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ABSTRACT

Unilever product ingredients are discharged into the environment via a number of routes, in
many regions of the world thereis alack of municipal waste water treatment and the
discharge of chemicals directly into the environment in the presence of untreated sewageisa
major pathway. An absence of data on the behaviour of the fate and effects of chemicals
under such conditions requires overly stringent and unrealistic assumptions when ng
risk (e.g. no biodegradation is assumed). Traditional risk assessment fails since water quality
is compromised by pollutants associated with raw sewage (e.g. BOD and ammonia) and the
relevance of the ‘standard’ risk assessment approach has thus been questioned. An aternative
risk assessment model, based on the ‘impact zone' concept, has been proposed for direct
discharge conditions. In thismodel, chemicals are assessed in terms of their predicted
environmental concentration (PEC) at the end of an impact zone, within which the ecosystem
isimpacted by the pollutant, free ammonia, and beyond which it is not. Linear alkylbenzene
sulphonate (LAS) was used a model compound to understand the fate of materials classified
as readily biodegradable in this scenario. Batch and dynamic test systems simulating
conditions associated with untreated discharge, confirmed that LAS was degraded quicker
than the general organics present in settled sewage and that beyond the defined ‘impact zone'
it is extensively removed.

Predicted no effect concentrations (PNECs) can a so be generated for chemicals on the
inhibition of key microbial processes (biological oxidation and nitrification) which are
essentia in riversfor self purification. A variety of detergent ingredients (ranging from
readily biodegradable to anti-bacterial) were investigated in short term toxicity

tests. The tests produced arange PNECs and confirmed that these ingredients can show
selective inhibition towards heterotrophic or autotrophic bacterial populations. All of the

PNECs generated were above the PEC for these ingredients.
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CHAPTER 1

1. I ntroduction

Unilever is now making alarge commitment to expanding its globa businessinto the
developing and emerging markets. Lack of sewerage treatment prior to discharge into
the receiving waters in these market regions leaves avoid of knowledge on the fate of
Unilever ingredients. Thisis aparticular problem when determining the environmental
risk assessment (ERA) for any ingredient and in the absence of data, it becomes a
necessity to assume stringent defaults when predicting the safety margin. Thishasa
significant impact on the resulting safety margins in developing and emerging markets
(aswell as severa developed regions still 1acking adequate treatment) in which
Unilever operates.

Prediction of the environmental concentration of Unilever ingredientsis essential to
determine whether or not they pose an unacceptable risk to the environment.

Itisalso vital to support an improvement in the risk assessment thus allowing the
business room for manoeuvre in terms of tonnage with particular ingredientsin their
respective markets. SEAC (Safety and Environmental Assurance Centre) have now
developed a new interface for the Unilever business to interact with to gain safety
approva in the form of an intranet application ‘Pelican’. The aim of Pdicanisto
implement a single SEAC processto provide formal Unilever safety approval to all
Innovation Centres and operating companies in a consistent and co-ordinated manner.
One of the five domains for which safety approval is sought is Ecotoxicol ogy.
Thelack of dataavailable in this domain for the biodegradation of chemicalsin the
particular environmental compartments associated with direct discharge, resultsin
over conservative estimations being made, e.g. no biodegradation is assumed because

there is no sewage treatment prior to release in to the receiving water.
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As Pelican tailors arisk assessment to the particular geographic region, in places with
installed infrastructure the risk assessment will be of a different order from regions
where direct discharge of untreated wastes is commonplace.

Thelack of dataavailable for Pelican to source for untreated discharge isin contrast to
the large amount of available biodegradation data for chemicals, which are exposed to
awastewater treatment prior to release in to the environment.

The basis of the risk assessment is determined by understanding the fate of the
ingredient, the predicted environmental concentration (PEC), and theratio of thisin
comparison to the effects of the ingredient, or specifically the predicted no-effect

concentration (PNEC). Fig 1.1 shows the algorithm used by Pelican.

Ingredient (mg) = From User
. e A * 400 Formulation
Tonnage * % in formulation * Active Level * 10 Active Level
(fraction) (fraction) N
Countries
Tonnage

Water Use (I/per annum) =

Water use (I/pc/pd) * Population * 365

— From Database

Demographics
Population
Water Use

PEC intuent = From Database

Ing (mg) / Water Use (l/per annum) Disposal Routes (All must equal
100%)
% connection to secondary +
tertiary sewage treatment work
% connection to septic tanks,
% to ground
% washing directly inrivers
% direct discharge

PEC effluent =

PEC,:* % STW connection * (1 — Removal) From Database

(Fraction)
'\ Biodegradation
Override STW, Override

Direct Discharge,
Confirmatory Removal,
Ready, Inherent
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PEC effluent =

PEC;,:*(1 - % connection to STW - % ground -

(Fraction) (Fraction)
% direct washing - % septic tanks) * (1 — DD removal)
(Fraction) (Fraction)

PEC =
PEC effluent / Dilution Factor

PNEC — Effects

Override PNEC

Algal EC50 Algal NOEC,
DaphniaEC50 Daphnia NOEC,
Fish EC50 Fish NOEC

Safety Margin =
PNEC / PEC

Needs to be >1 for an acceptable
outcome

Figl.1l ThePdican Algorithm.



CHAPTER 1

1.1  Alternative ERA methodology —the impact zone concept

In terms of behaviour of detergent substancesin a direct discharge scenario, AISE /

CESIO (1995) summarised that the following principles should be applied.

i) Detergent ingredients should not significantly delay or impair the recovery

processes in polluted rivers.

i) Detergent ingredients should degrade as fast as the general organic chemicals

in organic sewage.

iii) Following the recovery of a stream from pollution by general organic
chemicals, detergent ingredients should not be present at harmful

concentrations.

The principles agreed for detergent behaviour in this scenario alow for the
construction of an alternative ERA methodology and provide guidance on the data
required and design of screening tests. This methodology is based around the idea of
the impact zone, the zone in which water quality is severely impaired by the
components of raw sewage (e.g. high free ammonia and nitrite and low oxygen
concentrations) illustrated in Fig 1.2.

A whole series of biochemical changes occur in the impact zone of abody of water
after receiving a discharge of untreated waste. The receiving water has to complete
self-purification against this pollutant loading through a series of physical/chemical

and biological processes.
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Qutfall
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Fig 1.2 Representation of the typical changes observed in water quality from a point
source discharge at the ‘impact zone' and further downstream where the wastel oad has

been assimilated.

Sdlf purification involves physical processes, which will include mixing, dilution, and
sedimentation which will occur with suspended solids floculating and forming benthal
deposits. It also involves chemical processes, including oxidation of reducing agents
such as sulphides, but by far and away the most important processin self purification,
is biochemical oxidation through the activity of micro-organisms.

The large volumes of biodegradabl e organic materials present in sewage discharges
contribute to the depletion of the dissolved oxygen (DO) in the receiving waters due
to microbial activity utilizing these substrates for growth with the remainder being
converted to relatively stable end groups. Thisis by far the most important process for

the stabilisation and removal of a polluting waste load.
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Aerobic

Organic matter + Bacteria+ O, ——» New Cédls
CO, NO;z H,0

Anaerobic

Organic matter + Bacteria ——» New Cells

Alcohols and Acids + Bacteria — New Cedlls
CH4,H,SNH3.
CO,,H0

The DO levelswill only recover when this organic substrate has been mineralised
sufficiently, and the phenomenais often referred to the ‘DO sag'. It is essentia that
DO doesrecover, as, this can be the limiting factor for maintaining aquatic life.
Another key process during river self purification is the nitrification process.
Ammoniais present in large quantities in sewage and is toxic to aquatic life in the un-
ionised form. In agueous solution ammoniaformsions and an equilibrium is reached
between ammonia, anmonium and the hydroxide ion, this ratio being dependant on

temperature and pH :

NH3+ H20 +“—> NH4+ + OH"

The ammoniais converted in to the less harmful nitrate via nitrite during the
nitrification process, which, occurs anywhere in the biosphere, provided that the

environments are such that the nitrifying bacteria can exist.

1. Organic+ O, — NH3+ O,
2. NH3;+0,—-NO, +3H" +2e

3. NO; +H,0—NO3 +2H" +2¢e
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The nitrification processis very important for oxygen conditionsin soil, streams,
lakes and biological treatment plants. Specific auto-trophic micro-organisms,
Nitrobacter and Nitrosomonas perform this vital function during river self
purification. The first stage of proposing an aternative methodology isto define what
the impact zone is using agreed criteria. In the case of DO as an indicator, the
sensitivity of fish to low concentrations of DO differs between different life stages and
processes e.g. growth and reproduction (Alabaster & Lloyd , 1982). Providing other
environmental factors are favourable a minimum constant value of 5 mg/L is
satisfactory for most life stages of fish.

In the case of un-ionised ammoniathe lowest reported lethal concentration for
salmonidsis 0.2 mg/L but adverse effects by prolonged exposure are absent only at

< 0.025 mg/L. Cyprinids are slightly more resistant (Alabaster & Lloyd, 1982).
Concentrations of total ammonia containing 0.025 mg/L of unionised ammoniarange
from 19.6 mg/L at pH 8.50 and 30°C to 0.12 mg/L at pH 7.0 and 5°C, mostly because
of the influence of pH. McAvoy et al., (1993) reported avalue of 0.01 mg/L asa
concentration for toxicity to freshwater fish, derived from a species sensitivity
distribution curve. Definition of the impact zone in these experiments will be based on
the more conservative water quality criteriafor concentrations of un-ionised ammonia
for toxicity to freshwater fish of 0.025 mg/L. This also complies with the EC
Freshwater Fish Directive 78/659/EEC.

When determining the ERA in the defined impact zone a PEC va ue for the ingredient
can be determined but, aternative PNECs are required. In particular, substance
specific datais required for the inhibition of key ecosystem functions, such as

inhibition of the degradation of organic matter or nitrification, rather than the standard
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species used for PNEC determination in risk assessment such as algae, invertebrates
and fish. The standard PNEC used for an ingredient to determine a safety margin
becomes meaningless in the large presence of organic materials from sewage, the
accompanying increase in biological oxygen demand (BOD), increased levels of
ammonia and suspended solids means that the presence of a detergent ingredient to
already poor conditions has little effect.

Another alternative approach to ERA would be to determine a PEC for a specific
ingredient beyond the defined ‘impact zone' after an untreated discharge. Still using
conventiona risk assessment (the ratio PEC: PNEC) but now using a PEC value
which alows for any degradation which has occurred to the ingredient during the river

‘self purification’ process.

1.2 Overview of Sewage treatment connection

The statistics are both interesting and in some cases surprising when looking at the
percentage of the population that is actually served by sewage treatment and provide a
reminder that the discharge of untreated wastewater is not an issue solely confined to
developing and emerging economies. The OECD looked at the current state of the
wastewater treatment connection rates of its member countries at the end of the 1990s and
found that the OECD-wide share of the population connected to a municipal wastewater
treatment plant had rose from 50 % in the early 1980s to more than 60 % today. Further
investigation of the actual level of the quality of the sewage treatment applied reved s that the
discharge of inadequately treated waste-loads is also still a problem for many of the

developed countries, illustrated in Fig 1.3.
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Waste water treatment

Sewerage and sewage treatment connection rates, mid-1990s*

Nationdl populaticn
. _ L e _
ulm I I I I part die mtcomecied loa
=i [ q wade A
80 1 =
I — il connecled o a '
I | | seierage network oonnecld b a
o I . withaut reatment sewerage network
g e :
i — comectedto: : :
- primary freaiment : :
no daia oy I veced b :
N T TPTTPPIPED sewage treatment ;
available plant :
- secondary andlor . :
teriary reatment ! :
NLD SWWE CHE ONK DEL UKD FIN AL FRA LU CZE CAN JPN NOR BEL GRCHUNMEX PRTTUR 1S USAKOR POLESP  AUS NZL IRL ITA

*or latest available year. Data prior to 1990 are not taken into account.

Fig 1.3 Sewerage and sewage treatment connection rates as collected by the OECD at the end of the 1990's. (OECD, 1999).
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Thelevels of treatment vary significantly within the OECD community, the varying
economic and environmental conditions and the rate at which countries have addressed their
waste water treatment in the past, will al be contributing factors which will have influenced
these statistics. Some countries are still completing sewerage networks or first generation
treatment plants, whilst other countries will have reached their economic limitsin terms of
sewerage connection.

Within Europe the implementation of the Urban Wastewater Treatment Directive
(91/271/EEC) has stimulated the building of many municipa wastewater treatment plants and
new processes being adopted, such as biological treatment stages.

The Urban Directive addresses this problem of urban wastewater pollution by requiring that
cities, towns and other population centres meet minimum wastewater collection and treatment
standards within deadlines fixed by the directive. The expiry of these deadlines was fixed as
the end of 1998, 2000 and 2005, depending on the sensitivity of the receiving water and on
the size of the population centre. However, this has been a rather slow process for several
countries, recently there has been the report of the case of the European Commissions final
legal warning to Italy over failure to ensure proper sewage treatment in Milan. Belgium was
another country also condemned by the European Court of Justice for failing to prepare
adequate plans for treating sewage in Brussdls, its capital city. All of Brussels sewageis
discharged directly into the Senne river, which has been culverted in the city centre to avoid
the smell. A commission report commented on the Senne downstream of the Belgian capita
being "more an open sewer than ariver”. In the developing regions of the globe, the levels of

accurate data available on wastewater treatment is very limited but it is estimated that more

10
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than 90 percent of sewage is discharged directly into rivers, lakes, and coastal waters without
treatment of any kind (WRI, 1997).

The World Health Organisations report on Global Water Supply and Sanitation (WHO, 2000)
has gathered information on access to sanitation services through household connections and

other means for Africa, Asia, Latin America and the Caribbean, which have the largest

concentrations of developing regions (see Tables 1.1 and 1.2).

Table1l.1 Sanitation coverage by category of service (Other access includes septic tanks,

pour flush systems, ventilated pit latrines, pit latrines).

% Coverage
Sewerage Other Access No Access
Connection
Africa 13 47 40
Asa 18 30 52
LA&C 49 29 22
Tota 20 33 47

Table 1.2 Median percentage of urban wastewater collected through the sewerage systems

that are reported to be treated in sewage treatment plants.

% median of urban
wastewater treated

Africa 0

Asia 35

LA&C 14

N America 20

Oceania -

Europe 65

11
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1.3 Wagewater and Wastewater Treatment

Wastewater can be defined as a contaminated aqueous discharge of domestic or industrial
origin, which isunfit for any purpose without being subjected to some form of purification
process. It can be described by its flow and quality characteristics aswell asit's source, i.e.
domestic / municipal or industrial with the latter source having more variability with respect
to flow and quality.

Wastewater consists of particles of various sizes suspended in arelatively weak solution of
organic and inorganic compounds and its quality can be defined by its physical, chemical and

biological characteristics (Table 1.3).

Table 1.3 Physical, Chemical, and Biological Wastewater Characteristics (Metcalf

and Eddy, 1991).

| Physical Chemical Biological

Solids Organics Plants
Temperature Proteins Animals
Colour Carbohydrates Viruses
Odour Lipids
Surfactants
Phenols
Pesticides Inorganics

pH

Chlorine

Alkalinity

Nitrogen

Phosphorus

Heavy Metals

Toxic Materials

Grit Gases
Oxygen
Hydrogen Sulfide
Methane

12
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The composition of domestic and municipal wastewater varies significantly both in terms of
place and time, thisisin part due to variations in the discharged amounts of substances.
However, the main reason is variations in water consumption, infiltration and ex-filtration.
Concentrated wastewater represents cases with low water consumption and or infiltration,
dilute wastewater represents high water consumption and or infiltration. Domestic sewage
generally will contain approximately 1000 mg/l of impurities, of which about two thirds are
organic. A breakdown of the typical average contents of organic matter present and the typical
average contents of nitrogen matter in domestic wastewater are shown in Tables 1.4 and 1.5.
Depending on the concentration of the wastewater, typically detergent concentrations

in wastewater measured as linear alkylbenzenesul phonates (LAS) can range from between 1 —
15 mg/L (Henze, 1996). Conventiona wastewater treatment is a combination of physical and
biological processes aimed at removing the organic matter from solution. Sewage is most
commonly treated in athree-stage process including: preliminary treatment, primary
treatment, also known as sedimentation, and secondary biological treatment.

In certain circumstances there is aneed for tertiary treatment, making treatment a four-stage
process, but thisis more common where the receiving waters are of a more sensitive nature or
arerequired for abstraction for drinking purposes.

A by-product of wastewater treatment is sludge which requires further treatment or disposal .
Preliminary treatment is basically a screening of the wastewater aimed at removing larger
floating objects and grit making sewage more amenabl e to treatment. However, this does not
significantly impact on reducing the polluting or pathogenic load of the wastewater.
Thereforeif effluents are discharged immediately after preliminary treatment, a significant

health and environmental risk will remain in the area of the outfall, though the aesthetic
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environmental problems will be minimised. Primary treatment further reduces the polluting
load through sedimentation and removal of floating scum formed by fats, oils and greases
(FOGS). It uses sedimentation tanks, in which, wastewater is retained for 2-6 hours to permit
particul ate matter to settle out of suspension. These particles collect at the base of the tank to
form adudge. In total, approximately 55% of suspended solids are removed during primary
treatment, with the result that biological oxygen demand (BOD) decreases by approximately
35%. There are two main types of secondary treatment, activated sludge treatment and
trickling filter (also known as biological filter or percolating filter). Initially in both cases,
effluent from primary treatment undergoes biological processes whereby micro-organisms
oxidise the BOD. In activated sludge thisis followed by afurther sedimentation, which
separates the micro-organisms from the final effluent. In trickling filter systems the micro-
organisms are left behind on thefilter. If this stage is present, more than 95% of
biodegradabl e surfactants would be expected to be removed.

As mentioned earlier some wastewaters require further purification and this may include
disinfection, which aims to reduce the number of viable micro-organisms that can cause
subsequent infection of people. Nutrient removal is another key cleaning up process required
for some wastewaters where eutrophication is an issue for the receiving waters and thisis
also classified as atertiary treatment in some literature.

Where none of these treatment stages are involved, then sewerage networks simply act asa
transportation system for the wastewater to its receiving waters.

Thisreceiving water then has to utilise its own self-purification processes, physical, chemica
and biological, to clean up the waste load. If the receiving body of water cannot self-purify

the waste loading, serious and often irreversible changesin its ecology may be induced. The
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typical fate and potential pathways for Unilever ingredientsin to the aquatic environment and

their potential routes for removal areillustrated in Fig. 1.4.

Table1.4. Typical average contents of organic matter in domestic wastewater

(Henze, 1996).

Wastewater Type
Analysis Parameters Unit (1)
Concentrated | Moderate Diluted V.Dilute
Biochemical Oxygen demand, BOD g OJm?®
- Infinite 530 380 230 150
- 7 days 400 290 170 115
- 5days 350 250 150 100
Chemical Oxygen Demand, COD g o,/m®
- total
- dissolved 740 530 320 210
- suspended 300 210 130 80
440 320 190 130
Total Organic Carbon
- Carbohydrate gC/m? 250 180 110 70
- Proteins 40 25 15 10
- Fatty Acids 25 18 11 7
- Fats 65 45 25 18
25 18 11 7
Fats Oil and Grease
g/me 100 70 40 30
Phenol
g/me 0.1 0.07 0.05 0.02
Phtalates, DEHP
g/me 0.3 02 0.15 0.07
Phtalates, DOP
g/mé 0.6 0.4 0.3 0.15
Nonylphenols, NPE
g/m 0.08 0.05 0.03 0.01
Detergents, anion (2)
gLAS/ m? 15 10 6 4
1) g/m3=mg/L =ppm
2) LAS=Lauryl Alkyl Sulphonate
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Tablel5 Typical average contents of nitrogen matter in domestic wastewater

(Henze ,1996)

Wastewater Type
Analysis Parameters Unit (1)
Concen- Moderate | Diluted V.Dilute
trated
Total Nitrogen gN/m? 80 50 30 20
AmmoniaNitrogen * gN/m® 50 30 18 12
Nitrite Nitrogen gN/m® 0.1 0.1 0.1 0.1
Nitrate Nitrogen gN/m® 05 05 05 05
Organic Nitrogen gN/m? 30 20 12 8
1) NH3 + NH4+
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Fig 1.4 Typical fate/ pathways for Unilever ingredients into the aquatic environment and

potential routes for removal.
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14 Previous Wor k

The relationship between results obtained for classifications of biodegradability of
chemicalstested in [aboratory tests and those from sewage treatment simulation testsis very
well established. Current standard biodegradation tests determine the general biodegradation
potential of specific chemicals and a material which passes a ready screening test has been
shown to aso rapidly degrade in both waste water treatment plants (Gerike and Fischer,
1979) and the environment. The EU Technical Guidance Document (TGD Commission
Directive 93/67/EEC) assigns default values for each situation, which are first order rate
constants of 1 h™ for use in risk assessment modelling in WWTP's and 0.047 d™ in surface
waters. This knowledge has been used for environmental risk assessment, primarily in
Western Europe and the US or specific regions where treatment occurs prior to release.
Several tests have developed over time to evaluate the biodegradability of chemicalsin
environmenta waters from simple batch systems to more complex simulation tests. A variety
of different conditions have been proposed for simulating this scenario with varying
composition of test media (natural and synthetic), micro-organism sources, test conditions,
test substance concentrations and analytical techniques. These factors raised many questions
on how to evaluate and apply the results generated for risk assessment purposes with
confidence.

Several test methods involving batch systems were initially devel oped for determining
biodegradability in surface waters (Means et al., 1981; Wylie et al., 1982) who proposed die-
away systemsin a2.5L flask using river water as both test media and source of micro-
organisms. **CO, analysis was used to detect test concentrations at 0.1mg/l. Adequate

repeatability was obtained with the reference material (phthalic acid) but less so with the test
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materials which showed greater variation. A die away system using methylene blue anionic
surfactant (MBAS) analysis and atest concentration of 25 mg/L was explored by Anderson et
al., (1990). Thisisaconvenient indirect method for monitoring the biodegradation of

surfactants when a specific analysisis not available or is too costly.

A lot of proposed test systems for simulating biodegradation used large open systems such as
model streams. Oba et al., (1977) looked at systems using chlorinated water as the test
medium and the supernatant of activated sludge as the source of micro-organisms. An
artificial stream of 10.8 m in length was constructed with a50 hr residencetime and LAS
biodegradation monitored with MBAS and tota organic carbon (TOC ) analysis. Adaptation
to quaternary ammonium surfactants by suspended microbesin amodel stream was
investigated by Shimp et al., (1989).

A 20 m length was constructed simulating ariver with sediment (depth 1-2 cm) and under
controlled light (10 h/day) and realistic test concentrations (0.2 - 1 ppm) using **CO;, analysis.
An overflow system using 500 x 50ml vessels was developed by Engellman et al., (1978),
with aresidence time of 5 h. These studies al suggested that continuous systems of this
nature required at |east four weeks to achieve steady state conditions. The overflow system
was further developed by Scholz & Muller (1991), to create a more complex riverine model
using an aquatic staircase system. The test system consisted of test unitsin cascadesrun in
paralel, each containing seven channels made from photographic washing tanks (50 x 39

cm).
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This ‘riverine’ system was fed with the outflow of an OECD confirmatory test system
containing no test substance and being dosed with a synthetic feed. The outflow from the
confirmatory test was then diluted with dechlorinated tap water in aratio of 1: 4.

This diluted outflow was then fed at 15 L / d into the topmost tank of the cascade, an outflow
from this tank was then fed in to the next tank and so on. One test system acted as a control,
whilst, the other cascade was exposed to the test substance.

The system (Fig. 1.5) was based on aidea by (Guhl, 1987), to simulate a stable part of a
riverine system and was designed to close the gap between standardised single species tests
and the situation observed in the field. This study compared the species of organisms detected
in his model in various laboratories with those found by him in the lower reaches of the

Rhine. Good correlation and representation of the speciesin surface waters was found.

Fig. 1.5 Diagram of cascade system for the surface water simulation method.

This comparison improved confidence in the applicability of the results obtained from the
model to actual events occurring in surface waters in the real world. Scholz and Muller F,

(1991) used the test system for determining ecotoxicity and biodegradation.
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Several biological species, including, producers, bacteria predators, algivores and carnivores,
were measured to determine ecotoxicity and the effects of LAS on them.

The biodegradation was monitored using MBAS analysis. Further work using this system
was published by Koziollek et al., (1996) who presented it as a suitable dynamic system
river model for biodegradability studies. A series of non-volatile and non-sorbing model
compounds (2,4-dinitrophenol, naphthal ene-1-sul phonic acid and sulphanillic acid) were
tested in the cascade system and compared with two standardised batch shake flask tests.
The modified OECD screening test (MOST, OECD 301E) and the dissolved organic carbon
die away test, (DAWT, OECD 301A). These tests are both batch ‘static’ systems with very
similar conditions, the main difference that the DAWT test allows the use of higher microbial
cell densities.

The compounds were tested at the standard test concentrations and lower, to get closer to the
very often low concentrations observed in the environment. **C |abelled compounds were
measured at 50 pg/L, unlabelled compounds by capillary electropheresis at 5000 pg/L and
the removal of dissolved organic carbon (DOC) at 50000 pg/L. This study concluded that the
river model produced reliable test results of high predictive value in an environmentally
realistic range of concentrations for test substances which are non volatile and not sorbing
specifically on biomass. It also concluded the use of specific analytical techniques or radio
labelled compounds is required to investigate at low test concentrations. The results from the
DAWT batch test were reliable and could be compared with the river model. The MOST

test was found to be inadeguate in comparison, particularly at low inoculum concentration

and was not a suitable test for predicting biodegradation in surface waters.
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A similar exercise was completed by Sedl et al., (1993) who measured the degrees of
elimination of test substances in this test system and compared them with MOST and DAWT
systems and suggested that both batch systems were comparable with the river model, so
some discrepancy seemsto exist over the MOST test. Koziollek et al., (1996) a so concluded
that although this was not asimpletest, it could be standardised and be used as atool to
investigate substances on a high ssimulation level and to compare the results of simpler batch
style systems to increase their predictive value. A range of surfactants were monitored in the
riverine system by Schoberl et al., (1997) to try and predict the distance downstream of a
wastewater point source within which degradation / elimination of a discharged substance
would take place.

Thisinvestigation found that the low flow rate of the river model (maximum 1 metre per
hour) did not allow the measured distance to be applied directly to the real world conditions.
However, the time during which a certain percentage of degradation / elimination of a
particular substance takes place in the model can be applied to any surface waters with a
water quality comparable with that in the model irrespective of their flow rates. So if in the
model an ingredient is 50% biodegraded within a distance of 1 m and it takes 1hr for the
model surface water to travel this distance, then in any comparable surface water in thered
world 50% of the ingredient would expected to be removed within the distance covered by
the surface water in 1 hr. These experiments were not designed for determining
biodegradation but for investigating chronic toxicity, so the surfactants were selected for
these purposes. Biodegradation was followed by non specific techniques, MBAS and bismuth
active substances (BiAS) for non-ionic surfactants so the surfactant concentrations were also

higher than would be expected in surface waters.
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Theresults for degrees of degradation from the river model did not differ significantly from
those observed in the DAWT and MOST tests.

However, the degrees of degradation / elimination were reached in hours in the river model
simulation studies after completion of the lag phase and only after daysin the static tests. The
surfactant half lives calculated in the surface water simulation model also compared well with
monitoring data on the surfactants from the environment, which further validated the
applicability of thistest system.

Boeije et al., (2000) constructed alaboratory scale artificial river system (Fig 1.6) which also
considered the incorporation of biofilm activity in river biodegradation using LAS as the case
study. A mathematical model was constructed which considered both biofilm and suspended
biomass activity in relation to the biodegradation of chemicalsinrivers. The artificia river
model was constructed again as a cascade but using 5 U-shaped gutters each 2 m in length

with atotal volume of 36 L. A hydraulic residence time ( HRT ) of ~3 h was set requiring a

flow rate of
0.2L / min.
synthetic river water inflow 200 cm
[ [ 1
L™ |
[ ]
I
150 cm r‘ i I
l |
L |
|
i ——

| |
&
air diffusor

Figl.6 Artificia river design, Boeije et al., (2000)
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Air diffusers were placed in each piece of guttering to encourage oxygenation and to
counteract sedimentation. A synthetic river water was used to reduce variability which
consisted of alaboratory scale trickling filters effluent mixed 50/50 with tap water. The
chemical oxygen demand (COD) concentration was in the order of 40 mg/L, LAS levelswere
measured in the order of 1-2 mg/L. The trickling filters influent was a synthetic sewage
(containing LAS) based on a synthetic sewage developed by Boeije et al., (1998). Biofilm
was allowed to devel op on the edges of the gutters and on an artificial material to mimic bed
material in ariver or vegetation present in natural rivers, (polypropylene truncated cones with
fins). LAS was then measured using a specific Azure-A analytical method.

Theartificial river model design used by Boeije et al., (2000) seems to be less demanding on
laboratory floor space and of amore compact design than some of the previous lab scale river
models discussed.

Three experiments looked at the effects of no biofilm presence, presence of biofilm on
guttering edges and suspended biomass, and, finally biomass on carrier material, guttering
edges and suspended biomass. The results showed no significant removal took placein the
absence of biofilm but in the presence of biofilm significant removal was observed. This
indicated that in rivers with a high surface areato volume ratio, biodegradation by biofilms
was more important than that by suspended biomass.

The absence of removal in the ‘no biofilm’ case also confirmed that biodegradation was the
process occuring in the ‘with biofilm’ cases. The biodegradation model which was proposed
was successfully corroborated with afield study completed in Red Beck, asmall river in the
Calder catchment (Y orkshire, UK) for which LAS remova measurements were available,

Fox et al., (2000). Investigations of the removal of LAS by biofilm in an urban shallow
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stream has a so been published by Takada et al., (1994). Field observations in the Nogawa
river, a polluted shallow stream in Tokyo, were made from 1987-1990. LAS concentrations
decreased from 1 mg/L in the upper stream receiving untreated domestic wastewater to less
than 0.05 mg/L at 6 km downstream. Within the upper portion of a 1.8 km concrete open
channd (travelling time of water, 1-3 h), more than 80% of the LAS was removed.
Considerably shorter half lives were observed (approx 1 h) than those obtained from
biodegradation experiments using river water only (tens of hours).

Biodegradation experiments using biofilm collected from the stream bed indicated that LAS
is much more rapidly degraded in the presence of biofilm. Negligible LAS measurementsin
the biofilm of the stream bed indicated that biodegradation by the stream bed biofilm was the
predominant remova mechanism of LAS in an urban shallow stream. The culmination of
these experiments and different systems was that test guidelines were established for the
simulation of biodegradation in environmental waters, described in 1SO 14592 (2002) - Water
quality, Evauation of the aerobic biodegradability of organic compounds at low

concentrations :

SO 14592 Part 1: Shake-flask batch test with surface water or surface water/sediment
suspensions specifies a test method for evaluating the biodegradability of organic test
compounds by aerobic micro-organisms by means of a shake-flask batch test. It is applicable
to natural surface water, free from coarse particles to simulate a pelagic environment
(“pelagic test”) or to surface water with suspended sediments added to obtain alevel of 0,1 g/l
to 1 g/l dry mass to simulate a water body with suspended sediment. It is applicable to organic

test compounds present in lower concentrations (normally below 100 pg/l) than those of natural
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carbon substrates also present in the system. Under these conditions, the test compounds serve as
asecondary substrate and the kinetics for biodegradation would be expected to befirst order
(“non-growth” kinetics). This test method is not recommended for use as proof of ultimate
biodegradation which, is better assessed using other standardized tests. It isaso not well suited
to studies on metabolite formation and accumulation which require higher test concentrations.
Thetest is specificaly designed to provide information on the biodegradation behaviour and
kinetics of test compounds present in low concentrations, i.e. sufficiently low to ensure that they
simulate the biodegradation kinetics which would be expected to occur in natural environmental

systems.

