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Introduction
Ionic liquids are simple mixtures of cations and anions. These 

compounds are identified by the acronym ILs. ILs are liquids in low 
temperature, and their melting point is below 100°C [1]. Quaternary 
ammonium ionic liquids (QAILs) are composed of cation with positive 
charged nitrogen atom with long alkyl chains and organic or inorganic 
anions. It was found that cation have large impact on toxicity of ionic 
liquids [2], while anion have impact only on physical properties of these 
compounds, like melting point or viscosity [1]. Quaternary ammonium 
ionic liquids are widely used in industry and agriculture as pesticides, 
fungicides, corrosion inhibitors, disinfectants, emulsifiers, surfactants 
and they are also used in synthesis, and catalysis [3].

Presence of ammonium compounds in environment are confirmed 
in many analyses. For example, Quaternary Ammonium Compounds 
were detected in low concentrations in the North Sea (120 – 270 ng/
dm3) and in the Austrian rivers (1.9 μg/dm3) [4, 5]. These compounds 
are present in environment as a result of waste water treatment plants 
effluents, accidental spills and being washed out of the site of application 
(protection of wood against fungi) [3].

Toxicity of ionic liquids were being analyse for many years. 
Research showed that QAILs have antibacterial properties, which 
are closely dependent on the structure of these compounds. 
Positively charged quaternary nitrogen atoms interact with negatively 
charged phospholipids belonging to the bacterial membrane. QAILs 
may also cause denaturation of cellular proteins and enzymes [6]. 
Quaternary ammonium ionic liquids also showed toxicity to algae. 
The trend of increasing toxicity with increasing alkyl chain length 
was observed [7]. There were also studies about the impact of 
QAILs on the intensity of photosynthesis of algae Pseudokirchneriella 
subcapitata. The results indicate that if the substituents were longer, 
the inhibition of photosynthesis was better [8, 9]. Ionic liquids are 
highly toxic toward invertebrates. The most frequently examined 
test organism from that group is Daphnia magna. It was observed 
that with increasing alkyl chain length of the cation, toxicity of 
the compound also increase [10, 11]. Research showed that ionic 
liquids may also cause adverse effects with respect to vertebrates. 
ILs can cause negative effects on growing of embryonic frog Rana 
nigromaculata. With increasing concentration of the ionic liquid, the 
mortality rate of frog embryos also increase [12]. Studies on mice 
and rats indicate that some ionic liquids can be a teratogen [13]. ILs 
can also be cytotoxic [14÷16] and genotoxic [17].

The correct prediction of the toxicity of the newly-synthesized 
compounds is very significant, especially due to the ability to easily 
design properties of ionic liquids by changing the structure of the 
anion or cation.

The main goal of this project was to define toxicity of three newly-
synthesized QAILs towards aquatic organisms.

Materials and methods

Compounds
In the present study the toxic effects of three newly-synthesized 

QAILs were presented. The compounds were synthesized by the 
group of Juliusz Pernak from Poznań University of Technology in Poland. 
All tested compounds were composed of didecyldimethylammonium 
cations and different anions: nitrite, nitrate or dihydrocitrate. 
Structures of the tested compounds are listed in Table 1.

Table 1
Structures of the tested ionic liquids.

Cation Anion Formula
Mole weight, g/

mol

didecyldimethy-
lammonium

nitrite [DDA][NO2] 372.62

nitrate [DDA][NO3] 388.62

dihydrocitrate [DDA][H2Cytr] 517.73

Ecotoxicity tests
Three test organisms were selected to the tests. Tetrahymena 

thermophila – freshwater protozoan ciliate and two sea organisms: 
bacteria Vibrio fischeri and crustaceans Artemia franciscana. Test 
organisms represent different species commonly present in the 
environment and they are very sensitive to harmful substances. 
Moreover bacteria are potentially very sensitive organisms on 
action of ionic liquids because of their bactericidal activity. It is very 
important to examine other bioindicators than those the most often 
used in ecotoxicology tests (for example Daphnia magna) because of 
the differences of sensitivity between different species found in the 
environment. The use of selected test organisms may provide new 
information about the toxicity of analysed compounds.

The results were analysed statistically using t-Student test with 
significance level α = 0.05 to find out if there were any statistically 
significant differences between measurements and the control. 
According to the EU Directive (93/67/EEC) all the tested compounds 
were categorized to one of the defined in Directive classes.

