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2. Executive Summary

Linear alkylbenzene sulphonate (LAS) is an anionic surfactant. It was introduced in 1964 as the
readily biodegradable replacement for highly branched alkylbenzene sulphonates (ABS). LAS is a
mixture of closely related isomers and homologues, each containing an aromatic ring sulphonated at
the para position and attached to a linear alkyl chain.

The European consumption of LAS in detergents applications covered by HERA was about 350 kt
in 2005. This represents more than 80% of the total European consumption of LAS, which was
estimated to be about 430 kt in the year 2005. LAS is one of the major anionic surfactants used on
the market. Important application products are household detergents, such as laundry powders,
laundry liquids, dishwashing products and all-purpose cleaners. The minor other final uses of LAS,
namely in the field of textile and fibres, chemicals, and agriculture, are outside HERA’s scope.

Environmental assessment

« The present environmental risk assessment of LAS is based on the HERA methodology
document, which in its turn is based on the EU Technical Guidance Document (TGD, 2003). It
makes use of the EUSES programme following the HERA detergent scenario (EUSES, 2004).
LAS concentrations (PEC values) measured or modelled in the various environmental
compartments were compared with extrapolations of the many available eco-toxicity data
leading to PNEC values protective of each compartment.

« In raw sewage, the LAS concentration was in the range of 1-15 mg/l. When the sewage was
properly treated in activated sludge STPs (Sewage Treatment Plant). LAS was highly removed
leading to an effluent concentration in the 0.008-0.27 mg/l range.

» LAS concentration was further decreased by dilution in the receiving waters where it could be
found in the <0.002-0.047 mg/l concentration range. LAS degrades rapidly aerobically (half-life
in rivers about 3 hours), whereas it does not degrade under anaerobic conditions, except under
particular conditions.

« Typical LAS concentrations in aerobic sludge are <0.5 9/KQaw swdge (dry weight). In STP
anaerobic sludge, the calculated median LAS concentration was 5.6 9/KQaw siudge (dry weight)
(15.1 o/kQaw siudge at 95th percentile). During sludge transportation to the farmland, sludge
storage, and application on agricultural soil, aerobic conditions are restored and rapid
degradation of LAS resumes.

* In sludge-amended soils, LAS had a maximum half-life of one week (primary biodegradation)
and monitored concentrations were around 1 mg/Kggw soit (Maximum 1.4 mg/Kggw soit) at
harvesting time. No accumulation in soil and no bioaccumulation in plants could be detected
experimentally.

« In freshwater sediments, measured LAS concentrations typically ranged from <1 mg/Kggw seq. tO
a maximum value of 5.3 mg/Kgaw sed.-



Ecotoxicity data are abundant and well documented. The aquatic PNEC value (0.27 mg/l) was
calculated from: i) a statistical extrapolation including a set of high quality single species
chronic data and ii) the no-observed effect concentration of a stream community experimentally
exposed to LAS.

The terrestrial PNEC value (35 mg/kgaw soit) Was calculated from: i) a statistical extrapolation of
a set of high quality chronic data on plants and soil fauna, ii) an expert judgement on the
toxicity of several microbial processes and functions, iii) field toxicity studies, and 4) the
equilibrium partitioning method.

The sludge PNEC value (49 g/kgaw siudge) Was back-calculated from the soil PNEC on the basis
of the EU TGD scenario (TGD, 2003).

The sediment PNEC value (23.8 mg/kgqw seq.) Was calculated from i) the lowest available
chronic effect value and an application factor, and ii) the equilibrium partitioning method, the
PNEC was normalized for organic carbo content.

The STP PNEC (5.5 mg/l) was calculated from acute and chronic microbial inhibition data and
the use of the relevant application factor (TGD, 2003).

The risk characterisation as expressed by the PEC/PNEC ratio was below 1 for all
environmental compartments. It was concluded that the ecotoxicological parameters of LAS
have been adequately and sufficiently characterized and that the ecological risk of LAS is
judged to be low.

Human health assessment

The presence of LAS in many commonly used household detergents gives rise to a variety of
possible consumer contact scenarios including direct and indirect skin contact, inhalation, and
oral ingestion derived either from residues deposited on dishes, from accidental product
ingestion, or indirectly from drinking water.

The consumer aggregate exposure from direct and indirect skin contact as well as from
inhalation and from oral route in drinking water and dishware results in an estimated total body
burden of 34.6 mg/kg bw/day. This body burden is significantly higher compared to the body
burden of 0.4 pg/kg bw/day reported in the previous version of this HERA document. The
higher estimated body burden is a result of using the information from the RIVM report
Cleaning Products Fact Sheet - To assess the risks for the consumer (R1VM,2006), additional to
the consolidated overview concerning habits and practices of use of detergents and surface
cleaners in Western Europe which was tabulated and issued by AISE (THPCPWE,2002).
Furthermore, some additional use scenarios have been identified.

The toxicological data show that LAS was not genotoxic in vitro or in vivo, did not induce
tumours in rodents after two years daily dosing, and failed to induce either reproductive toxicity
or developmental or teratogenic effects. The critical adverse effect identified after repeated long
term high dosing of LAS to animals was a change in renal biochemical parameters. A systemic
NOAEL of 68 mg/kg bw/day was established.

Comparison of the aggregate consumer exposure to LAS with the systemic NOAEL results in
an estimated Margin of Exposure (MOE) of 1.97. The estimated Margin of Exposure is based
on conservative estimations of both exposure and NOAEL (which is a systemic NOAEL given
the existence of oral toxicokinetic data). This MOE is significantly lower compared to the MOE
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of 17000 reported in the previous version of of this HERA document. The lower MOE is a
direct result of the higher estimated body burden (see above).

« Neat LAS is an irritant to skin and eyes. The irritation potential of aqueous solutions of LAS
depends on concentration. Local effects of hand wash solutions containing LAS do not cause
concern given that LAS is not a contact sensitizer and that the concentrations of LAS in such
solutions are well below 1% and therefore not expected to be irritating to eye or skin. Laundry
pre-treatment tasks, which may translate into brief hand skin contact with higher concentrations
of LAS, may occasionally result in mild irritation easily avoided by prompt rinsing of the hands
in water. Potential irritation of the respiratory tract is not a concern given the very low levels of
airborne LAS generated as a consequence of cleaning sprays aerosols or laundry powder
detergent dust.

« In view of the extensive database on toxic effects, the low exposure values calculated and the
resulting Margin of Exposure described above, it can be concluded that use of LAS in
household laundry and cleaning products raises no safety concerns for the consumers.

3. Substance Characterisation

Linear alkylbenzene sulphonate (LAS) is an anionic surfactant. It was introduced in 1964 as the
readily biodegradable replacement for highly branched alkylbenzene sulphonates (ABS). LAS is a
mixture of closely related isomers and homologues, each containing an aromatic ring sulphonated at
the para position and attached to a linear alkyl chain.

3.1 CAS No. and grouping information
LAS, used on the European market and covered in this focused risk assessment, is represented by
the list in Table 1.

Table 1: CAS and EINECS numbers of LAS in the European market

CAS No. EINECS No. NAME

68411-30-3 270-115-0 | Benzenesulphonic acid, Cy.13 alkyl derivs., sodium salts

1322-98-1 215-347-5 | Sodium decylbenzenesulphonate

25155-30-0 246-680-4 | Benzenedodecylsulfonic acid, sodium salt

90194-45-9 290-656-6 | Benzenesulphonic acid, mono-Cjg.13 alkyl derivs., sodium salt

85117-50-6 285-600-2 | Benzenesulphonic acid, mono-Cig.14 alkyl derivs., sodium salt

The present assessment focuses on LAS levels in consumer products used on the European market
and found in the various environmental compartments. LAS represented by the CAS No. 68411-30-
3 and EINECS No. 270-115-0 is by far the most used on the European market (>98%).

3.2 Chemical Structure and Composition

LAS on the European market is a specific and rather constant mixture of closely related isomers and
homologues generated in the manufacture of the raw material Linear Alkyl Benzene (LAB), the
LAS precursor, each containing an aromatic ring sulphonated at the “para” position and attached to
a linear alkyl chain at any position except the terminal carbons (Schdnkaes, 1998; Cavalli et al.,
1999b; Valtorta et al., 2000), as shown in the figure below:




LAS : Linear Alkyl Benzene Sulfonate
(A'kyl Chain : Cio- C13)

SO5; Na*

The linear alkyl chain has typically 10 to 13 carbon units, approximately in the following mole ratio
C10:C11:C12:C13=13:30:33:24, an average carbon number near 11.6 and a content of the most
hydrophobic 2-phenyl isomers in the 18-29% range (Feijtel et al., 1995b; Feijtel et al., 1999; Cavalli
et al., 1999b; Valtorta et al., 2000). This commercial LAS consists of more than 20 individual
components. The ratio of the various homologues and isomers, representing different alkyl chain
lengths and aromatic ring positions along the linear alkyl chains, is relatively constant across the
various household applications. This LAS constant ratio is unique and does not apply to the other
major surfactants. Therefore, the present assessment adopted a category approach, i.e., considered
the fate and effects of the LAS mixture as described above rather than of each isomer and
homologue separately. However, fingerprints in the different environmental compartments are
reported.

The linearity of the alkyl chain is between 93% and 98% depending on the different manufacturing
processes of LAB, the LAS precursor (Cavalli et al., 1999b). The mono-methyl substituted
alkylbenzene sulphonate (iso-LAS) (Nielsen et al., 1997) represent on average 2 to 7% of the raw
material. The kind of substitutions of iso-LAS was shown not to limit their biodegradation, which
under realistic environmental conditions was comparable to the one of LAS (Nielsen et al., 1997;
Dunphy et al., 2000). Non-linear components such as DiAlkylTetralin Sulphonates (DATS) can be
present at levels of 3-10% in the LAS derived from AICI; catalysed LAB process (see par. 3.3).
This process, however, was less than 5% in 2005 (ECOSOL, 2005).

The data presented in Table 2 are fully described in IUCLID, 1994 and SIDS, 2005 and refer to the
commercial C116 LAS or the pure C;1, homologue.

Table 2: Physical chemical data of the commercial Cy; 6 LAS (IUCLID, 1994; SIDS, 2005)

LAS Protocol Results
Molecular description Solid organic acid sodium salt -
Molecular weight (g/M) (C11.6H242)CeH4SOsNa 342.4
Vapour pressure at 25°C (Pa) Calculated as Cy, (3-17) - 10"
Boiling point (°C) Calculated as Cy, 637
Melting point (°C) Calculated as Cy, 277
Octanol-water partition coefficient (log K,y) Calculated as Cy1 6 3.32
Organic carbon-water partition coefficient K, (I/kg) Calculated as C1 6 2500
Critical micelle concentration (g/l) Experimental 0.65
Water solubility (g/l) Experimental 250
Sorption coefficient between soil/sediment and water, Experimental 2-300




Kq (I7kg)
. . 1.06 (relative)
Density (kg/l) Experimental
0.55 (bulk)
pH (5% LAS water solutions) Experimental 79
Henry’s constant (Pa - m*/mole) Calculated as Cy, 6.35 - 107

Molecular weight was calculated according to the structure of the sodium salt of the
benzenesulphonic acid with an average Ci; g linear alkyl chain.

Vapour pressure (3 - 10 Pa) was estimated for C1,LAS (Lyman, 1985) and calculated (17 - 10
Pa) using EPI database by a Syracuse Research Corporation (SRC) software (SIDS, 2005).

Melting and boiling points were calculated using Estimation Program Interface (EPI) database by a
SRC software (SIDS, 1999).

The octanol-water partition coefficient, log Ko, cannot be experimentally measured for surfactants
because of their surface—active properties, but only approximately calculated (Roberts, 2000). A log
Kow Of 3.32, for the Cy16LLAS structure was calculated with a method (Leo et al., 1979) modified to
take into account the various aromatic ring positions along the linear alkyl chain (Roberts, 1991).
This value was used in the aquatic risk assessment carried out in the Netherlands (Feijtel, 1995b).
Organic carbon-water partition coefficient (Ko;) values of 110 and 278 were calculated for
Ci2benzenesulphonate using regression equations from water solubility and log K,y data (Lyman,
1990).

A Dbetter indication of this association can, however, be represented by the sludge partition
coefficient, K, (I/kg), assessed by QSAR analyses (Feijtel et al., 1999; Garcia et al., 2002)). For
pure compounds, log K, of 3.0 and 3.5 for C1;LAS and C1,LAS respectively were derived and used
in full-scale studies of activated sludge plants (Feijtel, 1995a; Feijtel, 1995b). Laboratory
experiments (Temmink et al., 2004) with LAS showed that sorption of the C;,LAS homologue over
sludge is a fast and reversible process that can be described by a K, value (K, = 3210 I/kg) in
agreement with the above QSAR calculations. Applying the same QSAR for the commercial
C116LAS mixture, a log K, value of 3.4 (K, = 2500 I/kg) can thus be derived and confidently
assumed as a measure of the partition of the surfactant between organic matter and water and
assimilated to Ko.. An average log Ko value of 4.83 was also reported for C1,LAS as a measure of
its association with dissolved organic compounds, basically represented by humic acids (Traina et
al., 1996).

A critical micelle concentration (CMC) of 0.65 g/l for the commercial Cj.13LAS was reported
(Smulders, 2002); the value is in line with that of other anionic surfactants. CMCs were also
measured for the different LAS homologues in deionized and hard waters (Garcia et al., 2002).

The reported water solubility and density values were experimentally derived (IUCLID, 1994). pH
values in water solutions depend on the free caustic soda content in LAS after neutralisation of the
sulphonic acid; in general, 5% water solutions of commercial LAS have pH values in the 7-9 range.
Soil/sediment and water sorption coefficients, Ky (I/kg), were experimentally measured; they ranged
from 2 to 300 I/kg, depending on the organic content, and fit the Freundlich equation (Painter,
1992). Ky sediment values were higher than Kq soil ones, as a consequence of the higher organic
content in sediment than in soil (Marchesi et al., 1991; TGD, 2003).

Using a structure estimation method (Meylan et al., 1991) the Henry’s constant for Ci,
benzenesulphonate was calculated to be 6.35 - 10 (Pa - m*/mole).

3.3  Manufacturing route and production/volume statistics
LAS is produced by sulphonation of LAB with a variety of sulphonating agents. In the past, oleum
(fuming sulphuric acid), as well as sulphuric acid were the predominant agents used either in batch
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reactors or in the so-called “cascade” systems. The sulphonation technology, however, has been
considerably improved since the mid 60s and nowadays, although oleum is still used, modern
falling film reactors (FFR) (mono-tube or multi-tube) and SO3; gas are the state of art of the
technology in most of the sulphonation facilities in Europe. In these modern plants both the
sulphonation of LAB and the sulphation of fatty alcohols are normally practised.

LAB, the precursor of LAS, is manufactured in large scale industrial processes by alkylating
benzene with linear mono-olefins or alkyl halides such as chloro-paraffins by using HF or AIClI; as
the alkylation catalyst (Cavalli et al., 1999Db), and recently also over heterogeneous solid super-acids
in a fixed-bed reactor (Erickson et al., 1996). LAB production quality, as measured by its bromine
and colour indexes as well as by impurities and alkyl chain linearity, has been enhanced over time
following significant technological improvements (Marr et al., 2000). Alkylation with AICI; was
the first commercial process used in the mid 60s when branched dodecylbenzene (DDB) was
replaced by LAB. At the end of the 60s the HF technology was applied for the first time and
immediately it became the preferred technology to be installed in the world to produce LAB.

In the mid 90s a new alkylation technology based on heterogeneous catalyst in a fixed-bed reactor,
Detal®, appeared on the market (Berna et al., 1994) and was rapidly adopted, as testified by several
new units recently installed with this technology. The new technology offers considerable
advantages over the old ones, namely: process simplification, elimination of acids handling and
disposal (HF, HCI) as well as an overall production yield improvement and improved LAB quality.
Production of commercial LAS involves a series of processes as shown schematically in the below
scheme.

Total LAB world production capacity in the year 2005 is estimated to be more than 3 million tons,
with a split by technology as follows: 75 % HF, 5% AICI3, and 20 % fixed-bed. In Europe, in the
year 2005, the estimated installed LAB capacity was around 600 kt/y with a corresponding demand
of 325 kt/y (ECOSOL, 2005; CESIO, 2005).

The result of sulphonating LAB is the formation of alkylbenzene sulphonic acid, which has the
consistency of a liquid with a high active content, >97% by titration with hyamine (1SO 2271; EN
14480), containing about 1% of unsulphonated matter and 1-2% of H,SO, (IUCLID, 1994,
Schonkaes, 1998). It represents commercially the most important supply form. The acid is then
neutralised with a base to give the final LAS surfactant salt. Sodium neutralised LAS is by far the
predominant grade. As salt, it can also be supplied in various forms and active contents, for
example as paste (50-75%) and powder (80-90%) (Schdnkaes, 1998).
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The most recent and realistic market survey was completed by the Ecosol companies (ECOSOL,
2005), which estimated a total consumption tonnage of about 430 kt for the year 2005, with a
breakdown by household applications of about 350 k, corresponding to more than 80% of the total

according to an independent survey of AISE companies.

Table 3: Tonnage consumption estimates of LAS in Europe in 2005

Total Household
Survey Kt Kt
ECOSOL 430 350 (>80% vs. total)

The present focused risk assessment models the use of the highest realistic LAS figure available for
the household products, namely 350 kt/y. In addition, the reported monitoring data, related to total




tonnage consumption and degradation in the environment, have been used in the final higher tier
risk assessment.

3.5  Use application summary

Most of LAS European consumption is in household detergency (>80%). Important application
products are laundry powders, laundry liquids, dishwashing products and all purpose cleaners. The
remainder of the LAS (<20%) is used in Industrial and Institutional (I&I) cleaners, textile
processing as wetting, dispersing and cleaning agents, industrial processes as emulsifiers,
polymerisation and in the formulation of crop protection agents.

4, Environmental risk assessment

The extensive body of research studies on the environmental properties of LAS present in the
literature is reported here below. This abundance of information is sometimes forgotten or wrongly
quoted (Ying, 2006) and has to be again reminded (CLER, 2007).

4.1 Environmental exposure assessment

4.1.1 Biotic and abiotic degradability

Aerobic biodegradation in aqueous medium

LAS primary biodegradation is the transformation induced by microorganisms with formation of
sulpho phenyl carboxylates (SPCs) as biodegradation intermediates (Swisher, 1987). This
biodegradation stage corresponds to the disappearance of the parent molecule and to the loss of
interfacial activity and toxicity towards organisms present in the environment (Kimerle et al., 1977;
Kimerle, 1989). The change of the interfacial activity of the surfactant during biodegradation has
much more importance on the aquatic toxicity than the biodegradation as measured, for example, by
the biological oxygen demand (BOD); that was shown by a recent detailed study on the relation
between interfacial activity and aquatic toxicity during primary LAS biodegradation (Oya et al.,
2010).

Biodegradation proceeds further with i) the cleavage of the aromatic ring and the complete
conversion of LAS and SPCs into inorganic substances (H,O, CO,, Na,SO,) and ii) the
incorporation of its constituents into the biomass of micro-organisms (ultimate biodegradation)
(Karsa et al., 1995).

