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Testovi ekotoksi¢nosti:

1. Vibrio fischeri
2. Pseudomonas putida e s
3. ' X .

Saccharomyces cerevisiae| 0 o il
s :.:.“ b‘,’""_ q"\ N s 3

Daphnia magna (raéié) IO Cle S IECanIar
Zebrafish (Danio rerio)

Zelena alga (Pseudokirchneriella subcapitata)
Glodavci

Nematode
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TOKSICNOST

TOKSICNOST - svojstvo 1li svojstva tvari koja imaju Stetan ucinak na bioloski
sustav

Odnos doze 1 bioloskog ucinka - doza-reakcija 1 temel;j je za procjenu opasnosti 1
rizika koji predstavljaju tvari u okolisu

Pokazatelji toksi¢nosti: BIOLOSKI, FIZIOLOSKI, REPRODUKTIVNI i UCINCI
NA PONASANJE

REACH regulativa (eng. Registration, Evaluation, Authorisation and Restriction
of Chemicals) — sve kemikalije koje se na godi$njoj razini proizvode u koli¢ini
vecoj od jedne tone - nuzno je provesti EKOTOKSIKOLOSKA ispitivanja

Utjecaj kemikalija na vodene sustave

WATER CAFFEINE 1080

very low toxicity moderate toxicity high toxicity

© ©

90,000 mg/kg 250 mg/kg
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Figure 1: Framework for characterizing toxicity impacts with USEtox 2.0 with a set of factors
(e.g. fate factor) linking different indicators (e.g. emissions and time-integrated mass in the
environment) to characterize human toxicity and ecosystem toxicity of chemical emissions.

4 The USEtox model is an environmental model for characterization of human toxicological
and ecotoxicological life cycle impacts in LCA. It has been developed by a team of
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TOKSICNOST

Emission  Massinenvironment  Dissolved mass Potential effects Potential damages
[kgolrnined de] [kgln rnmpartman':] [kghlnauallahh] [pAF X mﬂ] [PDF X mi]

Fate factor | Exposure factor Effect factor = Damage factor

[kE"-, compartment per [kghloa\-allahle per [F'E"F xm* per [PDF per
II"Iigl:r|1iLl.l|=l\'Jl'llI':-‘|:| II:Ei'l I.".lrl'i."'dr1.lrll'.'ll|.] kghi-:-dvuilu:-ll:] P'ﬁ'F]
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Ecotoxicity characterization factor
CTUe [PAF x m® x d per kg.meql

=

Ecosystem quality characterization factor
CDUe [PDF x m* x d per kE.rmirtadl

Figure 5: Symbolic description of the emission-to-damage framework for ecotoxicological
impacts characterized with USEtox 2.0x.
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Emission Mass in environment Intake Potential effects Potential damages
[kgemitted -‘fd] [kgin COm ar':ment] [kEintahei'rd] [CaSESfd] [DALY-‘HdJ
Fate factor | Exposure factor | Effect factor  Damage factor
[kgin compartment PEF [kgintab'\l'lrd per [Casesfld per [DALde per
k\gin CDI'I"IDSI"I"I'IEI'IT] kglﬂtﬂlﬂ‘llld] Cases;d]
Intake fraction
[kgintakr per kgr\mi’ﬂr'r]]
Human toxicity characterization factor
Qases per Kgomied) /
Human health characterization factor
CDUh [DALY per kg, iiedl
Figure 8: Symbolic description of the emission-to-damage framework for human
toxicological impacts characterized with USEtox 2.0x.
- Inhalation of air,
- Ingestion of drinking water,
- Ingestion of meat and milk products,
6 - Ingestion of agricultural produce (distinguishing above-ground and below-ground),
- Ingestion of fish.




TESTOVI TOKSICNOSTI
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A BIOTESTOVIili laboratorijski testovi toksicnosti:

(1) Istrazivanje djelovanja okolisnih uzoraka (vode, tla) ili kemikalije na organizme/stanice u
kontroliranim laboratorijskim uvjetima

(2) Eksperimentalne metode za odredivanje grani¢ne vrijednosti tolerancija pri izlaganju
odabranih bioloskih modela - test organizama - utjecaju razlic¢itih toksi¢nih tvari

A Biotestovi: DINAMICNI (kontinuirani) i STATICNI

A Dinamicni test — testni organizam izlaZze se testnom mediju - npr. rijecnoj vodi ,
kontinuirano ili periodi¢no u ciklusima od po nekoliko minuta

A Promatraju se promjene u METABOLIZMU, PONASANJU ili FIZIOLOSKIM
PARAMETRIMA testnih organizama koje su inducirane subletalnim ucinkom
oneciScujuce tvari

PRIMJER biotesta: Test s kanarincem - rudari nosili sa sobom u
rudnike kako bi se osigurali ukoliko je u rudniku bio prisutan metan.

