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Preface

This report contains the results of environmenta risk assessment carried out for 4 major surfactants.
The framework of the report is the "Plan of Action - Laundry and Cleaning Products for
Households' agreed between the Dutch Ministry of Housing, Physical Planning and Environment
(VROM) and the Dutch Soap Association (NVZ) in 1990.

Results of the assessment have been extensvely discussed firgt in a project group consisting of J. de
Bruijn (Ministry of Housng, Physical Planning and Environment), T. Fejtd (Procter & Gamble
N.V.), S. Marshdl (Unilever), E. Matthijs (Procter & Gamble N.V.), E. v.d Plassche (Nationa
Ingitute of Public Hedth and Environmentd Protection), R. Schroder (Henkd), M. Stamans
(Procter & Gamble N.V.), R. Stephenson (Shdl B.V.), and J. Struijs (Nationa Ingtitute of Public
Hedlth and Environmental Protection). Theresfter results have been discussed in the Dutch Expert
Group on Environmenta Risks of Cleaning Products conggting of members of industry, government
and scientific organizations.

The authors would dso like to acknowledge the experts of the member companies of the
Asociaion Internationale de la Savonnerie et la Détergence (AlS) and the Comité Européen d
Agents de Surface et Intermédiares Organiques (CESIO) who contributed to the submission of data
and review of this document.



1. INTRODUCTION

The Dutch Soap Association (NVZ) and the Dutch Environmenta Ministry (VROM)
agreed in 1990 on a Voluntary Plan of Action for the next ten years concerning detergents
and the environment. The god of the Ministry was to formulate a plan to evaluate and
potentialy reduce the environmenta burden of detergent and cleaning products taking into
account minimum hygiene needs.

The tota consumption of detergent and cleaning products in the Netherlands accounts for
330,000 tonnesly (or 23 kg/capitalyear). An inventory was made for the individua

ingredient. A priority list of al detergent ingredients (i.e. > 100 tonnesly) was devel oped
in 1991 by the NVZ/RIVM based on aguatic hazard. Removal and ecotoxicity data have
been taken from a report written by the "Hauptausschuss Detergentien” or Standing
Committee on Detergents (Schoerberl et al. 1988), and from the AISCESIO Task
Force "Ecotoxicity Data for Surfactants” Assuming a dilution factor of 10, the NVZ

experts prioritized detergent ingredients on the basis of a PEC/LC50figh VROM and
RIVM (Nationd Ingtitute of Public Hedlth and Environmenta Protection) agreed with the
priority list as presented in Table 1 and suggested that a risk assessment methodology
should be agreed before initiating the assessment of al four ingredients.

Table 1: Ranking on the basis of PEC/LC50 or acute assessment factors.

Ingredient  Tonnage-1991 Remova LCs0 PEC/LC50
tonnesly % mo/L * 1073

LAS 16,154 95 (93-97) 4(32- 9.2 155 (4.0 - 27)

AE 8,934 95 (93 - 98) 4 (0.6 - 460) 8.6 (0.03-77)

AES 3,798 96 (95 - 97) 4(14 - 20) 29 (0.44-10)

SOAP 13,187 95 (94 - 96) 20 (6.7 - 150) 25 (0.27-9)

A Risk Assessment Workshop was organized on 9 April 1992 by NVZ, VROM and RIVM
resulting in an agreed step-wise framework for the risk assessment of the priority surfactants.
The stepwise or tiered PEC/PNEC approach - as described in the Workshop proceedings -
was adopted as the recommended approach. Thisimplies that depending on the PEC/PNEC
ratio, the sequentia test programme or assessment would proceed further, to ensure
adequate protection of the ecosystem. The hierarchy in this tiered gpproach is data-driven,
and ensures that higher qudity data are used beyond the so-called base-set data and
computer predictions.

An industry task force was created to initiate a joint project with an independent consulting
bureau (BKH) to compile and review dl exiging environmenta data on dl priority
surfactants. The member companies are AKZO-Nobel, BASF, Colgate, Condea, Enichem
Augusta, Henkel, Hoechst, Huls, ICI, Unilever, Monsanto, Petresa, Procter & Gamble,
Shdl, Vida and Zeneca BKH collected al available acute, subchronic, and chronic



ecotoxicological company data for LAS, AE, AES, and Soap. All data were criticaly
reviewed by company experts and BKH to present a rationade for a sound database for the
derivation of a Maximum Permissible Concentration. In addition, BKH compiled al existing
studies on sorption characteristics (dudge, sediment, soil); remova during sewage treatment
(OECD confirmatory/monitoring BiAS and/or specific analyses), and environmenta surface
water monitoring studies (BIAS; specific analyses). These reports were the basis for this
excercise and are published as separate background documents.

A joint monitoring programme was initiated with the co-operation of the Ingtitute for Inland
Waer Management and Waste Water (RIZA), the Universty of Amgerdam (UvA),
Nationd Inditute of Public Hedth and Environmental Protection (RIVM), and the Dutch
Soap Asociation (NVZ). The pilot phase of the monitoring programme was initiated (1) to
optimize sampling parameters and sampling datistics and (2) to examine if the monitoring
protocol would be suitable for future sudies. The first phase focused on linear dkylbenzene
sulphonate (LAS) and was executed at one pilot location i.e. "de Meern®, a municipa
sewage trestment plant discharging in the river "Leidsche Rijn". The second phase of the
monitoring progamme included besdes LAS, adso acohol ethoxylates (AE), acohol
ethoxylated sulphates (AES), and soap. This programme was executed at Seven
representative municipal sewage trestment plants across The Netherlands, as chosen by the
Indtitute for Inland Water Management and Waste Water (RIZA). The plants were selected
on the basis of trestment type, ratio of domestic input versus industria input, organic loading,
capacity aswell aslogigtic consderations. Results of this exercise are published as a separate
background document.

Scientific and expert evauation was judged essentid at the comprehensive risk assessment
gtage, by both industry and RIVM/VROM. Regular communication between both parties
has really contributed to the scientific quality and consensus of the risk assessment of al four
priority chemicals.



2. CHAPTER 2: Derivation of 90th Percentile Concentration of
Surfactants at 1000 metre below the sewage outfall.

2.1. Release Estimation.

The release(s) of substances will depend upon the industrial category and use patterns of the
different products/articles containing the substance under consideration (EEC 1993, 19944,
1994b; ECETOC 1993). The HEDSET (Harmonized Electronic Data Set) digtinguishes 3
types of categories, i.e. main category, industrid category and use category (EEC, 1994b).
The release of surfactants used in household detergents and cleaners has been described by
the AIS and was included by the European Commission as "Use Category Document” in the
Environmenta Risk Assessment Technica Guidance Document for New Substances (EEC
1994b). For surfactants the categorization of the rdleaseis asfollows:

Main category = IV or Wide Dispersve Use
Indugtrid category = 6 or public domain
Use category = 9 or cleaning and washing agents

The release or emission agorithm assumes that 100% of the release occurs at the use phase,
with no significant loss at the production, compounding or processing stage.

The wastewater trestment system in The Netherlands covers about 14.8 million inhabitants
and 9 million indudtrid equivaents or atotal of 23 million equivdents. About 2% of this total
capacity is trested mechanicdly, 7% is trested by trickling filters, and 91% is treated by
activated dudge systems (RIZA, 1989a, 1989b). In the present document, it is assumed that
al chemicad substances which enter the waste water stream will pass through a waste water
trestment plant before being discharged into the environment. Given the present Situation in
The Netherlands and the rgpidly evolving Stuation in the European Union this assessment is
seen as representative and conforms to the EC Technica Guidance Documents (EEC,

1994b). Article 4 of Council Directive 91/271/EEC concerning urban waste water treatment
requires Member States, before 31 December 2000, to ensure that urban waste water

discharged from agglomerations of more than 15000 population equivaents shdl be subject
to secondary treatment before being discharged to the environment (EEC, 1991). The
assessment proposed below for the exposure assessment of detergent chemicals only
consders discharge to the environment via biological sewage trestment processes as agreed
among stakeholders (RIVM/VROM/NVZ workshop, 1991) and as specified in the EC

Technical Guidance Document (Figure 1).
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Figure 1: Representation of discharge scenario for detergent chemicals

2.2. Prediction of Concentrationsin Raw Sewage.

The concentration in raw sewage, Ci, of a detergent ingredient can be estimated by:

Ci=X/(Y.Q

Cj = concentration in influent wastewater (mg/L)

X = detergent ingredient consumption on the market (mg/day)
Y = population of market area (number of people)

Q = per capitawastewater flow rate (L/capita/day)

In The Netherlands, having a population of 15.4 million people, the use of detergents and
detergent ingredients is well documented (NVZ, 1994a). The emisson of detergent and
cleaning products/chemicals over the last decades has been compiled by the European
Detergent Industry. This shows that within the last two decades the surfactant consumption
has dropped from 65 grammes/wash to less than 20 grammes/wash. In addition, the tota
chemica use for laundry washing has significantly decreased from about 200 grammes/iwash
to less than 100 grammes/wash in compact powders (NVZ, 1994b).

Similar trends have been observed over the last four years where the consumption of mgor
anionic surfactants decreased up to 15%. Figure 2 illugtrates this for the combined
consumption of surfactants (tonneslyr) in household, industrid and inditutional products
(cleaners and detergents combined).
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Figure 2: Consumption of priority surfactants on Dutch Market

This dlows a direct cdculation of the quantity of detergent ingredient consumed in 1994 per
person per day:

LAS

ManuseLAS: Laundry Detergent Surfactant

The Netherlands = 13 550 tonnes

Per capita consumption: 0.915 kg/cap.year or 2.51 g/cap.day

AE

Manuse Laundry Detergent Surfactant

The Netherlands = 9 703 tonnes

Per capita consumption: 0.656 kg/cap.year or 1.80 g/cap.day

AES

Manuse Laundry Detergent Surfactant

The Netherlands = 3 587 tonnes

Per capita consumption: 0.242 kg/cap.year or 0.664 g/cap.day

SOAP

Manuse Laundry Detergent Surfactant

The Netherlands = 10 675 tonnes

Per capita consumption: 0.721 kg/year or 1.98 g/cap.day

The Central Bureau of Statistics (CBS, 1990) has listed per capita wastewater flow rates
(Q), cdculated from measured flow rates for each treatment plant and the ppulation it
sarved (RIVM/VROM/NVZ Proceedings, 1991). The median Q ranges from 252 to 347
L/capitalday, depending on the size of treatment plant (CBS, 1990). Larger treatment plants



have lower per capita wastewater flow rates than smaler plants. However, as agreed at the
AIS workshop, and specified in EC Technical Guidance Documents, the raw sewage
concentrations were calculated using aflow of 200 L/capita/day (Table 1).

Table 1: Cdculated raw wastewater concentrations.

Tonnage Raw
total Wastewater
ton/yr mg/l
LAS 13 550 125
AETOTAL 9703 9.0
AES 3587 3.3
SOAP 10 675 9.9

The pilot study in The Netherlands (Feijtel et a. 1994) indicated that using dry wesather
sewage flows of 200 L/capitaday - predicted boron concentrations were in good agreement
with measured dry wesather boron concentrations (Table 2). However, measured LAS
concentrations in raw sewage (3.0 - 7.5 mg/L) were found to be sgnificantly lower than
what was predicted on the basis of the annud LAS consumption data The hydraulic
resdence time in most Dutch sewers exceeds 24 hours (RIZA, 1993), due to the low
gradient (i.e. flow) and presence of severd in-line storm tanks before arrival at the sewage
treetment plant. Although it may be expected that certain parts of the sewer will be
anaerobic, between 40 and 60% of the LAS load has been removed/biodegraded in the
sewers and/or in the in-line sorm tanks. In view of (1) the lack of LAS biodegradation
under grictly anaerobic conditions and (2) rapid aerobic biodegradation in activated dudge
and rivers, it can be postulated that aerobic biodegradation - possbly in micro-dtes - isthe
main remova process. Smilar observations on the rapid biodegradadion of LAS in raw
sawage were made by Matthijs et d. (1994) and Moreno et al. (1990).

Table 2: Predicted and measured raw sewage concentrations for LAS and perborates.

1992 -Tonnage | Predicted Messured Messured
ton/yr | dry weather dry weather rainy day
mg/l mg/L mg/L
LAS 16500 |15.9 7.5 3.0
Perborate (NaBO3) 7456 | 0.9 0.9 0.25

2.3. Definition of Commercial Product.

The commercia surfactant is generaly a mixture of various akyl homologues and/or isomers.
In view of differencesin fate and effects of akyl homologues, isomers and/or congeners, it is
deemed necessary to define the commercia product. For linear akyl benzene sulphonate,
the akyl chan digribution ranges from C-10 to C-13 (Table 3) with different phenyl




digtributions according to production process (Table 4). Knowledge of the redive
importance of each process, dlows the caculation of so-caled commercid LAS - with its
typica mean dkyl chain length of 11.6 and typica isomer distribution.

Table 3: Range and typica homologue digtribution of LAB/LAS.

C-10 C-11 C-12 C13
Range (%) 5-15 30-40 20-40 15-30
Typica (%) 13 31 31 25
Table 4: Typicd phenyl position digribution of LAB/LAS
Process 2-phenyl 3-phenyl 4-phenyl 5-phenyl 6-phenyl
HF (%) 18 16 17 24 25
AICI3 (%) 28 19 17 18 18

For dcohal ethoxylates (AE), the mgority of products have an alcohol chain length between
C9 and C18, and an ethoxylate chain length of 3 to 15 units (Table 5). The most common
range of akyl chan length is 12- 15, whereas the ethylene oxide chain varies typicdly from 3
to 10. The proposed ;,-C15/EO3-EO10 split represents the bulk part of NVZ inventory
list (Table5). Figure 2 represents the EO ditribution of one commercid blend.

Table 5: Range of homologue and EO didribution of AEs

Class 1 Class-2 Class-3
< C12 EOx Cl12-Ci15 > C15
EO3- EO10* EOy
Range (%) 10- 30 60 - 80 5-15
Typicd (%) 20 70 10

* Mean didribution - monitoring results may alow further refinement



Figure 2: Typicd EO digribution in commercid AE blend
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Alkyl ether sulphates are primary sulphate esters derived from akyl ethoxylates. For akyl

ether sulphates (AES) - the mgority of products have an dkyl chain length between 12 and
15C atoms, whereas the mean ethoxylate chain length varies between 0.5 and 4 (Figure 3).
The proposed C12-C15/EO.5-EOQ4/S represents the bulk part of NVZ inventory list. Since
it is expected that consderable amounts remain unethoxylated, it will be important to evauate
the mean EO chain length of AES in the environment.

Table 6: Range of homologue and EO didribution of AES

Cl12-C15
EO 0.5- EO 4*
Range (%) 90-100

* Mean digtribution - monitoring results may dlow further refinement



Figure 3: Typica EO didribution in commercial AES blend
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Soap can be regarded as an anionic surfactant - normaly produced from naturd oils and
fats, which are predominantly glyceride esters of fatty acids and which are typicdly
hydrolized under akaline conditions to fatty acids and glycerol. The most common fatty acids
contain 12 to 18 carbon atoms (Table 7). A variable fraction of fatty acids is unsaturated
with one or more double bonds.

Table 7: Range of homologue distribution of soap

Class 1 Class-2 Class-3

<Cl12 Cl2-C18 > C18
Range (%) <5 70- 100 <5
Typicd (%) ? > 90 % ?

2.4. Removal during Sewage Treatment.

The scheme proposed below only considers discharge to the environment via primary and/or
biological sawage trestment processes (Figure 3).
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According to the Technicd Guidance Documents (EEC 1993), wastewater trestment plant
(WWTP) models can be used to estimate remova on the basis of "EC Base Set" data. This
implies that for new chemicds and for numerous exising chemicas, for which nether
laboratory smulation tests of remova nor monitoring deta are available, a caculation method
can be used for estimating €imination during treatmen.

