebrates according to the European Directive 
2010/63/EU on the protection of animals used for 
scientific purposes (European Parliament and Council 
2010). Therefore, the FET test is considered as  
an alternative to experiments with adult fish with a good 
correlation with the Fish Acute Toxicity Test by OECD 
TG 203 (OECD 2019) as reported in studies by Lammer 
et al. (2009) and Dang et al. (2017). Recently, its use has 
been extended also to the assessment of complex 
mixtures (e.g. environmental samples, wastewater (WW), 
construction products). The zebrafish embryos represent 
a useful model with a wide range of possible applications 
in environmental hazard and risk assessment (Scholz  
et al. 2008). However, the FET test sensitivity to 
substances is variable and its applicability domain has not 
yet been fully defined (Dang et al. 2017, Sobanska et al. 
2017). 

Hospital wastewater (HWW) is a source of 
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diverse pollutants which may have negative impact 
mainly on the aquatic environment (Pérez-Alvarez et al. 
2018). Hospital effluents are prone to higher 
ecotoxicological potential than urban wastewater (Laquaz 
et al. 2017). This fact is due to the content of wider 
spectrum and higher quantity of pharmaceutical 
compounds (Santos et al. 2010, Wiest et al. 2018) and 
other chemicals. In their review Orias and Perrodin 
(2013) highlighted a great diversity of the substances 
present within hospital effluents, and in some cases their 
high ecotoxicity. Due to the requirements of the EU 
Water Framework Directive (European Parliament and 
Council 2000), the quality of surface waters in the EU has 
been constantly improving in recent decades. One of the 
main objectives is to improve the treatment processes at 
WW treatment plants aiming to significantly reduce the 
discharge of undesirable substances, including 
pharmaceuticals, pesticides, industrial substances and 
human care products. Although HWW is mostly treated 
by WW treatment plants before discharge into the sewage 
system or the environment, numerous pharmaceuticals 
and other chemicals are insufficiently removed during 
treatment and end up in surface water (Wigh et al. 2016, 
Välitalo et al. 2017). Therefore, in our research we 
investigated HWW to evaluate the efficacy of the 
treatment processes within the Czech Republic. 
Moreover, WW samples were selected from different 
hospital types and sizes with the intention to consider the 
variability of their composition. 

In the review focused on conventional and 
alternative bioassays suitable for ecotoxicological 
evaluation of WW, Jirova et al. (2016) highlighted the 
need to supplement the conventional methods (based on 
bacteria, algae, crustaceans, fish and seeds) with the  
FET test as an alternative approach to vertebrate 
ecotoxicity tests and a useful tool for efficient detection 
of acute toxicity. However, scientific data regarding the 
sensitivity and suitability of the FET test for hospital 
effluent testing are scarce so far. Therefore, the primary 
objective of our study was to extend knowledge of this 
issue and make a comparative assessment of the tests 
based on the zebrafish embryos and other used aquatic 
species. 

For the determination of ecotoxicity of WW 
from health care facilities, a battery of three bioassays 
with Daphnia magna (ISO 6341), Aliivibrio fischeri 
(ISO 11348-2) and Desmodesmus subspicatus (ISO 8692) 
is recommended by the Czech standard ČSN 756406 
(2020). In the study investigating treated effluents from 

five different hospitals, Jirova et al. (2018) concluded 
that the battery of three species consisting of D. magna, 
A. fischeri and D. subspicatus may be appropriate for 
routine testing of ecotoxicological potential of hospital 
effluents. For our purpose, based on the conclusions of 
foregoing and numerous other studies (Abbas et al. 2018, 
Ellepola et al. 2020, Laquaz et al. 2017, Li et al. 2017, 
Vasconcelos et al. 2017), D. magna and A. fischeri were 
selected as sufficiently sensitive comparative test 
organisms. 

The international standard ISO 15088 was 
adopted in 2007 and its merit is to determine acute 
toxicity of WW to zebrafish eggs after 48 hpf (hours post 
fertilization) of exposure. Therefore, in the present study 
we compared the results of two final test exposure times 
48 hpf (according to the ISO 15088) and 96 hpf 
(according to the FET test). 