Artoxkit MTM

Aquatic ecotoxicity acute test relies on determination of 
mortality of aquatic crustaceans Artemia franciscana. Test was 
performed according to the ASTM E1440–91 norm. The test 
was based on the exposure of the test organism to the harmful 
compound to determine the concentration causing lethal effects 
(LC – Lethal Concentration) after 24 hours of exposition. Two 
type of test were performed: preliminary and confirmation test. 
Pre-test was intended to determine range of concentrations 
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to confirmation test. Tested concentrations were ranged from 
0.01 to 100 mg/dm3. According to the results of pre-test, the 
concentrations to confirmation test were selected. To dilution 0.9 
% NaCl was used. Based on the results, using log-probit method, 
the LC50 (concentration that cause death of 50 % of test organisms) 
value was appointed.

Protoxkit FTM

Protoxkit FTM is a chronic test that use ciliates Tetrahymena 
thermophila to determinate ecotoxicity of selected compounds 
(according to the standard protocol Microbiotests Inc. [18]). After 
24 hours of incubation of test organisms (in dark, temperature 
30˚C) with tested compounds, the IC50 (inhibitory concentration 
– concentration that cause inhibition of growth of 50% of test 
organisms) value was calculated. Two type of test were performed: 
preliminary and confirmation test. According to the results of 
pre-test (ranged from 0.01 to 100 mg/dm3) the concentrations 
to confirmation test were selected. The assay Protoxkit FTM was 
based on the measurement of the turnover of food substrate into 
Tetrahymena thermophila biomass by optical density readings. Reduce 
of the amount of intake food indicated on inhibition of growth of 
test organisms.

Microtox®

Test Microtox® is an acute toxicity test that use bioluminescent 
bacteria. Test was performed according to the European Union 
norms EN-ISO 11348–3:2007 and DIN 38412–34:1997ASTM 
E1440–91 norm. In the test, the bacteria Vibrio fischeri were used 
as test organism. The exposure of the bacteria to toxic substances 
can cause disruption of cell metabolism processes, causing inhibition 
of luminescence in comparison to the control. The change of the 
bioluminescence is defined as a measure of toxicity of tested 
compound. Two type of test were performed. Preliminary test 
was based on Screening Test protocol and it was intended 
to determine range of concentrations to confirmation test. The 
output concentration was 10 mg/dm3. The serial dilution of tested 
compound was performed to receive the following concentrations: 
10 mg/dm3, 5 mg/dm3, 2.5 mg/dm3, 1.25 mg/dm3, 0.625 mg/dm3, 
0.313 mg/dm3, 0.156 mg/dm3, 0.078 mg/dm3, 0.039 mg/dm3. 
To dilution 0.9% NaCl was used. The confirmation test was based 
on Whole Effluent Toxicity (WET) protocol in two time intervals: 
5 and 15 minutes of exposure and IC50 value was determined.

Results

Artoxkit MTM

According to the results of the test, the LC50 value was 
determined (Fig. 1). The most toxic compound was [DDA][H2Cytr] 
(the lowest LC50 value equal 12.29 mg/dm3), but the standard 
deviation for this compound was the highest (3.34 mg/dm3). The 
least toxic compound toward Artemia franciscana was [DDA]
[NO2]. The LC50 value for this compound was 24.57 mg/dm3. The 
concentration that cause lethal effect of 50 % of test organisms for 
[DDA][NO3] was 12.90 mg/dm3.

Protoxkit FTM

According to the results of Protoxkit FTM test, the IC50 value of 
tested ionic liquids was determined (Fig. 2). The highest toxicity showed 
[DDA][NO2], for which the IC50 value was equal 0.35 mg/dm3. The 
least toxic compound to Tetrahymena thermophila was [DDA][H2Cytr]. 
IC50 value for this test organism was 5.20 mg/dm3. Determined IC50 
value for [DDA][NO3] was 3.11 mg/dm3.

