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ABSTRACT

Within the EU it is apparent that the regulatory focus on the use of biologically-
based effects methods in the assessment of refinery effluents and receiving waters
has increased in the past decade. This has been reflected in a recent refinery
survey which revealed an increased use of such methods for assessing the quality
of refinery effluents and their receiving waters. This report provides an overview of
recent techniques used for this purpose. Several case studies provided by
CONCAWE member companies describe the application of biological methods to
effluent discharge assessment and surface water monitoring.

The case studies show that when biological methods are applied to refinery
effluents and receiving waters they raise different questions compared with those
obtained using physical and chemical methods. Although direct measurement of the
toxicity of effluent and receiving to aquatic organisms is the most cited technique,
more recent efforts include tests that also address the persistence of effluent toxicity
once discharged into the receiving water.

Similarly, ecological monitoring of receiving waters can identify effects of effluent
inputs arising from species interactions and other secondary effects that would not
always be apparent from the results of biological tests conducted on single aquatic
organisms.

In light of recent and proposed regulatory developments the objectives of this report
are therefore to:

1 Discuss the application of biologically-based effects methods (including
ecological monitoring) to refinery discharges and receiving waters,

I Assess the implications of such methods for future regulation of refinery
discharges and

1  Provide guidance on good practice that can be used by refineries and the
downstream oil industry to carry out and interpret data obtained using
biologically-based effects methods.

While the emphasis is on the toxic effects of effluents, other properties will also be
covered because of their interdependency in determining potential effects in the
environment. In particular, the properties of effluent constituents that determine their
persistence and potential to accumulate within organisms will also be considered.
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SUMMARY

Earlier CONCAWE reports describe the environmental impact of refinery effluents
(CONCAWE, 1979) and ecological monitoring of refinery effluents (CONCAWE,
1982). Since these initial reports there have been a number changes in EU
regulations, most notably the EU Water Framework Directive, that have placed
increasing emphasis on ecological quality of receiving waters. This in turn has led to
increased interest in more ecologically relevant measurements of effluent and
receiving water quality which include direct measures of biological effects. This
development has implications for refineries as highlighted by the results of a recent
refinery survey which revealed that biologically-based effects methods® (based
mainly on toxicity but also on persistence and potential to bioaccumulate) are being
increasingly applied to refinery effluents and receiving water.

This report gives an overview of the types of biologically-based effect methods
which are being considered and/or have been used in the assessment of effluents
and receiving waters. Specific examples of the application of such methods to
refinery effluent discharges are described in the Case Studies and the implications
of using such methods for the future regulation of discharges are assessed and
discussed. The overview is based on a review of the literature coupled with
feedback from a CONCAWE refinery survey. Reference is also made to case
studies which describe the application of some of these methods to effluent and
surface water monitoring investigations that CONCAWE and CONCAWE member
companies have undertaken.

The key findings of the report are as follows:

1 Requirement for the use of biologically-based effects methods to assess the
quality of effluents and receiving waters is increasing in the EU due to
developing legislation, in particular the focus of the Water Framework Directive
on improving biological quality of receiving waters. However, the associated
costs and animal welfare considerations mean that clear and practical guidance
is required so that the objectives of the legislation are achieved effectively and
without wastage.

1 Based on the findings of the refinery survey and the case studies, biologically-
based methods provide a logical, complimentary approach to traditional
physical and chemical-based effluent and receiving water quality criteria.

1 Whole effluent toxicity tests with single aquatic organisms serve as the principle
biological effect measure in current use; selection of test species, test design
and confounding issues that can complicate data interpretation are important
issues that need careful consideration.

1 Although the basic scientific principles have not changed from those identified
in the earlier reports (CONCAWE, 1979; CONCAWE, 1982), the range of
methods that are now available, and the sensitivity of some of the assessment
endpoints that are utilised, has increased significantly.

1 The current review indicates that effluent toxicity is not a major issue for
refineries in the EU. This generalization is consistent with existing regulations /

A 6bi ol ogical effects method i s anpatotalwhole effuerddnorganiens t he pot

commonly found in the receiving water environment and the causatives for these.
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risk management measures that have progressively reduced conventional and
chemical-specific pollutant discharges. In cases where effluent toxicity is
observed, application of new methods described in this report indicates that
toxicity is not typically persistent or refractory in nature.