One of the first evidences that the alkyl and ring portions of LAS can extensively biodegrade and
convert to CO; in the environment was shown in a STP simulating laboratory equipment using a
%C ring-labelled commercial product and some pure unlabelled homologues (Nielsen and
Huddleston, 1981). The primary biodegradation of LAS, measured by MBAS (Methylene Blue
Active Substance) or by specific analytical methods such as HPLC (High Performance Liquid
Chromatography), in any OECD tests (OECD, 1993), is >99% (EU Commission, 1997). The
ultimate biodegradation measured by DOC (Dissolved Organic Carbon) is in a range going from
80% to >95% for CAS (Continuous Activated Sludge) simulation tests (OECD 303 A), and in the
95-98% range for inherent tests (OECD 302) (EU Commission, 1997).

CAS simulation tests (OECD 303 A) were run for the commercial LAS product in the 9-25°C
temperature range (Prats et al., 2003). The acclimation lag phase was significantly different at the
various temperatures, being longer at lower temperatures. The percent LAS removal measured by
MBAS and HPLC, however, was always similar and high (>95%) in all cases, indicating that the
microorganism community can also reach a proper acclimation and that kinetics are also adequate

10



at low temperatures (Prats et al., 2006; Leon et al., 2006). These results are in agreement with some
stream mesocosm studies which concluded that the mineralization of surfactants under realistic
environmental conditions, where various algal species are acclimated following natural temperature
fluctuations, was at least maintained and often increased during significant seasonal decreases in
temperature (Lee et al., 1997).

The commercial LAS product is readily biodegradable (EU Commission, 1997). The 10-day
window is not deemed necessary for assessing ready ultimate biodegradability of surfactants in
detergents (CSTEE, 1999). However, in the literature LAS is reported to pass the 10-day window
rule as shown by: i) a comparative CO, evolution study (Ruffo et al., 1999; Anon, 2002), ii) OECD
301 F tests following the biodegradation by Oj-consumption and specific C1,LAS analysis
(Temmink et al., 2004) and iii) recent tests run according to the GLP principles, namely, CO;
evolution test following OECD 301B (LAUSa, 2005), DOC die-away test following OECD 301A
(LAUSD, 2005) and mineralization under 1SO 14593/1999 test in compliance with the Detergent
Regulation 648/2004 (Lopez et al., 2005). The formation of persistent biodegradation intermediates
can be excluded as demonstrated by high tier tests (Gerike et al., 1986; Moreno et al., 1991; Cavalli
et al., 1996b). Biodegradation intermediates, i.e. the sulpho phenyl carboxylates (SPCs), are not
persistent and their toxicities are several orders of magnitude lower than that of the parent molecule
(Kimerle et al., 1977).

Considering the absence of persistent metabolites and the relatively low toxicity of the transient
degradation products, the rate of primary biodegradation, rather than that of the ultimate
biodegradation is the relevant parameter for risk assessment purposes. Specific analytical
methodologies based on High Performance Liquid Chromatography (HPLC), Gas
Chromatography/Mass Spectrometry (GC/MS) and Liquid Chromatography/Mass Spectrometry
(LC/MS) have been developed for LAS, which provided kinetic data relevant for exposure
assessments (Matthijs et al., 1987; Trey et al., 1996; Di Corcia et al., 1999). Relevant kinetics of
LAS biodegradation were obtained in a die-away laboratory test applying innovative testing
procedures to radio-labelled materials, measuring *“CO, evolution by Liquid Scintillation Counting
(LSC) and following the biodegradation by Radio Thin-layer Chromatography (RAD-TLC)
(Federle et al., 1997). In these studies, using river water as test medium, the primary biodegradation
rate was approximately k = 0.06 h™* (to5 = ca.12 h) (ltrich et al., 1995) and about 10-15 times lower
than that found using activated sludge as test medium (Federle et al., 1997).

Field studies (further described in Section 4.1.3), carried out in some rivers under realistic
environmental conditions specifically to measure in-stream removal kinetics of LAS, showed t5 in
the 1-3 h range indicating that kinetics are faster than those displayed in laboratory studies (Takada
et al., 1992; Schroder, 1995; Fox et al., 2000),. This is due to the more favourable biodegradation
conditions in the real environment vs. those reproduced in laboratory.

Considering the above available field data, a protective primary biodegradation half-life of 3
hours in aqueous medium was considered in the present risk assessment.

Biodegradation under anaerobic conditions

In the existing laboratory screening and simulation tests (ECETOC, 1994; OECD TG 307, 2002,
OECD TG 308, 2002; OECD TG 311, 2006; I1SO 11734: 1995; ISO 13641-1,-2: 2003), which are
extensively reviewed in literature (ERASM, 2007; Berna et al., 2007; Berna et al., 2008), the
ultimate biodegradation was measured by determining the final gas production (CO, and CH,) after
about two months of incubation. In these studies LAS did not show any significant biodegradation
(Steber et al., 1989; Steber, 1991; Federle et al., 1992;; Gejlshjerg et al., 2004; Garcia et al., 2005).
Loss of parent LAS was only claimed after several months of incubation (Prats et al., 2000a) and
more recently by both laboratory and field specific experiments (Lara-Martin et al., 2007; Lara-
Martin et al., 2008; see also par. 4.2.1.3).
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Other approaches have been recently proposed to assess the anaerobic biodegradation of substances:
- OECD guideline (OECD TG 314, 2008). It is the description of an analytical procedure
made by a set of five separate but complementary simulation tests, which assess the
primary and ultimate biodegradation of chemicals in the sewer wastewater, in the
secondary treatment of the activated sludge system, in the anaerobic sludge digester, in the
treated effluent and surface water mixing zone, and in the untreated wastewater directly
discharged to surface water. The third test (test C) evaluates biodegradation during
anaerobic sludge digestion, in particular aims to demonstrate whether chemicals have the
potential for anaerobic biodegradation or not. LAS has been tested with this method:

results confirm the absence of anaerobic biodegradation (Procter & Gamble, 2008).

- DIN method (DIN 38414-8 modified, 2008). The method, as recently described (Willing,
2008), is an anaerobic sewage plant simulation test. It is presently under development with
the aim to improve it in terms of repetibility, reproducibility and reduction of false
negative results.

Screening and simulation tests, at any rate, are not essential for a good understanding of LAS risk
assessment. Field testing takes precedence over simulation test data. There is a very significant
amount of field monitoring data available for LAS in agricultural soils (Jensen et al., 2007;
Schowanek et al., 2007) and anaerobic digesters (where no significant degradation of LAS is seen).

However, in oxygen-limited conditions, which occur in the real world, LAS biodegradation can
initiate and then continue in anaerobic conditions (Larson et al., 1993; Leon et al., 2001).

Some inocula are indeed capable of converting LAS under some particular anaerobic conditions,
e.g., in sulphate-limited environments where LAS is the only source of sulfur (Denger et al., 1999).
In addition, according to some studies LAS can biodegrade under methanogenic conditions, but low
bioavailability in waste water treatment plant reactors is the main factor which in reality prevents
any substantial biodegradation (Angelidaki et al., 2000a; Mogensen et al., 2003). However, some
biodegradation was shown as follows: 14-25% range in continuous stirred tank (CST) reactors
(Angelidaki et al., 2000b; Haggensen et al., 2002) and 5-44% range in upflow anaerobic sludge
blanket (UASB) reactors (Sanz et al., 1999; Mogensen et al., 2003). In any case, biodegradation
under strict anaerobic conditions was shown to have little direct ecological relevance (Heinze et al.,
1994; ERASM 2007) and not formally considered in the EUSES modelling program (see 4.1.4).

In addition, the opinion of the Scientific Committee on Health and Environment Risks (SCHER), a
committee of experts who serve an advisory role within the European Commission (EC), on the
environmental risk posed by detergent surfactants that are poorly biodegradable under anaerobic
conditions, such as LAS, is as follows:...” A poor biodegradability under anaerobic conditions is not
expected to produce substantial modifications in the risk for freshwater ecosystems as the surfactant
removal in the STPs seems to be regulated by its aerobic biodegradability” (SCHER, 2005). This
statement was again confirmed by SCHER in its opinion of 2008: “The LAS-HERA report of 2004
contained no recent publications which affected the conclusion of SCHER in its opinion of 2005.
Similarly recent publication, later than 2004 (Garcia et al., 2005; Garcia et al. 2006a and b;
references cited in LAS-HERA report of 2007), did not give grounds for any change of that
opinion” (SCHER, 2008).

As a consequence, the requirement of ultimate biodegradability under anaerobic conditions cannot
be considered an effective measure for environmental protection.

However, the following rationales position the relevance of anaerobic biodegradation in ecological
risk assessment. In anaerobic environments, the redox potential is so low that O, is replaced by
NO5, SO4* or CO, as ultimate electron acceptors. In such reduced environments, the effects
assessment should include specific organisms, e.g., anaerobic bacteria, protozoa. The aquatic
organisms (algae, crustaceans, fish) typically considered for the effects assessment are, therefore,
not representative of these communities. Macro-invertebrates do live in deep anoxic sediment, but
usually within oxic micro-environments (e.g., a burrow). Assessing the risk of surfactants to these
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burrowed organisms would require a modelling of the diffusion of surfactants in deep sediment and
their biodegradation rate once oxic conditions are restored. However, the oxic micro-environment
used by sediment dwelling organisms is physically, chemically, and biologically closely connected
with the thin surface sediment layer and the calculated PEC in that layer would be a better indicator
of the exposure in such micro-environments.

A specific risk assessment in anaerobic environments would include effects on anaerobic bacteria in
anaerobic digesters. It has been shown that LAS at concentrations up to 30 g/kgqw Sludge does not
affect the microbial processes in these digesters (Berna et al., 1989). The LAS effect on the
anaerobic sludge digestion process was investigated showing that toxicity on the anaerobic
microorganisms depended on the concentration of the bioavailable LAS homologues in the liquid
phase of the STP anaerobic digesters; an ECsy of 14 mg/l was calculated (Garcia et al., 2006b). Poor
primary LAS degradation in anaerobic discontinuous systems was confirmed showing also that the
inhibition extent of the biogas production was significantly related to the sludge used as inoculum
(Garcia et al., 2006a).

Biodegradation in soil

Several measurements of LAS in sludge-amended soil from both laboratory and field studies have
been carried out and are reviewed in the literature (De Wolf et al., 1998; Jensen, 1999; Cavalli et
al., 1999a). These investigations were performed, after application of sludge containing LAS to soil
usually at rates higher than that recommended in agriculture, maximum 5 t DS (Dry Solids)/ha/y
(TGD, 2003). For example, the annual sludge spreading averaged 6 t/ha in the UK (Holt et al.,
1989; Waters et al., 1989), 32 t/ha in Spain (Berna et al., 1989; Prats et al., 1993), 13.5 t/ha in
Switzerland (Marcomini et al., 1988) and 6 t/ha in Germany (Matthijs et al., 1987). In all these
studies the calculated LAS removal corresponded to half lives in the range of ty5= 3-33 days.

The most reliable results in the laboratory were obtained by investigating mixtures of sludge and
LAS-spiked soils using **C materials, measuring ultimate biodegradation. LAS mineralization rates
corresponding to tos = 13-26 days (Figge and Schoberl, 1989) and ty5 = 7.0-8.5 days (Gejlsbjerg et
al., 2001) were estimated. Mineralization with ty5 = 2.1-2.6 days was obtained after a lag time of
1.9-2.5 days at 10 mg/kggw LAS concentration in soil, which is the highest expected environmental
concentration of the surfactant in an agricultural land (Gejlsbjerg et al., 2003).

Laboratory sludge-soil mixtures with **C-labelled LAS at concentrations in the pg/Kgaw soit range,
corresponding to predicted steady concentrations (at least after a waiting period of 30 days from
sludge application) of the surfactant in sludge-amended soil, were also investigated (Gejlsbjerg et
al., 2004). After relative long lag times (ca. 2 weeks), LAS was mineralized rapidly and extensively
showing two phase kinetics: a first rapid mineralization (tos = ca. 2 days) followed by a slow
mineralization phase (to5 = 7.9 days), the latter likely governed by sorption and desorption
processes in the soil. Even subsurface soils, sampled below a septic system drain field and
investigated in laboratory sorption and biodegradation studies using groundwater and radiolabeled
materials, showed to have the potential to mineralize LAS (ultimate tos from 0.32 to 8.7 d) (Doi et
al., 2002). Other LAS leaching properties in soils and groundwater were investigated to develop a
mathematical model for septic systems to predict the fate and transport of consumer product
ingredients (McAvoy et al., 2002).

However, most laboratory studies and all field monitoring studies in sludge-amended soil measure
the disappearance of LAS, estimating, thus, the primary biodegradation.

In the laboratory tests it was shown that for soil spiked with aqueous LAS and LAS-spiked sewage
sludge, the disappearance (primary biodegradation) of the surfactant was more than 73% after 2
weeks (Elsgaard et al., 2001b). A soil mesocosm study showed that the primary degradation of LAS
was rapid with to 5 of 1-4 days (Elsgaard et al., 2003). A field study, at sludge application rates close
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to those recommended in agriculture (equal or below 5 tq./haly), estimated tos values in the range
of 3-7 days (Kichler et al., 1997).

Accurate data for degradation of LAS in sludge-amended soil under realistic field conditions were
reported by Mortensen et al., 2001. Its degradation in soil increased by the presence of crop plants
with soil concentrations decreasing from 27 mg/kgaw to 0.7-1.4 mg/kgaw soil at harvesting time after
30 days (to.5 <4d).

Considering the above available field data, a conservative protective primary biodegradation
half-life of 7 days in agricultural soils was considered in the present risk assessment.

Hydrolysis and photolysis degradation

Reactions of hydrolysis (Cross, 1977) and photolysis (Matsuura et al., 1970; Venhuls et al., 2005)
of LAS are described in literature (Table 4) in conditions not relevant to the environment. The
corresponding results are, thus, not considered in the present assessment.

The set of data on LAS biodegradation properties relevant to this risk assessment are summarized in
Table 4.

Table 4: Biodegradation properties

LAS Protocol Results References
. . OECD 301D A N EU Commission,
Screening, confirmatory OECD 303 A >99 (% primary biod.) 1997
EU Commission,
Readily biodegradable 1997
Ready test OECB 3EO lFA’ B, >70 (% DOC removal) Ruffo et al., 1999
y 1SO 1’49’3/1999 >60 (% CO, evolution) Temmink et al., 2004
>60 (% O, uptake) LAUS, 2005a-b
Lopez et al.,2005
Inherent test OECD 302 A, B 95-98 (% DOC removal) EU Colrgg;lssmn,
Simulation test OECD303A | 80->95 (% DOC removal) | =V Colrgg‘?'ss'on’
Biodegradation rate . tos=0.6-0.7 h (prim. biod.)
in activated sludge Die-away 1" 1 3.1.4 h (ultim. biod) | Federleetal., 1997
. . Die-away tos=12 h (prim. biod.) Itrich et al., 1995
ﬁl?g,ee%r\?\,daigfn rate Die-away tos =18 h (ultim. biod.) Itrich et al., 1995
River monitoring |tos=1-3 h (prim. biod.) Fox et al., 2000
. ECETOC ca.0 (% ultim. biod.) AISE/CESIO, 1994
Anaerobic
biodegradation Research study |5-44 (% prim. biod. in Mogensen et al., 2003
UASB reactors )
. . Field study tos = 1-7 d (prim. biod.)
I?rl]of;?radatnon e Kdchler et al., 1997
Elsgaard et al., 2003
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Laboratory study |tos=2-26 d (ultim. biod.)
Figge et al., 1989
Gejlsbjerg et al.,
2001, 2003, 2004

Decomposition: 60-70% in
Hydrolysis Research study | presence of inorganic acids Cross, 1977
at 150-200°C

Degradation: 80-95% under | Matsuura et al., 1970

Photolysis Research study mercury lamp (200-450 nm) | Venhuls et al., 2005

(*) measured by MBAS and by additional HPLC analysis

4.1.2 Removal

Sewers

LAS removal rates in sewers, due to a combination of biodegradation, adsorption and precipitation,
were measured during field studies in different countries up to a degree of 68% (Moreno et al.,
1990; Matthijs et al., 1999). Laboratory studies have demonstrated that the concentration of all
surfactants can be significantly reduced in sewers, depending on the length of the sewer, travel time
and the degree of microbial activity present in the sewer (Matthijs et al., 1995).

Laboratory CAS systems

Accurate confirmatory CAS data, using MBAS and specific analytical methods (such as HPLC) or
14C measurements to determine the LAS removal rate, are available (Schoberl et al., 1988; Cavalli
et al., 1996a; Leon et al., 2006). In these tests the removal rate of the parent surfactant was always
>99%.

Sewage Treatment Plants

LAS removal in Activated Sludge Sewage Treatment Plants, (as-STPs), has been documented in
several studies and found to be mostly in the 98-99.9% range (Berna et al., 1989; Painter et al.,
1989; Waters et al., 1995; Cavalli et al., 1993; Matthijs et al., 1999). This elimination efficiency can
be further increased when membrane biological reactors (MBR) will become economically
available (Terzic et al., 2005). The LAS removal in as-STPs, measured in five European countries,
averaged 99.2% (6 records in the range 98.5-99.9%) (Waters et al., 1995) and 99.4% (4 records in
the range 98.9-99.9%) (Holt et al., 2003).

Total LAS removal in Trickling Filter Sewage Treatment Plants (tf-STPs), are lower and more
variable and were found in the 89.1-99.1% range (24 records) in Europe with an average value of
95.9% (Holt et al., 2003). These values are higher than those reported for tf-STPs in USA where
average removals of 83% (Trehy et al., 1996) and 77% (McAvoy et al., 1993) were recorded.

The following proportions are based on as-STP mass balance studies: 80-90% degraded, 10-20%
adsorbed onto sludge and about 1% released to surface waters (Berna et al., 1989; Painter et al.,
1989; Cavalli et al., 1993; Di Corcia et al., 1994).

For EUSES modelling assessment, Predicted Exposure Concentrations (PECs) were
calculated assuming 79% degradation, 20%o to sludge and 1% release to water (see 4.1.6).

The dataset of removal rates relevant to this risk assessment are summarised in Table 5.

Table 5: Removal data
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LAS Results References

Schoberl et al., 1988

1 0

Removal in CAS test (%) >99 Cavalli et al.. 1996
0 as-STP: 98-99.9 (range) Matthijs et al., 1999

Total STP removal (%) as-STP: 99.2 (arithmetic mean) Waters et al., 1995

- . 0,

as-STP: degraded (%) 80-90 Berna et al., 1989

as-STP: released to water ca 1 Painter et al., 1989

(%) ' Cavalli et al., 1993

as-STP: adsorption into Di Corcia et al., 1994

sludge in (%) 10-20

4.1.3 Monitoring studies

Several monitoring studies on LAS in the different environmental compartments are available in
Europe. Here below monitoring data for surface waters, ground waters, sludge, soils and sediments
are summarized.

