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Abstract. The toxicity of Vilnius municipal effluents was a&vated using the bioassays with aquatic invertebra
and terrestrial and aquatic higher plants. Toxititgts were performed on samples of untreated @ldgically
treated wastewater. Wastewater toxicity was asdassieg seed germination and short-term early seedrowth
test of lettuce l(actuca sativa L.), growth inhibition test of.emna minor and the acute microcrustaceddaphnia
magna (24-48 h) assay. Undiluted untreated wastewatersgasrely toxic td. magna and led to death of all ex-
posed organisms (48 h test). The estimated meeihallconcentration was 5% WW (20 TU) for untreatedtewa-
ter and biologically treated effluents had onlyglstiacute toxicity td. magna (0.80 TU). The inhibition of growth
of L.minor was detected only in untreated wastewater;E@ growth rate was 63.4% WW, for biomass — 52.3%
WW. The measured endpoints in terrestrial plargswere seed germination, root length, shoot heighttotal bio-
mass, but only root length was sensitive one. W@itéik and biologically treated effluents inhibitda tgrowth of
L.sativa roots by 70 % and Egwas equalled to be 47.2% WW and 61.1 % WW, regpyt The growth of shoots
and total biomass were stimulated due to exposueflients; stimulation effect was determined bffisiently high
concentrations of nutrients. The applied bioassegi® ranked according to their sensitivity to tlfituents as fol-
lows: D. magna > L. minor > L. sativa. The treatment of wastewater reduced average tgximex by 11 times.

Keywords: acute toxicity, bioassayBaphnia magna, effluents Lactuca sativa, Lemna minor, toxicity testing.

1. Introduction

Municipal effluents are of major concern for the cially crustaceans, e.daphnia magna) (Latif and Licek
quality of the receiving aquatic ecosystems. Mydti 2004; Rodriguezt al. 2006; Raet al. 2008). As the or-
wastewater contains a complex variety of organid anganism responses are very diverse, the use obatistr-
inorganic compounds. Generally, potential hazard ades including a set of organisms from several déffé
sessment of effluents in Lithuania is based onplings-  trophic levels, is highly recommended. Wastewated a
icochemical parameters of eflluents (e.g. biologamad treated effluents can effectively be screened daictty
chemical oxygen demand, pH, total dissolved solidshy a selected battery of tests, and extensiveycok#mi-
heavy metals, organic compounds, etc.) (Jurj@gnétal.  cal analysis may be run only with those samples rina
2007; Vasarevius et al. 2010). However, chemical data veal suspicious or remarkably high toxicity data.
alone do not allow evaluation of possible toxiceetf to Animal tests alone are not sufficient to assess-env
biota living in receiving waters. Toxicity bioassayin ronmental hazards. The advantages of plant assays a
contrast to physico-chemical analysis, integrate ifo- large array of assessment endpoints (seed geromnati
logical effects of all compounds present and otli@acs  biomass, growth, biochemical parameters), low eost
tors such as bioavailability, toxicants interacteomd oth-  year round testing. Duckweedsefnnaceae) due to their
ers. It is accepted, that toxicity bioassay, usipgcies small size, high multiplication rates and susceiitijbto
representing the different trophic levels, is thestbap- pollutants are one of the most used aquatic piantsx-
proach to evaluate the whole toxicity of wastewater icity testing procedures of various chemicals ahelirt

The whole effluent toxicity (WET) assessment ismixtures. Studies show that duckweeds are veryitsans
based on the bioassays for acute and chronic tpxihe  in various mixtures (wastewater, leachates, etxicity
toxicity of effluents mainly is evaluated with lun@scent evaluation (Horvagt al. 2007; Radi et al. 2011).
bacteria, algae or higher plants, aquatic inveatgsrand The impact of the effluents on living organisms is
vertebrates (fishes). The most popular acute andn@h  high and governed by several factors, such aslbaghof
toxicity bioassays are with aquatic invertebratespgé- organic matter, heavy metals, high content of eotd
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(nitrogen, phosphorous). Toxicity assessment ssudieTable 1. Chemical characteristics of wastewaters (WW)
have revealed the mutagenic and genotoxic progesfie - - ; =
wastewater (Helmat al. 1996). Wastewater also can NON,  NOsN, NH-N — PO7,
inhibit the growth, feeding rate and reproductioh o mg I'* mgl  mgrt mgl
aquatic organisms and disturb macroinvertebratenmom