Based on their experience with the FET test, 
many authors recommend the inclusion of further 
endpoints to increase the sensitivity of the assay. 
Braunbeck et al. (2015) recommended more research to 
better define the domain of applicability of the FET test 
and suggested modifications of the method with addition 
of more endpoints for the detection of a multitude of 
toxic effects. In a comparative study, Stelzer et al. (2018) 
indicated the need to complement the FET test with 
sublethal metrics which would increase its efficiency, and 
also highlighted the necessity to validate this statement 
by further studies using other WW samples. For the aim 
of our study, in addition to the lethal endpoints of the 
FET test (coagulated embryos, lack of somite formation, 
non-detachment of the tail and lack of heartbeat), 
sublethal effects comprising delayed heartbeat, lack of 
blood circulation, pericardial and yolk sac edema, spinal 
curvature and pigmentation failures were evaluated. 

In this study the WW samples from seven 
different hospitals were investigated to compare the 
suitability and sensitivity of zebrafish embryos with the 
sensitivity of two other aquatic organisms – D. magna 
and A. fischeri. Other purposes were to evaluate the 
sensitivity of the FET test after inclusion of sublethal 
parameters and to confirm the increase in efficiency of 
the method after prolongation of exposure time. 
 
Methods 
 
Wastewater samples 

The samples were collected in 2019 from the 
outlets of WW treatment plants of seven different 
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hospitals located in the central, southern and eastern 
regions of the Czech Republic. Table 1 shows general 
characteristics of the hospitals and their WW treatment 
plants. The sample H1 was a mixture of treated HWW 
and untreated hospital laundry WW. One sample was 

taken from each hospital. The samples were collected 
after treatment activities before discharging into the urban 
sewer system, stored in cooling boxes, transported to the 
laboratory and deep frozen at ≤18 °C prior to analysis. 

 
 
Table 1. Characteristics of hospitals and their wastewater treatment plants. 
 

Hospital 
Type of 
hospital 

Sizing 
(beds) 

Wastewater 
treatment process 

Wastewater 
generation (m3·d-1) 

Disinfection 
process 

H1 General 476 Mechanical-Biological 10 Cl2 
H2 University 1006 Mechanical-Biological 50 NaClO 
H3 University 2199 Mechanical-Biological 50-100 NaClO 
H4 General 500 Mechanical-Biological 30-50 Cl2 
H5 General 423 Mechanical-Biological 40 Do not chlorinate 
H6 General 1447 Mechanical-Biological 360 Cl2 
H7 University 1600 Mechanical-Biological 100-120 NaClO 

 
 
Ecotoxicological tests 

Ecotoxicological potential of hospital WW was 
described using three organisms which represented three 
trophic levels: A. fischeri (formerly Vibrio fischeri) as 
a decomposer, D. magna as a primary consumer and 
Danio rerio as a secondary consumer. Characteristics of 
bioassays used in the study are summarized in Table 2. 

As a first step, undiluted samples were analyzed 
by means of D. magna and D. rerio assays. In the case of 
A. fischeri test, 80 % concentration of the sample was 
used in accordance with the method procedure. The 

results were expressed as percentage of toxic effect on 
each species. 

If the values of toxic effect exceeded 50 %, EC50 
or LC50 (effective or lethal concentration of the sample 
that caused negative impact in 50 % of the tested 
organisms) were calculated by the probit method. The 
experiments were conducted using a series of increasing 
concentrations depending on the level of HWW toxicity. 

Every test was performed in two independent 
runs and the results were expressed as mean. 

 
 
Table 2. Characteristics of bioassays used in the study. 
 

