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Ionic liquids (ILs) have many potential appli-
cations in diverse fields because of their distinctive 
properties. The increasing interest in ILs in industrial 
and academic sectors is mainly due to recent demon-
stration of the close relationship between the com-
pound structure and their properties, which could be 
modified for different purposes. ILs contain an inor-
ganic anion and an organic cation, and different cat-
ions and anions could potentially be combined to 
create ILs for specific applications as, for example, 
bioseparation agents of active compounds (with spe-
cial importance in petroleum industry), drug delivery 
systems, lithium ion batteries, paint additives, lubri-
cants for high temperatures and low pressures and 
absorbents for heat pump devices [1-5]. More than 
30000 imidazolium-based ILs have already been in-
cluded in the CAS database, and it has been esti-
mated that more than 1012 different ILs could be syn-
thesized [4]. The vapour pressure of ILs is very low 
[4], and in some contexts ILs are considered innocu-
ous because they are not harmful to the atmosphere. 
They are often referred to 
ever, their inocuousness has still to be proven, as the 
fact that they do not act as atmospheric toxins does 
not mean they are also harmless to aquatic and ter-
restrial environments. Furthermore, in case of acci-
dental spillage, water-soluble ILs would quickly 
reach the soil surface in the surrounding area, as well 
as the deeper layers of soil and surface and subsur-
face waters. Moreover, given the large number of 
combinations of anions and cations and the lack of 
knowledge about the effects of IL structure on tox-
icity, it is not possible to generalize about the poten-
tial impact of ILs on the environment. 

The ionic liquid 1,3-dimethylimidazolium di-
methylphosphate ([C1C1Im][DMP]) has many po-
tential applications and is already used as, e.g., a lub-
ricant-hydraulic fluid, an absorbent in heat pumps, a 
heat transfer fluid (in heaters or freezers) and a sur-
factant [3,5-6]. However, the toxicity of this IL to the 
soil remains to be investigated. This is especially im-

portant as soils with different characteristics, partic-
ularly in relation to organic matter (OM) and pH, 
may react differently to the presence of any exoge-
nous compound [7].  

Ecotoxicology testing is often carried out with 
agricultural plants because these are sensitive to en-
vironmental stress and pollution [8-9]. Seed germi-
nation and seedling development are crucial and par-
ticularly sensitive stages of plant development. If 
plants are grown in contaminated soil, the seeds and 
roots will be in direct contact with the pollutants, 
thus potentially affecting germination and/or plant 
development [10-11]. Moreover, toxicity tests based 
on seed germination and elongation can be carried 
out with a wide variety of plant species that are radily 
available and also germinate and grow rapidly [8-9]. 

The aim of this study was to investigate the tox-
icity of [C1C1Im][DMP] in soil by analyzing the ger-
mination and early development of seeds of one for-
est and one agricultural plant species in two different 
types of soil spiked in different compound concen-
trations. 
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The ionic liquid 1,3-dimethylimidazolium di-

methylphosphate, [C1C1Im][DMP], (99% pure, ana-
lytical grade) was purchased from IOLITEC (Heil-
bronn, Germany). The main chemical and structural 
characteristics of this IL are summarized in Table 1. 

The plant species selected for the study were 
garden cress (Lepidium sativum L.) and eucalyptus 
(Eucalyptus globulus Labill.). Both plants are suita-
ble for use in ecotoxicity studies because of their 
abundance, high rate of germination and rapid, early 
development [8, 12-13]. 
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TABLE 1 
Main characteristics of the ionic liquid [C1C1Im][DMP: CAS identification number, structure, molecular 

mass and purity 

Ionic liquid 
 

Short Name 
[CAS Number Id.] 