SIMPLETREAT and WWTREAT are two environmental fate models developed to predict
the emisson of chemicdsin conventiond activated dudge wastewater trestment plants. Both
WWTP models were used in a step-wise refinement usng experimenta data where
avallable, and actud operating conditionsin WWTREAT. In addition, WWTREAT has been
verified to alimited extent for detergent chemicas (Cowan et d. 1993).

The gtandard output of both models shows the chemica's concentration in effluent and
dudge, and indicates the rdative amounts degraded and emitted via effluent, dudge and air.
Both models use smilar description of sorption and volatilization.

24.1. SMPLETREAT.

SIMPLETREAT (Struijs et al. 1991) was developed as abox model to assess the probable
fate of the chemicd on the basis of the so-called base-set data as requested by the EEC
upon the natification of new chemicas. SMPLETREAT can be used as a diagnostic tool,
providing regulatory authorities with a quick impression of the emission patterns of achemica
in amunicipal wastewater treatment plant. It requires a minimum data input to caculate air-
water and dudge solids-water partition coefficients. Didribution coefficients are calculated
from solubility, vapour pressure, and octanol-water partition coefficients, or actua measured
partition coefficients can be entered. Biodegradability data and the degree of dissociation or
protonation are the required input data to account for degradation and speciation changes of
the chemicd in the water phase. The biodegradation rate congtant used in SSMPLETREAT



is either 'zero' for non-biodegradable chemicals or 3 tr1 in the agueous phase of activated
dudge, if the chemica passes one of the stringent OECD tests for ready biodegradability’
(OECD, 1981). The plant operating conditions are preset on high, medium and low dudge-
loading conditions, representing the more conservative or worst case trestment conditions for
The Netherlands (Table 8).

Table 8: Operating Conditions of Dutch Wastewater Treatment Plants (CBS, 1988) versus
SIMPLETREAT (Struijs et a. 1991)

DUTCH WASTEWATER TREATMENT PLANTS

MLSS SRT HRT  Sudge Loading Capacity”
(mg/l) (day) (hour) (kg BOD/kg SS.day) % total
Aeration Tank 3.8 12 >10 0.16 39.5
Carrousds 3.6 24 >24 0.05 19.0
Two Step 1t (3.3 (6) (20 (0.98)
2nd 3.9 18 >10 0.11 15.7
Oxidation Tank 3.7 22 >24 0.06 4.7
Oxidation Ditch 3.6 22 >24 0.07 4.1

* Total Capacity = 23,786,000 equivdents

SIMPLETREAT
MLSS SRT HRT Sudge Loading
(mg/) (day) (hour) (kg BOD/kg SS.day)
High Loading - 0.5 1.0 20
Medium Loading - 1.7 31 0.6
Low Loading - 55 10.2 0.18

SIMPLETREAT was run a screening level with the average physico-chemica properties
and biodegradation data for commercial LAS, AE, AES, and soap (BKH report, 1994)
(Table 9). The default rate constant was set on 3 i1 or 72 o1 because dl surfactants are
readily biodegradable, according to the OECD test system (OECD, 1981). In addition, it
should be pointed out that the low loaded scenario was chosen to evaluate the remova of all
four priority surfactants, since these operating conditions reflect most closdy the actud
operating conditions for The Netherlands (Table 8).



Table 9: Input data

Surfactant Didribution Henry'sLaw Readily
Codfficient (L/KQg) Congtant Biodegradable
(Pa m8/mol)
LAS 3500 <1010 yes
AE 1500 <1010 yes
AES 1000 <1010 yes
SOAP 10,000 <10-10 yes

Table 10: Qutput data - Digribution and Fate under low loading conditions (SRT = 5.5
daysand HRT = 10.2 hours)

Surfactant % Sudge % Degraded % Effluent % Remova
LAS 43.8 54.1 21 97.9
AE 29 68.6 24 97.6
AES 22.5 75.0 25 975
SOAP 59.4 38.5 2.1 97.9

Prediction of Effluent Concentrations:

Effluent concentration, G, can be caculated from the influent concentration, G, and the
fraction removed, R, for each treatment type and/or specific Ste, usng the following
equation:

Ce =Ci* (LR)

Table 11: Raw sewage, and Predicted Effluent concentrations of surfactants.

Raw Sewage Removd Effluent Sudge

mg/l % mg/l (gkg)
LAS 125 97.9 0.262 481
AE TOTAL 9.0 97.6 0.216 182
AES 3.3 97.5 0.082 45
SOAP 9.9 97.9 0.208 560




24.2. WWTREAT.

WWTREAT modd (Cowan et d., 1993) was developed to predict the degree of removal
and digtribution of consumer product chemicals among air, treated liquid effluent, and dudge
for primay and activated dudge waste water trestment plants using independently
determined digtribution coefficients and biodegradation rate congtants. The mgjor difference
between this model and previous modeds (Namkung and Rittman, 1987; Struijs et a. 1991)
based on remova of BOD isthat it assumes that the total chemica and not just the dissolved
fraction isavailable for biodegradation (e.g. Shimp et a. 1988).

The rate congtants used are experimentally determined in a batch activated dudge (BAS)
system with a solids concentration of 2500 mg/L, and initia redigtic chemica concentration
of 0.01 to 0.1 mg/L, following a method smilar to that described by Games et d. (1982).
The rate congtant, k, for the dissolved and sorbed chemicdl is assumed to be the same and
equd to the overdl rate constant measured in the BAS systlem. The chemica specific rate
congtant -preferably determined using specific andyticad methodology - as determined in the
BAS system will be used as an input parameter in the modd. At Base-set leve, however,
data on biodegradation rate will be lacking and limited to data from screening
biodegradability tests. Refined laboratory smulation tests will frequently be required to
assess the primary biodegradability of the ingredient during the sewage treatment and to
determine its fate (eg. sorption, biodegradation and voldtilization). At this stage
mathematical modd predictions can be verified and refined to estimate the predicted remova

efficency.

Suitable methods exist for amulating the principal processes in activated dudge sewage
trestment plants in the laboratory. Provided specific andyticad methods for the chemica or
carbon-14 labelled samples are available, much of the above predicted data can be
experimentaly obtained and verified. The data can then be used directly to predict levels of
the test materia in the recaiving environments with reasonable precison athough some loss
of redlism may occur if synthetic wastewater is used in place of domestic sewage.

At the present time, validation work is being performed and until this has been completed the
religbility and limitations of the modds cannot be consdered to have been established.
However, with some provisons WWTREAT can be used to get a better insght into the
possible differences between the fate and digtribution of homologues and/or isomers.

Since WWTREAT can accommodate experimentally determined biodegradation rate
congtants, and since dl plant operating conditions can be independently changed to smulate
any specific plant, the model will be used to compare with actua monitoring deta in this
exercise.  In addition, issues surrounding the varigbility of input parameters (deterministic
error), sructure of the mode (inherent error), and variability of environmental characterigtics
(stochastic error) and their influence on modd output endpoints can be answered at this
sage. Specificdly, information on modd output sengtivity is gathered for a specific chemica



by varying input modd parameters and/or operating conditions (Table 12). The output of this
Monte Carlo smulaion isgiven in Figure 4.

Table 12: Input datarange for LASin WWTREAT sengtivity andyss

Didribution Coefficient Henry'sLaw Measured

(L/Kg) Congtant Biodegradation Rate
(Pam3/moal) Congtant (d-1)

1000 - 4000 <1010 0.5- 4.0

The relative importance of sorption and biodegradation processes is affected by the
combination of chemica properties of the materid i.e. input data. The experimentally derived
input data are the mogt reliable source of the sorption and rate data for LAS. Examples of
the use of laboratory data to derive the parameters for fate models are numerous. For
example, Holysh et d. (1986) used laboratory and field data to parameterize Mackay
fugacity modds for the surfactant LAS. This evadudive sengtivity anadlyss indicates that
WWTREAT predicts an average LAS remova of 98.0 £ 1.7 % for the specified range in
Table 12.

Figur e 4: Two-parameter sengtivity analyss of WWTREAT for LAS
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Smilarly, WWTREAT modd can be used to predict average AE, AES, and soap removal at
screening level. The proposed range of biodegradation and sorption data (Table 13) reflect
1/ actual experimental data, and 2/ expert judgement.



Table 13: Input parametersfor AE, AES, and soap used for WWTREAT

Surfactant AE Mix AESMix Soap Mix

SOL (MGIL) 1 1 1

k (d-1) 05-4 05-4 05-4

Kp (L/kg) 1000 - 3000 1000 - 3000 10 000 - 30 000

Predicted average removd for AE and AESis98.0 + 1.2 %. Predicted remova of soapis
estimated at 99.0 + 0.8 % (Table 14). These mean values and standard deviations were
obtained in a amilar manner to those for LAS. An evadudive sengtivity andyss usng the
sorption and biodegradation congtants from Table 13 was performed usng a Monte Carlo
procedure. The removal figures from Table 14 indicate that the remova of al 4 surfactants
are not dgnificantly different, using the specified input and within the limitations of the modd.

Table 14: Predicted raw sewage and effluent concentrations for LAS, AE, AES, and SOAP.

Raw Mean WWTP WWTP

Sewage Remova Effluent

mg/l + SD% mg/l (range)
LAS 12.5 98.0+ 1.7 0.009 - 0.259
AE 9.0 980+ 1.2 0.008 - 0.096
AES 3.3 98.0+ 1.2 0.004 - 0.064
SOAP 9.9 99.0+ 0.8 0.020- 0.178

Due to preferentid degradation and/or sorption of individual LAS components, the relative
digribution in effluent - as compared to influent - shifts to alower predicted average akyl
chain length, with higher rdative content of internal isomers (Figure 5). Input parameters of
LAS isomershomologues are given in Table 15.

Table 15: Input parameters of LAS used for WWTREAT*

LAS-homologue | C10 C10 Ci11 Ci11 Ci12 C12 C13 C13
isomers ext int ext int ext int ext int
Typicd % 4.9 8.1 11.7 19.3 11.7 19.3 9.5 155
i.e 70% HF 4.4 8.6 10.5 20.5 10.5 20.5 8.5 16.5

30% AICI3 6.1 6.9 14.6 164 |[146 16.4 11.8 13.3
MW 320 320 334 334 348 348 362 362
SOL (mg/l) 20 20 15 15 10 10 5 5
k (d-1)* 2.0 1.33 2.60 1.73 |3.38 2.25 439 293
Kp (L/kg)** 220 220 1000 |1000 |3070 (3070 |9330 |9330
LOGKp 2.3 2.3 3.0 3.0 35 35 4.0 4.0




* Expert Judgement - Distance principle (LAS BKH report, 1994; Larson et a. 1993)
- 30% increase in primary biodegradation rate per akyl chain unit
- 50% increase in primary biodegradation rate for externa phenyl isomers

** Experimentaly derived (Games et d. 1982)

Figure 5: Rdative predicted akyl homologue and isomer didtribution in influent and effluent
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Results are presented in Table 17. Table 17 illudtrates that a relative enrichment of higher
akyl homologues occurs for the dudge compartment. Thisis in contrast to the shift in dkyl
chain length that occurs for the effluent.

Table 17: Sawage Trestment Removal Efficiency of LAS (Predicted with WWTREAT)

Removd Sorption Biodegradation

% % %

LAS C10- ext 91.2 9 83
C10- int 85.8 10 77
Cll-ext 98.3 19 80
Cll-int 97.5 20 77

Cl2- et 99.6 34 66
Cl2-int 99.4 35 64

C13- ext 99.9 50 50



C13-int

99.8

51

49




Table 18: Predicted LAS effluent concentration (ug/L).

LAS C10- |Cl10- |Cl1l1- (C1l1- |Cl2- |Cl1l2- |C13- |C13- |Totd
ex in ex in ex in ex in

dissolved 53 123 23 54 5 12 1 2 272

sorbed 1 3 2 6 2 4 1 2 20

The total LAS concentration leaving the plant is 292 ug/L, which corresponds to an overal
predicted remova of 98%. Assuming a sugpended solids concentrations of 10 mg/L in
effluent and a solids/water partition coefficient of 1000 L/kg, only 6.8% of the tota LAS
concentration is predicted to be associated with the suspended solids. Association with
DOC, raher than adsorption to suspended solids is the driving force in determining
bioavailability (Traina et a. 1994). The log Kqc for the association of C12 LAS with DOC
was reported as 4.83. Therefore at a DOC concentration of 15 mg/L approximately 50% of
the totd LAS will be associated with organic carbon, mainly humic acids (Traina et d.
1994).

2.5. Predicted Concentration in Surface Waters.

Dilution factors are often unknown for each stuation (variability in space and time) and an
arbitrary but redigtic dilution factor (eg. 5, 10, 30) is often assumed to estimate the
concentration of a substancein ariver receiving effluents from a wastewater trestment plant.

- Ce
SDF

=

=3

@

o

Q)
<

|

= tota concentration of substance in surface water immediately below the
outfal of awastewater trestment plant (mg/L)

Ce = concentration of the substance in sewage effluent (mg/L)

gream dilution factor, which equas the stream flow + effluent flow rete at

the plant Site divided by the effluent discharge rate

:

Dilution factors for the discharge of dl municipd wadewater trestment plants in The
Netherlands have been reported (de Greef and de Nijs, 1990). The 10th, 50th, or 90th
percentile dilution factor can be caculated as respectivdly SDF=3, SDF=32, and
SDF=1740 a 1000m below the sawage outfal. To determine the dilution factor by
treatment type, this dilution database can be linked to another sewage database (Nationa
Indtitute of Inland Water and Waste Water Management, RIZA, 1989) which ligts the type
of wastewater trestment gpplied, the number of inhabitants and the industrid equivaents




sarved by each wastewater treatment plant. This linked database is referred to as the
Generic Dutch Modd (GDM).

The predicted surface water concentrations are based on mass inputs and do not account for
instream  sorption, complexation, or degradation, nor for the presence of upsiream
background concentrations. Therefore, further refinement was introduced to account for in-
stream removal and background concentrations.  In-stream processes can be expected to
result in ggnificant changes in concentration and/or in substance form, didtribution, and
bicavailability. In-stream remova data for detergent ingredients have indicated that remova
rates range from 0.5-/1 day 1 (Versteeg et a. 1992, Hennes and Rapaport, 1989). An in-
stream loss rate of 0.7 day 1 for surfactants, Smilar to instream BOD removal rates, might
be used for a firgt evauaion. Smilarly, background concentrations can be entered in the
Generic Dutch Modd to account for up-stream inputs (Figure 6). These background levels
are based on expert judgement.

By using the dilution database, and linking each ste to WWTREAT output, a first etimate
can be obtained of the predicted 90th percentile of total surfacant concentration (ug/L) a
1000m below the sewage outfal (Table 18). The 90th percentile PEC of a ready
biodegradable surfactant at 2000m below the sewage outfall can be calculated with different
in-stream removal rates and compared to a worgt- case Stuation where no in-stream remova
took place. The proposed rates are respectively 0.70 d1 ex. BKH report and 0.14 d1 ex.
USES (WVC, 1994). In addition, it is likely that in-sawer remova will be observed for dl
surfactants, since the rate of primary biodegradation of AE, AES, and soap is comparable to
that of LAS (Matthijs et d. 1994). Matthijs et d. (1994) reported half-lives of respectively
3 and 4 hours for the primary biodegradation of AE and AES in raw sawage. Although
actua raw sewage influent concentrations for LAS, AE, AES and sogp will depend onthe
residence time in the sawer, it is very likely that the average raw sewage concentrations in
most WWTP influents will be a factor 2 to 4 lower than the calculated vaues presented in
Table 1. Therefore, two scenarios are proposed to account for in-sewer removd - i.e. 0
and 50% in-sewer remova. Results are presented in Table 18.

