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Abstract: Aromatic amines (anilines and related derivates) are an important class
of environmental pollutants that can be released to the aquatic environment as
industrial effluents or as breakdown products of pesticides and dyes. The toxi-
city of aniline, 2-chloroaniline, 3-chloroaniline, 4-chloroaniline and 3,5-dichlo-
roaniline towards a multitrophic test battery comprised of bacteria Aliivibrio
fischeri (formerly Vibrio fischeri), a ciliated protozoan Tetrahymena thermo-
phila and two crustaceans (Daphnia magna and Thamnocephalus platyurus)
were investigated. Under the applied test conditions, the toxicity of the anilines
notably varied among the test species. The bacteria and protozoa were much
less sensitive towards the anilines than the crustaceans: ECs, values 13-403 mg L1
versus 0.13-15.2 mg L1 No general tendency between toxicity and the che-
mical structure of the anilines (the degree of chloro-substitution and the posi-
tion of the chloro-substituents) was found in the case of all the tested aquatic
species. The replacement of the artificial test medium (ATM) by the river water
remarkably decreased the toxicity of anilines to crustaceans but not to pro-
tozoa. This research is part of the EU 6" Framework Integrated Project
OSIRIS, in which ecotoxicogenomic studies of anilines (e.g., for Daphnia
magna) will also be performed that may help to clarify the mechanisms of to-
xicity of different anilines.
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INTRODUCTION

Aromatic amines (anilines and related derivates) are widely used industrial
chemicals and are therefore an important class of environmental pollutants. Ani-
line is the parent molecule of a vast family of aromatic amines. Since its disco-
very in 1826, it has become one of the hundred most important building blocksin
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chemistry. Aniline and its derivatives containing chloro-substituents are used as
intermediates in many different fields of applications, such as the production of
isocyanates, rubber processing chemicals, dyes and pigments, agricultural chemi-
cals and pharmaceuticals.1 These compounds can be released into the surface wa-
ter asindustrial effluents or as break-down products of pesticides and dyes.

According to Registration, Evaluation, Authorization and Restriction of Che-
micals (REACH) regulation,2 all substances on the European Market, which are
manufactured or imported in a quantity of 1 tonne or more per year will have to
be registered by June 1, 2018. The latest evaluation made by Rovida and Har-
tung3 in 2009 suggests that around 68,000 to 101,000 chemicals will have to be
registered in the EU under the REACH regulation. This is a huge task and res-
ponsibility for industry, regulators and scientists to manage the risks that chemi-
cals may pose to health and the environment.

This article focuses on the ecotoxicity of aniline and four of its derivatives:
aniline, 2-chloroaniline (2-CA), 3-chloroaniline (3-CA), 4-chloroaniline (4-CA)
and 3,5-dichloroaniline (3,5-DCA). According to European Chemical Substances
Information System (ESIS) and data on chemical production from 1990-1994,
aniline and 2-CA are high production volume (HPV) chemicals (placed on the
EU market in volumes exceeding 1000 tonnes per year per producer or importer)
and 3-CA, 4-CA and 3,5-DCA are LPV (low production volume) chemicals, i.e.,
volumes of 10-1000 tonnes per year.4 Aniline and 4-CA are classified as hazard-
ous substances in Annex | of Directive 67/548/EEC,5 whereas 2-CA, 3-CA and
3,5-DCA were not evaluated at the EU-level under previous legidation, suggest-
ing the need to collect information on their environmental and health properties
and to classify them under REACH-legislation. The (eco)toxicity data available
for aniline and its derivates show that 2-CA, 3-CA and 3,5-DCA could aso be
dangerous to humans and the environment. For example, according to Interna-
tional Agency for Research on Cancer (IARC), 4-CA is classified as possibly
carcinogenic to humans. Chen et al.6 showed that 2-CA is also potentially carci-
nogenic to humans. Aniline and 4-CA are aso classified as dangerous for the en-
vironment according to European Chemical Substances Information System (ESIS).