Microtox®

According to the results, the IC50 value for tested ionic liquids was 
determined (Fig. 3). The most toxic compound was [DDA][NO2] both 
after 5 and 15 minutes of incubation (IC50 value equal 0.431 mg/dm3 
and 0.293 mg/dm3 respectively). The least toxic compound toward 
bacteria Vibrio fischeri was [DDA][H2Cytr] (IC50,5 min = 0.841 mg/
dm3; IC50,15 min = 0.642 mg/dm3). Determined IC50 values for [DDA]
[NO3] were 0.443 mg/dm3 after 5 minutes and 0.331 mg/dm3 after 
15 minutes of exposure.

After a longer incubation time each of the liquid ionic exhibit 
a higher inhibition of processes (lower IC50 value). Inhibiting properties 
of the ionic liquids [DDA][NO2] and [DDA][NO3] were similar, but 
compound [DDA][H2Cytr] exhibited significantly lower toxicity against 
bacteria Vibrio fischeri.

Fig. 1. LC50 values of tested QAILs in Artemia franciscana

Fig. 2. IC50 values of tested QAILs in Tetrahymena thermophila

Fig. 3. IC50 values of tested QAILs in Vibrio fischeri

For every tested ionic liquids it was observed increase of the 
toxicity with increase of used concentration, which was confirmed 
by performed statistical analyses (statistically significant differences in 
comparison to the control was observed).

The results of performed tests are presented in Table 2.
According to the EU Directive (93/67/EEC) all the tested 

compounds were classified to one of the toxicity classes proposed 
by European Union. The classification of tested ionic liquids are 
presented in Table 3.
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Table 2
The results of the performed tests

Microbiotest
Duration 

of the test

LC50 or IC50 value for selected ionic liquids, mg/
dm3

[DDA][NO2] [DDA][NO3] [DDA][H2Cytr]

Artoxkit MTM 24 h 24.57 12.90 12.29

Protoxkit FTM 24 h 0.35 3.11 5.20

Microtox®

5 min 0.431 0.443 0.841

15 min 0.293 0.331 0.642

Table 3
Classification of tested QAILs according to the European Union Direc-

tive (93/67/EEC)

Microbio-
test

Test orga-
nism

Duration 
of the 
test

Toxicity classification

[DDA][NO2] [DDA][NO3] [DDA][H2Cytr]

Artoxkit MTM Artemia 
franciscana

24 h harmful harmful harmful

Protoxkit FTM Tetrahymena 
thermophila

24 h very toxic toxic toxic

Microtox® Vibrio 
fischeri

5 min very toxic very toxic very toxic

15 min very toxic very toxic very toxic

Discussion
In the present study the toxicity of three newly synthesized ionic 

liquids belong to quaternary ammonium ionic liquids towards aquatic 
organisms was evaluated. In tests three test organisms were selected: 
Artemia franciscana, Tetrahymena thermophila and Vibrio fischeri.

According to the presented classification (Tab. 3) all tested 
compounds were classified as very toxic to aquatic organisms. The most 
toxic compound was [DDA][NO2], which was very toxic to bacteria 
Vibrio fischeri and protozoa Tetrahymena thermophila.

The increase of the toxicity of ionic liquids after a longer incubation 
of bacteria Vibrio fischeri showed that there were a correlation 
between exposure time and toxicity. The longer the test organisms 
had contact with the harmful substances, the lower concentration 
caused toxic effects. Moreover, tested bacteria were the most sensitive 
test organisms with terms to analysed quaternary ammonium ionic 
liquids. It can be caused by the strong bactericidal activity of tested 
compounds.

Studies carried out by the different authors indicate that the 
toxicity of ionic liquids is varied and dependent on the structure of 
the compound and the used test organism. In the case of crustaceans 
Daphnia magna they had a higher sensitivity than tested in this study 
crustaceans Artemia franciscana. In the case of compound [DDA][NO2] 
LC50 value for Artemia franciscana was equal 24.57 mg/dm3 while for 
Daphnia magna was only 0.105 mg/dm3 [19]. Such a large difference 
shows on high resistance of tested crustaceans in Artoxkit MTM test, 
so the selection of the bioindicators for tests is very important in 
toxicological studies.

It was found that structure of the cation have large impact on toxicity 
of ionic liquids. According to the results of this study, anion can also have 
impact on toxicity of tested compounds. In two tests (Protoxkit FTM and 
Microtox®) it was observed that if the structure of anion was bigger 
(higher molar weight), the toxicity of tested compound was lower. 
Moreover ionic liquid composed of organic anion (dihydrocitrate) in 
these two tests showed the lowest toxicity. In the case of Artoxkit MTM 
test this relationship was reversed. It can be causes by the different 
mechanism of action of ionic liquids against that organism.

