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Micropollutants in Groundwater: from research studies to regulation

> Setting the scene:
® What is a micropollutant? What are emerging compounds?
® Different types and sources of pollutants
® Issues regarding micropollutants in groundwater resources

> Prioritisation of micropollutants in French groundwater
® Prioritisation: a part of the solution
® Why and how to prioritise chemicals?
® European initiatives

> Prospective and regulatory surveillance of micropollutants in groundwater
® The first “exceptional campaign in 2011-2012"
¢ State of the knowledge
® Future surveillance
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General definitions

> Pollutant = molecule whose presence in the environment causes problems
® Persistent and / or huge and continuous emission
®  Toxic for humans and / or ecotoxic for environment
® May cause adverse effect in humans or ecosystems %

® Limit one or several use of water, soil %

= Micropollutants = molecule whose concentration is very weak in water, soil
or air

® Microgramme or nanogramme per litre (grain of sugar in an Olympic swimming pool)

® Detection in natural water depends on analytical performances

iy @y }



Different types of micropollutants — chemical family

> Inorganic pollutants

® 1. heavy metals

—> Main: Cd, Cr, Cu (copper), Hg (mercury), Ni, Pb (lead), Zn

¢ 2. Non-Metalloids
—> Main:

« natural » pollutants
(non synthetic)

Mining, industrials...

1 2
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Other inorganics pollutants (synthetic)

nitrates and nitrites
Origin: fertilizer industry; agricultural spreading

Highly soluble in water

fluorides
Origin: chemical industry; aluminium metallurgical plan

Soluble & stable

cyanides
Origin:
Undesirable industrial by-products (coking technology, gas plan, organic
chemistry) ; washing water from blast furnaces, petrochemical (plastics, pesticides,
dyes).
Starting materials and/or reagents (surface treatment, ores of gold and silver
treatment).

Soluble, fast degradation by soil acidity



Different types of micropollutants — chemical family

> Organic micropollutants

® Any chemical compound that contains carbon. Due to carbon's
ability to catenate (form chains with other carbon atoms), millions
of organic compounds are known.

® Methane, CH4; it is one of the simplest organic compounds.

® More often « Anthropogenic pollutants » H

—> Industrial compounds
—> Phytopharmaceutical products (PPPs) - pesticides
—> Urban pollutants ...

Senss e our e Tarrs curabls > ;



Main organic pollutants families:

> Industrial organic pollutants

® Hydrocarbons: gasoline, diesel, fuel, tar... that contain different Benzene B

molecules (VOCs, BTEX, PAHs...) Toluene T
® Industrial solvents: BTEX, VOCs..., Ethylbenzene E
® PCBs : polychlorobyphenils Xylenes X

® Phenols, Detergents....

> Agricultural organic pollutants
® Nitrates : manure spreading...
® Phytopharmaceutical products PPPs...(fungicides, herbicides, growth hormone....)
® Veterinary products
¢ Disinfectants...

- Urban organic pollutants

® Pharmaceuticals products
® Personal care products,
® Hydrocarbons (PAHSs) gas of cars, pesticides..... — L


https://fr.wikipedia.org/wiki/Benz%C3%A8ne
https://fr.wikipedia.org/wiki/Tolu%C3%A8ne
https://fr.wikipedia.org/wiki/%C3%89thylbenz%C3%A8ne
https://fr.wikipedia.org/wiki/Xyl%C3%A8ne

- Emerging pollutant = unregulated molecule for which our concern/interest

Is growing
® New substance on the market —
® Newly discovered in the environment _
— Increase of knowledge Emerg Ing
— Increase of sampling methods o COmDOUHdS can be
— Increase of analytical methods former molecules!

® Adverse effects newly discovered

-

‘ Compound of Emerging Concern

> No consistency in term of use or chemistry:
® Inorganic and organic industrial pollutants: perchlorates, PFAS...
® Non relevant pesticide metabolites: acetochlor ESA & OXA...
® Personal care products, pharmaceuticals: parabens, antibiotics, carbamazepine...



Introduction into the environment:

> 3 main sources of pollution:

— Industrial activities, that use water for products and emit effluents
—> Agricultural activities, when manure, fertilizers and pesticides are spread to the fields
— water run off and infiltration into soils toward rivers and groundwater — Leakage of

phytopharmaceutical products, tank flushing...