Table18: Predicted 90th percentile of total surfacant concentration (ug/L) a 1000m
beow the sewage outfdl for different in-sawer remova rate and instream

removd rates
Remova LAS-totd AE-totd AES-total SOAP-totd
insewer (%) 0-50 0-50 0-50 0-50
in-stream(rates)
k=0.00 | 52 - 104 ug/L 20 - 40 ug/L 8.5-17 ug/L 15- 30 ug/L
k=0.14 36 - 72 ug/L 14 - 28 ug/L 6- 12 ug/L 10.5- 21 ug/L
k=0.70 20 - 40 ug/L 6.5-13 ug/L 3.5- 7uglL 6- 12 ug/L




Figure 6: Frequency distribution of total surfacant concentration (ug/L) at 1000m below the
sewage outfal in The Netherlands
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Prediction of AES total in The Netherlands
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Similarly, for LAS the 90th percentiles can be further refined according to akyl homologue
and isomer didribution. In this caculdion, it is assumed that no further shifts occur in the
receiving environment. This implies that the modd predictions reflect the isomer and akyl
chain shift from the sawage treatment only.



Table 19: Predicted 90th percentile of total surfacant concentration (ug/L) at 1000m below
the sewage outfal - for both instream removd rates assuming no in-sewer

remova
LAS Cl10-ex | Cl10-in Cll-ex | Cll-in Cl2-ex [ Cl12-in Cl3-ex | Cl13-in TOTAL
k=0.14 14 31 6 15 2 4 0 1 72
k=0.70 7 17 3 8 1 2 0 1 40

The 90th percentile PEC of mean LAS leves in surface waters range from 40 to 72 ug/L,
depending on the assgned instream rate congtants.

2.6. Monitoring Results.

A joint monitoring programme was initiated with the co-operation of the Ingtitute for Inland
Water Management and Waste Water (RIZA), the Univerdty of Amgerdam (UvA),
Nationd Indtitute of Public Hedth and Environmenta Protection (RIVM), and the Dutch
Soap Asociation (NVZ). The pilot phase of the monitoring programme was initiated (1) to
optimize sampling parameters and sampling satigtics and (2) to examine if the monitoring
protocol would be suited for future studies. The first phase focused on linear akylbenzene
sulphonate (LAS) and was executed a one pilot location i.e. "de Meern”, a municipa
sewage trestment plant discharging in the river "Leidsche Rijn" (Feijte et d. 1995).

The second phase of the monitoring programme included besides LAS, dso acohol
ethoxylates (AE), dcohol ethoxylated sulphates (AES), and sogp. This programme was
executed at saven representative municipa sawage treatment plants across The Netherlands,
as chosen by the Ingtitute for Inland Water Management and Waste Water (RIZA) (Table
20).

Table 20: Characterigtics of the sdlected municipa sewage trestment plants.

Ste Type Loading Capacity Domesdtic Organic load
(%) (Inhabitants) | sewage (%) (kg BOD/
kg SS.d)
De Meern carrousdl 80 32,000 90 0.07
Krdingseveer carrousdl 97 293,000 79 0.07
Leystad carrousel 110 92,000 84 (0.07)
Hostermeer aerdion tank 82 132,000 81 0.09
Eindhoven aeration tank 74 557,000 69 0.06
De Stolpen oxydation ditch 100 45,000 70 0.06
Steenwijk aeration tank 55 37,000 90 0.07




The plants were sdlected on the basis of trestment type, ratio of domestic input versus
indudtrid input, organic loading, cepacity as wel as logidic condderations. The
characteristics of the selected plants are described in Table 20.

The monitoring was executed & the 7 municipd sewage treatment plants during three
consecutive days. 24-Hours flow proportiona samples of raw, settled and treasted sewage
were collected usng automatic samplers. All samples were presarved with 3%
formaldehyde (or sodium azide for AE determination by HPLC/derivatisation) and stored at
4°C until andyss. Samples for determining the performance of the various plants were taken
as wel (BOD5, COD, DOC, SS, pH, ammonium, nitrate..). At each plant, information on
domestic inhabitants connected, indudtrial contribution and dailly sewage flows were
recorded in order to predict the surfactant concentrations of the rawv sewage entering the
trestment plants. Boron measurements were performed on al samples to check the vdidity
of the cdculations. At each dte, qudity assurance samples were prepared by standard
additions of known amounts of the various types of surfactants to selected environmenta
samples in order to determine the efficiency of the Storage procedures. In addition, standard
amounts of surfactants were added to a limited number of environmenta samples in the
laboratory prior to the analysisin order to check the efficiency of the andytica procedures.

The environmental samples were andlyzed for the selected surfactants using seate-of-the-art
andyticd methods. Linear akylbenzene sulphonate was andyzed by HPLC with
fluorescence detection (Matthijs and De Henau 1987). Samples of raw and settled sewage
were evgporated, redissolved in methanol and subsequently purified usng a combination of
anion exchange and octadecyl reversed phase chromatography. Samples of treated sewage
(effluent) were passed directly over an octadecyl reversed phase column followed by further
purification by anion exchange prior to HPLC anaysis. Quantification is made using externd
cdibration. The method alows the LAS homologues of interest (C10 to C13). The andytica
recovery of field spikes was generaly in excess of 90%.

The concentration of acohol ethoxylates (AE) in raw and settled sewage samples was
determined using a high performance liquid chromatographic method with UV detection after
derivatisation of the analyte with phenyl isocyanate (Kiewiet 1995). The samples were
pretreated using a combination of solvent sublation in ethyl acetate for the liquid phase and
akaine methanol extraction followed by solvent sublation for the solid phase. The combined
extracts were then further purified usng aumina chromatography prior to HPLC andyss.
Internd standards are used for peak identification. The method alows the determination of
AEs with 12 to 18c carbons in the akyl chain. Quantitation is nade usng an externd
cdibraion curve and assuming an average of nine ethylene oxide units. The recovery of
laboratory spikes of AE averaged 100%. The andytical recovery for field spikes averaged
68%. The concentration of alcohol ethoxylates (AE) in samples of treated sewage (effluent)
was determined using a liquid chromatography coupled to thermospray mass spectroscopy
(Evans et d. 1994). Prior to mass spectroscopic analyss the analyte was concentrated on an
octyl reversed phase column. Quantification was made using a deuterated interna standard.
The method has been validated for the C12 to C15 akyl homologue range and an ethylene



oxide digtribution from EO 2 to EO 18. Thisakyl chainlength range represents about 70% of
the tota commercia materid. The andytica recovery of laboratory and field spikes averaged
79 and 76 % respectively.

The concentration of acohol ethoxy sulphates (AES) in both influent and effluent samples
was determined using a combined liquid chromatography ion Spray mass Spectroscopy
technique. Prior to mass spectroscopic determination the liquid samples were concentrated
over an ethyl reversed phase column. The average recovery of fidd spikes of commercia
materia was 100%. The method was vaidated for the C12 to C15 akyl homologue range
and an ethylene oxide digribution from EO O to EO 8. This dkyl chainlength range
represents about 70% of the tota raw materiad. The species with EO O equates to the
concentration of akyl sulphate (AS).

The concentration of sogp in influent and effluent samples was determined by gas
chromatography with flame ionisation detection. The agueous samples were lyophilized and
the free fatty acids and glycerides were diminated by extraction with petroleum ether. In a
next step, dl fatty acid sdts were converted into the free acid and subsequently methylated
using boron trifluoride and methanol. The fatty acid methyl esters were then extracted with
hexane and analysed by gas chromatography. The method alows sogps with C10 to C18
dkyl chainlength to be determined. The analytica recovery of standard additions of soap
averaged 90% and 60% for influent and effluent samples respectively.

The results of the monitoring study are summarized in Table 21.

Table 21: Range and average WWTP remova and concentrations of LAS, AE, AES, and
s0ap in influent and effluent.

Surfactant Influent Influent | Effluent Effluent | Remova Remova
Range Average | Range Average | Range Average
(mgl) [(mgl) | (ugl) (W) | () (%0)
LAS 34-89 52 19-71 39 98.0- 99.6 99.2
AE (Cl12-C15) | 16-47 3.0 22-13 6.2 99.6 - 99.9 99.8
AES(C12-C15) | 1.2-6.0 32 30-115 6.5 99.3-99.9 99.6
AS (C12-C15) | 01-13 0.6 12-121 5.7 99.0- 99.6 99.2
Soap* 14 - 45 28 91 - 365 174 97.7-99.6 99.1

* 6 out of 7 plants

The data show that the remova of LAS, AE, AES and AS was relatively congant in al
sewage trestment plants studied illugtrating that the plant operating parameters do not
sgnificantly influence the surfactant removad. The andytica data obtained during the various
European pilot studies (Waters and Feijtel, 1995: Chemosphere 30, (10), 1939-1956
AISCESIO / Environmental Surfactants Monitoring Programme: Outcome of five nationd
pilot studies on akyl benzene sulphonate) conducted in the course of 1993 had already



demondirated that the LAS remova was fairly constant across European plants as well. It
must be noted that the infomation on the shift of akylchain lengths for LAS could not be
obtained, mainly due to very low leves in effluent - close to detection limit. The remova of
these surfactants was aways higher than the measured average BOD remova of 98.0%
(96.0 - 99.2%). The mass spectroscopic analyss for AE provided information on the
homol ogue digtribution and on the ethylene oxide chainlength. The measured akyl chainlength
averaged 13.3 with an average ethylene oxide content of 8.2.units. The concentration
reported for AES represents only the ethoxylated materid. The commercid materia contains
up to 20% of non-ethoxylated materid (AS). However, snce AS is aso gpplied asamain
aurfactant eg. in laundry and cleaning applications, the concentretions of AS have been
reported separately. The akyl chainlength of AES in the effluent averaged 12.5 with an EO
chain length of 34. The EO vdue reates to the ethoxylated materid only, excluding any
contribution from AS. The average dkyl chainlength for ASwas 12.3.

The monitoring data confirm the effective removal/degradetion of al mgor priority
aurfactants during sewage trestment. The meesured data derived from this monitoring
programme can be used to further cdibrate the Generic Dutch Modd. This cdibrated
mathematical mode can than further be used to account for spatid and tempora variationsin
the recelving environments and supplement the monitoring data.

Comparison of the measured raw sewage concentations with predicted concentration
provides an esimate of the in-sewer remova for the mgjor surfactants. The predicted raw
sewage concentration is based on the known surfactant consumption, the measured sewage
flows and the domegtic inhabitants connected to the individua sewage treatment plants.
Boron is not removed during sawage treatment and has been used as a tracer. Comparison
of the measured and predicted boron raw sewage concentrations has confirmed the vdidity
of the above predictive procedure. Details of the caculated in-sewer removal data are
provided in Table 22.

Table 22: Comparison of mean predicted and measured raw wastewater concentrations -
based on actua measurements of total surfactant concentrations (7 plants)

Tonnage Predicted Measured In-sawer
total Wastewater Wastewater Remova (%0)
ton/yr (mgl) (mgf) mean
(range)
LAS 13 550 13.7(8.1- 182) 52 (34-89) 50 (10-68)
AE 9703 51 (2.7 - 74) 30 (1.6 - 47) 42 (28-58)
AES 3587 24 (13-35) 32 (12-60) 11 (0-40)
AS 2700 1.8 (0.9 - 2.6) 0.6 (0.1-1.3) 55 (18-85)
Soap 10675 7.9 (4.8-11.6) 28 (14 - 45) -




The comparison of mean predicted vs mean measured raw wastewater concentrations
suggest that about 60% of the LAS isremoved in the sewer. This remova is expected to be
due to a combined action of various mechanisms including adsorption onto suspended solids,
precipitation as cacium sdts and biodegradetion. As shown in the table, the in-sewer
remova varies srongly from one plant to the other. This variaion is rdaed to differencesin
the length of the sawer and travel time and to microbiologica activity in the sewer. The
monitoring data show an in-sewer remova for AE of about 38%. This remova is expected
to be due to a combined action of adsorption and biodegradation. The importance of
biodegradation has been demonstrated in laboratory studies conducted with radiolabelled
test materia (Matthijs et a. 1994). These studies showed a hdf-life for parent AE in raw
sewage of approximately 3 hours. The comparison of the measured concentration with the
predicted concentration indicated an in-sewer remova for AES of 11%. This vaue is low
considering the rapid biodegradation of AES as obtained in laboratory studies conducted
with radiolabelled materid. Cdculated hdf-life for the parent molecule in these sudies
corresponded to about 4 hours (Matthijs et d. 1994). Mot likely the consumption volumes
used for AES, based on the know use in laundry and cleaning applications only,
underestimates the rea consumption. Contributions from other areas such as eg. its use in
shampoos are not well quantified and have not been incorporated. The calculated in-sewer
remova for AS averaged 55%. The predicted concentration of AS was based on the sum of
the consumption volume of AS used as main surfactant (about 2000 ton/year) and the
contribution of AS ddlivered via the AES raw material (about 700 ton/year). For soap the
measured raw sewage concentration is consderably higher than the predicted concentration
based on consumption figures as supplied by NVZ. From figures presented in the use
category document for detergents and household cleaners, it can be concluded that other
sources - like persond care products - may contribute significant amounts (see appendix-1).
Mogt likely the predicted raw sawage concentrations are underestimates which do not
account for potential other sources/uses of soagp. This was a consstent feature for dl plants.
It may also be expected that faity acids are formed in the sewer by hydrolyss of fats and
ails.

Cdibration of influent data with the use of actua mean measured remova data dlow the
further refinement and prediction of 90th percentile concentrations (Table 23) (Figure 7). It
must be noted that measured concentrations from treated effluents, diluted in the recieving
waters are lower that the assumed background concentrations used in Figure 6. In addition,
the dilution database of de Greef and de Nijs (1991) indicates that low dilution discharge
Stuations are hardly affected by background concentrations. The opposite is true for the high
dilution systems (e.g. Lek, Rhine) where kackground or up-sream input determines the
actual exposure concentration. Since the 90th percentile Situation corresponds to a low-
dilution discharge and absence of upstream inputs, the background concentration was set to
zero.



Table 23: Predicted 90th percentile concentration (ug/L) based on actud measured raw

sewage concentrations and and actual measured effluent concentrations. The
90th percentiles have been calculated for different instream remova rates

| n-gtream remova LAS-totd AE-totd AES-tota SOAP-totd
(day-1) (ug/L) (ug/L) (ug/L) (uglL)
k=0.00 9.2 1.3 29 50
k=0.14 6.4 0.9 2.1 35
k=0.70 3.7 0.5 1.2 20

Figure 7: Frequency distribution of total surfacant concentration (ug/L) a 1000m below the
sewage outfal in The Netherlands.
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3. Derivation of maximum permissible concentrations.

3.1. Derivation of Maximum Per missible Concentrations (M PCs).

MPCs for water, sediment or soil are based on ecotoxicologica data. Laboratory as well as
field data can be available. If only single species toxicity data are available extrgpolation
methods are used to derive a MPC. These are described in paragraph 1.1.

Multi species testing and how to incorporate the results of such testsin effect assesment, isa
rapidly evolving field in ecotoxicology the last few years (comprehensive effect assessment).
Until row no completely elaborated strategy is available on how to incorporate these tests in
deriving MPCs. In the present document the following strategy is followed:

- aMPC isderived based on single species toxicity data using extrapolation methods,

- if available, NOECs from multi species tests are compared with the MPC: if both values
differ agnificantly, these differences should be explicable.

- afind MPC is derived. It is redlized that extrapolated single species results as well as
multi species tests do not give the exact vaue of a No Effect Concentration for all
ecosystems. uncertainty in both results is dways present. Therefore an attempt is made
to indicate the uncertainty in this MPC vaue.

Results from fidd studies for LAS, AE, and AES are summarized in Appendix 9.