SO 14592 Part 2: Continuous flow river model with attached biomass specifies a method
for evaluating the biodegradability of organic test compounds by aerobic micro-organismsin
natural waters by means of a continuous flow river model with attached biomass. As Part 1, it
is applicable to organic test compounds present in lower concentrations than those of natural
carbon substrates al so present in the system. Under these conditions, the test compounds
serve as a secondary substrate and the kinetics for biodegradation would be expected to be
first order (“non-growth” kinetics). The ISO paper suggests the cascade system using trays
(aguatic staircase) as discussed earlier as one system which is suitable but suggestsitisaso
possible to use other test systems (e.g. different size and shape of the trays, other sediments
or different surface-volume relations) and other test conditions (e.g. flowrate of water,
hydraulic load, illumination, inoculation). In this case, al the relevant parameters of a
different test systems have to be documented and taken into consideration for the test
performance and the calculation of the test result. The inoculum (source of micro-organisms)

used in test studies of this nature should be selected to accurately represent the micro-
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organisms present in the environmental compartment that the test ingredient will be present in
on release.

Micro-organisms have mainly been collected from rivers and lakes, Wylie et al., (1982) or
suitable surface waters such as epilithic microbial communities or from sediments, Larson et
al., (1981) for determination of biodegradation in this compartment. Care needs to be taken
that adaptation is considered (i.e. if the source of organism has previously been exposed to the
test material in the environment) as this can impact lag times and degradation rates, Shimp et
al.,(1989).

As with the source of micro-organisms the test media should also represent the environmental
water into which the test chemical is going to be released. This can present difficulties
because of the variability and composition of environmental samples. This has led to studies
using artificial mediain an attempt to reduce variability. However, to truly smulate an
environmental compartment of interest the natural water from this environment should be
used and thisis were the difficulty of measuring chemicals discharged without any treatment
occurs. The mgjority of the test systems discussed have modelled biodegradation in fairly
‘clean’ environmental matrices, such as, river water alone or in the presence of effluent. The
surface water simulation models discussed earlier used an effluent feed from a confirmatory
plant then diluted thisfeed in al1: 3 or 1: 4 ratio with tap water. This hasled to extensive
biodegradation kinetics data being available for major surfactants under conditions when
wastewater has passed through atreatment plant prior to discharge, (Waters et a., 1995;
Rapaport et al.,1990) but, limited work has been published looking at a‘true’ discharge

scenario where potentially high levels of sewage will be present.
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The ‘worst case scenario’ in terms of dilution assumed in a direct discharge scenario for risk
assessment purposesisal : 2 (settled sewage : river water) ratio, referred to asadilution
factor of 3. Batch tests conducted by Peng et al., (2000) evaluated the decay rates of MBAS
and COD under conditions simulating untreated discharge with 1 : 2 ratio of sewage/ river
water and concluded that under anaerobic conditions neither MBAS or COD decreased in
concentration while under aerobic conditions the decay rate of MBAS was consistently faster
than the COD.

14C LAS was aso tested in 100% raw sewage and 33% raw sewage in river water. Half lives
were 8-10 h for loss of the parent material and 11-12 h for complete mineralisation, with
dilution in river water having no effect. Thisindicated that LAS would degrade more rapidly
than COD under these conditions and LAS would be expected to be at very low levels once a
stream had recovered from the addition of untreated sewage. Peng et al., (2000), also
suggested that these studies could form the basis for devel oping standardized tests for
assessing the fate of chemicals under untreated discharge conditions.

Thetest chemical should be ideally tested at the concentration that would be predicted to be
present in the real environment because the test concentration of the chemical can affect the
rate of biodegradation, Larson et al., (1981).

The predicted concentrations of chemicals in the environment are usually extremely low and
this generates problems in terms of the analytical limits of detection,

particularly when measuring biodegradation in untreated discharge conditions because of the
nature of the environmental matrix. Radiolabelled test materials allow the measurement of
biodegradation at more realistic environmental concentrations or aternatively, specific

analysis with HPLC can be used athough this only confirms primary biodegradation unless
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metabolites are also followed. Non specific methods are also applicable although their useis
limited as they usually require concentrations higher than would be expected in the

environment.
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15 Aimsof the Project

Theaim of this research isto review and develop predictive screening tools, which

will provide a clearer understanding of the fate of detergent ingredients when exposed to an
untreated discharge scenario and hence provide more realistic and va uable datafor the
Unilever environmental database to utilize, when, assessing the environmental risk. A tiered
screening test approach designed around an aternative ERA methodology concept to
demonstrate the extent of removal of some key detergents through biodegradation, in
particular, the rate of biodegradation relative to other key self purification parameters will be
explored.

The focus will be on chemicals, which are of considerable environmenta importance because
of their high volume consumption and widespread use as essential chemicals in most home
and personal care products, such as linear alkylbenzenesulphonates (LAS).

The tiered screening test approach will include investigating short term inhibition studies,
static batch systems to compare biodegradation rates of key ingredients and water quality
parameters, through to a higher tier dynamic simulation system. The aim isto apply the data
generated from the screening tests to the alternative risk assessment model for untreated

discharge.
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16  Good Laboratory Practice

SEAC (Safety and Environmental and Assurance Centre) operatesin accordance with SEAC
Policy on Good Laboratory Practice based on the UK Good Laboratory Practice Regulations
1999, Statutory Instrument No. 3106 and OECD Principles on Good Laboratory Practice (as
revised in 1997) ENV/MC/CHEM (98)17.

The studies described in this report were conducted in accordance with this Policy and to

the Standard Operating Procedures (SOP) in force in the testing facility at the time of the
study. In consequence the studies were subject to periodic audit and eval uation by Quality

Assurance.
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Biodegradation of linear alkylbenzenesul phonate and alcohol ethoxylatesin
river water simulating untreated discharge conditions
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2.1 Introduction

In many developing and emerging markets (as well as several developed regions), lack of
sewage treatment prior to discharge into the receiving waters means that traditional risk
assessment assumptions cannot be used, and in the absence of data, it becomes

necessary to assume stringent defaults when predicting the safety margins. A series of batch
screening tests were conducted to simulate and help understand the fate of detergent
chemicals under these conditions.

An impact zone will occur after an untreated discharge, as the receiving water hasto
complete self-purification against this pollutant loading through a series of physical/chemical
and biologica processes. If evidence can be provided that the decay rates of key surfactants
are quicker than that of the general organics, or the free ammonia present in untreated
sewage, it would indicate that these surfactants would be at very low levels after the receiving
body of water had recovered from the discharge.

The study concentrates on two of the most widely used surfactantsin al detergent and
cleaning products, LAS and acohol ethoxylates (AES). The biodegradation kinetics of LAS
and AEs within sewage treatment are very well understood, but thisis not the case for
untreated discharge scenarios where reported data are very limited. The primary aim of this
study was to assess the suitability of abatch die away system for simulating direct discharge
conditions and obtain biodegradation kinetics of the native levels of LAS and AEsin the
settled sewage. A comparison could then be made with the kinetics of the general organics,

measured as COD, and ammonium.
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2.2  Materialsand Methods

Aninitial study was completed |ooking at the decay rates of anionic surfactants by
measurement of MBAS in comparison to the general organic loading present as COD in
sewage, using a batch test system. This study was repeated again measuring COD and
MBAS, but with the inclusion of specific analysisfor LAS by LC/ESI/MS (liquid
chromatography electrospray ionisation mass spectrometery), and AESs using derivatisation
with phthalic anhydride followed by LC/ESI/MS. Ammonium (NH;") was also measured in

both studies.

Suady 1

A batch reactor system (Plate 1) was prepared and dosed with 2 L of a settled sewage / river
water mixture (dilution factor =3, 1 part settled sewage to 2 parts river water) simulating a
heavily polluted system and assuming aworst case scenario for direct discharge.

Settled sewage was collected from Broadholme sewage treatment works, Ditchford,
Northants (Anglian Water). Broadholme STW treats predominatel y domestic waste, with
trade flow at 6.2% and trade organic load at 12.4%.The settled sewage was coarsaly filtered
with glass wool prior to dilution with river water. The river water was obtained from the
River Great Ouse at Felmersham Bridge, Felmersham, Bedfordshire. The sample was taken
mid channel and again coarsely filtered using glass wool prior to addition to the settled
sewage. Thetest system was operated for afive-day period and was temperature controlled at
20°C throughout the duration of the test. A slow stream of air was continually pumped

through the test system to ensure sufficient air was available in the headspace to keep the test
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media saturated with dissolved oxygen ( dO,) so that the test system simulated an
environment of continual re-aeration. A mixing speed of 125 rpm was maintained throughout
the duration of the test, which caused sufficient agitation to the system without encouraging
foaming. Periodically samples were removed and analysed for COD, MBAS and NH," over
the 5-day period. Suspended solids measurements (SS) were made of the initial samples

based on measuring the dry weight after 24 h at 105° C of a known volume of water sample.

Plate 1. Batch reactor system.



CHAPTER 2

Comment [S1]: Not sure what

|

Temperature, pH and dissolved oxygen was continuously monitored. Water quality analysis, -~ {W” mean by this?
COD, NH," and MBAS were all measured using the cuvette test methods (Hach Lange) on the

Xion 500 Spectrophotometer (Hach Lange GMBH, Dusseldorf, Germany).

Comment [Unilever2]:
Added all thistext to explain
| Cuvette test analysis chemistry

These methods employ photometric analysis of colour complexes formed in chemical

reactions with the analyte. In the COD test, oxidisable substances in the water samples react

with a sulphuric acid — potassium dichromate solution in the presence of silver sulphate as a

understand what you menaby

catalyst to form the coloured ion Cr3+‘. Inthe NH," test, ammonium ions react at pH 12.6 el

W Comment [S3]: | don't

with hypochlorite ions and salicylate ions in the presence of a sodium nitroprusside catalyst

to form indophenol blue

Sudy 2

This study provided kinetic data on the disappearance of native levels of LAS and AEs
naturally present in the sewage. Asin study 1, the batch reactor system was prepared

and dosed with 2.6 L of a settled sewage / river water mixture (1 part settled sewageto 2 parts
river water) simulating a heavily polluted system. The increased volume in comparison to the
first study was required to alow sampling for LC/ESI/MS analysis, which permitted a
comparative study of the rate of decay of the various homologues. All other aspects were as
study 1. At various time points samples were removed and analysed for COD, MBAS and NH4
and 30 ml duplicate samples were also taken during the day at three time points from

day O to day 3 for specific analysis of LAS and AEs by LC/MS. As before. suspended solids
(SS) were measured in the initial samples and temperature, pH and dissolved oxygen were

continuously monitored.
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Analytical Methods

Duplicate 30 mL samples were taken per time point analysis. One sample was then extracted
for LAS and the other for AEs using an automated solid phase extraction (SPE) procedure,
Sparham et al., (2005) but with different pretreatment and extraction cartridge.

For AEs, 70 mL of ultrapure water was added to the samples followed by 66 mL of
methanol. The samples were then loaded onto the Zymark Autotrace with the Cg SPE
cartridges (Isolute SPE cartridges, Cs 19/6 mL (p/n 290-0100-C), Jones Chromatography).
The samples were then dryed under nitrogen and eluted with MeOH:MTBE:DCM (2:1:1)
and evaporated. Thefinal extracts taken from the Zymark were concentrated under a gentle
extract was transferred to a2 mL HPLC vial and carefully concentrated to incipient dryness.
Derivitisation reagent (990uL), made up of (3g phthalic anhydride /

50 mL pyridine) and 10 pL of theinterna standard (C16D330OH) was added, the vial was then
capped and derivatised for 1 hour at 85°C. A series of calibration standards were prepared in
pyridine: Genopol C100 (C;, and Cy4 akyl chain), Genapol T110 (Cy6 and Cyg akyl chain)
The derivatised AE extracts were then analysed by LC ESI MS, in negative ionisation mode,
utilising the negative charge imparted by the derivatisation, using a]H P1100 series

For LAS, 70 mL of Ultrapure water was added to the samples, which were then loaded onto
the Zymark Autotrace with the Isolute SPE cartridges, Cis 1g/6mL (p/n 220-0100-C), Jones
Chromatography. The samples were then dried under nitrogen and eluted with

concentrated under a gentle stream of nitrogen (room temperature) until just less than 1 mL
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was left. At this point the extract was transferred to a 10 mL volumetric flask and made up

to volume with methanol, 990uL of the derivitisation reagent (3g phthalic anhydride/ 50mL

.1 Comment [S8]: You'velost me

pyridine) and 10 uL of theinternal standard (C1sD3:0H), this\was then derivatised for 1 hour .~ | here whendid it getinto thevial?

,,,,,,,,,,,,,,,,,,,,,,,,,,, 4 (Removed referenceto vial

at 85°C. A LASstandard (NaLAS Paste) — Unilever, was prepared in methanol (1000
pg/mL) and a series of calibration standards prepared from this. The derivatised LAS extracts
were anaysed by LC ESI MS, in negative ionisation mode utilising the anionic properties of

the analyte The HP1100 series LC-MSD conditions were the same as for the AE analysis

_1 Comment [S9]: You haven't

except that the massrangewas00to 400m/z, -7 | [t methe mass range use for

37



CHAPTER 2

2.3 Results

Study 1

Appendix 1 details the experimental results of the MBAS versus COD die away

experiment and the measured parameters throughout the study. Initial suspended solids levels
were measured (75mg/L). After 5 days 58.1% of the COD had been removed, 84.9% of the
MBAS and 47.0% of the NH,.

The die-away curves of the COD, MBAS and NH4 measured concentrations against time are
illustrated (Fig. 2.1). The same data is then illustrated as a semi-log plot used to calculate the
decay rates (Fig 2.2.). Inthese studies the decay is assumed to be afirst order reaction and
the integrated rate law can be used for determination of k (decay rates) and ty, (half-life). The

integrated rate law expresses the concentration of areactant as afunction of time.

[A]=the concentration of A at timet

[A]o=theinitial concentration of A at t=0

In[A]/[A]o = -kt

[A]/[A]o = exp (-kt)

And the half-life ty, can be calcul ated.

tyo=(-In0.5) / k

ty2 =0.693/ k

The semi-log plot was made over the range of maximum decay, and later points

(when decay had levelled out) were not used.
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Fig2.1 Die-away of COD/MBAS/NH, under aerobic conditions (100% dO,
saturation).
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Fig2.2 Semilog plot of the same data asin Fig 2.2 used to determine k

(the decay rate constant).
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The decay rate of MBAS was calculated to be 0.92 d* with haf-life (ta2) = 18 h, while the
COD decay rate was 0.34 d ™ with (ty) = 48 h. The decay rate of MBAS removal was thus
2.7 times faster than that of the COD (kmgas/ Kcop = 2.7). The rate of decay NH, was 0.19 d”
1 with (ty) = 85.9 h. The rate of removal of MBAS was thus 4.8 times faster than that of the
NH4" (K cop / K nma = 4.8). NH4™ (12.3 mg/L) was remaining at the end of the study of which
3.82% was calculated (from temperature and pH) to be in the form of NH3 equivalent to
0.46 mg/L

Study 2

Appendix 1 details the experimental results of the batch die away experiment and the
measured parameters throughout the study. In this case the initial suspended solids
measurement was lower (48mg/L). After 5 days 65.8% of the COD had been removed,

86.0% of the MBAS and 52.7% of the NH, (Fig 2.3).

100
) N
80 N
70 +

.

.
60 ~—
\"\
.

50 -

Yinitial
concentration
&

\H\_
30 .
20 \kﬁ_—\
10 : . :
0 20 40 60 e (9 80 100 120 140
Fig2.3 Die-away of COD/MBAS/NH,4 under aerobic conditions (100% dO,

saturation)
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Fig2.4 Semilog plot of the same dataasin Fig 2.4 used to determinek (the

decay rate constant)

The decay rate of MBAS was 0.60 d ~ with half-life (t,;,) = 27.8 h. The COD decay
ratewas 0.32 d ! with (ty2) = 51.5 h, the decay rate of MBAS was 1.8 times

faster than that of the COD (kwsas/kcop = 1.8). The decay of rate NH," was 0.24 dt

with (ty2) = 70.5 h, therate of remova of MBAS was 2.5 times faster than that of the

NH4 (K cop / Knma = 2.5).

Calculation of the leves of un-ionised ammonia (NHs) remaining after 5 days showed that
6.4 mg/L of NH;" was remaining at the end of the study of which 7.5% would be in the form

of un-ionised NH3 equivalent to 0.48 mg/L
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Rapid removal of Cy0-C13 homologues of LAS determined by LC-M S was observed (Fig 2.5).

As before, the disappearance of LAS and AEs is assumed to be afirst order reaction and the

integrated rate law was used to determine k (decay rates) and ty/» (half- life). The approach

applied to each homologueisillustrated in Fig. 2.6 and 2.7.
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The LAS decay rate constant and half-life determination was cal cul ated from the average
slope of the approximately straight portion of the resulting line of a semi-log plot of
concentration versus time. One of the artefacts of using a batch system isthat alag phaseis
sometimes observed, prior, to biodegradation of atest materia, Larson et al., (1989)
suggested the use of two extra constants to account for the lag phase and a so the levelling of
the reaction asymptotic to values shorter than the theoretical amount. Liu et al., (1981)
suggested similar means to fit biodegradation datainto first order form by plotting the
logarithm of A/Aq against time with k then calculated as the average slope of the

approximately straight portion of the resulting line. This eliminates then the lag time, if any,

1 Comment [Unilever14]: NA
commented why reression of 0.95
required. Response : removed this
no real reason for ststing this

also adopted for the determination of all of the AE homologues with varying chain lengths | criteria
measured. A complete summary for al of the calculated decay rates and half-lives for the

LAS homologues is presented in Table 2.1 and similarly for the AEsin Table 2.2.

Table 2.1. Calculated decay rates and half-lives for LAS homologues

in batch die away system.
k decay rate
k (™ K (d*) t 1o (h) kaag/Kcony | Kiag/Knra
Cipo 0.06 1.35 12.3 4.2 16.9
Cu 0.1 2.49 6.7 77 9.2
Cp 0.09 2.15 7.7 6.7 10.6
Ci3 0.07 1.61 10.3 5 14.1




CHAPTER 2

Table 2.2. Calculated decay rates and half-lives for AE homologues, in batch die away system.

Cr2 Cis Cua Cis Cise Cis

k@AY | tuy | k@Y | twe | k@Y |ty | k@Y | ty [k ] ty | k@Y |ty

(h™) (h™) (h™) (h) (h) (h™)

EOQ, | 778 | 210 | 286 [ 582 | 680 [244| 167 [ 994|241 69 | 68 |685
EO, | 415 | 442 | 196 [ 849 | 234 |[712| 483 [ 344 | 176 [ 947 - -
EO, | 437 | 383 | 195 [ 852 | 247 |674| 433 | 384 | 138|120 - -
EO; | 422 | 394 | 184 [ 901 | 174 | 955| 144 |1157| - - - -
EO, | 382 | 500 | 1.88 | 884 | 1.84 | 9.02| 1.26 |13.20| - - - -
EOs | 326 | 592 | 1.89 | 914 | 217 | 767 139 |1193| - - - -
EOs | 319 | 600 | 192 [ 867 | 171 |973| 150 |1112| - - - -
EO; 3 [558] 174 [ 957 | 216 | 771 128 |13.03| - - - -
EOs | 252 | 729 [ 194 [ 858 | 210 | 793 181 | 919 | - - - -
EOy | 226 | 834 [ 176 [ 944 | 219 | 760 189 | 878 | - - - -
EOp | 202 [ 934 | 163 [1019] 183 | 909 | 1.18 |1409| - - - -
EO, | 1.97 [ 955 | 168 | 987 | 175 [ 949 | 156 |10.63| - - - -
EO,, | 1.27 [1315]| 157 |1061] 230 [723] - - - - - -

( - denotes that detection limits had been reached and that decay rates and half lives could not be derived)
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study after 5 days was very similar, and the decay rates of MBAS and COD in both

studies showed faster removal of the MBAS.

.1 Comment [S17]: But your

The difference in rates observed between the studies could be due to the increased initial -~ | fetsshow Roher 510 ey

suspended solids present in Study 1. Peng et al., (2000) reported effects of initial
suspended solids concentrations on the decay rate of COD in studies where ratios of k
MBAS to COD varied from 1.7 to 7.4, although, in these particular studies the effect
seems more pronounced on the MBAS and NH," removal.

Initial concentrations of MBAS, COD, NH,* were also different in the two studies and
this may have had an influence on the observed decay rates. Potentia interference effects
are also possible when using methylene blue analysis in the environmental mediaused in
these studies.

Methylene blue is a non-specific analytical technique and is responsive to not only
anionic surfactants but also any materials containing a strong anionic centre. Pitter et al .,
(1972) has suggested that errors are possible in the presence of sewage, athough, most
studies have concluded the uncertainty of detection of biodegradation using MBAS is far
smaller than the uncertainty associated with the viability of organismsin asample
collected from the environment.

Determination of the remaining levels of un-dissociated anmoniawas also similar in both
studies. Thelevelsafter 5 days were in excess of the PNEC (predicted no-effect
concentrations) reported by North American EPA (0.02 mg/L) and the European EIFAC

(0.025 mg/L) toxicity levels to freshwater fish.
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and AE homol ogues were measured and the primary biodegradation rates and half-lives

determined. A total LAS concentration in the media of 2.23 mg/L was measured. Primary present, nafiveto the sample.
biodegradation of Cy-Ci13 LAS was complete after 55 h, based on reaching the limit of
detection (0.033mg/L), with decay rates ranging from 1.35 to 2.49 d*, half-lives 6.7 to
12.3ht. Theratio of decay rates of the Cyo- C13 LASto COD varied from 4.2to 7.7 and
decay ratios of Cio- C13 LASto NH," ranged from 9.2 to 16.9 times faster. In all cases
thevarying LAS chain lengths were rapidly removed in comparison to the COD and
NH,".

The biodegradation of LAS in this system compares favourably with that observed by
Peng et al., (2000), who measured primary biodegradation completion of **C-LAS after
48 h and calculated half-lives of 8-10 h for primary biodegradation and 11-12 h for
complete mineralization in raw sewage and in raw sewage and river water.

AE biodegradation rates of remova were quicker again than the LAS, with all

homol ogues removed after 24 h (based on reaching limits of detection (Table 7).

The removal rates were in the orders proposed by the Japanese SDA (HERA, 2007) for
AE removal in river water. In these studies, arange of AE homologues were monitored in
river water die away tests. Half lives ranging from between 4 — 24 h for chain lengths

Cg — Cyg with groups from EO ¢_»0 were agreed.

The batch die away test system therefore seems a suitable approach for assessing the rates
of removal of chemicalsin comparison to the COD under direct discharge conditions.
These studies have conclusively shown that MBAS, LAS, and AE primary

biodegradation in an aerobic environment is more rapid than the general organic loading
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present from the sewage, measured as COD. This suggests that these chemicals would be

a very low concentrationsMhen discharged in to areceiving body of water, prior, to

_4 Comment [S19]: Doesn’'t make
sense

after 5 days, levels of ammoniawere still present at concentrations in excess of the PNEC
of ammoniato freshwater fish. Possibly, with very little SS present and no encouragement
of biofilm formation, the consortia of bacteria responsible for nitrification may not have
been present in sufficient numbers.

In comparison, LAS was extensively removed (al homologues after 55 h) and the
concentrations after 5 days were lower than the PNEC in water (0.27 mg/L for Cy,
homologue) reported by HERA (2004).

Future work could include the addition of established biofilmsin to the test system as
well asinvestigating the effects of dissolved oxygen and temperature on the rates of

removal.
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Investigation of short term toxicity tests for micro-organismsin the
aguatic environment under direct discharge conditions
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31 I ntroduction

A key principle applied to direct discharge is that detergent ingredients should not
significantly delay or impair the recovery processesin polluted rivers (AISE / CESIO,
1995), and this concerns their impact on the community of micro-organisms.
Micro-organisms have vital ecological roles in the aguatic environment. They
assimilate and re-introduce dissolved organic compounds back in to the food chain
thus supporting the growth of higher organisms and play amajor role in the
biogeochemical cycling of carbon, hydrogen, oxygen, nitrogen, phosphorus, iron and
sulphur. Micro-organisms are of adiverse nature ranging from simple prokaryotic
organisms such as bacteria, to more complex eukaryotic micro-organisms such as
fungi and algae. Their growth rates and hence activity are heavily influenced by their
environmental conditions, including temperature, oxygen availability, pressure, pH,
nutrient availability and the presence of toxic or inhibitory substances.

The large amounts of biodegradabl e organic materias present in sewage discharges,
are stabilised by heterotrophic micro-organisms utilizing these organic substrates for
growth and converting them to relatively stable end products via aerobic or anaerobic
processes, depending on oxygen availability. Another key biological oxidation
process performed by micro-organismsis nitrification, which, stabilizes the large
amounts of nitrogenous matter in domestic wastewater. Nitrification is an extremely
important autotrophic microbiological processin soil, streams and lakes as well asin
biological waste water treatment plants that converts ammoniainto nitrite and

ultimately nitrate.
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It takes place in two stages,, firstly, ammonium is converted to nitrite by a group of
bacteria known as Nitrosomonas. Nitrite is then subsequently oxidised to nitrate by

another group of organisms known as Nitrobacter.

Nitrogen existsin four main formsin the water cycle;

e  Organic nitrogen - nitrogen in the form of protein, amino acids and urea

e  Ammonia (NHs3) nitrogen — nitrogen as ammonium salts, e.g. (NH4)>CO3 oras
free ammonia

e Nitrite (NO,) nitrogen — an intermediate oxidation stage

o Nitrate (NO3) nitrogen — final oxidation product of nitrogen

The stabilisation of nitrogen matter, and in particular the removal of ammonia, isan
essential process because of its toxicity, particularly when in the un-ionised form.

It istherefore vital that the microbial populations present in the aquatic environment
are protected and maintained to provide this self- purification process. A nitrification
stage is how common practice in many sewage treatment plants (STP), in this
situation, microbial populations can be closely monitored and controlled and
environmental conditions can be maintained to improve wastewater quality.

The processes taking place during biological wastewater treatment are efficient and
reliable, but they may be susceptible to disturbances and toxic loadings and for this
reason it has been important to know the potential inhibitory effects of substancesto
prevent disturbances (Juliastuti et al., 2003; Pagga et al., 2006).

Aerobic inhibition tests have been established for determining the effects of chemical
compounds on micro-organism respiration during sewage treatment by OECD,

(OECD 209 — Activated sludge respiration inhibition test) and ISO (1SO 8192 — Test
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for inhibition of oxygen consumption by activated sludge). Nitrification inhibition

] Commept [REA20]: Titlein
testsin activated sludge have aso been developed (1SO 9509 : Water quality - -7 ullfirst time

Method for assessing the inhibition of nitrification of activated sludge micro-
organisms by chemicals and waste waters). These tests have been specifically
developed to protect wastewater treatment plants from toxic shock loadings and to
also determine non-inhibiting concentrations for biodegradation testing in aguatic test
systems. Each of these tests measures a different end-point which is based on different
microbia populations with different metabolic characteristics. The nitrification
inhibition test measures the toxicity of atest material to a mixed population of
autotrophic bacteria that use inorganic sources of nitrogen as their source of energy.
The respiration inhibition test measures the toxicity of the test material to the
respiration of both the heterotrophic and autotrophic populations present in the media.
However, these tests are not directly applicable to the aquatic environment which has
continual fluctuations in environmental conditions resulting in population shifts.
Thereis arequirement for new respiration inhibition and nitrification inhibition test
systems for determining the toxicity of chemical compounds to micro-organisms
which play akey rolein self purification in ariver after discharge of untreated
sewage.

In the studies discussed in this chapter, respiration inhibition was looked at in a
‘worst case’ direct discharge scenario, using a mediawere a sewage discharge has a
dilution factor of 3 applied to it (one part sewage : two partsriver water). An Oxitop
respirometric test system was evaluated in these studies, for its applicability for the
determination of the inhibition of respiration by micro-organisms under these defined
conditions. Nitrification inhibition was measured by following the principles of 1SO

9509, the international standard prepared for determining nitrification inhibition in
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activated sludge treatment plants. In activated sludge plants, controlled processes
mean suspended solids are usually at a concentration of approximately 3 g/L to
maximise the removal of pollutants from the influent waste load. The 1SO 9509
method suggests using these concentrations for determining inhibition to nitrifying
bacteria. However, these suspended solids concentrations are unrealistic to apply to a
untreated discharge scenario, which would have much lower suspended solids
concentrations. Typical concentrations of suspended solidsin a moderate to
concentrated wastewater would range from approx. 300 — 450 mg/L. With the dilution
factor of 3 applied, a suspended solids of 125 mg/L would seem a more appropriate

concentration for simulating a direct discharge scenario.

3.2 Materialsand M ethods

Nitrification Inhibition

A portion of activated dudge was obtained from a nitrifying sewage treatment plant
and maintained aerobically in a semi-continuous activated sludge unit prior to use.
Before use in each test, the activated sludge was washed by centrifuging the activated
sludge for 2 mins at 5000 rpm, the supernatant was then discarded and the residue
washed with an equal volume of water. This was repeated twice before re-suspending
and taking a sample for mixed liquor suspended solids (MLSS) determination.

The remainder was kept aerated prior to addition to the test vessels, the Sludge was
then added to an appropriate volume of test medium to give the required concentration

of mixed liquor suspended solids (125 mg/L).

52



CHAPTER 3

The test medium was prepared by dissolving 5.04 g of sodium hydrogen carbonate
(NaHCO3) and 2.56 g of ammonium sulphate (NH4)2,SO,4in 1 L of UPW water.

This medium when diluted 1 : 10, contains 56 mg/L of N and has a pH value of about
7.6 and alows the production of at least 25 mg/L of oxidised nitrogen without
changing the pH. A reference inhibitor stock solution was prepared by dissolving
1.16 g of alylthiourea (ATU) in 1L UPW. Conical flasks (500 mL capacity) were
used as the test vessels and equal volumes of washed, nitrifying sludge, was added to
aseries of test vessals so that an MLSS of 125 mg/L was achieved (Plate 2). Test
medium (25 mL) was added to each vessel and arange of volumes (usualy five) of
test ingredient solution and sufficient distilled water to make the final volume up to

250 mL. A control flask was added with sludge, medium and water and 2.5 mL of

ATU.

Plate 2 : Conical flasks (500 mL) used as the test vessels with equal volumes of
washed nitrifying sludge added to a series of test vessels so that an MLSS of 125

mg/L was achieved.
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All test vessels then had a stirrer bar added and were placed on astirrer bed in a
temperature controlled room at 20°C to keep the Sudge in suspension and maintain
the dissolved oxygen concentration above 2 mg/L. The test vessels were then covered
and incubated in the dark for 4 h.

After 4 h, asuitable volume of sample was taken from each vessel for oxidised
nitrogen analysis. The products of oxidised nitrogen, nitrite nitrogen (NO,-N) and
nitrate nitrogen (NOs-N) were determined using cuvette test analysis on a Xion 500
spectrophotometer.