1 Solid phase micro-extraction, or biomimetic extraction, provides a promising
analytical screening tool to assess the potential for bioaccumulation and
additive toxicity of non-ionic organic pollutants such as hydrocarbons in refinery
effluents. When coupled with effluent biodegradation studies, this approach
can also be used to evaluate toxicity persistence. Advantages of this method
include its: mechanistic basis, good precision, low cost and avoidance of
animal use in testing. A key limitation is that the technique does not address
potential concerns associated with inorganics.

1 While the use of biologically-based in-vitro methods (e.g. biomarkers) appears
to be increasing, difficulties in standardization and linkage to effects at
organism level limit practical benefit. These methods are not generally
recommended for use in decision-making.

1 Biologically-based methods should be used as a tool in risk-based
management that also considers exposure potential and receiving water quality
considerations. The trigger for use should be where initial screening identifies a
potential concern. The methods should not be used only for hazard
assessment as appears to be happening in some EU countries.

9 Best value of using biological methods can be realized by targeting sites that
have low dilution and that are potentially contributing to impaired biological
quality as evidenced from relevant field monitoring studies.

1 If the results of applying biological methods indicate that a site effluent
discharge poses a concern, it can be further applied to source
investigation/control so that risks can be mitigated to improve biological quality
in the local receiving water.

1 Biologically-based methods are not always suitable or needed for continuous
effluent monitoring since they can add significant costs without clear benefits.
Advantages and disadvantages in their use therefore need to be weighed
before deciding whether they are applicable to a specific situation. Whether
they bring benefits or additional burden will ultimately depend on the study
design, specific test methods used, and interpretation of the results.
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1. INTRODUCTION

European effluent discharges have traditionally been controlled and regulated by
assessment of chemical and physical parameters. These parameters have typically
included dissolved oxygen, suspended solids, pH, biochemical oxygen demand
(BOD), chemical oxygen demand (COD) and concentrations of specific substances
(e.g. ammonia). Such an approach provides a good method for control of relatively
simple effluents containing a limited number of constituents or a very well
characterised effluent with known substances present. The use of this approach has
resulted in the reduction of the discharge of hazardous substances leading to an
improvement in the quality of receiving waters. A recent overview, outlining the
chemical approach and its application, has been published (ECETOC, 2004).
Despite confounding factors and other limitations, this i ¢ h e rdased@hpproach is
generally well understood and accepted by both industry and authorities.

Implementation of the associated regulations has led to a steady reduction in the

discharge of hazardous substances to receiving waters and improvements to the

quality of receiving waters as shown in recent surveys (CONCAWE, 2004,

CONCAWE, 2011). However, recent EU initiatives such as the Water Framework

Directive (WFD, 2000/60/EC), have focussed on improving the ecological condition

of the receiving water (EU, 2000). The stimulus for this has been situations where
receiving water O6health6é (e.g. biological diwv
poor even though chemical parameters remain in compliance. The focus has

therefore shifted from the physical and chemical characterisation of water quality to

biological quality.

Inthepast, st udi es ai med at assessment of bi ologic
oil refinery discharges were focussed on receiving water quality (CONCAWE, 1982).

Typically this included the determination of species diversity in a given ecosystem

using standard techniques. These approaches are still used but increasingly a range

of other methods have been employed to estimate or predict the ec osy st emds
response to a discharge. For example, tests which assess the toxicity (T) of an

effluent are conducted with species, representative of the aquatic environment,

either in situ or as a laboratory simulation (SETAC, 2000).

Other parameters such as the potential to bioaccumulate (B) or to be persistent (P)
have also been incorporated in an approach frequently referred to as Whole Effluent
Assessment (WEA) or sometimes PBT assessment (OSPAR, 2005). The test
methods used have initially come from assessing single chemical substances and in
some cases they are used without modification for the specific application to
complex whole effluent discharges (ECETOC, 2004).

