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OUTLINE

O Context
O Objectives

O Material and methods

O Experimental catchments
O Sampling
O Analytical methods

O Results

QO Conclusions
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CONTEXI

O Scientific

sources, pathways, concentrations and loads of « new » pollutants

O Regulatory
European Water Framework Directive EC 2000/60

O Good chemical and ecological status of water bodies in 2015

O No more quality deterioration

O Stopping discharges of hazardous priority substances

O Reducing discharges of priority substances

O EQS (maximum concentrations in water bodies) — EC 2008/105
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FRENCH LIST OF 41 SUBSTANCES
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n° Name n° Name

1 Alachlor 23 Nickel

2 Anthracene 24 Nonylphenols (4-(para)-nonyphenol)

3 Atrazine 25 Octylphenols (para-tert-octylphenol)

4 Benzene 26 Pentachlorobenzene

5 Brominated diphenylethers 27 Pentachlorophenol

6 Cadmium 28 Polyaromatic hydrocarbons

7 C10-Cy3-chloroalkanes (Benzo(b)fluoranthene

Benzo(g,h,i)perylene
8 Chlorfenvinphos Benzo(k)fluoranthene
Indenol(1,2,3-cd)pyrene)

9 Chlorpyrifos 29 Simazine

10 1,2-Dichloroethane 30 Tributyltin compounds (tributyltin cation)

11 Dichloromethane 31 | Trichlorobenzenes (1,2,4-Trichlorobenzene)

12 | Di(2-ethylhexyl)phthalate (DEHP) | 32 Trichloromethane (Chloroform)

13 Diuron 33 Trifluralin

14 Endosulfan (alpha-endosulfan)

15 Fluoranthene

16 Hexachlorobenzene 1 DDT total (para-para-DDT)

17 Hexachlorobutadiene 2 Aldrin

18 Hexachlorocyclohexane 3 Dieldrin
(gamma-isomer, Lindane ) 4 Endrin

19 Isoproturon 5 Isodrin

20 Lead 6 Carbontetrachloride

21 Mercury 7 Tetrachloroethylene

22 Naphtalene 8 Trichloroethylene




List | Directive
76/464/CEE

Cadmium and

Aldrin compounds
Carbon- Hexachlorobenzene
-tetrachloride Hexachlorobutadiene
DDT Hexachlorocyclohexane
Dieldrin (y c. Lindane)
Endrin Mercury and
Tetrachloroethylene compounds
Trichloroethylene Pentachlorophenol
Isodrin Trichlorobenzene

Trichloromethane
1.2 Dichloroethane

Anthracene
Naphthalene
BaP, BbF, BKF, BP, IP
Atrazine
Endosulfan
Simazine
Trifluralin
Lead and compounds
Nickel and compounds
Dichloromethane
Benzene

/
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Atrazine
Endosulfan
Simazine
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Nickel and compounds
Dichloromethane
Benzene
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SUBSTANCES MEASURED IN ESPRIT

O TSS, COD

O 62 substances (priority or not)

O 26 metals including the 4 priority metals (Cd, Hg, Ni, Pb)
QO 36 organic substances

O 8 PAHSs

O 19 pesticides

O 4 alkylphenols

O 2 chlorobenzenes

O 3 Volatile Organic Compounds VOCs
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OBJECTIVES

O Priority substances in urban storm weather discharges

O combined systems
O separate stormwater systems

O EMCs and ELs

O 4 contributions to storm weather discharges (SWD)
QO dry atmospheric deposits (AD)
O rain water (RW)
O catchment surfaces (CS)
O dry weather flow (DW)
O Both dissolved and particulate fractions

, @ Mass balances
' 1LGCIE
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» Chassieu catchment
v" Industrial
v’ Separate sewer
v 185 ha
v 40 active ha

v 75 % impervious

- Django Reinhardt facility £
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» Chassieu catchment
v" Industrial
v’ Separate sewer
v 185 ha
v 40 active ha

» Ecully catchment v' 75 % impervious

v Residential

jango Reinhardt facility ',"' ;

v Combined sewer
v’ 245 ha
v" 60 active ha

v 42 % impervious
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MONITORING LOCATIONS
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MONITORING STATION

E—
. datalogger

‘ ‘ -I sensors for
il transmitters sampler - oH
- conductivity
- temperature
- turbidity (2x)
- UV-visible
spectrometry

peristaltic pump transit flume

”l\ flume outlet

flowmeter (2x) :
water level + flow velocity
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SAMPLING PROTOTYPE