kanarinac ugine rudari znali da trebaju napustiti rudnik

Sy



TESTOVI TOKSICNOSTI
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A STATICNI (laboratorijski) testovi - izlaganje testnog organizma utjecaju
testnog medija odredeno vrijeme (npr. 24 1li 48 h) kako bi se utvrdili bioloski
udinci na organizam

A ODABIR TESTA TOKSICNOSTI ovisi o:

- vrstiispitivanog medija

- svrsl testa

- osjetljivosti vrste prema toksi¢noj tvari1 ¢imbenicima koji je prate
- ekoloskom znacenju vrsta (karakteristicne za ispitivani ekosustav)

- poznavanju zivotnog ciklusa vrste

- tehnic¢kim 1 stru¢nim moguénostima laboratorija
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Ve

A In vivo (bolje prilagodeno za promatranje ukupnih efekata odgovarajucih
eksperimenata; provode na cijelim organizmima) 1 in vitro (izvode se na stanicama ili
bioloskim molekulama, izvan njihovog normalnog bioloskog okruzenja) testovi

A In vitro testovi provode se na bakterijjama, bakteriofagima, jednostani¢nim algama,
kvascima, stanicama viSestani¢nih organizama

PREDNOSTI: jednostavnost 1 brzina, relativno niska cijena, izbjegavanje zrtvovanja
pokusnih organizama, jasan mehanizam toksi¢nosti

Cytoskeleton
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TESTOVI TOKSICNOSTI

Akutni testovi - LC,11C,

Akutna toksi¢na jedinica TU, - predstavlja reciprocnu vrijednost
LC,, sa 100 (TU, = 100/LCy,)

Najce§c¢a mjera toksi¢nostije smrt organizama

LD, - srednja letalna doza - doza koja uzrokuje mortalitet kod 50
% ispitivanih jedinki

EC,, - efektivna koncentracyja koja uzrokuje ucinak kod 50 %
1spitivanih jedinki

IC,, - inhibicyjska koncentracija koja smanjuje uobicajen odgovor
organizama za 50 % (Cesto se koristi za mjerenje rasta algi, bakterija)

Preporuceni akutni testovi toksi¢nosti: Daphnia magna, P.
subcapitatai V. fischeri
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TESTOVI TOKSICNOSTI

KRONICNI TESTOVI
Duze se vrijeme proucava testni organizam

CIL]: odrediti koncentraciju toksi¢ne tvari koja ¢e u odredenom periodu ostaviti
posljedicu na ispitivani organizam

Promatra se: utjecaj toksi¢ne tvari na rast 1 razmnozavanje organizma, razvoj
abnormalnih stanica, ponasanje jedinki

LOEC (“lowest observable effect concentration”) - najniza koncentracija koja izaziva
vidljivi Stetni ucinak

NOEC (“no observable effect concentration”) - vrijednost koncentracije tvari koja ne
1zaziva vidljiv Stetni ucinak

Kroni¢na toksi¢na jedinica TU_ - predstavlja recipro¢nu vrijednost NOEC sa 100 (TU, =
100/NOEC)

Preporuka - procjena toksicnosti na 2 do 3 standardizirana testa

Sy



TESTOVI TOKSICNOSTI
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A 2 vrste kroni¢nih testova:
1. Full Iife cycle test

— utjecaj razli¢itth koncentracija  oneciS¢ujuce tvari na rast 1 razmnozavanje,
prezivljavanje 1 na ostale pokazatelje (ISO 8692:1989; ISO 10712:1995; ISO 10253:1995; ISO
20079:2005)

- primjenjuje se na algama 1 beski¢menjacima

- na ribama se ne provodi zbog dugotrajnosti (1-2 godine)

2. Partial life cycle test (sensitive life stage tests)

- testiranja se provode na EMBRIJIMA RIBA - u tom stadiju su NAJOSJETLJIVIJI

- trajanje od 7 do 60 dana
- promatra se prezivljavanje 1 razvoj abnormalnosti
2,2-dichlorovinvl dimethyiphosphate l gﬁ b‘;‘:ﬂ“l
CHs ¢ F Exploratory behavior
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* Developmental toxicity
: phenotype-based chemical screening
» Organ-specific toxicity
: cardiotoxicity, nephrotoxicity, hepatoxicity,
otoxicity, neurotoxicity (behavioral toxicity)
*» Small size
+ High fecundity
* Rapid embryogenesis
* Transparency
+ High-througput toxicity testing * Genetic manipulations
r automated analysis » Alternative toxicity testing to mammalian
) ) models
» Toxicogenomics
 integrating genomics and toxicology + Ecotoxicology
. : fish embryos toxicity test (FET),
*Omics ) . alternative to fish acute toxicity test
: transcriptomics, proteomics, metabolomics
13



