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and need to dispose of it 
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e People produce waste… 
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e Waste treatment 

…according to waste toxicity 



1. Type of waste (e.g. hospital waste) 

2. Hazardous properties of individual components 

when these are known (targeted analyses) 

3. Complex wastes: if composition is unknown 

 Test the hazardous properties of the waste 

 Annex V of DangerousSubstancesDirective 

67/548/EEG 

 

HWD Waste Classification 
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H criterion 

H1 explosive 

H2 oxidising 

H3a highly flammable 

H3b flammable 

H4 Irritant 

H5 harmful 

H6 toxic 

H7 carcinogenic 

H8 corrosive 

H9 Infectious  

H10 Toxic for reproduction 

H11 mutagenic 

H12 release of (very) toxic gases 

H13 Leachate with hazardous properties 

H14 ecotoxic 



HWD Waste Classification 
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Annex V tests are often Mammalian tests!! 

- Long test duration 

- Expensive 

- Unethical for waste assesment 
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=> In vitro alternative methods 

- Ethical 

- Fast 

- Cheap 
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Selecting a Set of (biological/chemical) fast screening 
tests that allow to discriminate between hazardous and 

non-hazardous waste! 
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AIM 
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Selecting a Set of (biological/chemical) fast screening tests that 
allow to discriminate between hazardous and non-hazardous 

waste! 

 according to HWD legislation 

 as cheap as possible 

as fast as possible 

TESTING STRATEGY 



Suggested testing strategy 
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Aimed at targets 

with existing HWD 

limit 

Bioassays for 

evaluation of 

hazard (H) 

properties of HWD 

H criterion 

H1 explosive 

H2 oxidising 

H3a highly flammable 

H3b flammable 

H4 Irritant 

H5 harmful 

H6 toxic 

H7 carcinogenic 

H8 corrosive 

H9 Infectious  

H10 Toxic for reproduction 

H11 mutagenic 

H12 release of (very) toxic gases 

H13 Leachate with hazardous properties 

H14 ecotoxic 



Wider range of samples 

Pilot: filter residue 
samples 

Waste Samples 
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Sample Source 

fTEX filter cake – input textile industry 

fPAINT1 filter cake – input paint industry 

fFOOD1 filter cake – input food industry 

fFOOD2 filter cake – input food industry 

fFOOD3 filter cake – input food industry  

fPAINT2 filter cake – input paint industry 

fPAINT3 filter cake – input paint industry 

PSW PCB containing shredder waste 

SF Shredder fluff 

sDWTP Sludge domestic WTP 

FA Fly ashes 

WOOD Wood 

BA Bottom ashes 

sIWTP Sludge industrial WTP 

SA1 Soil additive 

SA2 Soil additive 
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• Leachate: inorganic 
analysis 

• Aceton extraction + 
DMSO substitution 
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Aimed at targets 

with existing HWD 

limit 



Aimed at targets 

with existing HWD 

limit 
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Targeted analysis: 

• Inorganic analysis  

•Organic analysis 

X-Ray Fluorescence 

Gas Chromatography – Mass Spectrometry 

Suggested testing strategy 
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Targeted analysis: 

• Inorganic analysis  

•Organic analysis 

X-Ray Fluorescence 

Gas Chromatography – Mass Spectrometry 

Suggested testing strategy 



Results XRF (inorganics) 
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48.749.1257958nm149085.3277033302031295.87.813.611506.9µg/gPb