Structure Mm (g mol-1) Purity 

1,3-dimethylimidazolium 
dimethylphosphate  

[C1C1Im][DMP] 
[654058-04-5] 

 

222.18 > 0.99 

 
TABLE 2 

Main characteristics of the soils used in the study 
         

Agricultural         
         

 
 

Two soils destined for different use (agricul-
tural and forest), containing different amounts of 
OM of different quality, were selected for the study. 
At each site, 10-15 subsamples of the A horizon (0-
10 cm) were obtained at random points and pooled 
in the field to produce a composite sample. The sam-
ples were transported in isothermal bags to the labor-
atory where they were sieved (< 4 mm). A sub-sam-
ple of each soil was air-dried for determination of 
general soil properties, and the remainder was stored 
at 4 ºC until required for the germination and early 
seed development tests.  

Spiked soil samples were prepared from differ-
ent solutions of [C1C1Im][DMP] by diluting the 
compound in water, to yield final concentrations of 
0, 1, 2.5, 5, 10, 25, 50, 75 and 100%. The soils were 
spiked with 0.1 ml of each of these solutions per 
gram of soil (equivalent to doses of 0, 0.47, 1.2, 2.4, 
4.7, 11.7, 23.3, 35 and 46.7 g of [C1C1Im][DMP] kg-

1 dry soil), and water was added to reach 80% of the 
water holding capacity of the soil. The spiked soils 
were maintained at 20 ºC for three days before the 
start of the planting experiment to maximize the con-
tact between the soil and the IL. Quadruplicate sam-
ples were prepared in plastic pots for each treatment 
and plant species. Nine seeds of each plant species 
were placed on the surface of each replicate spiked 
soil. The pots containing soil were placed for 16 days 
in a growth chamber at 25 °C, ambient humidity of 
60% and light/dark cycles of 16/8 h. Water was 
added daily to replace the water lost by evaporation. 
Seed germination (%) was determined during the in-
cubation period. Diverse plant growth parameters 
(length, number of leaves and dry weight) were 
measured 16 days after the seeds were sown. 

An air-dried sub-sample of each soil was ana-
lyzed to determine the following physical and chem-
ical soil properties, by previously described methods 
[14]: pH in water (1:2.5 w:v, soil:water ratio), pH in 

1 M KCl (1:2.5 w:v, soil:solution ratio), total carbon 
(dichromate oxidation in acid medium), total nitro-
gen content (Kjeldahl procedure), amorphous Al2O3 
and Fe2O3 [15],  particle size distribution (Robinson 
pipette, with Calgon® as dispersant) and texture. 
The mean values and standard deviations of these 
properties in the agricultural and forest soils are 
shown in Table 2. 
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Germination of both species was very variable, 
depending on the type of soil and dose of IL, and was 
the same, higher or lower than in the  control (non-
spiked) soil. Thus, in some samples spiked with 
doses of up to 2.4 g of [C1C1Im][DMP] kg-1, germi-
nation was higher than in the control samples (Figs. 
1 and 2); this was observed for the garden cress in 
the agricultural soil (10% higher) and eucalyptus in 
the forest soil (40% higher) spiked with 0.47, 1.2 and 

2.4 g of [C1C1Im][DMP] kg-1 or eucalyptus in the ag-
ricultural soil spiked with 0.47 g of [C1C1Im][DMP] 
kg-1 (almost 15% higher). On the other hand, the re-
sponse of the samples of garden cress in the forest 
soil spiked with doses of 0.47, 1.2 and 2.4 g of 
[C1C1Im][DMP] kg-1 was very similar to that of the 
control sample, and germination was only lower in 
the soil spiked with 4.7 and 11.7 g of 
[C1C1Im][DMP] kg-1. In previous studies, large re-
ductions in germination were also observed in re-
sponse to the presence of other imidazolium-based 
ILs such as [C4C1Im][BF4], [C3C1Im][NTf2] and 
[C4C1Im][OTf] [16-17], although in these cases the 
seeds were in direct contact with the IL solutions. 
Germination of the cress seeds also tended to take 
longer as the dose of [C1C1Im][DMP] increased. 
This effect was not observed for eucalyptus seeds, 
probably because germination is slower (Figs. 1 and 
2).  

 

 
 

FIGURE 3 
Elongation (mean±standard deviation) of garden 
cress and eucalyptus seedlings grown for 16 days 

in the agricultural and forest soils spiked with 
different doses of [C1C1Im][DMP] 
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