
Contents lists available at ScienceDirect

Ecotoxicology and Environmental Safety

journal homepage: www.elsevier.com/locate/ecoenv

Assessment the ecotoxicity and inhibition of imidazolium ionic liquids by
respiration inhibition assays

E. Diaz⁎, V.M. Monsalvo, J. Lopez, I.F. Mena, J. Palomar, J.J. Rodriguez, A.F. Mohedano
Chemical Engineering Section, University Autonoma de Madrid, C/ Francisco Tomás y Valiente 7, 28049, Madrid, Spain

A R T I C L E I N F O

Keywords:
Imidazolium
Ionic liquids
Ecotoxicity
Inhibition
Activated sludge

A B S T R A C T

The ecotoxicity and inhibition of 12 imidazolium ionic liquids (ILs) with alkyl chain from C4 to C10 and chloride
(Cl-), tetrafluoroborate (BF4-) and bis(trifluoromethanesulfonyl)imide (NTf2-) anions have been studied by means
of respiration inhibition assays using activated sludge collected from a wastewater treatment plant. This test
represents an alternative easy, economic and quick way to evaluate the true impact of ILs on activated sludge-
based wastewater treatment. For comparison purposes, the EC50 values were also determined by the Microtox
test (Vibrio fischeri). It was observed that this widely used microbial test overestimates the effect of the ILs on
biological wastewater treatment facilities, especially in the case of ILs with lower ecotoxicity. The results of the
biological tests showed that the alkyl chain length plays a crucial role in the ecotoxicity of ILs. A significant
increase of the toxicity with the length of the n-alkyl chain was found. Regarding to the impact of the anion, the
ecotoxicity measured by respiration inhibition assays follows the order NTf2-> Cl-> BF4-, being the anion
effect higher as decreasing the length of cation alkyl chain. According to the hazard substances ranking for
aquatic organisms (Passino and Smith, 1987), imidazolium ILs with C4 alkyl chain can be classified as “prac-
tically harmless” compounds whereas those with alkyl chains C8 or C10 correspond to “highly toxic” species.

1. Introduction

In the past 20 years, ionic liquids (ILs) have attracted increasing
attention as a new generation of green solvents with potential uses in
various industrial fields (Petkovic et al., 2011). ILs are based on com-
bined organic cations and organic or inorganic anions with a melting
point below 100 °C. They are characterized by low vapor pressure and
high thermal and chemical stabilities. Due to the large number of fea-
sible combinations, it is possible to synthesize ILs with selected prop-
erties for numerous applications (Plechkova and Seddon, 2008). The
increasing interest for these novel and versatile compounds is mainly
focused on the following potential industrial applications: separation
processes, catalysis, electrochemistry and materials science. However,
the impact that ILs, especially those with high water solubility, can
cause on aquatic organisms has been scarcely studied so far (Pham
et al., 2010; Docherty et al., 2015).

ILs can be discharged into the aquatic environment due to acci-
dental spills, containers washing operations, leaching from waste dis-
posal sites, as well as waste streams inefficiently treated in current
wastewater treatment plants (Tsarpali and Dailianis, 2015). Conven-
tional biological processes are widely used as a cost-effective strategy
for wastewater treatment. However, the potential application of such

processes to a given effluent must consider some critical issues, as
ecotoxicity and biodegradability. Preliminary results have revealed that
there is insufficient evidence to confirm the degradation of imidazo-
lium, thiazolium and pyridium ILs, whereas those derived from ali-
phatic amines and organic acids could be considered as potentially
biodegradable (Peric et al., 2013; Neumann et al., 2014; Jordan and
Gathergood, 2015; Diaz et al., 2016). In addition, the IL structure plays
a key role on the inhibitory effect over the activated sludge perfor-
mance. As example, alkyl methyl imidazolium ILs have been claimed as
non-biodegradable compounds and they do not provoke any toxic effect
on activated sludge (Gathergood et al., 2006; Romero et al., 2008;
Quijano et al., 2011; Diaz et al., 2016; Rodriguez Castillo et al., 2016).
The degradation of easily biodegradable substrates, like sodium n-do-
decyl sulfate or glucose in presence of ILs, after long acclimation per-
iods has been reported (Quijano et al., 2011; Rodriguez Castillo et al.,
2016). However, the addition of ILs as Aliquat, 1-methyl-3–2-methox-
yethyl-imidazolium or 1-methyl-3-butenyl-imidazolium provoked
complete inhibition of the microbial community present in activated
sludge (Quijano et al., 2011; Rodriguez Castillo et al., 2016).

