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Abstract 

Background:  The European surfactant and detergent industry initiated a project to conduct an EUSES-based envi-
ronmental exposure assessment for the total volume of alkyl sulfate (AS) surfactants, and to verify if the EUSES assess-
ment leads to a realistic prediction of the environmental exposure or to an over- respectively under-estimation of the 
environmental concentrations of the surfactants. Verification of the EUSES environmental concentration prediction 
(Clocaleffluent) was carried out by benchmarking them against environmental monitoring data. Recently published data 
from the United States of America adjusted to the European Union (EU) frame conditions were used for the assess-
ment, as for the EU only historical data from the mid-1990s are available. In addition to the standard (default) EUSES 
assessment, a higher tier assessment using substance-specific properties, particularly increased biodegradation rates 
(192 per day instead of the default of 24 per day for WWTP), was conducted.

Results:  A figure of 178,400 tonnes of AS was established as the total maximum volume (2016) handled annually in 
Europe. This total volume includes the volumes from all EU manufacturers and all registered AS > 100 t/a, as well as the 
amount of AS contained in EU REACH registered alkyl ether sulfates (AES). The total tonnage was split and assigned to 
the different uses as reported to ECHA in the C12 AS, Na (151-21-3) registration dossier in 2010. The EUSES calculation 
was limited to widespread (professional and consumer) uses, covering in total 97,889 t of AS homologues. The EUSES 
calculation gave a Clocaleffluent of 335 µg/L for the SimpleTreat “readily” biodegradation rate default and a Clocaleffluent 
of 44.6 µg/L for the AS-specific degradation rates. Recent US monitoring data showed a mean effluent concentration 
of 4.24 µg alkyl sulfates/L (∑ C12 + C14 + C16 homologues). Taking into account the different annual per capita AS 
use (including AS from AES) in the US (295 g) and the EU (348 g), the daily per capita water use (EU 200 L, US 408 L), 
and the WWTP efficiency in the EU and the US (comparable), an US to EU adjustment factor of 2.4 was established. 
Application of the adjustment factor to the US monitoring data resulted in a calculated EU mean effluent concentra-
tion = 10.18 µg alkyl sulfates/L (∑ C12, C14, C16 homologues). This value was used as an independent benchmark for 
the EUSES calculations.
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Background
The EU chemical regulation EC/1907/2006 (REACH) 
[15] requires chemical companies (registrants) to regis-
ter their substances at the European Chemical Agency 
(ECHA) to obtain the “license to operate”. The informa-
tion requirements as well as the deadline for registration 
depend on the volume (manufactured or imported) of 
the substance of the individual registrants. If a chemical 
is classified for hazardous properties for humans and/
or for the environment, the registration dossier has to 
include an exposure assessment. Regarding the expo-
sure to the environment, the European Union System 
for the Evaluation of Substances (EUSES) is the standard 
assessment tool. EUSES includes an environmental fate 
model (partitioning between air/water/solids) as well as 
generic wastewater treatment plant parameters, i.e. per 
capita water use, number of inhabitants per WWTP, and 
removal rates, allowing an initial estimate of exposure 
and subsequent risk assessment. From a legal point of 
view, only a risk assessment for the registered volume per 
registrant is required by EU REACH law. Nevertheless, 
from an environmental point of view, the combined, total 
volume of all registrants is most relevant.

In a pro-active approach, the European surfactant 
and detergent industry initiated a project to conduct an 
EUSES-based environmental exposure assessment for 
the total volume of AS surfactants, and to verify if the 
initial EUSES assessment leads to a realistic prediction 
of the environmental exposure or to an over- or under-
estimation of the environmental concentrations of the 
surfactants. Verification of the EUSES environmental 
concentration prediction (Clocaleffluent) was performed by 
benchmarking them against recent US monitoring data, 
adjusted to EU frame conditions.

Methods
Chemicals and tonnage collection
For an evaluation of the EUSES modelling for AS, the 
most common carbon-chains (C12, C14 and C16) with 
the highest tonnage contribution were collected. Odd 

numbered C-chains (C11, C13, C15), C-chains above 
C16 and below C10 are less common and so do not sig-
nificantly influence the total amount of AS in Europe, 
therefore the EUSES calculations were conducted only 
for C12, C14, and C16 homologues (for a qualitative sen-
sitivity analysis see the “Discussion” section below).

For the chain lengths C12, C14 and C16 tonnages 
were anonymously collected from the registrants of 
the REACH AS consortium with a production volume 
of > 100 t/a. The homologue distribution was collected 
from the following even-numbered C-chain, linear AS 
substances: sodium dodecyl sulfate (CAS No. 151-21-
3); sulfuric acid, mono-C12-14-alkyl esters, sodium salts 
(CAS No. 85586-07-8); sulfuric acid, mono-C12-16-alkyl 
esters, sodium salts (CAS No. 73296-89-6); sulfuric acid, 
mono-C12-18-alkyl esters, sodium salts (CAS No. 68955-
19-1); sulfuric acid, mono-C16-18-alkyl esters, sodium 
salts (CAS No. 68955-20-4); sulfuric acid, mono-C12-
14-alkyl esters, compds. with triethanolamine (CAS No. 
90583-18-9); sulfuric acid, mono-C12-14-alkyl esters, 
compds. with ethanolamine (CAS No. 90583-16-7); sul-
furic acid, mono-C12-14-alkyl esters, ammonium salts 
(CAS No. 90583-11-2).

In addition, the volumes of AS as constituents of alkyl 
ether sulfates (AES) were collected from 15 high ton-
nage EU REACH registrants (> 100 t/a), as AS are con-
stituents of AES (from incomplete ethoxylation reaction, 
i.e. EO = 0) at concentrations between 10–35% with 20% 
as a realistic average. The AS volumes in technical AES 
represents a major amount of the total AS anionic sur-
factants concentrations since the production volume of 
AES exceeds that of AS by a factor of ten [7].

All registrants of the AS consortium responded to the 
tonnage survey. For the AES substances, 14 of 15 regis-
trants replied. The missing information was substituted 
by an average tonnage reported by all tonnage informa-
tion from the AES registrants.

The tonnages (from 2016) reported by the various 
companies were summed leading to a total tonnage 
of ~ 178,400 t (Table 1).

Conclusions:  Comparing the predicted Clocaleffluent = 335 µg alkyl sulfates/L (SimpleTreat default) and a 
Clocaleffluent = 44.6 µg Alkyl Sulfates/L (AS-specific degradation rates) with the 10.18 µg alkyl sulfates/L from the 
adjusted monitoring data it is evident, that the EUSES calculation overestimates the AS environmental exposure by 
factors of > 32 and > 4, respectively. Taking into consideration, that only widespread uses (covering only 50% of the 
total AS volume) were included in the EUSES calculation, the overestimation of the default exposure by a factor of 4 is 
still conservative, despite the fact, that eightfold higher, substance-specific biodegradation rates were used. In conclu-
sion, using the 2010 C12-AS REACH dossier (CAS-No. 151-21-3) as an example, it has been shown, that EUSES model 
exposure calculations using default biodegradation rates significantly overestimate effluent concentrations.
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