Method Organism Standard 
Exposure 

time 
Endpoint 

Daphnia immobilization test 
(D. magna) 

Daphnia magna ISO 6341 48 h 
Immobility [%] 

EC50 [%] 
Luminescence inhibition test 
(A. fischeri 15 min, 30 min) 

Aliivibrio fischeri ISO 11348-2 
15 min 
30 min 

Luminescence inhibition [%] 
EC50 [%] 

FET test 
(FET 48 h) 

Danio rerio 
embryo 

OECD TG 236 48 hpf 
Mortality [%] 

LC50 [%] 
FET test 
(FET 96 h) 

Danio rerio 
embryo 

OECD TG 236 96 hpf 
Mortality [%] 

LC50 [%] 
FET test 
(FET 96 h+sub) 

Danio rerio 
embryo 

OECD TG 236 
modified 

96 hpf 
Mortality + sublethal effects [%] 

LC50 [%] 
 
hpf: hours post fertilization. 
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Fish Embryo Acute Toxicity (FET) test 

The FET test was performed according to OECD 
TG 236 (OECD 2013). Three different protocols of the 
method were carried out: the test with basic exposure 
time 96 hpf (hours post fertilization), the test with 
reduction of exposure time to 48 hpf and the test with 
addition of five sublethal endpoints with exposure time 
96 hpf. 

The breeding stock of AB line of D. rerio wild 
type was maintained in Zebrafish Housing System 
ZebTEC Stand-Alone (Tecniplast) with continuous 
treatment and monitoring of important water parameters 
including pH, conductivity and temperature. Mature 
zebrafish aged between 6 and 18 months were used to 
obtain fertilized fish eggs, which were collected from 
a minimum of three breeding groups and selected for 
testing at random. 

Spawning took place in two-liter breeding tanks 
which capitalize on the fish natural tendency to spawn in 
shallow water. After spawning, the eggs were rinsed with 
maintenance water adjusted to pH 6.5 to 7.5 and final 
hardness 70 to 100 mg·l-1 CaCO3. The eggs were checked 
under inverted microscope. Viable embryos maximally at 
the 16 cell-stage without obvious irregularities were 
individually placed into polystyrene 24-well plates and 
incubated under 26±1 °C with 16:8 light:dark cycle. Each 
well contained 2 ml of test solution. Five sample 
concentrations were prepared in each test run. 20 eggs per 
concentration were exposed to the samples. Dilution water 
with a final concentration of 294.0 mg·1-1 CaCl2 × 2H2O, 
123.3 mg·1-1 MgSO4 × 7H2O, 63.0 mg·1-1 NaHCO3, 
5.5 mg·1-1 KCl (as defined in ISO 7346-2) was used for the 
preparation of the test concentrations and negative 
controls. The sensitivity of embryos was controlled by  

3,4-dichloroaniline (4 mg/l) as positive control in each 
test run. All experiments were carried out in a static way 
without change of exposure solution. The test was 
considered as valid when oxygen concentration was 
maintained above 80 % during the test and mortality in 
the negative controls did not exceed 10 %. 

Embryos were observed for four lethal and five 
sublethal effects. Lethal parameters described in the 
OECD TG 236 (OECD 2013) comprised coagulation of 
embryos, lack of somite formation, non-detachment of 
the tail and lack of heartbeat. Added sublethal endpoints 
included delayed heartbeat, lack of blood circulation, 
presence of edema (pericardial or yolk sac), spinal 
curvature and pigmentation failures. Examples of the 
observed sublethal effects are illustrated in Figure 1. 
Embryos placed in the culture plates were examined 
separately using inverted microscope Olympus CKX53 
equipped with a digital camera Canon EOS 2000D. For 
determination of heart rate, embryos were video recorded 
and heartbeat was counted when the video was slowed 
down. The heart rate of embryos exposed to the samples 
was evaluated in relation to the negative control groups. 

The cumulative mortality of zebrafish embryos 
was recorded at 48 hpf (termed FET 48 h) and 96 hpf 
(termed FET 96 h) in experimental and control groups. 
The results were calculated as percentage of mortality 
(toxic effect) of the tested embryos, or as LC50. 

