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Bioassays are biological tests that measure the response of healthy organisms 
(in vivo) or of cell lines/cells (in vitro) after exposure to specific contaminants or 
environmental matrix under controlled laboratory conditions.  

Bioassays 

In vitro In vivo 

An acute toxicity test does not provide information concerning whether delayed 
effects will occur.  



Organisms Studied species Experimental exposure  

Fish Danio rerio, Oncorhynchus mykiss 
Gadus morhua, Sparus aurata 
Solea sp., etc 

Food  
seawater 
Whole sediment 

Gastropods Hydrobia sp., Littorina sp,  
Murex sp.,  

Food  
seawater 
Whole-sediment 

Bivalves Mytilus sp, Crassotrea sp.,   
Cerastoderma sp., Venerupis pullastra, 
Tapes decussates, etc 

Food 
Seawater 
Whole-sediment 

Amphipods Corophium multisetosum 
Corophium volutator, Ampelisca 
brevicornis 

Whole-sediment 

Polychaetes Arenicola marina 
 

Whole-sediment 

Echinoderms Echinocardium sp. Whole-sediment 
 

Copepods Tisbe sp., Acartia sp., Oithona davisae Seawater, sediment 
elutriates, pore water 

Mysids Siriella sp 
Praunus sp 

Seawater, sediment 
elutriates, pore water 
 

Microalgae Chorella vulgaris, Skeletonema 
costatum 

Seawater, sediment 
elutriates, pore water 
 

Early developmental stages of fish and marine 
invertebrates 

eggs, embryos and larvaes Seawater, sediment 
elutriates, pore water, 
extracts 

Common in vivo bioassays used in marine research  
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Early developmental stages of organisms are more sensitive to chemical stress 
than adults, being the weakest link in an organism’s life cycle. 

Embryotoxicity bioassays 

Deleterious effects observed  to very low concentrations of contaminants 
(Kobayashi, 1995; His et al., 1999) 
 
-1µg/L TBT and other antifoulings 
-10 µg/L for Hg, Cu and Zn 
-100 µg/L for Pb, Cd and other metals 
- 0.1 mg/L organochlorine pesticides, detergents and refined oil 
- 10 mg/L crude oil  



Sea urchin embryotoxicity bioassay 

Douglas P. Wilson (1951) 
Plymouth Laboratory Schinus suculentus 

M. Bernhard (1955) 
Stazione Zoologica de Napoli 

 
Arbacia lixula 



Sea urchin embryo test (SET) 

Bioassay using embryos of the purple sea urchin Paracentrotus lividus (Lamarck, 
1816), a species widely distributed in both Atlantic and European Mediterranean 
waters. 

Method is directly applicable to other 
echinoid species such as  
 
Strongylocentrotus droebachiensis 
Echinus sculentus 
Sphaerechinus granularis 
Arbacia lixula  

Seawater  
quality 

Sediment  
quality 

Paracentrotus lividus 

Toxicants 



Gastrula-Prisma  = 110-130 μm  Prepluteus = 150-290 μm  Pluteus = 300-450 μm  

Fertilize eggs = 92 ± 3 μm  

Echinoderm embryology 

Morula  Blastula = 110-130 μm  



Echinoderm embryology 
Saco-Álvarez et al. (2010) 

Paracentrotus lividus 



Spawning and fertilization 

Peristomal membrane 

Gonopore 



- direct stripping of the gonad 
 
- mild electric shock (35 V) 
 
- osmotic-shock-induced spawning:  
 1 ml KCl 0.5 M 
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Peristomal membrane 

Spawning and fertilization 



Gamete viability 

High sperm motility 

Roundness, 100 µm 
free of germinal vesicles 

Spawning and fertilization 



 FERTILIZED EEGS FIXED AFTER 
DELIVERY (T=0) 
 
 CONTROL OF FSW 
 
 UNDILUTED SAMPLES 
 
 ½, ¼, AND 1/10 DILUTIONS IN FSW 

Espermatocytes/oocytes 2000-20000 
After 7 minutes fertilized eggs 

Spawning and fertilization 

20 µL (x4)  
 
% fecundation  
oocyte density 
 

20-40  
Fert. eggs / mL 

< 30 min starting 
incubation 

Egg fertilization should be > 90% 



Incubations 

Incubation 48 h. 
20ºC 

Fixed with two drops 
 of 48% formalin 

 
Minimal requiremet for an acceptable control results is 

 that at least 70% 
of the embryo result in normal larvae. 

