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I Surfactants in detergents - an obvious problem ,,|n former tlmes

* First generation surfactants used in
detergents not easily degradable

e Visible ,foam
mountains” on rivers and lakes - the
first German environmental law
enacted in 1964; required the
complete degradation of the
surfactants

9 Stl | | a p ro b I e m ? Bild: ,,Schaumberge durch schlecht abbaubare Tenside”

vor dem Jahr 1964
© www.ruhrverband.de/ueber-uns/chronik
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High usage of detergents

- Europe: ca. 3 million tons/a
- Globally: ca. 15 million tons/a
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I Prioritisation of surfactants

Anlayse common surfactants and their TPs

in wastewater samples to determine the
potential risk to the aquatic environment

® 1,000 - 5,000 PE
® 50041 - 10,000 PE

@ 10,001 - 100,000 FE
@ = 100,000 PE

33 wastewater samples

March-April 2018

Development of an analytical
method for the quantification
of surfactants and its
application to wastewater
treatment plant effluents
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I Target analytes: structures

CHg-(CH,),-CH-(CH,),-CHj

X, y: 0-11
x+y: 7-11

O:S|=O
O .
Na

linear alkylbenzosulfonate (LAS):
C10, C11, C12, C13

n: 0-10
m: 0-9

alkylethersulfate (AES):
C12, C14 with each 0-9 ethoxy-groups




Target analytes AES: analytical standard

AES-C,, AES-C,,
Number of Counts MW Counts Fraction Counts MW Counts Fraction
EO units x MW in% x MW in%

0 2.94E+09 265.1 7.80E+11 14.7 1.15E+09 293.1 3.37E+11 6.3
1 2.17E+09 309.1 6.71E+11 12.6 8.49E+08 337.1 2.86E+11 5.4
2 1.79E+09 353.1 6.32E+11 11.9 6.36E+08 381.2 2.42E+11 4.6
3 1.44E+09 397.2 5.74E+11 10.8 4.93E+08 425.2 2.10E+11 3.9
4 8.43E+08 441.2 3.72E+11 7.0 2.69E+08 469.3 1.26E+11 2.4
5 5.39E+08 485.3 2.62E+11 4.9 1.78E+08 513.3 9.14E+10 1.7
6 3.40E+08 529.3 1.80E+11 3.4 1.24E+08 557.3 6.92E+10 1.3
7 2.45E+08 573.3 1.40E+11 2.6 1.01E+08 601.3 6.06E+10 1.1
8 1.99E+08 617.3 1.23E+11 23 7.55E+07 645.3 4.87E+10 0.9
9 1.23E+08 661.3 8.16E+10 1.5 4.24E+07 689.4 2.93E+10 0.6




I Results

a)LAS & - ' - Mean effluent concentration: 14,4 pg/L (n=33)

e.g. McDonough et al. (2016): 15,3 pg/L (n=44)
Clara et al. (2007): 13,3 pg/L (n= 7)

10
1

- Mean influent concentration: 3.200 pg/L (n=4)

Concentration in pg/L
‘."’
[
N
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- L || | - =» Mean LAS removal: 99,6%

—_

LAS-C,, LAS-C, LAS-C,, LAS-C,

b) AES  _ Mean effluent concentration: 0,57 pg/L (n=33)

Generally lower concentrations than other studies:
z.B. McDonough et al. (2016): 1,95 ug/L (n=44)
Matthijs et al. (1999): 6,5 pug/L (n=7)

- Mean influent concentration: 680 ug/L (n=4)

=» Mean AES removal: 99,9%
N




I Screening analyses: Structures |
Transformation products (TPs) and impurities of LAS

COOH-(CHy),~CH-(CHy),-CH3

Sulfophenylalkyl-
Carbonic acids (SPACs)

O0=S=0
o
Dialkyltetralin- o] I |
sulfonates (DATSs) il | Inmany cases:
SPACs + DATSs + STACs > LAS
|

Sulfotetralinalkyl- ",
carbonic acid (STACs) "