In the future, refineries within the EU are likely to encounter WEA as a result of a
number of regulatory developments at both national and international level. For
example:

T WEA is referred to as a mechanism to demonstrate Best Available
Techniques (BAT) in the Integrated Pollution Prevention Control (EU, 1996)
Waste Water/ Waste Gas and the draft Economics and Cross Media Issues
Best Available Technique Reference (BREF) Document;

1  Several European countries (e.g. Germany, Ireland, UK, and Sweden) use
some aspects of WEA in a regulatory context and many others are
developing such approaches (Power and Boumfrey, 2004);
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1  WEA approaches can potentially be used as tools to support the assessment
of Good Ecological Status as required in the WFD (Allan et al, 2006);

1  The Oslo, Paris Convention for the Protection of the Marine Environment of
the North East Atlantic (OSPAR) is studying the use of WEA as a means to
reduce or eliminate the presence of Priority Substances from the marine
environment (OSPAR, 2005).

In addition to the regulatory context, WEA can potentially be used by refineries and
other downstream facilities (e.g. distribution/depots) to validate that their operations
are acceptable and/or to improve their environmental performance by:

1  Providing a more holistic assessment of their effluent quality which may be
more easily understood by other stakeholders (e.g. demonstrate a lack of
toxicity to key organisms);

1 Providing a cost effective mechanism to assess all potentially hazardous
substances in their effluents rather than undertaking individual substance
assessments;

1 Assessing process effluent streams within a refinery to identify problematic
sources of toxicity and target them for management at source. This approach
can also be beneficial in addressing effluent treatment plant problems by
identifying those streams that may be adversely affecting performance.

1  Providing additional data which could be used to demonstrate that REACH!
environmental exposure predictions may be overly conservative on the basis
that product handling and waste water treatment systems may be more
effective in removing/reducing toxicity than default assumptions would
suggest.

To understand the current status of WEA within the industry, CONCAWE has
undertaken a survey amongst member companies to assess the current level of use
of biologically-based effect methods by its member companies. The last time that
the application of toxicity assessments and environmental monitoring relevant to oil
refineries was assessed was almost 30 years ago (CONCAWE, 1979 and 1982).
The new survey was designed to provide data to identify the trends in both the
application of biologically-based effect methods by regulators and also refinery
experience in the use of such methods.

The results of the questionnaire showed that 44% (28 of 64) of the facilities that
responded are required to do some form of biological assessment on their effluents.
There are a myriad of testing requirements across the group, but the most common
test parameter is acute (short-term) toxicity. Some sites conduct chronic (longer-
term) toxicity in lieu of or in combination with acute testing, but only 4 sites test for
bioaccumulation. Overall, the testing regimes are not the same across the EU and in
many cases not all refineries within the same country are required to conduct
biological testing. This indicates that the regulators implement this on a site-by-site
and case-by-case basis.

! REACH is the European Union regulation (EC) No 1907/2006) concerning the Registration, Evaluation, Authorisation
and restriction of Chemicals. It came into force on 1st June 2007 and replaced a number of European Directives and
Regulations with a single system.



@@ﬂ@@W@ report no. 1/12

Although there are variations in local use, regulators in 11 countries implement it in
some form. The countries include: Denmark, Finland, France, Germany, Hungary,
Ireland, Italy, Norway, Spain, Sweden and the United Kingdom. The expectation is
that biological testing will increase in order to meet the provisions or the WFD (EU,
2000).

The objectives of this report are to discuss the application of biologically-based
effect methods in the context of applying WEA to refinery discharges, to assess the
implications of such methods for future regulation of refinery discharges and to
indicate good practice that can be used by refineries and the downstream oil
industry to carry out and interpret data from biological effects assessments.

The contents of the appendices to this report are as follows:

APPENDIX I: Case Studies

1 Case Study 1. Assessing Refinery Streams i1 addressing the impact of
treatment on toxicity and assessing environmental impact (provided by Shell).

Case Study 2. Effluent toxicity at Mongstad refinery (provided by Statoil)

1 Case Study 3. Ecological monitoring of the marine environment at Mongstad
refinery (provided by Statoil).

i Case Study 4. A study on the ecotoxicity of Mol Danube Refinery effluents
(provided by Mol).

1 Case Study 5. Predicting the effect of refinery effluents (provided by
ExxonMobil).

1 Case Study 6. Whole Effluent Assessments on Refinery Effluents (provided
by CONCAWE).

1 Case Study 7. A new biotic index for non-specialists, developed by Repsol,
as a tool for water quality control in Spanish rivers (provided by Repsol).