<2<2<2<2.4nm<3<2< 4.3537.87.2<2<2<219<2µg/gTl

6701510nm11602349614150133345<1854.762.9481<18µg/gBa

<5<521.665.3nm56.64.740.3308196701570<5<5<58540<5µg/gSb

30.3<958.3169nm27410.3298547166837<9<9<92670<9µg/gSn

<3<38.844.5nm6.76.348.876.139.5<3<3<3<324.4<3µg/gCd

nmnm21.613.3nm21.72.937.749.638.248.44.7<24.685.2<2µg/gMo

nmnm6.139.1nm8.14.35.611.438.786.11.62.60.416501.7µg/gNb

nmnm147175nm174148172521664830667114040739355.1µg/gZr

96.570345413nm26911634535335.94511746.569.78886.8µg/gSr

nmnm32.826.3nm32.533.117.624.146456.63.912.45.41136.2µg/gRb

1711.449.716.3nm2.8315439167480420038.591.22481396011.8µg/gBr

26.246.31960290036319026715060208204120641025923353956002130µg/gZn

15.819.160916302020213077.91260770032789066.535.1194137016.4µg/gCu

42.624.450423nm14418.755457479476552.431.674.269224.2µg/gNi

<23<947.7154nm89.9<9.668.8865890.82915.5<814626.3µg/gCo

40450.412730420040814241446574618137.938.529.590613.2µg/gCr

53354.349.582.4nm23.4283787<2055.3<2026.2<20<20<20µg/gV

1968091.888043301906320814010890151909810637017307086580211002050µg/gCl

427144838570719014078504460273701222077504840850065209780123706590µg/gS

0.0490.0174.930.4971000.390.170.2390.230.670.932.21.241.430.850.051%P

7.20812.116.921.40.0919.620.54.986.820.763.490.531.380.32.551.86%Si

9.172.82.843.14<0.054.831.850.842.493.441.84<0.10.270.123.710.34%Al

8.19.46.89.569.47.87.46.87.16.977.495.77.917.738.09pH
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48.749.1257958nm149085.3277033302031295.87.813.611506.9µg/gPb

<2<2<2<2.4nm<3<2< 4.3537.87.2<2<2<219<2µg/gTl

6701510nm11602349614150133345<1854.762.9481<18µg/gBa

<5<521.665.3nm56.64.740.3308196701570<5<5<58540<5µg/gSb

30.3<958.3169nm27410.3298547166837<9<9<92670<9µg/gSn

<3<38.844.5nm6.76.348.876.139.5<3<3<3<324.4<3µg/gCd

nmnm21.613.3nm21.72.937.749.638.248.44.7<24.685.2<2µg/gMo

nmnm6.139.1nm8.14.35.611.438.786.11.62.60.416501.7µg/gNb

nmnm147175nm174148172521664830667114040739355.1µg/gZr

96.570345413nm26911634535335.94511746.569.78886.8µg/gSr

nmnm32.826.3nm32.533.117.624.146456.63.912.45.41136.2µg/gRb

1711.449.716.3nm2.8315439167480420038.591.22481396011.8µg/gBr

26.246.31960290036319026715060208204120641025923353956002130µg/gZn

15.819.160916302020213077.91260770032789066.535.1194137016.4µg/gCu

42.624.450423nm14418.755457479476552.431.674.269224.2µg/gNi

<23<947.7154nm89.9<9.668.8865890.82915.5<814626.3µg/gCo

40450.412730420040814241446574618137.938.529.590613.2µg/gCr

53354.349.582.4nm23.4283787<2055.3<2026.2<20<20<20µg/gV

1968091.888043301906320814010890151909810637017307086580211002050µg/gCl

427144838570719014078504460273701222077504840850065209780123706590µg/gS

0.0490.0174.930.4971000.390.170.2390.230.670.932.21.241.430.850.051%P

7.20812.116.921.40.0919.620.54.986.820.763.490.531.380.32.551.86%Si

9.172.82.843.14<0.054.831.850.842.493.441.84<0.10.270.123.710.34%Al

8.19.46.89.569.47.87.46.87.16.977.495.77.917.738.09pH
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Speciation of elements is unknown 

Combined effect is unknown 

Very effective in evaluating known targets 

Not conclusive for complex waste samples 

Fast & relatively cheap 

Comparison to existing HWD limits 

HOWEVER 



Results GC-MS (organics) 
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Many peaks (>200/sample!) 

Few identified (22%) 

Target needs to be known 

 Combined toxicity is not 

predictable 

 Quantitative analysis still needs to 

be performed 

Can detect known (groups of) targets 

Not conclusive for complex waste samples 



Aimed at targets 

with existing HWD 

limit 
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Targeted analysis: 

• Inorganic analysis  

•Organic analysis 

X-Ray Fluorescence 

Gas Chromatography – Mass Spectrometry 

Conclusion targeted analysis 

• cheap and fast 

• useful when targetting a specific (group of) compound(s) 

• less applicable to complex samples  
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Targeted analysis: 

• Inorganic analysis  

•Organic analysis 

X-Ray Fluorescence 

Gas Chromatography – Mass Spectrometry 

Conclusion targeted analysis 

• cheap and fast 

• useful when targetting a specific (group of) compound(s) 