Ecotoxicologica data for freshwater as well as marine organisms are available. No clear
answer can be given yet to whether these organisms differ in sengtivity to xenobiotics.
Jonkers and Everts (1992) dstate that a generd trend & not distinguishable. In the present
document a procedure according to Slooff (1992) is used: toxicity data for both organisms
are combined for the derivation of a MPC. Only if there are dgnificant differences in
sengtivity between maine and freshwater organisms caused by eg. differences in
bicavailability both data-sets are treated separately.

3.1.1. Extrapolation methods.

In the Netherlands two extrapolation methods are used for deriving MPCs, depending on the
kind (short versus long term) and number of data available:

1. preliminary effects assessment using assessment factors. EPA method,

2. refined effects assessment using Satistical extrapolation methods: a modification of the
method of van Straalen and Denneman (1989) as developed by Aldenberg and Slob
(1993).

These methods are described in detail by Sooff (1992), Aldenberg (1993), and Aldenberg
and Slob (1993). A short description of both methodsis given in the following paragraphs.

3.1.1.1. Preliminary effects assessment.



In the nodified EPA method assessment factors are gpplied on toxicity data. The size of this
factor depends on the number and kind of toxicity data. In Tables 1 and 2 the method is
summarized for aguatic and terrestrid organisms, repectively. The outcome of the method is
cdled an indicative MPC.
In the modified EPA method chronic as well as acute toxicity data are weighted over the
gpecies as follows (Sooff, 1992):
-if for a sngle species severa L(E)C50 or NOEC values are derived for different effect
parameters the lowest is selected,
- if for a single species severa L(E)C50 or NOEC values are derived for the same effect
parameter a geometric mean vaue is caculated.

In addition also acute/chronic ratios are used to derive NOEC vaues. These rétios are
applied only within a taxonomical group.

Table 1. EPA method for aquatic organisms

available information Assessment factor
lowest acute L (E)C50 or QSAR estimate for acute toxicity 1,000
lowest acute L (E)C50 or QSAR estimate for acute toxicity

for minimal algae/crustaceans/fish 100
lowest chronic NOEC or QSAR estimate for chronic toxicity 10°
lowest chronic NOEC or QSAR estimate for chronic toxicity for minimal algae/crustaceans/fish 10

2 this value is subsequently compared to the extrapolated value based on acute L(E)C50 toxicity values. The lowest one is
selected

Table 2. EPA method for terrestrial organisms

available information Assessment factor
lowest acute L (E)C50 or QSAR estimate for acute toxicity 1,000
lowest acute L (E)C50 or QSAR estimate for minimal three representatives of

microbe-mediated processes, earthworms or arthropods and plants 100
lowest chronic NOEC or QSAR estimate for chronic toxicity 102
lowest chronic NOEC or QSAR estimate for chronic toxicity for minimal three representatives

of microbe-mediated processes, earthworms or arthropods and plants 10

2 this value is subsequently compared to the extrapolated value based on acute L(E)C50 toxicity values. The lowest one is
selected

3.1.1.2. Refined effects assessment.



In genera datistica extrgpolation methods work as follows: chronic toxicity deta are log
transformed and fitted according to the distribution function and a prescribed percentile of
that digribution is used as criterion. Until now most authors have set this percentile at 95%.
This means that the NOEC may be exceeded for 5% of the species of the community. The
95% protection level may be regarded as a 'paliticaly’ fixed vaue (Ldkke, 1994). In the
Netherlands the 95% protection level is chosen as a cut-off vaue for deriving a MPC.

Severd digribution functions have been proposed. The EPA (1985) assumes alog-triangular
function, Van Straalen and Denneman (1989) a log-logigtic function, and Wagner and Ldkke
(1991) alog-normd function (OECD, 1992). Aldenberg and Slob (1993) refined the way to
edimate the uncertainty of the 95" percentile by introducing confidence levels. In the
Netherlands the method of Aldenberg and Slob (1993) is used to derive MPCs. In
Appendix 8 aso results using other methods are presented for LAS, AE and AES and soap.

In the method of Aldenberg and Slob (1993) the 95% protection level can be calculated with
a 50% and 95% confidence level. In the Netherlands the MPC is calculated as the former
vaue, i.e. 50% confidence (Sooff, 1992). To indicate the uncertainty in the estimation of the
MPC the 95% protection level with both 50 and 95% confidence is calculated. The method
uses the lowest NOEC per species as input data and is applied when at least 4 long term
NOEC values for different taxonomic groups are available. In the method of Aldenberg and
Slob (1993) long term NOEC vaues used as input data are weighted over the speciesin the
same way as described above for the EPA method.

The method of Aldenberg and Slob (1992) assumes that the NOEC vaues used for
caculation fit the log-logigtic distribution. For checking this assumption the data available are
tesed dSatidicdly with an empiricd digtribution function (EDF): Kolmogorov-Smirnov
D*gort(n) test (D'Agostino, 1986). Only if the NOEC values are not log-logisicaly
digributed at a sgnificance level of 1% and there are no reasons for leaving out outliers the
modified EPA method is applied (Slooff, 1992).

3.1.2. Normalization of toxicity data.

The ecotoxicological data set for LAS, AE and AES congsts of data for test-compounds
differing in number of ethoxylate groups and differing in adkyl chan length. As toxiaty
depends on these characteristics of the chemical sructure, these toxicity data are not
comparable. This means that toxicity data have to be normalized to a specified number of
EO groups and/or a specified akyl chain length. In the present document MPCs for LAS,
AE and AES are derived for compounds representative for the ones present in the agquetic
environment in the Netherlands based on results from a monitoring sudy: LAS: C,,4; AE:
Cis EOs,; AES: G, EOg, (see chapter ). Although the akyl chain length of LAS is
expected to be lower, it was assumed to be equal to commercid product.



Idedly long term NOECs should be normdized usng QSARs for long term toxicity.

However, no reliable long term QSARs are available for surfactants. Therefore, QSARS for

ghort term toxicity have to be used. Normalization is carried out usng the following

procedure:

1. Log K,, is cdculaed for the normaized dructure (i.e. specified compounds
dated above) and the dructure tested using the 'standard’ Leo and Hansch
method (1979) with the modification for branching by Roberts (1989 and 1991).
Roberts developed a method to calculate log K, vaues for surfactants usng a
position-dependent branching factor (PDBF).

An increment of 0.54 is used for a carbon unit based on the 'standard’ Leo and
Hansch method (1979). Based on the work of Roberts an increment of -0.10is  used
for each EO group.

2. ECS0sare cdulated usng the following QSARSs for short term toxicity:

for AE:

log (/EC50) = 0.87 log K,,, + 1.13 (Kdnemann, 1981)

for LASand AES

log (VEC50) = 0.63 log K,,, + 2.52 (Saarikoski and Veluksela, 1982)

Ratios of predicted EC50s for normalized and tested compound are derived.

Long term NOECs with the tested compound are divided by thisratio.

~w

3.2. Maximum Permissible Concentrationsfor LAS, AE and AES and soap

3.2.1. MPC for LAS.

3.2.1.1. Introduction.

Linear dkylbenzene sulfonate (LAS) has the following empiricd formula RC;H,SO;-Na’
where R is an akyl chain. The homologue didtribution corresponding to the average LAS
used in Europe is C,: 915%, C,: 31-36%, C,: 28-32%, C;: 20-24% and C,: <1%
with an average dkyl chain of 11.6 (BKH, 1993a). The phenyl isomer distribution depends
on the production process (BKH, 1993c):

Table 4. Phenyl isomer distribution of LASC,, (BKH, 1993c).

phenyl isomer digtribution in %
HF catdyst AICL, catayst
2 phenyl C,, 18 28
3 phenyl C,, 16 19
4 phenyl C,, 17 17
5 phenyl C,, 24 18

6 phenyl C,, 25 18




Circa 30% and 70% of LAS in Europe is produced usng AICL and HF as catays,
respectively.

A number of reviews are available on the effects of LAS on aguatic organisms (e.g. Kimerle,
1989; Painter, 1992; SDA, 1991 and IPCS, 1993). From these reviews it can be concluded
that LAS must be regarded as one of the mogt intensaly investigated chemicas in the field of
ecotoxicology. The derivation of a MPC for LAS is based on the BKH reports (19933, b).
In the following paragrephs the data-base for LAS is described and discussed.
Subsequently, aMPC is derived.

3.2.1.2. Ecotoxicological effects of LAS on aquatic organisms.

3.2.1.2.1. Short term effects.

The acute data base for LAS is enormous. in the BKH reports (19934, b) short term data
are presented for agae, crustaceans, insects, molluscs, worms, fish, plants and amphibians
(freshwater as well as sdtwater organisms). For LAS C,,, ;; asummary isgiven in Appendix
1 based on list 2 of the BKH report (1993b).

As sated by BKH the intraspecies variation is dmogt as high as the interspecies variation
(BKH, 1993a). E.g. for Microcystis aeruginosa, Daphnia magna and Pimephales
promelas L(E)C50 vaues are 0.09-32, 0.26-55 and 0.40-100 mg/l, respectively. These
huge ranges are caused by differences in the LAS compounds tested with respect to akyl
chain length and/or phenyl isomer didtribution and differencesin test design. So, the variability
of short term data does not exclusvely reflect the diveraity of species sengtivity (Blok and
Bak, 1993). If the geometric mean value per species is calculated the interspecies variation
decreases considerably, as can be seenin Table 5.

Table 5. Geometric mean short term L (E)C50 values (mg/l) for speciesfor which morethan
4 data are available (BKH, 1993a).

species geometric mean L(E)C50 (mg/l) n
Microcystis aeruginosa 5.7 5
Selenastrum capricornutum 24 12
Daphnia magna 4.7 139
Gammarus pulex 6.2 25
Mysidopsis bahia 17 6
Penaeus duorarum 49 5
Carassius auratus 9.5 46
Lepomis macrochirus 3.0 88
Leuciscus idus melonatus 29 11
Oncorhynchus mykiss 3.0 10

Oryzas latipes 13 5



Pimephales promelas 3.2 35
Poecilia reticulata 3.8 9

Based on the geometric mean short term L (E)C50 values presented in this table it seems that
there is little variation between the species. However, it has to be stated that for the short
term data base, in contrast to the long term data base, the origind data have not been
reviewed by BKH. This means that the quaity of the data has not been assessed. A number
of duplicates may gill be present, especidly for organisms for which a large number of
L(E)C50 vdues is given by BKH: eg. Daphnia magna, Carassius auratus, Lepomis
macrochirus and Pimephales promelas. Also, results from tests with different LAS
compounds are used: no correction for differencesin dkyl chain length is carried out.

3.2.1.2.2. Long term effects.

As stated before, origina data on long term effects of LAS on aquatic organisms have been
reviewed by BKH (19933, b). A revised ligt, which is not presented in the BKH-report
(1993Db), resulted in 44 NOEC vaues for 23 species. Long term data are available for
bacteria, algae, crustaceans, insects, molluscs and fish. These data are presented in
Appendix 2 (letter of J. Blok to E. v.d. Plassche, 1994).

Severd EC50 and NOEC data for agee are inconsistent. For Microcystis spec. onetest is
available, resulting in an EC50 and NOEC of 0.05 and 0.09 mg/l for LAS C,, 4. Four EC50
vaues for Microcystis aeruginosa are given by BKH (1993b): 0.9 mg/l for LAS C,,4, 4.1
mg/l for LAS C,4, 5.0 mg/l for LAS C;;, 10 mg/l for LAS G, and 32 mg/l for LAS
(unspecified). Test durations are 72 to 120 hours. The effect type reported by BKH (1993b)
for thevaue of 4.1 mg/l is"dgidatic’. Thisis remarkable, as the dgigatic concentration isthe
concentration that totally inhibits dgd growth but alows the growth to continue when the
agee are recultured in amedium without the test compound; so it is an EC100!

For Selenastrum spec. an EC50 and NOEC of 29 and 0.5 mg/l is available for LAS C,, ¢
(BKH, 1993b). The difference between these two vaues is consderable as both are 96
hours vaues for the same endpoint. For Selenastrum capricornutum a NOEC of 0.5 mg/l
for LAS C,,; ispresent (BKH, 1993b), while 11 EC50 values range from 4.29 to 116 mg/l.
For two of these EC50 values, 6.9 and 24 mgl/l, the effect type reported by BKH is
dgidatic. For Scenedesmus subspicatus one test is available for LAS C,; 4 resulting in an
EC50 and EC10 of 9.0 and 0.8 mg/l, respectively (BKH, 1993b). The difference between
these two vaues is consderable as both are 96 hours vaues for the same endpoint. BKH
derived a NOEC of 0.8 mg/l. Next to this test an ECO of 90 mg/l for LAS C, s and an
EC50 of 30 mg/l for LAS C,,.,5 isgiven by BKH (1993b). In areview of Lewis (1990) on
toxicity data of surfactants for dgae no data are reported for this species.

As dated in paragraph 1.2 geometric mean NOEC vaues are calculated for each species if
tested on the same parameter. However for severd species, eg. Daphnia magna,
Pimephales promelas and Oncorhynchus mykiss, this is not possble as the effect



parameter is often not specified. Therefore, a geometric mean is calculated using al NOECs.
As dated in paragraph 2.2 toxicity data are contradictory for algee. It is decided to divide
the EC50 vaues by 3 according to Van Leeuwen et d. (1992) to derive aNOEC, normdize
these vaues, and caculate a geometric mean including the normalized NOEC vaues dready
present. The agigatic concentrations are excluded. Also toxicly data for Pseudomonas
putida are excluded as these tests are based on oxygen consymption, being an insendtive
parameter compared to e.g. growth. Next to this severa vaues were not used as they were
consgdered unreliable based on consultation of origind sources. All long term NOECs
derived per species are presented in Table 6.

Table 6. Normalized long term NOEC values (mg/l) per species. NOECs are normalized to
an alkyl chain length of C,,.

pecies NOEC (mg/l) remark

Chlamydomonas reinhardi 12

Chlorella kessleri 3.5

Microcystus spec. 0.80 geometric mean of 0.058, 0.35, 3.3,
and 6.1 mg/l

Plectonema boryanum 15

Scenedesmus subspicatus 1.7 geometric mean of 0.80, 3.0, 14 and
105 mg/l

Selenastrum spec. 3.8 geometric mean of 0.58, 0.61, 1.0,
44,4949, 8.2, 11, and 17 mg/l

Ceriodaphnia spec. 3.2

Daphnia magna 14 geometric mean of 4.2, 0.3, 0.35, 1.4,
14,15,6.6,1.9, 2.3, 2.1, 0.63, and
1.6 mg/l

Mysidopsis bahia 0.12 geometric mean of 0.34 and 0.13 mg/|

Chironomus riparius 2.8

Paratanytarsus 3.4

parthenogenica

Crassostrea virginica 0.025

Mytilus edulis 0.025

Brachydanio rerio 2.3

Limanda yokohamae 0.05

Pimephales promelas 0.87 geometric mean of 4.8, 3.9, 0.30,
0.52,1.1, 1.5,0.34, 0.39, 0.5, 0.5,
0.63, 0.7, 1, 2 mg/l

Poecilia reticulata 3.2

Oncor hynchus mykiss 0.34 geometric mean of 0.23, 0.3, 0.35,
0.43, 0.89, 0.35, 0.16 mg/l




Tilapia mossambica 0.25

Marine species (M. bahia, C. virginica, M. edulis, and L. yokohamae) seem to be more
sengtive than freshwater pecies for LAS: the average for marine and freshwater species is
0.055 £ 0.045 mg/l (n = 4) and 4.0 £ 4.3 mg/l (n = 15), respectively. Of freshwater species
fish seem to be mogt sengtive. In the figure below a digtribution graph of these NOECs is
presented for freshwater and saltwater organisms.

The higher sengtivity of marine organisms can be explained by differencesin bioavailability of
LAS in sdtwater compared to freshwater.
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3.2.2. QSAR approach.