The main aim of REACH is not only to provide a high level of protection of
human health and the environment, but also to reduce animal testing to a mini-
mum, to promote the use of alternative methods and to combine all sources of da-
ta’ (available existing data, in silico, in vitro and in vivo approaches) for the as-
sessment of the hazardous properties of substances. Thus, expectations towards in
vitro studies and QSARS (quantitative structure-activity relationship) are very high.

In the field of aguatic toxicology, QSARs have been developed as alternative
tools for predicting the toxicity of chemicals, when little or even no empirical
data are available. Elaboration of SARSs (structure-activity relationships) or some
other computational toxicity prediction modelsis primarily based on experiment-
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ECOTOXICITY OF FIVE ANILINES 1293

ally measured toxic effects of chemicals. Therefore, there is a direct relationship
between the amount and quality of available information on toxicity of different
chemicals towards different test species and adequacy of the models.

The fate and biologica effects of chemicals in aguatic ecosystems depend,
above all, on the chemical composition of natural water.8 However, the majority
of toxicity datafor chemicals available for standard freshwater test organisms has
been generated using standard test media, and, as a result, the available informa-
tion concerning toxicity of chemicals, including anilines, in natural waters is li-
mited. Environmentally irrelevant conditions in standard toxicity tests reduce their
predictive power for environmental risk assessment.

The objectives of this study were: 1) to establish the relationship between
chemical structure and the toxicity of five anilines (aniline, 2-CA, 3-CA, 4-CA
and 3,5-DCA) toward different aguatic test species belonging to different trophic
levels and 2) to evaluate the effect of replacement of the artificial test medium by
the natural water on the toxicity test results.

EXPERIMENTAL

Chemicals

Aniline, 2-chloroaniline, 3-chloroaniline and 4-chloroaniline were purchased from Sig-
ma-Aldrich and 3,5-dichloroaniline from Acros-Organics. Stock solutions (aniline — 8000 mg
L1, 2-CA —500 mg L1, 3-CA — 1100 mg L1, 4-CA —550 mg L1 and 2,3-DCA —200 mg L)
were prepared in MilliQ water, taking into account their solubility (Table 1), and stored in the
dark.

TABLE |. Selected characteristics of the five tested anilines
Measured water Estimated water

Chemical casNo. PV solubility  solubility® '\I"Oeai‘r? El(s)“”}la‘%d
mg L-l mg L-l 0 Kow 0 Kow

Aniline 62-53-3 > 99.5 36000 (25 °C)° 20820 0.90 1.08
34000°

2-Chloroaniline  95-51-2 >99.5 8160 (25 °C)° 2241 1.90 1.72

(2-CA)

3-Chloroaniline  108-42-9 99 5400 (20 °C)° 2331 1.88 1.72

(3-CA)

4-Chloroaniline  106-47-8 98 3900 (25 °C)° 2572 1.83 1.72

(4-CA) 2000°

3,5-Dichloroaniline 626-43-7 98 784 (25°C)° 223 2.90 2.37

(3,5-DCA) 600 (26 °C)'

EPI Suite™ program WSKOWWIN, v. 1.41; ®U.S. EPA ECOSAR;® °EPI Suite™ program KOWWIN™, v. 1.67;
“Ref. 10; °Provider’s Material Safety Data Sheet (MSDS) (Sigma-Aldrich); ‘Provider's MSDS (Acros-Organics)

Bioassays
The toxicity of five anilines was studied toward four aquatic organisms. bacteria, pro-
tozoa and two crustaceans, using the following bioassays:
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The kinetic luminescent bacteria test (modified Flash assay) with Aliivibrio fischeri (for-
merly Vibrio fischeri) is based on the inhibition of the light output of naturally bioluminescent
bacteria by toxic compounds. The acute test (exposure time 15 min) was performed at room
temperature (~ 20 °C) in 96-well microplates using a modified Flash test protocol described in
Mortimer et al.11 Reconstituted Aliivibrio fischeri Reagent (Aboatox, Turku, Finland) was
used as the test bacteria suspension and all chemicals and their dilutions were tested in 2 %
NaCl. Inhibition of bacterial bioluminescence by the tested compounds was calculated as a
percentage of the unaffected control (2 % NaCl).