After the addition of sublethal effects to the 
lethal endpoints, the embryos development was evaluated 
at 96 hpf (termed FET 96 h+sub). Sublethal criteria were 
counted only if lethal parameters were not observed. The 
results were calculated as percentage of toxic effects on 
the tested embryos, or as EC50. 

 
 

 
 
Fig. 1. Representative sublethal abnormalities of zebrafish embryos after 96 hpf (hours post fertilization) exposure to the hospital 
wastewater samples. PE=pericardial edema, YSE=yolk sac edema, SP=spinal curvature, PF=pigmentation failure. 
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Daphnia immobilization test 
The acute toxicity test with D. magna Straus was 

carried out according to ISO 6341 (2012). Neonates (less 
than 24 h old specimens of D. magna) of at least third 
generation originated from laboratory culture were 
exposed to five designated dilutions of samples. 
20 organisms were placed in each concentration and 
negative control (dilution water according to ISO 6341 
was identical to the dilution water used in the FET test 
mentioned above) and incubated 48 h under the following 
test conditions: temperature 20±2 °C, 16:8 light:dark 
cycle, oxygen concentration ≥2 mg·l-1, no feeding. For 
the experiment validity, the inhibition of mobility in the 
negative controls had to be ≤10 %. The sensitivity of test 
organisms was monitored by regular tests with K2Cr2O7 
used as positive control. 

The results were expressed as percentage of 
Daphnia immobilization (toxic effect), or as EC50 after 
48 h exposure. 
 
Aliivibrio bioluminescence inhibition test 

The luminescent bacteria test followed  
ISO 11348-2 (2007). The test was performed using 
liquid-dried bacteria A. fischeri NRRL-B-11177 (HACH 
LANGE). Bacteria were activated by rehydration with 
reactivation solution. For the experiments, the 
conductivity of the samples was >10 mS·cm-1, pH 6.0 to 
8.5 and oxygen concentration >3 mg·l-1. 2 % NaCl 
solution was used as dilution water and negative control. 
The suspensions of bacteria and diluted samples (ten 
sample concentrations in replicates) were incubated at 
15±1 °C. Luminescence was measured after 15 min and 
30 min of exposure to the sample concentrations series by 
luminometer Sirius (Berthold Detection Systems). The 
bacteria sensitivity was controlled using positive control 
(ZnSO4 × 7H2O). 

The results were presented as percentage of 
inhibition of the bacteria light emission (toxic effect) with 
respect to the negative control, or as EC50. 
 
Statistical analysis 

Linear mixed model was used to evaluate the 
results of the monitoring of wastewater ecotoxicity and to 
assess the difference between methods (fixed effect) 
while taking into account the variability between 
hospitals (random effect). The dependent variable was 
angularly transformed percentage (of toxic effect). 
Transformed percentages more closely approximate the 
normal distribution (Sokal and Rohlf 1995). When 

statistically significant effects were identified, Šidák’s 
multiple comparisons procedure was applied to ascertain 
which specific methods differed. Values of p<0.05 were 
considered as indicating a statistically significant result. 
All statistical analyses were performed using Stata 
software package, release 14.2 (Stata Corp LP, College 
Station, TX, USA). 
 
Results 
 
Comparison of the methods sensitivity based on the toxic 
effects values 

To compare the sensitivity of three aquatic 
species to the acute toxicity of HWW, the samples from 
seven different hospitals were investigated. In the first 
part of the study, the percentage of immobility 
(D. magna), luminescence inhibition (A. fischeri), 
mortality and sublethal effects (D. rerio embryos) after 
exposure to HWW samples were expressed as toxic 
effects. The results are shown in Figure 2a. The obtained 
data demonstrated highly variable toxic impact of 
hospital effluents on the studied organisms. The tests 
FET 96 h and FET 96 h+sub indicated high sensitivity of 
zebrafish embryos to five samples out of seven samples 
(i.e. H1, H3-H6) with toxic effect values in the range of 
62.5-100 %. The results of other methods for these five 
samples were more variable with values ranging from 
0 % to 100 % of crustacean immobility and fish embryo 
mortality (FET 48 h) and from 0 % to 98.4 % of bacteria 
luminescence inhibition. Based on the results of all 
samples, no statistically significant differences were 
found between FET tests (FET 48 h, FET 96 h, 
FET 96 h+sub) and D. magna test (p=0.123, p=0.507, 
p=0.275 respectively). However, the results showed 
statistically significant differences between FET 96 h and 
A. fischeri 15 min, 30 min (p=0.018, p=0.024 
respectively) and between FET 96 h+sub and A. fischeri 
15 min, 30 min (p=0.006, p=0.008 respectively). 
 