Electric shutter
Aerosol box

i au Rainwater box

Teflon pipe

, ;‘n&ﬂ’i
Raingauge .1 & Loy h TE
s U\

Z
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AUTOSAMPLER

Vacuum
Controller sampling vessel
Distribution
system

24 glass 1 L bottles

All elements made with Teflon
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SAMPLING METHODOLOGY

O Dry atmospheric deposits (AD): one sample / 3 weeks
O Rain water (RW): one sample / event

QO Storm weather discharges (SWD): one EMC sample / event

(up to 24 time proportional sub-samples mixed flow proportionally)

O Dry weather (DW): one daily sample (24 hourly sub-samples)
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SAMPLING METHODOLOGY

O <24 h between rain and samples handling
QO <48 h for pre-treatement and conditionning (+ analyses)
O Consequence: sampling Sunday noon — Thursday noon

QO Blank tests for sampling equipments and analyses
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LABORATORY ANALYSES

QO TSS and COD : at INSA
O standard methods: AFNOR for TSS, DIN STT for COD

O Metals : at Cemagref (300 mL)
QO ISO + EPA methods

O Organic pollutants : at SCA (1.5L)

O new multi-residues method for dissolved fraction (project DEMA)
QO extension for particulate fraction (project ESPRIT)
O objectives : low LOD/LOQ (comp. EQS), small samples (100 mg)
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ORGANICS - DISSOLVED FRACTION

[ Raw slample }
v

[ Filtration|0.45 Hm ]
v

Solid phase
extraction

!

Extract

+ 100 pL DMSO
v

Concentration by |

)

' LGCIE

evaporation with
nitrogen at 40°C

v

Addition 350 pL

H,O + 50 pL IPP

Concentration by
evaporation with
nitrogen at 40°C

v

v

Analysis by
LC-FLD-MS/MS

Addition 500 pL

ISo-octane/toluen

v

Analysis by
GC-MS




ORGANICS = PARTICULATE FRACTION

[ ~100 mg TSS ]

Extraction (ASE)
T =80°C, P =40 bar, 1 cycle, 100 % flush

hexane / dichloromethane / IPP (40/30/30)

!

[ Extract (~18 mL) ]

Analysis by Analysis by
LC-FLD-MS/MS GC-MS
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LOOs FOR DISSOLVED ORGANICS
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LOOs FOR PARTICULATE ORGANICS

Limit of quantification (ng/g)

160

140

120

100

80

60

40

ANT

FLUO

DIU

% MES=153 mg
L1 MES=430mg
® MES=100 mg

(Zgheib, 2009)
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METALS
25 metals (except HQ): ICP — MS (ISO method)

Sample
Dissolved phase Filtration|0.45 UM | Pparticulate phase
Acidification with HNO, 24 h drying at 50° C
SUPRAPUR v
Mineralization with aqua regia (3:1
HCI / HNOy) in a microwave digester
v
50 mL of aqueous matrix 5 —10 mg of
| mineralized materials
|

ICP- MS analysis

7 _
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METALS
For Hg: AFS (EPA method)

{ Raw sample ]
Dissolved fraction v Particulate fraction

Jﬁ[ Filtration ]—l

[ Acidification HCI ] [ Drying at 50°C for 12 h ]

\ 4

[ Mineralisation with 9:1 HNO / HCI J

at 90 °C
20 mL of aqueous matrix Mineral products
+ amalgamation ¢ 15 mL)
I |
v
{ BrCl oxydation }
v
[ Reduction into Hg® with SnCl, J
v
Pre-concentration on golden trap
(only if necessary for dissolved fraction)

7
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Limit of quantification (ug/L)
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LOOs FOR DISSOLVED METALS
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cd (EQS =0.15)
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Limit of quantification (ug/L)

o
I

cd Ni Pb
| (Zgheib, 2009)
| (Bressy, 2010)

Ni (EQS = 20)

Pb (EQS=7.2)

1] ) (Lamprea, 2009)
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Limit of quantification (ug/g)

LOOs FOR PARTICULATE METALS

2000

1800

1600

1400

1200

1000

800

600

400

200

Limit of quantification (ug/g)

B MES=10mg
ESPRIT
B MES=75mg

Ni

B MES=11mg

ZiMES=153 mg

B MES=10mg
B MES=75mg

Pb

[ (Zgheib, 2009)
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SAMPLING CAMPAIGNS

Sample types Chassieu| Ecully
Dry atmospheric deposition | 3 weeks 13 13
Rainwater Event 16 21
Dry weather Daily 1 3
Storm weather discharges Event 14 13