Daphtoxkit F™, Thamnotoxkit F™ and Protoxkit F™ were purchased from MicroBio-
Tests, Inc. (Mariakerke-Gent, Belgium) and tests were performed according to the procedures
described in the instruction supplied with the corresponding Toxkits.

The 48-h acute immobilization test with the crustacean Daphnia magna (Daphtoxkit
F™) adhered to OECD 202 guideline. The tests with neonates less than 24 h old, obtained by
the hatching of ephippia, were performed at 20 °C.

The 24-h mortality test with the crustacean Thamnocephalus platyurus (Thamnotoxkit
FTM) was performed at 25 °C with larvae of shrimp T. platyurus (< 24 h old) obtained by the
hatching of cysts.

The growth inhibition test (24-h) with the ciliated protozoan Tetrahymena thermophila
(Protoxkit FTM) is based on the measurement of the population density of protozoa. Briefly,
the investigated chemical and T. thermophila culture (strain Blll) were added to the food sub-
strate suspension in MilliQ water. While normal proliferating protozoan culture clears the sub-
strate suspension in the test vessels during exposure, inhibition of the growth of protozoaisre-
flected by the residual turbidity of the food substrate, measured as the optical density (OD) of
the test samples at 440 nm. The incubation was performed at 30 °C.

The acute inhibition test (24-h) of the viability of Tetrahymena thermophila was con-
ducted essentially as described in Mortimer et al.»2 Briefly, T. thermophila (strain BllI, the
growth inhibition test) was grown axenically in nutrient medium. During the exponentia growth
phase (5x10° cells mL-1), the cells were harvested by centrifugation and washed with Oster-
hout’ s medium, which was aso used as the test medium. The test plates with protozoa were
incubated for 24 h at 25 °C without shaking. Cell viability was tested using the fluorescent
dye propidium iodide (PI, Fluka) and by measuring the ATP content of the cellular sus-
pensions using the luciferin- uciferase method.

To prevent potential photolytic breakdown of anilines the exposure of protozoan and
crustacean tests were conducted in the dark.13

The ECs, val ues were determined using Regtox software for Microsoft Excel.14 The ave-
rage ECsgp values and standard deviations (SD) were calculated from 3-5 independent experi-
ments, each in severa replicates (four for D. magna, three for T. platyurus, and two for T.
thermophila and A. fischeri).

Test media

The artificial test medium — ATM (test medium used in the standard test procedure) in
the crustacean assays had the following composition (mg L™1): for D. magna - CaCly2H,0,
294; M@gSO,-7H,0, 123.25; NaHCO3, 64.75; KCl, 5.75; pH 7.8 + 0.2 and for T. platyurus -
CaS0,42H,0, 60; MgSO,-7H,0, 123; NaHCO3, 96; KCl, 4; pH 7.8+0.2, dissolved in MilliQ
water. MilliQ water or Osterhout’s medium (NaCl, 104; MgCl,, 8.5; MgSO,, 4; KCI, 2.3;
CaCl,, 1 mg LL; pH 6.6, dissolved in MilliQ water) were used as the standard test medium for
T. thermophila, and a 2 % solution of NaCl for A. fischeri. Thus, the ATM used in the assays
did not contain any organic compounds.
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Natural waters were sampled from a well (subsurface water) in a small village in north-
ern Estonia and from the River Jagala (Estonia). Chemical analyses of the natural water samp-
les (Table I1) were performed using standard analytical methods in an accredited laboratory.