Surface waters

The present aquatic risk assessment refers specifically to the European monitoring project carried
out in five different countries (UK, Germany, Netherlands, Spain, Italy), using a common and
agreed protocol in the context of the Dutch risk assessment of surfactants (Feijtel et al., 1995b). The
results of this multi-years EU monitoring project were consistent with previous monitoring studies
(Berna et al., 1989; Painter et al., 1989; Cavalli et al., 1993) and with other recent monitoring
programmes in Europe (Holt et al., 2003). The results illustrate well the actual European LAS
content in the as-STP effluents and sludge as well as in the corresponding receiving rivers (Schoberl
et al., 1994; Di Corcia et al., 1994; Sanchez Leal et al., 1994; Feijtel et al., 1995a; Holt et al., 1995;
Waters et al., 1995; Matthijs et al., 1999).

In the EU monitoring study project LAS levels in raw sewage ranged from 1 to 15 mg/l (Feijtel et
al., 1995b; Matthijs et al., 1999). In the same EU project LAS effluent concentrations under normal
as-STP operating conditions were altogether in the 8-220 ug/l range with an arithmetic mean of
42.8 pg/l (46 records), considering all the available results.

In the receiving waters downstream the above as-STP effluents, just after the mixing zone, the LAS
concentration was in the <2-47 g/l range with an arithmetic mean of 14.2 pg/l (23 records) (Feijtel
et al., 1995b; Matthijs et al., 1999). The highest LAS concentration (47 pg/l) would decrease to <2
Mg/l in one day, considering a conservative in-stream biodegradation half-life of 3 hours (see par.
4.1.1).

LAS environmental fingerprints in effluent and surface waters differ from the composition of the
commercial material. The relative ratio of the various homologues detected in the aquatic
environmental samples is as follows: C14:C11:C12:Cy3 = 45:30:23:2 with an average carbon number
of 10.8 (Prats et al., 1993; Cavalli et al., 1993; Di Corcia et al., 1994; Tabor et al., 1996). That is a
consequence of two processes: i) biodegradation in the water phase which is faster for the higher
homologues and ii) adsorption into sediments and suspended solids which is more pronounced for
higher homologues.

In another comprehensive European monitoring programme, carried out in the context of the
GREAT-ER project (Geography-Referenced Exposure Assessment Tool for European Rivers),
thousands of effluent samples from different STPs and samples of river waters were measured in
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UK for their LAS content over a 2-year period (Holt et al., 2003). All effluents from as-STPs were
in the 7-273 pg/l range; those with an additional tertiary treatment were found below 50 ug/l.

In US monitoring studies LAS concentrations in river waters below STP mixing zones were also
generally found below 50 pg/l (McAvoy et al., 1993; Trehy et al., 1996; Tabor et al., 1996).

A US study conducted to assess a weight of evidence (WoE) risk of alkyl sulfates (AS), alkyl
ethoxy sulfates (AES) and LAS was based on accurate monitoring of STP streams located in 3
different sites (Sanderson et al., 2006). The total LAS concentrations were in the range 2.75-3.96
mg/l in influents, 1.3-2.9 pg/l in effluents and 0.26-3.8 pg/l in the receiving river waters.

A study to evaluate the validity of as-STP fate models was carried out, monitoring the C1,LAS
concentrations under controlled and well-established conditions in a pilot-scale municipal as-STP.
C1,LAS concentrations were 2-12 mg/l in influents, 5-10 pg/l in effluents and 37-69 mg/kgqw in the
waste aerobic sludge. The removal of the LAS homologue (>99%) was totally ascribed to
biodegradation (Temmink et al., 2004).

The tf-STP effluents, on the contrary, have usually higher and more variable LAS concentrations
because these plants are not so efficient as the (as)-STPs. BODs removals are in the 85-95% range
for tf-STPs (Holt et al., 2000), whereas they are always >95% for as-STPs. tf-STP effluent LAS
concentrations, in flow proportional composite samples, were in the 40-430 pg/l range with an
average value of 240 ug/l in Europe (Holt et al., 2000; Holt et al., 2003) and up to 1.5 mg/l in the
US (Rapaport et al., 1990; McAvoy et al., 1998).

In river waters receiving effluents either from tf-STPs (Fox et al., 2000) or from undersized as-STPs
(Gandolfi et al., 2000), LAS was shown to be removed rapidly. Downstream the mixing zones of tf-
STP, the LAS concentrations were 0.42-0.77 mg/l and decreased to 72 and 33 pg/l at 4.8 and 3.3
km respectively from the tf-STP outfall (Fox et al., 2000). From an undersized as-STP, LAS
concentrations in 24-h composite samples were on average 120 pg/l at the mixing zones and 27 pg/I
at 26 km (Gandolfi et al., 2000). These results indicate that in-stream removal is an efficient process
and were used to validate a dynamic quality model to assess the fate of xenobiotics in the river
water compartment and benthic sediment (Deksissa et al., 2004).

Other types of discharges, including direct discharges, exist in Europe. Downstream these
discharges, higher concentrations of BOD, NH3, LAS and other contaminants can be monitored.
According to some studies (McAvoy et al., 2003; Dyer et al., 2003), the relative in-stream removal
of LAS is higher than the removal of BOD and therefore the impact of untreated discharges on the
receiving ecosystem is not caused by LAS but rather by low dissolved O, and high unionised
ammonia.

As recommended by the TGD (TGD, 2003), only monitoring data of river waters receiving
effluents from as-STPs, as well as the highest concentrations found in the European monitoring
studies, were considered relevant to the present risk assessment.

Conclusion: PEC effluent (PECstp) =0.27 mg/l; PEC river waters = 0.047 mg/I.

Ground waters

No LAS monitoring data in ground waters are available for Europe. In samples collected in the
USA, LAS concentrations were below the detection limit in several monitored wells drilled in an
area near a pond system exposed to high concentrations of detergent chemicals for more than 25
years (Larson, 1989). LAS concentrations in ground waters, 500 m downstream a sewage
infiltration, were below the analytical detection limit (<10 pg/l). In one well, using an improved
analytical methodology, a maximum LAS concentration of 3 pg/l was recorded (Field, 1992).
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Sludge

Measured LAS concentrations in sewage sludge have been reviewed (De Wolf et al., 1998; Jensen
et al. 1999; Cavalli et al. 1999; Fraunhofer, 2003; Leschber, 2004 Jensen and Jepsen, 2005;
Schowanek et al., 2007). Typical LAS concentrations in aerobic sludge are <0.5 9/KQaw siudge, higher
LAS concentrations are noted in anaerobic sludge (<1 9/K9aw studge UP t0 30 9/KQdw siudge)- The highest
LAS concentrations in anaerobic sludge (ca. 30 9/KQaw siudge) Were found in one specific Spanish
region in the presence of a very high water hardness (>500 mg/l as CaCO3) (Berna et al., 1989).
Water hardness data collected by AISE companies are available for Europe and indicate that on
average 13% of the European population use water with hardness <70 mg/l, 33% with medium
hardness (70-212 mg/l) and 53% with hardness >212 mg/l (Jensen et al., 2006). This high LAS
value in Spanish sludge is clearly an outlier.

Although these reports cover LAS concentrations in sludge for a number of wastewater treatment
plants in different European countries, they do not represent the situation in one specific country. A
comprehensive survey of LAS measurements in aerobic and anaerobic sludge was reported (Jensen
and Jepsen, 2005) from the ongoing monitoring program of pollutants in sludge in Denmark. LAS
concentrations are annually measured and reported to the Danish EPA for approximately 1,400
waste water treatment plants in Denmark. This survey allowed to derive the Danish LAS
distribution in sludge: a mean concentration of 0.24 g/KQaw siudge (0.5 t0 1.5 9/KQaw siudge; 5" to 95™
percentile) (Jensen et al., 2006).

At the European level, approximate sludge distributions were also calculated based on literature
data over the time period 1988-2006 (Schowanek et al., 2007). The result of the distribution of the
anaerobic sludges (ca. 155 records) was a mean of 5.56 g/kgdW studge (0.49 t0 15.07 9/KYaw siudge; 5" to
95™ percentile), where the highest point in the data set was the already mentioned Spanish value of
ca. 30 9/KQaw sluage, @ Clear outlier.

The LAS homologue distribution in sludge is approximately in the mole ratio C19:C11:C12:Cy3 =
7:24:39:30 with an average carbon number of 11.9, as a consequence of a preferential adsorption of
higher homologues (Berna et al., 1989; Cavalli et al., 1993; Di Corcia et al., 1994).

It is worth taking into account possible differences of LAS concentration in wet sludge, freshly
produced at STP, from that in dry sludge, aged and dried before its use in agriculture (several
months after). It was found that the LAS concentration in the bulk of dry sludge could drop by 74%
compared to that of wet sludge (Carlsen et al., 2002). Removal of LAS from sludge can also
effectively be performed by composting systems. This methodology for handling sludge in general
was extensively discussed in a workshop in Denmark (SPT/EPA, 1999) and was recognised as a
useful method to reduce the level of some xenobiotics. Several composting studies have
demonstrated that LAS can be removed (>98%) with half-life of 7-9 days (Petersen, 1999; Prats et
al., 2000b; Sanz et al., 2006).

Conclusion: PEC in anaerobic sludge = 5.56 9/KQaw siudge (Mean 50" percentile) and 15.07
0/KGaw stuage (95™ percentile).

Soil

Results from several monitoring studies of LAS concentrations in soil are available for various soil
types, sludge application rates, and averaging times. For example, concentrations of up to 3.0 mg
LAS/kggw Were measured in sludge-amended soil at a sludge application rate of 6 t DS/haly for
extended periods in the UK and Germany (Matthijs et al., 1987; Holt et al., 1989). LAS
concentrations in sludge-amended soils were reviewed concluding that they were generally below
20 mg/kg soil, depending on the application rate or sampling time after sludge application (Solbe,
1999). At sludge application rates less than 5 t/haly, 30 days after its application, LAS
concentrations in soil are expected to be in the low mg/kg range. With sludge application rates
higher than those used in the normal agricultural practice (6-10 t/haly), LAS concentration in an
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experimental field of soil-pots with rapes dropped from an initial measured value of 27 mg/kgaw soil
to 0.7-1.4 mg/Kgaw soit in Soil at harvest time after 30 days (Mortensen et al., 2001).

A series of soils having a known history of sludge amendment and selected to be typical for
Denmark were monitored (Carlsen et al., 2002). In regions where the sludge application was carried
out according to the prevailing agricultural rules, the concentration of LAS in all soils was found to
be <1 mg/kgaw soit, Well below the soil quality criterion for LAS of 5 mg/kgaw soit proposed in
Denmark (Jensen et al., 1995). The LAS concentration that can be found in soil at any time after
sludge applications, in any case, is always too low to contribute significantly to the mobilization of
hydrophobic organic compounds in sludge-amended soil (Haigh, 1996).

Conclusion: PEC in soil = 1.4 mg/Kgaw soil-

Sediments

Available measured LAS data in fresh water sediments were reviewed (Cavalli et al., 2000).
Typical LAS values in sediments below sewage outfalls were found in the 0.5-5.3 mg/Kggw sed. range
with an arithmetic mean of 2.9 mg/Kgqw seq. (12 records).

Homologue distributions were also measured for some river sediment samples and the
corresponding fingerprint was found similar to that of sludge and soils (Cavalli et al., 2000).
Conclusion: PEC in sediment = 5.3 mg/Kggw sed.-

The set of monitoring data relevant to this risk assessment are summarised in Table 6. The effluent
and river data refer to representative EU monitoring studies and to samples collected downstream of
(as)-STPs. Most of the data were used in the aquatic risk assessment carried out in the Netherlands
(Feijtel et al., 1995b). Sludge and soil data refer to studies developed in the context of the terrestrial
risk assessment in Europe (Jensen et al., submitted; Schowanek et al., 2007) .

Table 6: Monitoring data

LAS Results References
as-STP: 8-220 (range) Feijtel et al., 1995b
as-STP: 2-273 (range) Holt et al., 2003
Effluent (ug/l) as-STP: 42.8 (arithmetic mean) Matthijs et al., 1999
as-STP: 1.3-2.9 Sanderson et al., 2006
down as-STP: <2-47 (range) Feijtel et al., 1995b
River water (ug/l) down as-STP: 14.2 (arithmetic mean) Matthijs et al., 1999
down as-STP: 0.3-3.8 Sanderson et al., 2006
Ground water (ug/l) 0-3 Field et al., 1992
Anaerobic sludge 5.56 (median 50™ percentile)
(9/KGaw siudge) 0.49-15.07 (5™ to 95™ percentile) Schowanek et al., 2007
River sediment . .
(MO/KGaw ea) <1-5.3_(typ|c§I range) Cavalli et al., 2000
W sed: 2.9 (arithmetic mean)
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0.7-1.4, measured at harvest time (30 d) Mortensen et al., 2001

Soil (Mg/kGaw soir) <1, typical agricultural value Carlsen et al., 2002

4.1.4 Exposure modelling: scenario description

The HERA environmental risk assessment of LAS is based on the Technical Guidance Document
for new and existing substances (TGD, 2003). At screening level it makes use of the EUSES
programme (EUSES, 2004) to calculate the local and regional exposure to LAS. The total estimated
LAS tonnage of 330 kt/y was assumed to follow the down-the-drain pathway to the environment.

The production and formulation releases at local level were not considered because they fall outside
the scope of HERA. For the calculation, the HERA exposure scenario was adopted; this scenario
assigns 7% of the EU tonnage to the standard EU region, instead of the TGD default 10%, and a
factor of 1.5, instead of the TGD default factor of 4, to increase the emissions at local level. These
changes introduced by HERA more realistically represent the regional emissions and the local input
of substances used in household detergents, as experimentally demonstrated (Fox, 2001). More
details and justification of this modification can be found in chapter 2.6 of the HERA methodology
document (www.heraproject.com).

Table 7: HERA exposure scenario

LAS HERA scenario
Total yearly LAS use in household (HERA scope), kt 350
LAS continental usage going to standard EU region, % 7
Increase factor for local usage 1.5

4.1.5 Substance data used for the exposure calculations

The essential input data used for exposure calculations following the TGD and EUSES are derived
from Table 2, 3, 4, and 5, and are summarized in Table 8.

The biodegradation rate in STP is the default value as assumed by TGD for readily biodegradable
substances. It should be noted that this rate is not used in the assessment, as the Simple Treat output
is overridden by experimental removal data. Ko, is also not considered in the calculations, which
are rather based on K.

The biodegradation rates in water and soil are experimentally measured values as reported in Table
4, whereas the biodegradation rates in aerated sediments and in bulk sediments are the default
values as suggested in TGD (TGD, 2003).

The (as)-STP data, as measured by mass balance results and reported in Table 5, are the most
protective ones for all environmental compartments. For the fraction to sludge, the extreme high
value of the range, namely 0.20, was employed (see 4.1.2).

Table 8: Data for exposure calculations

General name Linear Alkylbenzene References
Sulphonate (LAS)

Description (C11.6H24,2)C6H4SO3N8. -
CAS No. 68411-30-3 -
EINECS No. 270-115-0 -
Average molecular weight (g/mole) 342.4 -
Melting point (°C) 277 SIDS, 2005
Boiling point (°C) 637 SIDS, 2005
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Vapour pressure at 25 C° (Pa) 3.107 Lyman, 1985
Water solubility (g/l) 250 IUCLID, 1994
Henry’s constant (Pa-m*/mole) 6.35- 107 Meylan et al., 1991
Octanol-water partition coefficient, log Koy, 3.32 Feijtel et al., 1995b
Organic carbon-water partition coefficient, 9500 Feijtel et al., 1999

Ko (I7kg)

Biodegradation rate in STP

k=1h" (to5=0.693 h)

EU Commission, 1997

Biodegradation rate in river water (primary)

k=0.23h™ (to5=3h)

Fox et al., 2000

Biodegradation rate in soil (primary)

k=0.1 d-l (to,5: 7 d)

Kdchler et al., 1997

Biodegradation rate in oxic sediments

k=0.1d" (to5=7 d)

TGD, 2003

Biodegradation rate in bulk sediments

k=0.01d" (to5=70d)

TGD, 2003

STP removal (%) 99 Waters et al., 1995
Fraction to air by STP 0 Berna et al., 1989
Fraction to water by STP 0.01 Painter et al., 1989

Fraction to sludge by STP 0.20 Cavalli et al., 1993

Di Corcia et al., 1994

Fraction degraded in STP 0.79

4.1.6 PEC calculations

Column A of Table 9 reports values calculated by EUSES v2.1 (EUSES, 2008) on the basis of data
in Table 7 and 8, according to the HERA scenario, considering the tonnage used in household
applications (350 kt/y). In-sewer removal (50%) was not taken into account in this calculation.

Column B of Table 9 was not obtained by modelling but by using monitoring data. The values
given are the high concentrations of the (as)-STP related monitoring findings in each environmental
compartment, as presented in Table 6. The concentrations listed in column B can, thus, be
considered the worst-case PEC of a realistic exposure scenario, excluding, as already said in 4.1.3,
data related to (tf)-STPs and other discharges where LAS concentrations are only a marker of poor
organic matter removal (McAvoy et al., 2003; Dyer et al., 2003). Data in the aquatic compartment
are based on the monitoring results of the European project (Matthijs et al.,1999) and supported by
the high tier modelling exercise of the GREAT-ER project (Fox et al., 2000; Holt et al., 2003).

The results of scenario A (modelling) and B (monitoring) are within a factor of 2 for all the
environmental compartments except for soil. LAS, however, biodegrades during sludge storage,
transport and the waiting period (several months) before its application to soil (Carlsen et al., 2002).
A conservative degradation rate of 50% for the pre-application period would lead to a calculated
soil concentration of 2.8 mg/kggw soil, CloSer to the highest measured ones (1.4 mg/kgaw soil)-

Table 9: Calculated environmental LAS concentrations

A
. B
Modelling of household o
LAS usages LAS monitoring data
Local conc., influent, mg/I 23.7 15
Local conc., effluent, (PEC in STP), mg/I 0.237 0.27
5.56 (50" percentile
Local conc., sludge, 9/kQaw siudge 12.1 15 07((95thppercen;ile))
Local PEC in water, mg/l 0.027 0.047
Local PEC in soil (30 d), mg/kggw soil 10.9 1.4
Local PEC in sediment, mg/Kggw sed. 1.51 5.3
Regional PEC in water, mg/I 0.004 -
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The monitoring data presented in column B were used in the risk assessment.

4.1.7 Bioaccumulation potential

The purpose of the estimation of bioconcentration is to assess whether there is any potential for the
chemical to accumulate in organisms to a high degree and hence, for further transfer up the food
chain.

In the absence of measured data, the bioconcentration potential for fish, based on the lipid solubility
characteristics of chemicals can be estimated based on QSARs (Quantitative Structure Activity
Relationships). Due to the relationship between the bioconcentration of a chemical and its
lipophilicity it is possible to predict the BCF for a particular organic compound from its
octanol/water partition coefficient (K,y). However, bioconcentration predictions based on K, are
restricted to chemicals with a log Koy <3 and >7. Such predictions are not applicable to surfactants
because of their surface active properties. It must be also born in mind that bioconcentration is not a
solely hydrophobicity/diffusion-driven process, and as such organismal (ADME) processes, i.e.
Absorption, Distribution, Metabolism, Excretion, should as well be considered. Chemicals with a
high molecular weight (MW >700) and certain molecular sizes (length, cross sectional diameters)
are not likely to cross the biological membranes and therefore their bioconcentration in fish will be
limited. Similarly, chemicals which can be metabolized (biotransformed) by an organism will not
bioconcentrate to the extent that would be expected if diffusion was the only process involved.
Reliable alternative methods already exist and are being further developed to estimate in vitro the
absorption and biotransforrmation potential of chemicals in fish. These methods will finally limit
the cost of in vivo bioconcentration tests on thousands of chemicals.