Different standard toxicity tests have been proposed in the literature
and regulations. Several organisms have been used as bioindicators,
including invertebrate (Daphnia magna, ISO 6341) (Samorì et al., 2010;

https://doi.org/10.1016/j.ecoenv.2018.06.057
Received 10 January 2018; Received in revised form 18 June 2018; Accepted 20 June 2018

⁎ Corresponding author.
E-mail address: elena.diaz@uam.es (E. Diaz).

Ecotoxicology and Environmental Safety 162 (2018) 29–34

Available online 27 June 2018
0147-6513/ © 2018 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/01476513
https://www.elsevier.com/locate/ecoenv
https://doi.org/10.1016/j.ecoenv.2018.06.057
https://doi.org/10.1016/j.ecoenv.2018.06.057
mailto:elena.diaz@uam.es
https://doi.org/10.1016/j.ecoenv.2018.06.057
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecoenv.2018.06.057&domain=pdf


Pham et al., 2010; Stolte et al., 2012), algae (Selenastrum capricornutum,
ISO 8692) (Cho et al., 2008; Peric et al., 2013; Costa et al., 2015), plant
(Lemna minor, ISO/CD 20079) (Jastorff et al., 2005; Matzke et al., 2007;
Stolte et al., 2007) or mammalian cells (Rat leukemia cells, IPC-81)
(Ranke et al., 2007; Stolte et al., 2013), as a reproducible IL toxicity
screening tool. These micro/organisms are exposed to different con-
centrations of ILs under controlled conditions and the evolution of a
characteristic response of each organism is monitored. Among them,
luminescent microbial test with the microorganism Vibrio fischeri (ISO
11348) is one of the most used for acute toxicity measurements because
it is quick, simple, cost-effective and sensitive to evaluate IL ecotoxicity
(Ranke et al., 2004; Johnson, 2005; Romero et al., 2008; Viboud et al.,
2012; Ventura et al., 2014; Costa et al., 2015; Hernández-Fernández
et al., 2015). However, the main drawback of the aforementioned
methods is that the response of the microorganism used does not re-
present the behavior of the microbial community present in activated
sludge from biological wastewater treatment systems. Consequently,
the ecotoxicity data from those tests could over/underestimate the ef-
fect of ILs on wastewater treatment facilities. Meanwhile, the toxicity of
ILs can be studied by a respiration inhibition test (OECD 209, ISO 8192)
where the impact of ILs on activated sludge is inferred from specific
dissolved oxygen uptake rate measurements, intimately related to the
microbial activity. After data collection, the EC50 value (defined as the
effective concentration of a sample that causes 50% inhibition) can be
determined. Markiewicz et al. (2013) reported a pioneer work in-
vestigating the influence of ILs on activated sewage sludge commu-
nities. A respiration inhibition test was applied using activated sludge
from different domestic and industrial sources. Results obtained gen-
erally match the IL ecotoxicity trends found for other organism and test
systems. It was suggested that EC50 values obtained from Vibrio fischeri
can be reliably used to assess the IL inhibition potential.

The alkyl methyl imidazolium ILs are non-volatile, non-flammable
and present high thermal stability, being excellent wide-range solvents
(Gordon, 2001; van Rantwijk et al., 2003). Thus, that family has a high
potential of entering the water bodies through to industrial discharges.
In the current work, the ecotoxicity of 12 imidazolium ILs in aqueous
phase has been assessed by obtaining the EC50 values upon respiration
inhibition assays with an activated sludge from a domestic sewage
treatment plant. The effect of the IL structure in the ecotoxicity has
been systematically analyzed by studying common cation/anion series,
including imidazolium ring with different alkyl chain length (C4-C10)
and three remarkably different anions (Cl-, BF4-, NTf2-). For the sake of
comparison, EC50 values were also obtained by the Microtox standard
procedure. Structure-activity relationships were stablished to analyze
simultaneously the cation and anion influence. Results obtained from
two different tests were compare in order to check if the tests provide
analogous information, which could be used to define a treatment
strategy to deal with these compounds.

2. Materials and methods

2.1. Ionic liquids

Imidazolium ILs with different chain lengths (4, 6, 8 and 10 car-
bons) and anions (chloride (Cl-), tetrafluoroborate (BF4-) and bis(tri-
fluoromethilsulfonyl)imide (NTf2-)) were selected for this study
(Table 1).

