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Why Bioanalytical Tools?

 There are too many chemicals out there to quantify them one-by-one

» Bioassays can be used as sum parameters indicating the overall toxic
potential of an unknown chemical cocktalil
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Bioanalytical Test Battery

— Mode of action Bioassay Targeted

Non specific chemicals
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oo baseline toxicity . all chemicals
Wm inhibition assay
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toxicity

Chlorinated byproducts,
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Aromatic amines, PAH
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% Inhibition of

Reference compound

Toxic Equivalent Concentration
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Baseline toxicity Baseline toxicant Baseline toxic equivalent concentration Baseline-TEQ
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Toxic Equivalent Concentration
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Baseline toxicity Baseline toxicant Baseline toxic equivalent concentration Baseline-TEQ
E-SCREEN 17 p-Estradiol Estradiol equivalent concentration EEQ
AhR CAFLUX TCDD TCDD equivalent concentration TCDDEQ
[-PAM (phytotox) diuron Diuron equivalent concentration DEQ
AChE (neurotox) parathion Parathion equivalent concentration PTEQ

umuC (genotox) . Concentration required to elicit genotoxic effect ECris




5 Baseline Toxicity

-y
o 41

£

2 =

— S .

o 2 e Reduction in luminescence of
o the naturally bioluminescent
- 1 I marine bacteria Vibrio fischeri
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Site description Baseline toxicity Neuro= A E-SCREEN  AhR-CAFLUX  Genotoxicity
toxicity toxicity
Baseline-TEQ (mg/L) PTEQ (ug/L) DEQ (pg/L) EEQ (ng/L) TCDDEQ (ng/L) 1/EC |15 (1/REF)

Blank 0.21 +0.01 <0.3 <0.01 <0.02 0.06 + 0.01 <0.01
Influent (WWTP Effluent) 2.3+0.4 3.2+05 0.12+0.1 6.0+21 0.09 +0.03° 0.21+£0.1
Denitrification 2905 3.3+x04 0.30x0.1 8.7x+27 0.10 +£0.01° 0.16 = 0.02
Pre-ozonation 3.2+£0.7 42+1.2 0.34 £ 0.22 35+13 0.11 +0.01° 0.17 £ 0.06
Coagulation/ 1405 21404 0.05 £ 0.04 9.8+132 0.11 + 0.04b 0.08 + 0.06
Flocculation/DAFF
Main ozonation 0.9 0.2 1.9+05° 0.03 + 0.03 0.4 +0.22 0.09 + 0.02° 0.02 + 0.012
Activated carbon 0.5+ 0.2% <0.3 0.02 +0.02 <0.02 0.10 + 0.06° <0.01

Effluent 0.5+ 0.22 <0.3d 0.02 +0.01 <0.06 0.10 + 0.01° <0.01




.- Neurotoxicity
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Site description Baseline toxicity Neuro= A E-SCREEN  AhR-CAFLUX  Genotoxicity
toxicity toxicity
Baseline-TEQ (mg/L) PTEQ (ug/L) DEQ (pg/L) EEQ (ng/L) TCDDEQ (ng/L) 1/EC |15 (1/REF)
Blank 0.21 +0.01 <0.3 <0.01 <0.02 0.06 + 0.01 <0.01
Influent (WWTP Effluent) 23+04 3.2+05 0.12+0.1 6.0+2.1 0.09 +0.03 0.21+0.1
Denitrification 29+05 33+04 0.30 +0.1 87+27 0.10 +0.01° 0.16 + 0.02
Pre-ozonation 3.2+0.7 42+1.2 0.34+£0.22 35+13 0.11 +0.01b 0.17 £ 0.06
Coagulation/ a a
o o OARE 14+05 21+0.4 0.05 + 0.04 9.8+1.3 0.11 +0.04° 0.08 +0.06
Main ozonation 0.9 +0.22 1.9+0.52 0.03 +0.03 0.4 +0.22 0.09 + 0.02 0.02 +0.012
Activated carbon 0.5+0.2% <0.3 0.02 £ 0.02 <0.02 0.10 + 0.06° <0.01

Effluent 0.5+0.22 <0.3d 0.02 +0.01 <0.06 0.10 + 0.01° <0.01




Phytotoxicity
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Site description Baseline toxicity Neuro= A E-SCREEN  AhR-CAFLUX  Genotoxicity
toxicity toxicity
Baseline-TEQ (mg/L) PTEQ (ug/L) DEQ (pg/L) EEQ (ng/L) TCDDEQ (ng/L) 1/EC |15 (1/REF)