nity structure and functioning (Lewet al. 1998; Maltby var:/t\;eated 0.03 1.00 100 18
et al. 2000). In the water bodies, contaminated by efflu-
ents, various biochemical, physiological, reprodct Biologically 0.5 20 10 0.6
adverse effects are observed and the fish spdclesess  treated WW

and composition are observed to be lower than earcl

ones (Sandsim and Neuman 2003; Mowetral. 2011). ) i
In Lithuania previously the studies on effluents-to The following endpoints were measured to evaluate

icity were focused on bioassays with a|gaephytotoxicity: seed germinatio®4), shoot height (mm),
(ManusadZianas et al. 1995; Bartusevienc and rootlength (mm), and the total plant mass (theltotass
ManusadZianas 2003a), aquatic and terrestrial high@f Surviving plants in one Petri dish (g)). Plattat did
plants (Lak&iauskiert et al. 1997; Matiulionien: and not ge_rmlnate were not considered in the subsequent
Montvydiere 2002), aquatic invertebrates and test batter@nalysis of growth. o _

ies, including several biotests representing dffrtro- The standardised growth inhibition tests with duck-
phic levels (ManusadZianat al. 2000; Bartusevien weed have been conducted according to OECD Gudalelin

and Manusadzianas 2003b; Manusadzianas et al. 200%1 (2004). The stock culture bf minor was grown in
Zaltauskait and Vaisiinait: 2010). modified Steinberg medium in growth chambers at@4
The main aim of this paper was to determine the toxt 2°C with a light/dark cycle of 16/8 h. Ten (10) doesbl
icity of untreated and biologically treated munalief-  fronded healthy common duckweed. (ninor) colonies
fluents using seed germination and short-term esggd- Were transferred to Erlenmeyer flasks containirffgcint
ling growth test of lettuceléctuca sativa L.), growth ~ concentrations of wastewater. The dilutions of east
inhibition test ofLemna minor and the acute microcrusta- ter were performed with growth medium bf minor.

ceandDaphnia magna (24-48 h) immobilisation test. Experiment has lasted 7 days and has been conduacged
replicates. The fronds number has been monitoredyev
2. Materials and methods day of experiment.

Toxicity was recorded as percent inhibition of

rowth (fronds number and fronds biomass) (relative

_Samples of untreated (raw) and biologically treate(gontrol) ofL. minor as a result of 7 days exposure to the
Vilnius municipal effluents were collected in Fearyof  (,yicant (effluents) in its growth medium.

2010. The samples were taken to laboratory anecstor Relative growth rate was calculated from the follow
darkness in refrigerator prior to performance @& tio- ing equation (Eq. 1) with measured fronds numb@raiN
sassays. the end () and the start of the tesg)(t

The chemical characteristics of wastewater are pre-
sented in Table 1.

According to EPA recommendations for toxicity test IN(N, ) - In(N, )
a dilution series of five wastewater concentratidirs.; = Lt fo Q)
100, 50, 25, 12.5 and 6.26 wastewater) and a control bt

was made. Phytotoxicity test was performed withilunf

tered wastewater and part of each sample wasefiter ) -

(0.45um) for acute toxicity test witBaphnia magna. ~Acute 24-48 h immobilisation test was performed
Phytotoxicity test was performed on terrestrialtaig With Daphnia magna according to OECD Guideline 202

er plant lettuce l(actuca sativa L.) and aquatic plant (1984). The control was synthetic freshwater (growt

duckweed Ilemna minor L.). Tests of seed germination Medium ofD. magna). Five (5) organisms (less than 24 h

and early seedling growth of lettuce were conducked ~ ©!d) were exposed to each dilution sample in icafss.