Early experimental studies on bioconcentration of LAS were not appropriate because of the
analytical methods based on radio-analysis, which consistently overestimated the parent
concentration present in the aquatic organism and consequently the true bioconcentration (reviewed
by Tolls et al., 1994).

An in depth research project on bioconcentration of surfactants was completed and concluded that
LAS is not bioaccumulative, likely due to biotransformation (metabolic) processes taking place in
the fish, and therefore doesn’t transfer through the aquatic food chain (Tolls, 1998).

LAS was studied employing a flow-through test system, in line with the OECD guidelines, using
Pimephales promelas as test fish. Single homologue and isomer representatives of the commercial
LAS were synthesised and then tested, determining their uptake and elimination rates in fish.
Specific HPLC analysis in the water phase and in the fish body showed that LAS reaches a steady
state concentration in the fish body in about 3 days. Biotransformation contributes to more than
40% of the elimination as shown for the C;,-2-LAS homologue (Tolls et al., 2000). BCF data for
the tested LAS standards ranged between 2 1/kg (6-phenyl C1,LAS) to 990 I/kg (2-phenyl C13LAS),
allowing calculating the potential BCF of any LAS mixture (Tolls et al., 1997). BCFs were also
calculated for the commercial LAS (Cy16 alkyl chain length) and a representative sample found in
river water (Ciog alkyl chain length, see 4.1.3). The respective BCFs were 87 I/kg and 22 I/kg,
indicating that the bioconcentration potential of LAS is low and is decreased by environmental
processes such as biodegradation and absorption (Tolls, 1998).

This has been confirmed recently by Dyer et al. (paper in prep.) and ERASM reports
(www.erasm.org/study.html) evaluating the feasibility of in vitro assays with surfactants, including
C12LAS as prediction tools for their biotransformation and, hence, bioconcentration potential. All
fish liver in vitro systems investigated are capable of transforming rapidly Ci,LAS. The
immortalised hepatocytes are less effective as immortalised cells and tend to loose much of their
specific activity. It can be concluded that biotransformation (metabolic) processes in the fish are
contributing to the lower than predicted bioconcentration potential of LAS in fish.
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Pimephales promelas and three invertebrates species were caged in streams during a C;2LAS
model ecosystem experimental study (Versteeg et al., 2003). Total C;,LAS BCFs for the
investigated species ranged from 9 to 116 I/kg. In general, bioconcentration was affected by isomer
position, exposure concentration, and species. BCF values tended to decrease as isomer position
moved from external (e.g., 2-phenyl) to internal (e.g., 5,6-phenyl). BCFs also decreased as exposure
concentration increased. BCFs for Lumbriculus variegatus exposed to freshwater sediments spiked
with the C;,-2-LAS homologue were measured and found in the range 0.5-4.7 I/kg depending on
the sediment organic content (Maenpaé and Kukkonen, 2006).

Bioconcentration potential estimation: i) ca. 87 I/kg for commercial LAS mixture (Cy16 alkyl
chain length); ii) ca. 22 I/kg for LAS in river water (Ciog alkyl chain length).

4.2 Environmental effects assessment

4.2.1 Ecotoxicity

The toxicity database of the present LAS risk assessment basically refers to that used in the risk
assessments carried out for the aquatic compartment in the Netherlands (AISE/CESIO, 1995; Van
de Plassche et al., 1999a) and to that used in a revisited risk assessment for the terrestrial
environment (Jensen et al., 2007).

Robust summaries and validity ratings based on Klimisch scores have been validated for all studies
during the compilation of this risk assessment and are available (www.lasinfo.org).

4.2.1.1 Aquatic ecotoxicity

The toxicity database for LAS (Kimerle, 1989; SDA, 1991; Painter, 1992; IPCS, 1996) is very rich
and well documented. A comprehensive review of environmental information for the aquatic
compartment that includes all data of the above mentioned literature is the BKH report (BKH,
1993). This report collects 749 records of toxicity data for LAS, specifically collated for an aquatic
environmental risk assessment in the Netherlands (AISE/CESIO, 1995; Feijtel et al., 1995b; Van de
Plassche et al., 1999a). The database covers several taxonomic groups; intra- and inter-species
variability is large, particularly in case of algae. The reason is due to the fact that data refer to
different individual compounds and mixtures of LAS and also to differences in test design as well
as to the large range of species sensitivity.

In the aquatic environment, different homologues and isomers are present. Each of these
components has a different degree of ecotoxicity, with the shorter chain lengths being less toxic
than the longer ones. This trend is illustrated in Table 10, where geometric means of experimental
aquatic toxicities of LAS homologues as extracted from the BKH review (BKH, 1993: list 12) are
compared for two organisms, an invertebrate (Daphnia magna) and a fish (Pimephales promelas).

Table 10: Average measured aquatic toxicity (mg/l) of LAS homologues (BKH, 1993)

Invertebrate (Daphnia magna) Fish (Pimephales promelas)
Alkyl chain

ECso NOEC LCso NOEC
Cuo 16.7 (7) 9.8 (2) 39.6 (4) 14 (1)
Cn 9.2 (17) - 19.8 (4) 6.4 (3)
Ci 4.8 (37) 0.58 (7) 3.2(9) 0.67 (3)
Cis 2.35 (20) 0.57 (1) 1.04 (10) 0.1(1)
Cu 1.5 (13) 0.1(2) 0.5(3) 0.05 (1)
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No. of records in parenthesis

The average chain length of the environmental fingerprint in water of LAS is Cyog (See 4.1.3).
However, the actual ecotoxicity of the environmental fingerprint is probably not the same as the
ecotoxicity associated with this average structure, because toxicity is not linearly related with chain
length. Instead, ecotoxicity increases exponentially with the carbon chain length (see Table 10).
Because of that, the contribution to the overall ecotoxicity of the longer (more toxic) homologues is
probably more than proportional to their percentage in the fingerprint. Hence, the average structure
IS expected to be more ecotoxic than the real fingerprint. To take this into account, a toxicity-
weighted average structure was calculated as shown in Table 11. To avoid influences of
experimental variability, calculated toxicity values, instead of those reported in Table 10, were used
for this exercise, obtained by means of QSAR calculations (Kénemann, 1981). This resulted in a
toxicity weighted average corresponding to a structure of LAS Cj6, instead of the original LAS
fingerprint average Cigs.

Table 11: Toxicity-weighted average structure, LAS Ci; 6

Chain length Homologue Calculated LCs Weight .
CL ) % in finge?print (mg/l) % - 1/%C50 Weight - CL
10 45 12.48 3.6 36
11 30 4.89 6.1 67.1
12 23 1.91 12.0 144.0
13 2 0.75 2.7 35.1
SUM = 24.4 282.2
Toxicity weighted average structure = SUM (weight - CL) / SUM (weight) = 11.6

The ecotoxicity associated with the Cy16 alkyl chain is, thus, expected to be representative of the
overall LAS aquatic fingerprint. Below, all reported aquatic ecotoxicity data are related to, or
normalised (K6nemann, 1981), to this weighted average structure.

Agquatic acute ecotoxicity

Acute toxicity data, selected from the BKH report (BKH, 1993) for the commercial LAS (average
carbon numbers near Cj; ) are summarized in Table 12. Daphnia magna and Pimephales promelas
and Lepomis macrochirus were chosen as representative organisms of the toxicity of invertebrates
and fish. Data for algae refer to various species. The toxicity values are the geometric means of
several records as indicated in parenthesis. However, they were not used directly in the risk
assessment, as higher tier data are available.

Table 12: Aquatic acute test results for commercial LAS

ICs0,; ECs0; LCs0 (Mg/l)

Taxon B
Geometric mean

Algae, 1Cso 9.1 (n=12, SD = +3.9)

Invertebrate (D. magna), ECs 4.1 (n=17,SD = +2.0)

Fish (L. macrochirus), LCsg 41(n=12,SD=+1.7)

Fish (P. promelas), LCsg 3.2(n=4,SD =+1.6)

No. of records in parenthesis with Standard Deviations (SD)

Aquatic chronic ecotoxicity

Chronic toxicity data from the BKH report are summarised in Table 13 (BKH, 1993). These long
term toxicity data are geometric mean NOEC values obtained over fifteen freshwater species and
normalised to the average structure of LASC,; 6 (Van de Plassche et al., 1999a).
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Test durations for algae were 72 to 120 hours, whereas exposure periods of NOECs for crustacean
and fish were at least 21 days. The lowest NOEC is that for the fish Tilapia mossambica (0.25
mg/l). All known literature data were incorporated and the use of a geometric mean allows deriving
sound NOECs, as used in the Dutch risk assessment (Feijtel et al., 1995b). A validity rating of 1 to
2 (Klimisch et al., 1997) can be assigned to all these toxicity data points.

Table 13: Aquatic chronic NOEC data for commercial LAS (BKH, 1993; Van de Plassche et al.,

1999a)
: . NOEC (mg/l
Species End point Geometri(c r?]e;n Range (mg/l)

Chlamydomonas reinhardtii, alga growth 12 (1) -
Chlorella kessleri, alga growth 3.5(1) -
Microcystis sp., alga population density 0.80 (4) 0.05-6.1
Plectonema boryanum, alga growth 15 (1) -
Desmodesmus subspicatus, alga growth 7.7 (4) 0.8-105
Selenastrum sp., alga population density 3.8(9) 0.58-17
Ceriodaphnia sp., crustacean reproduction 3.2(1) -
Daphnia magna, crustacean mobility 1.4 (12) 0.3-6.6
Chironomus riparius, insectum emergence 2.8 (1) -
Paratanytarsus parthenogenica, insectum growth 3.4 (1) -
Danio rerio, fish mortality 2.3 (1) -
Pimephales promelas, fish mortality and others 0.87 (14) 0.5-4.8
Poecilia reticulata, fish reproduction 3.2(1) -
Oncorhynchus mykiss, fish - 0.34 (7) 0.23-0.89
Tilapia mossambica, fish reproduction 0.25 (1) -

No. of records in parenthesis

Since the outcome of the BKH report in 1993, several new chronic studies have become available
with. These studies do not give new insight in the chronic toxicity of LAS. The outcome of these
additional studies are summarised below. All studies described below (Klimish validity rating of 1
and 2) are within the range of values as reported in Table 13.

Chronic (32 days) toxicity tests of C1,LLAS to single species (one fish and three new invertebrates),
caged in model ecosystem streams, were also obtained (Versteeg et al., 2003). The chronic values,
associated to body burden concentrations were: 1 mg/l for the fish Pimephales promelas, 0.27, 0.95,
and >2.9 mg/I for the invertebrates Corbicula fluminea, Hyalella azteca and Elimia sp. respectively.

Two aquatic plant (other than algae) studies were conducted. In the first study (Maki, 1981), the
chornic toxicity of C;16 LAS to the aquatic macrophyte (Elodea canadensis) was determined in a
28 day model ecosystem test. The nominal test concentrations were 0.5, 1.0, 2.0, and 4.0 mg/l and
were confirmed by analytical measurements. Growth inhibition was not observed even at highest
tested concentration (4 mg/l). Growth throughout the exposure period approximately doubled the
initial biomass of the vegetative shoots used at the start of the exposure. Hence, the NOEC was
found to be >4 mg/l. The data are for C1; 6LAS and no normalization is required.

In the second study (Bishop and Perry, 1981; Bishop, 1980; Van de Plassche et al, 1999a), the
duckweed, Lemna minor, was exposed to C;1gLAS. Endpoints included frond count, dry weight,
growth rate and root length after a 7 day exposure period in a flow through study. The measured test
concentrations were 0, 2.1, 3.8, 8, 17 and 34 mg/Il. The resultant EC, value, based on frond number,
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was 0.21 mg/l. The ECs value, also based on frond number, was 2.30 mg/l C115 LAS. Normalizing
the ECy of 0.21 mg/l to C116 LAS results in a final value of 0.30 mg/I.

In a more recent study (Unilever, 2010), fertilized eggs of rainbow trout (Oncorhynchus mykiss,
formerly Salmo gairdneri) were exposed to mean measured concentrations of 0.03, 0.23, 0.35, 0.63,
0.95 and 1.9 mg/l, for 72 days. The responses recorded included the survival of eggs, time to eyed
egg stage, time to hatch, survival and final weight of sac-fry (eleutheroembryos), and time and
extent of swim-up (external feeding). The lowest NOEC value found was 0.23 mg/l based on
survival of eggs exposed from eyed stage, survival of eggs exposed from fertilization, survival of
sac fry, and overall survival from fertilization to swim-up. The data are for C1;6 LAS and no
normalization is required.

Furthermore, a chronic toxicity test (Maki, 1981) with juvenile bluegills (Lepomis macrochirus)
was conducted on Cy, LAS. Fish growth was determined after 28 days exposure in a flow-through
model ecosystem to measured concentrations of 0, 0.5, 1.0, 2.0, and 4.0 mg/l. Results showed that
the growth of juvenile bluegills was not affected at 0.5 and 1.0 mg LAS/I, but was reduced at 2.0
and 4.0 mg/l. At the end of the exposure period, fish at 1.0 mg/l LAS had a biomass of 44 g/m?
compared to 10.5 g/m? for the 2.0 mg/l concentration. Based on these effects on growth rate, the
NOEC was 1.0 mg/l.

Model ecosystem studies

A variety of model ecosystem and mesocosm studies have been conducted on LAS. Many of these
studies have been evaluated and summarized in two papers (Van de Plassche et al., 1999a; Belanger
et al, 2002). NOEC values for standing (lentic) and flowing (lotic) water model ecosystems varied
from 0.12 to 3.5 mg/l. The lowest NOEC value (>0.12 mg/l) was observed in an artificial stream
study (Tattersfield et al., 1995, 1996).

In a specific stretch of the studied mesocosm (rifle zone) and after a prolonged exposure (56 days),
some data appeared to show an exceptional sensitivity of the Gammarus pulex (NOEC = 0.03 mg/l),
clearly an outlier in the sensitivity distribution. An ERASM study (ERASM, 2000) has tentatively
tried to confirm this sensitivity in a 107 days single species laboratory exposure; the NOEC was
significantly higher (0.1 mg/l), but the control mortality was particularly high (22-40%), which
indicates that the study was not valid for risk assessment purposes (Klimish reliability score: 3).

The fate and effects of a C1,LAS homologue has been studied in an experimental stream facility
(ESF) (Belanger et al., 2002). The C;,LAS test substance had a high content (35.7%) of its most
hydrophobic and toxic 2-phenyl isomer. The 56-day ESF study included a representative
community encompassing over 250 taxa. A NOEC of 0.27 mg/l, equivalent to 0.37 mg/l, if
normalised to the commercial C;16LAS structure by QSAR calculations (Kénemann, 1981), was
found. A critical literature review of all mesocosm studies available for LAS (13 studies), including
the Tattersfield et. al. studies, was conducted and concluded that a NOEC value of 0.27 mg/l was a
reliable and robust value protecting aquatic ecosystems (Belanger et al., 2002). A validity rating of
1 can be applied to this toxicity value (Klimish et al., 1997). This value approximates the LTE
(Long-Term Effect) of 0.30 mg/l for LAS present in the DID list (Detergent Ingredient Database) of
the European eco-labelling of laundry detergents (EU Commission, 1999).

Table 14: Results of model ecosytem studies for commerical LAS (Van de Plassche et al., 1999a;
Belanger et al., 2002)

Lowest NOEC range (mg/l)

Mesocosm studies 0.12-0.50 (13)

No. of studies in parenthesis.
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4.2.1.2 Terrestrial ecotoxicity

A large number of LAS toxicity data, both in laboratory and field, are available for the terrestrial
environmental risk assessment. Data refer to the effects of LAS on soil organisms, namely toxicity
to soil plants, soil fauna, soil micro-organisms and microbial soil processes (Kloepper-Sams et al.,
1996; Jensen, 1999; Jensen et al., 2001; Holmstrup et al., 2001a; Elsgaard et al., 2001a).

Using new standard protocols, updated results were obtained to extend the existing toxicity data and
to contribute to an improved terrestrial risk assessment (Krogh et al., 2007; Jensen et al., 2007). All
available data were obtained with the commercial LAS (average alkyl chain length of Ci16). The
soil samples were collected in agricultural field. The soil was coarse with a total C content of about
1.5%, representative of cultivated area in Europe. Considering that the toxicities are mainly driven
by the LAS pore water concentration, the same toxicity weighted average as that in water was used
for the terrestrial and the sediment effects assessments (see par. 4.2.1.1).

The ecotoxicity of surfactants in the terrestrial environment were recently reviewed: eight groups of
the most often used surfactants, representing the three largest classes (anionic, non-ionic and
cationic), were selected and studied. Soil toxicity data in general are limited. Only for one group,
represented by LAS, a full dataset of toxicity is available. The conclusion reported was: “The risk
characterizations estimated for LAS are usually significantly lower than 1, what allows for the
conclusion that the ecological risk of this surfactant in the terrestrial environment is relatively low”
(Liwarska-Bizukojc, 2009).

The range of the acute and chronic test results on LAS are summarised in Table 15 and Table 16
respectively. A first terrestrial risk assessment, using data available at the time, was presented and
discussed at an international workshop (SPT/EPA, 1999) and at a world surfactant Congress (Lokke
et al., 2000; Solbe et al., 2000). The figures presented in Table 15 are indicative of acute effects.
They were not directly used in the present risk assessment, as higher tier data are available. The
figures in Table 16 are a summary of chronic effects, refer to updated results and are used for a
revisited terrestrial risk assessment, as described below (Jensen et al., 2007).

Table 15: Terrestrial acute test results for commercial LAS.

Taxon Range (Ma/Kgary soit)
Plants, ECs 167 — 316
Soil fauna, ECsg 41 - >1000
Micro-organisms, ECs 17 - >1000

Table 16: Terrestrial chronic test results for commercial LAS (Jensen et al., submitted)

Taxon Range (Ma/Kgary soit)
Plants, NOEC or ECyg 52 -200 (12)
Soil fauna, NOEC or ECy 27 - 320 (9)
Micro-organisms, ECyg <8 ->793 (10)

No. of records in parenthesis.

Terrestrial chronic ecotoxicity

Twenty one laboratory chronic data points for plants and soil fauna are available (Jensen et al.,
2007). The values and the most sensitive endpoints for each species are indicated in Table 17.
Following multi-peer reviews, a validity rating of 1 (Klimisch, 1997) can be assigned to all these
chronic toxicity data.
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The twelve data for plants were separated for crop and non-crop species, considering that only the
former ones would be exposed to LAS via sludge application. The toxicity data were critically
analysed reconsidering and consulting the original works. Toxicity results were calculated using
graphical estimations and extrapolations with improved software and methodologies (Jensen et al.,
2007).

The nine data for soil fauna were separated according to three classes: Oligochaetes, Insects and
Arachnids. These toxicity data are basically the ones reported in the previous terrestrial risk
assessment (Jensen et al., 2001) with the exception of the updated results for Aporrectodea
caliginosa, Enchytraeus sp. and Folsomia candida (Krogh et al., 2007). The dataset was combined
to develop a final HCs 5o of LAS in soil (see par. 4.2.2.2).

