Q.,

gitj PI

PROMOTE

V-l indthe oap.
A

Persistente, mobile und toxische (PMT) Stoffe

P

Eine Herausforderung fur die Wasseranalytik
%% und Wasserversorgung

d
%TECT

Urs Berger, Stefanie Schulze, Bettina Seiwert, Matthias Muschket, f
Thorsten Reemtsma 7 HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ

Bad Elster, 06.02.2020



PMT-Stoffe

« Warum ein Thema?
* Wie finden?
 Was ist da?

* Wie entfernen?

* Wie zu bewerten?
 Was tun?

#UFZ




Herkunft des Trinkwassers

 Anteil der Rohwasser-Ressourcen in Deutschland

1%

Belastung durch Abwasser
Pharmaka, Korperpflege,
Haushalts- und Industriechemikalien

B Grundwasser

m Oberflichenwasser

15,2 %
w Uferfiltrat

M Klnstlich angereichertes
asser

BMG und UBA (2015)

Trinkwasserbericht 2011-2013 Belastung durch Landwirtschaft

Nitrat, Pestizide und TPs » Ressourcen

* In densely populated areas WWTP discharges to surface water
often exceed 20 %



Der Waserkreislauf — ein Stoffkreislauf?

traffic, facades, various €.g. Consumer drinki - — — direct discharge
heating chemicals pesticides products rinking
water ¢ ) sources
cities industry grlcultur ousehol water works O barriers
[ /
: ! [ \ raw
, Waste water
‘\ ‘\ \ water
\ \ \
\ \ \
. A \A AN
o Y WWTP subsurface
river \ N groundwater surface water

-~ —_— —_——

- Barriers in partially closed water cycles rely on microbial
degradation and sorption processes

« For persistent (P) and very polar (mobile, M) organic compounds
(PM substances) these barriers are not effective

e water cycle may turn into a compound cycle
« only dilution reduces concentration




Incidental Findings in Drinking Waters
J

e

N
H

Pyrazol

N

* Pyrazole
* Intermediate in acrylnitrile production

« Waterworks in the Netherlands using bank _ _
filtrate closed down for > 4 months River Rhine

Concentration in
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o

Dioxan in California Drinking Water

CONSUMER
PRODUCTS

° ' @ <0.35 pg/L 1,4-dioxane Counties with 1,4-dioxane detections
@ >0.35 pg/L 1,4-dioxane Max. detect 9% of CA

! ‘ . (Range: 0.36 - 7.80 ug/L) County ( p.gIL) Population

% Population by ZIP code Los Angeles 53 26%

° 00.. Orange 26.7 8%
QW O > o | <1000 >100,000 Santa Barbara 16 1%

® Monterey 3.9 1%

o San Diego 1.2 8%

® Sacramento 1.1 4%

®

1,4-Dioxane in California drinking
water (from UCMR3 (2013-2015).

1 « EPA’s health-based
reference concentration:
Maximum concentrations of 1,4-

dioxane in drinking water from the 0.35 “gll—
Sate Water Boards (2003 — 2018)




Motivation

 Trifluoroacetic acid
* Released from fluorochemical industry
« Scheurer et al. (2017) Water Res. 126, 460
* lon exchange-MS

F
« Present in drinking water since HO‘Z<F
decades?

- Why detected so lately?

(0]




Gesundheitliche Orientierungswerte

« Ca. 59 Stoffe/Nennungen

« 33 Arzneimittel, Arzneimittelmetabolite oder Drogen-
Metabolite

« 8 Synthesezwischenprodukte oder Industriechemikalien
« 6 perfluorierte Verbindungen + 7 mit TW,,

« 4 Ldsungsmittel -
Umwelt
Bundesamt

Liste der nach GOW bewerteten Stoffe

59277-89-3 0,3 ugfl 2016 Arzneimitte

332927-03-4 0,1 pghl

e + 43 GOW-Werte fur nr-Metabolite von PSM-
Wirkstoffen




atgry,
The Analytical Gap &JP!

« Polarity (logDow) of analytes covered by GC- or
RPLC-MS analysis oC (12 255)

no analytical method %{ %

—> N0 monitoring RPLC (n = 181)

- no findings 4 F

gap compounds

7
5 1

8 7 6 5 4 -3 2 -1 0 1 2 3 4 5 6 7 8
logD (pH 7.4)

GC-MS: EPA methods 8270 D and 8290 A
LC-MS: Schymanski et al. (2014) Environ. Sci. Technol. 48, 1811-1818.