’ TESTOVI ZA ODREDIVANJE
AKUTNE TOKSICNOSTI
Organizam Test vrsta EN ISO Slatka / Slana voda
Bakterija Vibrio fischeri ISO 11348-2 Slatka / Slana voda
Alga P. subcapitata ISO 8692:2012 | Slatka
Scenedesmus subspicatus DIN 3841233 Slatka
Skeletonema costatum ISO 10253:2006 | Slana
Raci¢ Daphnia magna ISO 10706/2000 | Slatka
Tisbe battagliai ISO 14669 Slana
Acartia tonsa ISO 14669 Slana
Riba Oncorhynchus mykiss OECD 203 Slatka
Zebrafish (Danio rerio (tests ISO 15088:2007 | Slatka
ribljim jajima)

14




TESTOVI ZA ODREDIVANJE
KRONICNE TOKSICNOSTI

FKITMCMXIX

Organizam Test vrsta EN ISO Slatka / Slana voda
Bakterija Pseudomonas putida ISO Slatka
10712:1995
Mikroorganizam | Mikrobioloska zajednica aktivnog | ISO Slatka
mulja (“Zahn-Wellens” test) 15522:1999
Alga Desmodesmus subcapitata DIN 38412-
33:1991 Slatla
Skeletonema costatum ISO Slana
10253:2006
Racié Daphnia magna ISO Slatka
10706/2000
Daphnia magna OECD 211 Slatka

15
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TESTOVI TOKSICNOSTI
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S Table 21: Duration requirement for classification of a test as acute, sub-chronic or chronic.
o
-"5’ H Acute Sub-chronic Chronic
g 05 |* Vertebrates <7 days 27 days; < 32 days =32 days
n
;‘f Invertebrates <7 days =7 days ; < 21 days =21 days
z /
é Plants <7 days - 27 days
g Algae <3 days - 23 days
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Figure 16: Species Sensitivity Distribution (SSD) curve showing the cumulative distribution
of ECso values across tested species for a chemical (ranges of test-EC50s
represent variation between available data for a given species).
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N\ % Standardlzatlon
ISO - International Organization for
standardization (Internacionalna
organizacijaza standardizaciju) @@W ANSPARENCY W2
DINI Devibes bt e Nl 0 (T
c c . P LAW

(Kratica  njemackog  standarda 1 /‘IU REME
1stoimenog Instituta (DIN EN - njemacka »

i : CQMPL! ANCE

verzija europskih standarda; DIN ISO -

njemacka verzijaISO standarda) BRS e cies
HRN - hrvatske norme I I
OECD - Organization for Economic @UJ L & -
Cooperation and Development Lat® STANDARDS
(organizacija za gospodarsku suradnju 1
razvoj) HOW STANDARDS PROLIFERATE:
(SEE: AC CHARGERS, CHARACTER ENCODINGS, INSTRANT MESSAGNG, )
USEPA - U.S. Environmental Protection 17! RDICULOLS!
Agency ﬁmm”mmmc
: : : SITUATION: || Tiar covers Evervones || SITUATION:
ASTM.— American Society for Testing and HREARE || o, THERE ARE
Materials 4 COMPETING \ ) 5 COMPETING
STANDPRDS. ﬁ STANDPRDS.
17




Odredivanje akutne toksi¢nosti s
Vibrio fischeri

FKITMCMXIX

A BIOLUMINISCENCIJA - pojava svjetlucanja zivih organizama

A Razvijena kod velikog broja organizama

A Najvedi broj bioluminiscentnih organizama - more

A Organizmi bioluminiscenciju koriste za: komunikaciju, osvjetljavanje,
mimikriju, zbunjivanje predatoraidr.

A Bioluminiscentne bakteryje:

Vibrio fischeri,

Photobacterium phosphoreum (Vibrio phosphoreum),
Vibrio harveyi,

Pseudomonas fluorescens

A Mnoge luminiscentne bakterije - Zive u simbiozi s drugim morskim
organizmima koji tu svjetlost koriste u razne svrhe (zooplanktonski raciéi
1h konzumiraju - u probavilu se razmnozavaju - svjetlucanjem u utrobi
primanjuju ribe)

18 . S
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Odredivanje akutne toksic¢nosti s
Vibrio fischeri

Odredivanje akutne toksi¢nosti na temelju BIOLUMINISCENCIJE

Bioluminiscencija - nastaje oksidacijom molekule uz
pomoc¢ enzima

Luciferin + Luciferaza = FOTOPROTEIN
Luciferaza - sloZeni protein i specificna samo za jednu reakciju

Aktivnost luciferaze u stanicama - prirodno regulirana - vidljivo
prema odsutnosti 1li prisutnosti luminiscencije 1 njezinom
intenzitetu

Osim prirodne regulacije, na aktivnost luciferaze (intenzitet
bioluminiscencije) utjecu 1 mnoge druge tvari koje mozemo naci u
vodi