1 Case Study 8. Methodology for measuring the impact of treated waste water
discharged in an estuary (provided by Total).

APPENDIX II: Framework for the quality assessment of aquatic toxicology
laboratories (provided by BP).

With the exception of Case Study 6, the content of Appendices | and Il has been
provided by CONCAWE member companies. No further review or revision of the
case study reports has been undertaken. References cited in the case studies are
not held by CONCAWE.

From here onwards the case studies will be referred to in this report by their number
(e.g. Case Study 1) with no further reference to Appendix I.
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2. BACKGROUND & TRENDS

The composition of refinery effluent discharges will vary depending on a number of
factors including crude feedstock and the extent of the hydrocarbon processing.
However a similar range of process operations are involved (CONCAWE, 1999) and
this leads to the production of effluents that contain similar contaminants albeit at
differing concentrations.

The main constituents of refinery effluents that contribute to contamination of
aqueous effluents are un-dissolved oil, solid particulates and dissolved substances,
both organic and inorganic. The dissolved substances include metals (which may
originate from the crude and/or catalysts), hydrogen sulphide, ammonia, phenols
and cyanides (CONCAWE, 1999). In a normal refinery, certain process water
streams, which contain high quantities of sour gases (mainly hydrogen sulphide and
ammonia), are stripped to lower the concentration of these gases before discharging
the water to the effluent treatment plant.

The use of specific process chemicals (e.g. to support specific refinery processes
and for blending in some final products) can also lead to site-specific differences in
the composition of refinery waste water streams and final effluents.

Except where site-specific differences apply, effluent property data from one refinery
location will be indicative of issues that are likely to be present at other refinery
locations. This is important because it means that refinery effluents may be able to
be assessed using WEA methods and the data read across from one site or
operation to another of broadly similar characteristics. The fact that these similarities
exist can be demonstrated when the sources and historical methods for treating
refinery wastewaters are examined, as described in the following sections.

Sources of waste water in a refinery

In order to manage refinery effluents effectively, it is important to identify the

sources of waste water that contribute to the final effluent. Refineries use significant

volumes of water for heating (steam) and as a coolant. The water (with the
exception of ficl osed | oopod dis fefinane effluents.) is ul ti
Refinery effluents can also include ballast water (which comes from product tankers

arriving at the refinery), water derived from the crude oil itself and from rainwater

run-off.

The water that contributes to a refinery effluent can become contaminated with
hydrocarbons to varying degrees. For example, cooling water should not, under
normal circumstances, be contaminated with hydrocarbons but it can be if there is a
failure in heat exchanger tubes. At the other end of the scale process water
(originating from a number of sources including the drainage of water from crude oil
and product tanks, from steam used in the distillation and conversion units, wet
chemical treatment or from water washing of crude and oil products) which has
been in intimate contact with hydrocarbons, can contain significant levels of
dissolved and free hydrocarbons.



@@ﬂ@@W@ report no. 1/12

The main sources of hydrocarbon-contaminated water at a refinery are likely to
include some or all of the following:

Desalter units

Distillation units

Hydro-treatment units

Sour water strippers

Visbreakers (thermal cracker)

Catalytic cracking units

Hydrocracking units

Lube oils

= =4 -4 -4 A -8 -8 -2 -2

Spent caustic

Refinery wastewaters will contain various hydrocarbon constituents (aliphatic and
aromatic), phenols, sulphides and mercaptans, ammonia and amines, heavy metals
and various salts that originate from these process-related sources.

In addition to cooling and process water, natural rain water can also be
contaminated when it falls on hydrocarbon contaminated surfaces. Owing to the
potential for spills and leaks during maintenance and operations, rain water run-off
from process areas is likely to be the most heavily contaminated. Treatment of this
water can be difficult owing to the volumes and spikes that can occur.

Ballast water from crude oil transport by tanker will be contaminated with
hydrocarbons and will require some form of treatment before it is finally discharged
to the environment.

A more detailed explanation is provided in CONCAWE (1999) and an example of an
analysis of sources at a specific refinery is provided in Case Study 4.