Roberts (1991) derived QSARSs for short term toxicity for Daphnia magna and Gammar us
pulex. For several anionics observed and caculated LC50 vaues agreed very well. It is
interesting to compare caculated long term NOEC vaues with experimental ones for LAS.



As no 'long term QSARS are available for LAS QSARS derived by Van Leeuwen et al.
(1992) for non-specific acting compounds are used. These QSARs are based on
ecotoxicological results for 'non-detergents.

QSARs for Pseudomonas putida, Scenedesmus subspicatus, Selenastrum
capricornutum, Daphnia magna and Pimephales promelas/Brachydanio rerio are given
in Appendix 3. A log K,, and MW of 3.32 and 342 g/mal is used for LAS C,,,
respectively. Results are presented in Table 7.

Table 7. Comparison of experimental long term NOECs and calculated NOECs (mg/l)
using QSARs

Species experimental NOEC caculated NOEC
(mg) (mg)

Pseudomonas putida 35 65

Scenedesmus subspicatus 54 19

Selenastrum capricornutum 3.8 3.2

Daphnia magna 14 24

Pimephales promelas 0.87 2.0

Observed NOECs are for most species lower than the calculated ones. As LAS acts
probably by "polar” narcoss and the QSARs are derived for nonspecific acting compounds
acting by narcossingtead of "polar" narcoss the results agree reasonably well.

3.2.2.1. Derivation of MPC.

As long term data are available for 4 taxonomic groups the statisticd method of Aldenberg
and Slob (1993) can be gpplied. Input data used are the NOECs as presented in Table 6.
Subsequently, a MPC of 36 ng/l is cdculated with a 50/95 confidence ratio of 5.3. This
vaue is dightly higher than the MPC of 21 ng/l based on species average NOEC vaues
calculated by BKH in Appendix IV of their report (BKH, 1993a).

As marine species are clearly more sengtive for LAS than freshwater species only data for
the latter organisms should be used to derive a MPC for freshwater systems in the
Netherlands. If marine species are excluded the MPC is 320 ng/l with a50/95 confidence
ratio of 3.2. Thisvaue is somewhat higher than the lowest NOEC available being the one for
Tilapia mossambica.

Usng the Kolmogorov-Smirnov D*sort(n) test (D'Agostino and Stephens (1986)) the
digtribution of NOEC vaues cannot be rgected as being log-logistic & asgnificance leve of
10% for dl MPCs cdculated with and without toxicity data on marine organisms.

3.2.2.2. Fidd studies.



Reaults from field studies with LAS are reported in paragraph 3.9 of the BKH-report (BKH,
19933). In gppendix 9 results from these sudies are summarized in two tables for
microorganisms and ecosystemn studies which are taken from the BKH report.

NOECs derived from multispecies studies with microorganisms varied from 0.24 to 9.8 mg/l
with an outlier of 0.09 mg/l for photosynthetic response of phytoplankton (as the LOEC in
this study was 0.87 mg/l the vaue of 0.09 mg/l was consdered as an outlier). NOECs
derived from ecosystem dudies varied from £0.25 to 3.5 mg/l. From al dudies it is
concluded by BKH that the NOEC from fidd studies with higher and lower taxonomic
groupsis 0.25-0.5 mg/l for C,, LAS.

In fidd studies only freshwater organisms are tested. Therefore it is most appropriate to
compare these results with the MPC of 320 ng/l. The MPC vaue of 320 ng/l isin excdlent
agreement with the range of NOECs from field studies of 0.25-0.5 mg/l. Some field studies
showed some effects at concentrations at the lower limit of this range: Lewis (1986): NOEC
of 0.24 mg/l for relaive abundance of phytoplankton, Lewis and Hamm: NOEC of 0.09 mg/l
for photosynthetic response of phytoplankton, Chattopadhyay and Konar (1985): NOEC £
0.25 mg/l for number and wet weight of chironomids and Fairchild et d. (199) NOEC £
0.36 mg/l for fish growth and survival. Therefore a 'fina' MPC of 250 ng/l, equd to the
lower limit of the fiddld NOECs, isderived for LAS, C,; ¢.

The rdiability of thisfind MPC vaue can be consdered as rather high due to the availability
of an extengve data set for LAS: short and long term studies performed in the |aboratory for
severd taxonomic groups as well as many studies under more redlistic conditions.



3.2.3. MPC for AE.

3.2.3.1. Introduction.

AE isanonionic surfactant with a generd dructure of CH3(CH2)nCH20(CH2-CH2-O-)yH. The
akyl chainisdther linear or mono- branched. Commecidly the most important AEs at the moment in
Europe are C12-15 EO3-10. For the derivation of aMPC an dkyl chain length of 13.3 and 8.2
ethoxylate groupsis used based on results from a monitoring study in the Netherlands. The
derivation of aMPC for AE is based on the BKH report (1994a). Some additional information is
included (fax from G.C. Mitchdll to E. v.d. Plassche, 1994; Dorn et d., 1993; Procter & Gamble,
1994).

3.2.3.2. Ecotoxicological effects of AE on aquatic organisms.

3.2.3.2.1. Short term effects.

A large data base is available on short term effects of AE. Short term data are present for
bacteria, dgae, diatoms, worms, insects, molluscs, crustraceans, fish and aguatic plants
(freshwater as well as marine organisms). For C,, ;s EO, ,, data are summarized in Table 8
based on an overview of short term datain Appendix 4.

As stated by BKH (19944) intra- and interspecies variability is large, especially for dgee.
One reason is the chemica heterogenity of AE, varying in akyl chain and EO groups. Also,
commercid products consst of mixtures of homologues, especidly for the number of EO
groups the range is rather broad. A further complication according to BKH (19943) is the
presence of 2-5% of non ethoxylated acohol and 0.5-2.0% polyethyleneglycol.
Subsequently, BKH was not able to derive a QSAR for AE based on the whole data- base.

3.2.3.2.2. Long term effects.

Long term data are available for severa taxonomic groups: blue dgae, diatoms, green dgee,
rotifers, crustaceans, molluscs, fish and worms. In Appendix 2 an overview is presented of
NOECs based on the BKH report (1994) and some additional data as mentioned in
paragraph 1 for C,, ,; EO, ,,, being the mgority of long term data available. Also, some data
for mono-branched AE are included.




Table 8. Short term datafor AE C,,.45 EO, ., (See Appendix 1 based on BKH (1994)).

taxonomic species chan EO L(E)C50 n
group length (mg/l)
bacteria P. phosphoreum 134 9 15 1
agee M. aeruginosa 13-15 6-9 0.6-30 3
N. pelliculosa 15 6 0.28 1
N. seminulum 15 7 134 1
N. fonticola 13 9 0.2 1
S subspicatus 15 10 1.53 1
S. capricornutum 13-15 4-9 0.09-47 12
crustaceans A. spec. 15 7 6.2 1
C. sapidus 15 7 30.9 1
C. crangon 14 3-7 14-48 2
C. dubia 15 7 0.66 1
D. magna 13-15 3-10 0.41-4.17 17
D. spec. 13-14 6-9 0.76-13 5
G. spec. 15 7 14 1
M. bahia 13-15 7-10 0.2-2.24 2
P. duorarum 15 7 0.98 1
insects C. pipiens 12-15 3-9 5-44 5
P. parthenogenica 15 7 5 1
molluscs B. glabrata 14 9 11 1
O. edulis 14 9 0.11 1
C. virginica 14 9 0.11 1
worms D. spec. 15 7 2.6 1
D. gonocephala 15 6 1 1
O. spec. 15 7 2.6 1
P. spec. 15 7 1 1
R. spec. 15 7 6.8 1
fish B. rerio 13-15 4-10 1.2-23 5
C. auratus 13-14 6-9 14-51 4
|. punctatus 14 9 1.2 1
L. macrochirus 13-15 3-9 0.7-4.8 4
L. idus melonatus 13-15 3-10 0.9-35 8
L. limanda 14 3 18 1
O. latipes 12 3-8 2.4-35 4
O. mykiss 13-15 3-10 0.78-24 7
P. Promelas 13-15 39 0.84-7.7 11
R heteromorpha 13 8 12 1

S salar 12 4 15 1



plants

S. trutta
L. minor

13
15

0.8
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Normalized NOEC values are presented in Table 9. Some NOEC vaues presented in
Appendix 2 have been left out for deriving normalized NOEC values per species. Thetest on
Daphnia magna with an akyl chain length of 17 (record 338) has been excluded since the
chain length is congdered too long to extrapolate to an akyl chan length of 13.3. The
toxicity data on Selenastrum capricornutum are contradictory: EC50 vaues range from
0.09 to 47 mg/l and NOEC vaues from 0.60 to 25 mg/l. Clearly, there is no relationship
between adkyl chain length, number of EO groups and toxicity. Probably, this large variation
in results is caused by the different test compounds, the rapid biodegradation of acohol
ethoxylates and the static test design. Based on the non-specific mode of action of acohol
ethoxylates it cannot be expected that the toxicty results for Selenastrum capricornutum
differs more than an order of magnitude with the results for other agae. Based on a
comparison with the results for other dgae the NOEC vaues of 20, 10 and 25 mg/l (records
331, 377 and 378) are consdered as outliers and therefore excluded.

Table 9. Normalized long term NOEC values (mg/l) per species. NOECsare
normalized to an alkyl chain length of C,;; and EO,,.

species ‘origind’ NOEC | NOEC

(mgfl) (mg)
blue dgae Microcystis aeruginosa 0.30 19
diatoms Navicula pelliculosa 0.14 0.93
Navicula seminulum 1.6 8.7

green algee Selenastrum capricornutum 1.2 0.74
Scenedesmus subspicatus 0.55 13

Chlorélla vulgaris 2.5 0.20

rotifers Brachionus calyciflorus 1.0 1.3
crustaceans Callinectes sapidus 10 48

Ceriodaphnia dubia 0.13 0.86

Daphnia magna 0.38 0.59
Penaeus duorarum 0.56 2.7

molluscs Mytilus edulis 15 5.5
fish Brachydanio rerio 0.82 15
Fundulus heteroclitus 1.0 4.8

Pimephales promelas 0.35 0.72

worms Dugesia gonocephala 0.13 0.17

N. humilis 0.13 0.17

It can be concluded that marine species C. sapidus, P. duorarum, M. edulis and F.
heteroclitus) seem to be less sengtive than freshwater species: usng normaized NOECs the
average for marine and freshwater speciesis15+22mg/l (n=4) and 1.5+ 2.2 mg/l (n=



13), respectively. Based on the 'origind' NOECs these data are 3.3 = 4.5 mg/l and 0.71
0.71 mg/l, respectively.

Normdization can lead to a Sgnificant in- or decrease of the NOEC vaue per species,
sometimes even more than a factor 10. As dready stated such a large variation is not
reflected in the experimental data. E.g., for Daphnia magna 13 NOEC values are available
for C, - C,,5 and EO, - EO,, varying from 0.14 to 1.0 mg/l with one outlier of 3.0 mg/l for
C4, EO, for the 'origind' data while normalized NOECs vary from 0.10 to 3.9 mg/l.

In the figures below digtribution graphs of long term NOECs are presented: the first one for
the 'original’ NOECs and the second one for the normalized NOECs. It can be expected that
normdization of NOECs will lead to a 'more narrow' frequency distribution. However, this
cannot be concluded from these figures. As dready Sated, this may be caused by the
difficulty in testing such rapidly biodegrading substances as AEs.

For the derivation of a MPC the normaized NOEC vaues are used as sated in paragraph
1.1. Although the effect of normalization is not as expected this cannot be an argument to use
the origind NOECs as it is clear that the origind experimenta value does not represent the
toxicity for the specified akyl chain length and EO groups.

:888: freshwater species N saltwater species
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3.2.3.3. QSAR approach.

Roberts (1991) derived QSARSs for short term toxicity for Daphnia magna and Gammar us
pulex for anionics. Also, he compared short term toxicity data for AE with calculated values
using the QSAR of Kénemann (1981) for basdline toxicity. None of the AE, with C,,;4 EO,.
14, ppeared to be sgnificantly more toxic than predicted. Three AE were significantly less
toxic, which is explained by Roberts by a solubility or micellisation cut-off.

It is interesting © compare calculated long term NOEC vaues with experimenta ones for
AE. Asno 'long term QSARS are available for AE QSARs derived by Van Leeuwen et d.
(1992) for non-specific acting compounds are used. QSARS for Scenedesmus subspicatus,
Selenastrum capricornutum, Daphnia magna and Pimephales promelas/Brachydanio
rerio are given in Appendix 3.

Log K,,, for AE is cdculated for C; EOQ, with 25% being methyl branched. The method as
described in paragraph 2.3 is applied using the positiondependent branch factor (PDBF) as
defined by Roberts (1991) as -1.44 log (CP+1), which leads to alog K,,, of 4.90. Results
are presented in Table 10.



Table 10. Comparison of experimental long term NOECs and calculated NOECs
(mg/l) using QSARs

Species experimenta NOEC caculated NOEC
(mgfl) (mgfl)

Scenedesmus subspicatus 2.6 15

Selenastrum capricornutum 1.3 0.15

Daphnia magna 11 0.10

Pimephales promelas 1.2 0.15

Normadized vaues are for dl species higher than the caculated ones. It seems that AE are
circaafactor 10 less toxic than the predicted minimum toxicity. This can be explained by the
use of experimental data for compounds differing in dkyl chain length and number of EO
groups. It can aso be the case that these QSARSs are not suitable to predict the toxicity of
AE.

3.2.3.4. Derivation of MPC.

As long term data are available for more than 4 taxonomic groups the atistical method of

Aldenberg and Slob (1993) can be applied. Using normaized NOEC vaues MPCs are 110
and 130 ng/l with and without marine species, respectively. As it is unlikey that marine

organisms are different in sengtivity to AES compared to freshwater organisms the MPC

using the combined data-set is preferred. The 50/95 confidence ratio for the MPC of 110 m
g/l is 3.7. Using the Kolmogorov-Smirnov D* sgrt(n) test (D'Agostino and Stephens (1986))

the distribution of NOEC vaues cannot be rgjected for dl caculations as being log-logistic at
aggnificance leve of 10%.

The MPC is close to some NOEC vaues (see Table 9) and aso close to or sometimes even

higher than some short term L(E)C50 vaues presented in Table 8. However, these short

term data are not normalized.

3.2.3.5. Field studies.
Severd fidd sudies are available for AE:

- Tattersfield et d. (1994) tested DOBANOL 25-7 (C,,,s; EO;) in outdoor

artifical streams for more than 51 days. Two concentrations were tested: 10 and 100
no/l. These doses were increased in astepwise incremental manner to 2000 ny/l.
Measured concentrations were 10-20% of nominds.



Gammar us pulex were the dominant macroinvertebrates. Population dengty was reduced in

both streams. a 30 day NOEC of 70-100 ng/l was estimated. No effects were observed on

other species. Leaf processing rates were reduced at 200 ngy/l: a7 day NOEC of 70-100 m

o/l was derived. No effects were observed on photosynthesis for 25 days leading © a

NOEC of >70-100 nyl.

It has to be gtated that the principa objective of the study was method development, hence

the data should be viewed as provisond.

- Dorn et a. (1994a) tested NEODOL 91-6 (C,4,; EOB) in stream mesocosns for

30 days. Concentrations tested ranged from 1 to 15 mg/l. Measured
concentrations were 74 to 87% of nominas.
Secondary effects were observed on periphyton at 11.24 mg/l due to negative
effects on invertebrates. No effects were observed on macrophytes. NOEC for
copepoda and cladocera was 2.04 mg/l based on dendity and drift. 10 Days LC50
for caged Hyalella azteca was 9.1 mg/l based on effects on feeding and surviva.
Pimephales promelas were the most sendgtive organisms with a NOEC for
reproduction of 730 ngl (egg production and lava surviva). Lepomis
macrochirus was less sengtive.