M easurement of nitrite and nitrate was preferred to ammonium as the disappearance
of ammonium is not always attributabl e to nitrification but may be due to
volatilisation. Before analysis the samples were filtered using 0.45 um glass fibre

filters.

Calculation and expression of results

The percentage of inhibition of formation of oxidised nitrogen N was determined

asfollows:
(Equation 1)
% Inhibition= Cc—Ct x 100
Cc-Cb
Where,

Ccisthe concentration of oxidised nitrogen, N, in milligrams per litre, in the control

flask without inhibitor, after incubation;
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Ct isthe concentration of oxidised nitrogen, N, in milligrams per litre, in the flask

containing the test substance, after incubation;

Cbisthe concentration of oxidised nitrogen, N, in milligrams per litre, in the flask

containing the reference inhibitor, after incubation;

A plot of the percentage inhibition against the log of the concentration of the test
material was used to interpolate the effect concentration (EC) . A linear trend line was
applied to the plot over the relevant concentrations required to obtain the desired EC.
The tests were considered valid if anitrification rate between 2 mg of N / per gram of
suspended solids per hour (g.h) and 6.5 mg of N / (g.h) were observed in the control
vessdl. It was essential that ammonium salt was |eft at the end of the test period to

ensure that the substrate had not become rate limiting.

Determination of the nitrifying activity of an activated sludge

Prior to using the activated sludge source, the nitrifying activity of the dudge was
determined together with the influence of using lower suspended solids levels than the
I SO 9509 recommendation. Equal volumes of washed activated dudge of aknown
suspended solids concentration (500, 250 and 125 mg/L) were added to two 500 mL
conical flasks per suspended solid concentration. 25 mL of test medium was

added to each test vessel and 2.5 mL of reference inhibitor to one flask only. Thiswas
then made up to volume in each flask (250 mL) with distilled water. The flasks were
then stirred for 4 hrs in atemperature controlled environment (20°C). After 4 hrsa

suitable volume of sample was taken from each vessel for oxidised nitrogen analysis,
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prior to analysis the samples were filtered using 0.45um glass fibre filters..
The specific nitrification rates in milligrams of nitrogen per gram per hour was

determined as follows::

(Equation 2)

Ct-Cb
MLSSx 4

Where,
Ct isthe concentration of oxidised nitrogen, N, in milligrams per litre, in the reaction

mixture after 4 h, incubation.

Cbisthe concentration of oxidised nitrogen, N, in milligrams per litre, in the mixture

plus reference inhibitor after 4 h, incubation.

MLSS is the concentration, in grams per litre, of mixed liquor suspended solids in the

test flask.

Cuvette test analysis

The NO,-N and NOs-N analysis was measured using cuvette test methods on the Xion
500 Spectrophotometer (Hach Lange GMBH, Dusseldorf, Germany). Thisisarapid
measurement technique for screening these parameters, which uses photometric
analysis of colour complexesformed in chemical reactions with the water sample in

the cuvette.
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Respiration Inhibition

A measured volume of test media (settled sewage and river water) ina 1.2 ratio
(dilution factor = 3) was dispensed to the Oxitop glass bottles (154 mL), thistest
media volume was used to ensure sufficient headspace was available to complete the
oxidation process. The respiration rate of the micro-organisms present in the media
was then compared with that of various spiked concentrations of the test substance
under otherwise identical conditions. The effect from drange of concentrations were
The inhibitory effect of the test substance could then be expressed at a desired
percentage effect (e.g. ECso = concentration at which 50% of oxygen uptakeis
concentrations or the control (ultra pure water) was added to the vessels to make a
total test mediavolume of 164 mL.

Testswere performed in at least duplicate or triplicate depending on the availability of
the test system. An alkali trap was placed in the headspace (containing 2 sodium
hydroxide pellets) in each vessel and the vessel sealed with an Oxitop measurement
head (Plate 3). The vessels were then incubated on stirrer plates at a constant
temperature (20°C). As the micro-organisms actively respired, oxygen was used by
the micro-organisms to assimilate the organic materia present from the settled sewage
and the carbon dioxide evolved as a by product of this process was absorbed by the
alkali traps. Thislead to apressure drop which is directly proportional to the oxygen
consumed. The Oxitop measurement heads recorded these pressure changes
continuously for the duration of the test, with the Oxitop heads effectively acting as

manometers.
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CHAPTER 3

Plate 3. Oxitop BOD system.

A measurement controller downloaded these measurements during the experiment
through an infrared sensor in the Oxitop heads. The inhibitory effect of the test
substance was then calculated and expressed as a percentage of the mean of the
control respiration rates.

The percentage inhibition at each concentration was then plotted against the log of the

concentration and the EC (effect concentration) was derived.

Calculation and expression of results

(Equation 3)

1- . 100 = per cent inhibition
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Where,
Rt= mean oxygen consumption rate at tested concentration of test substance

Rc= mean oxygen consumption rate of controls

A plot of the percentage inhibition against the log of the concentration of the test
material was used to interpolate the effect concentration (EC). A linear trend line was

applied to the plot over the relevant concentrations required to obtain the desired EC.

Test items and preparation

The test materials selected are arange of common ingredients in Unilever products
(Table 3.1) with some known to have antimicrobial effects.

In both the respiration and nitrification inhibition tests, stock solutions of the test
items were prepared at a concentration of 1 g/ and seria dilutions were then
prepared from this stock solution. Concentration ranges for each test itemin the
specific tests are detailed in tabular form (Appendix 2).

In the case of Triclosan and 3,5 Dichlorophenol, dropwise addition of 1M NaOH was

required to get the test material into solution prior to seria dilution.
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Table3.1: Test item information.

Name Commercial Name Activity (%) | Formula Supplier

3,5 Dichlorophenal 3,5 Dichlorophenol >97 CeH4ClL,0 Sigma-Aldrich
Triclosan Irgasan DP300 100 C1oH-Cl30, Ciba Geigy

Benza konium Chloride Catigene LM80 79.4 CsHsCH,N(CH3)2RCl Stepan Europe
Polyethylene polyamine Tinofix CL 33 - Ciba

Alcohol Ethoxylate Lutensol TO20 100 Ci13.15EOx BASF

Aniline Aniline 99 CeHsNH-» Sigma Aldrich

Phenol Phenol >99 CeHsOH Sigma Aldrich
NaLAS Paste Linear 51 (C12H24)CeH4SOsNa Unilever Port Sunlight

alkylbenzenesulphonate
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3.3 Results

Nitrification Inhibition

The nitrifying activity of the activated sludge was determined prior to use in these
studies to ensure it contained sufficient nitrifying bacteria and also to examine the
influence on nitrification rates of the relatively low levels of suspended solidsin
comparison to those suggested in 1SO 9509. Determination of the nitrifying activity of
the suspended solids was measured at 125, 250 and 500 mg/L. The MLSS
concentration of the activated sludge was determined in duplicate and a mean value of
4292 mg/L was obtained. An appropriate volume of sludge was then added to the test

vessels to give suspended solids levels of 125, 250 and 500 mg/L respectively. A

_4 Comment [S23]: What'sthis
unit?

at 250 mg/L SSand 4.0 mg of N at 500 mg/L SS. The nitrification rates observed at
al SSlevels were thus within the rates suggested for validity of the test in SO 95009.
These results also confirmed that using relatively low levels of suspended solids to
simulate adirect discharge scenario did not effect the ability to detect nitrification and
subsequently its inhibition. Following these observations a suspended solids level of
125 mg/L was used in the nitrification inhibition studies. Results of these studies are
presented in Table 3.2 showing the concentrations required to produce 20%, 50% and

80% inhibition.
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Table3.2 Summary of nitrification inhibition results for all test materials after 4 h.

Test Material Concentration range measured of | ECy ECx ECqg

test material (mg/L) (mg/L) | (mg/L) | (mg/L)
Aniline

0-100 1.09 351 11.3
Phenol

0-100 0.65 3.47 48.0
3,5 Dichlorophenol

0-50 0.12 0.54 4.00
Alcohol EthOXyl ate C13_15E020

0-100 78.0 - -
Alkyl dimethyl benzyl
ammonium chloride 0-74 1.35 3.02 6.75
Linear akylbenzene
sulphonate 0-51 - - -
Polyethylene polyamine based
polymer 0-33 0.93 31.04 -
2,4,4-Trichloro-2'-hydroxy-
diphenyl ether 0-100 0.67 1.27 12.8

( - denotes that ainsufficient inhibition was obtained to determine an EC value)

Respiration Inhibition

Respiration inhibition was determined at 4 hours and 5 days and the results are
presented in Tables 3.3 and 3.4, the concentrations required to produce 20%,

50% and 80% inhibition have been determined.

Table3.3 Summary of respiration inhibition results for all test materials after 4 h.

Test Material Concentration range measured ECz ECso ECeo
of test material (mg/L) (mg/L) | (mg/L) | (mg/L)
Aniline
0-100 - - -
3,5 Dichlorophenol
0-100 1.28 3.24 8.22
Alcohol Ethoxylate Cy3.15EO,
0-100 3.81 16.7 73.1
Alkyl dimethyl benzyl
ammonium chloride 0-74 3.10 5.21 8.76
Linear alkylbenzene
sulphonate 0-—100 4.02 16.1 64.25
Pol yethylene polyamine based
polymer 0-100 3.29 8.76 23.31
2,4,4'-Trichloro-2' -hydroxy-
diphenyl ether 0-100 1.22 1.82 2.73

( - denotes that ainsufficient inhibition was obtained to determine an EC value)
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Table3.4 Summary of respiration inhibition results for all test materials after 5 d.
Concentration range ECyo ECs ECqo
Test Material measured of test materia
(mg/L) (mglL) | (mg/L) | (mglL)
Aniline
0-100 - - -
3,5 Dichlorophenol
0-100 7.17 23.59 -
Alcohol EthOXyI ae C13_15E020
0-100 - - -
Alkyl dimethyl benzyl ammonium
chloride 0-74 1.4 - -
Linear alkylbenzene
sulphonate 0-100 12.75 - -
Polyethylene pol yamine based
polymer 0-100 6.89 46.6 -
2,4,4'-Trichloro-2' -hydroxy-
diphenyl ether 0-100 1.89 25.02 -

( - denotes that ainsufficient inhibition was obtained to determine an IC valug)

34 Discussion

The different inhibition endpoints measured in these tests have confirmed that test
materials can show selective inhibition towards heterotrophic or autotrophic bacterial

populations. Asan example, aniline showed no inhibition in the respiration inhibition

test (ECso> 100 mg/L). Thiswas not surprising asit is areadily biodegradable

material regularly used as a soft standard in biodegradation screening tests.

However, it was toxic to autotrophic nitrifying populations at low concentrations

(ICso = 3.51 mg/L). Observations from these short term inhibition studies on key ‘ self

purification’ processes also suggest that substances that are known to inhibit microbes

still require concentrations in excess of the PECs to cause significant inhibition.

Some of the highest inhibition effectsin both tests was observed from 2,4,4’
Trichloro-2'-hydroxy-diphenylether (Triclosan). Effects observed in both tests after

4 h (ECso nitrification = 1.27 mg/L , ECsp Respiraion = 1.82 mg/L). Actual concentrations
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entering waste water treatment plants has been reported, based on arange of UK
waste water treatment plants (WWTP's) values of 0.7-22 pg/L, Thompson et al.,
(2005) are typical. Triclosan has aso been measured in the influent of selected
WWTP sin the United States. Monitoring of Triclosan included two activated sludge
treatment plants (located in Columbus, Ohio and Loveland, Ohio) and two trickling
filter treatment plants (located in Glendale, Ohio and West Union, Ohio).

The concentrations of Triclosan in the influent waste water ranged between 3.8 and
16.6 ug/L (McAvoy et al., 2002).

In the case of linear alkylbenzene sulphonate (a high volume surfactant) an ECs, for
nitrification >51 mg/L was observed and an ECs, for respiration of 16.1 mg/L after

4 h and >100 mg/L after 5d. This also correlates well with the finding of Feijtel et al.,
Expected concentrations of LAS in sewage in extreme cases would be approximately
15 mg/L prior to any form of dilution, so this suggests at the expected environmental
concentrations that it would not be inhibitory to these key ecosystem functions when
released under direct discharge conditions.

In many cases in these tests, short term inhibitory effects observed in the respiration
inhibition tests after 4 h, were no longer observed when respiration rates in the same
vessels were measured after 5 d, which, suggests after several generations of the
microbial populations, the inhibitory effects from the test item no longer occur due
perhaps to either adaptation or biodegradation. This longer incubation period of 5dis
probably the more valid measurement point when applying these teststo a direct

discharge scenario, as the short term incubation and measurement times suggested in

/{Comment [S25]: ?
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the ISO and OECD guidelines (4 h) are based around the typical retention times an
ingredient would spend within atreatment plant. This could also be applied to the
nitrification test although the effects observed after 4 h for all the chemicalsin these

studies was still in excess of their PEC's.

.1 Comment [S26]: Don't
understand

The use of micro-organisms as test organisms in toxicity testing is not only valid for
the protection of microbia populationsin wastewater treatment processes but

also the protection of microbia populations present in the aquatic environment.

The nitrification test examined in this study was a simple variation on the established
SO method in which the activated sludge levels were reduced to make it more
applicableto adirect discharge scenario. The considerable reduction in suspended
solids made the test more conservative and more valid in an untreated discharge
scenario. The respiration inhibition method explored in these studies also used a
medium more relevant to direct discharge. There are no established guidelines for
measuring inhibition in this particular medium, so the results from these tests have
been derived by measuring arange of test concentrations compared to control vessels
containing no test material, and no other validation requirements were applied (e.g. a

reference inhibitor). Further validation could form an appropriate extension to this

.1 Comment [S27]: Whereisthis
data? In the appendix?

the fact that the suspended solids levels were extremely low (=30 mg/L). After 5 days
active respiration ensured this was no longer a problem and as mentioned above this

measurement time-point is probably more valid to the scenario being investigated.
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Biodegradation of an anionic surfactant in a continuous flow simulation
of untreated discharge conditions
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41 I ntroduction

In many developing countries, lack of sewage treatment prior to discharge into
receiving waters means assumptions used for traditional risk assessment of ‘down the
drain’ chemicals (i.e. removal in sewage treatment plant) cannot be used.

Traditional risk assessment fails since water quality is compromised by pollutants
associated with raw sewage (e.g. BOD and ammonia) and the relevance of the
‘standard’ risk assessment has thus been questioned. An alternative risk assessment
model, based on the “impact zone” concept, has been proposed for direct discharge
conditions (Limlette I11 Workshop, 1995; McAvoy et al., 2003). In thismoddl,
chemicals are assessed in terms of their predicted concentration at the end of an
“impact zone” (1Z), within which the ecosystem is impacted by pollutants such as free
ammoniaand BOD, and beyond which it is not.

Estimation of the concentration of the chemical at the end of the IZ depends on its
removal rate. Taking LAS as an example, several field studies have reported in-
stream removal ratesin rivers (e.g. Whelan et al., 1999; Fox et al., 2000; McAvoy et
al., 2003; Whelan et al., 2007), wetlands (Inabaet al., 1988) and estuaries (Amano et
al., 1991).

Low half life values of typically 1 - 3 hours have been reported for shallow rivers and
streams (e.g. Takadaet al., 1994; Fox et al., 2000; McAvoy et al., 2003) with contact
with stream bed biofilm implied as a predominant removal mechanism (Boeije et al.,
2000). Longer half lives have been reported for deeper riversin temperate zones (e.g.
15 h: Whelan et al., 1999) and in the tropics (7 h: Whelan et al., 2007).

Typically LAS concentrations in wastewater can range between 1 and 15 mg/l (Henze

et al.,1990).
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However, studies of this magnitude are often difficult and expensive to conduct and it
is not feasible to assess the behavior of new chemicals using such methodol ogies.

A laboratory-based simulation system is required which will enable the realistic
behaviour and associated ecological risks of arange of different chemicalsto be
evaluated under direct discharge conditions. Batch test systems, such as those
described by Peng et al., (2000) undoubtedly have some screening-level value but
they are unlikely to generate rate constants which are comparable with those observed
inthefield.

This chapter describes alaboratory simulation study using a continuous flow river
model with attached biomass, based on systems described by Boeije et al., (2000) and
IS0 14592 under direct discharge conditions with a single point source at the upstream
end. Thesetwo systems have, thus far, only been applied to relatively clean systems
(i.e. without significant fraction of raw wastewater). In order to allow a comparison
with field observations (McAvoy et al., 2003; Whelan et al., 2007), LAS was sel ected
as the model chemical. Commercial LAS s not asingle compound, but, ideally, a
mixture of approx 20 homologues and isomers, al sub- terminally substituted, linear,
alkyl chains C10-Ci3 (Schleheck et al., 2003), but in this study a radiolabelled sample
of LAS, *C sodium dodecane-6-benzene sulphonate (Phenyl —*“C 6-DOBS) was
used. Thisis C;» LAS with the phenyl ring in the 6-position. The material was radio-
labeled on the phenyl ring and was originally synthesized for determination of LAS
biodegradation. By measuring the native levels of LAS in the settled sewage and then
assuming that removal followed that of the Phenyl —“C 6-DOBS, it was possible to
compare LAS levelsto that of the general organic loading (COD) and ammonical N

(NH," and NH3) present in the test medium. A radiolabelled material, **CAniline HCI,
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was used as a reference materia prior to dosing Phenyl —**C 6-DOBS, to confirm that
aviable biofilm had been devel oped and steady state conditions had been reached in

the system.

The test system consisted of a cascade containing five channels, designed to operate
with amean hydraulic retention time of 26 h under steady state conditions. Biomass
growth was supported on artificial sediment (glass beads). The test medium
containing organic carbon in the form of settled sewage was used as the major carbon
and energy source (primary substrate) for the microorganisms, and the test compound

was added to the influent of the cascade as a secondary substrate.

4.2 Material and M ethods

Artificial river system

Thetest system (artificial river) consisted of onetest unit (cascade) containing five
UPVC gutters (channels) constructed to form an aquatic “ staircase”. The channels
were shalow and rectangular, 1.8 m in length, 0.8 m width and arranged horizontally
at avertical distance of about 18 cm below the previous one (Plate 4). The volume of
water in each channel was 2 L + 0.1L, with awater depth of approx 2-3 cm.

The bottom of each channel was covered with glass beads, 5 mm diameter, each bead
weighed 0.17g and 724 g in total (approx 4250 beads) were added to each channel to
completely cover the bed surface to act as an artificia surface serving as a support for

the growth of biofilm in the test system.
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Thetotal surface area of bead per channel could be calculated viz:
Radius (glass bead) = 5mm = 0.5cm = 0.005m

Surface Area = 4 .I1.r*= 0.0003142 m? =1.335 m? surface area

At the downstream end of each channel in the middle, was a hole fitted with a small
tube for leading the test media from one channel to the next in the cascade. The hole
was fixed in such away that the depth of the water was about 1 cm above the glass

beads. The system was operated in atemperature controlled environment at 20°C

under controlled illumination of 8 h per day, measured at 1800 Ix .

Plate 4. Artificial river model system, consisting of five channels.

The test medium storage vessel was connected to the top of the first channel of the
cascade (Plate 5 and 6). Due to the nature of the test mediain this particular case with
adilution factor = 3 (1 part settled sewage: 2 part river water), arelatively short

acclimation phase was expected.
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Plate 6
Comment [S28]: | think these
/| would be better bigger

[

Plate 5. Test mediafeed to cascade system.

Plate 6. Mixing vessel leading in to channdl 1.
The development of a biofilm was further accelerated by the addition of activated

sludge (20 mL) in to the first channel on day 2, this was a so acted to broaden
diversity of bacteriain the test system. Previous studies investigating LAS in systems
of this nature have tended to use a synthetic river water and synthetic sewage, e.g.
Boeije et al (1998), using these mediato aid composition and consistency but the
resulting COD from these types of synthetic media do not really achieve the levels of
COD expected in an untreated discharge scenario with low dilution. In these studies
river water and settled sewage were collected fresh every other day from ariver and

sewage treatment works. River water was collected from the River Ouse and settled

sewage from Broadholme treatment works (Plates 7 and 8).
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Plate 7 Plate 8

Plate 7. Collection point for river water, River Ouse, Felmersham bridge,

Felmersham, Bedfordshire (OS grid ref : 991578).

Plate 8. Collection point for sewage, settled sewage channel, Broadholme STW

(Anglian water), Ditchford, Wellingborough.

To help reduce variability in the test medium, 15 L were prepared daily and mixed

with hhe remainder of the residual medium prepared the day before, which had not

continually performed throughout the duration of the study on the test media.

The radiolabelled organic test compound (LAS) and reference compound (Aniline)
was added to the influent of the cascade as a secondary substrate at alow
concentration, once, sufficient biomass had developed. Under these conditions, with
the test or control substance serving as a secondary substrate, the kinetics for
biodegradation would be expected to be first order (growth independent).

The HRT of the test system was established to be 24 hrs. Although the biodegradation
half life of LAS was expected to be less than this, changesin the other water quality
parameters of interest to define the impact zone in the system were unknown and

could potentially be longer in the artificial river system
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Hydraulic Characterisation

Prior to dosing the test system the hydraulics were characterised using a NaCl tracer
test (the glass beads were in the system during the tracer tests). A solution was
prepared of 58 g/L. of NaCL in 10L of ultrapure water, giving a conductivity of
10.46 mS. This was then dosed in to each channel and measured continuously until
the conductivity in the outlet of each channel was the same. Each channel had awater
volume of 2 L and the flow was fixed at 7 mL / min, which theoretically achieves a
total residence time of 24 h.

The mean HRT through channels 1 to 5 was measured (peak travel time) at 300, 342,
309, 330, 294 min giving atotal retention time of 26.6 h. Measured rather than
theoretical HRT’ s were used in all calculations and actual measured flow was also
continually recorded during the study.

The mixing characteristics were assumed to remain similar during the experimental
phase. Further confirmation of system hydraulics was obtained by measuring the
remaining test medium after dosing and volume of collected effluent from the

cascade.

Measurements

From the start of the test, samples were withdrawn from the inlet and outlet of each
channdl, (i.e, a0, 1.8, 3.6, 5.4, 7.2, 9.0m) and anaysed for total anmonium

(NH4" + NH3) N, NO',, NO'3, and COD three times per week. Water quality analysis
was measured using colorimetric cuvette test methods on the Xion 500

Spectrophotometer (Lange). The channels were continuously monitored for
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temperature, pH (allowing the free ammoniain the system to be determined) and

dissolved oxygen concentration. (dO,).

The water quality parameters measured and the dO, measurements were used as
indicators to determine when the system had achieved steady state conditions and
when it was suitable to dose in the |abelled materials. When the radio-labelled
materials were dosed in to the test system the mid-point in each channel was aso

sampled. The native levels of LAS in the settled sewage were analysed using an

.1 Comment [S30]: Name of
instrument

spectrometery) to calculate total LAS Cy; in the system and its subsequent removal.
For both the *C aniline and the **C phenyl 6-DOBS, the analysis of samples collected
at different pointsin the cascade represent the *C remaining, regardiess of whether
thisis parent molecule or metabolites. Reductionsin the concentration of *C,
therefore, represent compl ete mineralisation (conversion to CO,) rather than primary
degradation. Thisisan important distinction between the results of this study and
many field studies which often employ specific analysis (e.g. Fox et al., 2000;
McAvoy et al., 2003; Whelan et al., 2007) and therefore investigate the fate of the
parent molecule (i.e. primary degradation).

Each sampling point was analysed in triplicate for the determination **C and *CO,.

The **C was determined by counting in triplicate, 1ml of the media, in 25 mL plastic

_4 Comment [S31]: Name of
supplier

counting intriplicate, 1 mL of the mediain triplicate with 10 ml Starscint, and 100 uL
of concentrated sulphuric acid. (The acidified samples were then |eft over nightina

fume cupboard prior to analysis the following day).
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Sodium phenyl —[U *C] dodecane-6-benzene sul phonate

The test compound was added to the influent of the cascade as a secondary substrate
after sufficient biomass had devel oped and steady state conditions had been achieved.
Steady state was defined as when the concentration of the water quality parameters
and test compounds remain constant at any place and time.

Phenyl —**C 6-DOBS (Scynexis), was supplied as 99 % radiochemically pure, with a
specific activity of 19 mCi/mmol (58.18 uCi/mg) and the material radio labeled in the
phenyl ring. Radiochemical purity of the sample was determined using radio HPLC
(Spectra Physics Radio HPLC System), performed on a Prodigy C18 column (250 x
4.6mm) supplied by Phenomenex.

Mobile phase was prepared by dissolving 3.4043g Potassium dihydrogen phosphate,
4.3483g di Potassium hydrogen phosphate and 1.6955g of Tetrabutylammonium
hydrogen sulphate in 1L of water giving nominally 25mM phosphate buffer / 5Mm

TBAS.

The mean purity of the sample was calculated to be 99%. A stick solution of Phenyl —
14C 6-DOBS (3.7 mg/ mL) was prepared by dissolving 7.4 mgin 2 mL of methanol
(HPLC grade). Aliquotsof 3 x 50 pl of the concentrated stock were each made up to
10 mL with methanol and 3 x 100 pl aliquots from each stock were mixed with
Starscint (Perkin Elmer) for liquid scintillation counting.

A working stock solution was prepared so that a count of approximately 5000 DPM /
mL was obtained after dilution in the test system. Under steady state conditions, the
difference between theinlet and outlet concentrations in the cascade was used to

determine the degree of biodegradation and to plot degradation curves.
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The degradation rate constant and the degradation half-life of the test and the
reference compounds in this test system were cal culated using the measured data
derived under steady-state conditions. This data, the degradation curves and any other
available information were used to evaluate the biodegradability of the test

compound. The native levels of LAS Cy, were determined in the settled sewage / river
water medium by liquid chromatography / mass spectrometry (LC/MS).

An alternative method of measuring LAS concentration using derivatisation and gas
chromatography / mass spectrometry (GC/MS) to analyseindividual LAS isomer
concentrations was a so investigated, specifically to measure the amount of 6 Phenyl-

Cyz inthe samples.

[**C]Aniline HCI / Aniline HCI standard

The formation of a viable biomass before the addition of the **C sodium dodecane-6-
benzene sulphonate (LAS) to the test system was confirmed with the use of aradio-
labelled reference material *C aniline hydrochloride. [U-*C] Aniline Hydrochloride
(ARC), was supplied as 99 % radiochemically pure with a specific activity of 77
mCi/mmol (594uCi/mg), the material was radiolabelled in the ring structure.
Aniline was used as reference material asit iscommonly used as standard in ready
biodegradability tests (OECD) and is aso suggested as a reference material in SO
14592.

The actual radiochemical purity of the sample was determined using radio HPLC
(Spectra Physics Radio HPLC System) performed on a Prodigy C18 column (250 x

4.6mm) supplied by Phenoenex. Mobile phase was acetonitrile : phosphate buffer (aq)
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1:1 by volume. 3.4013 g of potassium dihydrogen phosphate (Fisher Chemicals, AR
A volume of 500 mL of 50mM KH,PO, + 500 mL acetonitrile were mixed to give the
mobile phase 9.4 mg of Aniline HCI were dissolved in 10 mL of methanol (HPLC
grade) to give a0.9 mg/ mL solution. Concentrated stock [**C]Aniline HCI (10 pL)
were mixed with 100 pL of the 0.9 mg/ mL aniline HCI solution and 900 pl of
Millipore water. The resulting solution was analysed by radio HPLC to give the
purity of the [*C] Aniline HCI. to be 95.78%. The contents of the |abelled sample
(nominally 1.7mg) were taken up in methanol and a**C assay on this solution
determined to confirm the actual concentration. This then determined the volume to
be added to the working stock solution so that a count of approx. 3000 DPM/ml was
obtained. A cold solution of Aniline Hydrochloride was prepared (approx.4.3mg/L)
and the appropriate amount of radiolabelled [U-**C] aniline hydrochloride added to

this.

Anaysisof LASin dosing test media

A 1000ug/mL LAS Stock Solution was prepared by adding 0.1955g + 0.0005g of Na
LAS paste (linear alkyl benzene sulphonate, 51.14 % active) to a 100 mL volumetric
flask and making to the mark with methanol, samples were prepared in duplicate.

The sample (20 mL) was pipetted to a 500 mL Duran bottle and made to 500 mL with
Ultrapure water. To this, methanol (20 mL) was added and mixed well. ‘ Spiked’
samples were a so prepared by adding a 100 pL of a 1000 pg/mL LAS stock solution

in methanol to the medium before treating as above. This spike was equivalent to
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5mg/L added to the sample. Blank samples were also prepared as above without

addition of the sample.

Solid Phase Extraction (SPE)

SPE was used as the separation process to extract the LAS homologues from the test
media. Each SPE cartridge (1ST 1g/6mL Csg) used was conditioned with methanol
and water, by allowing them to pass through under gravity. The sample was then
loaded on to the cartridge at about 10 mL/min. The cartridges were dried under
vacuum for 1 h and eluted with methanol (approximately 20 mL) and made up

quantitatively to 20 mL.

LC/MS anaysis

LAS was quantified by liquid chromatography / mass spectrometry (LC/MS).

The solutions were anal ysed by reverse phase LC, injecting 10 puL onto aVarian
Pursuit C;5 column (5um, 150 x 2.0mm) held at 30°C. A gradient elution with 5mM
ammonium formate (pH 3.0) (Solvent A) and acetonitrile (Solvent B) was used.

The gradient started at 25% B and increased to 100% B over minutes and was held for
10 minutes. The system was allowed to equilibrate with the initial conditions for 20
minutes after each analysis. Reagents wherever possible were HPLC grade, AR grade
or equivaent. Single ion monitoring for ions m/z 297, 311, 325 and 339 was used for
Cio, Cu, Ci2 and Ci3 LAS respectively. Cdlibration standards were run at
concentrations of 1, 2, 5, 10 and 15 pg/mL of tota LAS, of which the homologue

distribution for Cyg, Cy1, C12 and Cy3 was 13.2, 32.8, 31.3, 22.8 % w/w, respectively.
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Derivatisation of LAS Isomers For GC/MS Analysis

DMF ]
R SOt I P — R 5% + o+
3 (CFsC0O)0 e < CFsCOO

A range of volumes (0, 1, 5, 10, 15 and 20mL) of a 1000 pg/mL LAS solution in

methanol were blown down to dryness under a stream of Nitrogen at 60°C. The dried
sample was reacted with sodium iodide (Immol, 166mg) and trifluoroacetic acid
anhydride (Lmmol, 140ul, TFAA) in 2ml of dimethylformamide (DMF) for 2 hours at
65°C. The reaction was stopped by the addition of 700ul of 5% sodium thiosul phate
in water solution. The derivatised products were then extracted into 2ml of hexane.

The hexane layer was dried with anhydrous sodium sul phate prior to analysis.

GC/MS Analysis Parameters

For the analysis, an Agilent 6890/5973 Gas Chromatograph / Mass Spectrometer with
an Agilent DB-5MS (30m x 0.25mm with a 0.25um film thickness) capillary column
was used with a constant flow of 1ml/min Helium through the column. A 1uL
splitlessinjection at 250°C was made with a purge flow of 100mL/min after 1 minute.
The oven temperature was initially set at 120°C which was held for 1 minute and then
ramped up to 280°C at 2°C/min and held for 10 minutes. The transfer line temperature
was 325°C. The mass spectrometer was in electron impact (EI) mode scanning from
35 to 500 m/z with a source temperature and quadrupole temperature of 200°C and

150°C respectively, with a 3 minute solvent delay.
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4.3 Calculations

Degree of biodegradation

Theinitia activity of the radio-labeled reference and test compound (p0) in the inlet
of the first channel and the activity in the outlet of each channel was measured by
scintillation counting. The final activity of the test compound was calculated as the
mean value of the scintillation counts in the outlet of the last channel after steady state

was reached (pp).

