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Context of the research project

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

AMPERES (2006-2009, coordination Irstea)
CAnaIysis of priority and emerging pollutants in was tewater and surface waters

ARMISTIQ (2010-2013, coordination Irstea)
Improving the elimination of micropollutants in wast ewater treatment plants

Task 1: intensive wastewater advanced treatment
Task 2: extensive wastewater advanced treatment
Task 3: activated sludge
Task 4: sludge treatment

Task 5: ECHIBIOTEB (2011-2014, coordination Irstea)



ECHIBIOTEB

Innovating tools for sampling, chemical and biologi cal analyses for the
diagnostic of wastewater advanced treatments and sl udge treatments

Sampling Integrative samplers (e.g.: POCIS and SPMD) in order to increase sampling
representativeness and decrease detection limits

Chemical analyses targeted contaminants and screening in order to identify
new organic contaminants or degradation products

Biological analyses In vitro and in vivo bioassays in order to link the
presence of the contaminants to their effects

Effect Directed Analysis (EDA) in vitro bioassays + chemical
fractionation in order to identify biologically active molecules

Dissolved Organic Matter (DOM) impact on compound toxicity and bioavalaibality LSRR

Wastewater advanced treatments tertiary treatment (e.g.: adsorbants, AOP)
in order to improve micropollutants elimination

Sludge treatments  biological and thermal treatment (e.g.: compost)
in order to eliminate micropollutants
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Water sampling campaigns

WWTP = Wastewater treatment plant

GAC = Granular Activated Carbon

AOP = Advanced Oxidation Processes

WWTP Secondary Wastewater advanced treatments studied
Campaign dates (code) treatments & : Sampling points
WWTP 1 activated sludge| 7 7 ~7
May 2011 (ASE1-PA4) + sand filter & & &
: ) ) 00 .
WWTP 1 activated sludge| 9 -9
Sept. 2011 (ASE-PA-ECH1) + sand filter &
WWTP 1 activated sludge -9 pa— pa— —9
Mar. 2012 (ASE-PA-ECH2) + sand filter &
WWTP 1 activated sludge &? g
Oct. 2011 (ASE3-PA2&3) + sand filter
—) —_—
WWTP 2 Membrane -9 -9
Nov. 2011 (ASE2-PA2&3) bioreactor &
—-_—)
WWTP 3 : 9 -
July 2012 (ACA4-PAY) activated sludge — ‘. )
WWTP 4 : -9 : : -
Sept. 2012 (ACA-PA-ECH1) Reed-bed filter
WWTP 5 activated sludge | )/ —) —) )

Sept. 2012 (ASE-PA-ECH3)




Sludge sampling campaigns

Camg/:;/l?éjvnT I;I)a\tes Sludge treatments studied
(code) ﬁ . Samplmg points
WWTP A
May 2011 ﬁ —) — ﬁ

(ASE3-sludge)

WWTP B

June 2011
(ASE5-sludge)

ﬁ- ‘ﬁ

WWTP C

September 2012
(ACA2-sludge?2)




Chemical analysis: targeted contaminants
(CIRSEE + LPTC+ Irstea)

AMPERES project

contaminant selection: 168 selected priority and emerging contaminants

Classes Water targeted contaminants Sludge targeted contaminants
10 b-blockers, 9 psychiatric drugs, 6 analgesics |3 b-blockers, 9 psychiatric drugs, 6 analgesics
Pharmaceuticals and anti-inflammatory drugs, 3 bronchodilators, Jand anti-inflammatory drugs, 3 bronchodilators,

2 lipid regulators, 2 stimulants, 51 antibiotics,
10 antineoplastics, 9 antivirals, 1 PDES5 inhibitor