TABLE Il. Characterization of the natural waters used as test media

Parameter Unit Water from thewell  Water from the River Jagala
pH - 75 8
Conductivity uS 156 282
DOC? mgCL™ 9.6 16.1
BOD,’ mg O, L™ 1.4 1.6
Nitrate mgN L™ 0.27 2.3
Phosphate mgPL* 0.195 0.018
ca mg L™ 33 68
HCOy mgL™* 96.4 192.2
Sold mg L™ 4 25
Feo mg L™ 0.21 0.76

Before the biotesting, suspended solids and plankton were separated from the water
samples by filtration through a 0.45 pum pore size standard filter (Millipore).
Use of ECOSAR for predicting the aquatic toxicity of anilines

The toxicity of the anilines (ECs) to D. magna were calculated using the ECOSAR
model — a computerized predictive system used by the United States Environmental Protection
Agency (US EPA) to estimate the aquatic toxicity of industrial chemicals. The ECOSAR mo-
del uses Structure Activity Relationships (SARs) for the prediction of the agquatic toxicity of
untested chemicals based on their structural similarity to chemicals for which aguatic toxicity
data are available. The SARs in the ECOSAR model express correlations between the phy-
sico—chemical properties and aquatic toxicity of a compound within specific chemical classes.
ECOSAR version 1.00a (February 2009), downloadable from the US EPA website,® was used
in the current study.

RESULTS AND DISCUSSION

The results of the toxicity testing of the five anilines using the above-listed
bicassaysin ATM (the respective artificial test medium) are presented in Table I11.
The experimental data on the toxicity of the investigated anilines are comparable
with the data published by other authors (Table V).

It should be mentioned that the 48-h ECsq values for D. magna available in
the literature vary considerably. However, when averaged (Table 1V), these data
are in agreement with the present results (Table I11). Unfortunately, no informa-
tion on the toxicity of the anilines to T. platyurus and T. thermophila could be
found, but the toxicity of investigated anilines to close protozoan species T. pyri-
formis (Table V) were comparable to the present data (Table I11). In the current
study, much higher ECsg values were obtained in the acute inhibition test (expo-
sure of protozoa during 24 h with no food added, see Experimental) than in the
growth inhibition test with T. thermophila (Table 111). Exposure of T. thermo-
phila to aniline in the acute inhibition test yielded the following ECsg values:
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2007 mg L~1, measured with propidium iodide, and 2140 mg L1, according to
the measurement of the ATP level. Considering that the ECsg value from the
acute inhibition test is over 5 times higher than the ECsg value of the growth in-
hibition test (2007 vs. 358 mg L—1), it can be assumed that in case of toxicity
testing of aniline, the growth inhibition test of T. thermophila is more relevant
than the acute inhibition test. The difference in the ECsq values of the two test
formats could be attributed to the mode of action of aniline, which has been clas-
sified as a polar narcotic which exerts non-covalent bioreactivity by disturbing
the structure and functioning of biomembranes.19 As aresult of the slow narcotic
mechanism of action, aniline probably inhibits the normal functioning of the cell,
including cell proliferation, but does not kill the cells during that time, rendering
the mortality endpoint (propidium iodide assay) less sensitive. However, this sup-
position has to be verified.

TABLE III. Toxicity of anilines (ECs, ,mg L™, mean+SD) towards four aguatic species tested
in ATM

Exposure time
Compound 24h 15 min ' 48 h 24 h
Protozoa Tetrahymena Bacteria Ali- Crustacean Da- Crustacean Tham-
thermophila® ivibrio fischeri phnia magna nocephal us platyurus

Aniline 3581180 403+101 0.13+0.04 2.8+0.6
2-Chloroaniline 252+16 43+19 1.2+0.4 15.2+4.5
3-Chloroaniline 135+9.0 59+14 0.24+0.07 2.0+0.6
4-Chloroaniline 36+3.5 13+0.5 0.19+0.04 4.4+1.1
3,5-Dichloroaniline 29+2.4 36+3.8 0.48+0.24 3.9£0.8

8Growth inhibition test (Protoxkit F™)

TABLE IV. ECs, values (mg L ™) for the five anilines published by other authors

Chemical Tetrahymena Aliivibrio fischeri Daphnia maana®
pyriformis (V. fischeri, P. phosphoreum)® ap 9

Aniline 158.1° 69 (15 °C) 0.39+0.23
190° 488 (15 °C)

2-Chloroaniline 188.7° 15(15°C 0.94+0.68
200" 36.5 (20 °C)

3-Chloroaniline 76.9° 13.4 (15 °C) 0.23+0.13
100 39.5(20°C)