As a measure of chronic toxicity, when possible, ECyo (equivalent to a no-observed effect
concentration) were preferred to NOEC (no-observed effect concentration). A full discussion on the
relevance of ECy in risk assessments has been reported (Bruce and Versteeg, 1992).

The mixture toxicity of LAS with a PAH, pyrene, towards the micro-arthropod Folsomia sp. was
tested (Holmstrup et al., 1996). No synergistic effects were observed and pyrene bioavailability was
not enhanced by LAS in the experiment conditions. According to the authors, LAS is not likely to
affect the solubility of PAH in soil at levels below its critical micelle concentration and LAS
concentration in soil pore waters are orders of magnitude lower.

Table 17: Plants and soil fauna. Terrestrial chronic toxicity data for commercial LAS (Krogh et al.,
submitted; Jensen et al., submitted)

Species M%Snt ds;r;?:]ttlve Value (mg/kgagw soit)
ECu Extlilag)glgted
Plants, non crop species:
Malvia pusilla growth 110 -
Solanum nigrum growth 120 -
Chenopodium album growth 120 -
Amaranthus retroflexus growth 110 -
Nigella arvensis growth - 52
Galinsoga parviflora growth 55 -
Plants, crop species
Brassica rapa growth 86 -
Avena sativa growth 80 -
Sinapis alba growth 200 -
Sorghum bicolor growth 68 -
Helianthus annuus growth 116 -
Phaseolus aureus growth 126 -
Invertebrates: class oligocheates
Eisenia foetica growth 277 -
Aporrectodea caliginosa reproduction 46 -
Enchytraeus sp. reproduction 27 -
Invertebrates: class insects
Folsomia fimetaria reproduction 108 -
Folsomia candida reproduction 205 -
Isotoma viridis growth 41 -
Hypogastrura assimilis reproduction 100 -
Invertebrates: class arachnids
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Hypoaspis aculeifer reproduction 82 -

Platynothrus peltifer reproduction - 320

Ten chronic soil microbial data points (Table 18) are also available (Jensen et al., 2001; Elsgaard et
al., 2001a).

Table 18: Microbial parameters. Effect of commercial LAS on micro-organisms and microbial
processes in soil (Jensen et al., 2001; Elsgaard et al., 2001a)

Endpoint Incubation (d) EC10 (Mg/KGaw soit)
Ethylene degradation 0.5 9
Ammonium oxidation 7 <8
Dehydrogenase activity 7 22
R-Glucosidase activity 7 47
Iron reduction 7 <8
Cellulolytic bacteria 7 11
Cellulolytic fungi 7 <8
Cellulolytic actinomycetes 7 8
Basal soil respiration 1-9 >793
PLFA content 11 >488

Effects of both chemical- and bio-surfactants on soil biochemical processes are extensively reported
by review papers in literature. Many beneficial applications in microbial, environmental and
agricultural biotechnology, oil processing, enzyme technology and other bioprocessing operations
are described (Cameotra et al., 2004; Van Hamme et al., 2006; Muller et al., 2007; Singh et al.,
2007).

Some key soil physico-chemical and bio-chemical parameters show to be temporarily affected by
sludge amendment of soil (Dunbabin et al., 2006). As to LAS, for example:

- the presence of LAS in agricultural soil stimulated the uptake of N, P and K with a
surfactant dose of 15-30 g/m? Ca and Mg were reduced (Moreno-Caselles et al., 2006); the
average LAS doses in agriculture, however, with anaerobic sludge are much lower (2.8
g/m?) (Schowanek et al., 2007);

- laboratory studies on the growth of isolated soil bacteria cultures in presence of 50 pug/ml
LAS concentration indicate that application of sewage sludge (also wastewater or pesticides
formulations) containing LAS to an agricultural soil could be considered a potential risk for
selected aerobic heterotrophic soil microbiota and their microbial activities (Sanchez-
Peinado et al., 2008).

As LAS degrades rapidly and the sludge integrates in the soil, such effects disappear rapidly. In
addition, it is difficult to distinguish whether any observed effect is due to the sludge organic matter
itself, LAS (ca. 10%, the lowest sludge organic fraction) or other components (e.g. metals) and to
understand whether the disturbance is adverse and permanent. In any case, field studies have never
provided evidence of adverse and permanent impact of LAS in sludge on these parameters.

Specific effects of surfactants, present in municipal wastewaters, considering in particular the main
soil regulatory factors, haven’t been much considered (Muller et al., 2006). Regulatory
requirements relevant to “pristine/natural” soil should not be used for agricultural soil that receives
sewage sludge. Again, as already said before, it is also impossible to separate effects related to the
organic carbon of sewage sludge solids itself, and perhaps to other persistent contaminants, from
effects of biodegradable surfactants.
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On the contrary, no significant effects to the microbial community were observed after prolonged
exposure to heterogeneous LAS distributions in agricultural soil following sludge amendment. For
example:

- no effects were observed in the soil even at LAS concentrations >31 g/kQqw siudge (Brandt et
al., 2003);

- LAS at the concentration levels of 22 and 174 mg/kgaqw soit in sandy agricultural soil (worst-
case scenario in terms of high bioavailability and toxicity in the soil environment) was
rapidly degraded (>93% in 4 weeks) and had little or no significant influence of the
functional diversity of aerobic heterotrophic bacterial community (Winther et al., 2003);

- effects of LAS (at concentrations of 10 or 50 mg/l for periods of time up to 21 days) on the
bacterial community of a microcosm system consisted of agricultural soil columns were
evaluated, applying a molecular-based community-level analysis. The structures of three
bacteria communities (Alphaproteo-, Actino- and Acido-bacteria) were analysed. The
conclusions were that the alphaproteobacterial population identified in the work was
enriched in the LAS polluted soil, suggesting its relevant role and ability to biotransform
and degrade LAS. LAS had no remarkable effects on the other two community bacteria,
even when present at concentrations widely exceeding those reached in soil immediately
after sludge application (Sanchez-Peinado et al., 2010).

Micro-organisms and overall soil processes were thus considered protected by the PNEC derived
from the relative higher sensitivity of plants and invertebrates (Brandt et al., 2003; Petersen et al.,
2003) and therefore not considered in the risk assessment.

Field observations are also available (Jensen, 1999; Jensen et al., 2001; Brandt et al., 2003) and are
summarized in Table 19. The application of LAS-containing sludge generally stimulated the
microbial activity and, hence, the abundance of soil fauna and growth of plants. Paddy growth was
stimulated when LAS was <80 mg/kgaw soit (Liang-Qing et al., 2005). It was found that application
of LAS-containing sludge on soil did not produce any short- and long-term adverse effects on
microbial functions and processes or the abundance and diversity of soil invertebrates.

Table 19: Field studies for commercial LAS (Jensen et al. 2001; Figge and Schoberl, 1989)

Taxon Range (mg/KQary soit)
Soil ecosystem, NOEC >15
Biomass, NOEC >16, >27

Selected microbial populations in sandy soils (low organic matter content) surrounding sludge
bands spiked with high levels of LAS were also studied (Brandt et al., 2003). In this study the
observed disturbance of the soil microbial community lasted only two months and was confined to
soil close to sludge, confirming that LAS doesn’t pose any significant threat to the function of the
microbial community in sludge-amended soils. It was concluded that soil LAS concentrations of 5
to 15 mg/kgqw soit are not causing any harm to the soil ecosystem (Jensen et al., 2001). This
conclusion is also consistent with the results of a laboratory agricultural ecosystems study using a
“plant metabolism box” to measure the growth of grass, beans, radishes and potatoes for a period up
to 106 days after application of sludge spiked with radiolabelled LAS material (Figge and Schdéberl,
1989; Figge and Bieber, 1999). At LAS soil concentrations of 16 and 27 mg/kggw soil, N0 significant
uptake and accumulation by plants and no adverse effects on the biomass were observed.

4.2.1.3 Sediment ecotoxicity

The organic carbon content of the sediment may influence the bioavailability and therefore the
toxicity of the test substance. Therefore, for comparison of sediment tests, the organic carbon
content of the test sediment should be within a certain range. The organic carbon content of a
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standard sediment is set to 5 % (TGD, 2003). It is recommended that the organic carbon content of
the test sediments is between these two values. As some of the available data are tested with
sediments that have an organic carbon content that fall outside the ranges, all results are converted
to a standard sediment, which is defined as a sediment with an organic matter content of 5%.
Toxicity information is available for sediments and is summarized in Table 20. A NOEC of 319
mMQ/KQgaw sed.- (Klimish score of 1) was observed for the larvae of a benthic organism, Chironomus
riparius (Pittinger, 1989; Kimerle, 1989). The organic carbon content of the tested sediment was
4.2%. The organic carbon normalized NOEC is 380 mg/kgqw sed.. New toxicity experiments for the
same organism, looking at larval growth and mortality, were performed using two different
sediments spiked with both radiolabelled and unlabelled C;,-2-LAS homologue (Mdaenpédd and
Kukkonen, 2006). After 10-days exposure, NOECs were 362 mg/KQgw sed. and 537 mg/KQaw sed.
(Klimish score of 1). The organic carbon content of the sediments were 1.06% and 1.57%,
respectively. The organic carbon normalized NOECs are 1,710 mg/kgqw seq. fOr both sediments. For
one sediment the NOEC as body residue (measure of internal exposure) was 30 mg/kg larval wet
weight.

A tubificid species, Branchiura sowerbyi, a benthic filter organism, was exposed for a long period
(220 days) to a sediment with LAS concentrations varying from 26 to 7 mg/kggw sed. (Klimish score
of 1, absence of any observed effect) over the exposure period and no effects were observed in any
of the test concentrations (Casellato et al., 1992). While the absence of reported toxicity is
reassuring, it appears that the range of exposure concentrations was too low to derive a toxicity data
directly useful in risk assessment. However, the results of this test do not invalidate the PNEC
calculation. Two freshwater mollusc species, Unio elongatulus and Anodonta cygnea, were exposed
to sediments with LAS concentration >200 mg/kQgw sed. (Klimish score of 2, due to lack on
description of the experimental details) without noticing any adverse effects (Bressan et al., 1989).

Chronic studies were conducted with Lumbriculus variegatus and Caenorhabditis elegans (Comber
et al., 2006). As to the first species, a 28 days NOEC of 81 mg/kggw seq. Was derived for survival,
reproduction and growth, using sediment spiked with radio-labelled material, the organic carbon
content of the sediment was 1.7%. The organic carbon normalized NOEC is 238 mg/KQgw sed.-FOr the
second species, a 3 day NOEC of 100 mg/kgqw seq. Was obtained for egg production, the organic
carbon normalized NOEC is 294 mg/kgqw sed. Both experiments are well described (Klimish score of
1).

LAS sorbed to sediments was assessed for its level and potential perturbations on benthos;
comparative sediment contamination analyses came to the conclusion that LAS risk for both aquatic
and sediment compartment is low (Sanderson et al., 2006).

Table 20: Sediment chronic test results for commercial LAS

Species Most sensitive NOEC | Organic carbon | Organic carbon | References
end point (mg/kgaw| normalized content (%)
sed.) NOEC
(Ma/KYaw sed.)
Chironomus reproduction, 319 380 4.2 Pittinger, 1989
riparius survival Kimerle, 1989
362, 537 1,710 1.06, 1.57 Méenpéaa and
Kukkonen,
2006
Unio elongatulus survival >200 - - Bressan et al.,
Anodonta cygnea survival >200 - - 1989
Lumbriculus survival, 81 238 1.7 Comber et al.,
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variegatus reproduction, 2006
growth

Caenorhabditis egg production 100 294 1.7 Comber et al.,

elegans 2006

It is also worth mentioning the LAS safety in the coastal marine environment.

LAS is highly biodegradable, not only under aerobic conditions in sea water (Leon et al, 2004), but
also under anaerobic conditions in marine sediments (Lara-Martin et al., 2007; Lara-Martin et al.,
2008). Monitoring studies have shown that LAS is only present in coastal sediments close to points
of municipal and industrial discharges (Petrovic et al., 2002).

Laboratory experiments, performed on anoxy marine sediments spiked with 10-50 ppm of LAS,
showed that degradation is feasible reaching a value of 79% in 165 days, with a half-life time of ca.
90 days. The anaerobic process was also observed in the field with several marine sediment
samplings: at anoxy depths in the sedimentary column, LAS concentrations in pore waters
decreased sharply and the biodegradation intermediates (SPC) reached the maxima. These
observations were claimed as the first real evidence of a partial degradation of LAS under anaerobic
conditions (Lara-Martin et al., 2007; Lara-Martin et al., 2008).

Sortion and desorption experiments with two marine sediments were carried out using Cy,-2-LAS
molecule to study its toxicity on a marine mud shrimp, Corophium volutator, in water-only
exposure as well as in spiked sediments (Rico-Rico A et al., 2009). Pore water LCs, values were
calculated in the range 100-700 pg/l. These values are considerably higher than pore water
concentrations for LAS (maximum 15 pg/l) found in marine sediments of coastal areas close to
wastewater discharges (Lara-Martin et al., 2006).

The mud snail Hydrobia ulvae was exposed to marine LAS-spiked sediments: LCs, toxicity values
were comprised between 203 mg/kg (48 h) and 94 mg/kg (9 d) (Hampel et al., 2009). The results
confirm that H. ulvae is an appropriate candidate organism for routine marine sediment toxicity
testing with surfactants.

4.2.1.4 Ecotoxicity to sewage microorganisms

The 3-h ECso of LAS for microorganisms present in the aerobic activated sludge was
experimentally measured at 550 mg/l (Verge et al., 1993; Verge et al., 1996). Assuming an average
content of suspended matter in the activated sludge of 3 g/l, the ECs value corresponds to about
18% LAS in sludge on dry basis (i.e., 183 g LAS/KGaw siudge)-

A consortium of two bacteria (Pantoea agglomerans and Serratia odorifera) was isolated from a
STP sludge. They complement each other in the ability to degrade LAS. Optimizing their culture
growth conditions, complete laboratory mineralization of 200 mg/l LAS was obtained within 48-72
h (Khleifat et al., 2006).

Laboratory toxicities of commercial surfactants were carried out using a specific type of micro
organism isolated from a STP activated sludge (the phosphate-accumulating bacterium:
Acinetobacter junii). The anionic surfactants were the most toxic, with LAS having a 50% growth
inhibition of 0.15-1.8 mg/I (Ivankovic et al., 2009).

A NOEC value of 35 mg/l, normalised to the Ci;6LAS structure, was found for Pseudomonas
putida after a growth inhibition test (Feijtel et al., 1995b).

The microbial population present in the STP activated sludge digesters was not found to be
inhibited even by a high and atypical concentration (30 g/kQaw siuage) OF LAS in sludge (Berna et al.,
1989).

4.2.1.5 Reassurance on absence of estrogenic effects
LAS was also investigated to check whether it could be an endocrine disruptor, using an estrogens-
inducible yeast screen (Routledge et al., 1996; Navas et al., 1999) and the vitellogenin assay with
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cultured trout hepatocytes (Navas et al., 1999). LAS as well as its biodegradation intermediates,
Sulpho Phenyl Carboxylates (SPC), did not display any estrogenic effects.

4.2.2 PNEC calculations

4.2.2.1 Agquatic PNEC

In a previous environmental risk assessment of LAS for the aquatic compartment (VVan de Plassche
et al., 1999a), NOECs for fifteen freshwater species were considered (Table 13), a dataset that
justified the application of a statistical extrapolation method (Aldenberg & Slob, 1993). They were
normalised to the average structure Cq;6 LAS by the use of QSARs. A geometric mean NOEC for
each species was calculated. HCsgso, the median value of the 5™ percentile of the log-normal
distribution including all available NOEC values, was derived and was 0.32 mg/l. This value is in
good agreement with the lowest available freshwater NOEC, found for the fish Tilapia mossambica
(0.25 mg/l).

Various mesocosm studies (Tattersfield et al., 1995; Tattersfield et al., 1996; Belanger et al., 2002)
indicate that the lower limits of mesocosm studies can be considered between 0.12 to 0.5 mg/l.
Following a critical review of all the mesocosm studies, however, it was also concluded that a
NOEC = 0.27 mg/l for a C1,LAS homologue, corresponding to 0.37 mg/l when normalised to the
Ci16 LAS structure, is the most reliable, robust and defendable mesocosms value, to which an
application factor of 1 has to be applied Belanger et al., 2002). The reasons for this are many, but
include:

« presence of a large number of sensitive flora and fauna, accompanied by a high degree of
overall biodiversity (a total of 149 alga species and 6 phylogenetic divisions; 117 benthic
invertebrates including insects, molluscs, crustaceans, and aquatic worms; 77
macroinvertebrate taxa collected in drift; 110 adult insect species);

« 16 weeks of colonization and exposure, longer than single species chronic toxicity tests
represented in the database;

« use of a large array of endpoints, including many that reveal subtle and indirect effects;
endpoints combine relevant environmental aspects of fate (biodegradation, chemical
metabolism, sorption, and exposure verification) with effects (invertebrate, autotrophic and
heterotrophic periphyton);

« the experimental stream facility (ESF) has a long history of biological and chemical data
that has been used to interpret and re-interpret past studies (Belanger et al., 1994, 1995,
2000); two pairs of studies have been conducted to assess repeatability and findings have
been consistent in different years (Belanger, 1992; Belanger et al., 2000 and unpublished
data);

« ESF streams have relatively low levels of variability and are sampled intensively (i.e., at
relatively high levels of replication) (Lowe et al., 1996; Belanger et al., 2000);

« ESF stream population and community structure has been compared to local and regional
flora and fauna to ensure that the ESF communities are representative of sensitive
ecosystems (Belanger et al., 1995; Dyer and Belanger, 1999); ecological investigations of
nutrient dynamics of ESF streams support their being representative of headwater streams at
the relevant discharge levels (Peterson et al., 2001).

It seems reasonable and in agreement with the results on single species to assign a PNEC value of
0.27 mg/l to the PNEC of LAS in the water compartment.
Conclusion: PNEC in water = 0.27 mg/I.

4.2.2.2 Terrestrial PNEC
In a typical disposal scenario, LAS enters soil predominantly via addition of (anaerobic) sewage sludge
to agricultural land.
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Modelling approach: The terrestrial PNEC of LAS can be calculated by using the TGD equilibrium
partitioning method (EqQP - TGD, 2003, Part II: eq. 72, page 117). On the basis of a local PNEC in water
of 0.27 mg/l and assuming a value of 2500 I/kg as partition coefficient between organic matter and
water (see 3.2), a value of 11.9 mg/kgdw soil can be obtained. No additional safety factor is required for
LAS because the substance has a log Kow <5. This value is in the same order of magnitude as the values
derived below based on the all available experimental toxicity results for soil organisms.

Analysis of soil experimental data: In a previous environmental risk assessment carried out for LAS in
the soil compartment (Jensen et al., 2001), the estimation of PNEC, performed for soil fauna and plants
using a data set of twenty three records and applying a statistical extrapolation method (Wagner et al.,
1991), was 4.6 mg/kgdw soil. This PNEC was calculated as the HCsso, the median value of the 5th
percentile of the log-normal distribution, and includes the microbial processes and functions that have
been examined (Jensen et al., 2001).

