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Chemicals in the environment 

Anthropogenic organic chemicals  
put pressure on ecosystems and drinking water resources 

industrial chemicals 

pharmaceuticals 

natural hormones pesticides 

biocides 
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Chemicals in the 
environment 

●  Many chemicals 
-  > 80 Mio CAS #  

 
-  >100,000 in the environment 
-  transformation products 
-  low concentrations 

 

●  Mixture effects 
„Something from nothing“ 
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Mixtures? 
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•  From fully integrative to summation 
of groups of chemicals with 
common mode of action 

•  Single chemicals cannot be 
resolved 

Bioanalytical tools: 

industrial chemicals 

pharmaceuticals 

natural hormones pesticides 

biocides 
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Chemical and bio-analysis are complementary 
and deliver pieces of the puzzle 

•  Quantitative for key target 
chemicals 

•  Unknowns difficult and work-
intensive to identify (non-target 
analysis) 

Chemical analysis:  

cytotoxicity 

oxidative 
stress 

Ah receptor hormone 
receptor 

genotoxicity 

Escher and Leusch, Bioanalytical Tools in Water Quality Assessment, IWA, London, 2012 



Conceptual framework:  
Toxicity and adverse outcome pathways (AOP) 

 
Uptake of 
chemical 
into the 

organism 
and cell 

 

 
Organ  

response 
 

 
Organism 
response 

 

 
Population 
response 

 

Adverse outcome pathway 

Adapted from Collin et al. (2008) and Ankley, et al. (2010)  in Escher and Leusch, 
Bioanalytical Tools in Water Quality Assessment, IWA, London, 2012 

 
Cell 

response 
 Ultimate 

protection  
goal 

Bioanalytical tools can 
be used as early 

indicators of hazard 
potential of chemical 

mixtures and are 
indicative of modes of 

toxic action 

Metabolism 
(toxification/ 

detoxification) 

Cellular toxicity pathway 

Initiating event: 
interaction with 

target 

Defense 
mecha-
nisms 

Cell 
death/ 
damage 



Bioanalytical tools to assess cellular effects 

Escher and Leusch, Bioanalytical Tools in Water Quality Assessment, IWA, London, 2012 

Induction 
of general 

stress 
response 
pathways 
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Cellular toxicity pathway 

Metabolism Interaction with target Defense Cell death 

How can it be measured? 
- in vitro cell-based assays 
- e.g., reporter gene assays 



Cell-based bioassays 
Human, mammalian 
or other eukaryotic 
(yeast) or 
prokaryotic cells  

Growth rate 
Cell viability Cell toxicity 

(Cytotoxicity) 

natural activity 
(e.g. enzyme activity) 

Native cell Biomarker 

Reporter gene  
assay 

Genetically  
modified cell 

“Foreign” gene added 
to amplify and 
visualize activity 

Escher and Leusch, Bioanalytical Tools in Water Quality Assessment, IWA, London, 2012 



Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 



Chemical analysis Bioanalytical assessment 

Biological effects in water 
samples 

Target chemicals: 
Australian Guidelines for 
drinking water & water 

recycling  

?
Mix chemicals in ratios of 
detected concentrations 

“iceberg mixtures” 

Water samples 

Comparison 

The “iceberg” was also 
subdivided into six groups 

Mixture toxicity of the 
designed, artificial 
“iceberg” mixture 

Tang, Busetti, Charrois, Escher (2014) Water Res.  60: 289-299. 



Water Sampling in Advanced Water Recycling Plant 

Groundwater injection 

WWTP 
effluent Mixing Tank 

(disinfection with NH2Cl) 

Post UF 

Ultrafiltration 

Reverse Osmosis 

Mixing tank 

UV Disinfection 

Post RO 

RO reject 

Post UV 

AWRP 
 WWTP effluent = feed ~7ML/d 

Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 

Activated Sludge 

WWTP 
Wastewater ~120ML/d 

WWTP influent 

Primary Settling 

Ocean Outfall 

Clarification 



Detected chemicals 

u  299 organic chemicals 
analysed (172 of which listed 
in the Australian Guidelines 
for Water Recycling) 
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RO Reject
0

10

20

30

40

50

# 
of

 d
et

ec
te

d 
ch

em
ic

al
s

ap
pe

ar
ed

 in
 A

G
W

R

Chemical analysis 

Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 

u  RO effective in removing 
organic chemicals (only 5 
chemicals in Post RO 
samples, all below AGWR 
guideline values) 

u  Complete removal of all 
organic chemicals by UV 
disinfection  
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Iceberg Mixtures 
Mix chemicals in groups according 
to their concentrations from 
chemical target analysis 
•  To which degree do the known 

chemicals explain the observed 
biological effect? 

 

EDCs Antibiotics Pesticides 

XRCs Others Pharmaceuticals 

Water sample 

EDCs Antibiotics Pesticides 

XRCs Others Pharmaceuticals 

•  Which types of chemicals 
contribute to the response? 