4-Chloroaniline 113.7° 3.77 (15°C) 0.24+0.13
10° 21 (20°C)

3,5-Dichloroaniline 31.6° 10.7 (15 °C) 1.16+0.06

®Ref.15, exposure time 15 min; testing temperature indicated in the brackets; Pmean+STD from U.S. EPA ECO-
SAR and Ref.16, exposure time 48 h; “Ref .17, exposure time 40 h; dRef.18, exposuretime 24 h

The toxicity of investigated anilines varied notably among the test species
(Table 111). All tested compounds were remarkably more toxic (10-100 times) to
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crustaceans than to bacteria and protozoa (both unicellular organisms). D. magna
was the most sensitive species. Other authors?0-21 also showed that D. magna
was more sensitive than other aguatic species, i.e., algae and fish, to anilines. Alt-
hough it was previously demonstrated that T. platyurus can be more sensitive
than D. magna, e.g., to pyrene?2 and insecticides,?3 in case of anilines, D. magna
was about an order of magnitude more sensitive than T. platyurus. It should be
emphasized, however, that the acute assays with the two crustacean test species
used different exposure times (24-h for T. platyurus vs. 48-h for D. magna) which
could explain the different results obtained. The high sensitivity of D. magna to
aromatic amines, compared to other crustaceans, was aso shown by Ramos et al.24

Thus, the present study confirms that extrapolation of toxicity data from one
species to another (even if the species are taxonomically similar) could lead to in-
correct deductions.

Relationship between toxicity and the chemical structure of the anilines

There was no common relationship between the toxicity and chemical struc-
ture of the anilines (the degree of chlorosubstitution and the position of chloro-
substituents) for all the tested aguatic species (Table I11). In case of protozoa, the
toxicity of anilines depended on the position of chloro-substituents and increased
in accordance with the degree of chlorosubstitution, with aniline (ECsg = 358 mg
L-1) being about 12-fold less toxic than 3,5-DCA (ECsg = 29 mg L—1). Aniline
was also approximately 10-fold less toxic than the substituted anilines to the bac-
teria A. fischeri (403 mg L1 vs. 13-59 mg L-1; Table I11). As mentioned above,
both crustaceans and especially Daphnia magna were remarkably (up to 3 orders
of magnitude) more sensitive towards anilines than protozoa and bacteria. For
both crustaceans, it was difficult to recognize a clear relationship between toxi-
city and the chemical structure of the tested compounds. Interestingly, for both
crustaceans, 2-CA was noticeably more toxic than the other four tested anilines.
This indicates that, regardless of the different sensitivity of two species, the me-
chanism of action of anilinesis probably the same for both crustaceans.

A comparison of the present results with the predicted toxicity values for D.
magna obtained with the ECOSAR model (experimentally obtained octanol-wa-
ter partitioning coefficient, Kqy, values were used for the calculations, Table I)
shows that the predictive power of the ECOSAR model, at least in case of ani-
lines, is limited. Moreover, the ECOSAR model under predicted the toxicity of
four anilines by almost one order of magnitude (Fig. 1).

As arule, there is a correlation between the toxicity of an organic chemical
and its Kqy value: the higher the log Kqy, the lower the L(E)Csg value, i.e., the
higher the toxicity. For example, in previous studies on MEIC chemicals, a good
correlation was shown between the toxicity of 24 MEIC chemicals to photobac-
teria and their Koy value; the correlation coefficient of the linear regression
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(log-og) was —0.84).2° Lee et al.25 showed that the toxicity of 16 phenols toward
Selenastrum capricornutum and D. magna was closely related to the log Ky Var
lues. In the current study, this trend was observed for 5 tested anilines in the case
of protozoa and bacteria. However, the most toxic compound to crustaceans was
aniline, which is the least hydrophobic of the five tested compounds (Fig. 2).