—> Urban activities, from the sanitation network, use of pesticides, vehicles, domestic
heating, domestic consumption...

> Distinction between

Point source pollution Diffuse pollution
originates from discrete locations whose originates from poorly defined, diffuse
inputs into aquatic systems can often be sources that typically occur over broad

defined in a spatially discrete manner geographical scales
Al @hrgm



Setting the scene

Patterns of pollution regarding the type of sources

Sources Diffuse pollution Point source pollution

industrial + A

Industrial wastewater
+++ .
agricultural Pesticides spreadlng, T T
manure, fertilizers...

* +++

urban WWTP sluage, Waste water treatment
storm-water and urban
(UNGff. . plant effluents

Ubiquitous pollutants Multi sources, rainfall...




Setting the scene

Issues regarding groundwater resources

=~ An impressive number of chemical products on the market

® In 2017,the European Chemical Agency (ECHA) listed 106,211 individual chemicals

manufactured or imported on the European market since 1971
https://echa.europa.eu/fr/information-on-chemicals/ec-inventory

> Large variety of sources, pathways and fate

® |In the envi
® |Intreatme

ronment
nt plan systems

Souffre et COMpotes axotes
on suspansion dans Falr e

Renouveliement de "oau souterraine
ot do 'eau de marfaco par dos pludes acides

gl O St et o gravin

Source : Pollution Probe — The Source Eau Protection Primer 2004

BNSTITUT @
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What are micropollutants of
higher concern?

Which micropollutants to
survey in priority?

How to reduce emission to
the environment?

How to remove from water
resources?


https://echa.europa.eu/fr/information-on-chemicals/ec-inventory
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Prioritisation

A need: To identify micropollutants to be monitored in aquatic systems
and groundwater in particular

A method organized in a 3 steps cycle

= French groundwater regulatory surveillance

Prospective Substances to be monitored Substances of the Chemical
study (1/cycle) (7 august 2015 decree) status (2012 circular)
® ®

Prospe?tive studies.and Substances to be

exceptional campaigns regularly monitored in

GW '
Occurrence data on Consolidation of the
poorly known information (time
substances (snapshot) series)

4

« Cycle » following the River Basin Management Plant definition = 6 years

PRusinst @y
« M o hrgm



Behind the very high and increasing number of manufactured chemicals
emitted in the environment it is impossible to assess and monitor all

substances

=> Need to prioritise micropollutants

> Prioritisation = a management solution

® Conclusion of the « Managing Contaminants of
Emerging Concern in Surface Waters”

OECD Paris Feb. 2018

—> To target and put plan of measure in practice

—> To adapt treatment plans

—> To identify substances to be monitored

106,211 chemical substances

identified in the EU in 2017

ECHA Database contains 13,052
unigue substances and contains

information from 50,405

Dossiers (last updated 25
February 2015)




Why to prioritise micropollutants in water resources?

-~ To conform the regulation (WFD and GWD)

WFD 2013/39/EU “Review the list of substances designated as Priority Substances
and Priority Hazardous Substances”

Recital (4) of the GWD 2014/80/EU states the need “to obtain and respond to new
information on other substances posing a potential risk [...] to groundwater”.

= Choices have to be made

to focus on certain substances among all existing chemicals

to come to consensus about key/priority substances regarding environmental
and/or health protection objectives

—> Groundwater is a specific middle of the aquatic environment



= There are many different uses of GW resulting in different objectives of
resource protection

This collage only represents a
few uses of groundwater

- Water supply

- lrrigation

- Industry

- GW Dependent or
Associated Ecosystems

1 ¢“ ‘

~

)
5

R e A,

B

Food Processing
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~ For many micropollutants there may be multiple pathways to
groundwater and associated receptors

I 0 e I > ™
¥ v ¥
N Accidental leaks,
Leacnate | . ! Soil 20ne e = emargendes,
i I e urbs m runoff
Sources and pathways | i i
e Mo sourcs | ! Wastewater I "
Lner SCams | | treatment proc
—p  Mapr pa Sy | L Lintrested P
e Mo g Eraary i _* l dischange”
— Mapr mmoval poc MAR L 4 > |
O [ STy Unsaturaisd il
¥ Rapid mula ypassing E'DI':llﬂ <_4 Surface waer
mad ural @ Senuafan -
AR Maraged arificial
mcihamga Receptors