2 lipid regulators, 2 stimulants, 24 antibiotics,
5 antineoplastics

Estrogenic hormones

estrone, 17a-estradiol, 17b-estradiol, estriol,
17b-ethinylestradiol

estrone, 17a-estradiol, 17b-estradiol, estriol,
17b-ethinylestradiol

Alkylphenols

4-NP, 4-NP1EO, 4-NP2EOQO, 4-NPEC, 4-t-OP

4-NP, 4-NP1EO, 4-NP2EOQO, 4-NPEC, 4-t-OP

Endocrine Disruptor (EDC)

bisphenol A, 4-t-butylphenol

bisphenol A, 4-t-butylphenol, DEHP

Polycyclic Aromatic
Hydrocarbons (PAH)

napthalene, acenaphthylene, acenaphtene,
fluorene, phenanthrene, anthracene, pyrene,
fluoranthene, benzo(a)anthracene, chrysene +
triphenylene, benzo(b+j+k)fluoranthene,
indeno(c-d)pyrene, benzo(ghi)perylene,
dibenzo(a,h + a,c)anthracene, benzo(a)pyrene

napthalene, acenaphthylene, acenaphtene,
fluorene, phenanthrene, anthracene, pyrene,
fluoranthene, benzo(a)anthracene, chrysene +
triphenylene, benzo(b+j+k)fluoranthene,
indeno(c-d)pyrene, benzo(ghi)perylene,
dibenzo(a,h + a,c)anthracene, benzo(a)pyrene

Pesticides

atrazine, simazine, diuron, isoproturon,
glyphosate, AMPA

hexachlorobenzen, hexachlorobutadien,

a-hexachlorocyclohexane, 2,4-DDE, 4,4-DDE
b-hexachlorocyclohexane, 2,4-DDD, 4,4-DDD
g-hexachlorocyclohexane, 2,4-DDT, 4,4-DDT

PolyChloroBiphenyls (PCB)

PCB28+50, PCB52, PCB101, PCB118,
PCB138, PCB153, PCB180

PolyBrominated
DiphenylEthers (PBDE)

BDE28, BDE47, BDE99, BDE100, BDE153,
BDE154, BDE183, BDE209

Others

hexabromocyclodecane, tetrabromobisphenol
A, PBB153, benzothiazole




Chemical analysis: qualitative results

Water (138 molecules analysed)
before after
treatment

Sludge (81 molecules analysed)
before after
treatment

nb molecules
always detected

a7 10

(e.g..caffeine, 4-NP,
ritonavir, atrazine,
clarithromycin)

(e.g.: caffeine,
4-NP, glyphosate,
phenanthrene)

50

(e.g.: propranolol,
tamoxifen, estrone,
ciprofloxacin, DEHP)

43

(e.g.: propranolol,
tamoxifen, BPA,
ofloxacin, 4-NP)

nb molecules
never detected

39 69

(e.g.: penicillin G,
17b-ethinylestradiol,
abacavir, simazine)

(e.g.: ibuprofen,
ifosfamide,
doxycycline, estriol)

18 19

(e.g.: atenolol,
metronidazole,
estradiol, 4-NP1EC)

(e.g.: estradiol,
oxytetracycline,
cyclophosphamide

molecules
detected before
but not after

josamycin
sildenafil
diuron

molecules
detected
[before]°= [after]®

aspirin + metabolite (salicylic acid)
glyphosate
aminomethylphosphonic acid (AMPA)
fluorene
phenanthrene
pyrene




Chemical analysis: water global results

Influent of wastewater advanced treatment considering every studied treatment
(dissolved phase of water)

100 1~ PDES5 inhibitors 4t-BP @ stimulants
90 A
N @ b-blocker
macrolid Ab

80 A
;\5‘ 70 - psychiatric drugs A AP glyphosate + AMPA
g anti-inflammatory M X bronchodilatators
% 60 A i N4 .
=1 lipid regulators . quinolone Ab
2 50 PAH i BPA
c su
9
= 40 A
% tetracycline Ab
€ 30 A
]
=)

20 A

10 - + hormones . .