The degree of biodegradation, Ds, was expressed as a percentage, calculated using,

(Equation 4)

Ds= 0-py, x100
p0

Where;

p0 istheinitial activity, expressed in disintegrations per minute, of the

reference/ test compound.

Pn isthe final activity, expressed in disintegrations per minute, of the

reference/ test compound.
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4.4  Assumptions and boundary conditions of theriver model

Biodegradation was assumed to follow first order kinetics. The continuous flow river
model is regarded as a plug flow reactor with the following assumptions and boundary

conditions::

- the cascade with five channels is a flowing watercourse extending
between the co-ordinates x1 = 0 and x2 = L, where x1 = O refers to theinlet

to the first channel and x2 = L the outlet from the final channel section.

- { Comment [S33]: ?
Where L is the total length of the channel in the cascade) /

- Thetransportation of the primary and secondary substrate in the flowing

media and to the biofilm takes place exclusively by convection.

For a constant input rate and at steady state conditions it can be shown theoretically
that diffusion and hydrodynamic dispersion has a negligible role in controlling solute

concentrations (Gandolfi et al., 2001).
- The biodegradation of the test compound (secondary substrate) can
take place without growth of biomass, for example by means of co-

metabolism, and takes place on the surface of the biofilm.

- The biodegradation is substrate-limited but not biomass-limited, the

relationship applies :
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(Equation 5)
rd=Keg X ps
rd isthe rate of biodegradation;
Kest is the biodegradation rate constant;
ps is the substrate concentration;

- The growth of biofilm achieved with the test compound (secondary
substrate) is negligible and is therefore attributable solely to the organic

medium of the test water (primary substrate).

- Dueto this behaviour of the primary substrate the biomass mass
concentration (pb), together with the area specific activity of the
biofilm are approximately constant locally over the flow length of the
cascade X :

(Equation 6)

pb =0
dx

- Thetest systemis at steady state during the measuring period

Theriver model is regarded as a plug-flow reactor. Thisisnot entirely correct, itis
actually a set of mixed tanks in series, but for the purpose of this test the assumption
is acceptable. Knowledge of the hydraulic retention time (t hr) of the test system was
obtained by tracer studies. With this knowledge and assuming first order kinetics, a

biodegradation rate constant can be calculated by :
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(Equation 7)

pn
keff =-In ( ) Xty, N
p0

Where,

p0 istheinitial activity, expressed in disintegrations per minute, of the

test compound in the inlet of channd 1,

pn isthefinal activity, expressed in disintegrations per minute, of the

test compound in the outlet of channel n;

Degradation rate constant

A three-dimensional plot of the measured activity (y-axis, disintegrations per minute)
versus flow distance (x-axis, m) and versus time (z-axis, d) can be prepared. From the
plots the duration of the lag-phase, the steady state phase and the section of maximum
degradation of the test compound can be estimated. Axial flow speed, vy, expressed in
metres per day (m/d), was calculated according to :

(Equation 8)
VX = g\_/
S

Where,
Qv is the volume flow rate, expressed in cubic metres per day (m*/d):;
S is the free flow cross-section, expressed in square metres (m?), of a

single channel.
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The free flow cross-section areais estimated using, S:

(Equation 9)
S= bxd
b is the width, expressed in metres (m), of asingle channel;
d isthe depth, expressed in metres (m), of the layer of water above the glass
beads.

The biodegradation rate constant, K, (d '1), in each channel was determined

according to:
(Equation 10)
pn Vi
Ket =-In (_ ) x _
p0 Xn
Where,

p0 istheinitial activity, expressed in disintegrations per minute, of the

test compound in the inlet of channel 1;

pn isthe final activity, expressed in disintegrations per minute, of the

test compound in the outlet of channel n;

Xn isthe distance, expressed in meters (m), between channel 1 and the end of

channd n;

Vy isthe axial flow speed, expressed in meters per day (m/d).
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Degradation half-life

The degradation half-life, Ty, expressed in days (d), of the test and the reference
compound was calculated according to :
(Equation 11)
Ty2= In2
Kest

where ke is the biodegradation rate constant (d ).
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4.5

Results and Discussion

The artificial river system (cascade) was an appropriate test system for simulating self

purification in an impact zone after an untreated discharge. No aeration was provided

to the system and a clear dissolved oxygen ‘sag’ curve was observed relatively

quickly as the biofilm became established in the channel carrier material. Steady state

conditions became established after approximately 22 days, this was then used as the

calculation period for the removal of the key water quality parameters. Changesin the

dO, concentration on selected days with distance downstream of injection can be

clearly observed (Fig 4.1).
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Fig4.1. Plot of selected dissolved oxygen concentration measurementsin the

artificia river model, during the acclimation period and cal cul ation period.
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The use of the radiolabelled reference material *C aniline hydrochloride confirmed
the presence of aviable biofilm by showing extensive removal of the chemical (84%).
Thiswas also further supported by observations which showed the establishment of a
biofilm through the acclimation phase prior to steady state. Plates9, 10, and 11 show
the biofilm formation observed in the test system.

To further support that the mechanism of removal was biodegradation rather than
sorption to solids or sedimentation, some of the cascade carrier materia (5 glass
beads) containing biofilm were removed from the channel (after the radio labelled
analysis had been completed) and used as an inoculum in arespirometric test with
LAS. The oxitop respirometric test system contained a standard LAS paste and

mineral salts media, with a control vessel containing no LAS operated in paralel.

processesin LAS removal has been pointed out by Rappaport and Eckhoff (1990)
who, suggested mechanisms such as adsorption on to biofilm or suspended particles
may play amajor rolein the removal of ingredients of a hydrophobic nature, such as,
anionic surfactants. In this study no specific analysis was used to monitor the
biodegradation intermediates of LAS (such as sulphenyl carboxylates) which would

have been another method for confirming biodegradation.
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Fig 4.2. Oxygen demand measurement for LAS paste in an oxitop respirometric
test system using carrier material (glass beads) from cascade as

inoculum source.
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Plate 9. Thefirst section of channel 1 after 6 weeks dosing with test medium. The
lower dissolved oxygen (~2 mg/L) in thisregion produced a darker biofilm. Some
algal formation can be seen in the channel below which became more prevalent in the

lower channels as the system devel oped.

e

Plate 10. The second section of channel 1 (downstream) after 6 weeks dosing with
test medium. The biofilm had started to change colour at this point as dissolved

oxygen began to increase.

Comment [S37]: Isthis photo
/| abit distorted?
/

Plate 11. Thefinal section of channel 1 (downstream) after 6 weeks dosing with test

medium. The feed system in to channel 2 can be observed.
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46. Resultsfor **C Aniline Hydrochloride

The data show a very significant and clear decreasing trend in **C aniline activity with
travel time. Changes in **C aniline activity with distance in the cascade at different
times are clearly observed (Fig 4.3). The system was initially dosed with **C aniline
to achieve approximately 2500 DPM / mL in the influent.

An overall mean degradation rate constant k = 0.112 h*, and half lifet, =6.36 h™,
was observed in the test system, cv = 20%. Rate constants were determined by
calculating the axia flow speed and distance. The mean percent biodegradation of

aniline observed in the system was 84%.

U-14C Aniline
(DPM / mL)

Fig4.3. U-'C Aniline hydrochloride degradation curve in the continuous flow river

model with attached biomass.
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Aniline had been selected as reference material because it is arecognised standard
material used in ready biodegradability tests (OECD 301) for confirming aviable

inoculum. It is aso recommended in SO 14952 as a potential chemical to be

considered as areference material. Mean calculated rate constant (k) was determined

as0.11 h't and half lifetsy, =6.36 h™.
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Fig4.4. Plot of loss of 14C Aniline (mean measured values) assumed mainly due to
biodegradation in the test system operated under steady state conditions (derived from

datain Fig 4.3). Error barsindicate + one standard deviation.
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46.1 Resultsfor **C Phenyl 6 DOBS

Again the data (Fig 4.5) showed a very significant and clear decreasing trend in **C
Phenyl 6-DOBS activity with travel time. The system was dosed with **C Phenyl 6-
DOBS to achieve an activity of approximately 5000 DPM / mL. Figure 4.5 shows the
same data for the calculation period expressed against distance which allowed
calculation of a degradation rate constant (k) = 0.17 h™ , and half lifets, =5.11h™,
cv =5%. Thisisdightly slower than losses of LAS reported by Takada et al., (1994)
and McAvoy et al., (2003), who report half lives between 1-3 h, but, faster than that
reported by Whelan et al., (2007) half life = 7 h. The degradation rate constants were
calculated using the axia flow speed and distance. The mean percent biodegradation

in the test system was 89%.

Phenyl U- 14C 6 DOBS
(DPM / mL)

Fig4.5. C Phenyl 6-DOBS degradation curve of the continuous flow river model

with attached biomass.
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Fig4.6. Plot of loss of 1“C Phenyl 6 DOBS (mean measured values) against distance
(derived from datain Fig 4.5) in the test system operated under steady state

conditions, (Error bars = + standard deviation).

Calculated rate constants (k) for Phenyl 6-DOBS = 0.13 h and half lifet,, =5.11h*

Vaues of the rate constant calculated with axial flow and distance were very similar

to aniline, although less variable. | ~{ Comment [S39]: I've taken
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ this out because | don't think it

belongs here. 1 think it comes
under the LC-MSresults

92



CHAPTER 4

4.6.2 Water quality analysis

The temperature and pH remained stable in al channels throughout the duration of the
study. The mean temperature during the experiment was 20°C +/- 0.3 °C . The pH
during the test had a mean of 8.09 with a standard deviation of 0.12 (Appendix 3).

A dlight increase was observed from the inlet along the course of the channels to the
outlet of the last channel. This could have been dueto the increasing algal formation
as the channel progressed, with increasing presence of agae photo-synthesising and
utilising the dissolved carbon dioxide, in effect, reducing the acidity of the water and
increasing the pH. The calculations for the determination of percent free ammonia

used these mean pH and temperature measurements.

(Chemical Oxygen Demand (COD)

Changesin COD with distance downstream of injection during the acclimation
period, showed a general decrease in COD with distance downstream (Fig 4.7).

The artificial river model was rapidly removing COD from the test media with steady
state conditions being established after 22 days. The period day 22 to day 104 was
used as the calculation period (the period over which data was used in calculating rate
constants). The mean concentration measured in the test medium

during the calculation period was 88.4 mg/L (standard deviation = 9.34). The mean
percent biodegradation during this period was 71% with a degradation rate constant
(k) =0.071h*, and half lifety, =9.9h, cv=13%, calculated using the axial flow

speed and distance.
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Fig4.7. Plot of selected COD measurementsin the artificial river model, during the

acclimation period and calculation period.

Theratio of the half lives of LASto COD, ty, (LAS/COD) was = 0.51,
This confirms that the removal of LAS was more rapid than the key water quality

determinant COD.

Ammonical Nitrogen analysis

Ammonical Nitrogen measurements were made in the artificial river model, during
the acclimation period and calculation period (Fig 4.8).

Mean values for the cal culation period were derived from this data and the mean

.1 Comment [S41]: Isthis
~7 | correct?

concentration of ammonium measured in the input to the first channel during the

calculation period was 12.2 mg/L, equivaent to 9.5mg N / L, stand deviation = 1.1.
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Concentrations of NH4N at 9m, after the establishment of steady state, were
< 0.1mg/L , meaning that removal during this period was > 99% . This corresponds

to a degradation rate constant k (h%) = 0.12, half lifet, (h') = 5.7.
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Fig4.8. Plot of selected NH4sN measurementsin the artificial river model, during the

acclimation period and cal culation period.
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Fig4.9. Plot of mean NH3 measurementsin the artificial river model against

distance. Error bars represent + one standard deviation.
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The fraction of total ammonical nitrogen which was free NH3 was 3.8%, a fraction
that was consistent during the study due to the stable pH and temperatures observed in
the cascade system. (Appendix 3). The levels fell below the toxicity threshold of free
ammonia (European EIFAC= 0.025mg/L toxicity levelsto freshwater fish) by the
5.5m distance mark, equivalent to HRT = 15.9 hrsin the system. The reported half
life for the NH,in the system corresponds well with reported field data by McAvoy et

al., (2003) who reported 5.4 h* .

Plots of measured inorganic nitrogen species, nitrite (Fig 4.9.1) and nitrate (Fig 4.9.2)
also confirmed that the system had achieved steady state conditions. The data shows
the expected downstream changes in concentrations of ammonium, nitrite and nitrate,
with decreasing ammonium and nitrite levels and increasing nitrate concentrations,
reflecting the micro-biological processes associated with nitrifying bacteria.

By day 22 all of the nitrite was rapidly being converted to nitrate.

A mass balance could not be calculated for the inorganic nitrogen cycle because N
was entering the test system from the settled sewage/ river water test media.

Some mineralization to nitrogen will have taken place and some losses of NH3-N due

to volatilisation (at pH 8 thisislikely) but these losses were not quantified.
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Fig4.9.1 Plotof selected NO;N measurementsin the artificial river model, during

the acclimation period and calculation period.
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Fig4.9.2 Plot of selected NOsN measurementsin the artificial river model, during the

acclimation period and cal culation period.
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Analysis of test media

Analysis of the test medium (river water / sewage influent) for linear alkyl benzene
sulphonate (LAS) was carried out within this phase of the study by liquid
chromatography / mass spectrometry (LC/MS). An alternative method of measuring
LAS concentration using derivatisation and gas chromatography / mass spectrometry
(GC/MYS) to analyse individua LAS isomer concentrations was also investigated.
This was specifically to measure the amount of 6 Ph-C;, in the samples. Although not
sensitive enough for measuring environmental sample concentration, a profile of the

LAS standard used in the work was generated.

LC/MS Analysis

The concentration of LAS in each sample isshownin Table 4.1. The method showed
good mean recoveries of total LAS, from spiked samplesat 5 mg/L of 99.1 £ 2.5 %
(n=5), see Table 4.2. Typical chromatograms of the LAS in the media (river
water/sewage influent) and a standard are shown in the single ion monitoring

(SIM) data. The Cy2 homologues of a standard and a sample collected from the test
medium prior to the calibration of the radiolabelled material, show a similar profile by

HPLC (Fig 4.9.3).

GC/MS Analysis

Asshown in the total ion chromatogram (TIC) of 15mg total LAS after derivatization
(Fig 4.9.4), the different LAS homol ogues are separated and each homologue is split

into separate isomers with only 2-Ph-Cy, and 6/7-Ph Cy3 co-eluting. The co-eluting
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peaks could be resolved by extracting the individual ions for each homologue, i.e. m/z
346, 360, 374,and 388 which represent the derivatization products of LAS for Cyj,
Ci1, Cy2 and Cy3, respectively. The standards were also analysed using asingleion
monitoring (SIM) method. The SIM chromatogram for LAS Ci, where m/z = 374 was
performed, and from this data the relative abundances for each isomer (Table 4.3)
were calculated. The method was found to have a detection limit which was
equivaent to 5 mg of LAS when dried.

Thisrelatively high detection limit meant that large sample volumes (approximately
5L) would be required to detect LAS in the environmental samples, which in this
study were at concentration levels of approximately 1mg/L.

For the LC/MS procedure, 20 mL of each sample was extracted and reserved at afinal
volume of 20 mL in methanol (equivaent to 20 ug LAS). Evenif these extracts were
pooled and dried there would be an insufficient amount of LAS present to be detected
by this method. However using a combination of results obtained (i.e. the fact thereis
an average 23.7 % of the 6 phenyl C,,isomer inthe LAS standard and given the
similarity in profile of the LAS in the test media and standard as analysed by HPLC,
this allows a reasonabl e estimate of the content of this isomer in the mediato be
made. The GC/M S derivatisation method requires further method devel opment asthe
calibration curve produced, even in standards, was not quantitative or linear. For
calculation purposes it was assumed that 20% of the LAS Ci, would be attributable to

the 6-phenyl Cy,isomer.
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Table 4.1. Concentrations of native LAS homologues in test media prior to the addition of radiolabelled material

Average LAS Concentration (mg/L)

(Individua Replicates, n=2)

Sample

ClO Cll C]_z C13 Tota
0.196 0.445 0.290 0.131 106

Settled Sewage/ River Water 06/05/05 (0.195, 0.197) (0.438, 0.453) (0.290, 0.291) (0.133, 0.130) @ 06. 1.07)
18.5% 42.0% 27.4% 12.4% T
0.238 0.574 0.393 0.191 140

Settled Sewage/ River Water 09/05/05 (0.235, 0.241) (0.574,573) (0.391, 0.394) (0.187,0.194) (1 39' 1.40)
22.5% 52.4% 37.1% 18% e
0.230 0.561 0.380 0.182 135

Settled Sewage/ River Water 11/05/05 (0.229, 0.231) (0.570, 0.552) (0.386,0.374) (0.189,0.174) @ 38. 1.33)
21.7% 52.9% 35.8% 17.2% T
0.205 0.480 0.323 0.152 116

Settled Sewage/ River Water 13/05/05 (0.198, 0.211) (0.462, 0.497) (0.311,0.336) (0.145, 0.159 (1 12' 1.20)
19.3% 45.3% 30.5% 14.3% e
0.233 0.521 0.330 0.150 123

Settled Sewage/ River Water 16/05/05 (0.230, 0.237) (0.507, 0.535) (0.319, 0.340) (0.145, 0.154) @ 20' 1.27)
22.0% 49.2% 31.1% 14.2% T
0.271 0.623 0.393 0.177 146

Settled Sewage/ River Water 18/05/05 (0.276, 0.266) (0.636, 0.610) (0.399, 0.387) (0.182,0.172) 1 49' 1.44)
25.6% 58.8% 37.1% 16.7% T

* Figures in bold show the concentrations as percentages of the total
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Table4.2. Spike recoveriesat 5mg/L from settled sewage / river water

Recovery (%)
Sample
Cio Cn Cp Cis Average

Settled Sewage / River Water 05/05/05 104 104 101 93.9 101
Settled Sewage / River Water 06/05/05 106 104 102 97.6 102
Settled Sewage / River Water 09/05/05 102 101 102 98.5 101
Settled Sewage / River Water 11/05/05 99.4 96.9 95.6 92.3 95.8
Settled Sewage / River Water 13/05/05 99.8 99.6 97.3 92.2 97.2
Settled Sewage / River Water 16/05/05 100 101 97.8 93.6 98.1
Average Spike Recovery 102 101 99.2 94.7 929.1
Standard Deviation 25 2.6 2.7 2.7 25

Table4.3. % Isomer distribution of LAS Cy, at various concentrations in the
standard material

| somer 6Ph-C12 5Ph-C12 4Ph-C12 3Ph-C12 2Ph-C12
0mg LAS* 0 0 0 0 0
1mgLAS* 16.7 334 17.2 12.6 201
5mg LAS 26.0 31.0 17.6 121 133
10 mg LAS 239 24.0 17.3 15.2 19.6
15mg LAS 238 230 17.4 15.6 20.3
20mg LAS 234 22.3 17.4 16.0 20.8
Average 23.7 231 17.4 15.6 20.2
Standard Dev. 0.26 0.85 0.08 0.38 0.59

e Datanot used for average and standard deviation
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MSD1 325, EIC=324.7:325.7 (D: 1D) APHES, Neg, SM, Frag: 120, "SM negative”
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Fig4.9.3. Comparison between HPLC-MS chromatograms of LAS Ci1, homologue in a

standard and in a sample collected from the test media.
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Fig 4.9.4. Totd ion chromatogram (TIC) of 15mg total LAS after derivatisation.
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Summary of results

The mean percentage removal of the key water quality parameters which characterise

the impact zone and subsequent “ self-purification” are summarised, and compared

with the removal of the reference and test materials, whilst the system was judged to

be operating under steady state conditions (Fig 4.9.5).

The end of the impact zone was defined as the point when the NH3 concentration

fell below 0.025 mg/L, which is the PNEC based on of free ammoniatoxicity levelsto

freshwater fish (EIFAC). It isclear at this point (ca. 16 hours), under these conditions,

more than 80% removal of both LAS and aniline had occurred.

under steady state conditions
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Applying the impact zone concept model, the PEC for the chemical of interest was
calculated, and compared with the PNEC, at the end of the IZ (i.e. the point in the
system where the toxicity of free ammonia falls below the ammonia PNEC).
Assuming that the degradation rate observed for the Ci, isomer is representative of
al the LAS homologues, and only slightly different decay rates were observed , then
this would suggest that with the total LAS concentration measured entering the test

system (1.26 mg/L), would be reduced to 0.12 mg/L at the end of the impact zone.

Test Medium

Water quality variablesin the test medium are shown in Appendix 3 for samples
checked between Feb 05 and May 05. The coefficient of variation (cv) for most water
quality variables suggests that the water quality was varying typically by about 10%
over the course of the study. Thisis considered to be acceptable but must be bornein

mind when interpreting the results.
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47 Conclusions

The artificial river model proved an appropriate test system to model a point source
pollution episode simulating direct discharge conditions. Following work in asimilar
system (Boeije et al., 2000), glass beads were used to encourage the development of
biofilm on the channel bed. The system clearly reproduced the expected relationship
between the key water quality parameters resulting from an emission of untreated
waste water, including high oxygen demand, associated dissolved oxygen sag,
followed by recovery and high ammonium concentrations which decrease with
distance downstream.

Observations were made of the fate of two radiolabelled synthetic organic materials
(Cy2 linear akyl benzene sulphonate and aniline hydrochloride).

Rapid changesin **C counts were observed with flow-time for both of these
substances, representing complete mineralisation. In these experiments the impact
zone was assumed to be the point at which the concentration of the unionised
ammoniafell below the predicted no effect concentration for salmonids,

(0.025 mg/L). In relation to this, LAS had been significantly removed (89%).

The calculated decay rates t05 = 5 h corroborated well with reported field data.

More recent studies carried out in some rivers specifically to measure in-stream

removal kinetics of LAS, showed t0 . inthe 1-3 h range (Takada et al., 1992;

Schroder, 1995; Fox et al., 2000). It also supports the studies by McAvoy et al.
(2003) and Dyer et al. (2003), which reported the relative in-stream removal of LAS

as higher than the removal of BOD.
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The mean concentration of total LAS entering the artificial model system measured in
the test mediatest mediawas 1.26 mg/L. At the point in the system identified as being
the end of the impact zone the total LAS levels would be approximately = 0.12 mg/L.
Downstream of the impact zone, a conventional ecological risk assessment can then
be performed, in which the concentration of the chemical of interest is compared with
the predicted no-effect concentration derived for laboratory toxicity test data

(Table 4.4).

Table 4.4. Reported toxicity dataof LAS (Schoberl, 1997).

EC50 (Daphnia) 8.8 mg/L
EC50 (fish) 4.8 mg/L
NOEC (Daphnia) 0.3 mg/L
NOEC (fish) 0.16 mg/L

NOEC: no observed effect concentration.

The profile of the C1, 6-DOBS in this system thusindicates that LAS levels would be
expected to be below LAS PNEC levels by the time self purification was complete.
Thisalso confirms similar field observations conducted under tropical conditions
reported by McAvoy et al.,(2003) and Whelan et al., (2007).

The method used here did not confirm metabolites but did measure complete
mineralization (conversion to COy). In the case of LAS the formation of persistent
biodegradation intermediates can be excluded as demonstrated by high tier tests

(Gerike et al., 1986; Moreno et al., 1991; Cavalli et al.,1996).
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Biodegradation intermediates, i.e. the sulpho phenyl carboxylates are not persistent
and their toxicities is several orders of magnitude lower than that of the parent
molecule (Kimerle et al.,1977).

Aniline Hydrochloride is similarly classified to LAS as readily biodegradable, and

again achieved >80% removal at the point defined ‘end of the impact zone'.

_1 Comment [S43]: | suggest
L . moving this sentence to the final
77777777777777777777777777777777777777777777777777777777777777777777777777 ‘ discussion chapter.

The cascade system was designed to provide a confirmatory methodol ogy for
assessing the ecological risks of chemicals under direct discharge conditions, without
the need for expensive field campaigns. Although successful, further work is
required both in the field and in the laboratory to ascertain the extent to which the
patterns observed for LAS can be generalised to other readily biodegradable and

inherently degradable substances.
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General Discussion

Environmental risk assessments for “down the drain” chemicals often apply simple
models of exposure and effect, based on experience gained in systems in which
waste water is treated before emission into the environment. These models are

often inappropriate for evaluating ecological risks associated with chemicals

emitted under direct discharge conditions. Thisis especially the case in the tropics
where environmental conditions are often very different.

The screening tests explored in these studies have made a step towards

obtaining more relevant data for risk assessment of ingredients in this environmental
compartment and thus provide a better understanding of the fate and effects of
detergent ingredients in an untreated discharge scenario and on the subsequent self-
purification process.

In the case of the batch system explored in this thesis for determination of
biodegradation rates (Chapter 2), the test system proved suitable to compare the
relative biodegradation rate of a specific chemical to the other organic componentsin
wastewater under defined conditions. The key finding in these experiments was that
the primary biodegradation of the compounds chosen, LAS, and AE, ismore rapid in
an aerobic environment than the general organic loading present from the sewage.
Some improvements could be made to the system used, for example the test system
had to be aerated as no control over dissolved oxygen levels could be applied or
monitored. It would be expected that oxygen would be present in the environment but
possibly at reduced levels (1-4mg/L) due to the high organic loadings particularly

below the wastewater outfall. The ability to control dO; in batch systems and its
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effects on removal rates could be explored further. It was noted that for new
chemicals or chemicals not consistently present in wastewater, sufficient test
chemical (radiolabelled and unlabelled) should be added to approximate the expected
concentration in wastewater diluted into surface water during an episodic release or

following commercialisation of a new chemical.

The inhibition studies described in Chapter 3 demonstrated alternative short term
toxicity tests which would be more applicable to ingredients which are released in to
riversin the presence of untreated sewage.

Both of the respiration and nitrification inhibition tests were designed to look at the
potential inhibitory effects of detergent ingredients on micro-organisms that perform
the key processes which influence self purification in the impact zone. The data
provided alternative and more relevant PNEC' s for these ingredients in this scenario.
The tests confirmed that detergent ingredients can show selective inhibition towards
heterotrophic and autotrophic micro-organisms. All of the detergent ingredients tested
required concentrations above their predicted environmental concentrations to inhibit
these processes. Thiswas also observed in the case of ingredients known to be used in

formulations for their anti bacterial properties, e.g. Triclosan.

.1 Comment [S44]: No reference
to Chapter 3!

The artificial river model described in Chapter 4 was a simulation test designed to
provide more realistic estimates of removal rates. It isstill only amodel in terms of
simulating the environment (as all standardised screening tests are) asit can not
replicate all the processes which occur and which could be considered from

monitoring studies in rivers.
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However, it did allow the measurement of the rates of key parameters under defined
conditions and the comparison of these rates of removal to each other.

Simulation tests of this nature can use specific analytical methods or, asin this case,
the utilisation of radio-labelled test substances. These tests then can provide more
extensive kinetic data of the parent disappearance or supply a comprehensive
assessment of the full fate of achemical. The model drew from the SO 14952
standard, with reference to agreed criteria based on established scientific principles,
but it remains critical that all the conditions are not fully standardised. Flexibility is
reguired to maximise the realism for each specific chemical tested within its emission
scenario. The cost and effort associated with more realistic simulation tests make it
impossible to make them routine. Nevertheless for chemicals used at high volume or
potential environmentally problematic chemicals these tests should supersede the less
realistic tests.

The data from these screening tests provide perspective on biodegradation kineticsin
key compartments relevant for chemicals discharged in wastewater. In addition,
measured first order biodegradation rates can be used in avariety of exposure models
to assess | oading to the environment. Importantly in this experiment in comparison to
the batch system investigated in Chapter 2, steady state conditions are allowed to
develop, which provides more confidence in comparing the key parameters.

The continually changing conditionsin a static system in terms of available nutrients
and water quality have the potential to have an influence on the observed decay rates.
A key finding in the experiments with the artificia river was the observed influence

of the biofilm that and itsimportant role in the self purification process.
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The experiment again confirmed that beyond the impact zone LAS had been
extensively removed and that current the approach of assuming no biodegradation of
LAS and readily biodegradable materialsin the risk assessment in an untreated
discharge scenario is overly stringent. It has also demonstrated that a‘true’ untreated

discharge scenario can be modeled in the laboratory.

Risk Assessment

The European Union has established specific technical guidance (EU-TGD) and a
formal model (EUSES) for environmental risk assessment, and the SEAC Pelican
system referred to in this thesis adopts the same risk assessment principles upon
which EUSES s based.

In the current version of EUSES, the first-order biodegradation rates derived from the
batch system and the artificial river model biodegradation tests are clearly relevant for
chemicals whose primary mode of entry into the environment is via wastewater, as
opposed to others where atmospheric deposition or soil run-off might be more
relevant. An appropriate biodegradation rate for surface water (k biowater) in such

cases, for input into EUSES might be logically determined as follows:

_/ Comment [S45]: Thisisn't

kbiowater = keff-water x Feff + kww-water xFwpsf - | Quitecieart Some notesright

Where :

keff-water is the first-order biodegradation rate in the effluent in surface water.
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kww-water isthe first-order biodegradation rate in the untreated wastewater in surface

water (derived from the screening tests discussed).

Feff is the fraction of wastewater released as treated effluent and Fww is the fraction

of wastewater released without treatment.

This allows for aweighted average of the decay rates depending on the fraction that
receive treatment or remain untreated prior to discharge (as discussed in many
developing regions no treatment will be received at al). Knowledge of these decay
rates could also be applied to exposure models and compared with decay rates of the
key water quality parameters described in the impact zone concept to confirm if they
would be expected to still be present or removed beyond the impact zone.

Although the tests explored worked well, further refinement of various parameters
should be explored. This should include in the case of the artificial river model, the
effects of hydraulic retention time and the effects of aternative environmental
matrices such as sediment rather than artificial substrate, as the structure of the micro-
organism communities (i.e. the number of species and their ecological preferences)
may differ.