0=S=0




Screening analyses: Structures Il

- High concentrations of alcoholethoxylates (AEOs) up to 6,6 pg/L

H,C o)
- High concentrations of polyethylenglycoles (PEGs) up to 7,4 pg/L

H 0
\[O/\%n “H

concentration in ng/L

- Total concentration of all (semi-)quantified surfactants and TPs: up to 82 pg/L




NORMAN SUSPECT LIST EXCHANGE AND RELATED LISTS SCREENED IN
THE SAMPLES

Network of reference Iaborjtories, résearch centres and related

organisations for monitoring of emerging environmental
substances

» Emerging Substances

> DATABASES NORMAN Suspect List Exchange

2 Topics and Activities In September 2014, NORMAN members expressed the need to exchange various lists of substances to improve their suspect screening efforts. This website was established aspart of the 2015 Joint
Programme of Activities as a central access point for NORMAN members (and others) to find suspect lists relevant for their environmental monitoring question. All suspect lists currently available are

> Workshops and Events compiled in the table below and on the US EPA CompTox Chemistry Dashboard (website, downloads, chemical lists).

The “Link to full list" column below contains an excel or comma-separated file (csv) with all available information, .g. as provided as supporting information for the publication, while the third column provides
» QA/QC Issues a list of the structures as InChlKeys only, which allows suspect searching using MetFrag or other workflows. The fourth column contains references for the data: please cite these references if you use the
respective datasets.

2 Glossary

Recent Suspect Exchange and Dashboard presentations/publications include: ICCE Oslo 2017: NORMAN Suspects meet the Dashboard and NORMAN MassBank and Suspect Exchange; SETAC
Mixtures Denver: ldentifying Complex Mixtures with Cheminformatics and HR-MS; ACS Fall 2017: Markush Enumeration for UVCBs and a viewpoint article

Search
NEW (March 2018): SusDat is now at >40,000 chemicals; new US EPA Consumer Product Suspect List, Uni Athens Target List.

| NIl AIRIED. o o i ilo4s £ 4 PR (TaTal L LAY ™ L I i i L il 4 ' I o P N TaTel TEN TR e :
586 |ATHENSSUS University of Athens Gagn Ferrero et al CSV, XLSX UniAthens InChlKeys |Gago-Ferreroet &l 2015. DOI: 10.1021/acs.est.5b03454
Surfactants and Suspects |(3/10/2017) (28/01/2018)
List CompTox ATHENSSUS List

-ready
InChlKeys (1/03/2018)

version. Compiled by Reza Aalizadeh, University of Athens including
RTI and toxicity values, support by Nikiforos Alygizakis, EI. Work in
progress ... please reporf any issues!

523 (EIUBASURF Surfactant Suspect List |Su rfaclant List XLSX [19!06!20 18) El UB.A Surfactant A compiled list of eco-labeled surfactants from
from El and UBA Surfactant List CSV (19/06/2018) InChiKeys (19/06/2018) |Environmental Institute (El, SK) and the German Federal
CompTox EIUBASURF List Environmental Agency (UBA, DE) assigning chemical

structures to UVCE chemicals based on names and prior
knowledge. Provided by Nikiforos Alygizakis, EI.

§3 |NORMANCT15 NORMAN Collaborative Trial LC-MS: CSV, XLSX (3/10/2017) LC-MS InChlKeys Schymanski et al. 2015
Targets and Suspects GC-MS: CSV, XLSX (3/10/2017) (31."10."2016] DOl 10.1007/s00216-015-8681-7

CompTox NORMANCTA5 List GEMSInChikeys




Suspect screening of other known surfactants and their TPs

C14-SAS
NPlethoxycarboxylate
naphthalene-1-sulfonate
NPEO1

C12-5AS

Dihexyl sulfosuccinate (DHSS)
C11-SAS

4-Octylphenol (OP);
C13-5AS
OPlethoxycarboxylate
NPEO3

GES9

GES11

GES10

GES7

GES8

GES12

NPEO2
OP2ethoxycarboxylate
Benzenesulfonate
GES13
4-Nonylphenol [NP)
C10-5AS

C15-5AS

GES14

NPEO1-504
NPE02-504
NPE03-504
NPEO4-504
NPEO5-504
NPEOG-504

GES15

Compounds

=
3
T




Suspect screening of DID list

Occurrence Results

Amines, tallow, 142 EO (R=CH3) 1
Lauroyl Sarcosinate -
Benzotriazole

C12 Alkyl phosphate esters|
Di-2-ethylhexyl sulfosuccinate
C8-Alkyl Sulfate-

Amines, tallow, 5+5 EO (R=H)1
Mono-C12 Alkyl sulfosuccinate -
Benzoic acid;