80 ml of distilled water (as a control) or a tegtsample ~ After 24 h and 48 h incubation in light/dark cydlé:8 h

(different concentrations of wastewater) solutiomsw at 20£1°C, the number of dead individuals was recorded.

pippeted onto the filter paper fitted on the cottwool ~ The test was considered valid if the mortality antol

into a 9 cm g|ass Petri dish. The assays were m;ﬂem) with Synthetic freshwater did not exceeded 10 %.
in three replicates. Results for the toxicity tests were expressed as th

Thirty healthy looking seeds of lettuce of similar concentration of the sample that produced a 50%ceff
size were placed in each Petri dish on filter papéxe  (e.9.; growth inhibition, mortality) (E4&s or LCsq). EGso
Petri dishes were placed in the dark af@5 2°C for 24  (LCso) values were expressed as a percentage of efluent
h. Afterward the seed germination and the Petatis t€sted. Toxicity values (L&) were converted in Toxic
were kept in regime of 25C + 2°C temperature under Units (TU) (Eq. 2), i.e. inverse of Ligexpressed in %:

16:8 h light:dark for 120h.
TU = [1/EG] x 100 2
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In case of low toxicity, i.e. below the 50 % effect

level, toxicity units were calculated as proport@frb0 %
effect.

Average effluents toxicity index (AvTx) was calcu-

lated as the sum of the endpoints values in toxitsu
divided by the number of tests (Manusadziasasl.
2003).

The toxicity classification of effluents is repaitas
follows (Persoonet al. 2003):

no acute toxicity TU<04
slight acute toxicity 0.4<TU< 1
acute toxicity IKTU< 10
high acute toxicity 1& TU< 100
very high acute toxicity >TU100

Each species endpoint per effluents solution sample
was compared to the corresponding reference sampl

mean using a Studentstest. The difference was signifi-
cant than p < 0.05. A wastewater was considereid ibx
a statistically significant reduction occurred imeoof the
species endpoints relative to the reference.

3. Results and discussion

Clear relationship between lettuckatuca sativa
L.) seed germination and effluents concentratiosdhu-

tion was not detected. So, this endpoint was exdud

from the further toxicity analysis. Generally, segetmi-
nation is not as sensitive to various toxicantsoters
endpoints (Gundersaat al. 1997; Meieret al. 1997).
Effluents statistically significantly inhibited the
growth of lettuce root; the root length in undilditen-
treated and biologically treated effluents was By68 %
lower than in control (Fig 1). Regression analyss
vealed that the root length &f sativa significantly de-
creases with the concentration of untreated aratede
effluents in tested solution (r > -0.81, p < 0.05).
Calculated EG for lettuce root growth inhibition

—&— Untreated —8— Treated

% of contro|
a
o

6,25 12,5 25 50

Concentration of effluents,%

100

Fig 1. Root length of lettuce @ctuca sativa L.) exposed
to different concentration of untreated and biatadjy
treated effluents
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Fig 2. Shoot height of lettuce_éctuca sativa L.) exposed
to different concentration of untreated and bictedy
treated effluents

The weak concentrations of wastewater (6.234)5
inhibited the growth of biomass. It indicates theidi-
luted wastewater contains sufficiently high concatiins
of nutrients which stimulate the growth of plantslanay
mask the adverse effect of other substances inewast
ter. Dilution of wastewater decreases the conténuti-
ents and it results in slower growth of plants. Blasne
pattern when undiluted effluents stimulate the ghoand

was 47.2 % (2.12 TU) and 61.1 % (1.64 TU) in cae ogjjyted solutions inhibit the growth is charactécisto

raw and treated wastewater, respectively. Resullisate
that effluents can be classified as acute toxic tfor
growth of roots of terrestrial plants.

mixtures containing high amounts of nutrients (Blia
2000).
According to our study results, it may be concluded

The shoot height showed no clear dependence on thgat root length is the most sensitive endpoirddmpari-

wastewater concentration in solution (Fig 2). Uateel
wastewater slightly inhibited the shoot growth, ugb
the differences from the control were insignificaBto-
logically treated wastewater had the stimulatofeafto
shoot growth. Many studies have indicated thatstieot
system is less sensitive to environmental toxithign the
root system (Wang and Williams 1988; Gundersbal.

son with seed germination, the growth of shoot esyst
and plant biomass. The results revealed that uedilu
untreated wastewater is phytotoxic. In case of 50d¥t
centration of effluents in solution, the effluentticity
category falls to non-toxic level or even stimuatiis
observed. Biological treatment significantly reddidde
phytotoxicity of effluents to terrestrial plants.