One of the main concerns with refinery effluents has been their hydrocarbon
content. Consequently, generic characteristics such as oil in water content have
historically been used to control refinery discharges (CONCAWE, 2004) although
other factors are now being given increased consideration (CONCAWE, 2011). Over
the past three decades these generic controls have led to an increase in both
procedural and technical measures and water treatment facilities. These have
significantly reduced the total amounts of hydrocarbons (measured as oil)
discharged from refineries as shown in Figure 1. The measures used include
segregation of waste streams based on the degree of final effluent water treatment
required and improved maintenance procedures to reduce spills and surface
contamination.

Refineries are also subject to regulation under the Industrial Emissions Directive
(IED) (EU, 2010) which came into force on 6 January 2011. The IED brings several
separate pieces of EU legislation on industrial emissions under one directive. The
Integrated Pollution Prevention and Control (IPPC) Directive (EU, 2008) is one of
those now included in its coverage. The IPPC Directive aims to ensure that
particular industries consider the environment as a whole, and the impacts of both
routine and accidental releases. Consequently, releases to wastewater arising from
minor spillage and any oil contaminated surface water run-off (from process areas)
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are captured by interceptors/catchment facilities. The runoff goes to clean up along
with other waste streams for appropriate treatment (e.g. by the main refinery
wastewater treatment plant).

Figure 1 Trends in oil discharged versus refinery throughput 1969-2008 (CONCAWE
2011)
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Treatment of refinery waste water

Although there is no standard refinery effluent treatment system, a number of
generic features will be applicable to these systems in most refineries. The main
contaminants to be removed in waste water treatment are un-dissolved oil, solid
particles and dissolved organic and inorganic substances. Refinery wastewater
treatment is typically a 3-stage process, including; primary, secondary and tertiary
treatment. The purpose of the primary stage is to recover free oil and remove gross
solids. In the secondary stage, dispersed oil and fine solids are removed, while in
the tertiary stage, dissolved oil and other dissolved organic contaminants are
removed.

There are a number of water treatment processes, which have been used singly or
in combination, to remove oil and other contaminants from waste water for many
years and are still essentially the same as the methods described by CONCAWE
(1979). These include:

1  Gravity separation, e.g. API separators, plate interceptors, tank separation,
etc.;

1 Advanced treatment, e.g. flocculation, gas flotation, sedimentation, filtration,
etc.; and

1 Biological treatment, e.g. bio-filters, activated sludge, aerated ponds, etc.



conhCawe

report no. 1/12

There has been a trend towards increasing complexity. Since the CONCAWE
(1979) report, additional categories of further effluent treatment have been
recognised as being used at refineries (CONCAWE, 2004). These are:

1 Biological treatment followed by additional polishing treatment;

1  Physical treatment followed by biological treatment in shared offsite facilities.

Biological treatment is now an important component of most refinery effluent
treatment systems.

In 2008, 14 of the 125 refinery locations reported that their effluents were given
biological treatment in external multi-user Waste Water Treatment Plant (WWTP)
facilities, most commonly after partial on-site treatment. The other 111 refineries
perform an on-site final treatment before discharging their process effluents, for
which 103 sites apply a three-stage biological system. The majority of refineries (78)
have an aerated activated sludge reactor as the biological unit (Table 1). Hence, of
the 125 refineries, 117 (94%) subject their process effluents to biological treatment
before discharge.

Table 1 Summary of EU oil refinery wastewater treatment processes
used in 125 refinery locations in 2005 (CONCAWE 2011)
Treatment Number Type of biological treatment Number

3 stage biox 103 Trickling filter 16
Mechanical 2 Aerated lagoon 5
Chemical 2 Activated sludge 78
Physical 4 Non aerated lagoon 1
API 0 Fixed bed bio-film reactor 1
External WWTP 14 Aerated tank 1
none 0 other 1

Total 125 Total 103

Toxicity assessment of refinery effluents

The issue of refinery effluent toxicity was first addressed by CONCAWE in 1979
(CONCAWE, 1979) and in subsequent environmental impact assessments of
refinery effluents in 1982 (CONCAWE, 1982). However, since then there have been
many studies both of effluent toxicity and the status of the receiving water
environment. These have been undertaken both by the industry itself (See case
studies) and by others (ECETOC, 2004; OSPAR, 2007a). A recent questionnaire
(CONCAWE, 2004) has provided additional information with respect to how
biological assessment tools such as toxicity or bio-accumulation potential have been
applied to refinery discharges.