ILs are used without previous purification and named according to
the number of carbons of the alkyl chain substituent as the butyl group
“B”, hexyl group “H”, octyl group “O” and decyl group “D”, and the
termination Cl, BF4 or NTf2 corresponds to the anion. The suffix “mim”
corresponds with the imidazolium group (Table 2).

2.2. Inoculum and culture medium

Activated sludge for the respiration inhibition test (OECD 209, ISO

8192) was collected from a domestic sewage treatment plant (Madrid,
Spain), and did not undergo to any acclimation process to the ILs stu-
died. Waste sewage sludge was maintained in a sequencing batch re-
actor (SBR) at 25 °C and supplied with sodium acetate and glucose as
carbon sources (50:50 w/w on chemical oxygen demand (COD) basis)
at an organic load rate of 0.4mg COD/mg VSS·day, referring VSS to
volatile suspended solids. The medium was supplemented with am-
monium sulfate, phosphoric acid and mineral salts as nitrogen, phos-
phorous and micronutrients sources (FeCl3, CaCl2, KCl and MgCl2),
respectively. A COD:N:P ratio of 100:5:1 (w/w) was fixed and mineral
salts were also added as micronutrients supply in a COD: micronutrients
(Fe, Ca, K and Mg) ratio of 1:0.05. Biomass concentration in the reactor
was maintained at around 3500mg VSS/L.

2.3. Inhibition assays

Respiration inhibition tests with activated sludge were carried out
according to the method proposed by Polo et al. (2011). The procedure
consists on short-term respirometric measurements using unacclimated
sludge (350mg VSS/L) where an easily biodegradable substrate (so-
dium acetate) is fed alone or together with different concentrations of
ILs. Assays were carried out in a Liquid-Static-Static (LSS) respirometer
(Chica et al., 2007), monitoring the dissolved oxygen concentration
decay. Aeration and oxygen probes were controlled by an electronic
interface. The respirometer operated with two independent reactors
simultaneously to check the reproducibility. The reactors have very
small headspace so that oxygen transfer from the gas to the liquid can
be neglected. They were placed in a thermostatic bath and continuously
stirred by magnetic bars. Nitrification was inhibited by using N-allyl-
tiourea. Fresh activated sludge was used in each test to avoid partial
acclimation of the microorganisms to the target chemicals, which could
lead to possible underestimation of the toxic effects. The biomass ac-
tivity was measured in terms of specific exogenous oxygen uptake rate
(SOUR). The inhibition [1] is defined as function of the parameter γ [2]
and the ratio the specific exogenous oxygen uptake rate for the re-
ference substance (sodium acetate) in presence of a given concentration
of the ILs (SOURT) and SOUR the obtained value for the reference
substance (SOURR). Both measures are corrected by the value for the
endogenous SOUR.

=Inhibition(%) (γ)· SOUR
SOUR

T

R (1)

=
−γ SOUR SOUR

SOUR
R T

T (2)

Inhibition caused by the ILs was assessed in terms of EC50, defined
as the effective concentration causing 50% reduction of SOUR (γ=1).
It is calculated using i) a logistic model that establish a relationship
between the inhibition percentage and the logarithm compound con-
centration [3] and ii) a linear fit between the logarithm of parameter γ
and the logarithm of IL concentration [4]:

=

+
− −

Inhibition(%) 100
1 10 k(logC logEC )50 (3)

= + =
−logγ a blogC;EC 1050

a/b (4)

2.4. Ecotoxicity test

Ecotoxicity measurements were also carried out following the
standard Microtox ® test procedure (ISO, 11348-3, 1998). This test is
based on the decrease of light emission by the marine bacteria Vibrio
fischeri (Photobacterium phosphoreum). A Microtox M500 Analyzer (Azur
Environmental) was used to measure the inhibition of the light emitted
by the bacteria after 15min contact time with the sample. Previously,
the pH was adjusted into the range 6–8. The results were expressed as
EC50 defined as the effective concentration causing 50% reduction of
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light emission, calculated using the abovementioned linear model [4].