- Dorn et a. (1994b) tested NEODOL 45-7 (C,4 45, EO;) in experimentd streams
for 30 days. Concentrations tested ranged from 100 to 600 ny/l. Mean measured
concentrations were >80% of nominas.

No effects were observed on periphyton and macrophyte communities.
Invertebrates were largely not effected, except for Smuliidae in one experiment: a

NOEC of 80 ny/l was found. Reproduction was the most sengitive endpoint for fish

athough the numbers of of fish involved aswell as reproductive activity was low.

These results lead to the following normalized values.

- Cius; EO;: NOEC of 70-100 g/l Gammarus pulex, dendty and lesf processng
rate) (Tattersfield et d., 1994), normalized value: 70-100 ny/l,

- Cyu1; EO4: NOEC of 730 ng/l (fish, reproduction) (Dorn et a., 1994a) normdized
vaue 42 nyl,

- Cus EO,: NOEC of 80 ng/l (Smuliidae, density) (Dorn et d., 1994b), normaized
vaue: 380 nyll.

The MPC based on single species dataiis in good agreement with the field NOECs. The fied
NOEC of 42 ny/l from Dorn et d. (1994a) is more than a factor 2 lower. However, in this
test an AE with ashort akyl chainistested. Normdizing is therefore carried out over 3 dkyl
chain units from C,,;; to C,;,, which may be consdered less rdigble. A find' MPC of 110
no/l isderived for AE, C,55; EO,,.

Congdering the difficulties in carrying out long term tests with AE due to the repid
biodegradation the uncertainty in this MPC can be consdered asrather high.



3.2.4. MPC for AES.

3.2.4.1. Introduction.

AES s an anionic surfactant derived from akyl ethoxylates. The generd structure of AESis
R(OCH,CH,),0S0O, Na'". R isamixture of sraight or mono-branched akyl chain containing
12 to 15 C atoms. The number of ethoxylate groups is 1 to 4. The commercia product

contains considerable amounts of akyl sulphates. according to the BKH report 20-50%
(BKH, 1994b). For the derivation of a MPC an akyl chain length of 12.5 and 3.4 ethoxylate
groups is used based on the results of a monitoring study in the Netherlands.

Compared to data-bases for surfactants like LAS and a coholethoxylates the data- base for
ecotoxicologica effects of AES on aguetic organiams is rdadively smal: the mgority of the
data are on short term effects (BKH, 1994).

The derivation of a MPC based on single-species studies for AES is based on the BKH

report (1994b). Some additiond information is included (fax from T. Feijtel of Procter &

Gamble to E. v.d. Plassche, 16-05-1994; fax from M. Stalmans of Procter & Gamble to E.
v.d. Plassche, 18-07-1994).

3.2.4.2. Ecotoxicological effects of AES on aquatic organisms.

In the BKH-report it is stated that the interpretation of tests with commercia products must
be done with care (BKH, 1994b). First of dl, these products may contain other congtituents
in ggnificant amounts like unsulphated akyl ethoxylaies and dkyl sulphate. Secondly,
biodegradation of the parent compound may occur. As most short term tests are static tests
without analyss of the tet compound biodegradation may have influenced the results,
especidly in testswith fish.

Results from short and long term tests are summarized in Appendix 1. In the following
paragraphs these data are discussed.

3.2.4.2.1. Short term data.

Short term tests are available for green algae, crustaceans and fish. Almost al tests concern
Daphnia magna and fish (freshwater as well as marine fish). L(E)C50 vaues are 3.5-10,
4.2-350 and 0.39-94.4 mg/l for agee, crustaceans and fish, respectively. LC50 values
below 1 mg/l are reported for Cyprinodon variegatus (C,,-C,; 2.25 EO) and Pimephales
promelas (C; 2, 4 and 6 EO; C,,-C,¢; 2.25 EO). It can be concluded that, based on short
term data, fish may be more sengitive for AES compared to other taxonomic groups.

From these data no clear reation can be derived between adkyl chain length, number of EO
groups and acute toxicity. Painter (1992) dtates that in generd changes in EO numbers affect
toxicity more than changes in dkyl chain length. In AES with an dkyl chain of less than Cyq
the toxicity tends to decrease with increasing EO groups, whereas above C,4 thisrdationship
IS reversed.




3.2.4.2.2. Long term data.

Long term tests are available for green agee, rotifers, crustaceans and fish. Tests with the
rotifer Brachionus calyciflorus are not presented in the BKH-report. These values are
taken from a summary provided by Procter & Gamble (1994). In the BKH-report (1994) a
NOEC vaue of 0.27 mg/l is reported for Daphnia spec. as test species. From the origina
publication of Maki (1979) it can be concluded that this must be Daphnia magna.

Acute chronic ratios (ACR) can be derived for Daphnia magna and Pimephales
promelas. These are presented in Table 11.

Table 11. Acutechronicratiosfor AES

species test compound L(E)C50 NOEC ACR
(mg/) (mg)
Daphnia magna fatty alcohol ether 72 0.7 103
(FES) C12-C14 + 2EO
Daphnia magna C14/C16E2.25S 1.17° 0.27 4.3
Pimephales promelas C14/C16E2.25S 09512 01 9.5-12
Pimephales promelas C12/13E1S 13 0.88 15

# 96 hr EC50; thisvaueis not presented in the BKH-report but taken from Maki (1979)

ACRsfor Daphnia magna are not congstent for both compounds due to the high EC50 for
FES C,,-C,,; 2EO. An explanation may be the static test design of the 48 hr EC50 vadue for
this compound. Assuming an ACR of c. 10 for AES seems reasonable.

3.2.4.3. Derivation of aMPC.

In Table 12 origina and normaized long term NOEC values are presented.



Table 12. Original and normalized long term NOEC values (mg/l)

Species origind NOEC normalized NOEC
(mgfl) (mgfl)

Scenedesmus subspicatus 0.35 0.73
Scenedesmus subspicatus 2.24 52
Scenedesmus subspicatus 16 3.7
Selenastrum capricor nutum 0.82° 1.2
Selenastrum capricornutum 2.3 5.0
Brachionus calyciflorus 0.97 0.36
Brachionus calyciflorus 2.26 1.4
Brachionus calyciflorus 0.49 1.0
Daphnia magna 0.18 1.1
Daphnia magna 0.70 1.5
Daphnia magna 0.27 2.3
Pimephales promelas 0.10 0.87
Pimephales promelas 0.88 1.6

& caculated as EC50/3

As can be seen from this table, normalization of long term data doesn't lead to a substantia
increase or decrease of the NOEC vadue for mogt tests. Obvioudly, this can be explained by
the fact that most compounds tested have an adkyl chain length and number of EO groups
close to 12.5 and 3.4, respectively. The NOEC vaue for Pimephales promelas of 0.13
mg/l has been excluded, as the test compound has an akyl chain length of C,. Thischan
length is considered too long for normalization.

As long term data are available for 4 taxonomic groups the statistical method of Aldenberg
and Slob (1993) can be applied.

Thisleads to the following input data:

- Scenedesmus subspi catus: 2.4 mg/l,

- Sdenastrum capricor nutum: 2.4 mg/l,
- Brachionus calyciflorus: 0.80 mg/l,

- Daphnia magna: 1.6 mg/,

- Pimephales promelas: 1.2 mg/l.

Subsequently, a MPC of 650 ny/l is caculated with a50/95 confidence ratio of 3.4 using the
method of Aldenberg and Slob as described in Aldenberg (1993) (verson ETX 1.38). Usng
the Kolmogorov-Smirnov D*sgrt(n) test (D'Agostino and Stephens (1986)) the distribution



of NOEC vaues cannot be rgected as being log-logitic a a sgnificance level of 10%.
However, it must be stated that the data- st islimited.

The MPC is somewhat higher than the low short term LC50 vaues for Cyprinodon
variegatus and Pimephales promelas mentioned in paragraph 2.3.2.1. Applying the ACR
of 10 on these values leads to NOEC vaues of 39-70 ng/l, consderably lower than the
MPC of 650 ny/l. However, these LC50 vaues are determined for compounds with an akyl
chain length of C,,-C,¢ and Cy.

3.2.4.4. Field studies.

Seved field sudies are available for AES:
- Belanger and Rupe tested C,,.s; EO,,; to Goniobasis spec. and Corbicula
fluminea in an experimental stream mesocosm for 8 weeks. Five concentrations were
tested ranging from 12 to 1000 ny/l (measured concentrations 14to 730 m ~ g/l). No
effects were observed on survivd, shdll length and growth of clamsup to  a  measured
concentration of 730 ny/l. For snailsaNOEC of 75 ny/l based on weight gan was
derived.
- Beanger and Rupe tested C,,,; EO,,; to ‘acclimated and ‘unacclimated
periphyton communitiesin laboratory microcosms for 28 days. Main objective  of
the study was vdidation of aredigtic periphyton community bioasssay. Two  conce
ntrations were tested: 100 and 1000 ng/l (measured concentrations. 54 and 608
no/l, respectively). Significant acclimation effects were observed. Based on 5
community level responses and 13 populations evaluated a NOEC of 608 ng/l
was established. Thisis equd to anormaized vaue of 3.7 mg/l.
- Belanger et d. tested C,, ,5; EO, ,; inamode stream ecosystem for 8 weeks.  Five
concentrations were tested ranging from 12 to 1000 ngy/l (measured vaues ranged from
13 to 730 ny/l). Increased metabolism of the test compound as a carbon source by
the heterotrophic periphyton community lead to anincreasein  bacterid dengity. No effects
were observed on protozoans. At 774 ngy/l bivave molluscs, mayflies, soneflies and
caddisflies were reduced. One mayfly taxon, i.e. Tricorythodes, had a NOEC of 31 ny/l
for dengty, however the NOEC for ~ biomass was 251 ng/l. The authors derived an
‘ecosystem level' NOEC of 251 m g/l. The NOEC values of 31 and 251 ny/l are equd
to normalized NOECs of 190 ng/l and 1.5 mg/l, respectively.

In the second and third study no adverse effects were observed on agae up to the highest
concentration tested of 1 mg/l. Only in the second study effects were detected on Melosira
varians, Schizothrix and Scenedesmus based on agd cdl and biovolume densty.
However, these effects were not exposure concentration related.

The tests with Goniobasis spec. and Corbicula fluminea can in fact be regarded as single
species tests. The NOECs from these studies ae measured total concentrations in natura
waters, while the NOECs from laboratory single species sudies are dissolved
concentrations. However, the difference between total and dissolved concentrations are
small. Including the NOECs of 730 and 75 ng/l in the data set used for the calculation of the



MPC in paragraph 3.2 leads to a MPC of 400 ng/l with a 50/95 confidence ratio of 3.9
(normaized vaues are 4.4 and 0.48 mg/l for Goniobasis spec. and Corbicula fluminea,
respectively). Subsequently, this MPC is compared with results from the microcosm and
model stream ecosystem studies from Belanger et d.

The reaults from the field studies are in reasonable agreement with the MPC of 400 nyg/l if the
results from fidd studies are dso normdized to C,,; EO,,. However, it must be stated that
dl fidd dudies are caried out with AES; G, ,s; EO, 15, while different compounds were
used in the single species tests. These compounds differed not only differ in ther akyl chan
length and number of EO groups, but dso in akyl sulphate content (see paragraph 2.3.1).
Also, normdized vaues for dl fidd study results lead to a consderable increase of the field
NOECs:. circaafactor 6.

The MPC vaue of 400 ny/l isafactor 3.8 below the normaized ‘ecosystem level' NOEC of
1.5 mg/l of the study of Belanger et a. Other field study results are ether higher or lower
than the MPC of 400 ng/l: the NOEC values of 190 ng/l for Tricorythodes is somewhat
lower while the NOEC of 3.7 mg/l for periphyton is consderably higher. Clearly, endpoints
studied in the periphyton community bioassay are less sensitive compared to effects on other
taxonomic groups. As the study of Belanger et . can be regarded as the most extensive one
with respect to taxonomic groups and endpoints studied comparison with this study is most
appropriate. Consdering this, there seems to be no reason to ether lower or raise the MPC
based on single species toxicity data: a 'fina' MPC is derived of 400 ng/l for AES, C,5;
EO,,. Consdering the narrow range in long term NOECs and the agreement between field
NOECs and the MPC the uncertainty in the MPC seems rather low. Most important factor
may wel be the amount of akylsulphates present. This will be further discussed in the risk
characterisation chapter.



3.2.5. MPC for soap.

3.2.5.1. Introduction.

The anionic surfactant sogp consigts of a hydrophillic part, the carboxyl group, and a
hydrophobic part, the akyl chain. The generd sructurd formulais RCOONa’ for sodium
soaps and RCOOK™ for potassum sogps. The dkyl chain R varies from C,, to C,; and is
variably ssturated due to the use of naturd oils and fats for production.

The data-base for ecotoxicologica effects of sogp on aquatic organismsis smal: the mgority
of the data are on short term effects (BKH, 1994c). In the following paragraphs these data
are described.

3.2.5.2. Ecotoxicological effects of soap on aquatic organisms.

According to the BKH-report the data are divided into three groups (see Appendix 1):
1.  datafor sogpswith unspecified akyl chain length,

2. daafor sogpswith an akyl chain length of C,,-C,,,

3.  datafor sogpswith an dkyl chain length of C,¢-C,.

ad 1) Unspecified dkyl chain length

Short term L(E)C50 vaues range from 6.7 to 4233 mg/l for severad taxonomic
groups. Some vaues ae clealy above the water solubility, whereas water
hardness for the lowest vaue of 6.7 mg/l is reported as 0 mg CaCO./l (BKH,
19%c). In the BKH the test species is reported as ‘fish species, but from
Schoeberl et . (1988) it can be concluded that the fish tested is Carassius

auratus. They aso report that the LC50 vaue increases to 20-150 mg/l in water
with a hardness of 85-425 mg CaCO,/l.

No long term data are presented in the BKH-report. However, a 96 h NOEC for
adgae and a 21 day NOEC for Daphnia magna are determined by Canton and
Sooff (1982). Both NOECs are 10 mg/I.

ad 2) Alkyl chainlength C,,-C,,

Only short term data are available. L(E)C50 vaues range from 3.3to 118 mg/l  for
bacteria, green dgae, crustaceans and fish. The lowest ECS0 isfor lauric acid  with
Daphnia magna as test species.

ad 3) Alkyl chainlength C,-Cq
Only short term data are available. L(E)C50 vaues range from 0.6 to 250 mg/l  for
bacteria, green agee, crusaceans and fish. The lowest vaue of 0.6 mg/l for
Oncorhynchus mykiss is extremdy low compared to the LC50 vaues for the
other fish species. In contrast to the other vaues given in Appendix 1 asolvent  was
used. However, no details on the amount used are available on this experiment.



In the only marine tet avalable usng the sea urchin sperm toxicity test with
Strongylocentrolus purpuratus, a solvent is used adso (Cherr et d., 1987). Low EC50
vaues of 0.28 and 1.07 mg/l for linoleic and linodlenic acid, respectively for effects on
fertilization are determined. NOECs are 0.1 and <1.0 mg/I, respectively. Ethanol isused asa
solvent. The ethanol concentration in each treatment is 0.1%, being indeed higher than the
maximum amount recommended by the OECD but no adverse effects are reported for the
solvent control. Probably the low values are caused by a pecific sengitivity of the test, rather
than by the use of ethanol as a solvent.

Severd L(E)C50 vaues may in redity be lower because in most tests some precipitation was
observed (BKH, 1994c).

3.2.5.3. Derivation of MPC.

No clear cnclusions can be drawn with respect to interspecies variation for sogp and the
influence of the akyl chain length. The outcome of the tests seem to be highly influenced by
test conditions like use of solvents and water hardness (possible formation of insoluble
cacium and magnesum sats) and type of soap (BKH, 1994c). Actua concentrations are
never messured.