One of the concerns facing refineries is that the use of biologically-based effect
methods, such as described in this report, will inevitably raise new questions and
potential issues regarding their operations and discharges. Existing water treatment
facilities may be suitable for meeting defined chemical specific criteria but, on the
basis of biological measures, their effluents may still be regarded as hazardous and
be subject to more stringent controls. It may also prove difficult to assess the nature
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of the contaminants causing the adverse effects. For example, small changes to an
operation, such as the change of a process additive, may result in this additive
being carried over in small quantities to the effluent which would not be picked up in
measures such as BOD and COD but could be detected by measures of toxicity or
bio-accumulation potential. Another potentially confounding factor when assessing
refinery discharges can come from non-process operations such as cleaning at
turnarounds or local housekeeping objectives.



@@ﬂ@@W@ report no. 1/12

3. METHODS FOR ASSESSING TOXICITY, PERSISTENCE AND
BIOACCUMULATION OF WHOLE EFFLUENTS

A summary and review of established methods for assessing toxicity, persistence
and bioaccumulation of effluents has been published by ECETOC (ECETOC, 2004).
The key findings of the ECETOC report and highlight those issues of particular
interest to the petroleum refining industry are summarised in the following sections.

A more recent project conducted within Europe over the period 2006-2010 and
referred to by the acronym NoMiracle (Novel Methods for Integrated Risk
Assessment of CumulLative stressors in Europe) had the objective of developing
new methods and models for better and more integrated risk assessment of
chemicals (see: http://nomiracle.jrc.ec.europa.eu). The project involved researchers
from 17 countries and looked not only at the effects of single chemical and mixtures,
but also at their interactions with other factors such as climate change, disease and
allergens. The final outputs of the projectare stilbei ng compil ed but a
methods has been described for assessing exposure and effects and for assessing
and managing risk. The methods described include sampling techniques and
models for assessing exposure, novel toxicity screening and assessment tests for
assessing hazard and biological monitoring techniques for assessing impacts.
Models for assessing risks and statistical techniques for taking account of variability
are also described.

3.1 TOXICITY
There are essentially three reasons to conduct toxicity studies on effluents;

To comply with regulations and identify the toxicity of the effluent;

To investigate whether the effluent is impacting the environment and to carry
out studies that are designed to confirm this and explore the type/extent of
the toxicity;

i To initiate an internal assessment and toxicity identification process in the
event that toxicity in the effluent is observed and requires action.

The purpose and objectives of conducting a study must be clearly assessed and

identified before it is undertaken. Acute (short-term) or chronic (long-term) toxicity

may be tested for and, given the variability of effluents, the tests need to be

designed, conducted and interpreted with great care. It is essential that the

guidance available on sampling, handling of samples and conduct of the test is

followed and that each step and manipulation is accurately documented. A key part

of conducting a toxicity testngpr ogr amme is the Ol earteing by
test programme may need to be refined and tailored as it progresses, depending on

individual site conditions and objectives.

The ECETOC report (ECETOC, 2004) also covers issues that relate to:

1  Sampling: detailed reviews on sampling are available (Whitehouse, 2001; US
EPA, 1994). Procedures used for the collection, storage and preparation of
samples should ensure that measured parameters such as toxicity do not
significantly change before testing is conducted. This may require taking
several sets of samples for different purposes. Aspects of sampling that may
have significant influence on the results if not dealt with properly include the
method of collection (for example the need to use inert containers and rinsing

9
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procedures), the required volume of samples in relation to testing ((semi)i
static, flow-through) and homogeneity and pooling of samples. The
measurement of basic physical-chemical properties of samples includes pH
and dissolved oxygen, conductivity or salinity, colour, physical state (e.g.
emulsion) and suspended solids. All steps should be adequately
documented. Sample storage requires very careful consideration to ensure
that properties do not change over the period before the tests are carried out.
Depending on the protocols followed, the time between sampling and testing
should be kept to a minimum and should not normally exceed 24-48 hours.