1: Aminomethylphosphonic acid (AMPA), 2: Paraquat, 3: Cyanuric acid, 4: DMS, 5: Diquat,
6: 5-Fluorouracil, 7: Glyphosate, 8: Melamine, 9: Metformin, 10: Perfluoroacetic acid, 11: EDTA

Reemtsma et al. (2016) Environ. Sci Technol. 50, 10308




PMT-Stoffe

« Warum ein Thema?
 Wie finden?

« Was ist da?
 Wie entfernen?
 Wie zu bewerten?
 Was tun?




ater,,

A Knowledge Gap ;ON%TIE

« Search for PM-substances in REACH Database
* 14.000 registered substances (2015)
Data provided by the registrants

P (ersistence)

« Half-life in marine water >60 days OR

« half-life in fresh or estuarine water >40 days
M (obility)

« Water solubility (=150 pg/L)

* log K, preferred

Limited data quality for P and M
« experimental data
 modeling data

T e  — —— ——,—, —,—,—,—,—,—,——,———,— T ————LA—S A L e — G—S  rwv”r!-l



PM Scoring System ~=JPI
PROMOTE

pH 4-10 PMOC Scoring System PM scores

T=12°C
Combination of P and M
P4 .
>60 days *Score 5 being the compounds
most likely to be PM chemical
P3
>40 days *Non PM chemicals sorted as
o * unstable but mobile
>20 days * persistent but immmobile
Transient ° tranSIGHt
Unstable
P1 MOC
[
M1 M2 M3 M4 M5
Min log Ky/logDg.: <4.5 <3 <2 <1
Max S, ater: >150pg/L >50mg/L  >1g/L >10g/L

Arp et al. (2017) Environ. Sci. Process Impacts, 19, 939-955

T e  — —— ——,—, —,—,—,—,—,—,——,———,— T ————LA—S A L e — G—S  rwv”r!-l



Follow Up

- Hans Peter Arp, Sarah Hale

* Norwegian Geotechnical Institute
REACH: Improvement of (NG'), OISO, Norway

guidance and methods for
the identification and
assessment of PMT/vPvM
substances

Final Report




Prioritizing PM Chemicals by Risk of
Occurrence in the Water Cycle

Consumer use 2 0.5

PM score Emission Score
 Emission score Emission Release Score for | Score for
Tomnage T
» Use characteristic 4 1
+ >Emission 0 3
release 1 3
category 15 05
Consumeruse
Substance inaride

Schulze et al. (2018) Sci. Total Environ. 625,
1122-1128

Substance in article 0.5 0




Prioritizing PM Chemicals (score 4 — 5)
by Risk of Occurrence

« High emission likelyhood
« Ranking according to E-score

2
Oo=s=0
1105 PM chemicals with a /G/ H3 H,C
potential risk to emit into '
H,C

DaIOson TCPP OH
Cyanuric

aC|d H0—< N n

NH,

H B|sphe:oIS Melaminehi)%N N_< d

TOP /@ﬂ HZNJ\N/)\NHz o (S)
0%

300 % HsC_ O« S/? d
| =© Is/NH

No

. . Saccharin  © t
14 0 481,

the environment

high emission likelyhood
substances/precursors

Schulze et al. (2018) Sci. Total Environ. 625, 1122-1128




Analytical gap for PM substances
The challenge with mobility

* lon (exchange) chromatography
« selective method for either
anionic or cationic analytes
« e.g.for TFA, Scheurer et al.,
2017
* Mixed-mode LC
 Montes et al., 2019

« HILIC (hydrophilic interaction
liquid chromatography)
« Zahnetal., 2016

« SFC (supercritical fluid
chromatography) 1 it
 Schulze etal., 2019 | g 1| |

Zahn et al. (2016) Water Res., 101, 292
Scheurer et al. (2017) Water Res., 126, 460
Montes et al. (2019) Anal. Chem., 91, 5176 : T - - {20 —TT T
Schulze et al. (2019) Water Res., 153, 80 reemtion tes ] reention e ]

ACE
T f
6 7

i PDAdetector

SFC RPLC




Determination of M Compounds by SFC-MS

1.0.43

g,

Ethylsulfate

0
Il
o—ls—o*

H3CJ |

(e}

!