3. Results and discussion

Table 3 shows the EC50 values obtained from the Microtox test for
the ILs tested and, for the sake of comparison, also includes values from
the literature. As can be seen, there is a good agreement between the
values of the current work and those previously reported by other au-
thors. Moreover, the low standard deviation values confirm the re-
producibility of the test. It can be clearly observed a general trend to-
wards ecotoxicity increase (lower EC50) with the length of the linear
alkyl chain of the ILs. That effect becomes more pronounced for ILs
with longer chains, so that the ILs with octyl and decyl groups have
frankly high ecotoxicities compared to those of same species recognized
as highly toxic, like hydroquinone (Zazo et al., 2007), benzoquinone

(Zazo et al., 2007) or chlorophenols (Calvo et al., 2004). Even the less
ecotoxic IL (the butyl ones) yielded EC50 values significantly lower
(higher ecotoxicity) than those reported for conventional solvents like
methanol (EC50, μM: 107), acetone (EC50, μM: 3.1·105) and acetonitrile
(EC50, μM: 6.3·105) (Kaiser and Palabrica, 1991).

In the respirometric tests with activated sludge, the EC50 values
were obtained by two fitting methods: logistic and linear (Polo et al.,
2011). The former requires inhibition extension up to almost 100% to
be reached in order to obtain good fitting parameters. This fact limits its
applicability since some ILs have water solubility below the con-
centration required to provoke high inhibition. However, as can be seen
in Table 3, in most of the studied cases, the EC50 values obtained from
both fitting methods were similar. Previous studies about the inhibition
of ILs on activated sludge respiration have revealed differences in the
EC50 values depending on the source of inoculum. This fact seems to be

Table 1
Information on ionic liquids used in this work.

Ionic liquid Supplier Purity % (w/w) KOW

1-Butyl-3-methylimidazolium chloride (BmimCl) Sigma-Aldrich > 98% 0.001a

1-Hexyl-3-methylimidazolium chloride (HmimCl) Sigma-Aldrich > 97% 0.013a

1-Methyl-3-octylimidazolium chloride (OmimCl) Solchemar > 98% 0.123a

1-Decyl-3-methylimidazolium chloride (DmimCl) Sigma-Aldrich > 96% 0.520b

1-Butyl-3-methylimidazolium tetrafluoroborate (BmimBF4) Iolitec > 99% 0.036c

1-Hexyl-3-methylimidazolium tetrafluoroborate (HmimBF4) Iolitec > 99% 0.195c

1-Methyl-3-octylimidazolium tetrafluoroborate (OmimBF4) Solchemar > 98% 0.209d

1-Decyl-3-methylimidazolium tetrafluoroborate (DmimBF4) Iolitec > 98% –
1-Butyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide (BmimNTf2) Iolitec 99% 0.110e

1-Hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide (HmimNTf2) Iolitec 99% 1.42e

1-Methyl-3-octylimidazolium bis(trifluoromethylsulfonyl) imide (OmimNTf2) Iolitec 99% 6.30e

1-Decyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide (DmimNTf2) Iolitec > 98% –

a Palomar et al. (2009).
b Domanska et al. (2008).
c Stepnowski and Storoniak (2005).
d Montalbán et al. (2015).
e Ropel et al. (2005).

Table 2
Cations and anions used in this study.
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related to the adaptability of a taxonomically complex community, as
activated sludge, to degrade xenobiotic compounds (Gutiérrez et al.,
2002). That was the case for imidazolium ILs with four sewage sludge
sources (EC50 values (μM): HmimCl: 708–15136; OmimCl: 141–1820;

DmimCl: 12.6–105) (Markiewicz et al., 2013).
Fig. 1 depicts the EC50 values (expressed as log) for both the in-

hibition bioassay with activated sludge and the Microtox test using
Vibrio fischeri. It can be observed a similar general trend towards eco-
toxicity increase with the length of the linear alkyl chain, depending on
the IL anion. However, the EC50 values in Table 3 reveal that the re-
spiration test provides a significant wider range of EC50 values de-
pending on IL structure than Microtox test; in addition, it is generally
observed higher toxicity effects measured by Microtox Test. In fact, the
EC50 values from Vibrio fischeri can be used to evaluate the sludge in-
hibition potential of ILs, at least for the less toxic ones.