1997; Meieret al. 1997; Matiulioniené and Montvydi- The adverse impact of effluents to the growth of
ere 2002). _ o Lemna minor was more pronounced than in the case of
Exposure to undiluted raw and biologically treatedierestrial plants. The duckweeds exposed to utedilu
effluents led to increase in shoot and root biomass raw wastewater showed 100 % mortality. Some studies
comparison with the control (Fig 3). indicate thatL. minor is very sensitive to effluents and

715



mortality sometimes reaches 100 % (Wang and William

1988).

140
120
100 -
80 |
60 A
40
20 1

—&— Untreated —8— Treated

% of control

12,5 25 50
Concentration of effluents, %

6,25 100

Fig 3. Total biomass of lettuceléctuca sativa L.) ex-
posed to different concentration of untreated aiatbgi-
cally treated effluents

In L. minor growth inhibition test any new visible
daughter frond is count. As under stress conditiary
small fronds may be protruded, so frond number may
underestimate the toxic effect to duckweed. Du¢hie
disadvantage, the biomass evaluation is more daifab
toxicity assessment.

Effluents adversely affected the biomass of duck-
weeds (Fig 5). Solutions containing different cortca-
tions of untreated wastewater caused the inhibitién
biomass growth by 10-100%. The relationship between
the dry weight ofL. minor (expressed as % of control)
and the concentration of untreated wastewater littiso
was strong and statistically significant (r = - 4.9 =
0.00). Calculated Ef for L. minor biomass inhibition
was 54.42%, i.e. TU 1.84. Results indicate that raw
wastewater can be classified as acute toxic fogtbeth
of aquatic plants biomass.

There was no significant decrease in dry weight of

The regression analysis revealed that number afuckweeds exposed to biologically treated effluefitse

fronds during the test period was significantlyeatéd by
time (duration of exposure) and concentration oftea
water in solution (untreated wastewater:

increase in weight of frond consisted in 44 % idiluted
treated effluents, though lower concentrationsreéted
effluents in solution caused slight statisticalhsignifi-

fronds number = 22.4 + 7.2day — 0.13 x concentration cant decrease in frond weight (6-16 %).

(R? = 0.95, p = 0,00); treated wastewater: fronds remb

=17.6 + 9.1 xday + 0.11 x concentration {R= 0.88, p =

0,00)).
i

0,22

[@] untreated
7% treated

0,20

0,18 %

0,16

0,14
0,12
0,10

0,08

Relative growth rate

0,06
0,04
0,02

0,00

6.25 12.5 25 50 100
Concentration of effluents%

-0,02

Control

Fig 4. The relative growth rate and biomassLofminor
exposed to different concentration of untreated bitd
logically treated effluents

Relative growth rate of. minor decreased with in-
creasing concentration of untreated wastewatemln- s
tion (Fig 4). The growth rate df. minor exposed to the
solution containing 50 and 25 % of untreated waatew
was by 18 % and 5.6 %, respectively, lower thaoadn-
trol. Low concentrations of untreated wastewatesahu-
tion induced more intense growth than in contralcG-

lated EG, for L. minor growth inhibition was 55.3 %, i.e.
TU 1.81. Results indicate that raw wastewater can b

classified as acute toxic for the growth of aquptants.

The study has shown that untreated wastewater
might be classified as acute toxic for terrestaiad aquat-
ic plants, though the high concentrations of nuatsein
wastewater may mask the effects of other toxicaBits-
logical treatment of wastewater reduces the phytoity
and no significant adverse effect to terrestria aguatic
plants has been observed after exposure to bialgic
treated effluents. It shows that after the treatméme
effluent’s toxicity to higher plants category fafeom
acute toxic to non-toxic level or even stimulatisnob-
served.