Tested compounds are used as fungicides, so the comparison of 
toxicity of these compounds with commonly used preparations for 
protection against fungi is very important. The agent used to protect 
the grain from fungi is PRO-PROCHLORAZ 450 EC, for which the 
LC50 value for Artemia franciscana equals 40.7 mg/dm3 [20]. Comparing 
literature data with the results of the study, it can be concluded that the 
analysed ionic liquids are much more toxic to the organisms Artemia 
franciscana. Another frequently used compound for protection against 
fungi is Thiophanate-methyl 70 WP, for which the IC50 value for Vibrio 
fischeri equals 267 mg/dm3 after 5 and 117 mg/dm3 after 15 minutes of 
incubation [21]. Analysed fungicides show a lower toxicity to aquatic 
organisms than tested ionic liquids.

The results of the study indicated that the analysed ionic liquids 
are harmful or toxic toward aquatic organisms, however in the 
environment there are detected only very low levels of quaternary 
ammonium compounds, in μg/dm3 [5], that indicates a low risk to the 
aquatic environment. However the growing interest of ILs can lead 
to an increase of quantity of ionic liquids discharged into the surface 
waters, therefore the presence of these compounds in the environment 
should be monitored.

Knowledge obtained in toxicological tests is very important source 
of information, which are valid for producers of those compounds. 
Because of the ease of entry of these compounds into the environment, 
it is very important issue to determine their effects on organisms 
representing different trophic levels. The information obtained in the 
toxicological tests should be taken into account at the design stage of 
ionic liquids, so they should have certain physical properties, whereas 
toxicity to aquatic organisms should be minimalized.

The authors acknowledge the financial support provided by project  

BK/282/RIE8/14.

The authors are grateful to the team of Professor Juliusz Pernak from Poznań 

University of Technology for the synthesis of the compounds used in this study.

Literature
Arendarczyk A., Grabińska-Sota E., Zgórska A.: 1.	 Ocena toksycznego oddziaływania 
wybranej cieczy jonowej względem przedstawicieli flory i fauny. Inżynieria i Ochrona 
Środowiska, 3(15), 225 – 236, 2012.
Petkovic M., Seddon K.R., Rebelo L.P.N., Pereira C.S.: 2.	 Ionic liquids: a pathway to envi-
ronmental acceptability. Chemical Society Reviews, 40, 1384 – 1403, 2011.
Cvjetko Bubalo M., Radošević K., Radojčić Redovniković I., Halambek J., Gaurina 3.	
Srček V.: A brief overview of the potential environmental hazards of ionic liquids. 
Ecotoxicology and Environmental Safety, 99, 1–12, 2014.
Bassarab P., Williams D., Dean J.R., Ludkin E., Perry J.J.: 4.	 Determination of qu-
aternary ammonium compounds in seawater samples by solid-phase extraction 
and liquid chromatography-mass spectrometry. Journal of Chromatography A, 
1218, 673–677, 2011.
Martínez-Carballo E., Sitka A., González-Barreiro C., Kreuzinger N., Für-5.	
hacker M., Scharf S., Gans O.: Determination of selected quaternary ammo-
nium compounds by liquid chromatography with mass spectrometry. Part I. 
Application to surface, waste and indirect discharge water samples in Austria. 
Environmental Pollution, 145, 489–496, 2007.
Buffet-Bataillon S., Tattevin P., Bonnaure-Mallet M., Jolivet-Gougeon A.: 6.	
Emergence of resistance to antibacterial agents: the role of quaternary am-
monium compounds – a critical review. International Journal of Antimicrobial 
Agents, 39, 381–389, 2012.