. X antineoplastics
X antivirals
= b-lactam Ab
0 I I I I 1
0 1 10 100 1000 10000
concentrations (ng/L) Ab = antibiotics

10 ng/L<[]°<1pg/L Frequency > 50 %



Chemical analysis: water global results

Effluent of wastewater advanced treatment considering every studied treatment

guantification frequency (%)

100 1

90 A

80 A

70 A

60 A

50

40 A

30 A

20 A

10 -

(dissolved phase of water)

hormones
+

PAH

psychiatric drugs A

lipid regulators X

anti-inflammatory Il + macrolid

pesticides

BPA
sulfonamide Ab BX bronchodilatators

[]° 1<[]°<100 ng/L

: X Iantinpnplaqti(‘ : : ,

1 100 1000 10 000
concentrations (ng/L)

Frequency < 50 %

exception : stimulants, glyphosates + AMPA and AkP



concentrations (ng/L)
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4000 T
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Chemical analysis: example of results (1)
b-blockers in water

H Sotalol

100 %

59 %

100 % 100 % 99 %

OPropranolol

@ Atenolol

Vob
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E d28

| : influent

WWTP 1
ozone
peroxide

@ Acebutolol

87 %

|

WWTP 1
uv/
peroxide

E: Effluent \l/

88 %

WWTP 2
ozone
peroxide

® Metoprolol

62 %

WWTP 2
uv/
peroxide

@ Bisoprolol

97 %

v
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100 %

|
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WWTP 3

adsorbants pilot

WWTP 4
polishing
pond

45 %
32 %

—

5]
=
=

E O3

E filter/ E O3

WWTP 5
filter + O3

GAC = Granular Activated Carbon
O; = ozone
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Chemical analysis: example of results (2)

ntibiotics, AKP & EDC in sludge

i

before after

solardryer

before

after
compost

before after

solardryer

before

compo

after \
st

Trimethroprime
Sulfathiazole
Sulfamethoxazol
Sulfamethizole
Sulfamethazine
W Sulfamerazine
B Sulfadimethoxin
B Sulfadiazine
Eflumequin
B oxolinic acid

E pipemidic acid

EBisphenol A

B Terbutylphéno
®4-t-OP

B4 NP1EC
E4NP2EO
E4NP1EO

m4 NP

140 000 ~

120 000

100 000

80 000 -

60 000 -

40 000 A

concentrations (ng/g d.w)

20 000 -

0 -

100 000 -
90 000 +
80 000 +
70 000 +
60 000 -
50 000 -
40 000 -
30 000 +

concentrations (ng/g d.w)

20 000 +
10 000 +
0 -

13

m Ofloxacin
B Norfloxacin

H Ciprofloxacin

before | after

solardryer

before | after

compost

m DEHP

before ‘ after

solar dryer

before after

compost



Chemical analysis: non -target analysis
(CIRSEE + LPTC)

« Goal = identify new molecules or degradation products list of relevant organic
compounds to analyse in water or sludge samples.

» Application = representative water samples, sludge samples and in the EDA approach

e Tools = GC-2D-TOF (CIRSEE) and SPME/GC/TOF or LC/TOF (LPTC)

In‘AU. ¢
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Chemical analysis: example of results (1)
Non-target analyses of sludge

1000000

800000 -

Peak area

400000 -

200000 A

Sludge before solar dryer
Analysed by GC-2D-TOF

600000 -

Acetophenone
(cigarette additive)

dimethyl-Benzenemethanol
/ (fragrance)

DEHP 1,2-Benzenedicarboxylic acid,
mono(2-ethylhexyl) ester

(DEHP, plastic) \

2,2,6,6-tetramethyl- 4-Piperidinone,
(anxiolytic)

Indole (fragrance)

fffffffffffffffff e

Vitamine E
(vitamin)




Chemical analysis: example of results (1)
Non-target analyses of sludge

Sludge before solar dryer
Analysed by GC-2D-TOF
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Conclusion & perspectives

» Various wastewater advanced treatments (polishinig pond; adsorbants like GAC, clay and
zeolites; AOP like O5, UV, H,0, and combination of these treatments) and various sludge
treatments were studied (compost, solar dryer and reed-bed filter) through chemical analysis
of targeted compounds and non-target chemical analysis

 Chemical analysis 168 compounds selected, 47 molecules find in every influent samples
and 10 in every effluent samples, 69 never detected after the studied process and 39 never
detected selection of relevant contaminants

* Non target chemical analysis identify new compounds or degradation products, molecules
like DEHP find by targeted and non-target analysis  application on toxic samples in the
EDA approach, application on water samples, application of the other screening methods
(LC-TOF, SPME/GC/TOF) selection of relevant contaminants

» Tools studied : which one is relevant to study wastewater advanced treatments or sludge
treatments

e
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