Comparison of methods sensitivity based on the EC50, 
LC50 values 

In the following study, if the values of toxic 
effect exceeded 50 % (H1, H3-H6), EC50 or LC50 values 
were calculated. The results are presented in Figure 2b. In 
the case of samples which were assessed as the most 
toxic and which negatively affected the majority of the 
test species (H1, H3, H6), D. magna was the most 
sensitive organism with EC50 values ranging from 4.5 to 
37.6 %. The method sensitivity to the samples H1 and 
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H3 decreased in the following order: D. magna>FET 
96 h+sub>FET 96 h>A. fischeri 15 min>FET 48 h and to 
sample H6: D. magna>A. fischeri 15 min>A. fischeri 
30 min>FET tests. 

 
Comparison within the FET tests 

When we made a comparison within the 
different protocols of the FET test, a decreasing 
sensitivity of each method was observed as follows: FET 
96 h+sub>FET 96 h>FET 48 h. Mortality was manifested 
most frequently by lack of heartbeat, growth retardation, 
and less commonly by coagulation of embryos. As shown 
in Figure 2b, the inclusion of sublethal endpoints has 
reduced the LC50 values for all samples with statistically 

significant increment of the FET test sensitivity 
(p=0.026) in the range of 1-12 %. The presence of 
sublethal effects was variable not only between different 
samples but it also varied depending on the exposure time 
(Table 3). Prolonged exposure time caused a statistically 
significant increase of the zebrafish embryos sensitivity 
(p<0.001) in 57 % of the tested samples. The frequency 
of occurrence of sublethal criteria was: spinal curvature 
34.5 %, lack of blood circulation 26.4 %, delayed 
heartbeat 25.7 %, pigmentation failures 12.7 %, 
occurrence of edema 0.7 % of all sublethal parameters we 
observed. According to Kimmel et al. (1995), embryos 
development in control groups was normal during all the 
experiments. 

 
 

 
 
 

 
 
Fig. 2. Ecotoxicity of wastewater 
samples from different hospitals  
(H1-H7) expressed as: (a) toxic 
effect [%] of undiluted samples 
and (b) EC50, LC50 values [%]. 
Comparison between Daphnia 
magna (Dm), Aliivibrio fischeri 
(Af) and Danio rerio embryos. 
FET=Fish Embryo Acute Toxicity 
Test. 
 
 
 
 
 

 
Table 3. Overview of the observed sublethal effects on zebrafish embryos after 48 hpf and 96 hpf (hours post fertilization) exposure to 
the wastewater samples from different hospitals (H1-H7). Sublethal effects were measured only if lethal effects were not observed. 
 

Sublethal effects H1 H2 H3 H4 H5 H6 H7 

 
48 hpf/96 hpf 

Delayed heartbeat    / +̶         /   ̶      ̶ + / +    / +̶         / +̶      + / +    /   ̶      ̶
Lack of blood circulation    / +̶         /   ̶      ̶ + / +    / +̶         / +̶      + / +    /   ̶      ̶
Presence of edema    / +̶         /   ̶      ̶ + / +    / +̶         / +̶         /   ̶      ̶    /   ̶      ̶
Spinal curvature    / +̶         /   ̶      ̶ + / +    / +̶         / +̶         / +̶         /   ̶      ̶
Pigmentation failures    / +̶         /   ̶      ̶ + / +    / +̶         /+̶     + / +    /   ̶      ̶

 
- not observed, + observed. 
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Discussion 
 