Stronger retention of
very polar analytes

Better peak shape

dlin-
Dxid

k,
RPLC (HSST3)
s . & * *
faYa ¢
o %o
159
. A0
. y=3,1997x + 12,688
5 R? = 0,5956
0“0 S
8 -6 -4 -2 0 2 4 5
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R? = 0,5138
\<¢ 20
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* ¢ o
LN
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»
0 . .
8 6 4 2 0 2 4 6

logD (pH 7)

Sensitivity increase by a
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Narrowing The Analytical Gap

* Improvement by HILIC, MMC and SFC

GC (n = 255)

|

RPLC (n = 181)

|

HILIC, MMC, SFC (n = 63)
3
5

8 -7 6 5 -4 ‘

3 2 1 0 1 2 3 4 5 6 7 8
logD,,, (PH 7.4)

« Enrichment remains challenging ‘

Reemtsma et al., unpubl.




Challenges in Enrichment from Water

Solid-phase extraction
» Retention too low or too specific

* Mixed-mode SPE (graphitized carbon black, anion
exchage, cation exchange)
(Koke et al., 2018)

Freeze-drying

* (Montes et al., 2017)

(Azeotropic) evaporation

« (Koke et al., 2018; Schulze et unpubl.)

Inherent problem of all methods (of M substances!)

0
¢
f

[_. extract

 efficient separation from water matrix (e.g. DOM/salts)
not possible

Montes et al. (2017) Environ. Sci. Technol., 51, 6250
Kdke et al. (2018) Anal. Bioanal. Chem., 410, 2403




PMT-Stoffe

« Warum ein Thema?
* Wie finden?

« Was ist da?
 Wie entfernen?
 Wie zu bewerten?
 Was tun?




Recent Advances in Monitoring of PM
Substances

« Application of MMLC-, HILIC- and SFC-MS
« 14 samples surface water, groundwater and bank
filtrate from 5 European Countries
« 57 analyzed PM substances GC (n=259)
« 43 detected (75%)
« 21 detected in 250% of samples
« 5 detected in 100% of samples

RPLC (n = 181)

-

HILIC, MMC, SFC (n = 63)

L

8 7 6 5 4 -3 2 -1 0 1 2 3 4 5 6 7 8




Monitoring of PM Compounds PROMOT!

 Estimated concentrations Iin surface water,
groundwater, bank filtrate

PMOC was
detected in ...

1=x=3

10* < «  F10°

T' I 12=x=<14

103'; L ug/L : : T'—L 10° 7sxs8
102; 100 ng/L" N R *WI -_10"-‘ I 9sxs1

estimated concentration PMOC [ng/L]

101 E ‘ ‘ = 101 water samples
10° = 10°
10" = 107

Schulze et al. (2919) Water Res.153, 80

10_2 F_1 | 1 r T 1 | 1 r_r 1 _1 | | r_ 1T _1 1 | 10_2




PM Compounds Detected

e Prioritization by Amines, amides, Sulfonic acids

« frequency of

detection = Benzyldimethylamine
* Novelty f@ Benzyltrimethylammonium

ammonium ions

Trifluoromethanesulfonic acid

p-Toluenesulfonic acid

F N Dimethylbenzenesulfonic acid
CH 07\ .

M / . - ° Adamantan-1-amine _

N 2-Acrylamino-2-

H,C 0:?20 6-Methyl-1,3,5-triazine- methylpropane sulfonic acid
o diamine )
Sulfonamide
HC= Guanidines _
}EC‘*O Toluenesulfonamide
H [l

cH, - 50 Cyanoguanidine Other

Y i N 1,3-Diphenylguanidine

HM

)% Methyl sulfate
N 1,3-Di-o-tolylguanidine

H,N
@ Schulze et al. (2019) Water Res. 153, 80-90.
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Suspect Screening for 1400 PM ( PROTEET)
Substances M

HILIC-HRMS (HsF) SFC-HRMS (UFz)
« 169 tentatively identified compounds:

*) based on exact m/z values

Eluent A: 5mM NH,HCOO in ACN/H,0 (95/5) Eluent A: CO2
Eluent B: 5mM NH,HCOO in ACN/H,0O (5/95) Eluent B: 10 mM NH,HCOO in (H20/MeOH 95/5)
MS: Orbitrap Velos Pro (Thermo) MS: TOF (Synapt G2-S, Waters)