In all of these screening tests the effects of temperature would also be relevant asin
many regions where thisis atypical scenario, varying temperatures are found between

temperate and tropical regions.
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In the case of both the batch screening tests and the artificial river model, further work
in these systems should also include broadening the range of chemicalstested and in
particular including those which are classified as ‘inherently’ biodegradable, to
examine if there is some potential for their removal prior to self purification after an
untreated discharge. Through investigation of model chemicals (e.g. LAS for ready

bi odegradable chemicals), aread acrossto all chemicals of a particular classification
could potentially then be made and an override removal factored in to the risk

assessment and exposure models.
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APPENDIX 1

Batch die away raw data study 1

Time | Time Conc (mg/l) % remaining of initial
conc
(hrs) | (days) COD | NH,; |[MBAS COD NH, | MBAS| dO, | pH |Temp
0 0 246 | 232 | 9.95 100 100 | 100 |9.98 | 7.91| 19.7
2 0 234 22 | 9.15 95 948 | 92 |9.98|7.97| 197
19 0.8 162 | 182 | 515 65.9 784 | 51.8 | 9.89|8.01| 20.2
22 0.9 150 | 179 | 4.58 61.0 772 | 460 | 10 | 7.99| 20
43 18 132 | 17.2 | 1.85 53.7 741 | 186 | 10 | 8.04 | 19.9
46 19 128 | 164 | 1.69 52.0 73.0 | 170 | 99 8 | 201
48 2 9.9 | 809 | 201
90 3.8 111 | 149 | 15 451 642 | 151 | 9.91 | 814 | 204
94 3.9 96 | 812 | 20
114 4.8 103 | 123 | 1.45 41.9 530 | 151 | 9.8 | 8.08 | 19.6
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Batch die away raw data study 2

Time |[Time |[dO, do, |Temp |pH Concn (mg/l) %remaining of
(hrs) |(days) |(mg/l) [%sa [(°C) initial conc.
COD|MBAS |NH4 |COD |[MBAS |NH4
0 0.0 9.1 100 |19.8 |8.26 |187 (7.8 13.6 |100 |100.0 |100
5 0.2 9.38 102 |19.9 |821 |170 (5.8 122 (909 |74.7 89.7
8 0.3 9.06 100 |19.9 |8.01 |147 (4.9 11.0 |786 (625 80.9
24 1.0 9.02 99 198 |8.18 |118 (3.7 94 |631 (471 69.3
26 11 8.71 97 20 822 109 |31 93 |583 |40.1 68.4
32 13 8.72 97 20 824 (111 |33 91 |594 (418 66.9
48 20 8.9 98 20 837 |83 |24 80 |444 |304 57.1
51 21 8.9 98 20 843 (718 |2.2 78 |4L7 |27.7 57.1
55 23 8.97 99 19.7 |846 |79 |20 75 |422 |253 54.8
72 3.0 8.75 97 201 (84 (71 |15 6.7 |380 |19.7 489
76 3.2 8.9 98 20 847 |67 |15 358 [186
79 33 8.72 97 20 841 |65 |113 |66 348 (186 485
96 4.0 9.02 98 20 833 |61 |11 6.3 |326 |138 46.3
120 |50 9.l 100 [198 831 |64 1.2 6.4 342 |14.0 47.3
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Concentrations of C1p-C13 LAS (mg/L), analysisby LC ESI M S (figuresin bold are
quoted at method detection limit)

Day Time |Cioias [Ciiias |Cizias |Cizias |Totd

(hr)
0.0 0 0464 |0.942 |0.499 |0.324 |2.229
0.2 5 0479 |0.849 |0.414 |0.320 |2.062
0.3 8 0.467 |0.781 |0.400 |0.274 |1.922

1.0 24 0.379 |0.651 |0.279 |0.163 |1.472
12 28 0.368 |0.556 |0.202 |0.133 |1.259
13 32 0.307 |0.404 |0.143 |0.088 |0.942
20 48 0.131 |0.083 |0.033 |0.033 |0.280
21 51 0.080 |0.037 |0.033 |0.033 |0.183
2.3 55 0.051 |0.033 |0.033 |0.033 |0.150
3.0 72 0.033 |0.033 |0.033 |0.033 |0.132
3.2 76 0.033 |0.033 |0.033 |0.033 |0.132
3.3 79 0.033 ]0.033 ]0.033 |0.033 ]0.132

C12AE Analysisraw data (Figuresin bold are quoted at method detection limit)

Cp(mg/L) Time (hrs)
0 5 8 24
EOq 0.0970 0.0300 0.0067 0.0040
EO, 0.1506  0.1079 0.0613  0.0040
EO, 0.1183 0.1189 0.0832  0.0040
EO; 0.1177 0.1011 0.0800 0.0040
EO, 0.0935 0.0763 0.0574 0.0040
EOs 0.0591 0.0440 0.0492  0.0040
EOs 0.0526 0.0481 0.0368  0.0040
EO, 0.0433 0.0415 0.0320 0.0040
EOg 0.0360 0.0286 0.0225  0.0040
EOy 0.0294 0.0226 0.0203  0.0040
EOyo 0.0214 0.0194 0.0158 0.0040
EO.; 0.0210 0.0194 0.0143 0.0040
EO., 0.0141 0.0109 0.0097  0.0040
EO3 0.0111 0.0060 0.0052  0.0040
EOwu 0.0096 0.0082 0.0076  0.0040
EO;s 0.0070  0.0067 0.0070  0.0040
EOss 0.0040 0.0040 0.0040  0.0040
EO,; 0.0040 0.0040 0.0040  0.0040
EOss 0.0040 0.0040 0.0040  0.0040
EOyo 0.0040 0.0040 0.0040  0.0040
EOx 0.0040 0.0040 0.0040  0.0040
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C3AE Analysisraw data (Figuresin bold are quoted at method detection limit)

Time (hrs)

Ciz(mg/L) 0 5 8 24
EO, 0.1176 0.0723 0.0596 0.0071
EO, 0.0364 0.0256 0.0198 0.0052
EO, 0.0282 0.0171 0.0198 0.0040
EOs 0.0280 0.0169 0.0155 0.0043
EO, 0.0249 0.0209 0.0118 0.0040
EOs 0.0245 0.0162 0.0165 0.0040
EOs 0.0280 0.0169 0.0156 0.0040
EO, 0.0235 0.0157 0.0102 0.0040
EOs 0.0193 0.0189 0.0142 0.0040
EO, 0.0250 0.0139 0.0127 0.0040
EOy 0.0190 0.0160 0.0150 0.0040
EO, 0.0201 0.0170 0.0144 0.0040
EO,, 0.0114 0.0136 0.0117 0.0040
EOis 0.0109 0.0088 0.0060 0.0040
EOy4 0.0051 0.0049 0.0055 0.0040
EO;s 0.0066 0.0040 0.0056 0.0040
EOss 0.0040 0.0040 0.0040 0.0040
EO,; 0.0040 0.0040 0.0040 0.0040
EO;s 0.0040 0.0040 0.0040 0.0040
EOyo 0.0040 0.0040 0.0040 0.0040
EOy 0.0040 0.0040 0.0040 0.0040
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C1, AE Analysisraw data (Figuresin bold are quoted at method detection limit)

Time (hrs)
Cu(mg/L) 0 5 8 24

EO, 0.0007 0.0342 0.0087  0.0040
EO, 0.0408 0.0257 0.0199  0.0040
EO, 0.0421 0.0360 0.0207  0.0040
EO; 0.0224 0.0176 0.0105 0.0040
EO, 0.0360 0.0220 0.0148 0.0054
EOs 0.0347  0.0223 0.0173  0.0040
EOs 0.0202 0.0177 0.0152  0.0040
EO, 0.0225 0.0244 0.0142  0.0040
EOs 0.0302 0.0243 0.0175 0.0040
EO, 0.0232 0.0229 0.0169  0.0040
EOq 0.0236 0.0184 0.0158  0.0040
EO1; 0.0120 0.0151 0.0142  0.0040
EO:, 0.0126  0.0079  0.0059  0.0040
EO13 0.0067 0.0076 0.0076  0.0040
EO1, 0.0075 0.0077 0.0069  0.0040
EO:s 0.0042 0.0053 0.0040 0.0040
EOs6 0.0041 0.0044 0.0046  0.0040
EOy, 0.0040 0.0040 0.0040 0.0040
EOys 0.0040 0.0040 0.0040 0.0040
EOy 0.0040 0.0040 0.0040 0.0040
EOy 0.0040 0.0040 0.0040 0.0040
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APPENDIX 1

CisAE Analysisraw data (Figuresin bold are quoted at method detection limit, no Cys
AE > E015 was deteCted)

Time (hrs)

Cis(mg/L) 0 5 8 24
EOq 0.0215 0.0148 0.0120 0.0040
EO, 0.0109 0.0040 0.0040 0.0040
EO, 0.0161 0.0049 0.0040 0.0040
EO; 0.0122 0.0077 0.0104 0.0040
EO, 0.0149 0.0095 0.0101 0.0040
EOs 0.0160 0.0114 0.0132  0.0040
EOs 0.0172 0.0141 0.0110 0.0040
EO, 0.0140 0.0102 0.0107 0.0040
EOg 0.0159 0.0172 0.0128 0.0040
EQq 0.0107 0.0095 0.0141  0.0040
EOy 0.0133 0.0096 0.0092 0.0040
EOu 0.0134 0.0059 0.0113 0.0040
EO., 0.0094 0.0051 0.0049 0.0040
EOs3 0.0071  0.0042 0.0051  0.0040
EOwu 0.0071  0.0040 0.0054  0.0040
EO;s 0.0054 0.0040 0.0040 0.0040

Cis AE Analysis

Time (hrs)

Cie(mg/L) 0 5 8 24
EO, 0.0510 0.0219 0.0146 0.0040
EO; 0.0127 0.0139 0.0165 0.0040
EO, 0.0111 0.0119 0.0040 0.0040
EO; 0.0098 0.0083 0.0040 0.0040
EO, 0.0068 0.0040 0.0040 0.0040
EOs 0.0052 0.0040 0.0040 0.0040

(C46 > EOs not detectable).
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APPENDIX 1

Cis AE Analysis
Time (hrs)
Cis(mg/L) 0 5 8 24
EOy 0.1526  0.1157 0.1254  0.0195
EO, 0.0040 0.0040 0.0040 0.0040
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APPENDIX 2

Investigation of short term toxicity tests for micro-organismsin the
aguatic environment under direct discharge conditions (Raw Data)



APPENDIX 2

Nitrifying dudge activity determination

Nitrfying sludge activity

Flask No 1 2 3 4 5 |6
Medium (mL) 25 25 5 25 25 |25
Activated Sludge (mL) 125 125 [125 [125 [125 |125
Reference Inhibitor ATU (mL) 0 25 0 25 0 2.5
Diluted Water (mL) 100 |97.5 [100 |97.5 |100 |97.5
Total Volume (mL) 250 250 250 [250 250 |250
Concn of activated 125 125 250 250 500 500
Sludge (mg/L)
NO,-N 0.99 |0.12 |1.31 |0.09 [2.59 |0.08
NOs-N 1.61 |0.22 [3.28 [0.47 |6.51 [0.95
Total oxidised N 2.60 |0.35 |4.59 |0.56 [9.10 |1.03
Wt. of paper 0.37 0.35
Volume 50 50
WHt. of paper + solids 0.57 0.57
Solids 02 022

Mean
MLSS (mg/L) 4092 4492 14292
SS required (mg/L) 125 250 500
Inoculum vol required in test vessel. 7 15 29
SS (mg/L) 125 250 500
mg of N (g.h) 45 40 |40 |
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APPENDIX 2

(3,5 DICHLOROPHENOL)

% Inhibition

Nitrification Inhibition (raw data)

Flask No 1 2 B kb 6 7 (ref)
Concentration of 0 0.5 16 5 16 50 25
test substance (mg/L)
Oxidised N (mg/L)
NO»-N 0.585 [0.139 [0.027 [0.014 [0.05 [0.089 [0.002
NOs-N 1.38 [1.02 [0.741 [0.596 [0.448 (0.385 (0.29
Total 1.965 [1.159 [0.768 [0.61 [0.498 [0.474 [0.292
mg of N (g.h) control 2.18
% Inhibition o] g2 [715 [81.0 [87.7 [89.1 |
100
920
80 /
NVe
ol
50 /
N
30
20
10
0 T T T T T
0 10 20 30 40 50

Test Conen (mg/l)

Plot of percentage inhibition versus test material concentration.
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APPENDIX 2

Respiration Inhibition (raw data)

BOD (mg/L)

-10

Test 3,5DCP
Material Test

concn |BOD (avg) |% Inhib
Vessel No mg/L 4hr 4hr
1,23 Control 0 6.5 0
4,56 Test 1 5.6 14.3
7,89 v 5 2.8 57.1
10,11,12 "o 10 0.6 90.3
13,14,15 v 15 -2.8 100.0
16,17,18 v 25 -6.6 100.0
19,20,21 "o 50 -3.7 100.0
22,23,24 "o 100 -2.8 100.0

/I

8 20 22 24 26 28 30 32 34 36 38 4

e

Time- (hrs)

3,5 Dichlorophenol —4hr BOD plot

132

—#—(Oomg/l)
(Img/l)
—&—(5mg/l)
—+—(10mg/l)
— (15mg/l)
(25mg/l)
—*—(50mg/l)

—o—(100mg/l)




APPENDIX 2

BOD (mg/L)
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Plot of percentage inhibition versus test material concentration
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e
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3,5 Dichlorophenol — 14day BOD plot
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APPENDIX 2

(IRGASAN DP300)

Nitrification Inhibition (raw data)

Flask No 1 2 3 4 5 6 7 (ref)
Concentration of 0 05 (16 ) 16 [0 25
Test substance (mg/L)

Oxidised N (mg/L)

NO»-N 0.45 |0.36 [0.33 [0.29 [0.10 [0.05 [0.00
NOs-N 3.29 [3.16 [1.39 [1.09 [0.91 (0.87 [0.42
Totd 3.74 352 [1.72 [1.38 [1.01 |0.92 |0.42
mg of N (g.h) control 5.74

% Inhibition

0.00 [6.52 [60.97 [71.10 [82.17 |85.04 |

920

) /
70

60 /
50

% Inhibition

40

20

|
Nl
|
|

10

T
20

Test Conen (mg/l)

T
30

T
40

Plot of percentage inhibition versus test material concentration.
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BOD (mg/L)

30

25

20

15

10

-10

Respiration Inhibition (raw data)

Test : Irgasan DP300
Material Test

concn |BOD (avg) |% Inhib
Vessel No mg/L 4hr 4hr
1,23 Control 0 14.1 0.0
4,56 Test 1.56 7.5 47.0
7,89 " 312 1.9 86.8
10,11,12 " 6.25 0.9 934
13,14,15 " 125 -0.9 100.0
16,17,18 " 25 -2.8 100.0
19,20,21 " 50 -2.8 100.0
22,2324 v 100 -2.8 100.0

05

—e—O0mg/L
—m— 1.56mg/L
3.125 mg/L
6.25 mg/L.
—¥—12.5mg/L
—8— 25mg/L
—+—50mg/L
—=—100 mg/L

Time (Hrs)

Irgasan DP300 — 4hr BOD plot
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BOD (mg/l)

12

100 (/

o

% Inhibition

o383888

0 20 40 60 80 100
Test Concn (mg/l)

Plot of percentage inhibition versus test material concentration
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100
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®
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o
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Irgasan DP300 — 14day BOD plot
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APPENDIX 2

(CATIGENE LM80)

Nitrification Inhibition (raw data)

Flask No 1 P2 3 4 5 6 7 (ref)
Concentration of

test substance (mg/L) 0 07 P4 [74 237 [740 |25
Oxidised N (mg/L)

NOx-N 0.328/0.28 |0.142 0.054 0.04 (0.1 0.001
NOs-N 121 1.32 |0.916 [0.672 |0.579 [0.579 |0.524
Total 1.538[1.595 [1.058 (0.726 (0.619 [0.679 [0.525
mg of N (g.h) control 2.026

% Inhibition O [56 [474 [80.2 [90.7 [84.8 |

100
80
L/
40

20 /

% Inhibition

T T T T T T T
10 20 30 40 50 60 70 80

-20
Test Conen (mg/L)

Plot of percentage inhibition versus test material concentration.
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BOD (mglL)

20

15

10

-10

-15

Respiration Inhibition (raw data)

Test Catigene LM 80
Material Test

Concn [BOD (avg) |% Inhib
Vessel No mg/L 3hr 3hr
1,2 Control 0 13.2 0.0
34 Test 1.24 113 14.2
5,6 "o 2.48 10.5 20.0
7,8 "o 4.96 10.3 215
9,10 "o 9.92 -4.7 100.0
11,12 v 19.8 -13.2 100.0
13,14 v 39.7 -11.3 100.0
15,16 "o 79.4 -7.5 100.0

1 \ 2 3 3

Time (hrs)

Catigene LM80 - 4hr BOD plot
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BOD (mg/L)

275
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Catigene LM80 - 14day BOD plot
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APPENDIX 2

(TINOFIX CL)
Nitrification Inhibition (raw data)

Flask No 1 2 3 4 5 6 7 (ref)
Concentration of 0 0.33 |1.056 [3.3 [10.56 33 25
Test substance (mg/L)
Oxidised N (mg/L)
NO>-N 0.469 |0.483 (0.449 (0.499 |0.433 (0.263 |0.008
NOs-N 1.5 137 (119 [1.08 [1.13 |[1.03 |0.638
Total 1.969 (1.853 |1.639 [1.579 (1.563 |1.293 [0.646
mg of N (g.h) 2.65
% Inhibition |0 88 249 295 307 511
60
50 "

40

—

% Inhibition
8

i

J

5 10 15

20 25 30

Test concn (mg/L)

Plot of percentage inhibition versustest materia concentration.

140

35




APPENDIX 2

BOD (mg/l)

-10

20

Respiration Inhibition (raw data)

15

Test Tinofix CL
Material Test
Concn  (BOD (avg) |% Inhib

Vessel No mg/L 4hr 4hr
1,23 Control 0 16.0 0.0
4,56 Test 1.56 15.0 5.8
7,89 "o 3.12 135 15.2
10,11,12 v 6.25 113 29.2
13,14,15 "o 125 7.5 53.2
16,17,18 "o 25 0.3 98.1
19,20,21 v 50 -7.5 100.0
22,23,24 "o 100 -A4.7 100.0

_t

10

(4]

0+

Hours

Tinofix CL — 4hr BOD plot
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BOD (mg/L)
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Tinofix CL — 14day BOD plot
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APPENDIX 2

(LINEAR ALKYLBENZENE SULPHONATE)

Nitrification Inhibition (raw data)

Flask No 1 2 3 4 5 6 7 (ref)
Concentration of 0 05 (16 /B1 (164 511 0
Test substance (mg/L)

Oxidised N (mg/L)

NO,-N 0.555 [0.69 [0.59 [0.589 [0.526 [0.946 [0.013
NOs-N 0.786 [1.14 [0.915 [1.07 {0.952 [0.556 [0.101
Total 1.341 [1.83 [1.505 [1.659 [1.478 [1.502 [0.114
mg of N (g.h) control 245

% Inhibition o  [39.9 [134 259 [11.2 [131 |

Respiration Inhibition (raw data)

Test LAS
Material Test
Concn  (BOD (avg) |% Inhib

Vessel No mg/| 4hr 4hr
1,2 Control 0.00 84 0.0
3,4 Test 0.80 8.4 0.0
5,6 v 1.59 8.4 0.0
7,8 v 3.19 7 16.7
9,10 "o 6.38 5.6 33.3
11,12 v 1275 |56 33.3
13,14 "o 2550 |28 66.7
15,16 v 51.00 |2.8 66.7

143



APPENDIX 2

BOD (mg/L)

~

o

(4]

I

w

N

n
0.0 05 1.0 15 2.0 25 3.0 35
Time (hrs)

Linear alkylbenzene sulphonate — 4hr BOD plot
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APPENDIX 2

(LUTENSOL TO20)

Nitrification Inhibition (raw data)

Flask No 1 2 3 4 5 6 [7(ref)
Concentration of 0 1 3.2 |10 32 |100 0
Test substance (mg/L)
Oxidised N (mg//L)
NO>-N 0.53 |0.502|0.531 |0.508 (0.52 |0.421{0.008
NOs-N 127 |1.23 14 |1.23 [1.15 |1.12 |0.658
Total 1.8 ]J1.732(1.931 (1.738 [1.67 |1.541|0.666
mg of N (g.h) control 2.268
% Inhibition b 6o [116 55 [115 [2sg |
Respiration Inhibition (raw data)
Test
M aIeI’I al C]_g - Cl5 E020 Test
Concn  [BOD (avg) |% Inhib

Vessel No mg/l 4hr 4hr

1,2, Control 0.0 5.6 0

3.4 Test 0.78 4.2 25.0

5,6 "o 1.56 2.8 50.0

7,8 "o 3.13 2.8 50.0

9,10 " 6.25 14 75.0

11,12 "o 125 14 75.0

13,14 " 25 -2.8 100.0

15,16 "o 50 0.7 87.5

17,18 "o 100 -2.8 100.0
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BOD (mg/L)

BOD (mg/L)

Lutensol TO20 — 14day BOD plot
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APPENDIX 2

(ANILINE)

% Inhibition

100

90

80

70

60

50

30

20

10

Nitrification Inhibition (raw data)

Flask No

Concentration of

Test substance (mg/L)

1 2 3 4 5 [6 TJr0e)
1 [32 |10 |32 [100 [25

Oxidised N (mg/L)

NO2-N 0.382 0.244 0.071 0.015 0.007 0.014 0.007
NO3-N 1.3 128 102 0.862 0.738 0.738 0.59
Totd 1.682 1.524 1.091 0.877 0.745 0.752 0.597
mg of N (g.h) 22

% inhibition [0 [146 [545 [74.2 [86.4 [85.7 |

20

40 60 80
Test Conen (mg/L)

Plot of percentage inhibition versus test material concentration
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APPENDIX 2

(PHENOL)
Nitrification Inhibition (raw data)

Flask No 1 2 3 4 5 6 7 (ref)
Concentration of 0 1 32 |10 32 |100 |25
Test substance
(mg/L)
Oxidised N (mg/l)
NO»-N 0.286 |0.035 |0.007 |0.009 |0.01 |0.005 |0.005
NOs-N 112 |1.06 |0.845 |0.645 |0.54 |0.45 |0.29
Total 1.406 |1.095 |0.852 |0.654 |0.55 |0.455 |0.295
mg of N (g.h) 222
% inhibition 0.0 [28.0 [49.9 |67.7 [77.0 [85.6 |

0

o /

70 //

ol

% Inhibition

Nl

Nl

30

N

10

0 T T T
0 10 20 30 40 50 60 70 80 100

Test concn (mg/L)

Plot of percentage inhibition versustest materia concentration.
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APPENDIX 3

Biodegradation of an anionic surfactant in a continuous flow simulation
of untreated discharge conditions (Raw Data)



APPENDIX 3

14C Aniline LSC — Raw data

EDEOS0025 145 AMILINE
ANDSI2008
Sample Code | 140 TOC Tsan 4CTOC conc as 14C DOC Tlcan 4C DO0C conc as MCTOC | % Biodeg
dpm - Control [dpm] | AnilinefugiL) dpm - Control [dpm] | &niline[ugiL]) | - 14C DOC
= T3 TEAE
[Test Mledia) | 32.57 a1.64
Diist (m] F0.03 Fac.ce 5184 S0.E3
[ AL 2364.07 L7
[inle£] 235595 0000012
R e E 2F50.53 13502705
0.8 Bl 164457 1.5 OT.ET 4.84
1546.70 0000005 | 104055 0000005
1530.05 Fisas.as 1561.25 13s0eT0s | 102852 Fiosa.os 37536 13E02T05 | 1352 58.02
15 [=1] 152653 D 525.58 417
143627 ooooooT | s0zTe 0000004
145726 Fidse.az 1454 16 135027051 | 88860 Faoe.75 H26.05 133027051 | 1504 £4.55
13 oL 1415.05 680 SZET EXE]
1355.62 0000007 | &37.04 0000004
134082 FisTa.on 134781 19E02T0H | 82758 Feaise 150,55 1FF0ETOH | 1550 ET.7E
X EU 105,05 555 EEEEZ EED
150,34 0000006 | 65501 0000003
113630 Fitzn.as 1038.50 1es02T0s | 65091 Pesi.s1 576.53 13302705 | 1754 1585
S FU a1z 5.22 £16.57 2.6
052,06 0.000005 | 60764 0000003
0705 Fie7.00 105455 195027051 | 60775 FE10.65 EFEEN 13E02T05 | 1500 TT.26
N G TTaES 423 £56.52 276
Tod.11 0000004 | 60653 0000003
1125.05 Feea.66 S3T.01 135027051 | 62113 fezs.03 547.35 13E02T051_ | 1753 T6.51
[ HU BN [EH 55642 252
100433 0000005 | S55.95 0000003
010,30 Faas.o0 56535 1a502705 56583 FETa.44 435,76 13302705 | 1e52 T8.60
5.4 ] 58541 4.83 50570 2.15
540011 0000004 | 485.04 0000002
&E5.25 Fart.ae 3560 19E0ET0E | s2TAT Feos.a7 42585 13E0ETOH | 1905 5175
55 i) G545 424 STE.T6 2.41
H5T.8T 0000004 |STTAB 0000002
&T2.07 Feraas 540,15 135027051 | $19.57 Pest.at 47118 13E02T051 | 1853 T8.52
E.5 [} 11635 553 ATEED 2.04
TH.AE 0.000004 | S10.96 0000002
T4TAT Fisise E35.30 13502705 45211 Fass.a0 40521 13502703 | 1927 F2.T0
1.2 LU 644,55 FEE] 40157 160
535,50 0O000005 | F9ET2 0000002
591.55 Feto.67 578.01 135027051 | 35423 EECAE] SIS 13E02T051 | 2013 86.58
53 AL 612,55 274 R 152
s54.20 0000003 | 37347 0000002
553.35 FErs.er 543.01 195027051 | 3T1.70 Peataa F01.30 13E02T0E | 2028 57.07
EX] MU 452 61 218 SE2TE 130
45441 0o00002 | 34524 0.000001
44415 Faeo.53 4ET.TE [EENE LI ER R Faoa.05 25758 13E0ETOH | 2075 5535
] oLl 27205 122 23047 0.1
212.41 ooooom  |zeses 0000001
27534 Fersas 24152 13502705 | 2158 L] 141.08 13E02T0S1 | =153 5595

149

Formatted: Top: 2.54 cm,
Bottom: 2.54 cm




APPENDIX 3

14C Aniline LSC — Raw data

i0a/2005
Fample Code 14CTOC Mean 1CTOC concas 14C OOC Mean 14C OOC concas WCTOE | %
- Contrel Aniline [ughl] - Cantrol Aniline [ugfL) -14CDOC | Biedeg

Tast Madia [T 3554 E0.4E

3165 4532

3450 3333 s252 43.64
o AL 224741 .15
[inlet) 2259.54 0.00001

2225.26 224240 220547 198027031
0.3 B 156015 7.5 120,55 16

171775 0.000005 128102 0.000005

145554 FissT.78 1555.55 135027051 1254.00 FizrTo.46 1220462 135027051 355 4472
18 =1} 141351 .54 1050.45 575

124552 0,000007 HEE20 0000008

1515.33 Fisza.04 1234.11 135027051 1571.52 Fitsa.08 133.42 135027051 063 4541
13 ) 125022 .04 101552 4585

1303 0.000005 315.04 0.000005

125043 Fizas.as 13600 135027031 3405 Faie.s1 24T 135027031 1281 5502
B EUl [EEE] B ET0.3E 504

1175.44 0.000005 65415 0.000005

109508 Finas.08 060,13 138027031 B27.54 Feco.s2 60118 138027031 1607 278
5.6 FuU 105390 505 113 263

105735 0,000005 E5E.T0 0.000003

378.35 Finzs.a7 395,34 198027031 £55.00 o9 £55.52 198027031 1675 75.85
N Gl FA0.64 505 ETE.5E 5.20

EEERE] 0,000005 SEIAE 0.000005

H4£13 Finse.07 100214 19S0ET0E E0%5.5 Pesa.os &35 19S0ET0E 1575 e
45 HU 1055.55 4.54 S04.76 2.3

1005.05 0.000005 e 0.000002

0555 Faaz.i 35524 130ET0E 45326 FEor.zs 45764 130ET0E fiE] T35
54 ] FF0.0F 4.47 45527 2.03

3465 0.000004 462,40 0.000002

35190 Pats.ae 554.33 1350ET051 46412 Pass.os 41428 1350ET051 1734 s1.24
B3 ] FHES 4.3 43554 2.2

555.07 0.000004 45176 0.000002

310,56 Fanz.a2 565,43 135027031 47656 Faze.62 436,35 135027031 1M E0.21
£3 KU ] .07 [YET 201

520.55 0.000004 44374 0.000002

574.06 Paan.st 506.34 135027051 44535 Fadsi4 33550 135027051 510 5136
T2 [N THEEE 556 40735 150

T52.33 0.000004 40515 0.000002

#13.58 Fiatas T63.30 135027031 406,75 Faoe.65 356.33 135027031 1581 EE.E4
T TAL F01.20 576 33552 150

TT.48 0.000004 420.75 0.000002

TES.44 Fira.ss T45.45 19S0ET0E 40256 Faos.11 356.07 19S0ET0E 152 555
EXl T EERE] 578 35522 16T

1507 0.000004 37615 0.000002

[ 75505 74510 198027031 B FE0.66 FF.02 198027031 1877 5.0
3 ou TE108 550 4653 151

T50.58 0.000004 340.04 0.000002

£31.57 18175 £55.55 1A502T051 F60.57 545,35 233.54 1A502T051 103 F6.45
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APPENDIX 3

14C Aniline LSC — Raw data

12/03/2005
Zample Code 14CTOC Pean HCTOC CONE 25 4C Do Mlean 14C DOC: MCTOC - % Biodeg
- Control Aniline [ugdl - Control 14C DOC

Test Media |G 3454 HEE

33.23 53.40

42.50 Faa.s1 46.35 52.53
a Al 226136 124
[inl2t] 225587 0.000011

2E4I.TS Fea6s.66 222465 135027031
03 BU 141500 6.3 1225.95 533

1385.60 0.000007 120165 0.000006

1333.381 Fizs114 134233 135027031 1255.40 Fizzz.14 115616 135027031 1033 4663
18 cu 113451 6.15 M3.37 540

1257.10 0.000008 15155 0.000005

130453 Fizeaat 128556 15502103 055,30 Fitz1.75 1053.18 12502703 56 51594
13 ou 120,14 551 92326 4.3

159,23 000008 20350 0.000004

1111.44 Fits0.zs 103145 135027031 H35.36 Fa06.61 §54.22 135027031 1311 61.61
27 EU 1044.00 AL TE1.23 370

104300 0000005 7259 0.000004

1061.T5 Fiost5s 101277 135027031 3407 Fras.00 T32.41 135027031 1432 BT.0&
X3 FU 1041.42 4.30 13411 313

103613 0.000005 0035 0.000004

95153 Fiooa.nt 970,30 13502703 A Fraog? 13518 135027031 1457 BE.G2
37 Gu 1012.26 4.3 T64.25 375

1004.22 0.000005 ST3.33 0.000004

1015.22 Fioo.57 AT.T6 135027031 T50.56 Frag.05 T45.46 135027031 1451 BE.5E
4.5 HU 95556 x T0.as .

T50.94 0.000004 E37.95 0.000003

AT462 P04 G439.25 13502703 63553 Feaa.26 E46.65 13502705 15746 T0.55
54 LT} S14.50 4.40 E635.43 297

90525 0.000004 6a7.53 0.000003

a0a.o7 Fa0a.11 70,30 135027031 E3T.63 Fea1.36 5EE.0T 135027031 1636 T35.54
55 Ju HE5.06 38T G270 2.96

B25.46 0.000004 E33.70 0.000003

0315 Fand.53 TEE.03 135027031 636,13 Feaass 536.94 133027031 1633 13.62
6.5 KU SET.60 .| 615.23 2.68

A0AES 0.000004 £25.33 0.000003

TOE.23 Faad. 5 13570 13302703 2344 feae.3s 563,77 13302703 1655 433
T2 L 540036 33T SET.0M 253

570,06 000003 52155 0.00000F

TOE.23 Fros.77 BBE.96 135027031 S65.56 Fis4.42 S01.53 135027031 w23 TT.44
3 [0 564,01 357 55365 2.54

G25.66 0.000004 553.53 0.000003

S50.45 Fias.it TOE.3E 135027031 56051 Fhee.03 503.44 135027031 121 T1.37
&4 MU ST5.63 X EER 2.40

533.06 0.000003 533.40 0.000002

TEAAF Fe34.73 53532 135027031 525.81 fhas.04 475.45 135027031 1743 TEEF
a ou AT 302 47331 2.15