 



i) Morphological normality 
of the larvae 

 (qualitative) (N=35) 
 
 

ii) Size increase 
(quantitative) (N=35) 
Maximum length of 

individuals 

Normal pluteus: four arms well 
developed (aprox. 300-450 µm) 

Readings 



SET results 

i) Morphological normality of the larvae 
 (qualitative) (N=35) 

 
 

X 4 X 4 X 4 X 4 

P´ = (P-Pc/100-Pc) x 100 
Abbot formula (Emmens, 1948) 

Pc 



i) Size increase  (quantitative) (N=35) 

PNR (Percentage Net Response) 

PNR = (S1-S0) / (SC-SO) 

SO SC S1 

X 4 X 4 X 4 

SET results 



Sea urchin embryo test (SET) 

Seawater  
quality 

 
 
 
 

Sediment  
Quality 

 
 
 
 
 

Seawater 

Sediment-water interface 

Sediment elutriates 

Pore water 

Extracts 

Shoul not be frozen  tested within one week 



Sea urchin embryo test (SET) 

Seawater  
quality 

Sediment  
quality 

CONTROL 
SEAWATER  

In vitro fertilization 
Preparation of the sediments 
elutriates/sediment-water interface 
Serial dilutions of the testing samples 
Control incubations 

0.22 µm filtered seawater of oceanic characteristics (FSW) 
 
Artificial seawater (ASW) (Lorenzo et al., 2002).  

Caution for trace metals impurity content!  

Reference Toxicants 



Reference toxicants: EC 50 

Reference toxicants are used to assess the organism sensitivity  
 
 To obtaining information of the organism conditions 
 To validate protocols 
 To compare sensitivity of biological material used in different 
experiments 

Fernández, 2002; Bellas et al., 2005 
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NH4Cl Amonium Chloride 
SDS Sodium-dodecyl-sulphate 

CdCl2 Cadmium chloride 
 

www.epa.gov/enviro/html/emci/chemref/complete_index.html 

 To prepare dilutions of the reference toxicants to estimate EC50 
 

(i.e. 0, 1, 2, 4, 8, 16 and 32 mg/L) 
 
 Stock solution of the toxicant 0.1 -1.0 g/L (Using FSW!!!) 



Reference toxicants: EC 50 

mg / L mL FSW mL Stock 
solution 

mL tube Replicates 

0 20.00 0.00 20 5 
1 19.95 0.05 20 5 
2 19.90 0.10 20 5 
4 19.80 0.20 20 5 
8 19.60 0.40 20 5 

16 19.20 0.80 20 5 
32 18.40 1.60 20 5 

1L Stock solution 0.4 g/L CdCl2  
 
Molecular weight Cd2+ = 112.4 
Molecular weight CdCl2 (CdCl2 • 2.5 H2O)= 228.34 
1L x 0.4 g/L x (228.34 g de CdCl2 / 112.4 g Cd+2) = 0.813 g 
 
 



Reference toxicants: EC50; LC50 

Median: Lower variance than other percentiles 

Calculo EC50:  
 
Softwares combination of Moving average, Probit, Logit and Binomial  
(Rodríguez and Esclapes, 1995) 
 
 Probit 

 
P = @ (A+B) (1) 

P= Dead probability of the  
organisms exposed to concentration X 



EC 50 found in Paracentrotus lividus 

Area Reference 
toxicant 

EC50 (± 95%) Source 

Adriatic (Italy) NH4+ total (µ/L) 5700 (5300-6100) pH 7.7 
4200 (3900-4600) pH 8.0 
3100 (2900-3300) pH 8.3 

Arizzi Novelli et al., 2003 

B. Country (Spain) NH4+ total (µ/L) 
 

4980 (4760-5300) AZTI, 2009 

Galician (Spain) Cd (µg/L) 9240 Fernández and Beiras, 2001 

Galician (Spain) Cd (µg/L) 8628 (8456-9135) Fernández, 2002 

Venice (Italy) Cd (µg/L) 2300 (1900-2700) Arizzi Novelli et al., 2003 
 

B. Country (Spain) Cd (µg/L) 7520 (7310-7740) AZTI 2009 

Aveiro (Portugal) SDS (µg/L) 
 

4150-4170 Rolland et al., 1999 

Galicia (Spain) SDS (µg/L) 4100 (3750-4580) Fernández, 2002 

Mar Menor (Spain) SDS (µg/L) 1710 (1430-1990) Marín Guirao et al., 2005 

Galicia (Spain) SDS (µg/L) 4277 Bellas et al., 2005 

B. Country (Spain) SDS (µg/L) 4235(4094-4378) AZTI, 2009 



(4 FSW: 1 SED) 

Preparation of elutriates 



Preparation of elutriates 

 Decantation 24 hours (4ºC in dark) 

 Decantation 12 hours (20ºC in dark) 

 

Magnetic stirring 45 min Rotatory stirring  60 rpm 
polypropylene flasks  



Preparation of elutriates 



(4 FSW: 1 SED) 

Obtention of porewater 

Carr and Chapman, (1995) 2000 rpm 
10000 xg  

Enhanced sensitivity 



Obtention of sediment-water interface 

Dilution FSW stabilize 24 hours with whole sediment (4 FSW: 1SED) 

César et al. (2004) 



Working with extracts 

ASTM 1563 - 98(2012)   
  

 Solvent should be kept to a minimum, not exceeding 
0.5 mL/L 
 
 Include a solvent control containing highest      
concentrations in treatments 
 
70% normal larvae in solvent control 
 
 Triethylene glycol –Low toxicity and low volatility 
 
 Water miscible organic solvents (methanol, ethanol, 
acetone): Stimulate undesirable growths of 
microorganisms, volatile 
 
 Organic solvent (DMSO)  Reagent grade 
 

 



- 300 embryos/10 ml  4-5 replicates 
- Control samples  
- Incubation at 20ºC 
- Stopping the development with 
formalin after 48h 
- Measuring endpoint. 