Odredivanje akutne toksi¢nosti s
Vibrio fischeri

FKITMCMXIX

A 1979. - Bulich razvio standardizirani test za odredivanje toksi¢nosti vode -
Microtox® Acute Toxicity Test

A Test kratkog trajanja (30 min), jednostavan test

A Test mikroorganizam — Vibrio fischeri (Aliivibrio fischeri) - G (-) bakterija,
heterotrofna, pokrecu se pomocu flagela, zivi kao simbiont u
bioluminiscentnim ribamailignjama

A Osjetljivost na veliki raspon koncentracija onecis¢ujucih tvari

20




Odredivanje akutne toksi¢nosti s
Vibrio fischeri

FKITMCMXIX Table 2
Studies on comparative sensitivities of VFBIA and other reference toxicity bioassays
Samples Comparative sensitivities of applied  References
bioassays
Industrial waste effluents A fischeni assay provided highest Dalzell
sensitivity than respirometry, 2002

e nitrification inhibition, adenosine

A NEDOSTACI ‘/. ﬁSCher i: triphosphate luminescence and

enzyme inhibition assays

Blectroplating industry A. fischeri and Daphmia similis based  Liu et al,
. . . e . . . effluents assays exhibited comparable 2002
0 Kratko trajanje - manje uc¢inkovito za odredivanje nsties
Metal ions A. fischeri and Pseudomonas Abbendanzi

toksicnosti nekih onecis¢ujuéth tvari poput (RIS RIS i i o b o sl e o

bioassays utilizing fish, daphnids, 2004

antibiotika 1 mikrotoksina ki o Pt e

Food and dying industriies A fischeri and D. magna tests Kungolos,

effluents demonstrated equivalent 2004
. .o . . . . v sensitivities
0 Ima slabu osjetljivost na oksitetraciklin 1 teske Benzimidazoe A fchervas s sensiv than . Ohetal.

anthelmintics magna 2006

Pharmaceutical industry A fischeri test was more effective Larsson

metale effiuents than D. magna assay et al, 2007
Ammonia and metals Bioluminescent dinoflagellate Rosenet al,

(QwikLite) assay was relatively more 2008
sensitive than A. fischeri test
Fosthiazate, metalaxyl-M, A fischeri test was highly sensitive  Kungolos
imidaclopnd and copper  than assays involving et al, 2009

O O O O H O H Pseudokirchneniella subcapitata and
Daphnig magna

Wastewater samples A fischeri was more sensiyive than  Mendonga
Pseudokirchneniella subcapitato, et al, 2009
Daphmia magna, Lemmna minor and
Thamnocephalus platyurus
—_Cadmium, Zinc, manganese  Daphinia magna acute toxicity test Teodorovic
and lead was highly sensitive than et al, 2009
Pseudomonas putida and A. fischen
based assays
Pharmaceutical wastewater A fischeri and D. magna based assays Sponza and
exhibited comparable sensitivities Demirden,

2010
Pyrene-contaminated soil A. fischeri was the most sensitive Khan et al,
samples marker of pyrene toxicity as 2012
compared to Brassica rapa and
Fisenia fetida
Wastewater produced inthe A fischeri displayed more sensitivity Marugan
photocatalytic than fern (Polystichum setiferum) et al, 2012
degradation process spore
Pharmaceuticals, personal A fischeri test exhibited maximum  de Garcia
care products and sensitivity than assays involving etal, 2014
resultant metabolites algae, fish, crustaceans and
respirometry
Pharmaceutical waste water A fischeri was more effective than Yuet al,
Scenedesmus obliguus 2014

Pesticides and heavy metals A fischeri and Daphnia magna assays Mansour
21 exhibited comparable sensitivity etal, 2015 ﬂ




Odredivanje akutne toksi¢nosti s

- Vibrio fischeri
FKITMCMXIX
PRIMJER 1: Teski metali
rnetal Sensitivity ranking (based on EC/LC, values)
Species ranking
Daphnia magna Cd=7Zn=Mn=Pb Cd D magna = P putida = V fischer
Vibrio fischeri n=Pb>=Cd=Mn Zn 0. magna = V fischen = P putida
Pseudomonas putida Pb=Cd=Zn=Mn
P P putida = V¥ fischen = 0. magna
Table 3. Comparative toxicity ranking of 4 tested metals and 3 test
species: ranking from the highest to the lowest toxicity Mn D. magna = P putida = \ fischer
(from left to right).