(o] untreated }

0.18 %] treated

016
014 % %
012 = %

0,10

Dry weight, mg

0,08

0,06

0,04

6.25
Concentration of effluents%

Control 125 25 50 100

Fig 5. The dry weight of.. minor (mass of one frond, mg)
exposed to different concentration of untreated hiud
logically treated effluents

L. minor proved to be more sensitive to aquatic pol-
lutants than terrestrial plants. The possible neafw

Exposure to biologically treated effluents increhse such phenomenon might be that tested substances are
the growth ofL.. minor by 12-17 % and no adverse impacttaken up directly through the leafy fronds andesimial

on growth rate was detected.

plants take up the substance mostly by roots (Naareta
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al. 2007). Undiluted untreated wastewater showed very

high (80% 24h and 100% 48h) lethal toxicityDaphnia
magna (Fig 6).

Calculated 24h L& value for D. magna was
equaled to 57% of untreated wastewater in solutite.
sults indicate that untreated wastewater has doxieity
to tested aquatic invertebrates (TU = 1.75). Maxtadf
D. magna dramatically increased with time and 48hshC

The applied bioassays were ranked according to
their sensitivity to the effluent®. magna > L. minor >
L. sativa. The study revealed that aquatic invertebrates
are more sensitive for whole effluent toxicity th@nres-
trial and aquatic plants. The growth of rootsLeftuca
sativa was sensitive only to undiluted wastewater though
the other endpoints showed the stimulation efi@cie of
the possible reasons could be the high concemsatid

value for D. magna was equaled to 5% of untreated plant nutrients (nitrogen, phosphorus) in wastewatel

wastewater in solution, i.e. TU = 20, very high tactox-
icity.

the toxic effect could be masked by the high niotml
potential of complex wastewater and the stimulatdn

Biological treatment of effluents had sharply re-growth. However, as primary contaminants in thdueff

duced their toxicity. The mortality &. magna after 24 h

ents were nutrients and if only acute toxicity testh

was 30% and 40% after 48 h in 100% concentration cdquatic invertebrates were used in assessmenphtjte-
effluents. LGy was not calculated for treated effluents, agoxic and phytostimulatory effects would not haveeb

biologically treated effluents had below 50% effkstel.
Toxic units in case of biologically treated effltgmwere
0.6 (24h) and 0.8 (48h), i.e. slight acute toxicitiow-

detected. The ability of effluents to stimulate \gtio of
plants might indicate a potential to perturb retrgj\eco-
systems through enhancement effects. Furthermave, b

ever, when the E&> 100%, there can be a risk of long- tests with aquatic and terrestrial plants may cdeli-

term toxicity and this should be evaluated by meains tional important information on the possible effeuft

chronic toxicity tests (e.g.; daphnia reproductiest). effluents on the eutrophication process in receiviva-
The similar results were obtained during the otheters.

Kaunas municipal untreated wastewater toxicity wtud

(Bartusewtiene and ManusadZianas 2003b) and they. Conclusions

support our findings that untreated wastewater lban
classified as toxic to crustaceans.

The results of logistic regression show that tlsé ri
of death of tests organisnd.(magna) increases with the
concentration of effluents in solution (untreatéttlients:
X2 = 14.28, p = 0.0001; biol. tr. efflueny2 = 10.57, p =
0.001).

120

[o] untreated_24h
treated_24h
untreated_48h

== treated_48h

S

80

60

Mortality, %

40

20

L

Control

o

V77—

6.25
Wastewater concentration%

Fig 6. Mortality of Daphnia magna 24-48 h exposed to
different concentrations of untreated and biologyca
treated effluents

In calculations of average toxicity index (AvTx)-on
lythe most sensitive endpoints were included: gyotvth
of L. sativa, biomass ofL. minor and mortality ofD.

The results of comparative bioassays sensitivity
study show that applied. sativa, L.minor and D.magna
bioassays were ranked according to their sensitivithe
effluents:D. magna > L. minor > L. sativa. The study
revealed that aquatic invertebrates are more $endar
whole effluent toxicity than terrestrial and aquagtlants.

The results of the early. sativa seedlings growth
test show that only root length was sensitive emdpo
Vilnius municipal untreated and treated effluentasw
phytotoxic to root growth ofL. sativa (untreated —
2.12 TU, treated — 1.64 TU) and stimulated the gnooi
shoot and biomass. However, low short-term toxigigy
indicate that there can be a risk of long-term dibyi
which should be evaluated by a means of chronicityx
tests.

L. minor growth inhibition test showed more sensi-
tivity to effluents than early.. sativa seedlings growth
test. Effluents were of moderate toxicity to minor
growth rate (1.81 TU) and biomass (1.84 TU).