sc
ie

nc
e

484 • nr 8/2015 • tom 69

Pham T.P.T., Cho Ch.-W., Yun Y.-S.: 7.	 Environmental fate and toxicity of ionic 
liquids: a review. Water Research, 44, 352–372, 2010.
Cho Ch.-W., Pham T.P.T., Jeon Y.-Ch., Vijayaraghavan K., Choe W.-S., Yun Y.-S.: 8.	
Toxicity of imidazolium salt with anion bromide to a phytoplankon Selenastrum ca-
pricornutum: Effect of alkyl-chain length. Chemosphere, 69, 1003–1007, 2007.
Pham T.P.T., Cho Ch.-W., Min J., Yun Y.-S.: 9.	 Alkyl-chain length effects of imi-
dazolium and pyridinium ionic liquids on photosynthetic response. Journal of 
Bioscience and Bioengineering, 4(105), 425–428, 2008.
Garcia M.T., Ribosa I., Guindulain T., Sanchez-Leal J., Vives-Rego J.: 10.	 Fate and 
effect of monoalkyl quaternary ammonium surfactants in the aquatic environ-
ment. Environmental Pollution, 111, 169–175, 2001.
Pretti C., Chiappe C., Baldetti I., Brunini S., Monni G., Intorre L.: 11.	 Acute 
toxicity of ionic liquids for three freshwater organisms: Pseudokirchneriella sub-
capitita, Daphnia magna and Danio rerio. Ecotoxicology and Environmental 
Safety, 72, 1170–1176, 2009.
Li X.-Y., Zhou J., Yu M.,Wang J.-J., Pei Y.Ch.: 12.	 Toxic effects of 1-methyl-3-octy-
limidazolium bromide on the early embryonic development of the frog Rana ni-
gromaculata, Ecotoxicology and Environmental Safety, 72, 552–556, 2009.
Bailey M.M., Townsend M.B., Jernigan P.L., Sturdivant J., Hough-Troutman 13.	
W.L., Rasco J.F., Swatloski R.P., Rogers R.D., Hood R.D.: Development to-
xicity assessment of the ionic liquid 1-butyl-3-methylimidazolium chloride in 
CD-1 mice. Green Chemistry, 10, 1213–1217, 2008.
Wang X., Ohlin C.A., Lu Q., Fei Z., Hu J., Dyson P.J.: 14.	 Cytotoxicity od ionic 
liquids and precursor compounds towards human cell line HeLa. Green Che-
mistry, 9, 1191–1197, 2007.
Frade R.F.M., Rosatella A.A., Marques C.S., Branco L.C., Kulkarni P.S., Ma-15.	
teus N.M.M., Afonso C.A.M., Duarte C.M.M.: Toxicological evaluation on 
human colon carcinoma cell line (CaCo-2) of ionic liquids based on imida-
zolium, guanidinium, ammonium, phosphonium, pyridinium and pyrrolidinium 
cations. Green Chemistry, 11, 1660–1665, 2009.
Zhao D., Liao Y., Zhang Z.: 16.	 Toxicity of ionic liquids. Clean, 35(1), 42–48, 2007.
Kumar M., Trivedi N., Reddy C.R.K., Jha B.: 17.	 Toxic Effects of Imidazolium 
Ionic Liquids on the Green Seaweed Ulva lactuca: Oxidative Stress and DNA 
Damage. Chemicla Research in Toxicology, 24, 1882–1890, 2011.
Microbiotests Inc., 2004. 18.	 Standard Operational Procedure Manuals for Daph-
toxkit FTM magna, for Thamnotoxkit FTM, for Ostracodtoxkit F and for Protoxkit 
FTM. Microbiotests Inc., Nazareth, Belgia.
Grabińska-Sota E., Arendarczyk A., Zgórska A.: 19.	 Oddziaływanie cieczy jono-
wych na środowisko wodne; w: Zabielska-Matejuk J.: Ciecze jonowe w inno-
wacyjnych technologiach związanych z przetwarzaniem surowców ligninocelu-
lozowych. Instytut Technologii Drewna, Poznań 2012, str. 339–359.

Andreu-Sánchez O., Sancho E., Andreu-Moliner E.: 20.	 Comparative Toxicity of 
the Fungicide Prochloraz between Estuarine and Freshwater Organisms. CIC-
TA 2013, Valencia, Spain, Poster 1 – 4 July 2013.
Kyriakopoulou K., Anastasiadou P., Machera K.: 21.	 Comparative Toxicity of Fun-
gicide and Herbicide Formulation on Freshwater and Marine Species. Bulletin 
of Environmental Contamination and Toxicology, 82, 290–295, 2009.