Table 4. Sensitivity ranking of D. magna, ¥ fischer and P putida to
Cd**, Zn®*, Pb?* and Mn®": ranking from the most sensitive
to the least sensitive (from left to right)

Daphnia magna - osjetljivija na teSke metale od V. fischeri1 P. putide

U 15 min ECg, - V. fischeri - 36,08 mg/L
D. magna-0,29 mg/L

22 IS



Odredivanje akutne toksi¢nosti s
Vibrio fischeri

FKITMCMXIX

PRIMJER 2: Cijanidiifenoli

100 e N 100 S S e
a0 -~ S ] B0 - i
Y - - ) _
B ‘J‘f - 4 ai - ] i
g " } g - g " N AT :
s @]  EC50= al L% : g w] FECS0= Ty f I ]
E 1 191 mgL’ ECS0= | \@lﬂ{ E_ ] 2T 0mglL \  ECS0= \ ;
w0 1E|:"'1gL-I' ! ] E 49,3 mg | K
g ] ' \[ ECso= ™ a0 ™ i
z “1 o v fischen gt m o £ 7] @ v fschen %}
: ' | 101 mg | : i .
B a4 (commercial kit) \ ] B a0+ 1$Tn$rﬂl?l Kit) . ]
g {1 C V fschen | & 10 W fischen _|_1[| ECH0 = ]
20 ! 9 20~ {lab culture) N, e 7
(lab culture) '\ i | R el '\ 1440 mg L
O P gofiferum ™ L saliferum ., ) A
104 . ] 1™ opores 55
| spares \E g . :
’ ' i T - T 1 10 100 1000 10000

0,1 1 0 1068

- K|

Cyanide concantration (mg L) Phanol canzentrartion {mg L")

: ) P o . Fig. 2. Effect of phenol concentration on the inhibition of V. fischen bioluminiscence

Hg- 1. Effect of cyanide concentration on the inhibition of V. fischen bioluminiscence and P setiferum mitochondrial activity. ECsy values have been calculated by fitting
and P setiferum mitochondrial activity. EC.p values have been calculated by fitting the experimental data to dose—res curves with variable Hill slape
the experimental data to dose-response curves with variable Hill slope. : '

Lab. kultura V. fischeri u boljem je fizioloSkom stanju od liofilizirane kulture
—lakse podnosi toksican stres

Liofilizacija kultura - moze uzrokovati oStecenje stani¢ne membrane -
toksi¢ne tvari ulaze u stanicu N

Sy



Odredivanje akutne toksi¢nosti s

FKITMCMXIX Vibrio ﬁSCheri
TOKSICNOST SEDIMENTA
Bioluminescence
+ &
o +
? ' = Toxmlty
stuary
sedlments
Leached
sedlment
VIbI’IO Ni
Fischeri Zn
test = Influence *
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Republici
A Sedimenti - vazan dio vodenog sustava
A Sedimenti - “klopka” za akumulaciju

A

Vibrio fischeri

Odredivanje akutne toksi¢nosti s

PRIMJER 3: Ispitivanje toksi¢nosti sedimenta u rijeci Moravi i pritoka Drevnice u Ceskoj

onecis¢ujucih tvari

Gustoca

25

populacije,

onecis$cujucth

antropogene
aktivnosti (industrija), kemijski sastav
sedimenta 1 geokemijski procesi — utjecu na
koncentraciju
promjena u sastavu tijekom godisnjih doba

tvari -
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FIGURE 1 | Location of sampling sites within the studied area: MA,
Malenovice (Drevnice River); BE, Belov (Morava River); SP, Spytihna-
{Morava River); CE, Certak (Morava River); CR, Certak oxbow lak«\

{Morava River). W[
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Odredivanje akutne toksi¢nosti s
Vibrio fischeri

FKITMCMXIX
TABLE 1 | Annual and seasonal toxicity (IC4g) levels obtained with the 30-s kinetic Vibrio fischeri assay in bottom and recent sediments tested in
suspensions.
Locality® N° Toxicity (ICso, mg/mi)®
Spring Summer Autumn Winter All seasons
Bottom 73 53.6 =75.0 63.2 558 638
sediment (15+24 + 15+ 19) (124 - >75.0) (30.6 - >75.0) (36.5-=75.0) (13.5 - »75.0) (12.4->75.0)
MA 15 304 71.0 60.6 236 438
B+5+3+4) (12.4-74.1) {30.6 - >75.0) {36.5 - 65.0) (13.5-43.8) {12.4- >75.0)
BE 14 279 725 419 344 461
B3+4+3+4 (20.1-34.9) 63.3->75.0) (376-54.3) (19.2-58.3) {192 - >75.0)
spP 14 536 60.5 62.1 739 609
3+54+3+3 (38.5-58.3) (49.1 -63.8) 612-63.2 (46.4 - =75.0) (38.5 - =75.0)
CE 15 >75.0 =750 »75.0 =750 »75.0
B+5+3+4) (=75.0->75.0 [=75.0-=T75.0) (703 - =75.0 (=»75.0-=>75.0 (T0.3 - >75.0)
SVjEii sediment CR 16 544 >75.0 >75.0 679 =750
B+5+3+4) (25.4 - =75.0) [=75.0-=T75.0 (=75.0- =75.0) (48.0 - »75.0) (25.4 - »75.0)
Recent (trap) 49 26.0 435 206 21.2 284
sediment (10 + 16 + 10 + 13) (4.6-53.7) (10.4-63.7) (18.0-75.8) (4.9 - >75.0) (4.6 - =75.0)
MA 12 7.8 382 223 8.1 15.7
2+4+3+3 4.6-11.0) {10.4 - 56.0) {203-37.7) (4.9-9.4) (4.6 - 56.0)
BE 9 30.e 423 30.1 275 308
1+3+2+3 (41.9-425 (23.1-55.2) (21.2-27.6) (21.2-552)
SpP 1 2786 50.0 36.3 20.5¢ 335
B3+4+3+1) (245-208) (335-63.0) (305-75.8) (205-758)
CE 7 63.79 545 288 457 457
1+241+3 (45.4-63.7) (21.7 - =75.0) {21.7 - >75.0)
CR 10 194 33.1 18.04 14.7 18.7
3+3+1+3 (17.3-28.4) (169-48.8) (14.2 -22.9) (14.2-488)