The results of the acute crustace@nsmagna test
show that Vilnius municipal untreated wastewatepfs
high acute toxicity to aquatic invertebrates and/ mase
relatively serious hazards to receiving watersc@ated
48h LGy was equaled 5% of untreated wastewater in
solution (20 TU). It was found that biological ttesnt
almost detoxified wastewater, i.e. 0.8 TU.

Average toxicity index (AvTx) for untreated waste-
water was 7.98, i.e.; acute toxicity level. Thelddical
treatment had sharply decreased the effluentsitpxad

magna after 48 h exposure. Calculated average toxicityAvTx was only 0.81 — slight acute toxicity level.

index (AvTx) for untreated wastewater was 7.98,;i.e

acute toxicity level. The treatment had sharplyrdased
the effluents toxicity and AvTx was only 0.81 —géli
acute toxicity level.

As primary contaminants in effluents were nutrients
if only animal species were used in toxicity assesH,
the phytotoxic or phytostimulatory effects would have
been detected. So, the potential ecological impaetf-
fluents would have been underestimated. Due tora- nu
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ber of potential toxicants in such complex substan@s
wastewater), further investigations based on thxity
testing using a battery of tests is recommended.

References

Bartusewtiené, B.; Manusadzianas, L. 2003a. Identification of

toxicant classes in the effluent sample and asssdsaf
their toxicity using electrophysiological algal (Casox)
test, Environmental Research, Engineering and Manage-
ment 24(2): 26-27.

Bartusewtiene, B.; Manusadzianas, L. 2003b Comparison of

the toxic responses of Nitellopsis obtusa, Lepidisati-
vum, and Tmanocephalus platyurus treated by Kadityas
wastewatersBotanica Lithuanica 9(1): 43-53.

Blinova, I. 2000. The perspective of microbiotegiplacation to
surface water monitoring and effluent control intdbsa,
Environmental toxicology 15: 385-389.

Gunderson, C. A.; Kostuk, J.M.; Gibbs, M. H.; Napaio, G E.
1997. Multispecies toxicity assessment of compast p
duced in bioremediation of an explosives-contansidat
sediment,Environmental Toxicology and Chemistry 16:
2529-2537.

Manusadzianas, L.; Vitkus, R.; Sakalauskas, V. 19@astewa-

ter toxicity assessment using the electrophysickdgie-
sponse of a Charophyte Nitellopsis obt{uSevironmental
Toxicology and Water Quality 10: 49-56.

Marciulionieré, D.; Montvydie, D. 2002. Augal testor-

ganizmy panaudojimas ekotoksikologiniams tyrimams
[Application of plants test-organisms in ecotoxagital
investigations]Botanica Lithuanica 4: 75-90.

Meier, J. R.; Chang, L. W.; Jacobs, S.; TorsellaM&ckes, M.

C.; Smith, M. K. 1997. Use of plant and earthwormais-
says to evaluate remediation of soil from a sitatami-
nated with polychlorinated biphenyBnvironmental Tox-
icology and Chemistry 16: 928-938.

Mower, B. F.; Munkittrick, K. R.; McMaster, M. E.; Wa

Beneden, R. J. 2011. Response of White sucker (Catosto-
mus commersoni) to pulp and paper mill effluentthie
Androscoggin river, Maine, USA&nvironmental toxicol-

ogy and chemistry 30: 142-153.

Naumann, B.; Eberius, M.; Apenroth, K.-J. 2007. Giowate

based dose-response relationhships and EC-valugs of
heavy metals using the duckweed growth inhibitiest t
(ISO 20079) with Lemna minor L. clone Sigurnal of
Plant physiology 164: 1656-1664.

Helma, A.:et al. 1996. Comparative evaluation of four bacterial OECD 202, Guideline for the testing of chemicals. Daphnia sp..

assays for the detection of genotoxic effects i dis-
solved water phases of aqueous matri€esjronmental
Science and Technology 30: 897907.

Horvat, T.; Vidakow-Cifrek, Z.; Oredanin, V.; Tkalec, M.;
Pevalek-Kozlina, B. 2007. Toxicity assessment ofviiea
metal mixtures by Lemna minor IScience of the Total
Environment 384: 229-238.