* Justyna ZACKIEWICZ - M.Sc. Eng., graduated from the Faculty of Ener-
gy and Environmental Engineering at Silesian University of Technology (2014). 
Currently she is a Ph.D. student in the Department of Environmental Bio-
technology at the same University. Her scientific interests are focused on the 
toxicity of ionic liquids to aquatic organisms as well as determination of the 
ecotoxicity mechanism of selected pharmaceuticals. She has been presented 
her results at the nationwide and international conferences.

e-mail: justyna.zackiewicz@polsl.pl

Agata JAKUBOWSKA – M.Sc. is a Ph.D. student in the Department of 
Environmental Biotechnology at Faculty of Energy and Environmental Engi-
neering, Silesian University of Technology. She received her master (2011) 
and bachelor (2010) degrees from the field of Industrial Biotechnology at the 
Faculty of Chemistry at Silesian University of Technology. Her research for 
Ph.D. thesis is focusing on aquatic toxicity assessment of ionic liquids. She has 
presented her results many times at international and polish science meetings. 
In 2014 she had an internship at UFZ- Centre for Environmental Research in 
Leipzig (Germany), where she has performed a part of her Ph.D. research. 
She is the main author and co-author of six science papers in english and polish 
and four in conference materials as well. 

e-mail: agata.jakubowska@polsl.pl 

Elżbieta GRABIŃSKA-SOTA - Ph.D., D.Sc., Eng., graduated from Facul-
ty of Sanitary Engineering at Silesian University of Technology in 1976. She 
currently works in the Department of Environmental Biotechnology as an 
associate professor, specialty – ecotoxicology, wastewater biotechnology.

e-mail: elzbieta.g.sota@polsl.pl

Aktualności z firm
News from the Companies

Dokończenie ze strony 480

Centrum Nanotechnologii w Gdańsku
26 czerwca br. na Politechnice Gdańskiej otwarto Centrum Nano-

technologii wyposażone w 11 pracowni ze sprzętem służącym głów-
nie do badań właściwości mechanicznych materiałów. W tym samym 
obiekcie stworzono też Centrum Nauczania Matematyki i Kształcenia 
na Odległość. Centrum Nanotechnologii jest największą inwestycją Po-
litechniki Gdańskiej ostatnich lat. Wybudowano je kosztem ponad 73,6 
mln PLN, z czego 85% stanowiła dotacja Unii Europejskiej, a pozostałe 
15% pochodziło z Ministerstwa Nauki i Szkolnictwa Wyższego. (kk)

(http://naukawpolsce.pap.pl/, 27.06.2015)

Laboratoria i budynki uczelni mogą być lepiej 
wykorzystane
Dobra wiadomość dla uczelni, których budynki i laboratoria 

zostały sfinansowane w latach 2007–2013 ze środków europej-
skich. Będzie można wykorzystywać je do celów komercyjnych. 
To oznacza, że uczelnie będą mogły współpracować z firmami, sa-
morządami i NGO’sami w dużo większym zakresie niż dotychczas. 

Od 2007 r. Polska zainwestowała ponad 30 mld PLN w uczelnianą 
i instytutową infrastrukturę. Dotychczasowe przepisy w zakresie 
pomocy publicznej  nie zezwalały na wykorzystanie do celów ko-
mercyjnych budynków, laboratoriów ani sal wykładowych. MNiSW 
od dłuższego czasu przekonywało unijnych komisarzy do wyra-
żenia zgody na zastosowanie nowych przepisów dotyczących po-
mocy publicznej także do zakończonych już inwestycji. Chodziło 
przede wszystkim o dopuszczenie komercyjnego wykorzystania 
infrastruktury badawczej, która powstała z Programu Operacyjne-
go Infrastruktura i Środowisko. MNiSW wspólnie z Ministerstwem 
Infrastruktury i Rozwoju opracowują teraz szczegółową procedu-
rę, która pozwoli na komercyjne wykorzystywanie tej infrastruktu-
ry. Wśród najważniejszych warunków, które będą musieli spełnić 
beneficjenci będzie zapewnienie, iż dana infrastruktura nie zmieni 
swojego podstawowego przeznaczenia, a komercyjne wykorzysta-
nie będzie dotyczyło co najwyżej 20% wydajności badawczej danej 
infrastruktury. (kk)

(http://www.nauka.gov.pl/, 30.06.2015)
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