Comparison with the EqP approach and with available more recent information suggest that this value
can be considered as rather low/conservative. Following an extensive review and update of the plant and
invertebrate ecotoxicological data, and a further interpretation of the relevance of the microbial
endpoints for the functioning of the soil ecosystem, the terrestrial risk assessment of LAS has been
revisited (Jensen et al., 2007). The new PNEC, using a data set of twenty one toxicity values (as
reported in Table 17), was derived at 35 mg/kgdw soil.

The opinion of SCHER (2008) however disagrees with the argument that soil microbial functions (and
with particular reference to iron reduction) are adequately covered by the proposed PNEC of 35
mg/kgdw soil, and considers that an evaluation of the relevance of LAS effects on microbial activity is
essential for a proper PNECsoil derivation. Thus, SCHER considers that the information provided is not
sufficient for justifying the newly proposed PNEC value of 35 mg/kg. In this respect, HERA experts
remark that at present there is no consistent and universally accepted framework of how microbial
species, and in particular single biochemical endpoints, should be included in a soil or sediment risk
assessment for a given chemical. The EU TGD (2003) provides only very basic guidance in this respect,
emphasizing the function of “primary producers” (plants), “consumers” (soil fauna) and “decomposers”
(mainly microbes). Given the enormous diversity and metabolic/genetic flexibility of microbial
communities, and the variability and diversity of potentially measurable microbial endpoints in soil, a
careful interpretation is required. Each result should be evaluated for its true environmental relevance
with respect to the size of the effect, duration, essential soil function impairment, etc.., and not
necessarily the lowest observed number should therefore be retained as a NOEC.

The salt speciation of LAS and the soil type were included in the evaluation and did not significantly
modify the toxicity of LAS to soil organisms (Holmstrup et al., 2001b; Jensen et al., 2001). Dosage of
LAS via sewage sludge, instead, generally reduced the effects for microbial parameters, showing also
recovery potentials for most parameters as a result of prolonged incubation (Elsgaard et al., 2001b).
Disturbance of soil microbial community were confined to soil close to sludge and disappeared after
two months (Brandt et al., 2003). In addition, field observations (Table 19) after experimental sludge
amendment at high application rates concluded that LAS, at an average soil concentration of > 15
mg/kgadw soil, does not seem to be detrimental to the soil ecosystem in the long term (Jensen et al., 2001).
The HERA experts therefore judge that the impact of LAS on the soil community has been adequately
assessed, in particular if one combines the laboratory data with the holistic weight of evidence provided
by available controlled field studies at high LAS levels. These show no impact on ‘ecosystem service’
parameters such as soil fertility and crop yield (see studies reported in Schowanek et al. 2007, where a
probabilistic pan-European risk assessment for LAS in soil is also presented). With respect to the
protection of the agro-ecosystem, reference is also made to discussion on setting protection levels on the
basis of ‘ecosystem services” in the EU Commission document (2012) “Addressing the new challenges
for Risk Assessment”
(http://ec.europa.eu/health/scientific_committees/consultations/public_consultations/scenihr_consultatio
n_16_en.htm)

In conclusion: the PNEC in soil = 35 mg LAS/kgdw soil.
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4.2.2.3 Sludge PNEC

A sludge PNEC, also called sludge quality standard (SQS), of LAS can be back-calculated from the
soil PNEC taking into account the TGD (TGD, 2003) scenario for exposure of sewage sludge on
agricultural soil and the soil PNEC of 35 mg/kgaw soil (Se€ par. 4.2.2.2). A PNEC of 49 g/KQaw siudge
was calculated (for details of its calculation and interpretation we refer to Schowanek et al.,
2007)(%).

Conclusion: PNEC in sludge = 49 9/KQaw sludge-

4.2.2.4 Sediment PNEC

As for soil, sediment PNEC of LAS can be calculated using the TGD equilibrium partitioning
method (TGD, 2003: Part 11, eq. 70, page 113). The resulting PNEC is 14.9 mg/Kggw sed.-

Good quality chronic data on sediment toxicity for LAS are available for five species representing
different living and feeding conditions. An application factor of 10 can be applied to the lowest
available NOEC figure normalized for organic carbon, deriving a conservative PNEC for sediment
of 23.8 mg/Kgdw sed.-

The available sediment toxicity data, as reported in Table 20, in particular those relative to
oligochaetes, well represent the different benthic taxa (Comber et al., 2006) and are recommended
by the European TGD (TGD, 2003) in the sediment testing for the risk assessment of chemicals.
Conclusion: PNEC in sediment = 23.8 mg/Kgw sed.-

4225 STPPNEC

Although the lowest effect concentration is a NOEC value of 35 mg/l, normalised to the C1; sLAS
structure, for Pseudomonas putida after a growth inhibition test, this value will not be taken into
account. Results of the cell multiplication inhibition test with P. putida should only be used for
calculation of the STP PNEC in cases where no other test results employing mixed inocula are
available. As a respiration inhibition test with activated sludge is available, results from this study
will be used to derive the STP PNEC (TGD, 2003). Thus te most relevant reported effective
concentration for STP organisms is the 3-h ECsg value of 550 mg/I for activated sludge. This value
with an application factor of 100 gives a PNEC of 5.5 mg/l, as recommended by the TGD.
Conclusion: PNEC in STPs = 5.5 mg/I.

4.3  Environmental risk assessment
PEC and PNEC values with the corresponding PEC/PNEC ratios are summarized in Table 21.

Table 21: Risk characterization

LAS PEC PNEC PEC/PNEC
Water, mg/I 0.047 0.27 0.17
5.56 (50th percentile 0.11
Sludge, g/kGaw stuage 15.07 (95th percentile) 49 0.31
Sediment, mg/Kggw sed. 5.3 23.8 0.22
STP, mg/l 0.27 5.5 0.05

(") A LAS limit value in sludge of 1.3 g/kguw sudge is actually in force in Denmark (Executive Order 823 DK).
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This assessment shows that the use of LAS in HERA applications results in risk characterisation
ratios (PEC/PNEC) less than one. To demonstrate this, higher tier exposure and effects data were
needed. PEC values were estimated based on monitoring data for each environmental compartment
and PNEC values were based on chronic effects data. This conclusion can be generalized to all LAS
usages in Europe including the non-HERA minor applications, since exposure has been based on
the actual LAS concentrations measured in the various environmental compartments.

5. References

AISE/CESIO (1995), Environmental Risk Assessment of Detergent Chemicals, Proceedings of the
Limelette 111 workshop, November 28-29.

Aldenberg T and W Slob (1993), Confidence limits for hazardous concentrations based on
logistically distributed NOEC toxicity data, Ecotoxicol. Environ. Safety 25: 48-63.

Angelidaki I, AS Mogensen, BK Ahring (2000a), Degradation of organic contaminants found in
organic waste, Biodegradation 11: 377-383.

Angelidaki I, F Haagensen, BK Ahring (2000b), Anaerobic transformation of LAS in continuous
stirred tank reactors treating sewage sludge, 5" World Cesio congress V.2: 1551-1557, Firenze,
Italy.

Anon. 2002. Determination of biodegradability in the modified Sturm test. Infracor GmbH,
Analytical Technical Services, Report No. ST-204/02.

Belanger SE, EM Meiers, RG Bausch (1995), Direct and indirect ecotoxicological effects of alkyl
sulphate and alkyl ethoxysulphate on macroinvertebrates in stream mesocosms, Aquat. Toxicol. 33:
65-87.

Belanger SE, JB Guckert, JW Bowling, WM Begley, DH Davidson, EM LeBlanc, DM Lee (2000),
Responses of aquatic communities to 25-6 alcohol ethoxylate in model stream ecosystem, Aquat.
Toxicol. 48: 135-150.

Belanger SE, JW Bowling, DM Lee, EM LeBlanc, KM Kerr, DC McAvoy, SC Christman, DH
Davidson (2002), Integration of aquatic fate and ecological responses to LAS in model stream
ecosystem, Ecotoxicol. Environ. Safety 52: 150-171.

Belanger SE (1994), Review of experimental microcosm, mesocosm, and field tests used to
evaluate the potential hazard of surfactants to aquatic life and the relation to single species data,
Chp. 17: 299-326, In IR Hill, F Heimbach, P Leeuwangh, P Matthiessen (Editors), Freshwater field
tests for hazard assessment of chemicals, Lewis Publishers, Chelsea, Michigan.

Belanger SE (1992), Use of mesocosms in predicting risk from cationic surfactant exposure, pp.
263-287, In J Cairns, BR Neiderlehner, DB Orvos (Editors), Predicting ecosystem risk, Princeton
Sci. Publishing Co., Princeton, New Jersey.

36



Berna JL et al. (1994), Growth and development in LAB technology, 3rd World Detergent
Conference, Montreux (CH), Ed. A Cahn, NY 1994, AOCS Press.

Berna JL, J Ferrer, A Moreno, D Prats, F Ruiz Bevia (1989), The fate of LAS in the environment,
Tenside Surf. Det. 26: 101-107.

Berna JL, G Cassani, CD Hager, N Rehman, | Lopez, D Schowanek, J Steber, K Taeger, T Wind
(2007), Anaerobic biodegradation of surfactants — Scientific review, Tenside Surf. Det. 44: 312-347.

Berna JL, G Cassani, CD Hager, N Rehman, | Lopez-Serrano, D Schowanek, J Steber, K Taeger,
T Wind (2008), An ERASM review - Anaerobic biodegradation of surfactants, O-EQ7 paper
presented at the 7th World Surfactants Congress in Paris, France: CESIO 2008, 22-25 June, 2.

Bernhard MJ, SD Dyer (2005), Fish critical cellular residues for surfactants and surfactant mixtures,
Environ. Toxicol. Chem. 24: 1738-1744.

BgVV (1999) (Bundesinstitut fiir gesundheitlichen Verbraucherschutz und Veterinarmedizin),
Artzliche Mitteilungen bei Vergiftungen, ISBN 3-931675-59-9.

BIOLAB (1984), Report No. T3R/27.

BIOLAB (1988), Report 7890.

BIOLAB (1983), Report T116/2.

BIOLAB (1989a), Report T00428/4.

BIOLAB (1989b), Report T00430/2.

BIOLAB (1989c), Report No. T00428/13.

Bishop WE (1980), Development and evaluation of a flow-through growth inhibition test with
Duckweed (Lemna minor). Environmental Safety Department. Procter and Gamble Co., Report
Nos. MP8032-11-53, MP8032-62-70, MP8032-72-159.

Bishop WE and Perry RL (1981), Development and evaluation of a flow through growth inhibition
test with Duckweed (Lemna minor). In. Branson DR & Dickson KL, Eds., Aquatic Toxicology and
Hazard Assessment: Fourth Conference. ASTM STP 737. 421-435.

BKH (1993) Consulting Engineers, The use of existing data for estimation of the maximum
tolerable environmental concentration of LAS. Part I: main report. Part 1I: data list, BKH, Delft
(NL), May.

Brandt KK, PH Krogh, J Sorensen (2003), Activity and population dynamics of heterotrophic and

ammonia-oxidising microorganisms in soil surrounding sludge spiked with LAS: a field study,
Environ. Tox. Chemistry 22: 821-829.

37



Bressan M, R Brunetti, S Casellato, GC Fava, P Giro, M. Marin, P Negrisolo, L Tallandini, S
Thomann, L Tosoni, M Turchetto (1989), Effects of LAS on benthic organisms, Tenside Surf. Det.:
26, 148-158.

Brink M (1999), LAS risk assessment for sludge-amended soils. Monitoring data in sludge, p. 27 in
reference SPT/EPA.

Bruce RD and DJ Versteeg (1992), A statistical procedure for modeling continuous toxicity data,
Environ.Tox. Chem. 11: 1485-1494.

Buehler EV, EA Newmann, WR King (1971), Two-year feeding and reproduction study in rats
with LAS, Toxicol. Appl. Pharmacol. 18: 83-91.

Cameotra SS, RS Makkar (2004), Recent applications of biosurfactants as biological and
immunological molecules, Current opinion on Microbiology 7: 262-266.

CAHA (2000), Detergent alkylates. World market, CAHA.

Carlsen L, MB Metzon, J Kjelsmark (2002), LAS in the terrestrial environment, Sci. Total Environ.,
Sci. Total Environ. 290: 225-230.

Casellato S, R Aiello, PA Negrisolo, M Seno (1992), Long-term experiment on Branchiura
sowerbyi (Oligochaeta Tubificidae) using sediment treated with LAS, Hydrobiologia 232: 169-173.

Cavalli L, A Gellera, A Landone (1993), LAS removal and biodegradation in wastewater treatment
plant, Environ. Toxic. Chem. 12: 1777-1788.

Cavalli L, G Cassani, L Vigano, S Pravettoni, G Nucci, M Lazzarin, A Zatta (2000), Surfactants in
sediments, Tenside Surf. Det. 37: 282-288.

Cavalli L, G Cassani, M Lazzarin (1996a), Biodegradation of LAS and AE, Tenside Surf. Det. 33:
158-165.

Cavalli L, L Valtorta (1999a), Surfactants in sludge-amended soil, Tenside Surf. Det. 36: 22-28.

Cavalli L, G Cassani, M Lazzarin, C Maraschin, G Nucci, L Valtorta (1996b), Iso-branching of
LAS, Prolonged “living” biodegradation test on commercial LAS, Tenside Surf. Det. 33: 393-398.

Cavalli L, R Clerici, P Radici, L Valtorta (1999b), Update on LAB/LAS, Tenside Surf. Det. 36:
254-258.

CESIO (2005), Statistics, Brussels.

Chikara Debane (1978), National Hygiene Laboratory, Report on studies on synthetic detergents,
Japan's Science and Technology Agency, October.

CLER (2007), Heinze J, Comments on “Fate, behaviour and effects of surfactants and their
degradation products in the environment” by Dr. Guang

Comber SDW, AU Conrad, S Hoss, S Webb, S Marshall (2006), Chronic toxicity of sediment-

38



associated LAS to freshwater benthic organisms, Environmental Pollution 144: 661-668.

Cresswell DG, GA Baldock, LF Chasseaud, DR Hawkins (1978), Toxicology studies of LAS in
rhesus monkeys: (II) The disposition of '*C LAS after oral or subcutaneous administration,
Toxicology 11: 5-17.

Cross J (1977), Anionic surfactants: chemical analysis, M Dekker (ed.), V.8, 111-115.

CSTEE (1999), Opinion of the scientific Committee on toxicity, ecotoxicity and the environment
(CSTEE)on a proEosed “ready biodegradability” approach to update detergents legislation,
Adopted at the 12" CSTEE plenary meeting, November 25.

Daly LW, RE Shrdder, JC Killeen (1980), A teratology study of topically applied LAS in rats, Fd.
Cosmet. Toxicol. 18: 55-58.

De Wolf W and TCJ Feijtel (1998), Terrestrial risk assessment for LAS in sludge-amended soils,
Chemosphere 36: 1319-1343.

Denger K, AM Cook (1999), LAS bioavailable to anaerobic bacteria as a source of sulphur, J. Appl.
Microbiol. 86: 165-168.

Deksissa T, D De Pauw, PA Vanrolleghem (2004), Dynamic in-stream fate modelling of xenobiotic
organic compounds: a case study of LAS in the Lambro river (Italy), Environ. Toxic. Chem. 23:
2267-2278.

Di Corcia A, F Casassa, C Crescenzi, A Marcomini, R Samperi (1999), Investigation of the fate of
LAS and co products in a laboratory biodegradation test by using LC/MS, Environ. Sci. Technol.
33:4112-4118.

Di Corcia A, R Samperi, A Belloni, A Marcomini, M Zanette, K Lemr, L Cavalli (1994), Riv. It.
Sostanze Grasse LXXI: 467-475.

DIN 38414-8, modified (2008), Test method: Anaerobic degradability under sewage plant
simulation conditions.

Doi J, KH Marks, AJ DeCarvalho, DC McAvoy, AM Nielsen, L Kravetz, ML Cano (2002),
Investigation of an onsite wastewater treatment system in sandy soil: sorption and biodegradation of
LAS, Environ. Toxicol. Chem. 21: 2617-2622.

DTI (1998), Department of Trade and Industry, UK 1998, Home accident surveillance system
including leisure activities, 22™ Annual report.

Dunbabin VM, S McDermott, AG Bengough (2006), Upscaling from rhizosphere to whole root
system: modelling the effects of phospholipid surfactants on water and nutrient uptake, Plant and
Soil 283: 57-72.

Dunphy J, TW Federle, N Itrich, S Simonich, PK Kloepper-Sams, J Scheibel, T Cripe, E Matthijs

(2000), Environ. profile of improved alkyl benzene surfactants, 5th Cesio World Surfactants
Congress V.2: 1489-1497, May-June, Firenze, Italy.

39



Dyer SD and Belanger SE (1999), Determination of the sensitivity of macroinvertebrates in stream
mesocosms through field-derived assessments, Environ. Toxicol. Chem. 18: 2903-2907.

Dyer SD, C Peng, DC McAvoy, NJ Fendiger, P Masscheleyn, LV Castillo, JMU Lim (2003), The
influence of untreated wastewater to aquatic communities in the Balatuin river, The Philippines,
Chemosphere 52: 43-53.

Dyer SD, MJ Bernhard, C Cowan-Ellsberry, E Perdu-Durand, S Demmerle, J-P Cravedi (2008), In
vitro biotransformation of surfactants in fish. Part | - Linear Alkylbenzene Sulfonate (C1,LAS) and
Alcohol Ethoxylate (C13EOg), Chemosphere 72: 850-862.

ECETOC (1994), Special report No. 28. Evaluation of anaerobic biodegradation, ECETOC,
Brussels.

ECOSOL (2005), Statistics, Brussels.

Elsgaard L, SO Petersen, K Debosz (2001a), Effects and risk assessment of LAS in agricultural soil.
1. Short-term effects on soil microbiology, Environ. Tox. Chem. 20: 1656-1663.

Elsgaard L, SO Petersen, K Debosz (2001b), Effects and risk assessment of LAS in agricultural
soil. 2. Effects on soil microbiology as influenced by sewage sludge and incubation time, Environ.
Tox. Chem. 20: 1664-1672.

Elsgaard L, G Pojana, T Miraval, J Eriksen, A Marcomini (2003), Biodegradation of LAS in
sulfate-leached soil mesocosms, Chemosphere 50: 929-937.

EN 14480: 2004. Surface active agents - Determination of anionic surface active agents -
Potentiometric two phase titration method.

ERASM (2007), Anaerobic biodegradation. Review of scientific information, AISE/CESIO,
Brussels.

Erickson LC, A Banerji, TR Fritsh, JL Berna (1996), New solid-bed alkylation technology for LAB,
4th Cesio World Surfactants Congress V.1, 177, Barcelona, Spain.

EU Commission (1997), DGIII, Study on the possible problems for the aquatic environment related
to surfactants in detergents, WRc, EC 4294, February.

EU Commission (1999), Establishing the ecological criteria for the award of the Community
ecolabel to laundry detergents, Official J. of Eur. Communities L187: 52-69, 20 of July.

EUCLID (1994), EU Commission, Data sheet on LAS: CAS No. 68411-30-3, July.