Befunde SFC-MS Suspect Screening ngm)j

- Befunde 40

w
o

N
o

[EEY
o

Number of detected
compounds

a. Omniprasente Stoffe 100 92 83 75 67 58 50 42 33 25 17 8
« Unspezifische Quellen Frequency of detection (%)
* in ,moderaten“ Konzentrationen im Oberflachenwasser

b. Lokale Kontaminationen
 Aus spe2|f|schen Emissionsquellen, z.B. einzelne

ndu, " Was ist schlimmer?
e mitt asser

* Db) schwieriger zu ermitteln als a)

—_————————



P and M: Effect of (Bio-) Transformation M?

PROMOTE

* Molecular mass vs. Polarity (log D) - Verwendung
200 . Klaranlagen
M-gluc
* Umwelt
400- « Wasseraufbereitung
? BAQD 200 - / ——Tolylfluanide (microb.)
- ! ——tri-n-butylphosphat (microb.)
di-OH-CBZ<_—'—; //‘ Metoprolol (higher org.)
Carbamazepine (ozone)
Aﬂ ——Carbamazepine (microb.)
n-BuP oms & |
0_
NDMA

5 3 -

1 3 5

log D (pH 7.4)




Biotransformation of

Hexamethoxymethylmelamine (I;IMMM)

]
'
o Ao
(e} l\O ~ P
| | ~o o 0 O
HMMM  ~_ L 9 (/
~o o7 \\ )N\ > N)*N
-\ NP e
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~, — N N
[ A . > o ——s 1
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N S0 o7 N, o o NS > Sy
A N W S W
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|
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HZNJ\N/ NH, HaNT N7 NH, HNTONT ONH,
-H, Goeorensen

Melamine (22 d) TP157 (15 d) TP155 (29 d)

Alhelou et al., Water Res. (2020)

MW (g(/mol)

N
a1
o

150

50 T T T
-1,5 -1 -0,5 0 0,5
logD (pH 7.4)




PMT-Stoffe

Warum ein Thema?
Wie finden?

Was ist da?

Wie entfernen?




—— g

& \\\Q’i
Wirkung von Aktivkohle (GAC) (PROTECT
\K(/

* PM substances exhibit very different tendency to
adsorb onto activated carbon

1,3-Di-o-tolylguanidine

Oxipurinol

Melamine

il

Valsartan acid

2-Methyl-2-propene-1-sulfonic acid AC dose:
sodium salt m 50 mg/L
=10 mg/L

Trifluoromethanesulfonic acid 02 mglL

o

20 40 60 80 100

PM substance removal (%)

Schumann and Ruhl (2019) UBA und TUB, unpubl.




PM Chemicals in Drinking Water
Preparation

* Trifluoromethanesulfonic acid

jggggfggimain Germany France Nether 0—S—o0

lands |

40,00 4 |

35,00

30,00

25,00 qp

20,00

concentration [ng/L]

15,00

10,00 4|

9,00

Zahn et al., (2016) Water Res.
Schulze et al., (2018) subm.




PM Chemicals in Drinking Water
Preparation

« 2,3-dimethylbenzenesulfonic acid by SFC-MS
« Bank filtration with full scale reversed osmosis (NL)

Smooth(Mn,1x2)

_________________________________________________

22222

Surface Bank Reversed Reversed
water filtrate 0SMOoSIs 0SMOosSis
permeate concentrate

WWMM MNJDIJ_M "’V\M .!!‘H,‘FL 1 UMl " JEE
M. 350 400 A%Q 500 6F 00 350 400 450 500 @ 55

222 66 0 112




PMT-Stoffe

« Warum ein Thema?
* Wie finden?
 Was ist da?

* Wie entfernen?
 Wie zu bewerten?




Bewertung von PM-Stoffen

Zwel Ansatze

* A) wasserhygienischer Ansatz der Risikobewertung
« Betrachtung von Exposition und Wirkung




Wirkung? CPROT)/(}

« Baseline Toxicity / Narcotic Action

* Veranderung der Membranfluiditat < Mobile (polare) Stoffe?
« EXcess Toxicity

* Decoupling

« Zusammenbruch des Protonengradienten an den
Mitochondrien

« Dissoziierbare Stoffe (Protonenubertrager), z.B. viele
Phenole

* Receptor-mediated
« Reactive toxicity

« Reaktive Sauestoffspezies
» Elektropnhile

* Persistente Stoffe?