Experimental exposure conditions 

i) Morphological normality of the larvae 
 (qualitative)  

 
 

ii) Size increase  
(quantitative) 



Sources of Error  

 Quality assurance of the biological material 
 

 
 
 Confounding factors 



Sources of Error  

 Quality assurance of the biological material 
1. CONTROL TREATMENT 

Mean response in Control exceeds a 
size increase of  
 
218 µm for FSW  
253 µm for ASW  
 
Beiras et al., 2012 

Intralaboratory control charts with 
reference toxicants (Cu or Zn)  
 
CV 12-20% normal larvae 

 
Phillips et al., 1998; Volpi Ghirardini et al., 2005. 

Beiras et al, 2012. TICES TIMES. Nº 51.  
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Sources of Error  
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Sources of Error  

 Confounding factors 
Natural conditions of the samples are not suitable for the target specie 
 
 
 testing elutriates from highly reduced sediments 

Beiras et al, 2012. TICES TIMES. Nº 51.  

Paracentrotus lividus (Saco Alvarez et al., 2010) 
 
 Salinity 31 0/00 -35  0/00 
 pH 7.0-8.5  
 Dissolved oxygen > 2 mg/L 
 H2S < 0.1 mg/L  
 NH3 < 40 microg/L) 

Particle size effect 

Measurements at the beggining and at the end 
of the incubation (1 replicate without formaline) 



Sources of Error  



Assessment of toxicity 

Assessment 
Criteria SET 

Background 
response 

Elevated Response High and cause for 
concern response 

% abnormality 0-10 >10-50 >50 

Davies et al., 2012. Technical Annex 30. Assessment Criteria fro biological effects measurements. ICES. Cooperative 
Research Report. No 315.  

High or good Moderate Poor or bad 

PNR > 0.7 0.7-0.5 <0.5 

% Inhibiton growth 
 

< 30 30-50 > 50 

Davies et al., 2012. Technical Annex 30. Assessment Criteria fro biological effects measurements. ICES. Cooperative 
Research Report. No 315.  

Arc sen  √ abnormality   Parametric analisis  
    ANOVA 



D. EbroR2 = 0.8848

y = -108.6x + 5.9805

0
10
20
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40
50
60
70
80

-0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0

Lg Dilution

PN
R

Valencia
R2 = 0.8561

y = -139.49x + 11.486

0

20
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100

120

-0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0

lg Dilution

PN
R

TU (Toxic Units) 

TU = 1 / DE50 

1. Liner regression 
PNR vs lg 
Dilution 

2. DE50 = dilution 
causing 50% 
decrease 

3. Obtention TU 
DE50 

DE50 

Calculation of Toxic Units: Sediment elutriates  



Assessment of toxicity 

Assessment 
Criteria SET 

Background 
response 

Elevated Response High and cause for 
concern response 

% abnormality 0-10 >10-50 >50 

Davies et al., 2012. Technical Annex 30. Assessment Criteria fro biological effects measurements. ICES. Cooperative 
Research Report. No 315.  

High or good Moderate Poor or bad 
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% Inhibiton growth 
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Davies et al., 2012. Technical Annex 30. Assessment Criteria fro biological effects measurements. ICES. Cooperative 
Research Report. No 315.  

Sediment quality 
status 

High or good Moderate Poor or bad 

TU < 0.27 0.27-0.86 > 0.86 

Beiras et al, 2012. TICES TIMES. Nº 51.  



 
•In vivo bioassay with a high ecological relevance 
 

•Acute and sub-lethal toxicity  
 
•Sampling, maintenance in the laboratory conditions, easy to get gametes and 
embryos, short embryological development period  
 
•The Percentage of Net Response (PNR) is a quantitative, 
observer‐independent, automatically readable response.  
 

•SET can be used to compare sensitivities of different species and different test 
materials 
 

•Statistical methods and assessment criteria to classify water and sediment 
samples according to their biological quality status are developed 
 

Advantadges of SET  

Cheap!! 



 
•Toxicity of hydrophobic contaminants might be underestimated 
 

•Availability of mature seaurchin can be difficult in some areas/times 
 

Drawbacks  



  SET in marine environmental management 



SET in marine environmental management 



SET in marine environmental management 



SET in marine environmental management 



SPAIN 

MAR 
 

MENOR 

SET in local environmental monitoring  



SET in local environmental monitoring  

Toxicidad 
PNR   

SEDIMENT-WATER 
INTERFACE 

Miranda  
wadi 

0.001

0.097

0.174

0.251

0.328

0.405

0.482

0.56

0.636

0.713

0.79
Toxicidad 

PNR 
ELUTRIATE 

Miranda  
wadi 



SET in human health research  



Questions and discussion 
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