40



EUSES (2008), Version 2.1, European Union System for the Evaluation of Substances. Prepared by
the European Chemicals Bureau (ECB) by the National Institute of Public Health and the
Environment (RIVM), Bilthoven, The Netherlands. Available via ECB, http://ecb.jrc.it

Federle TW and BS Schwab (1992), Mineralisation of surfactants in anaerobic sediments of a
Laundromat wastewater pond, Wat. Res 26: 123-127.

Federle TW and NR Itrich (1997), Comprehensive approach for assessing the kinetics of primary
and ultimate biodegradation of chemicals in activated sludge: application to LAS, Environ. Sci.
Technol. 31: 1178-1184.

Fedtke, Dr. 1991. Mutagenitatsprufung von MARLON AS 3 im in vivo Mikrokerntest an der Maus.
Huls Prufinstitut fur Toxikologie, Report No. MK-91/0026.

Feijtel TCJ, J Struijs, E Matthijs (1999), Exposure modelling of detergent surfactants. Prediction of
90th-percentile concentrations in the Netherlands, Environ.Toxicol. Chem. 18: 2645-2652.

Feijtel TCJ, E Matthijs, A Rottiers, GBJ Rijs, A Kiewiet, A de Nijs (1995a), AIS/CESIO
environmental surfactant monitoring programme. Part 1: LAS monitoring study in "de Meer" STP
and receiving river "Leidsche Rijn", Chemosphere 30: 1053-1066.

Feijtel TCJ and EJ van de Plassche (1995b), Environmental risk characterization of 4 major
surfactants used in the Netherlands, RIVM/NVZ, Report No. 679101 025.

Field JA, LB Barber, EM Thurman, BL Moore, DL Lawrence, DA Peage (1992), Fate of
alkylbenzene sulphonates and dialkyltetralin sulphonates in sewage-contaminated ground waters,
Environ. Sci. Technol. 26: 1140-1146.

Figge K and Bieber WD (1999), Use of LAS containing sewage sludge in agriculture — Fate in the
environment and uptake in plants, SPT/EPA Report 1999, Copenhagen, April, p.14-15.

Figge K and P Schoberl (1989), LAS and the application of sewage sludge in agriculture, Tenside
Surf. Det. 26: 122-128.

Fox KK (2001), Environmental risk assessment under HERA: challenges and solutions, Jorn. Com.
Esp. Deterg. 31: 213-223.

Fox KK, MS Holt, M Daniel, H Buckland, I Guymer (2000), Removal of LAS from a small
Yorkshire stream. Contribution to GREAT-ER project, Sci. Total Environ. 251/252: 265-275.

Fraunhofer (2003), Anaerobic biodegradation of detergent surfactants, Final report for the European
Commission, 308 pp, Fraunhofer-Institut fir Umwelt-, Sicherheits-, Energietechnik UMSICHT,
Oberhausen, Germany.

Fujii T, Y Sakamoto, Y Abe, H Mikurita, K Yuzawa, Hiraga (1977), Pathological examination of rats
fed with LAS for their lifespan, Ann. Rep. Tokyo Metrop. Res Lab. Public Health 28(2): 85-108 (in
Japanese), see: IPCS, 1996.

Gandolfi C, A Facchi, MJ Whelan, G Cassani, G Tartari, A Marcomini (2000), Validation of the
GREAT-ER model in the river Lambro catchment, 5th World Cesio Congress V.2: 1370-1379,
Firenze, Italy.

41


http://ecb.jrc.it/

Garcia MT, E Campos, M Dalmau, | Ribosa, J Sanchez-Leal (2002), Structure-activity relationships
for association of LAS with activated sludge, Chemosphere 49: 279-286.

Garcia MT, E Campos, | Ribosa, A Latorre, J Sanchez-Leal 82005), Anaerobic digestion of LAS:
biodegradation kinetics and metabolite analysis, Chemosphere 60: 1636-1643.

Garcia-a MT, E Campos, M Dalmau, P lllan, J Sanchez-Leal (2006), Inhibition of biogas
production by LAS in a acreening test for anaerobic biodegradability, Biodegradation 17: 39-46.

Garcia MT, Campos E, J Sanchez-Leal, | Ribosa (2006b), Effect of LAS on the anaerobic digestion
of sewage sludge, Water Research 40: 2958-2964.

Gejlsbjerg B, C Klinge, T Madsen (2001), Mineralization of organic contaminants in sludge-soil
mixtures, Environ. Toxic. Chem. 20: 698-705.

Gejlsbjerg B, T Madsen, TT Andersen (2003), Comparison of biodegradation of surfactants in soils
and sludge-ameded mixtures by use of **C-labelled compounds and automated respirometry,
Chemosphere: 50, 321-331.

Gejlsbjerg B, TT Andersen, T Madsen (2004), Mineralization of organic contaminants under
aerobic and anaerobic conditions in sludge-soil mixtures, J. Soils and Sediments 4: 30-36.

Gerike P and W Jasiak (1986), How completely are surfactants biodegraded?, Tenside Surf. Det. 23:
300-304.

Haggensen F, AS Mogensen, | Angelidaki (2002), Anaerobic treatment of sludge: focusing on
reduction of LAS concentration in sludge, Water Sci. Technol. 46: 159-165.

Haigh SD (1996), A review of the interaction of surfactants with organic contaminants in soil,
Sci.Tot. Environ. 185: 161-170.

Hampel M, I Moreno-Garrido, E Gonzales-Mazo, J Blasco (2009), Suitability of the marine
prosobranch anail Hdrobia ulvae for sediment toxicity assessment: A case study with the anionic
LAS, Ecotoxicology and Environmental Safety 72: 1303-1308.

Havermann H and KH Menke (1959), Biological study of the water soluble surface active substances,
Fette, Seifen, Anstrichmittel 61 (6): 429-434.

Heinze J and L Britton (1994), Anaerobic biodegradation: environmental relevance, 3rd World
Conference on Detergents, A. Cahn, 235-239, AOCS, Champaign, IL.

Hennion MC, V Pichon, D Barcelo (1994), Surface water analysis (trace organic contaminants) and
EC regulations, Trends in Analytical Chemistry 13: 361-372.

42



Holmstrup M and PH Krogh (2001a), Effects and risk assessment of LAS in agricultural soil. 3. Sub
lethal effects on soil invertebrates, Environ. Tox. Chem. 20: 1673-1679.

Holmstrup M, PH Krogh, H Lokke, W de Wolf, S Marshall, K Fox (2001b). Effects and risk
assessment of LAS in agricultural soil.4. The influence of salt speciation, soil type, and sewage
sludge on toxicity using the collembolan Folsomia fimetaria and the earthworm Aporrectodea
caliginosa as test organisms, Environ. Tox. Chem. 20: 1680-1689.

Holt MS, J Waters, MHI Comber, R Armitage, G Morris, C Newbery (1995), AIS/CESIO
environmental surfactant monitoring programme. SDIA sewage treatment pilot study on LAS, Wat.
Res. 29: 2063-2070.

Holt MS, KK Fox, M Daniel, H Buckland (2003), LAS and Boron monitoring in four catchments in
the UK contribution to GREAT-ER, The Science of the Total Environment 314-316: 271-288.

Holt MS, M Daniel, H Buckland, KK Fox (2000), Monitoring studies in the UK designed for the
validation of the Geo-referenced exposure assessment tool for European rivers (GREAT-ER), 5th
World Cesio Congress V.2: 1358-1369, Firenze, Italy.

Holt MS, Matthijs E, Waters J (1989), The concentrations and fate of LAS in sludge amended soils,
Wat. Res 23: 749-759.

Howes D (1975), The percutaneous absorption of some ionic surfactants, J. Soc. Cosmet. Chem 26:
47-63.

Huls (1988), Report No. 1387, Unpublished results.

Huls (1993), Report No. AM-93/12, Unpublished data.

Huls (1983a), Report No. 0171, Unpublished data.

Huls (1984a), Report No. 0191, Unpublished results.

Huls (1983b), Report No. 0172, Unpublished results.

Huls (1984b), Report No. 209, Unpublished results.

Huls (1984c), Report No. 0186, Unpublished results.

Huntingdon (1984), Research centre, Report No. 86546D/PEQ 7 AC, Unpublished results.
Huntingdon (1986a), Research centre, Report No. 86546D/PEQ 7 8/AC, Unpublished results.
Huntingdon (1986b), Research centre, Report No. 86400D/PEQ 9/SE, Unpublished results.

Huntingdon (1986¢), Research centre, Report No. 86570D/PEQ 10/SE, Unpublished results.

43



IPCS (1996), LAS and related compounds-AOS and AS. Environmental Health Criteria 169, WHO,
Geneve, CH.

ISO 2271: 1989, Hyamine method for anionic surfactants.

ISO 11734: 1995, Water quality - Evaluation of the "ultimate” anaerobic biodegradability of
organic compounds in digested sludge - Method by measurement of the biogas production.

ISO 13641-1: 2003, Water quality - Determination of inhibition of gas production of anaerobic
bacteria - Part 1: General test.

ISO 13641-2: 2003, Water quality - Determination of inhibition of gas production of anaerobic
bacteria - Part 2: Test for low biomass concentrations.

Itrich NR and TW Federle (1995), Primary and ultimate biodegradation of anionic surfactants under
realistic discharge conditions in river water, SETAC Meeting, Vancouver, Canada.

Ivankovic T, J Hrenovic, | Gudelj (2009), Toxicity of commercial surfactants to phosphate-
accumulating bacterium, Acta Chim. Slov. 56: 1003-10009.

Jacks G, J Forsberg, F Mahgoub, K Palmquist (2000), Sustainability of local water supply and
sewage system. A case study in a vulnerable environment, Ecological Engineering 15: 147-153.

Jensen J (1999), Fate and effects of LAS in the terrestrial environment, Sci. Tot. Environ. 226: 93-
111

Jensen J, H Lokke, M Holmstrup, PH Krogh, L Elsgaard (2001), Effects and risk assessment of
LAS in agricultural soil. 5. Probabilistic risk assessment of LAS in sludge-amended solids, Environ.
Tox. Chem. 20: 1690-1697.

Jensen J, N Schraepen, SR Smith, PH Krogh, DJ Versteeg, A Temara (2007), European risk
assessment of LAS in agricultural soil revisited: Species sensitivity distribution and risk estimates,
Chemosphere 69: 880-892.

Jensen J and P Folker-Hansen (1995), Soil quality criteria for selected organic compounds,
Arbejdsrapport N. 47 fra Miljgstyrelsen, Copenhagen, DK EPA.

Jensen J and SE Jepsen (2005), The production, use and quality of sewage in Denmark, Waste
Management 25: 239-247.

Journal Officiel de la Republique Francaise (1990), Official publication of the French legislation
concerning substances used in dish care products which may come in contact with foods.

Kaestner W (1977), Henkel report No. 770124, Unpublished results.
44



Kaestner W (1987a), Henkel report No. 870150, Unpublished results.
Kaestner W (1987b), Henkel report No. 870553, Unpublished results.
Karsa DR and MR Porter (1995), Biodegradability of surfactants, Chapman & Hall.

Kay JH, FE Kohn, JC Calandra (1965), Subacute oral toxicity of a biodegradable LAS, Toxicol. Appl.
Pharmacol. 7: 812.

Khleifat KM (2006), Biodegradation of linear alkylbenzene sulfonate by a two-member facultative
anaerobic bacterial consortium, Enzyme and Microbial Technology 39: 1030-1035.

Kimerle RA (1989), Aquatic and terrestrial ecotoxicology of LAS, Tenside Surf. Det. 26: 169-176.

Kimerle RA and RD Swisher (1977), Reduction of aquatic toxicity of LAS by biodegradation,
Water Res. 11: 31.

Kloepper-Sams P, F Torfs, TCJ Feijtel, J Gooch (1996), Effects assessments for surfactants in
sludge-amended soils: a literature review and perspectives for terrestrial risk assessment, Sci Tot.
Environ. 185: 171-185.

Koizumi N, R Ninomiya, Y Inoue, T Tsukamoto, M Fujii, Y Yamamoto (1985), Implantation
disturbance studies with LAS in mice, Arch. Environ.Contam. Toxicol. 14: 73-81.

Kdnemann WH (1981), Quantitative structure-activity relationships in fish toxicity studies. Part 1:
relationship for 50 industrial pollutants, Toxicology 19: 209-221.

Krogh PH, CV Lopez, G Cassani, J Jensen, M Holmstrup, N.Schraepen, E Jgrdensen, Z Gavor, A
Temara (2007), Risk assessment of LAS in agricultural soil revisited: I. Robust chronic toxicity
tests for Folsonia candida (Collembola), Aporrectodea caliginosa (Oligochaeta) and Enchytraeus
crypticus (Enchytraeidae), Chemosphere 69: 872-879.

Kichler T and W Schnaak (1997), Behaviour of LAS in sandy soils with low amounts of organic
matter, Chemosphere 35: 153-167.

Lara-Martin PA, A Gomez-Parra, T Kochling, JL Sanz, R Amils, E Gonzalez-Mazo (2007),
Anaerobic degradation of LAS in coastal marine sediments, Environ. Sci. Technol. 41: 3573-
3579.

Lara-Martin PA, A Gomez-Parra, T Kochling, JL Sanz, E Gonzalez-Mazo (2008), Field and
laboratory evidences regarding the anaerobic degradation of LAS, O-E11 paper presented at the
45



7th World Surfactants Congress in Paris, France: CESIO 2008, 22-25 June, 2.

Lara-Martin PA, M Petrovic, A Gomez-Parra, D Barcelo, E Gonzalez-Mazo (2006), Presence of
surfactants and their degradation intermediates in sediment cores and grabs from the Cadiz Bay
area, Environ. Pollution 144: 483-491.

Larson RJ, TM Rothgeb, RJ Shimp, TE Ward, RM Venturello (1993), Kinetics and practical
significance of biodegradation of LAS in the environment, J. Am. Oil Chem. Soc. 70: 645-657.

Larson RJ, TW Federle, RJ Shimp, RM Venturello (1989), Behaviour of LAS in soil infiltration and
groundwaters, Tenside Surf. Det. 26: 116-121.

LAUS (2005a), Determination of the aerobic ready biodegradability of LAS sodium salt in the CO,
evolution test following OECD 301B resp. EU C.4.C, Final report No. AB04120901G605,
02/03/05, Manderling 47, 67433 Neustadt/W (Germany).

LAUS (2005b), Determination of the aerobic ready biodegradability of LAS sodium salt in the
DOC die-away test following OECD 301A resp. EU C.4-A, Final report No. AB04120901G618,
12/09/05, Manderling 47, 67433 Neustadt/W (Germany).

Lee DM, JB Guckert, SE Belanger, TCJ Feijtel (1997), Seasonal temperature declines do not
decrease periphytic surfactant biodegradation or increase algal species sensitivity, Chemosphere 35:
1143-1160.

Leo AJ and C Hansch (1979), Substituent constants for correlation analysis in chemistry and
biology, J Wiley & Sons, New York, NY.

Leon VM, E Gonzalez-Mazo, JM Forja Pajares (2001), Vertical distribution profiles of LAS and
their long-chain intermediate degradation products in coastal marine sediments, Environ. Tox.
Chem. 20: 2171-2178.

Leon VM, C Lopez, PA Lara-Martin, D Prats, P Varo, E Gonzalez-Mazo (2006), Removal of LAS
and their degradation intermediates at low temperatures during activated sludge treatment,
Chemosphere 64: 1157-1166.

Leon VM, A Gomez-Parra, E Gonzalez-Mazo (2004), Biodegradation of LAS and their
degradation intermediates in seawater, Environ. Sci. Tech. 38: 2359-2367.

Leschber R (2004), Evaluation of the relevance of organic micro-pollutants in sewage sludge,
Provisional report, Eds: BM Gawlik and G Bidoglio, European Commission DG JRC Ispra.

Liang-Qing JIA, OU Zi-Qing, O Zhi-Yum (2005), Ecological behaviour of LAS in soil-plant
systems, Pedosphere 15: 216-224.

Liwarska-Bizukojc E (2009), Ecotoxicity of surfactants in the terrestrial environment, Fresenius
Environ. Bulletin 18: 1666-1673.

Lokke H, M Holmstrup, J Jensen (2000), Risk assessment of LAS in the terrestrial environment and
perspectives for other anionic detergents, 5th World Cesio Congress V.2: 1439-1446, May-June,
Firenze, Italy.

46



Leschber R (2004), Evaluation of the relevance of organic micro-pollutants in sewage sludge,
Provisional report, Eds: BM Gawlik and G Bidoglio, European Commission DG JRC Ispra.

Lopez C (2005), Mineralization of LAS under 1ISO 14593/1999: compliance with the Detergent
Regulation 678/2004, Final Report No. 09-2005, Petresa, Madrid, December.

Lowe RL, JB Guckert, SE Belanger, DH Davidson, DW Johnson (1996), An evaluation of
periphyton community structure and function on tile and cobble substrata in experimental stream
mesocosms, Hydrobiologia 328: 135-146.

Lyman WJ (1985), Environmental exposure from chemicals, V.1, pg. 31, Ed. WB Neely, GE Blau,
Boca Raton (FL), CRC Press.

Lyman WJ (1990), Handbook of chemical property estimation methods, Washington DC, Am.
Chem. Soc., pp. 4-9.

Méenpad K and JVK Kukkonen (2006), Bioaccumulation and toxicity of 4-nonylphenol(4-NP) and
3-(2-dodecyl)-benzene sulfonate (LAS) in Lumbricus variegatus (Oligochaeta) and Chironomus
riparius (Insecta), Aquatic Toxicity 77: 329-338.

Maki AW, (1981), A laboratory model ecosystem approach to environmental fate and effects
studies. Environmental Safety Department, Procter & Gamble Company, Company Study No.
67493.

Marchesi JR, WA House, GF White, NJ Russel, IS Farr (1991), A comparative study of the
adsorption of linear alkyl sulfates and LAS on river sediments, Colloids and Surfaces 53: 63-78.

Marcomini A and W Giger (1988), Behaviour of LAS in sewage treatment, Tenside Surf. Det. 25:
226-229.

Marr GA, RJ Lawson, SF Chan (2000), Recent innovation in LAB process technology, 5th Cesio
World Surfactants Congress V.1: 138-146, May-June, Firenze, Italy.

Matthijs E, G Debaere, N. Itrich, P Masscheleyn, A Rottiers, M Stalmans (1995), TW Federle, The
fate of detergent surfactants in sewer systems, Wat. Sci. Tech. 31: 321-328.

Matthijs E and H DeHenau (1987), Determination of LAS, Tenside Surf. Det. 24: 193-199.

Matthijs E, MS Holt, A Kiewiet, GB Rijs (1999), Environmental Monitoring for LAS, AE, AES,
AS, and soap, Environ. Toxicol. Chem. 18: 2634-2644.

47



McAvoy DC, P Masscheleyn, C Peng, SW Morral, AB Casilla, IMU Lim, EG Gregorio (2003), Risk
assessment approach for untreated wastewater using the QUALZ2E water quality model, Chemosphere
52: 55-66.

McAvoy DC, AJ DeCarvalho, AM Nielsen, ML Cano (2002), Investigation of an onsite wastewater
treatment system in sandy soil: modelling the fate of surfactants, Environ. Toxicol. Chem. 21: 2623-
2630.