*\Valuss indicate concentrations csusing 50% inhibition of bicluminescence after 30-s exposurss (mg sediment dry weight/mi). Expressed as median {min—max).
"MA, Makenonice; BE, Balov; SP, Spytihnev; CE, Certak; CR. Cartak axbow iske,

26 “Number of samplas — fofal number and numbers from diferent seasons (Spring 4+ Summer 4 Autumn + Winder).
9The only detected vaive
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Ispitivanje toksi¢nosti sedimenta i pripremljenog eluata

- Eluat - pokazao manju toksi¢nost — PCB, PAH - doprinose jako
toksi¢nosti - nepolarne molekule - slabo topljive u vodi

>
o
g

IC50 value (mg dry wt sed./ml)
INH75 value (% decrease in bioluminescence)

75
75

0

0 MA BE SP CE CR MA BE S CE CR

MA BE SP CE CR MA BE SP CE CR
Marix: SE Matnx: 8T
Matix; SE Matix: ST

FIGURE 3 | Spatial distribution of toxicity—IC50-values from contact testing (A) and INH75-values from elutriate testing (B)—in bottom sediment (SE)
and recent sediment (ST). MA, Malenovice; BE, Belov; SP, Spytihnev; CE, Certak; CR, Certak oxbow lake.

27



FKITMCMXIX

Odredivanje akutne toksi¢nosti s

Vibrio fischeri

PRIMJER 4: Odredivanje toksi¢nosti farmaceutika

Table 1

Toxic effects (ECso) of typed PPCPs in freshwater organisms.

Pharmaceutical Toxicity index Test Reference
DCF ECso 11.45 mg/L V. fischeri Zhang et al., 2008
ECs0/96 h 0.09 mg/L Zebra fish embryos Zhang et al., 2008
DIKLOFENAK ECsp 71.9 mg/L Algal test Cleuvers, 2004
ECso 68.0 mg/L D. magna Cleuvers, 2004
ECsp 22.7 mg/L Ceriodaphnia dubia Ferrari et al., 2003
ECso 66.81 mg/L D. magna Cleuvers, 2004
ECs0 39.9-69.8 mg/L D. magna Haap et al., 2008
LOEC 2.00 mg/L Ceriodaphnia dubia Ferrari et al., 2003
KLORAMFENIKOL NOEC 1.00 mg/L D. magna Ferrari et al., 2003
NOEC 0.246 mg/L B. calyciflorus
CPL ECso 1086 mg/L D. magna Calleja et al., 1994
ECs9 227-600 mg/L D. magna Muller, 1982
ECso 542.86 mg/L D. magna Lilius et al., 1994
METOPROLOL ECsp 20.68 mg/L V. fischeri Choi et al., 2008
MT LOEC 0.0012 mg/L  D. magna Dietrich et al., 2010
ECsp 100 mg/L D. magna Cleuvers, 2004

ECso—concentration that causes 50% of effect.

NOEC—no observed effect concentration.

LOEC—lowest observed effect concentration.
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Table 2
The changes of the toxicity of wastewater in the contexts of toxicity categories established according with the Directive 79/831/EEC: very toxic (ECsp < 1 mg/L); toxic (1 mg/
L < ECsp < 10 mg/L); harmful (10 mg[L < EC=n < 100 mg/L).