Cumene sulfonate]

Propafenone]

Glycerides, C15 mono-

Panthenol

Compounds

Methylparaben - 2

Succinic acid/

C14 Alkyl dimethyl amine oxide- . . .
€12 Alcohol, predominately linear, 3 EQ| - . Y

Cl16-Alkyl 4 ethyl sulfate

C9-Alkyl 2 ethyl sulfate
C3-Alkyl 2 ethyl sulfate

C8 Sorbitan diester

Diethylene glycol monoethyl ether; .
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Analysis of surfactants in effluent wastewater from Germany: May 2018

9 ~
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Screening - 1564 suspected surfactants

Select emerging contaminants + | LAS Sum_L2 (ng/L)

- B DATS Sum (ng/L)

LAS Sum_L2 DATS Sum STAC Sum — STAC Sum Metabolite of LAS, Quantification based on LAS-C10 (ng/L)

SPAC Sum PEGs Sum SPAC Sum Metabolite of LAS, Quantification based on LAS-C10 (ng/L)
PEGs Sum (ng/L)

Chart type

pie -

« Show values

POLANEC




I Prioritisation of surfactants: concept

Using the classical PEC/PNEC ratio!

Exposure concentration (PEC) Effect threshold (PNEC)

Priority rank

PEC/PNEC < 1 =» contribution to mixture toxicity?

PEC/PNEC > 1 =» risk mitigation measures




Prioritisation of surfactants: input data

Expo: PEC, .. water P25€d 0N measured effluent concentrations
devided by the local dilution factor!

Effects: PNEC based on existing risk assessment reports and available
experimental data