As not enough long term data are available to apply the satistical extrgpolation method, the

EPA method is used to derive a MPC (Slooff, 1991; OECD, 1992). This leads to the

following MPC vaues

- unspecified chain length: the lowest L(E)C50 vaue of 6.7 mg/l is conddered not
useful due to the low water hardness. The second lowest value isan EC50 of 10 mg/l

for Daphnia magna. Also another EC50 of 42 mg/l and aNOEC of 10 mg/l is

available for this species. According to Sooff (1992) geometric mean  L(E)C50 values are

caculated for each speciesif tested on the same parameter.  However, because the test

compound is not specified no geometric mean EC50  is calculated. The EC50 value of 10

mg/l isused and divided by 100, which leadsto a MPC of 100 ng/,

- dkyl chan length C,,-C,,: the lowest L(E)C50 vaue of 3.3 mg/l for crustaceans
divided by 100 givesa MPC of 33 nyl,

- dkyl chan length C,-C,q: the lowest L(E)C50 vdue is 0.6 mg/l for fish which
leads to aMPC of 6 ngy/l. It hasto be stated that al other short term dataare at et

afactor 17 higher.

The difference between the MPC for an akyl chain length of C¢-C,, and the other 2 MPC
vaues is a factor 5.5-15. It is uncertain whether the low vaue for Cj5-C,4 is caused by an
outlier or not. The use of a solvent doesn't increase the toxicity but leads to a maximum
bioavailahility of the test compound. On the other hand al other short term values show a
much lower toxicity of sogp. However, as in severa other tests some precipitation was



observed it may well be that the LC50 vaue of 0.6 mg/l is the 'true toxicity of oleic acid to
Oncor hynchus mykiss.

Based on these considerations a MPC of 27 ng/l, being the geometric mean of the three
individua MPC vaues, is derived as an 'overdl’ MPC for soap. As this MPC is caculated
using the EPA method the vaue of 27 ng/l must be considered as an indicative vaue.



4. Risk characterization .

4.1. Exposure Assessment.

The caculaion scheme for the aquatic compartment is based on the comparison of the 90th
percentile of Predicted Environmental Concentrations (PEC) in the Netherlands - at 1000
metre below the sawage outfal - to the Predicted No Effect Concentration (PNEC) for
ecosystems or Maximum Permissible Concentration (MPC).  The 90th percentile surfactant
concentrations a 1000 metre below the sewage outfal can be calculated using information or
data on 1/ reease, 2/ in-sewer remova, 3/ treatment efficiency, 4/ dilution and 5/
instream-removal.

The release or emisson agorithm assumes that 100% of the release occurs at the use phase,
with no significant loss at the production, compounding or processing stage. In the present
assessment, it is assumed that al chemica substances which enter the waste water stream
will pass through awaste water trestment plant before being discharged into the environment.
Given the present Stuation in The Netherlands and the rgpidly evolving sStuation in the
European Union this assessment is seen as representative and conform to the EU Technical
Guidance Documents.

Since the rate of primary biodegradation of AE, AES, and soap is comparable to that of

LAS (Matthijs et a. 1994), sgnificant in-sewer remova was expected for al surfactants.

The comparison of mean predicted vs mean measured raw wastewater concentrations for al
7 wastewater treatment plants suggest that about 60% of the in sewers LAS is removed.
This remova is expected to be due to a combined action of various mechanisms including
adsorption onto suspended solids, precipitation as cacium sats and biodegradation. The
monitoring data show an in-sewer remova for AE of about 38%. This remova is expected
to be due to a combined action of adsorption and biodegradation. The comparison of the
measured concentration with the predicted concentration indicated an in-sewer remova for
AES of 11%. Thisvaueislow consdering the rapid biodegradation of AES and is likely due
to an underestimation of the consumption volumes of AES. Similarly to AES, the predicted
raw sewage concentrations of sogp are underestimates and do not account for potentia

other sources/uses of soap. This was a consistent feature for the different plants. It may adso
be expected that faity acids are formed in the sewer by hydrolysis of fats and oils.

Predicted average removd for LAS, AE, AES and sogp were high (98 - 99%) and not
sgnificantly different, usng the specified input modd input. This implies that - within the
limitations of the modd - only 1 to 2% of totd mass will be discharged to the receiving
surface waters. The monitoring data confirm the effective removal/degradation of dl mgor
priority surfactants during sewage trestment (Table 2), and indicate that the mode
predictions on removal are consarvative. Average measured removal ranged from 99.1% for
soap to 99.8% for AE.



Table 2 Range and average WWTP removal and concentrations of LAS, AE, AES, and
0ap in influent and effluent.

Surfactant Influent Influent Effluent Effluent Removal Removal
Range Average Range Average Range Average
(mglL) (mglL) (uglL) (uglL) (%) (%)

LAS 34-89 5.2 19-71 39 98.0-99.6 99.2

AE (C12-C15) 16-47 30 22-13 6.2 99.6-99.9 99.8

AES (C12-C15) 12-6.0 32 30-115 6.5 99.3-99.9 99.6

AS (C12-C15) 01-13 0.6 12-121 57 99.0-99.6 99.2

Soap* 14-45 28 91 - 365 174 97.7-99.6 99.1

* 6 out of 7 plants

Dilution factors for the discharge of al municipd wastewater treatment plants in The
Netherlands have been reported (de Greef and de Nijs, 1990). The 10th, 50th, or 90th
percentile dilution factor can be calculated as respectively SDF=3, SDF=32, and
SDF=1740 a 1000m below the sawage outfall. By using the dilution database, and linking
each Steto WWTREAT output or actual measured data, an estimate can be obtained about
the predicted 90th percentile of tota surfacant concentration (ug/L) a 1000m below the
sewage outfall. The measured data derived from this monitoring programme was used to
cdibrate this Generic Dutch Dilution Modd. Cdlibration of influent data with the use of actud
mean measured remova data dlow the further refinement and prediction of 90th percentile
concentrations. In addition, refinement was introduced to account for in-stream removad,
snce biodegradation and sorption can be expected to result in Sgnificant changes in
concentration and/or in substance form, didtribution, and bioavailability. In-stream remova
data for detergent ingredients have indicated that remova rates range from 0.5 - 1 day-1.
An in-stream lossrate of 0.7 day-1 for surfactants, Smilar to instream BOD removal raes, is
chosen based on expert judgment. In order to evauate the potentia effect of in-stream
remova on the 90th percentile PEC concentration, the calculation was repesated with vaues
of 0 and 0.14 day! for the rate constant (Table 3).

Table 3. Predicted 90th percentile concentration (ug/L) based on actud measured raw
sewage concentrations and mean wastewater remova figures. The 90th percentiles have
been caculated for different instream remova rates

In-stream removal (| LAS+total AE+total AES-total SOAP-total
1) (ug/L) (ug/L) (ug/L) (ug/L)
k=0.00 9.2 13 29 50
k=0.14 6.4 0.9 21 35
k=0.70 37 05 12 20




4.2. Effects.

Maximum Permissible Concentrations (MPCs) are derived using data presented in the BKH
reports together with some additiond data supplied by the NVZ. The latter consisted of
additiona long term studies for AES and field studies for AE and AES.

In the present document the following strategy is followed to derive aMPC:

- a MPC is deived based on single species toxicity data usng extrapolation
methods. Methods used are the datistical extrapolation method according to
Aldenberg and Slob and the EPA method which uses assessment factors.

- if avalable, NOECs from multi-species mesocosm tests are compared with the
MPC: if the values differ sgnificantly, the differences should be accounted for.

- afind MPC is derived.

The ecotoxicologica data sets for LAS, AE and AES consst of data for test-compounds
differing in number of ethoxylate groups and differing in dkyl chain length. As toxicity
depends on these characteristics of the chemica structure, these data are not comparable.
This means that toxicity data have to be normdized to a specified number of EO groups
and/or a specified akyl chain length. In the present document MPCs for LAS, AE and AES
are derived for compounds representative for the ones present in the Dutch aguatic
environment based on results from the monitoring study in the Netherlands. AE: C13.3
EOg.2; AES. C12.5 EO:3 4. For LAS no mean akyl length could be determined due to the
low concentrations measured in the environment. Therefore a consarvative chain length of
C11.6 isused, being the one of the commercia product. It is redized that this may lead to an
overesimation of the risk due to the preferential degradation of the longer chain length in
WWTPs.

Normadlization for LAS, AE and AES is carried out using correction factors based on
QSARs cdculations for short term toxicity for the specified compound and the tet-
compound. It is redized that usng QSARs for short term toxicity in the normdization
procedure can give only a coarse estimation of the influence of chain length and number of
EO groups. Therefore no correction is carried out over more than 3 dkyl units.

Final MPCs are presented in Table 4. The vaue for soap must be considered an indicative
vaue as short term toxicity data represent the mgority of the data.

Table 4. Find MPC (ug/L) for LAS, AE, AES and soap.



surfactant MPC based on range of find MPC
single species data fieddd NOECs
(uglL) (uglL) (uglL)
C11.6 LAS 320 250-500 250
C13.3EOg.2 AE 110 42-380 110
C12.5 EO3.4 AES 400 190-3700 400
soap 27 - 27

It can be concluded that for LAS, AE and AES MPCs based on single peciestoxicity data
cadculated with the datistica extrgpolation method of Aldenberg and Sob are in good

agreement with results from multispecies studies under more redistic conditions. MPCs for
LAS, AE and AES show that these surfactants have a comparable toxicity. AE is more toxic
than LAS and AES, due to its non-ionic nature and higher dkyl chain length. The MPC for
soap is a factor 415 lower than the other ones. Clearly, this is due to the use of a high

assessment factor: comparing the short term toxicity data available for sogp with the short
term datafor LAS, AE and AES it would not be concluded that soap is the most toxic.

The find MPCs for AE, AES and soap are expressed as dissolved concentrations assuming
100% bioavalability in the laboratory. However, measured concentrations from the
monitoring study are expressed as tota concentrations. Theoreticaly, total concentrations
consgst of adissolved fraction and fractions adsorbed to suspended solid and/or associated
with DOC. Using the Kp values presented in Table 9 of Chapter 3 and assuming 15 mg/l
suspended solids (SS) the MPCs expressed as total concentrations are 110, 410 and 31 ug/I
for AE, AES and soap!. The vdue for SS is taken from the Uniform System for the
Evduation of Substances and can be regarded as representative for Dutch surface waters
(RIVM, VROM, WVC, 1994). It can be concluded that the difference between total and
dissolved (i.e. non-sorbed to SS) concentrations are small for these surfactants.

According to Traina et d. (1994) association with DOC rather than adsorption to SS
influences bicavailability. This has been investigated for LAS resulting in a log Ko of 4.83
for association of C12 with DOC (see section 2.4.2)1 Assuming a DOC concentration of 10
mg/l, aout 40% would be associated with DOC. The influence of association with DOC on
bicavailability and toxicity has been investigated only in short term tests with fish for LAS
(Trana et d., in press). In this test it was shown that toxicity was reduced with increasing
DOC. However, as effects in long term tests may be different and results for the other
surfactants are not available the extent of the effect of association with DOC cannot be
quantified a the moment. Also, it must be noted that the nature and concentrations of DOC
differs in the environment. Summarizing, it can be concluded that the MPCs can be
compared directly to measured total concentrationsin the aguatic environment.

. MPCtotaI = MPCdissoIved * [1 + (Kp * SS)]-



According to the BKH reports commercia AES contains 20-50% akyl sulphates (AS). The
MPC is based on single species toxicity tests performed with commercia AES. This means
that exposure concentrations for 'pure’ AES cannot be compared directly with the MPC
presented in Table 4. Since AS has a different toxicity to AES the MPC has to be corrected.
Since AES s less lipophilic than AS due to the presence of severd EO groups, AES is
probably less toxic than AS - with corresponding chainlengths. Subsequently the corrected
MPC will be higher than the one presented in Table 4. Since toxicity datafor AS have not
been gathered the influence of AS present in commercid AES cannot be quantified at the
moment. This means that the comparison of the PEC for AES with the MPC of 400 ug/L for
AES may lead to an overestimation of the risk.

It is redized that extrgpolated single species results as well as multi- Species mesocosm tests
do not give the exact vaue of a No Effect Concentration for al ecosysems: uncertainty in
both results is dways present. For LAS the uncertainty is consdered to be low due to the
presence of an extensive data set from laboratory short term studies to multispecies studies
under more redigtic conditions. For the other compounds the uncertainty will be higher,
especidly for sogp as only short term data are available. Based on the number and variation
in results from short term, long term and fidd studies and using expert judgement the
uncertainty in the MPC values presented in Table 4 can be estimated as ranging from a factor
2 for LAS to 10 for sogp. This means that MPCs can be a factor 2-10 lower as well as
higher.

4.3. Risk characterization.

PEC/MPC ratios are presented in Table 5. PECs from Table 3 are used based on in-stream
removal rates of 0, 0.14 and 0.70 day'l. MPCs from Table 4 are used.

Table 5. PEC/IMPC ratios for LAS, AE, AES and soap based on 3 in-stream removal rates.

in-stream remova LAS AE AES soap
rate (day 1)

k=0 0.04 0.01 <0.01 19
k=0.14 0.03 0.01 <0.01 1.3
k=0.70 0.02 <0.01 <0.01 0.74

From this table it can ke concluded that for soap the MPC is exceeded for an in-stream
removal rate of 0 and 0.14 day'l. Assuming no in-stream remova is unredistic as sogp is a
ready biodegradable compound. So, depending on the in-stream remova rate chosen the
PEC is ather higher or lower than the MPC. Therisk of LAS, AE and AES for the aguetic
environment is low. Also taking the estimated uncertainty into account MPCs are dways
consderably higher than the PEC.



Therisk assessment of al surfactants can be further refined by:

- for sogp: further refinement of the MPC on the basis of chronic test data As only
short term toxicity data are present for sogp long term studies should be carried out.
In the mean time a 28-day growth test with zebra fish for sodium laurate (C12 soap)
has been conducted and a NOEC of 3.7 mg/L was reported based on measured
concentrations (van Egmond et d. 1996). These test results indicate that the toxicity
of sogp issmilar to the other surfactants.

- for AES and sogp: dthough messured effluent concentrations are redligtic, more
information on product use and release to the environment is required, as well as a
better understanding and quantification of sgponification of fatsin the sewer lines.

- for AES studying the influence on toxicity of AS present in commercid AES,

- for dl surfactants: determingtion of in-stream removal rate,

- for dl surfactants: obtaining more information on the influence of possible reduction in
bioavailability by association with DOC.
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Appendix 1. W-European consumption data

Table Mean W-European consumption data of toilet products, fabric washing, disch cleaning and surface
cleaning (AIS, 1994).

Products Consumption
(g/cap.day)
1. Toilet Products
1.1. Toilet Soaps 16
1.2. Hard Soap 15
2. Fabric washing
2.1. Washing powders 20
2.2. Washing liquids 40
2.3. Auxiliary products 0.6
2.4. Fabricrinsing products 7.0
3. Dish Cleaning
3.1. Hand wash 70
3.2. Machinewash 16

4. Surface Cleaning

4.1. General purpose 50

4.2. Lavatory cleaners 20

4.3. Special purpose 038

4.4. Scourers 15
Note:

1. European datigtics indicate + 50 g/cap.day of detergent and cleaning products. This
corresponds well with the Dutch statitics.
2. European gatistics indicate + 7 g/cap.day of toilet and household soaps

The relative contribution of sogp from shampoos, toilet, and household soaps is expected to
meatch the contribution of household detergents, which partly explains the higher measured
influent concentration. However, saponification of fats in sewers is expected to be the most
sgnificant source of the sogp Sgndl.



Appendix 2: Short term datafor LASC,, ..