Compound Raw wastewater After treatment ECsp (mg/L) After 60 days post treatment ECsy (mg/L)

ECsp (mg/L) TU ECsp (mg/L) TU ECso (mg/L) TU
D. magna 24 h
DCF toxic 3.18 0.31 toxic 5 0.2 harmful 50 0.02
CPL toxic 5 0.2 harmful 40 0.025 non-toxic =50 0.02
MT toxic 2.59 0.39 harmful 40 0.025 harmful 30 0.033
D. magna 48 h
DCF toxic 2.69 0.37 toxic 5 0.2 harmful 50 0.02
CPL toxic 5 0.2 harmful 25 0.04 non-toxic ~ 100 0.01
MT toxic 2.59 0.39 harmful 25 0.04 harmful 25 0.04
V. fischeri
DCF harmful 14.04 0.07 toxic 10 0.1 harmful 85 0.012
CPL harmful 27.06 0.04 harmful 80 0.0125 harmful = non toxic 100 0.01
MT harmful 14.48 0.07 non-toxic 100 0.01 non-toxic 130 0.008

JAKO TOKSICNO EC,, <1 mg/L
TOKSICNO 1 mg/L < ECg, < 10 mg/L

OPASNO 10 mg/L < EC5,<100 mg/L
29 N s
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Odredivanje akutne toksic¢nosti s
Vibrio fischeri

PRIMJER 4: Utjecaj Fentonovog procesa na toksicnost vode oneciscene bisfenolom
A (BPA)

ABPA - osnovna gradevna jedinica u proizvodnji polikarbonata, epoksi smola,
stomatoloskih potrepstina te drugih materijala

APolikarbonati se koriste u proizvodnji plastiénih ambalaza za hranu i pi¢e, automobila,
bocica za djecu, pakiranju lijekova, elektronicke opreme, kuhinjskih pomagala, optickih
medija1raznih drugih materijala

ABPA utjele na ravnotezu hormona kod ljudi i Zivotinja, odnosno uzrokuje poremecaje
endokrilnog sustava

Alspitivala se toksi¢nost na V. fischeri, D. magnu1i P. subcapitata

AD. magna - test se provodio na kulturi mladoj od 24 h - ispitale razli¢ite koncentracije,
nakon 24148 h broj umrlih i imobiliziranih stanica se odredio
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Pseudomonas putida

A

G (-), Stapicasta, aerobna bakterija
Uloga u procesu bioremedijacije

Water quality Pseudomonas putida
growth inhibition test (Pseudomonas cell
multiplication inhibition test) (ISO
10712:1995)

Ispituje se utjecaj toksi¢ne tvari na rast P.
putide (opticka gustoca 1li CFU)

Test traje16 h

Primjenjuje se za ispitivanje toksicnosti
povrsinskih, podzemnih 1 otpadnih voda

Nedostatak — nije primjenjiv za obojane

uzorke vode 1 vode koje sadrze
suspendirane 1 hlapive tvari

Odredivanje toksi¢nosti sa
Pseudomonas putidom
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Odredivanje toksi¢nosti sa
Pseudomonas putidom

PRIMJER: Ispitivanje toksi¢nosti nanocestica (AgNPs) 1 srebra (AgNO,;) na
Pseudomonas putidu

o

0O O o o o o

AgNPs — dominantni materijal u proizvodnji medicinske opreme, u ambalazi za
prehrambene proizvode, kozmeticiidr.

Antimikrobna, kataliticka 1 plazmonska svojstva

Godisnje se u svijetu proizvede 500 t nanosrebra

Ag - negativan utjecaj na okolis (otpadne vode, povrsinske vode, tlo)
Ag - negativno utjece na bakterije koje sudjeluju u kruzenju N, S1 P
Toksicnost AgNPs usporeduje se s toksicnosti ionskog oblika srebra

Antibakterijsko djelovanje AgNPs - temelji se na kontinuiranom otpustanju iona
srebra s povrsine AgNPs

AgNPs izaziva - GENOTOKSICNOST, poti¢e apoptoze (kontrolirane stani¢ne
smrti), 1zaziva oksidativni stres
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Fig. 1 Possible modes of action of nanosilver toxicity
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Table 4 Overview Uf_ECf’-" » Acronym Particle size  Particle coating ECys EC,y ECs,
EC,; and ECs; values in pg L (TEM based)
total silver. Details on
parameter estimates and AgNO;,  None None 0.043 [0.053-0.036] 0.058 [0.071-0.05] 0.16 [0.18-1.69]
comccntration-response models |, o 8 nm None 073 [094-059]  1L.I1[1.36-092]  3.46 [3.84-3.10]
are given in the supporting ~
information. Table 1 and an nAg2  l4mm None 1.96 [-] 324 [375-277] 116 [125-11] ANTAGVONISTICKI
overview on the curve fits to the nAg3 20 nm None 0.13 [0.15-0.11] 0.15 [0.17-0.13] 0.25 [0.28-0.26] UCINAK
raw data is given in Fig. 2 nAgd 20 nm Citrate 341 [482-2.59] 493 [6.52-3.88] 134 [153-1L6]
nAgs 20 nm Tannic acid 022 [029-0.18] 034 [0.41-0.28]  1.03 [1.16-0.93]
nAgh  40nmm Citrate 042 [057-0.33]  0.69 [0.86-0.55]  2.40 [2.68-2.13]
nAg7 60 nm None 0.98 [1.43-0.71] 1.66 [2.22-1.25] 6.9 [7.95-5.90]
16 1 168
I () N L L