Compound CAS DID-  TF, e AF TFahronic  AF LC5055phnis Validation PNEC type value AF Endpoint Reference
List# [mgfL] [mg/L] [mg/1] level [mg/L]
LAS-C10-13 LAS-C10-13 2001 0,0041 1000 0,063 10 2.35-16.7 exp. HERA report 2013 | PNECq e 0,0230 10 NOEC  Temra etal. 2001
DATS DATS C7-10 - - - - - - 59,000- 925,000 pred. EPI Suite P-PNEC 0,3755 1000  LCS0  EPISuite 2018
DATS C11-14 - - - - - - 1,440-23,000 pred. EPI Suite P-PNEC 0,0093 1000  LCS0  EPISuite 2018
STAC C3-8 STAC C3-5 - - - - -l - 744 - 4,736 pred. EPI Suite P-PNEC 2,4530 1000  LCS0  EPISuite 2018
STAC C6-8 - - - - -l - 4.6- 294 pred. EPI Suite P-PNEC 0,1520 1000  LCS0  EPISuite 2018
SPAC SPAC C4-5 - - - - - - 23,296- 58,301 pred. EPI Suite P-PNEC 40,8000 1000  LC50  EPISuite 2018
SPAC C6-10 - - - - -l - 229 - 9,283 pred. EPI Suite P-PNEC 0,3050 1000  LCS0  EPISuite 2018
SPAC C11-13 - - - - -l - 14 - 90.0 pred. EPI Suite P-PNEC 0,0465 1000  LCS0  EPISuite 2018
AES C12-14 Ethoxy 0-9 AES-C12EO 0 151-41-7 2005 0,0028 1000 0,039 0] 5.71 pred. Alizadeh et al. 2017 PNEC.ou 0,0391 10 NOEC  DID 2016
AES-C12EO 1-3 201686-09-12003 0,0071 1000 0,038 50 2.08 - 3.39 pred. Alizadeh et al. 2017 PNEC, o 0,0270 10 NOEC  Maki et al. 1973
AES-C12 EO 4-9 - - - - -l - 2.70 - 23.0 pred. Alizadeh et al. 2017 PNEC, o 0,1950 10 NOEC  Dyer et al 2000
AES-C14E0 0 4754-44-3 2005 0,028 1000 0,039 10 5.18 pred. Alizadeh et al. 2017) PNEC o 0,0391 10 NOEC  DID2016
AES-C14EO 1-3 68891-38-3 | 2009 0,0046 1000 0,014 10 1.17 exp. Maki 1973 PNEC o 0,0270 10 NOEC  Makietal. 1977
AES-C14 EO 4-9 - - - - -l - 1.50 - 9.20 pred. Alizadeh et al. 2017 PNEC, o 0,1100 10 NOEC  Dyer etal. 2000
PEG 4-44 PEGEQ 2 4- <44 - 2539 0,1 10000 - - 5405-28,616 pred. Alizadeh et al. 2017 P-PNEC 20,3320 1000  LCS0  Alizadeh etal. 2017
FAE C8-18 Ethoxy 3-20 FAECO8-11E0> 2-£10 - 2156 0,00500 1000 0,1500 10 8.4-669 predicted  Alizadeh et al. 2017 PNECom. 0,0730 10 NOEC  Harrelson et al. 1997
FAEC08-11EQ >10-<20 - 2157 0,05000 1000 2,5000 10 153 - 1608 predicted  Alizadeh et al. 2017 PNEC o 2,5000 10 NOEC  DID2016
FAEC12-16EQ>2-55 - 2162 0,00043 1000 0,0370 10 2.78-16.3 predicted  Alizadeh et al. 2017 PNEC. o 0,0082 10 NOEC  Manketal. 1939
FAEC12-16EQ>5-510 - 2162 0,00040 1000 0,0270 10 4.20-70.4 predicted  Alizadeh et al. 2017 PNEC o 0,0140 10 NOEC  Manketal. 1938a
FAEC12-16 EQ >10-<20 - 2166  0,00070 1000 0,4860 10 21.0- 210 predicted  Alizadeh et al. 2017 PNEC, o 0,4860 10 NOEC  DID2016
FAECI6-18EQ>2-28 - 2175 000320 1000 0,0082 10 1.92- 4.87 predicted  Alizadeh et al. 2017 PNEC.; . 0,0082 10 NOEC DID2016
FAECI6-18EQ>9-519 - 2176 000072 1000 0,0110 10 4.25-29.1 predicted  Alizadeh et al. 2017 PNEC, o 0,0110 10 NOEC DID2016




Prioritisation of surfactants: LAS, impurities and their TPs

PEC,, o MECs = 10 pg/L

PECq. coning i MEC,=3,3 pg/L  MEC,=0,77 pg/L  MECy, = 0,35 pg/L

PEC iteratur Max =23 ug/L - - -

PNEC 25 ug/L 9,3 ug/L 4653 pg/L 152 ug/L
(AF=10) (AF=1000) (AF=1000) (AF=1000)

PEC/PNEC,, i i )

PEC/PNEC,_... i 7035 0,0002 0,002

PEC/PNEC,, 1 - i i

LAS concentrations reach almost half of the PNEC and might contribute to
mixture effects

Total concentrations, including mostly DATs, exceeded the PEC/PNEC sum
at one site




Prioritisation of surfactants: AESs, FAEs, PEGs

PECTarget I\/|EC95 =21 Hg/l-

PECscreening - MECqy; = 0,23 pg/L MECys = 2,0 pg/L

PECLiteratur Max =73 Hg/L

PNEC 27 ug/L 8,2 ug/L 20233 ug/L
(AF=10) (AF=10) (AF=1000)

PEC/PNEC,,, 0,08 = -

PEC/PNEC,_..,. - 0,028 0,0001

PEC/PNEC,;, (2,7)

Despite one very high AES concentration in the literature, the other surfactant
classes did not contribute to the overall risk




I Summary

e LAS and DAT identified as top priority surfactants

* LAS concentrations are reaching half of the PNEC and should
trigger screening campaign

* Total surfactant concentrations are expected to contribute to
mixture effects




I Outlook

. Routine monitoring of the top priority surfactants

. Derivation of harmonized PNECs for these surfactants

. Investigation of their potential contribution to mixture effects