Processes that should affect the nature of groundwater pollutants:
Leaching, retention, attenuation, partial degradation, transformation...
Schematic diagram, using the source-pathway-receptor approach, highlighting potential
sources and pathways for groundwater pollution by EOCs (Lapworth et al., 2012)
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= Different pathways for GW and SW pollution result in different substances

expected in GW and SW
= Ex. 2012 Screening of ECs in Fr. surface water (n=29,280)

100000
A Personal care and unclassified M Industrial ¢ Phramaceutical PPPs
g
%)
= 10000
"
2
o
£
“u 1000 Diisobutyl phthalate
o |
2
]
W
g_ Oxazepam y
€ 100 TR T B2 0.2 2eme 0050450054 e e A ... Diethyl phtslate
w H Eth b
5 ; istrone Bu‘tl%_.fl Eréﬂfmflaghtalate Ut Phtalate ‘ ethyiparaben
= B Irganox 1076 | L‘chhldr-:::u niline !4 4» Lorazepam cétachlare to mf_enE.Busphenolﬁ.
Z Ofioxacind =-2P *9 Propylwrabeg
c 10 Monocrotophos N':"TEth'“dm”E! Sulfamethoxazole Phfsrieide
E ‘ - 5u£gmethgzine ) * MEIU'ECH'QI’_DR&
E Quizalofop Carhnl%rrgﬁi""‘“' Piperonyl| butoxyde Camendazimé:arhamazepme
b Tebufénozide TFIﬂDN"p‘EtFUbIHE; ‘DE){trﬂprnpox'y'phen# Acetazolamide Plomb diethyl
& Diazepamdp Spiroxaming’ ©'Prochloraz
— 1 , .
E Ométhoate Dpltaméth rine Flusilazole
s
Malathion
Phoxime Parathién methyl
0.1 : |

1%

10% 100%
Quantification frequency
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~ 2011 Screening of ECs in Fr. groundwater (n=393,191)

A Personal care and unclassified
M Industrial
¢ Phramaceutical

PPPs

M DEHF

B Free cyanide

100 |-Metsufuron:mettyl Metolachlor. M........ s tse st 2851885 S 8581 s

100000
— B Acetaldehyd
-
P
£ 10000 £
$ . Dibremochloromethane
E H
s
: 1000
2 W NEBS
.‘E B Bisphenol &
g. 2H-Atr
E

2,6- Dmhlcmbenzawde DIA
E Isoproturon ‘1 7- Dimethv]xanthlne Cicadixyl
2 FEI'IDfIHIE a% uron Diuron SimaEz!;Enr:etam ne
b~ soquinoline :
g Trimetazidi etronﬂazo ru’thmmycm : ¥ Metformin
S 10 “To-pesmethyltramado bs':’ttaltﬂmlfameth-axamli # Tramadal
bt 1Mnnobuwltmgatmrﬁ' utyltin (c+) @, xdzepam Cotinine
5 [
O Codeine B W PrHpA M PFHxA
c M PFOSA PFDS | M PFOA
5 1 B eroA '
L]
=
0.1
1 10

Tolyltriazols

4 Carbamazepine

Atrazine

& Acetarninophen
A Caffeine

M FFOS
B PFHS

Quantification frequency [%]

B. Lopez et al. STOTEN 518-519 (2015) 562-573

100
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EX. French overseas 2012 SW and GW ECs campaigns

same labo., same LOQ, same sampling period - 51 common ECs

=75)

M Occurrence in overseas SW (n

=80)

B Occurrence in overseas GW (n

100% -
75% -
50% -
25% -

0% -

> 21
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= Within a same family (same uses), there are not the same compound occurrences in
surface and groundwater

= Ex. of poly and perfluoroalkyl substances (PFAS) in Overseas France (Munoz G. et al.
2017; STOTEN)

Overseas surface waters (n=75) Overseas groundwater (n=80)
g 2a | & 2b
8 5 40,
g 60. 5
3 2
£ 2
3 o
2 40 c
) E 20
= @
5 3
g 20- g
: I III
3 T T L 1 L T L] 1 T 1 1 T T T T D T T T T T T T T T T T T T T T Ll T