Jurjonier, V.; Viliate, E.; Martuzewius, D. 2007. Variation of
heavy metals concentration in Siauliai city urbaastewa-
ter and sludgeEnvironmental research, engineering and
management 4(42): 46-53.

Lakatauskier, R.; Montvydies, D.; Macgiulionien¢e, D. 1997.

DaugiaSaka maug — biotestas oro ir vandens toksiSkumui

ivertinti [Duck-weed (Spirodela polyrrhiza)) as aro®x-
icological biotest ]Ekologija [Ecology] 1: 54-59.

Latif, M.; Licek, E. 2004. Toxicity assessment oastewaters,
river waters, and sediments in Austria using céfssgve
microbiotestsEnvironmental Toxicology 19: 302-309.

Lewis, M .A.; Weber, D. E.; Stanley, R. S. 1998. @amnative
animal and plant toxicities of 10 treated efflueilis-
charged to near-coastal areas of the Gulf of MeXiéaier
Environment Research 70: 1108-1117.

Maltby, L.; Clayton, S. A.; Yu, H.; Mcloighlin, NWood, R.
M.; Yin, D. 2000. Using single-species toxicity t&s
community-level responses, and toxicity identificat
evaluations to investigate effluent impaEtvironmental
Toxicology and Chemistry 19: 153+157.

ManusadZzianas, L.; BalkelytL.; Sadauskas, K.; Blinova, I.;
Péllumaa, L.; Kahru, A. 2003. Ecotoxicological studf
Lithuanian and Estonian wastewaters: selection iof b

Acute immobilization test and reproduction tes349

OECD 221, Guideline for the testing of chemicals. Lemna sp.

Growth inhibition test, 2004.

Persoone, G.; Marsalek, B.; Blinova, |.9rokne, A.; Za-

rina, D.; Manusadzianas, L.; Nalecz-Jawecki, G.;- To
fan, L.; Stepanova, N.; Tothova, L.; Kolar, B. 2008.
practical and user-friendly toxicity classificati@ystem
with Microbiotests for natural waters and wastewste
Environmental Toxicology 18:, 395402.

Ra, J. S.et al. 2008. Comparative whole effluent toxicity as-

sessment of wastewater treatment plant effluenisgus
Daphnia magnaBulletin of Environmental Contamination
and Toxicology 80: 196-200.

Radi, S.; et al. 2011. Duckweed Lemna minor as a tool for

testing toxicity and genotoxicity of surface waters
Ecotoxicology and environmental safety 74: 182-187.

Rodriguez, P.; Martinez-Madrid, M.; Cid, A. 2006. dfaxi-

cological assessment of effluents in the Basque tcpun
(Northern Spain) by acute and chronic toxicity sassing
Daphnia magna strausgotoxicology 15: 559-572.

Sandstém, O.; Neuman, E. 2003. Long-term development in a

Baltic fish community exposed to bleached pulp refH
fluent, Aquatic ecology 37: 26 7-276.

Vasarewius, S.; Mineikai, A.; Vaitiekiinas, P. 2010. Investi-

gation into heavy metals in storm wastewater froitniuis
Zirminai district and pollutants spread model in Nekis r
er, Journal of Environmental engineering and landscape
management 18(3): 242-249.

tests, and correspondence between toxicity and ichém Wang, W.; Williams, J. M. 1988. Screening and bioitaring

based indiceshquatic toxicology 63: 2741.

ManusadZianas, L.; BalkelytL.; Sadauskas, K.; StoSkus, L.

2000. Microbiotests for the toxicity assessmentarious
types of water samples, Rersoone, G.; Janssen, C.; &De
Coen, W. (eds.gt al. New Microbiotests for routine toxic-

ity screening and biomonitoring. Kluwer Aca-

demic/Plenum Publishers, New York. . 3399 p.

718

of industrial effluents using phytotoxicity test&nviron-
mental toxicology and chemistry 7: 645-652.

Zaltauskai¢, J.; Vaisiinait, R. 2010. Evaluation of municipal

effluent toxicity using higher plants and invertates,En-
vironmental research, engineering and management 53
(3): 17-23.