1.2

10

a8

06

Inhibition
o
o
Inhibition

04

Fig. 2 Gives an overview on the raw data and the curve fits for all
tested compounds, stating the respective models well as the number of
performed independent experiments. a Curve fit { Probit) to the growth
_inhibition data for silver nitrate; results pooled from 6 independent
wexperiments. b Curve fit (Morgan-Mercer-Flodin) to the growth

inhibition data for nAgl: results pooled from 5 independent

experiments. ¢ Curve fit {(Weibull) to the growth inhibition data for

a2

[:1:]

0.2

T T T T T T
0.001 [ a1 1 10 100 1000 01 1 10

conc. [pgil] conc. [pgil]
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1 1d

[3.5-DCP] (mgiL)
Fig. 4 Inhibition of the respimtion raie of P putida exposed to 3,5-
DCP. The concentration-response data was obtained by
performing the COp-TOX bwassay at neutral and acidic condiiions

{pH 74 and 5.5). Ferfical bars represent+standard deviabon of the
miedia (=31
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Table 2 ECs; values for 3.5-DCP reporied n the literature for
different toxicity broassays, and in this paper

Bioassay (exposure time)

ECsqy CV%
(mg/L})

Reference

CO-TOX-P mitica
pH 7.4 (50 min)

COp-TOX-P. puiticha
pH 5.5 (50 min}

mPCMIT-P putica
{16 h)

FM-TOX-P putida
{60 min)

FM-TOX-E. cofi
{60 mm
Baroxymeter-F putida
{5 min)
Micredox-P puticla
{60 mmy
Microtox- ¥ fischeri
{30 min)

ASRIT (3 k)

PCMIT-F. putida
{16 h)

493 2211

19.14 315

10.06 12.73

9.2 28.26
488 n.a
25" 10
B35 n.a.
339" 1125t

1297 3006

ka
£
i
[
]

This paper
This paper
This paper

Yong et al.
(2011

Catterall et al.
(20100

Tzons et al.
(20D5)

Tizzard et al.
(2004
Dakeell et al.
[2002)
Gubérrez
et al. (2002)
IS 10712
[ 1995)

*48 % of inhibition

B Calculated from presented results

n.a. not available
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PRIMJER: Odredivanje toksi¢nosti herbicida

Table 2. Chemical structures of herhicides

Herbicide Chemical structure Herbicide Chemical structure
cl 0
o ™ ’L}_: ”\.
2,4-D |¢‘H_ JL 0 dicamba | r OH
T ° [ e, CH,
1 OH 0
Cl
- l'*-ﬁf’"‘h Cl._ A,
MCPA .m])_ - H‘f;u MCPP b A T;,u
CH OH CH, OH
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Fig 11. Growth curves of Pseudomonas putida in experiment with 2,4-D at different concentrations
(0 mM, 2 mM, 4 mM, 5 mM, 6 mM, 7 mM, 8 mM). Moment of Pseudomonas putida pellet suspension
into media with different concentration of toxicant is indicated by the arrow.
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| B S S S

Trans/cis ratio
Growth (% of the control)

Concentration [mM]

Fig 12. Effect of 2,4-D (A ,A), [2,4-DDAECs][Br] (m,0), and [2,4-DDAEC0][Br] (e,0) on growth
(closed symbols) and the trans/cis ratio of unsaturated fatty acids (open symbols) of Pseudomonas
putida; adapted from (Piotrowska et al. 2016).
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Table 6. Toxicity and its effect on cis-trans isomerisation of the investigated compounds; (#) ECso -
concentrations [50% growth inhibition) measured with Pseudomonas putida cells; (¥] the
concentration which caused an increase in the trans/cis ratio of unsaturated fatty acids to 509 of
the maximum trans/cis level; the standard deviation is calculated based on triplicate data analysis

a b
Compound EC:o trans/cis 50%
[mM] [mM]
2,4-D 5.6 +0.28 4.5+ 0.24
[2,4-DDAEC.][Br] 6.0 £ 0.31 6.2+ 0.33
[2,4-DDAEC,q][Br] 7.8 £0.40 4.2 +0.21
MCPA 6.7 +0.34 6.2 + 0.31
[MCPADAEC.][Br] 8.3 +0.39 3.7+0.18
[MCPADAEC,q][Br] 13.4 £ 0.71 4.4 +0.20
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A . . .
bk Esherichia coli

A E.coli- G (-) bakterija, $tapi¢astog oblika, fakultativni anaerob

A Ziviu donjem dijelu probavnog trakta sisavca

A Prisutnost u vodama - fekalno oneciséenje

A Uzrokuje infekcije mokraénog mjehura
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