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TOXICITY BIOASSAYS AND BIOMARKERS
AS POLLUTION EFFECTS ASSESMENT TOOLS
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Introduction to toxicity bioassays
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' Terminology

R

Toxicity .
Adverse effects that pollutants cause in an organism

Exposure time

Time in which the organism is exposed to the solution under study
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B Acute toxicity

= | ethal or other effect produced in a relatively short time, usually within 4 days for fish or macroinvertebrates and

—

= shorter periods (2 days) for smaller organisms

o
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Chronic toxicity

—
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Long-term effects that may be related to changes in the rate of feeding, growth, metabolism, reproduction, and
even mutations and death




Introduction to toxicity bioassays
Terminology

—

NOEC, Non observed effect concentration

The highest concentration of pollutant tested in which a response significantly
different from that obtained in the control population is not observed. Algicida
Algistatica

LOEC, Lowest observed effect concentration

The lowest concentration of pollutant tested in which statistically significant
differences are observed with respect to the response of the control population

Concentracion de toxico creciente
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Introduction to toxicity bioassays

Terminology

ECx, Effective concentration

The estimated concentration of a pollutant that reduces the measurement parameter
(e.g. growth, mortality) by x percent relative to the control population

ICx, Inhibition concentration

Algicida

: . N . Algistatica
The estimated concentration of a pollutant that inhibits growth by x percent relative to
the control population

EC
ECye 80

LCx, Letal concentration

| The estimated concentration of a pollutant that causes death x percent of the
population relative to the control

>

Concentracion de toxico creciente




Microalgae toxicity tests
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RPlant communities are very important for the functioning of aguatic ecosystems o
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Algae associated to plankton, that is, phytoplankton,
form the basis of most food chains, produce oxygen,
and play a key role in the nutrient cycle.

PHYTOTOXICITY tests are necessary to evaluate the impact of potential
pollutants that can be introduced into the aquatic environment.
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Introduction to toxicity bioassays

Terminology

—_

Algaecide / algaecide concentration

Concentration of a pollutant that is lethal to the entire algal population

Algistatic / alguistatic concentration

Concentration of a pollutant that completely inhibits population growth

— Algicida
Algistatica

Concentracion de toxico creciente




Microalgae toxicity tests
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Testing method
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e toXICIty tests with algae are chronic tests since the effects are
,gvajua‘;ed ' er several generations during the 3 to 4 days of exposure
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PARAMETERS TO MEASURE TOXICITY

Microalgae: Dunaliella

NOEC
LOEC

Dunaliella salina, Toxico=LAS y
Ie, (ICs)

Resumen de re sultados de toxicidad
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Artemia is z r"r.JJ,,I ean swtable for the development of
toxicity Dlozlss ,]\/J Jr :seawater
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They develop resistance cysts, easily
decapsulable in laboratory
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Microcrustacean toxicity tests

Stage selection for toxicity tests
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establishes three categories:
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PARAMETERS TO MEASURE TOXICITY
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Microcrutaceans: Artemia

auphus
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— == “» Death of the organism
~» Fecundity

» Reproductive capacity
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» Bioaccumulation of toxins
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Fish toxicity tests
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50 days juveniles of Senegal sole
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-Nurnber of reelie

~ TEST MATERIAL
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wmi't"ercapamty.borosuIlcate glass containers

—_— ,.-"JSiEﬁo_h‘ medium: Filtered seawater (0.45 pm)
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=, -Aeration system

-StEreomicroscope
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Solea seneqgalensis
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=Dilttionimediums Riltered seawater (0:45 pm)

-Acute Toxielty A

-Exposure times
- Aeration system
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— Gentle aeration(oxygenisaturation)
Analysis of: physico-chemical parameters of water

Count of living and dead organisms

Taking samples of:water-and organisms (histopathological changes)
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PARAMETERS TO MEASURE TOXICITY

.
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ic UorSunvivali=(INsivingserganismsyaleialiN® organisms) e 100

A E , 0% Mortality = 100 -% Survival

Corrected Mortality = % Mortality -% Control Mortality x 100
100 -% Mortality Control

Larvas/Cobre

—e— 24 Horas
—e— 48 Horas
—e— 72 Horas

e— 96 Horas

% Mortalidad Corregida

0,4 0,5 0,6 , ) , Cobre (mg/L)
Cobre (mg/L)
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| PARAMETERS TO MEASURE TOXICITY
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Graphic method Description of the methods ...

= Spearman-Karber method http://www.epa.gov/OST/WET/

Spearman-Karber Trimmer method PROBIT programe..
~ Probit method ...