T5.35 0.000004 43154 0.000002

11552 Frisds TIEET 15502703 45063 Fars.ea 4261 12502703 1Tad 0,55
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APPENDIX 3

14C Aniline LSC — Raw data

13032005
Fample Code WCTOC Pelean 14CcTOC CONC a5 4cpoc Mean 14C DOC: 14CTOC - % Biodegq
- Cankrol Aniline [ugll - Contral 14C DOC

Test Media |G 3514 FET

FITS 4035

F4.02 Face4 47.38 4258
o Al 156365 353
[inlet] 157624 0.000010

202353 Fiaas.aa 155766 12502703
0.3 EU 1544.03 TE4 1467.00 T.25

15&0.41 0.000005 1666.74 0000007

151316 Fisd7.a7 1512.23 135027031 1302.02 R 14351 135027031 452 23.94
18 cu 151762 6.47 945.50 4.10

123622 0.000006 4266 00000035

121478 Fiz16.57 1251.24 135027031 1023.54 Farz.e0 93072 135027031 57 S0LER
13 ou 1533512 553 0404 3.30

M2r.6s 0.00000& TT5.A3 0.000004

Ta4.76 Fizot.as 166,22 135027031 TE4.61 Fits.56 T12.95 1350270351 s 53.05
a1 EU 02343 4.55 6T70.45 313

sz 0.000005 BEL.32 0.000003

A5T.23 Faa6.20 SB0.56 1350270351 6&6.91 Paid.2s 63135 1350270351 1256 BE.55
35 FuU BFEI0 475 62310 238

ATd 45 0.000005 65366 00000035

AT0.TE Fars.08 4241 135027031 E55.45 Fesz.40 55353 135027031 1235 EE.TT
3T Gu AF5.00 4.73 BH0.TE J.24

AZ5.00 0.00000% TEAIT 0.000003

F5.00 Fags.00 943,36 133027031 650,31 Feg3.58 640,70 1353027031 1247 EE.06
4.5 HU 2143 4.02 613,14 208

AZ0ET 0.000004 ST4.ES 0.000003

4150 Fas.22 TI555 135027031 53425 FEa4.02 55115 135027031 1337 050
54 LT} H12.55 4.20 55624 253

#5402 0.000004 553.53 0.000003

HI2AT PEG6.45 §F0.60 135027031 553685 FEse.67 515.73 1350270351 1574 T2.TE
55 Ju HERE] X 522,43 243

HEO.1G 0.000004 3045 0.000002

H51L.55 Fics.40 T22.76 135027031 54294 FE38.50 43243 135027031 1335 1591
6.3 [Z0) 7605 417 532,07 245

G301 0.000004 525,16 0.000002

ST5.1T Faen.T4 s25.11 135027031 53171 3395 43110 135027031 1337 T5.95
T.2 L GR0.54 5.56 47555 213

&2312 0.000004 47614 0.000002

15851 Faon.a2 TES1D 133027031 45217 Fair.a1 434.34 135027031 1453 1693
T3 18] 735.54 A 47593 218

0241 0.000004 47513 000002

155.65 Fraz.s0 T3E6.66 1350270351 47512 Faid.0s 43120 1350270351 1456 T7.16
&1 M 73851 38 4ET.36 217

195.28 0.000004 475.00 0.000002

TE3.4T T53.13 T55.55 1350270351 47655 47231 350,04 1350270351 1455 T1.22
] oy 4352 357 432,63 1435

T41.54 0.000004 42375 0.000002

T43TE T43.04 TOT.40 135027031 44015 434.20 33132 135027031 1436 73.27
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APPENDIX 3

14C Aniline LSC — Raw data

140032005
Fample Code 4CTOC Tean WCTOC concas 145 DOC Tean 14C DOC Aniline conc WACTOC - | % Biodeg
- Contrel Aniline - Conkral 4C DOC
=] 40,40 40.35

a2 4175

3552 Fai.as FLEE 39.93
[ ALl 154541 335
[inl=t] 195765 0.000008

1§30.00 Figaz.nz 1856.09 135027051 PRREF! PRREF!
[E] BU 1635.03 .07 F63.58 4.07

164365 0.000005 0.000004

1105 Fiesza 153535 138027051 54427 E56.43 H06.73 19027051 051 56.53
15 cu 1150.15 5.57 353.53 4.62

12556 0.000005 0.000005

13657 Fit37.63 0570 155027051 37525 o4 HATT 1902705 43 50.17
i3 oLl 37514 44z 625,35 275

T4 0.000004 5E5.50 0.000005

35113 Fo0s.50 ET4ET 136027051 62601 F5a4.13 544.43 19E02T051 1314 T0.70
B EL 2045 . 3047 270

Ta.4E 0.000005 574.47 0.000005

F10.55 Fo36.50 0257 136027051 556.43 P5a3.73 534.15 19E02T051 1524 .25
X3 FU 54,25 4.44 504.71 247

EEER] 0.000004 54315 0.000002

BE1.44 A a19.54 198027051 SE4.62 Fe3a.50 459.36 198027051 1368 1364
5T GU 1015.0 4.75 6T3.00 2.53

0.000005 5E3.25 0.000005

IO 3456 40,43 19602T051 6112 STL4E 19E02T05 1257 G4
45 HU 350,15 ¥ 52106 .

58,10 0.000005 0.000002

T4 R 756 155027051 S46.05 55357 455,33 18E02T05 1574 1586
5.4 ] 559.04 4.07 £20.04 247

F8.70 0.000004 53613 0.000002

553,95 FEaa.86 F05.63 138027051 SE0.42 3885 45324 195027051 1363 1367
55 a G43.56 4.05 466,76 215

221 0.000004 472,05 0.000002

F20.30 Foaz.02 F08.08 135027051 473.74 Faisz 42158 195027051 1436 T7.30
6.5 [20] FE0.54 X SE11E 257

544,25 0.000004 s241 0.000002

ET9.65 Fo61.52 F27.66 135027051 4g2.g2 Fe1a.50 46216 133027051 1353 T4.15
.2 Lu 52645 414 44735 2.03

FT4.60 0.000004 455.71 0.000002

E53.40 Fosads #1355 135027051 443.74 Faso.as 4028 19E02T05 1457 Ta.40
T3 0] F43.35 413 45175 2.25

EER.T0 0.000004 43350 0.000002

5155 Fe62.73 F28.50 198027051 43645 Fia467 44503 198027051 413 T6.05
&1 U 358,57 425 S 235

&T160 0.000004 FEER T 0.000002

E55.55 FET157 FITEL 138027051 4737 F5i4.45 464.52 19027051 1333 T4.35
El ou F07.02 EXE] 435.42 2.00

T00.57 0.000004 45305 0.000002

F4E.5 Fras.a0 5157 19502051 450,60 Fad6.55 36,1 19E02T05 1461 1865
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APPENDIX 3

14C Aniline LSC — Raw data

15/0542005
Fample Code | 14CTOC Tdcan WCTOC aniline canc 14C DOC Tean 14C DOC aniline W4CTOC- | % Biodeg
- Contral conc - Contral conc 14C DoOC
=] 3417 45,14

3152 45.25

36.24 EEEE] 44.30 4607
0 ALl 20275 10.08 000!
[inlet] 204554 0.000010 PROr0

2015.46 Fe050.54 133656 135027031 Fore o Froreo Form:
0.3 BU 104056 6.63 IFLAE 4.60

127711 0.000007 ERE 0.000005

750,55 Fisse.28 1322 19502703 1016.74 Fase.T0 06T 19502703 1056 54.33
16 cu 5.50 Gh2.16 4.13

a0 0.000006 F3E.05 0.000004

127628 320 0F8.E2 19E02T0H 510.83 Fate.40 F50.55 15502703 1166 5541
[E] oLl STT.T4 F64 55300 264

102295 0.000004 53105 0.000003F

66525 Fiss.52 12154 1902703 544.57 P56:.55 52346 1902703 1473 1578
27 EL EEEER F8T 52080 237

TEA.0E 0.000004 506.57 0.000002

5T Pazn.ra 66,76 1902703 51526 F515.05 463.10 13602703 1527 T6.50
36 FU 534.45 4.24 53103 234

5751 0.000004 50255 0.000002

865.08 Fais.4s 53947 19802703 435,85 SIEALS 46307 19802703 1533 681
X GU 05277 41 T03.ET 303

S30.05 0.000005 EHLED 0.000003

aTa.50 Paes.a7 35130 19E02T0H 582.06 PosT 6 61157 1902703 1355 BT
45 HU FE0.52 415 43151 :

83572 0.000004 £64.08 0.000002

ET0.50 Piss.45 G2147 1502703 47287 P53a.45 43355 15502703 15035 523
5.4 ] 856,93 3.21 45547 2.00

465.00 0.000003F 440.04 0.000002

TOB.13 Feo.0q 63605 19502703 45031 Fiatad FAEET 19502703 B0 H0T
5.5 a GO5.4T 38T 432,55 135

F22.61 0.000004 43722 0.000002

T65.28 Fiza.1a T65.51 19502703 42634 Faza.34 FHE.26 13502703 1610 BO.65
6.3 [20] 543,55 412 42555 WALUE!

544.41 0.000004 44551 FirvaLUE!

854.53 Fada.53 F15.61 19502703 451.TF Fasr.se .47 Pt aLUE! 1505 50,38
T2 Lu §36.39 3.87 42166 13

TE.0T 0.000004 420,50 0.000002

&25.51 Pizn.58 6661 19E02T0H 426,15 Fazsse FTT5 1902703 1518 #.03
T3 ] TE0EE X 435,55 158

TE0.ET 0.000004 412235 0.000002

503.08 Fizs.o8 15405 1902703 40331 Fzo.1 FT4.10 19802703 B2z H.26
EX] U F05.51 XL 44102 130

F13.06 0.000004 41563 0.000002

H0E.02 Faos.30 (%] 19502703 403453 Fiatss 31528 19502703 2 #1.20
3 ou T2d.43 321 42250 1

1850 0.000003F 42045 0.000002

467.5% Petio.nd 63605 19E02T0H 42563 Fazz.54 FTTAT 19502703 1518 #0g
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APPENDIX 3

14C Aniline LSC — Raw data

160542005
Fample Code WETOC Tlean WCToC aniline 4G 0OC Tlean 14C DOC aniline ACTOC- | % Biodea
- Control <one - Contral cone 140 000
=] S 4445

H1.03 37.46

5337 Foa.44 4651 4274
0 ] 222805 055
finlet) 2235.85 0.000011

223254 Feasels ELIAr] 1gE0ET0s
0.3 [=0) 135240 6.70 aTe21 477

144258 0,000007 EE-R1] 0.000005

40564 Fian.zo 1326.T6 135027031 100663 Fass.32 4555 135027031 1202 55.97
15 cu 1Ton.a7 602 S02.15 345

203,15 0,000005 Ti245 0.000003

1216.33 Fizts.a5 13t41 158027051 £63.30 Fietas 65524 155027051 462 53.08
13 ] 102506 7 Ei52 254

WFEET 0,000005 55215 0.000003

023.77 Fioza.er 34503 198027051 54468 Fiac.12 505.38 155027051 1644 T6.56
B E EEED) 455 R 254

101,50 0,000005 50747 0.000002

102650 Fiooe.04 32160 1gE0ET0s 455.45 Foos.55 46254 15502705 1655 1545
36 FU AE6.24 4.5 453,70 a1

1016.63 0,000005 450,35 0.000002

A47.33 Fare.ar 53253 135027031 44235 LERE] 415.05 135027031 T30 &0.54
B au ETa45 451 525,53 2.3

35426 0,000005 436,65 0.000002

50103 Pore.zd 53380 158027051 50562 Fin.2s 46743 155027051 1650 1525
45 ] e 4.3 47115 B

24051 0.000004 455.08 0.000002

304.15 Foes.a2 B44.55 15802705 433.46 Fasz.56 40352 15502705 1738 s0.32
5.4 [ 57051 3.40 402,52 177

540,20 0,000004 332,08 0.000002

B57.63 Fose.21 AT 15E02T0E 353,54 Fasz.is 350.04 155027051 1758 5310
5.5 Ju BT3ES 387 47322 133

#2795 0,000004 33611 0.000002

H45.23 Fas0.17 TES.TS 135027031 40214 Fizs.s2 SE3.05 135027031 TES H2.16
£3 [1] THETS I FE0.27 .

B05.35 0.000004 35151 0.000002

TEEAT Frse.7e [REEF] 15802705 FE5.36 Fasta F5.47 155027031 1535 B33
7.2 Lo T40.04 5.58 35469 153

105 0.000003 34801 0.000002

[EE Fiss.60 67016 158027051 356.47 Faac.42 30368 155027051 544 3586
T3 AL 5525 540 A0 142

4429 0,000003 514,36 0.00000

060 Fist.i1 6T5.27 EnEToE 324,89 Poas.a0 25106 15E0ETE 1567 5681
EX] U TE052 5.24 S09.07 133

63570 0,000005 s 0.00000

TE454 Fros.as 64241 158027051 s25.H Fitasa 27538 155027031 1572 a6
3 ou 33353 233 31341 136

53134 0.000002 30354 0.000001

T40.41 EERE] 47278 15802705 31723 Pitis1 26517 155027051 1578 aT.43
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APPENDIX 3

14C Aniline LSC — Raw data

1032005
Tampl: Code WETOC Tzan WETOC aniline TACO0C | Mean 14CD0C aniline TACTOC - | % Biedeg
- Cantral conc - Cantral cone 140 DOE
(=] 44,54 5394

4310 5676

4408 Fas.01 T2ET Fez.n
0 AL 2002456 3.20 1T0z5a T ALLE!
[inl=t) 16645 0.000005 165185 P ALLIE!

1838.55 Fians.a1 1521.37 135027031 1705.51 Fieae 65 1653.94 Fi' ALLE!
0.3 Bl [ .56 TAT.06 5.7

180110 0.000003 a02.41 0.000004

176814 Fitia.ad 165550 135027051 silog Frasso 14076 19502703 1051 59.33
18 (=8} 165214 6.05 53676 2.83

10510 0000005 625,33 0.00000%

10743 Fizsi.zd 1205380 135027051 553.26 Poos.1a 56104 19502705 1260 63.20
13 ] 01153 BB S55.63 247

1053.95 0.000006 523.25 0.000002

157531 Fizesas 133.33 135027031 S31.50 FEs1.46 458.72 135027031 1333 73T
Z7 EU AT 356 555.26 255

G350 0.000004 52747 0.00000%

aT5.89 I TE5.23 135027051 563.51 Fas6s 505.34 19502703 1315 Tesz
36 FU 1015.60 4.54 513.94 2.42

044.43 0.000005 535,36 0.000002

06576 Fiodezs A5T.64 1502705 51555 Fset.i1 47587 19E02T0H 342 T3.70
51 1] A5AT 444 62314 266

A5EE6 0.000004 534.53 0.000003F

A55.03 Fa55.57 S75.93 135027031 54152 FEes 52 52578 135027031 1236 T3
4.5 HU F00.76 455 0715 235

33455 0.000005 43356 0.000002

1269.66 Finei.ss a1 135027051 50533 Fond1a 46144 19502703 1350 T4.567
5.4 5] ardsz 4.54 45541 210

are 0.000005 460.35 0.000002

100160 Poisia.5a EERLI0 1502705 45555 Fasa.ai 415,67 19E02T0H 1405 745
€5 o 0513 425 452,47 z.07

.51 0.000004 466.T1 0.000002

AGE15 Fas1.25 S46.73 135027031 43558 Fasi6a 4058.35 135027031 1412 TT.55
6.5 KU 0555 3% 4762 216

7517 0.000004 457.56 0.000002

630 Faaset T3 135027051 4TEE4 Fatois 42742 19502703 1334 TE.53
T2 Ly azasa 4.22 4T6.25 216

4533 0.000004 457.56 0.000002

HTE.55 Paen.et 3625 1502705 47664 Farois 42742 19E02T0H T34 T6.55
T3 ML EERE 41z 440,73 XL

s54.22 0.000004 457.33 0.000002

AI5ET EEEEE] 515.45 135027031 450.53 Fasaga 416.35 135027031 1404 LAl
B2l T F59.95 407 450,73 205

EEEN] 0.000004 436.33 0.000002

325D R H05.10 135027051 44672 Faaa.s 40207 19502703 1413 a2
a au 633,74 4.13 44512 2.04

1005.61 0.000004 450.354 0.000002

055,35 Po14.57 E0L15 1E0ET05 446,56 [447.44 404.70 19E02T0H 141 .15
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APPENDIX 3

14C Aniline LSC — Raw data

2ii0sz005
Fample Code 14CTOC Tean 4ETOC aniline 14ED0C  [Mean 14C OOC aniline 4ETOC - | % Biedeg
- Cantral cone - Cantral conc 45 DO
=] F6.65 43555

34.30 57.37

351 F55.56 S1LTT 5110
o AL 201513 EXE] O 08
[inlet]) 1547.20 0.000003 Pt on

1350.00 Fiaoen 181267 13502703 FRDuy 10! ool POl 1
0.4 B 143,75 518 555.93 2.15

114426 0.000005 53613 0.000003

05811 Fitit.os 1026.60 aE0eT0s 5E5.36 FEac. a5 544.08 19E0ET0H 1276 0.0
1.5 cu 1110.20 5.24 436.05 2m

113945 0000005 460,52 0.000002

111555 Fitzz.05 105764 19602703 42303 [ado.00 FIT.26 19502703 azz 7817
13 ou ara.ss 4.55 423,56 130

012 0000005 40371 0.000002

100563 Fas5.55 a0141 9802703 420.35 Fatz17 37543 19502703 1444 79.57
a7 EU aras 453 35261 163

TR 0.000005 36517 0.000002

1025.08 Fasz.0s FIT64 3802703 313.81 Fats20 F3246 19802703 457 ELTF
3.6 FU 535 4.47 35313 143

5425 0000004 32156 0.000001

aT2.56 Faroiz BB5.63 19502703 325,32 Fas.66 23282 19502703 527 S5.80
B G 31162 458 F6.58 142

35314 0000004 34637 0.000001

1558.05 Fo55.58 BE5.94 18802703 305.02_ [G25.96 28122 19502703 1538 5455
45 HU &3 417 336.74 144

G367 0000004 3253 0.000001

33640 Patt.oz H26.53 19502703 32124 fooa.62 2585 19502703 1534 §4.09
5.4 [ ETE.E0 555 255.47 121

F05.07 0000004 27734 0.000001

533.31 TERE] 15115 18802703 285.35 fess.08 240.35 19802703 1573 3673
55 i) EE5.94 345 23332 126

855.30 0000004 288.61 0.000001

S64.56 FaeT.s7 TE3A3 1as027031 23182 EEEY 25271 135027031 1567 S61
65 (] G457 40 A 122

45.72 0000004 21332 0.000001

54515 Fara.dl 73437 135027031 285.55 Fosd.a8 24214 135027031 1578 H6.63
T2 [im] H05.75 358 2E2AL 115

5501 0000004 279.35 0.000001

a21.23 Frazee 70522 1as027031 265.31 feve.az 23415 135027031 1585 IRk
T3 [0 EE EE5 2T2.85 15

TraTn 0.000004 27783 0.000001

TE2.46 Frae.aa T02.45 E0eT0E 2631 ELE EEE5E 19E0ET0H 1531 ET.44
&1 T ENE 345 ZET.TE i

.05 0.00000% 274.56 0.000001

TE1.23 a7 63333 135027031 265.41 Fevo.s5 22761 135027031 1532 E7.43
3 ou TES.E4 542 230,08 104

T56.25 0.000003F 253.75 0.000001

TEE.4E Frezan 6TE02 (] 256,77 feds.a0 206,12 19E0ET0H 514 HEET
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APPENDIX 3

14C Aniline LSC — Raw data

2200342005
Fample Code ACTOC Tilean ACTOC aniling WCOOC | Mean 145 D00 aniling T4CTOC - % Biodeg | 18CTOC -
- Contral conc - Cantrol cone 145 DOC 145 DOC
cl 4050 3350
40.22 4131
4077 Fanss 4153 4115
0 AL 156268 3.20 WO /0!
(inlet) 139513 0.000003 P00
186257 Fiane.a1 1522.37 19802703 oo PO FaeDiv 0! PRl
0.3 BU 1455.27 .50 35345 445
145006 0.000007 3452 0.000004
146153 Fisso.07 1365.65 13502703 53564 [BE4A3 55139 13502T05 E] 5164 45424
13 [=0] 1475.41 6.55 60575 z54
H45.43 0.000007 B05.42 0000005
1751.96 Fisstee 157515 13502703 60341 Fena.56 S62.12 13502T03 1260 £3.15 F1.06
13 (] 100355 4E5 47355 ziz
100115 0.000005 46135 0.000002
33671 Fiono.57 EIAE] 13502703 45317 Fice.a0 42016 15502T03 1402 T6.94 43547
B EL 333.12 - 33542 X
330.25 0.000004 4102 0.000002
34672 Fa05.36 s20.52 13502703 40,82 Faos.Ta FES.05 13502T05 1453 50.08 45755
36 Ful ET3ET 421 31812 176
32206 0.000004 35514 0.000002
360,05 Faia.e0 53416 13502703 44106 Faans 34857 13502T03 1474 50.57 48560
5T GU ET15E =D 47536 133
0.000004 39762 0.000002
ET155 TET14 13502703 43679 33405 15502T03 1425 5,38 333.09
45 HUY F30.61 FAEES
30047 0.00000F 33424 0.000002
357.00 Fios.as 62143 13502703 F526E Fha4.53 30135 13502T05 1521 5544 F19.64
5.4 [ 102164 320 25376 12%
F05.75 0.00000F 25595 0.000001
33075 Fiiz.iz 63425 13502703 253595 [REEST 24555 13502T03 1574 s6.62 330.44
55 Ju TA5.04 358 23871 152
0554 0.000004 23357 0.000001
545 EFETY 10550 13502703 446 Fana.15 26144 15502T03 1561 B565 447.06
65 K [ERE] 3 253.59 ¥
15475 0.00000F 23267 0.000001
a2 FEotas 5435.04 13502703 23564 RN 250,03 13502T05 1572 36.25 2330
.2 i) TE3.04 257 2765 115
TE40 0.00000F 27180 0.000001
a2 FEaz.65 50521 13502703 25027 Fate.51 23357 13502T03 1583 S48 274.64
T3 Tl TE3.50 256 BEED 120
30827 0.00000F 255.00 0.000001
15545 FEaz.07 50763 13502703 27356 Fasiis 23541 15502T03 1554 s6.92 263.21
1 HO TER.5E 3 ZT4T0 ¥
30566 0.000002 25821 0.000001
0554 HEE 43442 13502703 23315 Fass.36 24262 13502T05 1580 3669 25150
3 ou £30.09 310 263.52 117
663 0.00000F 25063 0.000001
63110 Feas.at 614,55 13502703 27183 Fat43 23139 15502T03 1531 51.50 35344
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APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

OT/05A2005
Fample Code [ 140 TOC Tlcan 1ACTOC conc as 4C OOC | Mlean 14C DO conc az % Biodeg | HCTOC
dpm - Contral [(dpm] | 6-D0OES dpm - Contral [dpm] | 6-DOES - 14C DO
(=31 S5.74 F2.05
[Test Madia) | 5119 F2.65
Dzt [m] 5371 P55 F2.97 Foz.ss
o A 5416.00 EECE] GT55.25 T ALUE!
[inlzt] F4E4.473 0000023 FTav.aa FHw A LLIE!
STH0.00 FE526.81 543326 12ITTITS 355110 PReess2 |ses2.8T Pt ALLIE!
X EU 175400 15.57 1416.74. 1.01
1643.00 0000014 400,01 0000011
167400 Fisss.67 165212 12TTITS 130507 PisT5.27 | 154072 121TTITTS | 6162 511,40
15 cu 152458 1210 115696, 5.05
507,08 0.000012 0E5.45 0.000003
1453.03 FisoT. o 1473545 121TTITTS 114351 Fitz1.65 1053.05 121TTITTS £5.54 FT4.5T
[E] o 10306 543 TT0.50 576
HITEE 0.000003 ET5.5T 0.000006
123754 Fi151.55 114751 AZITTITTS T56.635 Piad.17 TOLG2 AZ1TTITTS Ta.32 44613
27 EU 105114 .21 550.50 4.63
1013.55 0.000005 552.90 0.000005
1033.54 Fioza.s4 353,50 12ITHITS 61396 53553 |565.54 121TTTTS | 85.87 43596
E=R-] Fu ATE.35 T2z 5&5T.00 .43
SEE.51 0.000005 566.51 0.000004
1043.50 EEINH 36421 12ITTHITS S60.41 FET1.41 55556 121TTITTS | S4.5T7 42535
EX GU 147600 1096 BES.EA T.AD
125353 0000011 anTa 0000007
1367.70 155415 12TTITS AFZES | A0S 121TTTTS | T4.20 45302
45 HU 1054.56 5.51 £16.03 453
107543 0.000003 GO32E 0000005
10473 FioTon.zs 103670 12TTITS 55660 PEO5.35 |S5T1.43 121TTITTS | 55.64 46527
5.4 ] SE2.62 TES 467.91 551
1007.78 0.000005 452.02 0.000004
23494 Foes.45 23450 121TTITTS 45315 Fasa.To 42715 121TTITTS ST.TT SOT.75
55 Ju 100551 551 SE5.25 415
105367 0.000003 515.15 0.000004
111646 fio&a.65 103610 121TTITTS 540135 54117 S05.62 121TTITTS S5.44 S52T.45
B3 KU 10SE.66 565 E14.10 465
1055.24 0.000003 E15.62 0.000005
105752 Fios7.41 105556 12ITTITS 57385 Feozi1a  |seas4 12177775 | 8569 45422
T.2 L 125392 a.03 BIT.T2 =1
112520 0000003 643 ET 0000005
HEE.TE Fitan.2a 0674 12ITHITS 67505 PEssa1  |escee 121TTTTS | 8215 454,08
1.3 (=) 11208 555 554.90 455
114546 0000003 0413 0000005
153.56 Fitro.0s 13645 12TTITS 5TE.E8  PEa0.T7  |sss.a2 121TTTTS | 54.02 5TE.ET
5.1 [N 12645 582 526.07 5.5
15435 0.000003 50514 0000004
111567 111355 1055 35 A21TTITTS 436 44 503 22 ATEGT A21TTITTS 5635 &0E 51
a ou 105620 5.47 45541 552
105347 0.000005 42314 0.000005
107TE.15 106460 1031.05 AZ1TTITTS 43256 43664 404 .03 121TTITTS 55.43 GE6.3T
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APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

0E/05/Z005
Fample Code ACTOC | Mcan 14 TOS | conc as 14C DOC | Mcan TAC DOC | <onc as =
- Control | &-DOES - Control | &-DOES Eicde
Test Pledia (=3 .20 E= L N =11
F2.53 SO.EE
S2EE EEREY F0.04 S1.TE
] A 4390 55 EEXE] O A0
[inlek] 4306356 0000040 e fO
476705 FASs5.10 | 455596 121TTITTS oo Frecnns ol =]
0.3 EL 157350 15.26 165555 15,55
[EEER-1) 0000015 | 162554 0000013
1STI0. 51 Fisao.as | 155 52 121TTITTS ATO1. 55 hiess 0T 16235 23 A2ATTITTS EEST
1.5 [=Im] 1T15.65 15,44 152276 1.74
[T ER=r] 0000015 | 142995 0000012
154705 Ficca.2a | 1657.15 AZ1TTITTS 145274 i s 145005 ASITTITTS TO.55
13 [=Im) ESE.55 15.45 (L) 1054
IESEEE 0000015 [ 123114 0000010
E5a.54  IET0.21 [1655.07 1Z1TTITTS | 1553.45  Feaoss 125304 12ITTITTS | 7T4.07
2.7 EL 145300 1150 115233 EEE)
142674 oo0001E | 12056 0.00000S
151016 Fidaes.65 | 145645 1ZITTITTS | 105251 11572 | 105694 1ZITTITTS | TT.62
X [F] 141142 1145 MO5.65 EXE)
145652 [u W lufulul}} 103054 [uulnlalulul-]
144055 [lasset [15av.47 1Z1TTITTS | 1076.52 Fioso.ss | 105560 12ITTITTE | 7520
BN [=10) 178575 1425 144145 1134
1S55.15 0000014 1427.55 n.ooo0o12
4540  PiTed. 75 [1Ts2.64 1ZITTITTS | 155T.65 Fias5.55 | 145577 1ZITTITTS | TOU0E
4.5 HL 14312 2,50 EEER-T) T.05
154652 0.000003 | SE5.89 0000007
1FES.4 Fite4.11 | 1131.97 1ZITTITTS | s52.90 F=a0.55 | s5=5.50 1ZITTITTS | S2.51
5.4 nw MELES 230 Toz.=2E L==1-1
1TS.00 0.000003 | T55.54 0000005
1151.46 Fite4.11 | 1131.97 1Z1TTITTS | S05.458 f34.57 | ve=sa 12ITTITTS | S54.50
5.5 P 131543 1055 SS5.6T T.11
1=275.33 0.o0001 | S11.7E 0000007
1FE0.65  FIS16.70 [1254.56 1ZITTITTS | 595.95 EEIRL SEE.GE 1ZITTITTS | S245
%) (28] 125550 XS] TE4. A1 EEE
[REEE-T] 0.000010 | TOE.TO 0000005
16T.64 Fizoz.o2 | Mea.ss 1ZITTITTS | 67571 Fros.11 ETE.GE 1ZITTITTS | S6.15
7.2 L 15502 EXE EES.65 S.02
1145.55 0.000003 | 625.45 0000005
11435 21 Fiias.a:= ANMT.7TS 121TTITTS B35 T4 FEa= 61 E10. 535 A2ATTITTS ST 42
75 ALY 11255 [CX=E] £45.55 e
126400 0000010 | T16.41 0000005
1305.22 Fizeo.ss | 122554 AZITTITTS TA4O. 3G Pro.ai STOAS ASITTITTS S 20
EX [YTN] 1=214.57 257 SE0.5F 4.51
16576 0000003 | SS0.05 0000005
114024 17273 | 114065 1ZITTITTS | 55228 551.07 4328 12ITTITTS | 563
E] [=1N] [FEEE 570 SOE.40 553
105496 0.000003 | s20.42 0000004
10ET.27 103160 | 105346 1ZITTITTS | 45315 S05.25 | 475.45 1ZITTITTS | So.es
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APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