“Iceberg“ mixtures 



Detected chemicals 

Ace
tyl

sa
lic

yli
c a

cid

Aten
olo

l

Ator
va

sta
tin

Caff
ein

e

Carb
am

az
ep

ine

Cep
ha

lex
in

Cita
lop

ram

Cod
ein

e

Coti
nin

e

Cyc
lop

ho
sp

ha
mide

DEET

Des
meth

yl 
cit

alo
pra

m

Nord
az

ep
am

Dicl
ofe

na
c

Fluo
xe

tin
e

Furo
se

mide

Gem
fib

roz
il

Hyd
roc

hlo
rth

iaz
ide

Ibu
pro

fen

Ind
om

eth
ac

in

Meto
pro

lol

Nap
rox

en

Oxa
ze

pa
m

Oxy
co

do
ne

Para
ce

tam
ol

Praz
iqu

an
tel

Prop
ran

olo
l

Ran
itid

ine

Sali
cy

lic
 ac

id

Sulf
as

ala
zin

e

The
op

hy
llin

e

Tric
los

an

Trim
eth

op
rim

Ven
laf

ax
ine

0.001

0.010

0.100

1

10

100

1000

co
nc

en
tra

tio
n 

[µ
g/

L] Pharmaceuticals

Bisp
he

no
l A

Estr
on

e

4-t
-O

cty
lph

en
ol

EDC

Atra
zin

e

Dala
po

n
2,4

-D

3,4
-D

ich
lor

oa
nil

ine

Dica
mba

Diur
on

Fipr
on

il

Halo
xy

fop

Hex
az

ino
ne

MCPA

Mec
op

rop

Meto
lac

hlo
r

Picl
ora

m

Prop
ox

ur

Sim
az

ine

Tric
lop

yr
0.001

0.010

0.100

1

10

100

1000

co
nc

en
tra

tio
n 

[µ
g/

L] Pesticides

Eryt
hro

myc
in

Rox
ith

rom
yc

in

Sulf
am

eth
ox

az
ole

Tylo
sin

Antibiotics

Diat
riz

oic
 ac

id

Ioh
ex

ol

Iop
rom

ide

XRC

WWTP influent
WWTP effluent
Post UF
Mixing tank
Post RO
RO reject

Ton
ali

de

2,6
-D

i-t-
bu

tyl
-p-

cre
so

l

Gala
xo

lid
e

Tolu
tria

zo
le
TCEP

Trib
uty

lph
os

ph
ate

Others

1   5   2   5   5    1  3   4   5   3   5    3   4   5   4    5  5    5   2   5   5   2   5   4   1    4   3   1   1   4    1   6    5   5   5      3    1(n)

3  5   5   5  4   4   4  3  4   6   4   4   1   2   4   5   4    1   5    1     5     5     5     4   1    5   5    4   1   (n) 

Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 



Baseline Toxicity 
•  Reduction in luminescence of naturally bioluminescent 

marine bacteria (Microtox, Vibrio fischeri) 
•  Effects expressed as baseline toxicity equivalents 

(baseline-TEQ) 

Non specific  
toxicity 
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•  Highest baseline toxicity: 
WWTP influent and RO 
Reject 

•  Decrease of toxicity 
along the treatment train 

•  Effects completely 
removed post RO 

Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 



To which degree do the known chemicals 
explain the observed baseline toxicity? 

Non specific  
toxicity 
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Iceberg mixtures 
explain less than 3% 

of the effect 

Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 



Non specific  
toxicity 
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Iceberg •  Pesticides and 
pharmaceuticals 
contributed similarly to 
the baseline toxicity 
equivalents in WWTP 
influent 

•  Pesticides dominated 
in all other samples 
(preferential removal of 
pharmaceuticals during 
treatment?) 

Which chemicals explain the observed 
baseline toxicity? 

Good agreement between the entire 
icebergs (grey bars) and the sum of 
individual chemical groups (colored 
bars) 

Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 



Photosynthesis inhibition assay 
•  Triazine and phenylurea herbicides 
•  Diuron equivalent concentrations (DEQ) 

Specific  
toxicity  
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•  Highest photosynthesis 
inhibition: WWTP influent 
and RO Reject 

•  Decrease of toxicity 
along the treatment train 

•  Effects completely 
removed post RO 
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Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 
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To which degree do the known chemicals 
explain the photosynthesis inhibition? 
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Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 



WWTP Influent
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•  Pesticides (mainly herbicides) 
dominated the overall diuron 
equivalents 

•  Antibiotics contributed 1% in 
WWTP influent; pharmaceuticals 
<2% in RO reject 

Which chemicals explain the observed 
photosynthesis inhibition? 
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Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 



Oxidative stress response 
Reactive  
toxicity 

•  AREc32 bioassay 
•  Effects expressed as oxidative stress response 

equivalents (t-butylhydroquinone (tBHQ)-EQ) 

•  Highest effects were 
found in RO reject 

•  Decrease of toxicity 
along the treatment train 

•  Effects in post RO and 
post UV are similar to 
the blanks 
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Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 
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Iceberg mixtures 
explain around 10% of 
the effect for WWTP 
influent and less than 
1% for other samples 

To which degree do the known chemicals 
explain the oxidative stress response? 

Reactive  
toxicity 

Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 
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•  Pesticides caused approximately 60% of oxidative stress response; 
pharmaceuticals contributed about  30%  

•  The proportions of the chemical groups did not vary much between 
different treatment steps, indicating comparable removal for all groups  

Which chemicals explain the observed 
oxidative stress response? 

Reactive  
toxicity 

Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 



Cell-based bioassays are sensitive 
monitoring tools to complement 

chemical analysis 
Tang, Busetti, Charrois, Escher (2014) Which chemicals drive biological 
effects in wastewater and recycled water? Water Res.  60: 289-299. 

Summary and conclusions 