10
m1 02

EC50, mg/L

0.1 4

aniline  2-CA 3-CA 4CA  3,5DCA
Fig. 1. Toxicity of anilinesto crustacean Daphnia magna: measured (1) and
predicted by ECOSAR (2). Note the logarithmic y-scale.
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Fig. 2. Toxicity of anilinesto the four test species (ECs, values obtained in
the current study) vs. log Kqy-

As was shown above, the existing tools for the prediction of the toxicity of
aniline (ECOSAR) to aquatic species yields inaccurate toxicity data. There are
many reasons why the predictive power of QSAR models is not reliable. Firstly
and most importantly, experimentally determined physic—chemical properties should
be used to develop QSARs. Secondly, the descriptors should be selected very
carefully and the toxicity of chemicals should be predicted by more than one des-
criptor. Certainly, QSAR models are rapid and cost-effective methods, which can
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be used as important alternative screening tools for prioritising and predicting the
toxicity of untested chemicals, but it must be born in mind that the calculated va-
lues may differ considerably from the experimental ones.

Modulation of the toxicity of anilinesin natural water

There are an increasing number of studies showing the modulating effect of
the composition of natural water on the toxicity of different chemicals, mostly
heavy metals but also metal oxide nanoparticles.2’ The presence of humic com-
pounds in natural water may also modulate the toxicity of organic chemicals. For
example, it was shown that dissolved humic materials (DHM) significantly re-
duced the toxicity of 4-CA to D. magna, but the effect of DHM on the toxicity of
4-CA to zebrafish (Brachydanio rerio) was not observed.28 In the present study,
the effect of natural water on toxicity of anilines to bacteria, protozoa and crus-
taceans was evaluated.

It is known that photolysis and microbial degradation are the most important
degradative processes affecting anilines in aquatic environments.2® To prevent
breakdown of the chemical structures by photolysis, the exposure of protozoa and
crustaceans to the anilines was realised in the dark (see Experimental).13 In addi-
tion, it was previously shown?9:30 that during short incubation periods (up to 3
days in the dark), there was no measurable microbial degradation of aniline and
the chloroanilines in natural water. Therefore, it could be presumed that in the
short-term tests performed in the current study, the tested compounds remained
stable and that the differences between the results obtained with ATM and natu-
ral water indicate the impact of water composition on the bioavailability of anili-
nes to different aguatic species.

The mitigation effect of natural water on the toxicity of anilines to four test
speciesis presented in Table V. The tests organisms were exposed to the anilines
at concentrations that were close to the ECsg values obtained in the respective
standard test media (Table 11). The results are presented as a ratio of the toxic ef-
fect (%) in natural watersand in ATM (Table V). Thus, values lower than one indi-
cate a decrease of toxicity in natural water and values exceeding one, accordingly,
indicate an increase in toxicity. For example, when the immobilization of D. mag-
na exposed to 2-CA at a concentration 0.2 mg L—1 in ATM was 80 % and in na-
tural water only 40 %, the toxicity in natural water decreased 2 times (40/80 = 0.5).

In general, the effect of natural water on the toxicity of anilines was mini-
mal. However, some tendencies were observed: i) different to particle-feeding or-
ganisms (protozoa and crustaceans), the toxicity of anilines to bacteria was prac-
tically the samein natural water and ATM and ii) toxicity of anilines for protozoa
T. thermophila and crustacean T. platyurus seemed to be sightly increased when
exposed in natural water, and for D. magna, natural water dightly decreased the
toxic effect of chloroanilines (but not of aniline). These data are in accordance
with the data of Lee et al.28 (see above). However, the data on the other crus-
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tacean T. platyurus did not confirm this tendency (Table V). This discrepancy
may be explained by the different sensitivity of the test species to background
pollution. It seems that in case of anilines, the mitigation effect of natural water
on toxicity to crustaceans depended mainly on the integrated effect of the water
composition (including background pollution) and tested chemical, but not on the
dissolved organic matter (DOC) content. Thus, the current data on anilines are
different from the data of a previous study on the effect of natural waters on the
toxicity of CuO nanoparticles to D. magna and T. platyurus, in which it was
shown that natural waters remarkably (up to 100-fold) decreased the toxicity of
nano-CuO to both crustaceans and this effect depended mainly on the DOC con-
centration.2’