) _
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DRY ATMOSPHERIC DEPOSITS

Solubility in ultrapure water Milli-Q
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ALKYLPHENOLS IN SWD

©

< 100 r r
_02’ I \onylphenol
§ 80 I Para-ter-octylphenol |
>

S

c 60
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I

3 40

D

> 20 |

Q |

% _ Na m |

04/03/2008 29/05/2008 10/06/2008 11/06/2008 06/07/2008 22/10/2008 29/10/2008 12/11/2008 10/12/2008

Dissolved loads (in mg/active ha) measured
In Chassieu for 9 storm events
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METALS IN ATMOSPHERIC DEPOSITS
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METALS IN RAINWATER
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METALS IN SWD

700 :
| JECULLY

600 - M CHASSIEU
_ 500
=
(@)
= 400
O _
S
W 300
[c
@)
= 200

100 - I

0 L . 1] &L rl - N
Cdx 100 Cox10 Cu Ni x 10 Pb x 10 Ti Zn

Z1L.GCIIE




PARTICULATE METALS IN SWD

_ _ _ _ _ _ t t _ _ _
[ [ [ [ [ _ [ [ [ [ [

|L||f||T|L|TﬁImWﬁ$IIi||T|4||ﬂ|

_ _ _ _ _ _ _ _ _
R R A e =

lL_.m_”_l_._lll_IILII._lII“IILIIPII“IILIIPr

|¢||T||T|4||T||T|4||T ATW%+AT|
N T (R T B
I |
Lﬁmlill||4||ﬂ||7|4||1||1|4||1
T T T (R T N (N S B S
I B TR T - L
o Lo
I _ R T B
|.|_IITI|_

ILIIrll_IILI_lmmm"LlI_IILllrI
| | | | |

| | | |
L._||+||_||4||+||_||.:|_|1I. - = |

|
l£§|1$LT|4||1||T|4||1||T|

_
|

LLl ||+||T|L||r||T|L||
IﬂmT___ _
_ _
T

_
|
| .
_
_ _
11— a1 il
| | | 1 | | 1 1 | 1
ILII._l._l_lml_m_”_._mll L _1__ L]
L T
N T T TN N E S TN S B
l—— - =+
1 | 1
_
_
_ [ _I“|H.H_MM_|__ I I [ I
T T T N N N N
Li? F——lm—d——t———— 4 —— = —m— o = — =
I T T T R N N N
R NV R R D R N B
IJ.m_l_llI_III_I....T_III_III_II_III_III_II_II
T e e e R
I T N T T RN SN SR B B
- @ @ f W W = M N = O
= = = = = = = = =

(=q) @1enopred uonoel4

U Zn

Sn Sr i

Sh

Cu Fe Li Mn Mo N Pb Rb

Gr

B Ba Cd Co

As

Ag Al

- LGCIIE



DISSOLVED METALS EMCs vs EQSS

Median dissolved Median dissolved EQS
EMC in Ecully EMC in Chassieu
(Hg/L) (Hg/L) (Hg/L)
Cd 0.02 0.1 0.08
Ni 1.1 4.6 20
Pb 0.8 1.1 7.2
Co 0.24 4.1 0.3
Cu 8.3 10.2 1.4
Ti 10.9 1.9 2
Zn 25.9 125.7 .45

2) .
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PAHs IN ATMOSPHERIC DEPOSITS

PAH (ug.hal.d?) ECULLY CHASSIEU
Anthracene 283 83
Fluoranthene 458 410

Benzo(b)fluoranthene 242 129
Benzo(k)fluoranthene 134 101

2) .
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PAHs in SWD

PAH (mg. active ha) ECULLY CHASSIEU
Anthracene 3.4 < 175
Fluoranthene 8.9 < 100
Benzo(b)fluoranthene 2.5 I< 38
Benzo(k)fluoranthene 1.2 I< 37




DISSOLVED PESTICIDES IN SWD

2 r
I Atrazine

8 15 [ IcChlorfenvinphos
° I simazine
= 1
E
S 05 -
S
c 0 - — —
5 04/03/2008 29/05/2008 10/06/2008 11/06/2008 06/07/2008 22/10/2008 29/10/2008 12/11/2008 10/12/2008
3 r
o I Diuron
3 45 I 1soproturon ——
> Isoproturon application
o < >
N 30
N2
= 15

) iz - —

04/03/2008 29/05/2008 10/06/2008 11/06/2008 06/07/2008 22/10/2008 29/10/2008 12/11/2008 10/12/508