The wide range of toxicity values for the ILs tested (Table 3) is re-
lated to the diversity of their cationic and anionic groups. Fig. 1 also
illustrates the cation and anion effects on the logEC50 values of the ILs
studied in this work. A clear linear relationship between logEC50 and
the alkyl chain length can be observed. Table 4 summarizes the linear
regression equations and the corresponding values of the determination
coefficient. Goodness of fit yielded somewhat better for the respiration
inhibition assays than for the Microtox test, although it was fairly good
in all cases. Both tests show an ecotoxicity increase with the length of
the linear chain, which has been related to the loss of polarity or the
accentuation of their lipophilic character at increasing chain length
(Ranke et al., 2007; Costello et al., 2009; Cvjetko Bubalo et al., 2013;
Diaz et al., 2016;). Consequently, EC50 ecotoxicity values of Table 3 can
be related to the octanol-water partition coefficient (KOW in Table 1)
that increased with the length of the imidazolium cation alkyl chain and
the hydrophobicity of the anion (Deng et al., 2011; Montalbán et al.,
2015, 2018). This has been associated with a higher capacity to accu-
mulate the ILs in the biological membranes that are essentially non-
polar interfaces (Garcia et al., 2005). Stolte et al. (2007) observed a

Table 3
EC50 values (mean± standard deviation; n= 2) for imidazolium ILs from Microtox and inhibition respiration tests (r2: determination coefficient).

ILs Microtox Test Respiration Inhibition Test

This study Other studies Logistic fit Linear fit

EC50 (µM) r2 EC50 (µM) References EC50 (µM) r2 EC50 (µM) r2

BmimCl 3162 ± 2 0.994 891–5128 Docherty and Kulpa (2005); Garcia et al. (2005); Couling et al. (2006); Stolte
et al. (2007); Romero et al. (2008); Peric et al. (2013); Montalbán et al. (2016)

2089 ± 1259 0.757 2398 ± 174 0.992

HmimCl 182 ± 1 0.998 87.1–813 Ranke et al. (2004); Garcia et al. (2005); Luis et al. (2007); Romero et al.
(2008); Montalbán et al. (2016)

339 ± 229 0.963 331 ± 51 0.993

OmimCl 4.79 ± 1.45 0.979 4.26–15.5 Garcia et al. (2005); Luis et al. (2007); Stolte et al. (2007); Romero et al.
(2008); Montalbán et al. (2016)

23.4 ± 8.3 0.932 23.4 ± 7.1 0.989

DmimCl 0.69 ± 1.02 0.999 0.59–3.16 Stolte et al. (2007) 3.47 ± 1.10 0.992 3.31 ± 1.10 0.996
BmimBF4 3236 ± 3 0.983 1259–3548 Ranke et al. (2004); Garcia et al. (2005); Samorì et al. (2007); Samorì et al.

(2010); Montalbán et al. (2016)
15849 ± 200 0.838 14125 ± 178 0.998

HmimBF4 331 ± 2.2 0.985 1513 Ranke et al. (2004) 1202 ± 71 0.925 1174 ± 68 0.949
OmimBF4 10.0 ± 1.2 0.994 8.13–25.7 Ranke et al. (2004); Matzke et al. (2007); Montalbán et al. (2016) 45.7 ± 6.6 0.907 49.1 ± 5.1 0.939
DmimBF4 1.41 ± 1.01 0.994 0.66 Ranke et al. (2004) 6.31 ± 1.07 0.992 6.31 ± 1.07 0.991
BmimNTf2 871 ± 2 0.987 295–4677 Garcia et al. (2005); Couling et al. (2006); Matzke et al. (2007); Montalbán

et al. (2016)
347 ± 44 0.917 346 ± 37 0.996

HmimNTf2 81.3 ± 1.2 0.997 66.1 Montalbán et al. (2016) 91.2 ± 37.2 0.983 91.2 ± 12.9 0.990
OmimNTf2 15.8 ± 1.7 0.986 9.77 Montalbán et al. (2016) ND ND 11.7 ± 1.4 0.971
DmimNTf2 2.95 ± 1.12 0.978 1.95 ± 1.05 0.991 1.95 ± 1.05 0.992

ND: not determined.

Fig. 1. Relationship between logEC50 and the length of alkyl chain for A) in-
hibition respiration (linear fit) assay and B) Microtox test.

Table 4
Fitting equations of logEC50 (µM) vs the length of alkyl chain (number of car-
bons, C).

Anions Respiration inhibition assay* Microtox test

Linear fit r2 Linear fit r2

Cl- logEC50 =5.35–0.49·C 0.998 logEC50 =5.97–0.63·C 0.981
BF4- logEC50 =6.43–0.57·C 0.997 logEC50 =5.86–0.58·C 0.983
NTf2- logEC50 =4.14–0.38·C 0.997 logEC50 =4.51–0.41·C 0.991

* EC50 values obtained from linear fit in Table 3.
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strong interaction of hydrophobic IL cations, using a variety of micro-
organisms, with two different types of common biological lipidic bi-
layers.