Blank 0.21 +0.01 <0.3 <0.01 <0.02 0.06 + 0.01 <0.01
Influent (WWTP Effluent) 23+04 3.2+05 0.12+0.1 6.0+2.1 0.09 + 0.03° 0.21+0.1
Denitrification 29+05 33+04 030+ 0.1 8727 0.10 + 0.01° 0.16 + 0.02
Pre-ozonation 3.2+0.7 42+1.2 0.34 £0.22 35+13 0.11 +0.01b 0.17 £ 0.06
Egigﬁ:gﬂg;;lj A 14+05 21+04 0.05 +0.04 9.8+132 0.11 + 0.04° 0.08 + 0.06
Main ozonation 0.9 % 0.2% 1.9+ 0.5 0.03 + 0.03 0.4 % 0.22 0.09 + 0.020 0.02 +0.012
Activated carbon 0.5+0.2% <0.3 0.02 +0.02 <0.02 0.10 + 0.06° <0.01

Effluent 0.5+ 0.2% <0.3d 0.02 +0.01 <0.06 0.10 + 0.01° <0.01




E-SCREEN
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Site description Baseline toxicity Neuro= A E-SCREEN  AhR-CAFLUX  Genotoxicity
toxicity toxicity
Baseline-TEQ (mg/L) PTEQ (ug/L) DEQ (pg/L) EEQ (ng/L) TCDDEQ (ng/L) 1/EC |15 (1/REF)
Blank 0.21 +0.01 <0.3 <0.01 <0.02 0.06 + 0.01 <0.01
Influent (WWTP Effluent) 23404 32+05 0.12+0.1 6.0+2.1 0.09 + 0.03 0.21+0.1
Denitrification 29+05 3.3+04 0.30 +0.1 87+27 0.10 +0.01° 0.16 + 0.02
Pre-ozonation 3.2+£07 42+1.2 0.34+£0.22 35+1.3 0.11 +0.01b 0.17 £ 0.06
Coagulation/ a a
o o DARE 14+05 21+04 0.05 +0.04 98+13 0.11 + 0.04 0.08 + 0.06
Main ozonation 0.9 +0.22 1.9+052 0.03 +0.03 0.4 +0.22 0.09 + 0.02 0.02 +0.012
Activated carbon 0.5+0.2% <0.3 0.02 +0.02 <0.02 0.10 + 0.06° <0.01
Effluent 0.5+ 0.2% <0.3d 0.02 +0.01 <0.06 0.10 £ 0.01° <0.01




15 E-SCREEN
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toxicity
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toxicity

E-SCREEN Genotoxicity

Site description

Baseline toxicity

Baseline-TEQ (mg/L) PTEQ (ug/L) DEQ (pg/L) EEQ (ng/L) TCDDEQ (ng/L) 1/EC |15 (1/REF)
Blank 0.21 £0.01 <0.3 <0.01 <0.02 0.06 £ 0.01 <0.01
Influent (WWTP Effluent) 23x04 3.2+£05 0.12+0.1 6.0+21 0.09 + 0.03° 0.21+0.1
Denitrification 29+05 3.3+04 0.30+0.1 8.7+27 0.10 £ 0.01° 0.16 + 0.02
Pre-ozonation 3207 42+1.2 0.34 £ 0.22 35+13 0.11 +0.01° 0.17 £ 0.06
Coagulation/ 1405 21404 0.05 £ 0.04 9.8+1.32 0.11 + 0.04b 0.08 + 0.06°
Flocculation/DAFF
Main ozonation 0.9 £0.2% 1.9+0.52 0.03+0.03 0.4 +0.22 0.09 + 0.02° 0.02 £ 0.012
Activated carbon 0.5+ 0.2% <0.3 0.02 £ 0.02 <0.02 0.10 + 0.06° <0.01
Effluent 0.5+ 0.2% <0.3d 0.02 £0.01 <0.06 0.10 + 0.01° <0.01




AhR-CAFLUX
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Site description Baseline toxicity tlg()a(lijgi(:)—/ tzzrgﬁy E-SCREEN AhR-CAFLUX  Genotoxicity
Baseline-TEQ (mg/L) PTEQ (ug/L) DEQ (ug/L) EEQ (ng/L) TCDDEQ (ng/L) 1/EC |15 (1/REF)
Blank 0.21 £0.01 <0.3 <0.01 <0.02 0.06 + 0.01 <0.01
Influent (WWTP Effluent) 23+04 3.2+£05 0.12+0.1 6.0+21 0.09 + 0.03° 0.21+0.1
Denitrification 29+05 3.3+04 0.30+0.1 8727 0.10 + 0.01° 0.16 + 0.02
Pre-ozonation 3.2+£07 42+1.2 0.34 £ 0.22 35+13 0.11 +0.01° 0.17 £ 0.06
Egigﬁ:gﬂg;;lj A 14+05 21404 0.05 £ 0.04 9.8+132 0.11 + 0.04b 0.08 + 0.06
Main ozonation 0.9 +0.2% 1.9+0.52 0.03 +0.03 0.4+0.22 0.09 +0.02° 0.02 +0.01%
Activated carbon 0.5+ 0.2% <0.3 0.02 £ 0.02 <0.02 0.10 + 0.06° <0.01
Effluent 0.5+ 0.2% <0.3d 0.02+0.01 <0.06 0.10 + 0.01° <0.01
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Site description