Br-PFOS
LPFOS
PFOA
PFHxS
PFBS
PFBA
PFHpA
PFHxA
PFPeA
8:2 FTSA
PFDA
PFHpS
PFNA
FOSA
PFURDA
PFBS
PFHxS
PFOA
Br-PFOS
L-PFOS
PFHxA
PFHpA
PFBA
PFPeA
PFNA
PFHpS
8:2 FTSA
PFDA
FOSA
PFDoDA
PFDS
PFURDA

= Long-chain PFOS and PFOA prevailed in surface water Vs. short-chain PFBS, PFHXS
and PFHxA in groundwater

NSTITUT @ P -
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Principle of the prioritization of micropollutants in groundwater

= |dentification of micropollutants of high importance in groundwater

= Criteria:
® Leaching potential to GW
Health and/or environmental hazard

Others? Ease of analysis, treatability, possibility to regulate (withdraw from the
market, substitution molecules)

= Limit of the method
® Data availability
— properties (mobility, degradability and toxicity and eco-toxicity)
— usage at the EU scale (confidentiality of industrial data)
Estimation of the leaching potential of micropollutants

= Development and test of novel indicators



Exemple: Leaching Potential to GW graphical assessment

= Potential leachers = all substances with DTsoil > lyear

and, if not
substances for which GUS > 1.4

Log DTS0 Max vs Log Koc Min
ik
O ipeet -
+ Trirkrha —
S GUS = 1094 (ty; sil) X (4 — logy(Koc))
0 porfosacin Urdilor o ralme-s, 0
L= S ol Fhialata erllsumtinulcmamduiz esal oo i R
@ O Nenntlmeasine (I_. frie Erpeslay f e |n1_"| o 0 Zrestlosasine e ) ao :j ntabeham ey ALY
Wit b s ne {lT;'"'r e Msteunrl Fenarim: Iaermsdings deze My me-deancioun [FN8 Aoadepellume e mdsom mgue [Priss,
I — B Carczmazspin: R
= Tridmenal !
p .
E . Gemibmel T §u:
sqne Lo ifeg =
E L o ST papciachloes MNesw |.1I:r Ihvfl:-'l-"rl rr'\ml'\r'l'm.l'm-\.-rl; nmszirenme
poe +  oee s Lo = sip & Lo
E p e I, ;:,,,...f.f: I.'-lT-:.t-!-:‘:t :‘" L"'I Ay -
=) Imtirlasiepriss
® e fertnie & diiregpic
S : ot o ‘I todlazine n e ; # CrtiduRanteinn- st
e 'rmm.'?h, aezpam
16 L mropmrhine  Aatesloge  SETEIREE a% bt TSRS . stena
c *I =il I-"_. &1 o1 -
n,:'.r:,.:,d.,w,:‘::'.'.’ w? “'l'::,;"-..._ 4Tl _,,|w¢?‘&'kgmd Tmin ._ e 17 #If tdinl o
st 'T'lrx:l'l.n—..: -.\;|::-|:r:“:“;ll“¢ Ichin
o cm @ 0 5 ST—— 8 Ratylbrmriphtslate
" LT ea T TRl tull il '-u.'g':n,ltmc..wc Lesaimeale
! ’
,
- " =
" # i
. - ) -
ns 1 - 1 1 1
1 1 2 4 ) -] i’ B
Occurrence of CECs in GW Log Koc Min
| & Strong Weak M +  Unknown =+ =GU3=04 = = Half-Life soil = 1year |
mistiyr @ log (t1/2 soil) = f(log (Koc) diagram for CECs for which t1/2 soil and Koc
CARNOT H H H
« M hrgm properties are available. Occurrence in GW comes from Lopez, B., et al. (2015).




European initiatives

* Methods that combine and aggregate
— occurrence data
— chemical properties

= prioritisation GW leaching potential and

hazard

rw Ex2. NORMAN decision tree for GW

Step 1

stoep 2

Categaricatian

Slep

Universe of chemicals

Potential for GW exposure?

Caowiifiss af paxt ones In GV anddar chem kel prazerties, lesch ng sotential, Les 1ow ngscients Isr Mresr meas.red ard

ENY onpumaie e data o Eepics

Suzrhunsae oo bored = 6 sarkriee Suzerancas rran bates (nmare shas A eoomria G40
ARL LIU sy el v AWalzs ateve v JO e ARL = I ales abuae T sl

Stap 4

Prioriteation

E Ex1. GW Watch List concept

All substances, except annex | or |l substances

Prioritisation based on Prioritisation based on
existing monitoring data exposure
Cotena: presence in GW Critena thooretical groundwater
leaching polenlial and extent ol
Qutput: ranked list | potential envirenmental exposure
Qutput: ranked list ||
All substances found All substances ranked
(at least 1 country and 5 sites) according to leaching potential

Substances with groundwater leaching potential
Prioritisation based on
hazard
Criteria: toxcological of
ecotoxicological hazard
Qutput: ranked list |1l
GWWL

monlitoring

Sufficient monitoring
data available?

