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Chemicals in the environment

Anthropogenic organic chemicals and transformation products
put pressure on ecosystems and drinking water resources
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Chemicals in the
environment

. Many chemicals
SUBSTANCES

| | TO DATE

A global team of scientists is continually adding
substance information from the world's disclosed
chemistry to the CAS REGISTRY". the gold
standard for chemical substance information.

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

. Mixture effects
,oomething from nothing”

Unknown
micropollutants

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

Chemical analysis: Bioanalytical tools:
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* Quantitative for key target * From fully integrative to summation
chemicals of groups of chemicals with
. common mode of action
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Conceptual framework:
Toxicity and adverse outcome pathways (AOP)

Cellular toxicity pathway

Cell
death/
damage

Defense
mecha-
nisms

Metabolism
(toxification/
detoxification)

Initiating event:
interaction with
target

Uptake of

jj Bioanalyticaliiools can Organ Organism Population
be used as early > -
indicators of hazard response response esponse

O/ potential of chemical Ultimate
mixtures and are protection

indicative of modes of :XelV|(ele]palcHeF-11\'Z=)Y, goal
toxic action
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Bioanalytical tools to assess cellular effects

Cellular toxicity pathway

Metabolism Interaction with target Defense Cell death
-
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Cell-based bioassays

iCi Growth rate
Cell toxicity | > | Cellviability
(Cytotoxicity)
Biomarker natural activity
> (e.g. enzyme activity)

“Foreign” gene added

Genetically

Reporter gene 2 .
p g modified cell > to amplify and
assay visualize activity
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Water samples

Bioanalytical assessment Chemical analysis

Target chemicals:
Biological effects in water Australian Guidelines for
samples drinking water & water
recycling

Comparison

Mix chemicals in ratios of

Mixture toxicity of the
designed, artificial
“iceberg” mixture

detected concentrations
“iceberg mixtures”

The “iceberg” was also ﬁ HELMHOLTZ
subdivided into six groups CENTRE FOR
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AWRP

WWTP effluent = feed ~7ML/d

Primary Settling

WWTP influent

Ultrafiltration

WWTP
effluent Mixing Tank
(disinfection with NH,Cl)

RO reject Reverse Osmosis

Post RO

Activated Sludge

Clarification

Ocean Outfall

l

UV Disinfection

Groundwater injection
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299 organic chemicals
analysed (172 of which listed 2
in the Australian Guidelines é g
for Water Recycling) o 2
@)
RO effective in removing D E
organic chemicals (only 5 9 &
chemicals in Post RO L8
samples, all below AGWR 5 &
guideline values) *
Complete removal of all ,\\oeﬂ\;\\\)e(g%\&'(@“\:\@%é\eo\
organic chemicals by UV @Ko ?\w;\“g 00
disinfection Qg
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“lceberg” 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?

Water sample

* Which types of chemicals

contribute to the response? # weLmnoLtz
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Non specific : ..
toxicity Baseline Toxicity

TR TTT i 7Tty o . . .
SIS o Reduction in luminescence of naturally bioluminescent

marine bacteria (Microtox, Vibrio fischeni)

» Effects expressed as baseline toxicity equivalents
(baseline-TEQ)
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Non specific

toxicity To which degree do the known chemicals

i explain the observed baseline toxicity?

ery little!!

<
21 0000 Bl water
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1) 1000 —
— iceberg
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Non specific

toxicity Which chemicals explain the observed
TR TTT i 7Tty : F
i baseline toxicity?
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Good agreement between the entire pharmaceuticals during
icebergs (grey bars) and the sum of treatment?)
individual chemical groups (colored
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Specific
toxicity

Receptor

Photosynthesis inhibition assay

* Triazine and phenylurea herbicides

 Diuron equivalent concentrations (DEQ)

100+

DEQ [ng/L]

Bl water
sample

Highest photosynthesis
inhibition: WWTP influent
and RO Reject

Decrease of toxicity
along the treatment train

Effects completely
removed post RO
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Specific
toxicity

Receptor

To which degree do the known chemicals
explain the photosynthesis inhibition?
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Specific
toxicity

Receptor

Which chemicals explain the observed
photosynthesis inhibition”?
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Reactive

Oxidative stress response

 AREC32 bioassay

« Effects expressed as oxidative stress response
equivalents (t-butylhydroquinone (tBHQ)-EQ)
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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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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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Reactive
toxicit

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

ery little!!
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Reactive

Which chemicals explain the observed
oxidative stress response?

o 2507—
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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
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Summary and conclusions

349 Chemicals in
AGWR

up to 50
chemicals
detected

299 chemicals
targeted by chemical
analysis

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.
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