03/05/ 2005
Zample Code 4CTOC | Mean MCTOC | conc as Mo DOC | Mean 14C OOC % Bicdeg
- Contral | 6-0D0BS - Contral
T ezt Media (=3} F2.0F5 FAEF
3165 FE.04
31.50 Fa1.65 F5.55 35.74
[a] A 464715 EERE] HOI 0!
[inlzt] 475410 0.000033 Foi
472162 [aToT.E2 4ET5. A5 NAZFATIEE PO FrOr o NIFATIEE
[} EU 2454.42 =013 E2TA.55 15532
24:53.45 0.000020 | 2253.52 0.000013
243711 Fe44167 2403.33 | N3F4TI66 | 2350.56  [fezac.s4 | 225750 NIFATIEE [ 5171
15 cu 1536.01 13.53 1256.35 1015
1636.42 0000014 1123314 Q.000010
175363 [Fe54.04 162236 HIFATIES | 1215.01 Fizso.47 [ 1211.75 NHIF4TIEE | T4.05
1.3 ou 1556.20 12.50 E-EE-%-T-3 .03
1457.355 0000013 | 52557 0.00000E
1635.67  [1553.03 1527.41 NAZTATIEE | 113T7.55 Fiooz.s1 | aes.07 NIF4TIEG | TA.36
2T EL 125011 0.4z (3=l k] 563
1244 56 000000 | T56.20 0.000006
132.73 Fizza.2s 1207.55 NAZFATIEE | TO5. 31 Fiis.23 7343 NIFATIEE | S5.4T
3.6 FuU 1204.07 953 GOE.TS 4.33
1206.54 000000 | E32.TF 0.00000%
12035.51 Fiz2od.51 HIEAT HIFATIEE | 645.24 Fe=7.57 555.53 NHIF4ATIEE | 57.44
T (=10} 1TE7.23 15.TE 155,26 .41
1T03.65 0000014 | 55155 0.00000E
1525.7T6 FiET5.57 164153 MAZATIEE | 93140 Fio4=.01 [1005.27 NIF4TIEG | 7554
4.5 HU 1335.40 05T TOOGS 541
1330.00 000001 GBT2.51 0.000005
131567 Fizza.oz 123735 NAFATIEE | 650031 FEs4.50 E45.TE NIFATIEE | SE13
5.4 n 1250.33 ava 556.31 4.57
NET.E3 00000 | 55251 0.00000%
NTH.56 Fi1aa.55 HET.S0 HIFATIES | 554.45 FEsd.52 545.75 NIFATIEE | 55.55
5.5 Jid 144517 .55 TAT.5S E.45
1407.25 000001 | &3045 0000006
1554.05 41516 155145 HIFATIES | TAG.S0 ElEAE] TE3.45 NIFATIEE | 55.54
=% (48] 1357.04 .20 T44.7T4 513
140526 O.o000i TOES5 0.000006
1340.06  [is6e3.73 135711 MAZATIEE | T13.T6 Froo.as G551 NIFATIEG | 5555
T.E L 150444 1056 1307 4.55
127430 000001 GB3T.56 0.000005
1237.11 Fizaz.4 1260.45 NAFATIEE | 60272 Feir.s= ST3.14 NIFATIEE | ST.61
T.3 rAL 1403.43 .23 BT4.3T 55T
1352.75 000001 EST.TT 0.00000%
15350.53  Fis7s.53 154721 HIFATIES | &TT.S2 CIEEE] Gd1.25 NHIFATIEE | 56,25
S U 1FE5.TT 1.05 53273 4.42
1ET0.E0 O.o000i 53563 0.000004
131257 135071 1313.04 MAZATIEE | 566.00 56551 527.07 NIFATIEG | 5573
3 [=]N} 1246.55 10,53 46273 .63
153621 0000010 | 475.65 0.000004
NE5.23 126462 1232.95 NAZATIEE | 47T7.7T0 47205 433,31 NIFATIEE | 20.TF
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APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

AMOE2 005
Fample Code MCTOC Plean 1M TOS COnC as 14 DoOC Pl an 14C Ooc % Biodeg
- Conkrol S-DOES - Conkrol

Test Fcdia (=3} =2.e FAET

FT.03 S0.45

2375 Fszoo1 ST.AS SE.04
o EaLu] 45654 40 FE.03 OO
inlek]) 455124 Q000035 Fito- o1

A536.14 FasTo.5a 455555 I NIFATIGE =l LT I =TT NIZFATIEE
(=)= ] [=18] 2531.35 2065 245500 2057

=437.90 [iulnln]ub= 233502 n.oQooz0

246173 Feaar.ai 246520 I NAZATIEE | 2522.52 Fo4e7.51 =4351.47 NIAZATIEE | 4645
1.5 (=N 1F31.51 11.50 NI0EF a3

1E31.3s Q.o0001= MEE.03 0000003

145114 Fido4. 55 1ST2.ST I IZATIEE | 1052 36 Fi1s=.=a 103625 MIAZATIEE | T5. 855
13 [mlN] 1665457 14,05 155524 1.05

174575 Q000014 153057 [ Nulalu]nf}}

ATOG. 45 FiTos.55 167T4.57 I NIAFATIEE | 155552 wEEEREY 1F2a10 NIZFATIEE | TOST
=T ELl 1Z221.24 1003 TAT.aS 55T

AFIG.0F [iulnlnjuyu} TAG.63F 0000005

127355 Fi=to.27 123526 I NAZATIEE | TR3.00 Frras.s7 TEA.ES NAZATIEE | §5.26
EFE Fu 125051 aTT SO0.2s .03

MN3F2.07 [aRulnnjuy n} T53.26 0000005

11E1.75 Fiias.10 HNES.05 I HAZ4TIEE | 754 .55 Frec.ss TEE.TS HABZ4TIES | S5.53
=T [={ 8] 1566.35 1.7 S535.51 (=N =T=]

1E35.60 [aiuln]ln]u) -] Q000007

1SS5.55 Faz3.45 | 1397.47 I NIAFATIGE | S15.05 Fss3.28 TaT.=4 NIZTATIES | S2.45F
4.5 HI 127293 10030 TET.S0 5.az

124547 [nNulnluyulls) TIO0.E (e lululnlnlel}

12635.74 F=c0.7T1 122&.70 I NMIFATIEE | T53.45 Fra=.63 TOG. 64 NIAZTATIES | 54.45
5.4 n SS54.9T S.44 SS2.03 LN -t-d

M=5.53 0.000005 | 602.44 0000005

10E.S4 Fiosa4s 1007.4= I HAZ4TIEE | 53550 FEa4.54 55530 1334 TIES | ST.70
5.5 JU 1235T.7T4 1015 G5i&5.235 5.63

113505 [aRulnnjulu} 533,14 0000005

1Z03E.T0 Fizae 50 1214 .43 I MIZATIEE | TE1.21 ERERE] T35 MIAZATIEE | S5.04
[N K [9z2.7a 3.03 s0z2.23 4.73

MET.20 Q000003 B15.25 D.O0000s

122113 Finr.oq 1055.05 I NIAFTATIEE | 604 .16 FeoT.25 S5T1.13 NIAZFATIES | ST.41
T.2 LU 103264 a2 S11.01 410

15362 0.000003 | 524 25 0000003

na4=52 Fi131.59 1033.55 I NMIZATIEE | 55932 FEoa4.57 A455.53 NIZATIEE | S3.23
T3 rAaL 124415 1052 SS5A.6T 3. 50

125656 [aRulnnjulu} STE.a2 0000005

12&3.60 Fizes.54 123153 I TIZATIEE | SST.535 FEss =7 543 53 MIAZATIEE | S7.50
=4 (L8] 127327 10.02 SSA.5E 4.50

124146 [nNulnluyulls) STSE.a2 D.O0000s

1E4.51 Fzas.55 MNIc.54 I NIASATIEE | 56T.55 EEER 543235 NASATIES | 5730
a ou 122443 a.sa 4E5.00 FEE

1257.04 [aRulnnjuy n} 435.55 0000003

1154 .50 Fi=11.3=2 1Mra.91 I NMIZATIEE | 43757 Faaz.s0 A45E.TE NIZATIEE | S3.94
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APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

163

Mas52005
Fample Code 14C TOC Mean 14CTOC conc as 14C DOC Fean 14C DOC E-DOBEE conc % Bicdeg
- Contrel | &-DOES - Contrel

Test Media 1 23.53 F0.56

23.32 2.5

396 F1.04 3373 32.22
L] Al 5516.22 345
[inlzk] 426643 0000033

443132 fAT3s.0 4TO5.5T 113E+0F PO 0! FRDrny o
[ -] EU 442053 I5.86 FE32.35 4T

425401 0000036 | 465755 0000035

42351.05 Fas11.55 4273.63 1TAFE+0S 4023524 Fa174.51 414273 MAZ4TIGSE.T 11.37
1.5 (=N} SI5IT.TA 2a1s F400.00 27.47

345355 0000023 | 33331 0000027

S445.66 Fasio.aa F4TS5.55 1ATE+0S I132.23 551045 | 327667 1MAF4TIGS. T S0.33
1.3 [=10] EELEED EEEE] ZEEE.90 2415

252624 0000024 | 2T65.30 0000024

2531.94 Fosac. ss 2EEE.T1 1TAFE+0E F0AT.ET LA 257234 MAZATIES.T 3580
2.7 EL 2635.64 22.05 203504 15.32

260355 0000022 | 223534.51 0000015

270030 FeeEeT.T1 263557 113E+03 232576 fooi1s.54 | 218676 1MAZATIES.T 53.53
3.6 Fu 233655 13,70 1547.44 14.22

237251 0000020 | 1630.04 0000014

257850 PESS2.T8 2535065 14%E-05  |viosz  Pivesds |[1eaves 1IS4TIEET £5.52
T (=10} 15.a7 121157 3.36

244352 0000013 122513 0000010

2147.51 Focas 6T 2263.53 1TAFE+0S 122241 Fizzo o | Hiss.as MAZ4TIGSE.T T4.7T4
4.5 HU 21772 16.25 M55.96 D36

152778 Q000016 | 114140 0.000008

1370.53 Fiat=o0s 1333.53 TATE+OS 1M144.73 Fildas 25 11650 MAZ4ATIGSE.T T6.2T
5.4 [I] 654,00 1467 553,25 T.26

157280 0000015 a0z.64 0000007

1Ta.25 Fitszea 1750.55 1TAFE+0G A0FET FSas.52 SE6.T4 MAZ4TIGSE. T S1.55
5.5 Ju 1523.55 1470 Sa23.0 5.63

150625 0000015 S36ST 0000007

1T24.55 FiT=e a0 1T54.TE 1TAFE+0E 53147 FE30.35 TASET MAZATIES.T 5303
5.3 KL 1654.65 13.64 TO3.30 4.45

163153 0000014 (3= b= 0000004

1631935 Fiesa 51 162737 113E+03 233%.ar FEEs 60 531.S2 1MAZATIES.T SE.70
T.2 Ly 1513.31 MNES ET1.7T3 4.44

1346.32 0000012 551.54 0000004

41250 42651 155447 119E+05 | 56200 PEci7s  [s50.00 11334TIEET 55.74
T3 rAL 1512138 1214 L52a.53 4.23

1537528 Q000012 | 541.45 O.000004

1555.535 Fidas1.25 144311 1TAFE+0S 560.53 e 51214 MAZ4TIGSE.T Sa12
EXl [XTH] 142592 1.46 49357 5.55

142267 0000011 45137 0.000004

1347.60 Fizaars 1367.53 TATE+OS 43367 Faai54 45376 MAZ4ATIGSE.T 023
E) [=10] 1535054 1065 425,01 555

13511 0000011 42535 0000003

124215 Fizor.as 127573 1TAFE+0E 43153 Faza.so IaT.T2 MAZATIES.T A1EE




APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

12/05/2005
Sampls Code ACTOC FAcan MCTOC | 6-D0BS 14C OOC | Flcan 1AC DOC | 6-DOBS % Biodeg
- Contral conc - Contral conc
Test Media [C1 NS 25,55
GE2ED 2357
S2.65 Fos.on ] 23555
] A0 456555 EERE IO 00
finlet] ASG2ET 00000355 Fiton o
461504 Fasa0.1s | 455635 MIZATIES ool Froirs o =]
] B 456505 EERE 456163 F6.23
447504 0000055 | 4265 TH 0000056
ATIA.05 Facss.72 | 455253 NazATEE | 443703 FAassa sz | 453127 NAZATIEE | 435
1.5 (=11} GEE0.41 23.05 2TE3.00 23.6T
S513.26 0000023 | 2aE0.00 O.o00024
S4E1E6 Fosos.54 | 5470065 Nazaties | 277622 fesdsal |os24.56 | Hasaties | S50
1.3 [=1N] 24225 2663 SETE.40 =1=4
F207.12 0000027 | 2455 45 0000021
2051 52162 | s155.42 NBZATIEE | 251125 Fessa.70 | 253516 MBZATIGE |44 57
=7 EL 2E02.6T EEE-E 205561 16 54
2&E0E.00 0O00002% | 1927.45 [N T} 1Y
2EIDET Fovro01 | 273682 MasaTes |1ass.2s  fiavsie  |19s0.22 MIZATIEE |57.20
F.6 FLI 2555.51 2121 153500 (B
253555 o000z | 145665 [N TaTe Ty I3
262193 Feseq 7a | 255160 Naza7ies | 155442 PFissaes | 151114 HIZATIEE |66 54
5T [=10) 1311 1424 52 1144
2254 55 0000013 | 135226 0000011
254546 231390 | 25070 | 118347166 15355.58 | 1564.54 MAFATIEE | 70.05
4.5 HLI 227546 1514 EX-L)
223546 o.oooois | 121308 [N TaTe ) [u}
2215.45 Focdo 46 | 220026 121TTITTS [ 121204 1212.55 | 15500 HEZATIEE | 7581
5.4 n REE o) 1617 RN T.45
1asaa oooooiE | azass 0000007
195557 Fiscz s= |1aza.62 NBZATIEE | 214.03 o= 75 SEIAE HIZATIEE |S0.45
55 a0 65554 15,500 AEEET T.E0
1617.56 0000014 | A27.54 0000005
1626.93 Fic44.44 161125 NIFATIEE | 35117 Fos4.03 | as0.48 NIFATIEE | TAES
S KL 1EET.52 14 06 HEZES EoaT
171276 oooooid | EToEs 0000007
75252 FiTin.sT 167767 HHZATEE | &55.05 o555 S51.7E HBZATIEE | &1.75
7.2 Lt IT2.73 1452 BEE G5 RS
175037 000005 | 6EEEE 0000005
177563 Fites as | 175527 NIZATIEE | GEE.26 FETi6e E45.11 HAZATIEE | S55.75
O [ ] ATEE.07 14 46 B54.TT R
173127 Ooo00id | 6FES [N TaTeTule ]
175675 FiTss. o 172550 NAZATIGE | 65214 FEaa.51 61537 NAZATIGE | 56 45
EX [ ECERE] 1561 61256 4 35
RERER=E] 0.00001E | Sasd4s 0000005
156102 Fisas. 71 |1863.51 NBZA7166 | 61745 FE14.71 53116 HAZATIEE | S7.03
a (=N} 195763 1622 4222 4 55
124556 0.000016 | 53134 0000004
200255 Fises.c64 | 105545 NIZATIGE | 565.66 FEac.41 SoE. &6 NIZATIGE | 5555
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APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

15/05/ 2005
FEampls Code 1AC TOC | Mcan 1AC TOC | aniline 145 OOC | Mean 1aC Ooc % Eicdea
- Control | conc - Cantrol

Test Pedia (=] =051 4445

=327 ST.4E

2051 Foc.as 4551 4274
=] A ATEL ED 53,55
finlet]) ATSE.E3 000005

4675.03  fat2o0a7 | 463674 1AFE+OS Firow ot PR ot
[F=) EL SEOF.ST 23.TT SG2OT.96 =557

SEST.G4 0000050 | F410.06 DLO000ES

5456.57  [ESTE.56 | 5552.45 1ASE+0S FEA5.653 545222 | 540345 1ASE+OS =741
1.5 (=] EFHOT.00 F1EE SRSE.ES EEE-T

FE16.00 noooosz | 30020 Qoo0024

SET0.TE  PETaras | 577445 11SE+O0S 255977 Fesat.7s | @ss55.01 119E+OS a1
13 [=18) 44150 &5 55 =545.91 ECEL

SF4d6.21 nooooza | ess0.sE DLO000E1

414,51 FSa54.20 | 341077 1ASE+0S SEET.01 Fesas az | 250515 1ASE+OS 4670
=7 EL SFOTE.S3 o558 21752 1763

SOEZ.56 nooo0se | S146.T2 DLO0001S

F155.26  [Ei105.24 | 5054.51 1ASE+0S S1aT.65 15321 | 211147 1ASE+OS 55.05
56 FL ETTE.5T R 156745 1545

Ss02.60 0000023 | 165T.5T DLO0001S

sev4.25  Pevsias |aves.as 11SE+O0S 1510535 Ficas 35 | 160261 119E+OS &5 55
BN [=18) EE55.4T =142 a4z 6z 11.52

SE55.56 0O0o021 | 159664 DLO0001E

254442 | 2sz0.aa 1ASE+0S 141455 Fid1s.05 | 1575.351 1ASE+OS TO.TE

4.5 HU EFa5.00 19.55 125651 0.4

2Fa0.00 0000020 | 1256.06 0.00oo10

=3az.50 | 2565.07 1ASE+0S 1255.57 Fizse.05 | 1243554 1ASE+OS TE55

5.4 [[N] EESE.ES 15.40 AST. 45 515

=131.45 0000015 | 102400 DLO0000S

szsz.ea  Peziaet | s1aeas 11SE+O0S 104600 Fioi1s.14 BTG 40 119E+OS T2
5.5 a0 EEIERE) 15.56 103405 EX

S25T.04 nooo0is | 10TE.4E DLO0000S

=1sa.25 fEess.es |ssis.aes 1ASE+0S Wees2  FIOTT.50 | 105506 119E+OS TT.EE
.5 (18] S15E.Es 1502 1001.34 T.a0

2155.05 0O0001s | 85552 DLO0000S

215436 PEIT5.55 | 2150.45 1ASE+0S a54.55 Fass.05 ERER 1ASE+OS To.a4
T.2 LU E R 1T.T2 E00.25 =11

=113 nooo0is | 75404 DLO0000E

217643 PFE1Es17 | 211474 1ASE+0S T54.TS Fisa.ea T46. 35 1ASE+OS Sd.10
TS AL E075.95 1714 TEE.O 575

2017.00 0000017 | ea4.22 0000006

11607 F=oea.01 | 204555 1ASE+0S TEO.5S e 56 BEE.E2 1ASE+OS S5.44
EX] T 195325 16,43 £30.55 5.56

2017.35 ooooois | Tsoss DLO0000E

1967.24  [Fast4a [1365.06 1ASE+0S EIT.S5 Froc. 4= EEFES 1ASE+OS S5.5T
E) [=1N] 197625 1629 SSE.59 4.77

1940016 nooooie | 63621 DLO0O00s

195690 SET.T7 | 1944.54 1A9E+0S E15.03 FE1=.40 S53.665 119E+OS ST.5T
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APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

14/05/2005
FEample Code 14 Toc FAean 14 TOC aniline 14" Dioc FAcan 140° Do aniline x Biodeg
- Contral s - Contral cone

Teoskt PAedia (=3 ] =24.07 ==2.7TO

2524 2351

=25.51 Fes. 51 =570 25.9T
=] A AEOO.54 EERE] HOIV S
finlzt] 455100 OLOO00ES TR

A4553.54 [fA645.13 | 4621.70 1AFE+0S Frors o oo o
[w ) [=]N} 2363.TS 13 64 =2=4a=>11 15 53

24952 [uulnlulul=Ju] =2T=2.TS [u M ulu]lu} o)

2ESF2.TS Fecsev.54 | 254591 1TASE+OS 2ETE.1S Fecav.oz | cos4 2= 1ASE+ D= =i
1.5 =i 155640 12.5=2 1253544 10.13

151175 0.00001E | 125008 (e X TaT TR ]x]

i1552.03  [455.41 |1463.95 11SE+OS 11660 Figss.56 | 121062 11SE+OS 7551
1.3 =] 130151 1115 EESR-E] .55

124170 [aMulululub}) A= AS [ululujululul-]

14 5= 15 AEEERT AEZ5 13 1TASE+OS A0S TE =LA DEE O 1TASE+ D= TI.TT
=.T Eu 105562 S50 S5SE.a5 5.52

1054 .45 [uuininlnlnps} TOZEAS [nlulujulnln]-}

100154 Fioss. 20 101477 1.13E+0S Ti=.10 Fro1.Ea ESS.GS 1TAIE+OS S5.TS
XS F A55. 55 T4 ENE 4.75

ATA.ES 0000005 | 1504 O.O0000s

ATS 26 F571.15 24T T2 1A13E+0S EOS T2 Fe 10,1 S56T.33 AAIE+OS ST T2
E= (1N} 153371 1=.135 TS

1S2&. 00 [ ulululu] P S30.55 [u M lululnlnl-]

1255 4T FiaT1.55 144 T .55 1AIE+OS SEEAS 55457 251535 1AIE+DS TS.41
4.5 HU 1095 64 E.56 ETE.EE 5.13

107175 0000003 | E55.6S O.O0000s

1072.56 0S40 | 105767 11SE+OS E51.T0 Fec2. 535 | 619.59 119E+OS S6.59
5.4 n BRAOES T.=3 ST0.1 4 4=

BEE A0 [u M uinlulnlnl-] SS1.26 [u M lujulalal}

S4T.04 Focd. s e e l=] 1AAIE~OS SS0.S6 PEvT. a5 55474 AASIE+DOS TS
55 a0 [ECRES EXE E16.22 E.4d

120154 0000010 | S35.9% OO0 0o0E

15573 Fi1Ts. 32 | 1155.43 1ASE+OS ITS.S52 F=11.52 TEE.55 119E+OS SE.5T
E.F [N} 114505 a.25 T2T.57T 5.53

M==11 [u M uinlulnlnl] ESEE4 [u M lufulnlnl-}

1105 42> aAETRE] 1105 TE 1TASE+OS TIS. S5 ENE] EET.O05 1ASE+ D= 55T
T.2 LU 1oEFz.21 555 52T.42 a3.T3

102298 0000003 | EST.55 O.O0000s

106396 04171 | 101525 1ASE+OS 5T5.60 Fe14.55 5T1.73 119E+OS ST.65
T3 rAL 1035 .74 S.S6 (== 5 52

1057 3 [aMululululul:} EAT.52 [ Mululululnl

A0S T3 FioS14T AOST. T4 1TASE+OS E5ALTT Fe 7= =4 EE5. S0 1TASE+ D= FE.25
= i 103155 S.TS S5ST.&5 35T

10E0.6T [uuininlnlnps} S5a4.a42 [nluiujulnlnl}

1050.04 OET.52 | 1044.05 1ASE+OS ST0.60 FEc4 =5 | 52154 11SE+OS S5.T2
E] (=10} EEER-T-Y E.11 A54.74 F.55

110621 0000005 | 45565 OO0 O00d

1S 65 Faa1.51 AES 05 113E+0S 443 03 Face .50 425 TE 1AIE+DOS A0ES
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APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

1S/05/2005
Sample Cods [ET=R y=T=3 LT [E =R =T=] | aniline 145 OO | Mican 14C OO= | aniline % Biodea
- Contral | conc - Contrel | cons

Test PAcdia [=3] R =5 65

2347 5153

=v.24 Fos.54 =4.56 =515
o A0 S444 66 EERE] O O
finl=t] 4z03.20 000003 o ot

442523 FAc6335.03 |4669.60 1AFE+0S Fiordon oo oo
E:) EL ATSE.ZE SEEE SAE5.41 E5.5T

424570 0000056 0000055

4193.259  asTe.05 | ass=65 119E+0& A0SZ.5T 402564 | asz.a0 119E+0S 14.71
1.5 cu 405,90 2T.T= 2E05.32 =E.53

SH04.52 0000025 | 251594 O.OO00s4

SaEs.11 555264 | 3503.41 113E+0& S055.05  [feasaq10 | 2655156 113E+0& SE.aa
1.3 o ERE =258 =010 15.05

Z5a3.55 o.ooooss | s1sa.ss O.OO001S

ceaz.20 PEea0.4s |2666.98 119E-05 sz59.44 19653 | 215558 113E+0& 53E.ET
=7 EL EE55.65 19,56 1TaS.63 1550

E2FET.E4 0000020 | 162411 000001

235757 Pe55512 | 235469 119E-05 1547.14 Fica0. 351 | 1647.57 113E+0& 4.7
XS Fu SOTE.E4 1717 155552 11.05

SOET.a2 0000017 | 135665 [sX=T e} ]]

S 05131 feov=15 | 20457 11SE+0& 153075 Fizet1sa | 131345 11SE+0S 7175
F.T [=IN] ZAT0.64 21.02 122547 a.TE

S154.47 0000021 | 125441 [ T=T Lo} [}

1567.02  fess2se | 250303 1A3E+0& NTE.33 Fiz10.42 | NET.65 113E+0& T4.33
4.5 HU 1TT4.55 14.05 110165 F.35

162555 0000014 | 10562 O.OO00 oS

1T05.04  fiToo.43 | 167T.05 119E+0& EEET 11107 A0EE.55 113E+0& TTA2
5.4 [} 1344750 1264 STT.95 [T

162172 0000013 | SEE.34 0000007

1526.05 Fisz1.ea | 1s0s.26 11SE+0& 55013 FETs.05 SS9 11SE+0S S215
55 Ju 1451.53 1=.05 51555 S

147501 0000012 | S56.55F O.Oo00oT

145531 Fiaes17 1141.74 119E+0& SE25.55 EEERE] TEE. 53 113E+0& S5.25
%< [N 135614 11.25 ETS. 54 5.EE

1STOLES (X T=T1=3 ] EEE.ES 000005

1546.56  FiSeT.e6 154425 1ASE+OS EBS.06 Fe7a.26 | 63652 11SE+0OS S5.5T
T.= L 125141 a.5T SA5 66 415

109042 0000010 | 56246 O.OO0004

17414 Fies.z2 | na1ss 1TI9E+0F 54551 1.4 50574 1Z2ITTITTS | 211
TS rAL 1==21.07 R SA5 1= ERE]

1131.51 0.000010 | 551.35 0000004

11375 FFi1a0.7a | 1167.58 119E+0& SE2.44 FEas.a7 SO0.45 113E+0& So.2E
EX T 12225 a.01 ATE.55 F.E1

15130 0000003 | 449,54 [ TaTaTeTax §

102414 1033.24 [ 107551 119E+0& 435.40 AT4AT 435145 113E+0& 2076
a [=]H] 107211 F.EE 42545 FA5

110145 0000003 | 42047 O.000005

a5 1056.35 | 1055.52 119E+0& 410.56 415.T4 STE.O0 119E+0S a1.as5
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APPENDIX 3

14C Phenyl 6 DOBS LSC — Raw data

16/05/2 005
Sample Code ACTOC | Meoan AC TOC | aniline 14C OO0 | Fcan 14C DOC | aniline % Bicodea
-Contral | conc -Contrel | conc

T est Pledia [=3] 2T EF 2215

2355 1565

S5. 33 o4 55 =EAT SE55
=] A 4574 50 SE. 5SS DI O
[inl=t] AETE A5 DLOO00S3 E=I0a]

453255 [Aezv.76 | 460453 1ADE+OS Fiooweon Firouse o D o
) L SE54.50 1965 25495 1555

=412.37 ooooos0 | ssoo.ss [ENaI=Ts T3 -]

=349.55 [EST2.55 | 254942 119E+OS =552 Fezasas | 225274 119E+OS 51.07
1.5 [=10] 15T 55 12.13 124224 10,03

1ET.&5 oooooiz | 129605 [sXaTaTaTe} [x]

153050 [fi477.55 [1454.4= 1ASE+OS 1200.35 Fiza6.41 | 120567 11SE+0& T5.56
1.3 [=1N] 140263 11.06 ATE.ET Tas

113457 [FRaTalaTag}] 215,45 000000

145250 Pis4sss [ 151552 1ASE+OS 1115.42 Fasads Sd5.44 1ASE+OS To.44
=7 EuU 104620 ERE] TOS5. a2 553

asE.52 ouoooo0s | 71544 OLOOO00E

S53.55 Fioo14z | a7r.53 119E+OS LERF] Frio.1s EET.42 119E+OS S5.50
) Fu 54 55 T.5T R 4.75

aET.as oO0000s | 61543 0000005

EEcrR-1 Fae=.7a | asa.56 1ASE+OS EAT.25 FE 1550 5T0.T6 11SE+0S ST.60
F.T [=1N] 1555.06 12.50 116655 R

1435.52 ooooo1s | asza4 0000005

123715 Fis15.23 | 143156 11IE+OS EErNE] Fio40.55 | 23521 11IE+O& TE.52
4.5 HU 105071 5.55 EEERH 534

102537 0000003 | 661LET 0000005

1025.44  fioa4 57 [10=0.94 1A9E+OS ES4.75 Fe7o.a3 | 63713 1A9E+OS SE.1E
5.4 [} STT.40 T.TT 5T4.55 4.45

12,00 ooooo0s | sEs5.40 [ER=1=: 1=

aES.62 Fas1.01 S2T.55 11SE+OS 56506 PET=s.65 SE0.04 11SE+OS S5.47
55 aua 1TE. &5 EXE] EEE 6.6

1165.94 oooooos | 52206 [X=]=TTe1=1-8

1125.91 15531 113245 119E+OS T45.05 FEo=.21 TED.4T 119E+OS S5.51
6.5 [N 10555 SEE T2 5.43

RRRE=R-T3 0000003 | 65557 0.000005

104164 Fios3.57 | 105334 11IE+OS 634.53 o555 | 655.61 11IE+O& S5.T6
7= L 1001.20 512 EOT.E2 4.70

AEE.26 oooooos | E2T.as 0000005

1010.40 EEFEFIIETERE] 1A9E+OS STE.5E0 FEoscs | Se0.54 1A9E+OS ST.52
TE rAL 105552 EAE] EEZ. a5 ERE]

1OTOLES ouoooo0s | EET.S0 0000005

1057.54  fioTe.ee [ 104555 119E+OS EEE.45 feez.24 | 61350 119E+OS SE.55
EX T 105057 5.45 SES.44 455

101651 oO0000s | s4s12 RI=T: 1= 8

SBT.ET Fios1.55 | 100518 119E+OS 553,56 PEs=.av 51625 119E+OS S5.79
a [=]H] aF5.10 T.95 454 56 .47

103165 oo0000s | aTr.Es 0.00000F

S35 57551 AS1.EE 113E+O& aF3.22 Fast.1s 21453 113E+0O& 100
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APPENDIX 3

Water Quality Analysis — Temperature measurements from artificial river model

Teunp c
Channel

1 Z 2 4 L
Time Di=t
Daws {m)
o} o |l.8 |l.9 |3.6 |3.'T-‘ |5.4 |5.5 |'T-‘.Z |'?-‘.3 |9
1 13.7 19,6 19.7 192.7 19.&6 19.6 19.7 1%.7 13.7 19.9
z z0.1 12,9 12.% 13,9 0.1 E0.2 20.7 0.3 E0.32 20.6
3 z0_4 z0.3 E0 19.% 13,8 19.6 1%.6 12,4 197 13_F
4 15.%8 12,6 12.4 15,1 15 1o 1.5 13,1 12,1 15
& z0 19,9 19.8 19.&6 19.7 12.7 19.7 13.7 13.&6 19.7
=} Z0.6 1.8 13.% 20 Z0 12,6 15.4 19.2 12.1 13.1
10 13_5 19,6 19.&5 19.4 195 19.3 19.3 19.3 13. 19.1
13 13.3 19.7 12.7 |1%.6 19.5 13.&5 15_.2 15.1 13 13
1k 13.9 12,7 19.2 |19.& 19.4 19.4 19.3 192.2 13.1 19
17 z0.3 20 12.8 1%.6 |12.5 15,1 13 1= 12 13
zz z0.1 z0 19,6 1%.4 19,32 19.Z |15.2 19 12 13
z4 13.7 18,7 1%2.6 |15.8 159.3 12.Z 19.2 15.1 1% 13
zk z0 l9.8 19.5 |19. 19.23 19.& 13.2 12.1 1% 139
z39 13.3 1.8 12.8 1.6 159.5 1%.4 19.4 15.3 13.1 15.1
2z z0.Z 0.1 E0.1 E0 z0 12.2 19.8 19.& 12.5 13.%
35 13_5 1.7 1%.6 1.8 15,5 1%.4 13.3 1%.& 13.1 13.1
43 15.9 l9.8 12.7 19,6 19.5 19.4 19.32 19.Z 12.1 19.1
45 z0.1 Z0 12,2 1%.8 13.7 1%2.6 |[12.7 136 1%.6 13_5
439 z0 Z0 19,9 13.% 19,8 192.7 |[12.7 19.7 12.7 13.&
51 13.9 1.9 19.% 192.9 19.8 19.8 12.8 19.7 1.7 19.7
71 z0.3 Z0.1 z0 19,9 13,9 19.7 19.6 12,7 19.&5 13.&
74 Z0_6& 0.5 z0O.& |Z0.3 0.1 E0 ZO0_1 13.8 19.9 12.%3
78 zl 0.8 0.5 21 Z0.9 EZ0.E 20 Z0.1 EZ0 15.%8
=L z0_4 0.5 EZ0O.& (Z0.3 ZO.1 E0O.E Z0 z0 1.8 13.%3
=1=] z0.1 Z0 20,1 12.% (19,9 15,9 E0 1la.9 Z0 z0
21 13.9 z0 12,9 1%.8 19.7 19.% |1%2.9 192.9 E0 z0_1
a8 15.5 19,6 12.% 13, 19.7 1.8 192.82 15.7 13.8 192.7
10k z0 0.2 Z0O.3 |E0.1 Z0 Z0.1 1%.% 19.9% 12.8 19_.9

awo 12.%4 19,9 1%.8 15.8 13.7 19 & 1%.& 195 124 13_4
=d 0.114 |0.12 0.14 0.1F5 0.15 0O.12 |0.24 0O.z& 0.21 0.:28
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APPENDIX 3