= http: .epa. leerd/stat2.ht
= v More formal procedure R EpE I NEBEe B m

v’ Statistical procedure
v LC50 and 95% confidence intervals
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Estimation of Cl., in gilthead' early life stages
Probit Method
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TOXICO HUEVOS LARVAS
COBRE
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~ == LCs0 (48 horas LCs0 (48 horas LCs50 (96 horas
COBRE 0.054 0.261 0.064

LINDANO 0.578 0.359 0.025
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AGUA RESIDUAL 0.132 -] 0.037

—
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0,025 mg/L Cu

0,050 mg/L Cu

0,075 mg/L Cu

72 Hours 24 Hours 48 Hours
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72 Hours

0.5 mg/L Cu 0.1 mg/L Cu 0.25 mg/L Cu

...... 72 Hours
- 7 é - ’
e e 0'-mg/L " indano 5 mg/L Lindano 0.1 mg/L Lindano 5 mg/L Lindano
7 :
24 Hours i 96 Hours
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1/1000 Wastewate 1/10 Wastewater 22
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MOLECULAR
SUBCELLULAR “ORGANELLE”
CELLULAR
TISUE
POLUTANT EXPOSURE SYSTEMIC (ORGAN)
ORGANISM
POPULATION
COMUNITY
ECOSYSTEM

“LATER” EFECTS

The ideal biomarkers should be early detected and be able to show adverse effects
before they are irreversible.
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Biomarkers of exposure - — -
on and measurement of an exogenous substance or its metaboli
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= Some effect and exposure biomarkers

University of Cadiz

LIPID PEROXIDATION (LPO)

CATALASE (CAT)
GLUTATHION REDUCTASE (GR)
GLUTATHION PEROXIDASE (GPX)
GLUTATION-S-TRANSFERASE (GST)
CYP4501A

Strassioxidativelbiomarkers

-TRANSFORMATION ENZY_

. HISTOPATOLOGY

m

OGICAL AND MORPHOL
PARAMETERS
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= Stress oxidative biomarkers

Stressors

Reactive oxygen species (ROS)

Oxidative
Stress

Membrane Damage
Loss of organelle functions
Reduction of metabolic efficiency
Reduced carbon fixation
Electrolite leakage
Chromatid breaks
Mutations

University of Cadiz

Lipids and Fatty
Acids

Aminoacids
Proteins
Nucleic Acids

Pigments




University of Cadiz

= Stress oxidative biomarkers Lipid Peroxidation (LPO)
22;';,'::. ' LPO occurs in polyunsaturated - - -
fatty acids \ —

polyunsaturated
~ fatty acids

Reactive molecules will iniciate lipid
peroxidation

Hydrogen extraction from the lipid initiating a series of

reactions
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Catalyze the decomposition of to }
and

+ Fe(ll)-E = H,O + O=Fe(IV)-E

H,0, + O=Fe(lV)-E — + Fe(lll)-E +

7,

/A
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http://en.wikipedia.org/wiki/Hydrogen_peroxide
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Oxygen

-BIOTRANSFORMATION ENZYMES-

= Stress oxidative biomarkers Glutathione peroxidase (GPx)

University of Cadiz

! pel lis,mit T
- H Oz 2O+02
GHSPX

Cu,Zn—SODCIt

GHS GSSG

<

NADPH NADP+

GR

e

NADP+ NADPH
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http://en.wikipedia.org/wiki/Lipid
http://en.wikipedia.org/wiki/Organic_peroxide
http://en.wikipedia.org/wiki/Alcohol
http://en.wikipedia.org/wiki/Hydrogen_peroxide

-BIOTRANSFORMATION ENZYMES-

= Stress oxidative biomarkers

Glutathione reductase (GR)

Cu,Zn-SOD
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University of Cadiz
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http://en.wikipedia.org/wiki/Glutathione

‘IOTRANSFORMATION ENZYME_

= Bijomarkers

CYP4501A

=

University of Cadiz

CYP4501A

APOLAR
CHEMICALS



-BIOTRANSFORMATION ENZYMES-

= Biomarkers CYP4501A

hspo0 S Citoplasmﬁ
oo . &

—
Ligando ; hsp90: protein“heat shock 90”.
AhR: aryl- hidrocarbon receptor.

ARNT
ARNT: translocator protein of aryl-

hsp90
L hydrocarbon receptor.
. O AAA
Prote i na P4501A

AHRE: response elements to aryl-
O

hydrocarbon receptor.
AAA: aminoacids
desintoxicaci 6 n by
bioactivaci 6 n
l ARA ARNm  de P4501A
\ TOXICIDAD /

Ethoxyresorufin-O-deethylase (EROD)

University of Cadiz

AHRE

o

P4501A1




OLOGICAL AND MORPHOLO
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FISTOPATHOOGICAL ANALYSIS INFISHRNIE =
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= CONTROL Cu=r

. mgl Cu?? 1 mg/l Cu?*
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SIOLOGICAL AND MORPHOLOG
PARAMETERS
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0.1 mg/l Cu2+

1 mg/l Cu?*

35



-

~ !

)

iGRACI,AS!” Thank you

-

!
[

Falemlnde Hvala

Milagrosa Oliva
milagrosa.oliva@uca.es

OTHER INFORMATION:
[Links to the oficial web of the master or personal information]
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