NO YES

Limited number No relevant findings
(e.g. top 30) — deselection

Groundwater Watch List List facilitating the
GWWL annex | and |l process

Lapworth et al., ERL 2018, accepted



Prioritisation

NORMAN decision tree for GW

Step 1 | Universe of chemicals |
Potential for GW exposure?
COuantified at least ance in GW and/or chemical properties, leaching potential , use showing potential far Mever measured and
GW exposure no data on properties
Step 2 Yes 3 No
- High potential for Low potential for GW 2
o GW exposure exposure : Safety net -
=
m
A
i " " - "
S Sufficiently monitored data and sufficiently quantified substances?
E Substances monitored < 4 Substances monitored > 4 countries Substances monitored in more than 4 countries AND
ﬂ countries AND 100 sites AND 100 sites but < 20 sites above LoQ > 100 sites AND > 20 sites above minimum LoQ
Lo min < conservative TV? W I 100 max = conservative TV? TV available for all protection objectives?
Step 3 by default by default
exceedance of the most Exceedance of
conservative value? one TV?
Cat. 3:
TV assessment
Indicators far ranking :
| = Indicators for ranking : Indicators for ranking : * Hazard
o + Parsistence/maobility * Hazard .
" * Use » Analytical method Only objectives
2| step 4 * Hazard availability for which the TV
.E i5 exceeded
E Indicators for ranking :
= = Freq, Occurrence
+ Freg, Excaedence
* Hazard for all sub-cat
* Others based on sub-
cot objectives
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Surveillance of Fr. GW

2011-2012 « Exceptional campaigns » in French groundwater

411 substances sought in French metropolis

m Phytosanitaires
B Pharmaceutiques
B Industrielles

B Domestiques

m Usages multiples

189 substances sought in overseas

494 sampling sites in French metropolis

40 sampling sites in overseas
— 2 sampling campaigns

393 191 results in French metropolis
15 280 results in Overseas

BINSTUUT (g e
« M o hrgm

Lithological formations
I 2edel aquiters
TELY sanimantary agqufars

E Karst aquifers
N

v
Zende? Volcanism and basemant

- Law praductive aquifers

Site locations

®  Sites sampled both in Spring anc Fall (n=48€)
A Sites sampled in Spring only (n=19}
V¥ Sites sampied in Fall anly (n=9)

’ Kilamaters
2 BRGM

|y —
] 100 200

Public results available on the groundwater national
portal ADES: http://www.ades.eaufrance.fr/



http://www.ades.eaufrance.fr/

Results by use of micropollutants

® Pharmaceutical products

B>100ng/L @E0-100ng/L E30-60ng/L O10-30ng/L O<10ng/L
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Frequency of quantification and levels of concentration for pharmaceutical products
quantified in more than 1% of overall samples (n = 954)
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Results by use of micropollutants

® Industrial compounds

m>1lpg/l @100-1000ng/L E10-100ng/L ©1-10ng/L  O<1ng/L
70 -

30 4

30 4 —

Contaminated samples (%)

Frequency of quantification and levels of concentration for industrial compounds quantified

in more than 1% of overall samples (n = 954); * Mentioned as Priority Hazardous Substances in the WFD
@ h (Appendix 2 2013/39/EUV)



Results by use of micropollutants

® Phytopharmaceuticals products

Bm>500ng/L E100-500ng/L E50-100ng/L [25-50ng/L O<25ng/L

Contaminated samples (%)

Frequency of quantification and levels of pesticides quantified in more than 1% of overall
samples; * Withdrawn or transformation product of a withdrawn parent molecule; ** S-metolachlor isomer approved only

n T Ut @ Senas ences our e Terre curabls
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Results by use of micropollutants

 Other compounds of emerging concern

W>1pg/L @100-1000ng/L E50-100ng/L O10-50ng/L O<10ng/L
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Frequency of quantification and levels of concentration for other emerging contaminants
guantified in the overall samples (n = 954); * Quantified in more than 1% of samples
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Matrix of quantification frequency and risk of exceedance of
toxicological thresholds