The problem of the discharge of chemical 
contaminants from hospitals into wastewater and 
subsequently into the aquatic ecosystems is well-known 
(Datel et al. 2020). The presence of micropollutants such 
as pharmaceuticals, disinfectants and personal care 
products in treated effluents poses considerable 
ecological risk for the aquatic environment (Meza et al. 
2020, Rogowska et al. 2020). Numerous studies have 
been carried out to determine ecotoxicity of target 
substances commonly detected in HWW (Halling-
Sörensen et al. 2000, Cleuvers 2003, Cleuvers 2005, 
Brandhof et al. 2010, Martins et al. 2012, Li et al. 2016, 
Romanucci et al. 2019). However, examination of 
individual target compounds, causing ecotoxicity does 
not enable to determine the interactions between all 
known and unknown hazardous substances which are 
present in HWW and to evaluate their overall impact on 
aquatic organisms. The mixture of two or more 
substances may produce synergistic, antagonistic and 
additive interactions which may increase or decrease the 
resulting WW ecotoxicity (Emmanuel et al. 2005, Godoy 
et al. 2019). 

Therefore, it is necessary to investigate the 
whole effluent as a complex mixture of substances. In our 
present study a high variability of toxic effects of WW 
samples from individual hospitals on the used aquatic 
organisms was demonstrated. Similarly to these 
conclusions, Jírová et al. (2018) confirmed considerable 
different levels of ecotoxicity of treated wastewater from 
five hospitals. This variability relates to the different 
wastewater quality which may be influenced by a number 
of factors comprising current therapeutic procedures, the 
type and specialization of the hospital, its location, 
number of inpatients, flow rate, season, the day of the 
week and the daily period (Boillot et al. 2008). Good 
correlation was demonstrated between the amount of 
antibiotics in the wastewater and their volume currently 
being administered to patients (Hamjinda et al. 2015). 
Additionally, the insufficient degradability of certain 
substances during the cleaning process in the wastewater 
treatment plants causes the presence of residues of 
pollutants in wastewater (Li et al. 2017). A literary 
review showed that the quality of treatment processes is 
another important factor which affects the treated 
wastewater composition (Verlicchi et al. 2015). 

A specific type of effluents is generated from the 
hospital laundry. It has a different composition from WW 

produced by other hospital departments having a high 
concentration of organic and microbial loads depending 
on the washing stage. In the study of Kern et al. (2015), 
acute toxicity of hospital laundry WW was investigated 
by D. magna immobilization test and adult D. rerio 
lethality test. The obtained data showed extremely toxic 
impact on D. magna (48 h EC50=2.01 %) and lower acute 
toxicity for D. rerio (48 h LC50=29.25 %). In our study, 
the sample that can be considered as the most toxic (H6) 
because of its low EC50 and LC50 values (Fig. 1), was the 
mixture of treated hospital WW and untreated laundry 
WW before discharging to the sewage system. It can be 
assumed that the high level of acute toxicity was caused 
by the complement of untreated laundry effluent to 
common HWW. 

Ecotoxicological evaluation of WW should be 
performed using the battery of indicator organisms from 
different trophic levels as different species may show 
diverse levels of sensitivity to the pollutants. The results 
of our study, as well as those of Jirova et al. (2018), 
showed the suitability of D. magna and A. fischeri for 
routine testing of HWW ecotoxicity. To our knowledge, 
the information on effects of HWW on fish early life 
stages using the FET test, is scarce. Stelzer et al. (2018) 
compared the FET test and other standard fish protocols 
used worldwide for WW analyses. LC50 value of 
untreated hospital effluent determined by the FET test 
was 53.5 %. Based on findings of this study, the zebrafish 
embryos may not represent the most sensitive 
developmental stage of D. rerio compared to larvae and 
juvenile. In another study, a mixture of urban and hospital 
effluents was evaluated for ecotoxicity by Wigh et al. 
(2016). After 96 h of exposure to the untreated WW, 
100 % of zebrafish embryos died. The mortality 
decreased to 13 % after the WW treatment. The addition 
of sublethal criteria for evaluation, such as the presence 
of edema, blood circulation defects, malformation of the 
heart, yolk sac, tail, head, spine, an abnormal eye 
development and pigmentation, resulted in a considerable 
improvement of the test efficiency. 