Regarding the anion, it has been commonly considered of minor
effect (and nearly constant) on the toxicity in the literature so far
(Ranke et al., 2004; Couling et al., 2006; Luis et al., 2007; Romero et al.,
2008; Pretti et al., 2009). However, the results of respirometric tests
show a clear effect of the nature of the IL anion on the inhibition of
activated sludge (Fig. 1A), particularly in the case of ILs with imida-
zolium cation and short alkyl chain. The values of the intercept of the
aforementioned linear relationship (Table 4) reveal some significant
differences between the IL families with different anions, increasing the
IL ecotoxicity in the order NTf2- > Cl-> BF4-. The higher toxicity va-
lues obtained for the ILs with NTf2- has been also related to its KOW

value, more than one order of magnitude higher than ILs containing
other anions such as BF4- or Cl- (Ropel et al., 2005; Kamath et al., 2012;
Montalbán et al., 2015). The different slope and intercept values of
Table 4 imply mixed cation-anion inhibitory effects on the activated
sludge performance rather than an additive effect of the intrinsic toxi-
cities of the cations and anions. The anion toxic effects are clearly
stronger in the ILs containing shorter cation alkyl chain, whereas in-
creasing the chain length mitigates the toxic effect of the anion (as
example, the EC50 ratios for BmimBF4 / BmimNTf2 and DmimBF4 /
DmimNTf2 are, respectively, 41 and 3, see Table 3). These different
anion effects were already observed in previous works but in a lesser
extent (Torrecilla et al., 2010).

Summarizing, from respiration inhibition tests, the ILs with short
side chain (≤ 6 C) are less likely to interact with membranes and a
stronger influence of the anion has been reported (Mester et al., 2015;
Montalbán et al., 2016). In contrast, the anion effects observed from the
Microtox test seem to be less significant (Fig. 1B) and less quantitatively
influenced by the cation (see EC50 values in Table 3). The ILs with NTf2-

anion yielded the highest toxicity in the respiration inhibition tests,
consistently with the high hydrophobicity due to its low-polar character
(Stolte et al., 2006). On the other hand, looking at the EC50 values from
the Microtox test, the NTf2- anion behaves as stronger toxicophore than
Cl- or BF4- in the ILs with Bmim+ cation, while it shows the opposite
behavior with long side chain, as Dmim+ cation. Similar changes in IL
toxicity trends with the anion nature have been reported before and
assigned to the non-additive mixing effects of toxicophores constituting
the IL structures (Torrecilla et al., 2010).

Looking at the hazard ranking for aquatic organisms (Passino and
Smith, 1987), the ILs tested can be classified from harmless to highly
toxic according to their EC50 values expressed in mg/L. As can be seen
in Table 5, several differences have been observed in the classification
of some ILs depending on the test used to evaluate the ecotoxicity.
Vibrio fischeri shows a higher sensitivity to ILs than activated sludge, but

regardless the test used, Bmim+ IL can be classified as “practically
harmless” compounds whereas Omin+ and Dmim+ IL are “highly
toxic” ones.

4. Conclusions

The Microtox test, using the microorganism Vibrio fischeri, and re-
spiration inhibition assays with activated sludge collected from a was-
tewater treatment plant have been used to analyze the toxicity and the
inhibition effect of different ILs. Both tests have showed similar eco-
toxicity trends, although EC50 values tend to be lower in the case of
Microtox Test.

A well-fitting linear correlation between the toxicity (logEC50) and
the length of the alkyl chain substituent (C4-C10) of imidazolium ILs
has been found in most of the cases. The toxicity increases significantly
with the chain length, which can be related to the loss of IL polarity or
their lipophilic character. The NTf2- anion was more toxic than BF4- or
Cl, but its relative impact on toxicity is reduced for ILs with long alkyl
side chain (> 6 C atoms). Attending to the obtained results, imidazo-
lium ILs with C4 alkyl chain can be classified as “practically harmless”
compounds whereas those with alkyl chains C8 or C10 correspond to
“highly toxic” species.

Taking into account the high water solubility of these ILs, their high
ecotoxicity inhibition potential and poor biodegradability of most of
them, they would be recalcitrant in conventional activated sludge
wastewater treatment. Moreover, some of the ILs can cause severe
undesirable effects on the microbial consortium, which can destabilize
the biological system. Thus, it is necessary to develop cost-effective
solutions to avoid or mitigate their negative impact in aquatic en-
vironments.
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