• less applicable to complex samples  



Suggested testing strategy 
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Suggested testing strategy 
c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

General Toxicity Screen 

• Microtox 
• Vitotox 
• Keratinocytes EC50 
• EC50 mech. tests 
 

Ecotoxicity 

• Daphnia 
• Algae growth inhibition 
• ELS 



sample Microtox  Vitotox  Daphnia  Algae (72h) ELS  Cytotoxicity  Ames 

toxicity 

EC50 (30’) 

(geq/l) 

EC50(4h)  

(geq/l) 

EC50 (48h) 

(geq/l) 

% inhibition at 

0.1% 

LC50 (48h) 

(geq/L) 

EC50 (72h) (geq/l) EC50 

fTEX 0.98 0.38 10.4 77.9 > > N 

fPAINT1 0.19 0.1 0.05 97.5 0.19 0.2 CT 

fFOOD1 16 - > 0 > > N 

fFOOD2 1.4 0.25 6.6 76.3 > > N 

fFOOD3 2.02 1.65 8.2 61.3 > > N 

fPAINT2 0.14 0.06 0.31 91 0.14 0. 46 CT 

fPAINT3 0.08 0.06 0.21 85.3 0.18 0. 6 N 

PSW 27 nm > 0 > > N 

SF 1.98 nm 2.14 92.6 6.1 > N 

sDWTP 5.12 nm > 0 > > N 

FA 82 nm > 0 > > N 

WOOD 0.6 nm 1.65 96 1.6 > CT 

BA 34 nm > 0 > > N 

sIWTP 1.1 nm 3.93 53 3.8 > CT 

SA1 > nm > 0 > > N 

SA2 > nm > 0 > > N 

c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

Bacterial tests:  

• sensitive  

• fast 

Microtox: 30 min! 



Suggested testing strategy 
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General Toxicity 

• Microtox 
• Vitotox 
• Keratinocytes EC50 
• EC50 mech. tests 
 

Ecotoxicity 

• Daphnia 
• Algae growth inhibition 
• ELS 

=> Suitable limits are being determined in benzene equivalents 

(Weltens et al., in preparation) 
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Suggested Testing Strategy 
c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

Mechanistic Toxicity 

Genotoxicity / Mutagenicity: 
• Bacterial Gene Profiling Assay (BGPA) 
• Vitotox 
• Ames Test 

Irritant / sensitising effects: 
• TNFα 

Effects on reproduction: 
• Early Life Stage (ELS) assay 
• Calux 



Mechanistic Toxicity - CALUX 
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Nucleus

Ligand
binding

Cytosol

Transcription

Proteins

Enzymes

Luciferase

Add substrate (luciferine)

Light

Chemical
Responsive
Element
(CRE)

Ligand

Transport protein

Hsp

Chemical receptor

• ER 

• ERα 

• AR 

• DR (AhR) 

Chemically Activated LUciferase eXpression  



Mechanistic Toxicity - CALUX 
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• AR 
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Chemically Activated LUciferase eXpression  



CALUX experimental set-up 
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• DMSO extracts of waste samples 

• dilution series:  

•  1 – 100 – 10.000 – 1.000.000 – 100.000.000 

• This solution was added to cellmedium (e.g. 0,1 % for AR Calux) 

 

 

S1 S2 

Ref. (e.g. DHT) 

Incubation Calux cells 24 – 
48 h… 
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Indicative results c
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sample DR 
ng TCDD 
eq/geq 