By adding sublethal parameters, we wanted to 
explore the potential of the FET test for the evaluation of 
hospital effluent toxicity. Our conclusions are in 
agreement with findings of numerous studies which have 
reported an increase in the FET test sensitivity after 
addition of sublethal endpoints (Babić et al. 2017, 
Krzykwa et al. 2019, Cedron et al. 2020). We selected 
five sublethal effects, which may be easily determined: 
delayed heartbeat, lack of blood circulation, presence of 
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edema (pericardial or yolk sac), spinal curvature and 
pigmentation failures. Tenorio-Chávez et al. (2020) 
investigated treated WW from one hospital using 
zebrafish embryos and obtained LC50 value 6.1 %. EC50 
value of sublethal malformations was 2.5 % which means 
higher sensitivity of sublethal parameters compared to 
lethal endpoints. The main effects identified were 
pericardial edema, yolk sac malformation, hypopigmen-
tation, hatching abnormalities, tail and chorda 
deformation, without fin, chorion and craniofacial 
malformation. Stelzer et al. (2018) observed an increase 
in embryo test sensitivity of >30 % after addition of three 
sublethal parameters comprising immobility, formation of 
edema and nonhatching. 

According to our results, when we draw 
a comparison between FET 48 h and FET 96 h, we can 
see the increase in efficiency of the method caused by the 
prolonged exposure time from 48 hpf to 96 hpf. In our 
study, the LC50 values of FET 48 h were constantly 
higher than those of FET 96 h. We are of the opinion that 
these findings could be related, besides other factors, to 
the chorion as a possible barrier for some chemicals, 
mainly substances with very high molecular weight 
(Braunbeck et al. 2015, Sobanska et al. 2017). This limit 
disappears during the hatching period of embryonic 
development from about 72 hpf to 96 hpf (Kimmel et al. 
1995). Similar results were presented by Stelzer et al. 
(2018), who, based on analyses of HWW samples, 
discovered less sensitivity of FET 48 h (LC50=56.5 %) 
compared to FET 96 h (LC50=53.5 %). 
 
Conclusions 
 

The Fish Embryo Acute Toxicity Test is used 
worldwide for ecotoxicological research as an alternative 
method to the experiments with adult fish. Considering 
the lack of scientific data regarding the suitability of 
D. rerio embryos as the testing organisms for HWW 

investigation, the main purpose of our study was to make 
a comparison between zebrafish embryos and two other 
aquatic organisms commonly used for WW analyses. 

The results of our study demonstrated highly 
variable toxic impacts of WW samples from different 
hospitals on all the test species. With respect to 
determining acute toxicity of HWW, the obtained data 
indicate that the sensitivity of zebrafish embryos is 
comparable or in some cases higher than the sensitivity of 
D. magna and A. fischeri and the FET test may be 
considered as a sufficiently effective and appropriate 
method for routine HWW testing. 

The prolonged exposure time of the test from 
48 hpf to 96 hpf significantly improved the sensitivity of 
zebrafish embryos in 57 % of the tested samples. 

In addition to the lethal endpoints, five sublethal 
criteria were evaluated as a modification of the FET test. 
The inclusion of sublethal parameters comprising delayed 
heartbeat, lack of blood circulation, pericardial and yolk 
sac edema, spinal curvature and pigmentation failures 
caused statistically significant increase of the FET test 
sensitivity (p=0.026) in the range of 1-12 %. 

Our study highlights the necessity of further 
validation of the FET test applicability for the assessment 
of hospital effluents by examination of WW samples 
from a larger set of hospitals. The choice of a suitable 
battery of sublethal effects in addition to the lethal 
endpoints of the FET test may be recommended to extend 
the method efficiency. 
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