Short term data LAS C, 45
species L(E)C30 (mg/l) n
dgee Chlorella vulgaris 5.8-20 2
Microcystis aeruginosa 0.9-32 5
Microcystis spec. 0.09 1
Navicula pelliculosa 14 1
Nitzschia fonticola 20 1
Oocystis lacustris 20 1
Scenedesmus communis 1 2
Scenedesmus quadricauda 60 1
Scenedesmus subspicatus 9-30 2
Selenastrum capricor nutum 4.29-117 11
Selenastrum spec. 29 1
crustaceans Asellus spec. 270 1
Balanus balanoides 3-50 2
Callinectes sapides 29.9 2
Carcinus maenus 100 1
Ceriodaphnia spec. 53 1
Daphnia magna 0.26-55 133
Daphnia pulex 8.6 1
Daphnia spec. 1.23-13.92 5
Eupagurus bernhardus 100 1
Gammar us pulex 1.5-36.6 24
Gammar us spec. 3.3 1
Hyalella azeteca 3.5 1
Hyas areneus 9-100 2
Leander adspersum 50 1
Leander squilla 100 1
Mysidopsis bahia 1.3-3.6 5
Mysidopsis spec. 14 1
Palaemonetas vulgaris 13.85 1
Penaeus duorarum 11-154 5
S mocephal us vetulus 30 1
insects Chironimus riparius 6.5 1
Par atanytar sus parthenogenica 23 1




molluscs Cardium edule 15 1
Crassostrea virginica 0.16-7.4 3
Mya arenaria 70 1
Mytilus edulis 100 1
Pecten maximus 5 1
worms Dero spec. 1.7 1
Dugesia spec. 1.8 1
Limnodrilus hoffmeisteri 0.96-1.8 3
Planaria 1.8 1
Rhaditis spec. 16 1
fish Brachydanio rerio 0.6-5.1 2
Carassius auratus 1.1-76 45
Carassius spec. 8.5 1
Catostomus commer soni 4 1
Chrystipera hollis 13 1
Cichlasoma nigrofasciatum 51 1
Cyprinodon variegatus 1.4-35 2
Cyprinus carpio 5.0-54 2
Esox lucius 3.7 1
Fundulus heteroclitus 24 2
Gadus morrhua 1.0-1.6 2
Heteropneustes fossilis 9.8 1
Jordanella floridae 8.6 1
Lepomis macrochirus 0.25-30.3 84
Leuciscus idus melonatus 0.26-16.6 11
Micropterus dolomieui 3.7 1
Oryzias latipes 5.9-70 4
Phoxinus spec. 6.2 1
Pimephales promelas 0.40-100 34
Pleuronectes flesus 15 1
Pleuronectes platessa 1 1
Poecilia reticulata 1.0-50 9
Oncor hynchus mykiss 0.85-7.8 10
Oncorhynchus spec. 17 1
Salvelinus alpinus 5 1
Tilapia melanopleura 4.8-23 3
Tilapia mossambica 15 1
plants Chara hispida 1 1
Elodea canadensis 1 1




| Lemna minor 2.5 1
amphibia Xenopus laevis 5.6 1
Appendix 3: Long term data for LAS.
Species chain NOEC normalized
length (mgh) NOEC LAS
Cus (mg/l)
bacteria | Pseudomonas putida | 11.8 | 30 | 35
dgee Chlamydomonas 11.2 15 12
reinhardi
Chlorella kessleri 11.8 3 3.5
Microcystus spec. 11.8 0.05 0.058
Plectonema boryanum 11.2 20 15
Scenedesmus subspicatus 11.6 0.8 0.8
Scenedesmus subspi catus 11.8 90 105
Selenastrum spec. 11.8 0.5 0.58
Selenastrum 12.3 0.5 1.0
capricornutum
crustaceans Ceriodaphnia spec. 11.7 3 3.2
Daphnia magna 11-13 4.2
Daphnia magna 11.6 0.3 0.3
Daphnia magna 11.8 0.3 0.35
Daphnia magna 11.8 1.18 14
Daphnia magna 11.8 1.2 14
Daphnia magna 11.8 1.25 1.5
Daphnia magna 12 4.9 6.6
Daphnia magna 12.6 0.9 19
Daphnia magna 13 0.8 2.3
Daphnia magna 13.3 0.6 2.1
Daphnia magna LAS 10
Daphnia spec. LAS 0.63
Daphnia spec. LAS 1.63
Mysidopsis bahia 114 04 0.34
Mysidopsis bahia 13.1 0.04 0.13
insecta | Chironomus riparius |11.8 |24 | 2.8




Paratanytarsus LAS 34
parthenogenica

mollusca Crassostrea virginica LAS 0.025
Mytilus edulis LAS 0.025




fish Brachydanio rerio 11.8 2 2.3
Limanda yokohamae LAS 0.05
Pimephales promelas 11 7.2 4.8
Pimephales promelas 11.2 51 3.9
Pimephales promelas 11.7 0.28 0.30
Pimephales promelas 11.7 0.48 0.52
Pimephales promelas 11.7 1.02 11
Pimephales promelas 12 1.08 15
Pimephales promelas 13 0.12 0.34
Pimephales promelas 13.3 0.11 0.39
Pimephales promelas LAS 0.5
Pimephales promelas LAS 0.5
Pimephales promelas LAS 0.63
Pimephales promelas LAS 0.7
Pimephales promelas LAS 1
Pimephales promelas LAS 2
Poecilia reticulata LAS 3.2
Oncor hynchus mykiss 11-13 0.23
Oncor hynchus mykiss 11-13 0.3
Oncor hynchus mykiss 11-13 0.35
Oncor hynchus mykiss 11-13 0.43
Oncor hynchus mykiss 11-13 0.89
Oncor hynchus mykiss 11.8 0.3 0.35
Oncor hynchus mykiss 12 0.12 0.19
Tilapia mossambica LAS 0.25




Appendix 4. QSARsfor long term toxicity according to Van

L eeuwen et al. (1992).

pecies

QSAR (NOEC expressed as mol/l)

bacteria
Pseudomonas putida

agee
Scenedesmus subspicatus
Selenastrum capricornutum

arthropods
Daphnia magna

fish
Pimephales promelas/
Brachydanio rerio

log NOEC =-0.64log K,,, - 1.60

log NOEC =-0.86 log K,,, - 1.41
logNOEC=-1.00logK,,, - 1.71

logNOEC =-1.04logK,,, - 1.70

log NOEC =-0.87 log K, - 2.35

Appendix 5: Long term data for AE.



record chainlength EO | species NOEC normalized
(mgll) NOEC (mg/l)
Ci23EOg;

318 145 6 M. aeruginosa 0.30 19
319 145 6 N. pelliculosa 0.14 0.93
321 145 6 N. seminulum 25 16
320 145 7 N. seminulum 0.50 24
322 145 7 N. seminulum 35 17
328 11 5 S. capricornutum 1.65 0.37
330 13 7 S. capricornutum 19 19
327 135 9 S. capricornutum 0.60 0.58
325 13 3 S. subspicatus 0.56 19
326 13 3 S. subspicatus 1 34
323 13 7 S. subspicatus 0.52 053
324 13 8 S. subspicatus 0.56 043
375 13.5(*) 3 S. subspicatus 0.32 19
376 14 (*) 7 S. subspicatus 0.56 043
P& G 12 3 B. calyciflorus 104 13
373 10 5 C. vulgaris 19 0.15
374 10 5 C. vulgaris 3.2 0.26
332 145 7 C. sapidus 10 48
333 145 7 C. dubia 0.085 041
334 145 7 C. dubia 0.35 17
335 145 7 C. dubia 0.20 0.99
336 145 7 C. dubia 0.17 0.81
345 12 9 D. magna 0.50 0.10
339 125 7 D. magna 0.24 0.15
343 125 7 D. magna 0.24 0.15
341 13 3 D. magna 0.18 0.64
344 13 7 D. magna 0.30 0.31
380 135 3 D. magna 0.32 19
Dornet a 135 9 D. magna 1 0.99
348 135 9 D. magna 1 0.99
379 14 7 D. magna 0.32 093
SHELL 14 9 D. magna 0.14 0.23
349 14 10 D. magna 3 39
342 145 7 D. magna 0.24 12
340 145 7 D. magna 0.24 12
352 145 7 P. duorarum 0.56 2.7
364 15 10 M. edulis 15 55
353 13 3 B. rerio 1 34
354 13 7 B. rerio 0.67 0.7
355 145 7 F. heteroclitus 1 4.8
382 13 (*) 7 P. promelas 1 10
362 13 7 P. promelas 0.32 0.32
363 14 9 P. promelas 0.40 0.64




360 145 7 P. promelas 0.18 0.87
361 145 7 P. promelas 0.23 11

365 14 10 D. gonocephala 013 017
366 14 10 N. humilis 0.13 017

(*) = branched




Appendix 6: Datafor AES.

In this Appendix short and long term data for AES are summarized. The mgority of the data
are taken from the BKH-report (1994). Results from standard test durations are preferred:
96 hr EC50 vaues for dgae, 48 hr EC50 vaues for Daphnia magna and 96 hr LC50
vauesfor fish.

Table 1. Short term data (in mg/l)

test species L(E)C50 number of values
(mgf)
Selenastrum capricornutum 3.5-10 2
Daphnia magna 4.2-72 9
Daphnia pulex 20.2 1
Penaeus duorarum 350 1
Crassostrea virginica 9 1
Brachydanio rerio 19-31 3
Carassius auratus 2.1-3.8 3
Cichlasoma nigrofasciatum 25-3.1 3
Cyprinodon variegatus 0.39-25 5
Lepomis macrochirus 1.11-745 4
Leuciscus idus melonatus 4.5-10 2
Oncorhynchus mykiss 19-944 9
Oryzas latipes 10-68 3
Pimephales promelas 0.7-13 8
Poecilia reticulata 21-24 3
Rasbora heteromorpha 39 1
Salmo trutta 15-1.6 2

ECS50 vaues for Selenastrum capricornutum are 3.5 and 10 mg/l. As stated in the BKH-
report these values are not corrected for active matter content. Based on information from
SHELL these values are corrected for 70% a.i. (pers. comm. R. Stephenson) and converted
to a NOEC by dividing the EC50 by 3. Normalized NOEC vaues are 1.0 and 2.1 mg/l,
respectively.

The other values in the BKH-report (1994) are considered unreliable as the exposure time is
unknown or considered too long for agtatic test with AES, i.e. 14 days.






Table 2. Long term data (in mg/l)

test compound CL EO test species NOEC parameter
(mgl) (mg)
fatty alcohol ether sulphate C12-14 + 2EO 12-14 2 Scenedesmus subspicatus 0.35 growth
C12/15, E3 12-15 3 Scenedesmus subspicatus 2.24 growth
C12/15, E3 12-15 3 Scenedesmus subspicatus 1.6 growth
C14-15 ethoxylate sulphate 14-15 2.2%5° Selenastrum capricornutum 21 growth
A12-13 ethoxylate sulphate 12-13  2.25° Selenastrum capricornutum 50.5 growth
C12, E2S 12 2 Brachionus calyciflorus 0.97 biomass
C12, E4S 12 4 Brachionus calyciflorus 2.26 biomass
C13, E2S 13 2 Brachionus calyciflorus 0.49 biomass
NaC14/15, E2.25S 14-15 225 Daphnia magna 0.18 reproduction
fatty adcohol ether sulphate C12-14 + 2EO 12-14 2 Daphnia magna 0.70 reproduction
C14/16, E2.25S 14.67 2.25 Daphnia magna 0.27 reproduction
C14/16, E2.25S 14.67 2.25 Pimephales promelas 0.10 growth
C17,E3S 17 3 Pimephales promelas 0.13 growth
C12/13, E1S 12-13 1 Pimephales promelas 0.88 growth

& edimate




Appendix 7. Data for soap.

In this Appendix short and long term data for sogp are summarized. The mgority of the data are
taken from the BKH-report (1994). Only, if data are present for the same organism and the same
test compound a geometric mean is caculated. All values are based on nomina concentrations.

Soaps with unspecified chain length.

Table 1. Short term data: L (E)C50 valuesin mg/l

bacteria 134

green dgee 240

blue dgee 24
crustaceans 10, 42

insects 4233*

fish 6.7, 20°, 423, 1342°
amphibians 423

*  dbove water solubility
® unknown fish species

Long term data: NOEC valuesin mg/l

dgee 10°
crustaceans 10°

#  growth measured as biomass, species not given by the authors, probably Microcystis aeruginosa
*  mortdlity; no effects on reproduction at concentrations >10 mg/l




Soaps with a chain length of C,,-C,,.

Table 3. Short term data: L (E)C50 valuesin mg/l

bacteria 8.8
green dgee 53
crustaceans 3.3%,5.4, 32,48
fish 11, 42, 63, 118

#  geometric mean of two EC50 vaues for Daphnia magna of 2 and 5.4 mg/l determined for
lauric acid

Soapswith a chain length of C,;-Cyg,

Table 4. Short term data: L (E)C50 valuesin mg/l

bacteria 250

green dgee 58, 140, 190

crustaceans 4.2, 25, 40, 88, 160

fish 0.6% 12, 12, 67, 125, 150, 205, 217

#  geometric mean of five 96 h acute LC50 vaues (0.1, 0.5, 0.6, 1.4 and 2.1 mg/l) for
Oncorhynchus mykiss tested at pH values of 6.6-7.8, hardness of 9-32 mg CaCQO,/l and
temperatures of 7-17 °C. Test compound is oleic acid and a solvent is used (amount unknown).




Appendix 8: MPCs based on different extrapolation methods.

Soap

MPC Aldenberg | Wagner EPA triangular | EPA assessment | EU assessment
(mgl) and Slob and Lokke factors factors
LAS 320 330 200 25 25
AE 110 120 100 17 17
AES 400 410 - 48 48
- - - 27 2.7




Appendix 9: Summary of resultsfrom field sudieswith LASfrom BKH
(1993a).



Appendix 10. Screening Assessment of other surfactants.

SCREENING ASSESSMENT OF REMAINING LAUNDRY & CLEANING SURFACTANTSIN NL

ASSUMPTIONS:

Population
Water consumption per capita
Dilution factor

Priority Surfactants
LAS
AE TOTAL
AES
SOAP

OTHER ANIONICS
SAS
AS

OTHER NONIONICS
AEP
FAA
AEE - (polyglycolester/alkylamine
ethoxylates)

CATIONICS
DTDMAC
EA quat- triethanolamine
EA quat - monoethanolamine
Imidazoline
Other
AMPHOTERIC

Alkyl Betaine

Tonnage
1990
ton/yr

16963
9496

4257

12877

1382
1207
573

745
120

1764
522

179
218

196

Tonnage

1992
ton/yr

16409
9515
3709

11436

1036
1539

719
361
335

30
1132
13
589
871

236

Tonnage

1993
ton/yr

14988
9205
3551

10972

1410
1151
694

434
283

19
1037

331
1030

236

Tonnage

1994
ton/yr

13549
9703
3587

10770

1391
1975
698

723
325

19
1134

136
1395

175

14.80
200 |/day
10
Used Removal
for PEC range
ton/yr %
1391 97 - 98
1975 98 - 99
698 87 -97
723
325
30
1132
589
871
175 80-97

(Centraal Bureau voor de Statistiek, 1988)
(EU screening dilution factor)

Mean Raw PEC Acute Lowest Acute to
removal Sawage river E(L)C50 LC50 Chronic
% mg/| mg/| mg/| mg/| Ratio
see RIVM/NVZ RISK ASSESSMENT REPORT

97.5 1.3 3.22E-03 1.3-144 1.3 10

98.5 1.8 2.74E-03 3-20 3.0 10

95.0 0.6 3.23E-03 0.7-5.7 0.7 10

95.0 0.7 3.35E-03 4-31 4.0 10

95.0 0.3 1.50E-03 2-10 2.0 10
see VROM reviews

see VROM reviews

see VROM reviews

see VROM reviews

90.0 0.16 1.62E-03 5.0 10

PEC/PNEC

0.2
0.1

0.46

0.08
0.08

0.03
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