T e  — —— ——,—, —,—,—,—,—,—,——,———,— T ————LA—S A L e — G—S  rwv”r!-l



PMT Assessment Approach (traffic light)

167 substances

Information is missing and an indication or
assessment if the criterion is fulfilled is not possible

Indication by available information that the criterion
is fulfilled (i.e. fulfilled at screening level)

Identified and
suspected
P MT
substances

Identified and
suspected
PgM
substances

Substances for
which P,, and/or
M can be
excluded

v

v

Prioritization according to the
environmental emission potential

Data sources

* Public ECHA website

« The registration dossier

« Specific Chemical
Safety Reports

(confidential)
e Scientific literature
« QSARS

Berger et al. (2018) UBA Texte 09/2018

——



PMT Assessment

* Results for the 167 Test Compounds

 detailed inspection of all studies available for P_,, M
and T

ag?

127

Paq M T

Berger et al. (2018) UBA Texte 09/2018




PMT Assessment

Summary of the assessment results for the 167

substances prioritized in the order P,,, Mand T

P.&MM 122 suspected P, ,MT

Berger et al. (2018) UBA Texte 09/2018

T e  — —— ——,—, —,—,—,—,—,—,——,———,— T ————LA—S A L e — G—S  rwv”r!-l



Bewertung von PM-Stoffen

e Zwel Ansatze

* B) umweltchemischer Ansatz
« PMT / PBT: Persistenz, extreme Langlebigkeit in der
Umwelt
* st ein grundsatzliches Problem und
« widerspricht dem Konzept der Nachhaltigkeit




PMT-Stoffe

« Warum ein Thema?
* Wie finden?
 Was ist da?

* Wie entfernen?

* Wie zu bewerten?
« Was tun?




PM(T) - A Regulatory Gap?

Stockholm POP (n = 106)
—l g
>
D
REACH candidates (n = 30) g
| . -
* Yet no regulation
) EU priority substances (n = 76)
* |s it necessary? ’
=
EU watch list (n =17) %
%4 %

8 7 6 5 4 -3 -2 -1 0 1 2 3 4 5 6 7 8

logD (pH 7.4)
REACH candidates of SVHC, REACH, Article 57, d —f;
Priority substances according to Water Framework Directive (WFD);

Watch list of the WFD
Reemtsma et al. (2016) Environ. Sci. Technol. 50, 10308




PMT - Reaktionen auf verschiedensten
Ebenen

« DVGW, EurEau

* Aktivitaten zum Schliefl3en der Liucke hinsichtlich PMT
gefordert

« UBA (FB IV)
« Vorschlag zur Regulation von PMT als SVHC unter REACH
* Authorities in the Netherlands

* Vorschlag zur Begrenzung von PM-Stoffen bei Abwasser-
Einleitern

« ECHA, Member States Comittee
* Anerkennung von GenX als SVHC-Stoff
« European Environment Agency
« The European Environment - State and Outlook 2020
« European Comission — CIS
*  Working Group on Groundwater
- Kalifornische EPA

 [nitiative zur Limitierung der Gehalte an 1,4-Dioxan in
verbrauchernahen Produkten

T e  — —— ——,—, —,—,—,—,—,—,——,———,— T ————LA—S A L e — G—S  rwv”r!-l



Schlussfolgerung

« Es gibt PM(T) Stoffe im Wasserkreislauf
« Erst eine begrenzte Zahl an PM-Verdachtstoffen ist
analytisch zuganglich und untersucht
» Breite Screening-Methoden gibt es bisher nicht
* Methodenkombination erforderlich, hoher Aufwand
« Transformationsprodukte fast vollstandig unbetrachtet
« M0aglichkeiten der Entfernung von PM-Stoffen aus Wasser
begrenzt
* Viele PM Stoffe m6gen nicht toxisch sein, es gibt aber auch
PMT-Stoffe
« Malinahmen darauf abstellen
* Wissenslicken schliel3en
« Entfernungsverfahren verbessern

* Verschiedene Strategien zur Vermeidung von Emissionen
verfolgen

T e  — —— ——,—, —,—,—,—,—,—,——,———,— T ————LA—S A L e — G—S  rwv”r!-l
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