TABLE V. The ratio between the toxicity of anilines in natural water (NW) and artificial test
medium (ATM) tested at the same concentrations (effect in NW / effect in ATM)

Compound ;\eé:an'gmi Aliivibrio fischeri Daphnia magna Thagg‘t’;jﬁ;alus
wdl Rver Wel Rver Wel Rver Wl River

Aniline 24 22 11 1 21 19 18 15

o-Chloroaniline 13 15 12 11 06 05 08 1

3-Chloroaniline 0.95 12 0.9 0.85 0.7 0.5 2.2 1.9
4-Chloroaniline 1.2 16 0.8 0.9 0.7 0.7 0.8 0.9
3,5-Dichloroaniline 1.8 2.4 1.1 1.1 0.3 0.5 11 1.3

8Growth inhibition test (Protoxkit F™)

CONCLUSIONS

It may be concluded that the opinion stated 15 years ago: “...at present no
prediction about the behaviour of a previously untested chemical can be made,
which is based on the physico-chemical or structural properties of the organic
chemical.”28 —is till valid, at least in the case of anilines.

QSARSs can be used as an initial evaluation of the toxicity of a chemical,
however, tests with bioassays must be performed for confirmation.
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TOKCUYHOCT IIET AHWJIMHCKUX JEAUBEBA ITPEMA JbY CKAPUMA,
TTPOTO30AMA U BAKTEPUJAMA
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Akadeemia tee 23, Tallinn 12618, Estonia

Apomarrnunu amMuHM (aHWJIMHHE M JEPUBATH) Cy BakHA Kiaca 3aralyjyhux cymcraHum koje
MOTy OWTH HCIIYIITEHE Y )KMBOTHY CPEIMHY KO MHIYCTPH]CKH €(IyeHTH WM Kao IIPOU3BOH pa3-
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rpaame nectunuaa u 6oja. Menuramim cMo TOKCHYHOCT aHWIMHA, 2-XJIOPAHWINHA, 3-XJIOPaHUINHA,
4-xmopaHuinHa, U 3,5-TUXJIOpaHWINHA 32 MYJITHTPOQUUYHY TeCT OaTepHjy Koja ce CcacToju Ol
6akrepuja Aliivibrio fischeri (panuje Vibrio fischeri), mporosoa Guuapa Tetrahymena thermophila
u nBa spyckapa (Daphnia magna u Thamnocephalus platyurus yypyc). V npumemenum ycioBuma
TOKCHYHOCT aHWJIMHA j€ IPUMETHO Bapupaia Meljy TecTupaHuM Bpctama. baktepuje u mpoTo3oe cy
Onite MHOTO Marbe OCeTJbUBE IpeMa aHWIMHUMA Hero Jbyckapu: BpexHoctu ECsy cy 6mne 13-403
mg L™ mpema 0,13-15,2 mg LY. Huje oTkprBeH HEKAKaB ONMIITH TpeHA M3Mel)y TOKCHUHOCTH 1
XEMHjCKe CTPYKTYpe aHHJIMHA (CTEHEH CYNCTUTYIMje XJIOpa U MO3UINja XJIOPHUX CYICTUTYEHATa)
HU Y jeIHOM CIIy4ajy TeCTHPaHHX BOACHMX BPCTa. 3aMEHa BELITa4YKOr TecT Meaujyma (ATM) peu-
HOM BOJIOM YOYBHBO j€ CMamWila TOKCHYHOCT aHWJIMHA 3a JbycKape, ajld He U 3a nporto3oe. OBO
HCTpaKuBame je aeo unterpucanor npojekra OSIRIS y okBupy eBporickor FP6 mporpama, y kome
fie ce cripoBecTH M eKOTOKCHKOTEHOMCKE CTyquje aHmwinHa (Hip. 3a D. magna), koje Mory nmomohu
y pasjaiimbaBamky MEXaHH3aMa TOKCUYHOCTH Pa3IMuUTHX aHUJIMHA.

(Mpumsseno 19. neriem6pa 2009, pesuauparo 8. pedpyapa 2010)
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