Baseline toxicity

Neuro-
toxicity

AhR-CAFLUX

e Sulphuric acid silica gel clean-up:

most organic chemicals (e.g. PAH)
except persistent chemicals have

been removed

Phyto-
toxicity

E-SCREEN

AhR-CAFLUX

Genotoxicity

Baseline-TEQ (mg/L) PTEQ (ug/L) DEQ (pg/L) EEQ (ng/L) TCDDEQ (ng/L) 1/EC |15 (1/REF)

Blank 0.21 +£0.01 <0.3 <0.01 <0.02 0.06 £ 0.01 <0.01
Influent (WWTP Effluent) 23+04 3.2+£05 0.12+0.1 6.0+2.1 0.09 + 0.03° 0.21+0.1
Denitrification 29+05 3.3+04 0.30+0.1 8.7+27 0.10 + 0.01° 0.16 + 0.02
Pre-ozonation 3.2+0.7 42+1.2 0.34 £0.22 35+1.3 0.11 + 0.01° 0.17 £0.06
Coagulation/ a b a
Floceulation/DAEE 1.4+05 21+0.4 0.05 +0.04 9.8+1.3 0.11 £ 0.04 0.08 +£ 0.06
Main ozonation 0.9+0.22 1.9+0.52 0.03+£0.03 0.4+0.22 0.09 + 0.02° 0.02 £0.012
Activated carbon 0.5 +0.2% <0.3 0.02 +0.02 <0.02 0.10 + 0.06° <0.01
Effluent 0.5+ 0.2% <0.3¢ 0.02 +0.01 <0.06 0.10 £ 0.01° <0.01




Genotoxicity

« Activation of the repair genes
after DNA damage

e Chlorinated byproducts
aromatic amines
polycyclic aromatic hydrocarbons

Site description Baseline toxicity Neuro= A E-SCREEN  AhR-CAFLUX  Genotoxicity
toxicity toxicity
Baseline-TEQ (mg/L) PTEQ (ug/L) DEQ (pg/L) EEQ (ng/L) TCDDEQ (ng/L) 1/EC |r15 (1/REF)

Blank 0.21 £0.01 <0.3 <0.01 <0.02 0.06 £ 0.01 <0.01
Influent (WWTP Effluent) 23+x04 3.2+£05 0.12+0.1 6.0+21 0.09 + 0.03° 0.21+0.1
Denitrification 29+05 3.3+04 0.30+0.1 8727 0.10 £ 0.01° 0.16 = 0.02
Pre-ozonation 3.2+x07 42+12 0.34 £ 0.22 35+13 0.11 +0.01° 0.17 £ 0.06
E.%i?:ﬂliﬂgﬂfo A 1405 21404 0.05 + 0.04 9.8+1.32 0.11+0.04° 0.08 + 0.06°
Main ozonation 0.9 £0.2% 1.9+0.52 0.03 £ 0.03 0.4 +0.22 0.09 + 0.02° 0.02 = 0.012
Activated carbon 0.5+ 0.2% <0.3 0.02 + 0.02 <0.02 0.10 + 0.06° <0.01

Effluent 0.5+0.22 <0.3d 0.02 +0.01 <0.06 0.10 + 0.01° <0.01




How much toxicity can we explain?

. DEtho
ICI = DEQ
I-PAM assay/herbicides _ B DEQchem
= 0.4
o
=
diuron 1 E
simazine 0.15 O
atrazine 0.15

Desisopropyl atrazine 0.003




How much toxicity can we explain?

AChE assay/
I-PAM assay/herbicides organophosphates

based on Chlorpyrifos
quantified by chemical
analysis



Conclusions

Combination of nonspecific and selective bioassays
provide information about mixture effects of
micropollutants in WWTP

Test battery is low-cost, high throughput and robust

Sensitivity high enough to allow measurements in influent
and effluent

Limitations

A. not all chemicals extracted by SPE
B. Contribution of organic matter to toxicity

Bioanalytical tools provide complementary information to
analytical chemistry about water quality and water
treatment process
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