ER 
ng EEQ /geq 

ER α 
ng EEQ /geq 

AR 
ng DHT 
eq/geq 

fTEX filter residue textile industry  1,07 0,04 0,12 < LOD 

fPAINT1 filter residue paint industry  4,59 < 0,04 < 0,01 < LOD 

fFOOD1 filter residue food industry  0,01 < 0,04 < 0,01 < LOD 

fFOOD2 filter residue food industry  0,102 < 0,04 < 0,01 < LOD 

fFOOD3 filter residue food industry  0,090 0,07 < 0,01 < LOD 

fPAINT2 filter residue paint industry  7,64 16,44 4,21 < LOD 

fPAINT3 filter residue paint industry  73,68 9,54 4,73 < LOD 

PSW PCB cont. shredder waste  51,33 < 0,04 4,70 < LOD 

SF Shredder fluff  64,41 < 0,04 1,20 < LOD 

sDWTP Sludge domestic WTP  < LOD < 0,04 0,20 < LOD 

FA Fly ashes < LOD < 0,04 < 0,01 < LOD 

WOOD Wood 0,28 < 0,04 < 0,01 < LOD 

BA Bottom ashes 0,91 < 0,04 0,01 < LOD 

sIWTP Sludge industrial WTP 25,32 7,93 5,6 970 

SA1 Ground additive < LOD < 0,04 < 0,01 < LOD 

SA2 Ground additive < LOD < 0,04 < 0,01 < LOD 



Indicative results 
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• DMSO extracts of waste samples 

• dilution series:  

• narrower range (eg. 1 – 3 – 10 – 30) to allow correct quantification 

• This solution was added to cellmedium (e.g. 0,1 % for AR Calux) 
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Quantitative Results Calux 
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DR Quantitative Analysis
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Conclusion Calux 
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Classification of waste  based on endocrine activity is possible 

 LIMIT!!! 

 allow classification after only one assay  

 shorter time 

 diminished cost 



Suggested Testing Strategy 
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Mechanistic Toxicity 

Genotoxicity / Mutagenicity: 
• Bacterial Gene Profiling Assay (BGPA) 
• Vitotox 
• Ames Test 

Irritant / sensitising effects: 
• TNFα 

Effects on reproduction: 
• Early Life Stage (ELS) assay (Teratogenic) 
• Calux 



Mechanistic tests 
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Samples

• Sensitive 

• Fast 

• Cheap 



Suggested Testing Strategy 
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Mechanistic Toxicity 

Genotoxicity / Mutagenicity: 
• Bacterial Gene Profiling Assay (BGPA) 
• Vitotox 
• Ames Test 

Irritant / sensitising effects: 
• TNFα 

Effects on reproduction: 
• Early Life Stage (ELS) assay (Teratogenic) 
• Calux 



Suggested testing strategy 
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Aimed at targets 

with existing HWD 

limit 

Bioassays for 

evaluation of 

hazard (H) 

properties of HWD 

H criterion 

H1 explosive 

H2 oxidising 

H3a highly flammable 

H3b flammable 

H4 Irritant 

H5 harmful 

H6 toxic 

H7 carcinogenic 

H8 corrosive 

H9 Infectious  

H10 Toxic for reproduction 

H11 mutagenic 

H12 release of (very) toxic gases 

H13 Leachate with hazardous properties 

H14 ecotoxic 



Were all endpoints met? 
c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

H criterion 

H1 explosive 

H2 oxidising 

H3a highly flammable 

H3b flammable 

H4 Irritant 

H5 harmful 

H6 toxic 

H7 carcinogenic 

H8 corrosive 

H9 Infectious  

H10 Toxic for reproduction 

H11 mutagenic 

H12 release of (very) toxic gases 

H13 Leachate with hazardous properties 

H14 ecotoxic 

=> TNFα 

=> Microtox 

=> Ames, BGPA 

=> Ames, BGPA 

=> Calux, ELS 

=> Microtox 



• Targeted analysis is very fast and cheap 

– Useful in specific cases (waste possibly containing known compounds) 

– For complex waste not conclusive (speciation unknown, cumulative effects 

unknown) 

• General toxicity screening can be done quickly and efficiently with Microtox 

– Classfication of very toxic samples in 30 min 

– No information on specific toxic effects 

• Mechanistic toxicity assays such as Calux allow classification of samples with specific 

toxic effects  

– No need to identify compounds 

– Cumulative effects are clear 

 

Summary 
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Remaining challenges: 

• Missing endpoints (e.g. corrosive, 

embryonic implantation, long-term fertility 

effects…) 

• Limits! 



Conclusion 
c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

c

h

e

m

i

e

b

i

o

l

o

g

i

e

• Testing Strategy works! 

• Samples probably contaminated with 

known toxicants can be tested by 

targeted analysis 

• Very complex samples can be 

analysed using XRF + effect based 

analysis 

 
 Weltens et al. 2012 (Waste Management Journal) 

 Deprez et al. 2012 (Waste Management Journal) 
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LABOTICS BVBA 

ε ~  Biot 

DISCRISET 
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Thank you! 


