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Surfactants in detergents - an obvious problem „in former times“

• First generation surfactants used in 
detergents not easily degradable

• Visible „foam
mountains“ on rivers and lakes - the

first German environmental law
enacted in 1964; required the
complete degradation of the
surfactants

Bild: „Schaumberge durch schlecht abbaubare Tenside“ 
vor dem Jahr 1964 
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➔ Still a problem?

http://www.ruhrverband.de/ueber-uns/chronik


- Europe:   ca. 3 million tons/a 

- Globally: ca. 15 million tons/a

(CESIO, 2016)

High usage of detergents



Anlayse common surfactants and their TPs 
in wastewater samples to determine the
potential risk to the aquatic environment

Prioritisation of surfactants

33 wastewater samples

March-April 2018



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

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

Target analytes: structures



AES-C12 AES-C14

Number of 

EO units

Counts MW Counts

x MW

Fraction

in %

Counts MW Counts

x MW

Fraction

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 2.3 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

Target analytes AES: analytical standard



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

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

➔Mean LAS removal: 99,6% 

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

Results

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

Generally lower concentrations than other studies:
z.B. McDonough et al. (2016): 1,95 µg/L (n=44) 

Matthijs et al. (1999): 6,5 µg/L (n=7)

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

➔Mean AES removal: 99,9% 



Transformation products (TPs) and impurities of LAS

Dialkyltetralin-
sulfonates (DATSs)

In many cases: 
SPACs + DATSs + STACs > LAS 

Sulfophenylalkyl-
Carbonic acids (SPACs)

Sulfotetralinalkyl-
carbonic acid (STACs)
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Screening analyses: Structures I



PEG-0
4

PEG-0
5

PEG-0
6

PEG-0
7

PEG-0
8

PEG-0
9

PEG-1
0

PEG-1
1

PEG-1
2

PEG-1
3

PEG-1
4

PEG-1
5

PEG-1
6

PEG-1
7

PEG-1
8

PEG-1
9

PEG-2
0

PEG-2
1

PEG-2
2

PEG-2
3

PEG-2
4

PEG-2
5

PEG-2
6

PEG-2
7

PEG-2
8

PEG-2
9

PEG-3
0

PEG-3
1

PEG-3
2

PEG-3
3

PEG-3
4

PEG-3
5

PEG-3
6

PEG-3
7

PEG-3
8

PEG-3
9

PEG-4
0

PEG-4
1

PEG-4
2

PEG-4
3

PEG-4
4

co
nc

en
tra

tio
n 

in
 n

g/
L

0

100

200

300

400

500

600

700

800

900

- High concentrations of polyethylenglycoles (PEGs) up to 7,4 µg/L
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- High concentrations of alcoholethoxylates (AEOs) up to 6,6 µg/L
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Screening analyses: Structures II

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



NORMAN SUSPECT LIST EXCHANGE AND RELATED LISTS SCREENED IN 
THE SAMPLES



Suspect screening of other known surfactants and their TPs



Suspect screening of DID list



ON-LINE DATABASE



Prioritisation of surfactants: concept

Using the classical PEC/PNEC ratio! 

PEC / PNEC   <    1        ➔ contribution to mixture toxicity?

PEC / PNEC   >    1         ➔ risk mitigation measures 

Exposure concentration (PEC) Effect threshold (PNEC)

No risk!Priority rank



Expo: PECsurface water based on measured effluent concentrations
devided by the local dilution factor!

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

Prioritisation of surfactants: input data



LAS DATs SPACs STACs

PECTarget MEC95 = 10 µg/L - - -

PECScreening - MEC95 = 3,3 µg/L MEC95 = 0,77 µg/L MEC95 = 0,35 µg/L

PECLiteratur Max = 23 µg/L - - -

PNEC 25 µg/L 
(AF=10) 

9,3 µg/L 
(AF=1000) 

4653 µg/L 
(AF=1000) 

152 µg/L 
(AF=1000) 

PEC/PNECTar.                            0,40 - - -

PEC/PNECScreen. - 0,35 0,0002 0,002

PEC/PNECLit. 1 - - -

Prioritisation of surfactants: LAS, impurities and their TPs

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



AESs FAEs PEGs

PECTarget MEC95 = 2,1 µg/L - -

PECScreening - MEC95 = 0,23 µg/L MEC95 = 2,0 µg/L

PECLiteratur Max = 73 µg/L

PNEC 27 µg/L 
(AF=10) 

8,2 µg/L 
(AF=10) 

20233 µg/L 
(AF=1000) 

PEC/PNECTar.                            0,08 - -

PEC/PNECScreen. - 0,028 0,0001

PEC/PNECLit. 2,7

Prioritisation of surfactants: AESs, FAEs, PEGs

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



• 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 

Summary



Outlook 

• Routine monitoring of the top priority surfactants

• Derivation of harmonized PNECs for these surfactants

• Investigation of their potential contribution to mixture effects