& Industrial Compounds - TTC # Other Emerging Contaminants-TTC # Pharmaceutical Products - TTC
& Industrial Compounds - TOR L Pesticides - TOR
100 - ; .
1 To be checked if High concern chemicals
{ concentrations increase in grounwater
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After expert and political judgment and based on these results
=> survelillance Decree of the 7 august 2015

28 aolt 2015 JOURNAL OFFICIEL DE LA REPUBLIQUE FRANCAISE Texte 6 sur 125

Décrets, arrétés, circulaires

TEXTES GENERAUX

MINISTERE DE L'ECOLOGIE, DU DEVELOPPEMENT DURABLE
ET DE L'ENERGIE

Arrété du 7 aoat 2015 modifiant I'arrété du 25 janvier 2010 établissant le programme de
surveillance de I'état des eaux en application de I'article R. 212-22 du code de I'environnement

NOR : DEVL1513988A

= Final list: 205 organic compounds, 13 metalloids elements (ETM) and 4
others mineral elements

= => 223 micropollutants to be regulatory monitored in French groundwater
= 3 levels of analyses for the regulatory surveillance of groundwater

®  Regular analysis (each years) => 23 micropollutants.
®  Photographic analysis (once per RBMP cycle) => 146 micropollutants.
® Complementary analysis (twice per RBMP cycle on % of sampling sites) => 54 ppol.



Surveillance of Fr. GW
Today: first result of the « new » surveillance (7 of august 2015 Decree)

= Implementation depending on the Water agencies market agendas for chemical
analyses
= Ex. perchlorate & 4-nonylphenol ram. max concentrations

= Perchlorates : 8 % of sampling with concentrations > 4 pg/| (toxicological
threshold for infant and pregnant)

Cmax perchlorate |
| <LoQ f
1a4pglL
4315 pg/L
>15 pg/L

Cmax 4-nonylphenol-ramifié
o <LQ
2 >LQ 01uglL
© 0.1-033pglL (EQS)
@ -o0x3poL




Surveillance of Fr. GW

2015-2016: Transboundary study of unregulated and emerging
contaminants in Upper Rhine aquifer
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Fréquence de quantification [%]

Results on pesticides and their metabolites in the Alsace aquifer

m Métabolites Phyto e SA Phyto
1

B Metolachlor ESA

® M Atrazine déséthyl
|gisopropyl désethyl M Metolachlor OXA
||

.Métolachlo re NOA 413173
B AlachlorESA

M N,N-Dimethylsulfamide

Nicosulfuron

NE

yléne @ @

Métolachlore total @
Bl Chloridazone méthyl desphényl
Bentazone @ mDiméthachlore CGA 369873

| Acetochlor ESA
® Bromacil

méthachlore-ESA
6-Dichl b id
hymzmgd%’set[a'y? orobenzamide

Metalaxyl Metabolite CGA 62826
Lénacile

Diméthénamidei)XA ® B Métolachlore CGA 357704

ide @
Tamide | GlyphosateAlaChlorOXA

—_— -t

D

Chemicals of high

M Chloridazone desphényl

® EDTA

concern in GW




B INSTITUT
CARNOT

A
" [brgm |

Conclusion and perspectives

Current initiative

At the European scale: « Watch List » groundwater
— CIS GW (Com.)
— NORMAN
— GeoERA project — HOVER — WP8 emerging compounds in GW

At national scale: definition of pesticides relevant metabolites in water supply
(ANSES 2019)

Prospective surveillance

— 2018-2019: surface water network for prospective surveillance (AFB)
— 2019: groundwater prospective surveillance (AFB)

Perspectives

Reinforce links between healt and environment — hazard assessment, threshold
values

Define a robust and relevant scheme for selection and prioritization of
micropollutants to be monitored in groundwater to fulfill different objectives

How to integer in the regulation new sampling, monitoring and chemical
analysis tools?

Toward a WFD revision? (2019-...)

Oprgm )



Future surveillance: From classical monitoring and
chemical analysis to innovative tools

Bioassays
: : (in vitro & in
Passive sampling ;
vivo)
MEIHEITEE Bio and
screening . .
microbio
indicators

Need to be tested and developed before
integrating regular surveillance
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