McAvoy DC, S Dyer, NJ Fendiger, WS Eckhoff, DL Lawrence, WM Begley (1998), Removal of
AE, AES, and LAS in wastewater treatment, Environ. Toxicol. Chem. 17: 1705-1711.

McAvoy DC, WS Eckhoff, RA Rapaport (1993), Fate of LAS in the environment, Environ. Toxicol.
Chem. 12: 977-987.

Meylan WM and PH Howard (1991), Bond contribution method for estimating Henry's law
constant, Environ. Toxicol. Chem. 10: 1283-93.

Michael WR (1968), Metabolism of LAS and alkylbenzenesulphonate in albino rats, Toxicol. Appl.
Pharmacol. 12: 473-485.

Mogensen AS, F Haagensen, BK Ahring (2003), Anaerobic degradation of LAS, Environ. Toxicol.
Chem. 22: 706-711.

Moreno A, J Ferrer, JL Berna (1990), Biodegradability of LAS in a sewer system, Tenside Surf.
Det. 27: 312-315.

Moreno A, J Ferrer (1991), Toxicity towards Daphnia m. during biodegradation of various LAS,
Tenside Surf. Det. 28: 129-131.

Moreno-Caselles J, D Prats, R Moral, MD Perez-Murcia, A Perez-Espinosa, C Paredes, V Leon
(2006), Effects of linear alkylbenzene sulfonates (LAS) in sewage-amended soils on nutrient
content of broccoli plants, Comm. Soil Sci. and Plant Anal. 37: 2605-2614.

Mortensen GK, H Elsgaard, P Ambus, ES Jensen, C Groen (2001), Influence of plant growth on
degradation of LAS in sludge-amended soil, J. Environ. Quality 30: 1266-1270.

Muller K., GN Magesan, NS Bolan (2007), A critical review on the influence of effluent irrigation
on the fate of pesticides in soil, Agric. Ecosyst. Env. 120: 93-116.

48



Navas JM, E Gonzalez-Mazo, A Wenzel, A Gomez-Parra, H Segner (1999), LAS and intermediate
products from their degradation are not estrogenic, Marine Poll. Bulletin 38: 880-884.

Nielsen AM, LN Britton, CE Beall, TP McCormick, GL Russel (1997), Biodegradation of co-
products of commercial LAS, Environ. Sci. Technol. 31: 3397-3404.

Nielsen AM and RL Huddleston (1981), Ultimate biodegradation of LAS and ring carbon, In
Developments in Industrial Microbiology, V.22, Society for Industrial Microbiology.

OECD (1993), Revised guidelines for testing chemicals, OECD, Paris.
OECD TG 307 (2002), Aerobic and anaerobic transformation in soil.
OECD TG 308 (2002), Aerobic and anaerobic transformation in aquatic sediment systems.

OECD TG 311 (2006), Anaerobic biodegradability of organic compounds in digested sludge:
by measurement of gas production.

OECD TG 314 (2008), Simulation tests to assess the biodegradability of chemicals discharged in
wastewater.

Oya M and N Hisano (2010), Decreases in surface activities and aquatic toxicities of linear
alkylbenzene sulfonate and alcohol ethoxylates during biodegradation, J. Oleo Sci. 59: 31-39.
Painter HA (1992), Anionic surfactants, Handbook Environ. Chem. 3: 2-88.

Painter HA and T Zabel (1989), The behaviour of LAS in sewage treatment, Tenside Surf. Det. 26:
108-115.

Painter HA and TF Zabel (1988), Review of the environmental safety of LAS, WRc Report, UK.

Petersen PH (1999), Degradation of xenobiotics by composting, Ramboll, 1999, presented in the
SPT/EPA-1999 workshop, DK.

Petersen SO, K Henriksen, GK Mortensen, PH Krogh, KK Brandt, J Sorensen, T Madsen, J
Petersen, C Gron (2003), Recycling of sewage sludge and household compost to arable land: fate
and effects of organic contaminants and impact on soil fertility, Soil & Tillage Research 72: 139-
152.

49



Peterson BJ, WM Wollheim, PJ Mulholland, JR Webster, JL Meyer, JL Tank, E Marti, WB
Bowden, HM Valett, AE Hershey, WH McDowell, WK Dodds, SK Hamilton, S Gregory, DD
Morrall (2001), Control of nitrogen export from watersheds by headwater streams, Science 292
(5514): 96-90, April 6.

Petrovic M, A Rodriguez Fenandez-Alba, F Borrull, RM Marce, E Gonzalez-Mazo, D Barcelo
(2002), Occurrence and distribution of non-ionic surfactants, their degradation products, and LAS
in coastal waters and sediments in Spain, Environ. Toxicology and Chemistry 21: 37-46.

Pittinger CA, DM Woltering, JA Masters (1989), Bioavailability of sediment-sorbed and aqueous
surfactants to Chironomous riparius (Midge), Environ. Toxicol. Chemistry 8: 1023-1033.

Prats D, B Vazquez, D Zarzo, JL Berna, A Moreno (1993), LAS homologue distribution shift
during waste water treatment and composting, Environ. Tox. Chem. 12: 1599-1608.

Prats D, M Rodriguez, JM Llamas, MA DeLaMuela, J Ferrer, A Moreno, JL Berna (2000a), The
use of specific analytical methods to assess the anaerobic biodegradation of LAS, 5th World Cesio
Congress V.2: 1655-1658, Firenze, Italy.

Prats D, M Rodriguez, MA Muela, JM Llamas, J Ferrer, A Moreno, JL Berna, AM Nielsen, C
Naylor (2000b), Elimination of LAS in sewage biosolids by composting, 5th World Cesio Congress
V.2: 1475-1488, Firenze, Italy.

Prats D, P Vard, M Rodriguez, E Sanz, D Vallejo, C Lopez, R Soto, VM Leon, C Otero, J Ferrer, |
Lopez, G Cassani (2003), The effect of temperature in the aerobic biodegradation of anionic and
nonionic surfactants, 10" Giornate CID, Milano, June 4-6.

Prats D, C Lopez, D Vallejo, P VVard, VM Leon (2006), Effect of temperature on the biodegradation
of LAS and alcohol ethoxylates, J. of Surfactants and Detergents 9(1): 69-75.

Procter & Gamble (1997), Report No. ISC-124-0470, Unpublished results.
Procter & Gamble (1985), Reports No. RCC-2315547, Unpublished results.
Procter & Gamble (1996), Unpublished data.

Procter & Gamble (2001), Unpublished data.

Procter & Gamble (2008), Unpublished results.

Rapaport RA and WS Eckhoff (1990), Monitoring LAS in the environment, Environ. Toxicol.
Chem. 9: 1245-1257.

Rico-Rico A, A. Temara, JLM Hermes (2009), Equilibrium partitioning theory to predict the
sediment toxicity of the anionic surfactant C12-2-LAS to Corophium volutator, Environ.
Pollution 157: 575-581.

Roberts DW (1991), QSAR issues in aquatic toxicity of surfactants, Sci. Total Environ. 109/110:
557-568.

50



Roberts DW (2000), Use of octanol/water partition coefficients as hydrophobicity parameters in
surfactant science, 5™ World Cesio Congress, V. 2: 1517-1524, May-June, Firenze, Italy.

Rodriguez C, G Calvin, C Lally, JM Lachapelle (1994), Skin effects associated with wearing fabrics
washed with commercial laundry detergents, Journal of Toxicology-Cutaneous & Ocular
Toxicology 13: 39-45.

Routledge EJ and JP Sumpter (1996), Estrogenic activity of surfactants and some of their
degradation products assessed using a recombinant yeast screen, Environ. Toxicol. Chem. 15: 241-
248.

Ruffo C, MG Fedrigucci, L Valtorta, L Cavalli (1999), Biodegradation of anionic and nonionic
surfactants by CO; evolution. Acclimated and non acclimated inoculum, Riv. It. Sostanze Grasse
LXXVI: 277-283.

Sanchez Leal J, MT Garcia, R Tmas, J Ferrer, C Bengoechea (1994), Tenside Surf. Det. 31: 253-
256.

Sanchez-Peinado M, J Gonzalez-Lopez, B Rodelas, V Galera, C Pozo, MV Martinez-Toledo,
(2008), Effect of linear alkylbenzene sulfonates on the growth of aerobic heterotrophic cultivable
bacteria isolated from an agricultural soil, Ecotoxicology 17: 549-557.

Sanchez-Peinado M, J Gonzalez-Lopez, V Martinez-Toledo, C Pozo (2010), Influence of LAS on
the structure of Alphaproteobacteria, Actinobacteria, and Acidobacteria communities in a soil
microcosm, Environ. Sci. Pollut. Res. 17: 779-790.

Sanderson H, SD Dyer, BB Price, AM Nielsen, R van Compernolle, M Selby, K Stanton, A
Evans,M Ciarlo, R Sedlak (2006), Occurrence and weight-of-evidence (WOE) risk assessment of
alkyl sulfates, alkyl ethoxysulfates and LAS in river water and sediments, Science of the Total
Environment 368: 695-712.

Sanz E, D Prats, M Rogriguez, A Camacho (2006), Effect of temperature and organic nutrients on
the biodegradation of LAS during the composting of anaerobically sludge from a wastewater
treatment plant, Waste Management 26: 1237-1245.

Sanz JL, M Rodriquez, R Amils, JL Berna, A Moreno (1999), Anaerobic biodegradation of LAS.
Inhibition of the methanogenic process, Riv. It. Sostanze Grasse LXXVI: 307-311.

SCHER (2005) (Scientific Committee on Health and Environmental Risk), Opinion on “Enviromental
risk assessment of non biodegradable detergent surfactants under anaerobic condition”, European
Commission, Directorate C7, 25/11/05.

SCHER (2008) (Scientific Committee on Health and Environmental Risk), “Opinion on anaerobic

degradation of surfactants and biodegradation of non surfactant organic ingredients”, European
Commission, Directorate C7, 26" Plenary, 17/11/2008.

51



Schmitz J (1973), Tenside Surf. Det., 10: 11-13.

Schoberl P, H Klotz, R Spilker, L Nitschke (1994), LAS monitoring, Tenside Surf. Det. 31: 243-
252.

Schoberl P, KJ Bock, L Huber (1988), Okologisch relevante Daten von tensiden Wasch und
Reinigungsmitteln, Tenside Surf. Det. 25: 86-98.

Schonkaes U (1998), LAS-A modern classic surfactant, Chimica Oggi: 9-13, September.
Schowanek D, H David, R Francaviglia, J Hall, H Kirchmann, PH Krogh, S Smith, N Schraepen, S
Smith, T Wildemann (2007), Probabilistic risk assessment for LAS in sewage sludge used on
agricultural soil, Regulatory Toxicology and Pharmacology 49: 245-259.

Schroder FR (1995), Concentrations of anionic surfactants in receiving river-Rine water, Tenside
Surf. Det. 32: 492-497.

SDA (1991), Environmental and human safety of major surfactants. V. 1 Anionic surfactants-Part 1.
LAS, AD Little, Cambridge, MA, USA.

Singh A, JD Van Hamme, OP Ward (2007), Surfactants in microbiology and biotechnology. Part 2.
Application aspects, Biotech. Adv. 25: 99-121.

Smulders E (2002), Laundry detergents, Wiley-VCH Verlag, Weinheim, p.55.

SIDS (2005), Sponsor country: USA, Assessment report on LAS, Revised document submitted on
January 21.

Solbe J, JL Berna, L Cavalli, TCJ Feijtel, KK Fox, J Heinze, SJ Marshall, W de Wolf (2000),
Terrestrial risk assessment of LAS in sludge-amended soils, 5" World Cesio Congress V.2: 1433-
1438, May-June, Firenze, Italy.

SPT/EPA (1999), LAS risk assessment for sludge-amended soils, SPT/EPA Report 1999,
Copenhagen, April.

Steber J and P Wierich (1989), The environmental fate of fatty acid a-sulfomethyl esters, Tenside
Surf. Det. 26: 406-411.

Steber J (1991), Wie vollstanding sind Tenside abbaubar?, Textilvoredulung 26: 348-354.

Swisher RD (1987), Surfactant biodegradation, 2° Edition, Marcell Dekker, New York.

Tabor CF and LB Barber (1996), Fate of LAS in the Mississippi river, Environ. Sci. Technol. 30:
161-171.

52



Takada H, K Mutoh, N Tomita, T Miyadzu, N Ogura (1994), Rapid removal of LAS by attached
biofilm in an urban shallow stream, Wat. Res. 28: 1953-1960.

Tattersfield LJ, GC Mitchel, M Holt, AG Girling, N Pearson, L Ham (1996), LAS: Fate and effects
in outdoor artificial streams and pools. An extended study, Shell Research unpublished results.

Tattersfield LJ, M Holt, AG Girling, GC Mitchel, N Pearson, L Ham (1995), The fate and effects of
LAS in outdoor artificial streams and pools, Shell Research unpublished results.

Temmink H and Klapwijk B (2004), Fate of LAS in activated sludge plants, Water Res. 38: 903-
912.

Terzic S, M Matosic, M Ahel, | Mijatovic (2005), Elimination of aromatic surfactants from
municipal wastewaters: comparison of conventional activated sludge treatment and membrane
biological reactor, Water Science & Technology 51: 447-453.

TGD (2003), Technical Guidance Document on risk assessment in support of Commission
Directive 93/67/EEC on risk assessment for new notified substances, of Commission Regulation
(EC) No. 1488/94 on risk assessment for existing substances and of Directive 98/8/EC of the
European Parliament and of the Council concerning the placing of biocidal products on the market,
EU Commission, Luxembourg. Available via European Chemicals Bureau, http://ecb.jrc.it

THPCPWE (2002), Table of habits and practices for consumer products in western Europe.
Developed by AISE (Association Internationale de la Savonnerie, de la Détergence et des Produits
d' Entretien) within the HERA project.

Tolls J, MP Lehmann, DTHM Sijm (2000), Quantification of in vivo biotransformation of the
anionic C12-2-LASin tathead minnows, Environ. Tox. Chem. 19: 2394-2400.

Tolls J, P Kloepper-Sams, DTHM Sijm (1994), Surfactant bioconcentration. A critical review,
Chemosphere 29: 693-717.

Traina SJ, DC McAvoy, DJ Versteeg (1996), Association of LAS with dissolved humic substances
and its effect on bioavailability, Env. Sci. Technol. 30: 1300-1309.

Trehy ML, WE Gledhil, JP Mieure, JE Adamove, AM Nielsen, HO Perkins, WS Eckhoff (1996),
Environmental monitoring for LAS, DATS and their biodegradation intermediates, Environ.
Toxicol. Chem. 15: 233-240.

Unilever (2010), The chronic toxicity of Linear Alkylbenzene Sulphonate, LAS, to Salmo gairdneri
under continuous flow conditions: 72 day Early Life-Stage test. Safety and Environmental
Assurance Centre, Marshall, S., Report No. CT/MAR/O3RT.

53


http://ecb.jrc.it/

Valtorta L, P Radici, D Calcinai, L Cavalli (2000), Recent development of LAB/LAS, Riv. It.
Sostanze Grasse LXXVII: 73-76.

Van de Plassche EJ, JHM de Bruijn, RR Stephenson, SJ Marshall, TCJ Feijtel, SE Belanger
(1999a), Predicted no-effect concentrations and risk characterization of four surfactants: LAS, AE,
AES, and soap, Environ.Toxicol. Chem. 18: 2653-2663.

Van de Plassche EJ, P Bont, J Hesse (1999b), Exploratory report. Fluorescent whitening agents
(FWASs). National Institute of Public Health and the Environment. The Netherlands. Report No.
601503013.

Van Hamme JD, A Singh, OP Ward (2006), Surfactants in microbiology and biotechnology. Part 1.
Physiological aspects, Biotech. Adv. 24: 604-620.

Venhuls SA and M Mehrvar (2005), Photolytic treatment of aqueous LAS, J. Environ. Sci. Health
40: 1731-1739.

Verge C, A Moreno, J Bravo, J Ferrer, C Bengoechea (1993), Toxicity of LAS vs. activated sludge
of waste water treatment plant and microalgae (Scenedesmus subspicatus), SETAC World Congress,
Lisbon (P).

Verge C and A Moreno (1996), Toxicity of anionic surfactants to the bacterial population of a waste
water treatment plant, Tenside Surf. Det. 33: 323-327.

Vermeire TG, P Van der Poel, RTH Van de Laar, and H Roelfzema (1993), Estimation of
Consumer Exposure to Chemicals. Application of Simple Models, Science of the Total Environment
136:155-176.

Versteeg DJ and JM Rawlings (2003), Bioconcentration and toxicity of C1,LAS to aquatic
organisms exposed in experimental streams, Arch. Environ. Contam. Toxicol. 44: 237-246.

Vinther FP, GK Mortensen, L Elsgaard (2003), Effects of LAS on functional diversity of microbial
communities in soil, Environ. Toxicol. Chem. 22: 35-39.

Wagner C and H Lokke (1991), Estimation of ecotoxicological protection levels from NOEC
toxicity data, Water Res. 25: 1237-1242.

Watari N, K Torizawa, M Kanai, Y Suzuki (1977), Ultrastructural observations of the protective
effect of glycyrrhizin for mouse liver injury caused by oral administration of detergent ingredients
(LAS), J. Clin. Electron. Microscopy (Nihon Rinsho Denshikenbikyo Kaishi) 10(1-2): 121-139.

Waters J, MS Holt, E Matthijs (1989), Fate of LAS in sludge amended soils, Tenside Surf. Det. 26:
129-135.

Waters J and TCJ Feijtel (1995), AISE/CESIO environmental surfactant monitoring programme:
outcome of five national pilot studies on LAS, Chemosphere 30: 1939-1956.

54



Willing A (2008), A new approach for the assessment of anaerobic biodegradability of
surfactants, Lecture given at the 7th World Surfactants Congress in Paris, France: CESIO 2008,
22-25 June, 2.

Ying GG (2006), Fate, behaviour and effects of surfactants and their degradation products in the
environment, Environment International 32: 417-431.

6. Contributors to this report
6.1 Substance team

e Manufacturers of LAS
» ECOSOL (European Center of Studies on LAB-LAS), a CEFIC sector group formed by:
« CEPSA QUIMICA
« SASOL ltaly
+  HANSA GROUP

e Formulators
> PROCTER & GAMBLE

The substance team is in debt with the members of HERA Human Health and Environmental Task
Forces as well as with the Industry coalition for the OECD/ICCA SIDS assessment of LAS for their
valuable comments and suggestions during the preparation of the report.

6.2 HERA environmental task force

AISE

BASF

CIBA Speciality Chemicals
Clariant

Dow Corning

Henkel

CEPSA QUIMICA

Procter & Gamble, Eurocor.
Rhodia

Sasol Germany

Sasol Italy.

Shell Chemicals

Solutia Services International
Solvay

Unilever

55



6.3 Industry coalition for the OECD/ICCA SIDS assessment of
LAS

Colgate
Crompton

Dial

Huntsman

John Adams Associates
Kao

Petresa

Procter & Gamble
Sasol It

Sasol N.A.
Stepan

Venoco

Weinberg Group
YPF

56