Water Quality Analysis — pH measurements from artificial river model

pH
Channel
1 z 3 4 3
Time Di=t
Lays (m)
u} u] |l.8 |l.9 |3.6 |3.'T-‘ |5.4 |5.5 |'T-‘.2 |'I-‘.3 |9
1 7,88 8.1% 8.26 §.36 S8.37 8.41 5.41 5_4Z 8.42 5._47
z 8.1 B_El 8.2 8.z7 B.1l4 B.1% B.EZZ B.3 B.E8 B.Z1
2 7.6 7.7l B.08 8.zZ6 .55 B8.1le 9.3230 D.ED B.31 8.:z7
4 7.61 B 8.01 B8.31 5.3 B8.36 8.4 8.36 B.31 5.42
E 7.7z 7.8 8,01 B 2.1c 8.0& B.1F5F 8.1¢ S.EZE B8.37
8 7,81 7.% (7.3 7,93 5,11 8.1 5.14 £.& B.EF1 5.:Z4
10 7.73 B.O0& B.19 B.19 B_E3 B.E6 B.3 B_.E& B.31 B5.34
1z =] 2.01 2.0&5 |2.09 2,11 £.12 &8.1F 8.z S.EZE B.Z6
15 F.66 7.%4 7.8 P95 B.03 B.08 B.EZ B_ET 8.44 5_4F5
17 7.7 7,58 8.02 8,11 2,05 2.08 2,05 211 2.1 8.13
2z 7.9z 7.8 7,99 8 8.0&6 5.0% 8.12 8.1&6 5.1Z &5.15
Z4 7,832 7.7 (7.8 7,93 7.84 T7.8E .08 738 2 2.01
z5 7.8% 7.9 (7,98 7,99 o 2.05 2.0% 2.12 8.15 2.1%5
29 7.81 Y_B3 (7.3 7?.91 7.%E& 8B g 8.03 5.11 &5.17
2z 7.982 8,01 2.0% 2,13 2.15 8.18 9.z1 2.E5 B.EEF 8,321
38 8.05 5.07 .09 8.11 =8.13% 8.15 8.2 B_EE B.E1 B._Z3
43 7,83 7,97 8.03 8.1 2.1 B8.14 B.19 2.EL B.EZ B.ES
45 §.01 5.06 8.1 &§.11 &.13 8.2 §.2 S_.E5 8.EZ7 8.Z26
43 7,96 7.9 |B.04 8,068 B.1 8B.18 B.EZ B_EE B.EE B_EE
£l 2.1 S.E (B.2 8.z4 8.14 B.12 D ZZ S.EE B.EZ B.Z1
71 7,87 7.8 8 T.9E 7,96 7.94 8 8 8.03 2.08
74 FoeE FUT O TL? O PL71 PLed 7.74 77D 7083 7.8E5 780
78 7.8 .71 773 U798 7.8l 7.8 .83 7.84 7.85% 7.8%8
g4 P59 T_EE (T.EE PUT1L ?UUER 7.7 PLEeE TUES 771 773
a8 7.98 7008 8.01 2.03 .55 5.02 70908 7058 7.592 7.9l
21 8.03 5.0& .01 7?.97 7.%&5 7.%& .98 E.01 =B g.01
o8 7,88 7,86 (7.51 .95 7,55 8.01 8.03 2.01 8 2.08
105 =] 8.04 &F.0% 8.1 8.17 &.& §.22 8.Z4 S.EZ B.Z1
avg =] 2.04 2.0% 2,12 8.1z £.17 8.2 8.zZz D.E4 B.24
=d 0.1z 0O.11 0.07 0.07 O.0Z 0.03 0.01 O.0F 0.0 0O.0Z
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APPENDIX 3

Water Quality Analysis— Dissolved Oxygen measurements from
artificial river model

Time

Days

Tk W e

13
1lE
17
ZZ
24
EE
]
3EZ
27
4E
44
48
EO
70
73
77
232
27
20
=]
10E

avrg

sd

d0E
Channel
1 z B 4 3
Dist
tm)

o Jo.s Ji.e Ji.o Jz.7 [3.6 [2.7 [+.5 |s.4 [s.5 [6.2 [7.2 [7.2 [=.1 |=
T.ET 2 2.2 2.7 2.7 2.2 2.89 2.85 2.3 2.8z 2.73 2.8 2.9 2.8282 2.2&
4_F a8 7 7.7 7.9 & a.4 a.8 a.8 a.8 a.7 a.8 &9 a.8 a.8
3.13 [5.15 7.55 8 8.z 8.3 8.5 8.6 8.8 8.9 8.8 8.9Z 8.82 8.8l 8.87
3.5 4.9 6.3 7.4 7.8 2.z 3.6 8.7 |2.7 2.8 2.7 2.8 8.7 2.7 8.8
E.E .7 E.E &.d E.8 T.Z 7.6 7.7 7.8 2 2.E 2.4 L= 2.6 2.7
z.0l 3.5 5.z 6.2 6.5 7.1 7.1 7.5 |7.5 7.5 (7.6 7.7 7.6 7.7 7.7
z.s [3.2 4.6 5.6 5.8 6.2 6.6 6.7 |6.2 7.4 |8 8.z |s.z 8.4 |5.4
E.E 2.5 4.6 £.4 E.E &2 E.E &.4 E.E 7 T.E 7.8 2 2.4 2.4
E_B 36 4_5 4_ 4 4_ 6 & E_1 B B B E_3 TE Tz 8 a_F
z z.85 3.8 4.z 5.2 5.6 & 7 7.z 7.6 7.8 |8 & s.z 8.2
z.z |z.6 3.4 3.5 3.5 3.6 & 5.6 |6 6.9 7.2 7.5 7.5 |8 B
E.& E.2 2.4 4 4. E 4.4 E.E £.4 & 7.4 7.8 2 2.z 2.E 2
E_& g -y 3 3.8 4_F 4 g E_E .4 E.3 7 7.8 7.8 & 7.8 =
z.z |z.4 |3 3.6 3.5 5 5.4 5.8 6.6 6.8 6.8 |7 7.5 |8 &
z.z5 2.5 3.25 3.5 3.5 3.6 & 5.6 6.2 7.z 7.6 |3 g.z 7.5 8.z
1.2 E.4 2.Z 2.5 2.7 4 E.E £.4 & &.9 7.5 7.3 2 2 2.E
E_E g -y 3.2 36 3.8 4_Z E_E E_E 6.1 7 7.45 7.7 & = =
z z.6 (3.1 3.7 |4 4.2 5.4 5.8 |6.1 7.z 7.6 7.8 & 8.4 8.2
2.1 |z.z |3 3.3 3.7 4.4 5.z 5.8 6.z |7 7.3 7.8 = s 8.1
2.8 £.4 £.9 E.82 7 7.z 7.3 2.2 2.4 2.6 2.8 2.8 2.2 2.3 2.3
3.3 3.4 3.6 4 4_F 4 & 4_ 6 E.Z .4 [ a8 T.E 7.8 = a.4
z.6 |z.8 3.3 3.6 |4 4.1 |5 5. |6,z 7.z 7.8 |8 8.4 5.2 8.6
2.1 |z.4 |3 3.8 3.9 4.4 5 5.4 |55 6.6 7.4 |3 g.z 3.2 8.6
E.4 E.7 2.Z 2.6 4.1 4.2 L £.7 [=pc] &.9 7.5 7.8 7.9 2.2 2.E
2.3 |z.5 3.4 (3.7 4.3 4.7 5.4 5.8 & 6.6 7.3 7.8 |8 7.3 8.1
z.z |2.7 3.3 3.9 4.6 4.8 5.4 5.8 |6.2 6.4 7.6 7.2 8.4 8.1 8.2
2.1 |z.5 2.z (3.5 2.8 4.1 5.2 5.6 |6.1 |7 7.5 7.8 = s sz
2.07 [2.48 3.15 3.52 3.74 4.08 5.2 5.6Z 6.12 |7.06 7.49 7.8 ©.04 5.06 9.l4
O.1l2 0.12 0.1 0.1 0,12 0.2 O.14 0,12 0.02 0.12 0.1z O.le 0O.02 0.1% 0.03
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APPENDIX 3

Water Quality Analysis— Chemical Oxygen Demand % removal

Time
Davys

oo sk

@iﬂ@ﬂ‘-l‘-l‘-l‘-l{htuwlul\i—‘—‘—‘
oW e ol M m om D @ - @ N thD

104

Average

COD % removal

Channel
1 ‘ 2 3 ‘ 4 5 Eft
Dist
m3
i | 13 | a7 | 55 3 a
Time
thr=)
o0 | 5.0 [ qo7r | 1sa 1.4 6.3
0.4 85.1 0.0 oo 0.0
o 2.0 a2 5.1 a0z a.z
n 443 as® 47 E ag 2 agn
o 57
i s07 496 406 506 S0
o 553 &1.5 B3.5 53.4 ]
i 480 498 s06 506 533
o 4.4 451 =11 535 529
o 53.0 69.8 66.9 T3.2 713
o 600 66.1 69.4 720 733
o 54.9 63.9 T0.2 731 722
o 55.0 62.9 71.2 3.7 748
o 51.3 59.3 63.1 60.8 T0.T
o 6.2 56.8 62.3 67.1 T4
° 43.4 53.7 67.4 65.2 6T.2
o 50.7 T1.4 77.7 280.4 T
° 49.3 62.7 65.9 69.0 698
o 51.1 60.4 6.6 68.6 733
o 57.4 67.2 72.3 T43 T34
o 51.8 55.0 56.2 55.0 56.5
o 50.6 61.7 72.6 T 721
o 52.8 60.0 T0.1 T1.2 1.5
o 53.3 60.8 64.9 67.7 T0.3
Day 22 - 104  Calculation period (steady state conditions)
o 2.0 52.1 B7.5 59.5 10
il 4.1 =1 5.2 B.1 a7

=

Descriptive statistics (Micro Excel) on decay rate/ half-life data

calculation determined using axial flow speed and distance for Aniline

rean

Standard Error
tedian

hocle

Standard Devistion
Sample “ariance
Kurtosis
Skewness

Range

hinimuim

hzdimum

Sum

Count

Confidence Lewvel(95 1090

k (h-1) 142 th-12
011z 6.362
0.007 0.357
0110 6.346
#ED, #rdim,
0.023 1.130
0.001 1.276
1.967 -0.543
1.263 -0.435
0076 3662
0058 4236
0164 7598
1125 E3.E16
10 10.000
0016 0505
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APPENDIX 3

Descriptive statistics (Micro Excel) on decay rate/ half-life data calculation

determined using axial flow speed and distance for Phenyl 6-DOBS

COD decay rate and half-life cal culation determined using axial flow speed and distance

Mean

Standard Errar
Median

hode

Standard Devistion
Sample Yariance
Kurtosis
Skewness
Range

Minimum
Maximum

Sum

Count

k (h-1)
01337548
0.00240535
01372773
01262972
0.0076065
5.786E-03

-1.2813718
-0.1741884
00211334
012538228
01469562
13578478
10

Confidence Level(95.0%) | 0.0054416

82 (h-1)

13276624

51162646
0.0916573
50457662

5487057
0.2898473
0.0540116

0.3032432
0.7920537
47136922
5.5077459
51152846

10
0.2073444

Axial flovy speed and distance

Day Mo
22
26
&
36
43
=0
71
73
7
7a
Gd
1
a3
et
104

Kk (h-1) tE2th-11  k(d-1) 1142 (11
41.936 9515 1.747 0.397
37.530 10.636 1.564 0.443
37.907 10,530 1.478 0.439
42125 9475 1.755 0.395
41.280 9670 1.720 0.403
43.570 g.738 1.398 0.365
37.403 10.670 1.559 0.445
a0.420 717 21m 0.330
40178 9935 1674 0414
44 .41 §.986 1851 0.374
44 507 d.969 1.854 0.374
27.945 14283 1.164 0.595
42876 9.310 1.787 0.335
42224 9.454 1.759 0.394
40.737 9.799 1.697 0.405
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APPENDIX 3

NH4 decay rate and half-life calculation determined using

axial flow speed and distance

Axial flow s=peed and distance

Day Mo kih1)  H2h1)  kid11  t/2 (d1]

ZZ 0.3271 21148 7.548 0.09
26 0.3066 2261 7.357 0.03
31 0.3286 2108 7885 0.09
36 0.3656 1.696 .77 0.05
43 0.3945 1.733 9476 0.07
50 0.3289 2107 7.394 0.09
71 0.3024 2292 7.257 010
78 0.3146 2203 7591 0.09
g4 0.3055 2266 7.340 0.03
Al 0.5364 1.292 12.873 0.03
23 06744 1.026 16.186 0.04
104 0.3363 2060 3.076 0.09

Descriptive statistics (Micro Excel) on NH4 decay rate / half-life data calculation

determined using axial flow speed and distance

k (h-1) 112 1h-1] k (d-12 1142 (d-1]

hean 0.3768026  1.945882658 9.0432631 | 0.0812011
Standard Errar 003286581 01165233 0.7985332 00045332
hedian 03267305 21081103 7.8895323 00375379
Modle HIMAL, HMER, R, RIMAL,

Standard Devistion 01138385 0403538363 273253935 0016319
Sample Varianoe 00129637 01629354 74670346 00002329
Hurtosis 40402615 1.9923313 4.0402618 15923313
Skewness 21187017 1358374 21187017 -1.358374
Range 03720336 1.2642903 §.9292336 00326735
hdinimum 03023796 1.0275292 72571162 00428137
zimuin 06744334 22918194 16.186402 00954925
Sum 45216316 23365921 10651916 089744134
Count 12 12 12 12
Confidence Lewveli95.0%:) 00723421 0.256471 1.7362103] 00106563
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APPENDIX 3

Water Quality Anaysis—% Ammonium removal

104

A
=

kH4 % Remowval

Zhannel
1 | 2 3 ‘ 4 | 5 | Eff
Diist (m)
0 [ 19 [ 37 [ 55 73 3
Time (hrs)

00 ] 50 107 [ 158 214 | 263

o0

0 16 4.7 1.8 5.5 6.3
o 14 40 1149 273 353
54 3

o0 ] 24 592 a1.4 94 2
o0 92 M3 482 843 aa6.0
o0 273 642 987 291 9.5
o 149 G2 EER 995 3.5
0 36.4 62.5 99.4 99.6 99.6
0 3.7 729 99.0 99.1 99.5
0 32.8 67.4 95.8 98.9 99.6
0 39.2 7.1 95.5 99.3 99.8
0 38.0 741 95.4 99.1 100.0
0 26.1 65.7 97.1 99.5 99.6
0 16.2 66.8 92.7 97.5 99.4
0 35.6 69.7 94.3 97.9 99.5
0 15.3 63.7 941 99.1 99.5
0 271 79.3 99.8 99.8 99.8
0 38.6 80.5 99.8 99.9 99.9
0 33.8 70.2 96.8 99.1 99.7
F oo 325 703 967 391 997
T oo ] 57 24 o7 0z

]M ean temperature measurements from each channel over complete duration

Tenp

Channel

=2

Dist

[£%]

o

[1.8 J1.9 Ja.6

|ERE)

[s.a [s.=

[7.2

[7.=

[=

19.94 (12.9 19.2 1.8 19.7 19.5 1l2.6 (12.5 19.4 12.4
0.114 0_.1% 0O_.1l4 0O_.15 0_15 0O.18 0.2Z4 0.7 0O.321 0O_z=

Mean pH measurements from each channel over complete duration

rH

=d

Charnmnel

Dist

o

[r1.2 J1.9 [3.8

[z-7

[s.a [5.5 [7.=

[7-.=

[=

a2

.04 2.03 2_1Z 2.1 S.17 =S.Z

S.ZZ 2.Z4 S_.Z4

O.1z 0.11 0.07 0.07 0.0Z 0.02 0.01 O.0Z 0O.0Z 0.0z
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APPENDIX 3

]Descriptive statistics (Micro Excel) on decay rate / half-life data

calculation determined using axial flow speed and distance for COD

k th-11 1172 th-11
Mean 007 9.661
Standard Error 0.002 0.369
Median 0073 9.518
Mode #NIA, #NIA,
Standard Deviation 0.oog 1429
Sample Variance 0.000 2.042
Hurtosis 3205 6.762
Skewness -0.979 2185
Range 0039 E.366
hfinirmum 0048 Ta17
hgimum 0.058 14283
Sum 1.071 147.911
Court 15.000 15.000
Confidence Level(95.0%) 0005 0.791

Values of water quality variables in showing the typical variability over the course of

the tests.
TEST MEDIUM - WATER QUALITY AMNALYSIS
Date Day No|COD NH4 N-NH4 |Total N |PO4 PO4-p Tenp ‘pH 40 TDE EC
(oogr/ L) (g ALY fmerf 1] fmgrs L) (merf1) (mgsLl) cC (oSl (pptl (S Som)

01-Feb-05 1 109 1z.1 2.4 3.6 6.6 .19 0.4 7_.82 E_BE a.59 1.1%5
0Z-Feb-05 Z 998 1z.8 2.97 Z0.5 6.61 216 12.7 7.69 E_0Z .6 1. 21
03-Feb-05 3 85.4 11.4 2.17 2z.4 6.1 .01 19.6 7.81 4_Z4 a.59 1.1%5
04-Feb-05 |4 9.2 10,2 7.93 EB.Z 6.27 £.08& 12.8 7.87 E.El o5& 1.14
08-Feb-05 g g8Z.4 11.7 2.13 2.9 7.1z .13 12.8 766 E_TE a.59 1.1%5
10-Feb-05 10 89.2 14.5 11.3 &8 733 Z.39 0.1 745 4._98 .6 1.2
15-Fekb-05 |15 0. & 10.82 7.97 EZ&.3 4.E51 1.62 20.6& 7.87 £.07 0_E9 1.09
Z23-Feb-05 23 70 11.4 g8.85 Z24.2 5._88 1._86 12.8 7.85 E_Z3 a.583 1.1z
Z6—-Feb-05 26 g5 11.8 8.9 E8 601 1328 19.2 7.99 13 a.58 1.11
0Z-Mar-05 30 83.3 10.2 7.8% Z23.86 6.2 .13 19.6 7.87 4_Z a.58 1.15
08-Mar-05 35 a3 2.8 T.ZEZ 32 7.51 Z_E5& 12.8 g.01 5.8 a.58 1.1z
15-Mar-05 4z a8 1z.9 10 2.2 6.8 1328 12.9 g.05 4.9 a.59 1.1
Z1-Mar-05 45 103 1z.2 2.7 5.1 6.2 .13 z0 792 5.1 .6 1.17
23-Mar-05 i3u) 89.2 10.15 2.564 Z1.4 6. 44 Z_Z1 0.1 g.04 4 a.59 1.1%5
g-Apr-05 (13 83.3 10.2 7.8% Z23.8 6.2 .13 19.6 7.87 4.z a.58 1.15
1lZ-Apr-05 70 20 11.5 a 5.3 639 .09 12.8 7.8 4_Z a.58 1.15
EE-Apr-05 79 866 1z 2.8 4.4 [ =13 Z.14 z0 776 3.9 a.59 1.14
Z27-Apr-0%& 83 g89.1 1z.3 2.4 4.9 672 Z_Z6 12.9 7.87 3.7 a.58 115
03-May-05 28 7.3 1z.4 2.1 2.3 £5_38 1.2 0.2 7.89 4.4 a.59 1.13
11-May-05 2 102.3 11.2 .23 &5 5.11 154 z0 7.94 4.8 a.587 1.1s8
17-May-05 96 87.8 10.8 7.9 4.8 6,49 £.18 19.9 7.81 4.1 0_E53 1.17

awv Q0.3 11.85 2.0 4.8 6.3 2.1 12.9 7.8 4.8 .6 1.2

sd a0 1.1 o.9 Z.6 a.7 .z [ .z 0.8 .o o.o

ow % a.9 2.8 1l0.5 10.5 1l0. & 10.9 1.5 .0 13.6 2.7 3.0
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APPENDIX 3

Plot of COD measurementsin test medium vessel

mg/L

120
100
80
60
40
20

COD - TEST MEDIUM

Yy — -
EM\O,W R el
0 20 40 60 80 100
Day No

Plot of NH4 measurements in test medium vessel

mafl

NH4 - TEST MEDIUM

16.0

4 *

Lz / . Ao —t—0_
PP Al AN PR

8.0

6.0

4.0

2.0

0.0

20 30 40 50 60 70 80 90 100

Day No
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APPENDIX 3

Plot of Total N measurementsin test medium vessel

mg/L

TOTAL N - TEST MEDIUM

35.0
30.0 A
250 .&I\“\‘\\«A\d \./9\././* ——

20.0
15.0
10.0
5.0
0.0

Day No

Plot of PO4 measurements in test medium vessel

mg/L

PO4 - TEST MEDIUM

jg o2 A
6:0 "\ A S S
) iz 2V,

4.0
3.0
20
1.0
0.0
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APPENDIX 3

Summary of Aniline % biodegradation

% Biodkey
Dy o
Chennel ~ Cist(m) |1 2 3 4 5 1] 7 g 12 13
0 0 0 0 0 0 0 Ul 0 0 Ul
1 03 9602 44.72 4569 PAE 6.6 43 5297 9.3 7010 91,64
18 £4.55 454 594 a0 64 077 5641 65,09 59.20 7817 6315
13 6778 56.02 i1 £ 2905 7070 7378 76.56 737 7937 76.94
2 27 7525 7278 67 06 6 55 72 7650 7543 722 &1 73 30.08
ki 7% 7585 £ 82 677 7384 7681 3054 7370 8390 3087
kX 7651 7132 £6 56 66 6 £9.24 6937 78.23 13 8455 7838
3 45 7860 7928 7053 7080 715% 754 3092 T4E7 8429 3344
54 8175 8124 7354 7278 7387 017 3370 7718 5679 36,62
53 7352 50.21 7if2 739 i B85 3216 5 .11 559
4 6.3 5270 5196 T3 735 7475 039 45,33 7653 Lt 46.28
72 o638 B34 T4 764 7540 B9 45,86 1653 B713 4718
73 707 5338 i 7716 7605 26 46,31 7711 67 44 36.92
3 6.1 06,39 .01 7663 772 7496 .20 6716 7792 6749 36.69
4 9395 5645 5085 797 7865 6109 6744 7778 il 6730
Summary of (Phenyl 6-DOBS) % biodegradation
4 Biodeg
Day No
Charnel Dist {n) 1 2 3 4 5 £ 7 g g 10
0 0 0 0 0 0 0 0 0 0 0
1 0.3 6l.62 66.57 5171 46.43 11.97 4.95 27.41 512z 14.71 51.07
1.8 68.54 70.55 4.09 75.85 30.3 3.0l 3.2 7381 38,94 73,86
1.3 79.42 .07 9.3 70.47 38.40 44.47 46.70 .7 £3.47 .44
Z 2.7 £3.67 .62 4547 8326 53.53 520 5505 BE.7E £4.72 BE. 50
3.6 84.57 78.20 4741 33.99 63.92 66,34 6538 87.72 7178 87.80
3.7 .20 70.06 78.54 32.43 .4 70.08 .72 79.41 74.99 8.3
g 4.5 83.64 8z.31 96.19 94.43 T6.27 73.91 73.53 6. 53 .12 6. 16
5.4 8.1 B4.30 88.32 4170 81,58 40.49 79.21 B8.43 Bz 18 8347
5.5 BE.44 B2.18 §3.54 85.04 §3.03 79.58 7.9 8337 8328 B3.51
4 6.3 83.89 86.13 8538 47.41 38.70 3178 75.94 85.57 86.37 85.76
1.2 8z.18 87.42 47.81 99.23 98.74 45.78 84.10 87.63 89.11 87.82
1.3 B4.02 BE.20 8629 47.490 8812 896,48 35.44 BE. 25 Bh.28 BE. 55
£ 8.1 B6.35 B8.69 88.73 87.90 9013 g7.03 25.47 a2 0.7 Ba.79
3 88.43 90.25 90.73 39.94 91,58 3853 37.47 90.83 91.95 91.00
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APPENDIX 3

Nitrite measurements (cascade system)

MC2

Time
Days

10
13
17
22
26
Ey|
36

50
™
T8
34
by
93
104

Avq
s

Channel
1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ Eff

Dist

(m)
000 [ 190 [ 37 [ s50 [ 730 [ 900
&.00 916 792 1550 2080 2480
291 4.80 995 14.00 1830 2340
522 a&7 1320 1470 14.90 15.40
194 458 781 469 173 108
10.20 6.29 1.29 0.03 0.03 0.02
11.30 7.2 1.01 0.86 0.04 0.02
8.92 532 3.03 112 0.20 0.00
9.31 6.33 3.23 143 0.07 0.01
503 142 2.87 0.99 0.10 0.04
9.16 5.54 3.32 0.89 0.12 0.00
6.45 178 3.46 1.76 0.32 0.04
9.22 6.23 2.99 134 0.43 0.05
6.37 3.00 2.62 1.48 0.24 0.00
5.92 1.35 1.10 0.07 0.10 0.00
2.24 2.96 1.58 0.91 0.56 0.46
7.65 1.86 2.95 0.98 0.20 0.58
765 7 48 7 295 " o090 7 o020 7 0.0
254 " 170 7 09 " o052 T oes 7 020

Nitrate measurements (cascade system)

(L]

Time
Days

104

Avg
sd

iCalculation period Day 22 - 104)

180

Channel
1 2 3 4 5 Eff
Dist
(m)
0 19 | 37 [ ss 73 3
14.2 13.2 14.0 15.5 1.2 11.9
14.9 45 8.7 1.7 16.5 17.1
244 12.3 33.3 36.4 39.7 4.0
33.9 18.8 32.6 34,2 2.1 65.2
11 17.5 50.0 58,7 60.8 3.9
a1 18.8 1.2 51.0 1.1 62.3
1.0 20.1 341 49.4 54.1 58,8
5.2 16.3 29.2 8.3 517 60.2
5.1 1.1 34.6 1.7 56.6 59.3
3.2 19.2 29.8 52,2 2.0 1.6
8.8 13.9 24.5 421 19.8 53.1
6.2 16.4 26.9 40.2 56.3 61.4
5.1 60 1.7 5.8 2.1 453
5.9 14.4 36.3 49.5 55.2 60.3
14.8 13.4 29.3 41.4 10.7 41.2
6.0 16.1 3.4 41.5 55.1 51.7
60 [ tea [ oma [ ows T ossa 7 osur
" o [ og2 5.9 55 5.9

/ Formatted: Indent: First line:

0.23 cm
L]
1
Time
Days
0.00 ’
g 5.00 !
10 2 :
15 522 !
17 1.84 :
22 10.20 |
26 11.30 i
M 8.92 !
36 931 |
7 5.03 :
50 916 !
™ 645
T8 9.22 |
34 637
" 5.92
93 224
104 1.65
Avg | 165 7
Deleted: sd [ o2ma T




APPENDIX 3

Day &
0
: 5 .,-—"'._
9 20 /
£ el —— HHd
2 4*—23: —a— Moz
S " = [ILE]
Qs —]
[ e
[ 14 T 55 TF Ll
Distance (m)
Day 15
a0
~ 40
=
E, =0 —s—MH4
= —m— NO2
g2 = M3
3 10 ] e
D -\-*_\-"—\-A & &
o 18 37 5573 8
Distance (m}
Day EZE
70
g0
o a0 —e—MH4
? 40 —m— NO2
g 3 M3
S m
10 E
0 -
o 19 37 55 73 49
Distance (m)
Day 31
70
&0 —
’;ﬂ s0 —+—NH4
40
= —=— NO2
o 30
H M3
8 20
10 L::‘b
0 oo -
o 18 37 55 73 9

Distance {m)

Day 10

b2 bl
O th O

13

Cone {ma/L)

-
O th O

Day 17

7o
50
50
40
30
20
10

Cone (mgL)

Day &

70
&0
a0
40
30
20
10

Cone (mg/L)

Day 36

Conc (L)
= R W &
o o o o o o O O

Distance {(m)

Sl
] -/) e —m—MO2
[ e MO3
il =
o 18 37 55 73 9
Distance (m}
—e— MH4
—— NO2
MO
-
_l—f}t:_."‘——'—_-
0o 19 37 55 73 8
Distance {mj}
—+—MH4
—m— NO2
MO
| B
].-‘-"“’*-l——.——-—
o 19 37 55 73 8
Distance (m)
——MH4
—m—MO2
MO3
b N
-_'h*‘h.__._ -
0o 19 37 55 73 8
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APPENDIX 3

Plot of Nitrogen cycle day 43 — 104

—e—H4
—= D2
NI

Dayr 43
70
=] —
4 50
E
g 30
ShLe
0 "_12""-'—-_._ = =
o 19 37 55 73 9
Distance (m)
Law 71
=]
. sa
=
= 40
£ a0
H
s 20
[¥) *_|
10 ==y
a e
o 189 37 55 73 8
Distance {m)
Lay &4
a0
;—40
E 30
g
S —l, |
<10 P4
Lo t'
0 1 -
o 149 37 55 73 12
Distance (m)
Day 232
g0
Lt
-
=) 40
|
H
S 20
10—
0 l——‘:-: ol w

0 18 37 55 73 49

Distance (m)

—+—NH4
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Cone (mgL})

T
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al
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Day 78
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70
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=0
40
30
20
10

Day 21
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T
60
al
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Day 104
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asuodsay SN

e 5Ph-C12
rEoEs 6Ph-C12\
roooo 2Ph-C12
4Ph-C12
mmoos
3Ph-C12

3 =f=]=]

1 —1—0—1-]

[ =R=]=1=]
Rl 11|

TEaaa

R Y .. A L_JI\_,JL A

T T T T T T T T T T T T
HO.OCOET . OCOSEE . O . OCS-A .OCEE . OCEE .OCEF.OCEE .OCEE . OO O .O0A 7 .OoDEE .C

Retention Time (mins)

Example of a single ion monitoring (SIM) chromatogram (m/z = 374) of 15mg total
LAS after derivatisation
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