Dissolved loads (in mg/active ha) measured
In Chassieu for 9 storm events
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PESTICIDES IN SWD

Ecully {n=13) Chassieu {r=12)
img.L" LOG
Min Madiane Max Min Medians Mz a
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PESTICIDES IN SWD

ng/L Ecully (n =13) Chassieu (n = 12)

Max % Max %

Alachlore 4.5 8 4.5 25
Atrazine 3.1 100 2.9 92
Chlorfenvinphos 26.5 46 1.0 17
Diuron 258.2 100 43.0 100
Isoproturon 5.9 31 134.9 100
Simazine 4.8 100 5.1 92
Aldrine 16.0 8 16.0 8

|Isodrine nd 0 24.5 8
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DISSOLVED PESTICIDES EMCs vs EQSS

Median dissolved Median dissolved EQS
EMC in Ecully EMC in Chassieu

(ng/L) (ng/L) (ng/L)

Alachlore 4.5 4.5 300
Atrazine 3.1 2.9 600
Chlorfenvinphos 26.5 1.0 100
Diuron 258.2 43.0 200
Isoproturon 5.9 134.9 300
Simazine 4.8 5.1 300
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ESTIMATION OF
MEAN MASS BALANCES
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MASS BALANCES

Loads (kg for TSS, mg for Atrazine)

Dates DW AD RW WWD
Mean+2u Mean*2u Mean*2u Meanz=2u
22/10/2008 506 +7 12+ 4 nd 1 036 + 365
29/10/2008 667 +16 71+27 hd 583 + 241
? 21/01/2009 28 + 6 442 nd 116 + 41
= 08/06/2009 256 + 8 26 + 10 119+ 52 B11 +216
10/06/2009 269 + 21 19+7 120 + 53 581 + 240
16/06/2009 59 +7 9+3 nd 487 +172
22/10/2008 3+ 1 0.07 + 0.04 22 +9 41+ 14
2 29/10/2008 9+3 04+0.2 nd 37 +12
E 06/06/2009 £0.8 0.1 £0.1 12+5 11+4
T 10/06/2009 3409 0.1 £0.07 442 102
16/06/2009 09+0.3  0.05+0.03 2+ 0.8 7+23
Ecully



7

LGCIEE

MASS BALANCES

Loads (kg for TSS, mg for Atrazine)

Dates DW AD RW WWD
Mean+2u Mean*2u Mean*2u Meanz=2u
22/10/2008 506 +7 12+ 4 nd 1 036 + 365
29/10/2008 667 +16 71+27 hd 583 + 241
? 21/01/2009 28 + 6 442 nd 116 + 41
= 08/06/2009 256 + 8 26 + 10 119+ 52 B11 +216
10/06/2009 269 + 21 19+7 120 + 53 581 + 240
16/06/2009 59 +7 9+3 nd 487 +172
22/10/2008 3+ 1 0.07 + 0.04 22 +9 41+ 14
2 29/10/2008 9+3 04+0.2 nd 37 +12
E 06/06/2009 £0.8 0.1 £0.1 12+5 11+4
T 10/06/2009 3409 0.1 £0.07 442 102
16/06/2009 09+0.3  0.05+0.03 2+ 0.8 7+23
Ecully




1SS MASS BALANCE

Ecully Chassieu

<1 % DW
9 % AD 0

3% RW \

41 % DW

56 % CS

3% AD
89 % CS
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NICKEL MASS BALANCE

Ecully Chassieu
10 % DW
32 % DW 3%BAD
6 % RW
42 % CS
3 % RW 81 % CS
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DIURON MASS BALANCE

Ecully Chassieu

: 5 % DW
11%DW  Djuron Diuron

89 % CS 95 % CS
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SOME CONCLUSIONS (1/2)

Analytical methods

More than 100 samples

Very large inter-event variability of EMCs and ELs
Mainly particulate fraction : e.g. PAH, Pb

Dissolved fraction : e.g. atrazine, nonylphenol, para-ter-

octylphenol, chlrofenvinphos

Balanced : e.g. diuron, isoproturon, simazine



SOME CONCLUSIONS (2/2)

O Contribution of AD <10 % (except simazine, atrazine)
O Main source : catchment surfaces

O Modelling of SWD event loads for all pollutants

(results not shown here)

O regression models, empirical models, conceptual models

O Other results

O CSOs loads

O Integrated approach : comparison with WWTP emissions
(project AMPERES)
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Thanks for your attention

Web site : www.esprit-rhodanos.fr
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