Test selection: the test selection criteria (e.g. duration and species) will
depend on the objectives of the project and the stage of the project where
testing is employed. Screening tests e.g. SPME (see below) or Microtox®
(Vibrio fischeri) are usually fast and cost effective but may be unsuitable for
regulatory requirements. The use of fish in ecotoxicity testing is the subject of
an ECETOC review (ECETOC, 2005), and, given the likely non-polar narcosis
mode of action of refinery effluents, fish are unlikely to be more sensitive than
other organisms (McGrath et al, 2004 and 2005). In the example given in
Case Study 4, Microtox®, daphnids and algae were found to be more
sensitive with respect to acute toxicity than fish. The combination of Microtox®
and algae also correlated well with chemical parameters in the effluent. The
ECETOC review identifies two approaches to avoid the use of fish toxicity
testing that are applicable to the petroleum industry;

- Biomimetic devices - Sherren et al, 2001, described the use of lipophilic
solid phase samplers (biomimics) in refinery and petrochemical effluents
to simulate the uptake of organic contaminants into aquatic organisms.
They addressed uptake, quantified as Total Body Residue (TBR), which
was defined as the total molar concentration of organic compounds that
can be absorbed by an 'organism' when exposed to complex organic
mixtures. Toxicity tests with Microtox® and Daphnia magna were
conducted on the effluents at the start of the exposure period and a close
correlation was found between toxicity and TBR when TBR values were
within the range 10-100 mmol/kg of lipid. Effluents giving a TBR of
greater than 100 mmol/kg of lipid were always very toxic to the
organisms tested and effluents with a TBR of less than 10 mmol/kg were
not acutely toxic.

Solid phase micro-extraction (SPME), has also been described in a case
study funded by CONCAWE (Leslie et al, 2002; Parkerton et al, 2000;
Leslie et al, 2005 and see also Case Study 6). In this study assessments
of refinery effluents were conducted in support of an OSPAR
demonstration project. A comparison of SPME and aquatic toxicity was
included. This approach is recommended within a strategy for
addressing petrochemical effluents (Section 5).

- Use of existing invertebrate and algae data, in conjunction with
alternatives to fish, e.q. cell lines - This is described by Whale et al
(2003), Hutchinson et al (2003), Jeram et al (2005) and is the subject of
a research programme sponsored by the CEFIC Long Range Research
Initiative (CEFIC LRI).

Factors influencing toxicity test endpoints i Effluent sample toxicity can be
influenced by a range of physical-chemical test variables that interfere with
the organism itself, the measurement technique and the bioavailability of
possible toxicants. Examples from the literature include test temperature, pH,
buffer solutions, hardness and salinity (Vasseur et al, 1986), dissolved
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3.2.

oxygen concentrations (Rattner and Heath, 2002), the photoperiod (Ho and
Quinn, 1993), the dissolved organic matter concentration (Ghillebaert et al,
1996) and the diet of the test organisms (Belanger et al, 1989). To negate
these effects many of the standard tests describe water quality criteria.
However, although most test guidelines cite acceptable conditions, little has
been done to study the effects that may occur if these guideline limits are not
met.

1  Applicability of test organisms: The choice of using freshwater or marine test
organisms should be guided by the salinity of the receiving water and the
salinity of the effluent. While it may be unclear which to use when addressing
situations where a saline effluent is discharged into a freshwater environment,
it has been argued that the receiving water should take precedence when
determining the type of test organisms to be used (Whitehouse, 2001).
However, sometimes it may be desirable to test the effluent in its original
state using organisms adapted to the resulting physical-chemical conditions.

Studies have shown that, for many chemicals and for many taxa, the
sensitivity of freshwater and marine species is similar (ECETOC, 2003).
However, the complexity of this has been demonstrated in Case Study 6,
(CONCAWE sample #9), where the interpretation of chronic toxicity was
impacted by the salinity of the receiving water.

1 Expression and interpretation of the results: The results of whole effluent
toxicity tests may be expressed as a volume percentage or dilution factor of
the effluent that results in an effect (lethal or sub-lethal) on a defined
percentage (e.g. 50%) of the test organism population within a prescribed
time period. Alternatively, it may be expressed in terms of the highest effluent
concentration (or lowest dilution) in which survival or the response of a sub-
lethal endpoint was not statistically significantly different to that of the control.
The resulting test parameters are reported as ECx or LCx values (where EC
and LC stand for lethal and effective concentration respectively and x is the
percentage of affected organisms e.g. 50) or no observed effect
concentrations (NOEC).

Toxicity may also be expressed in terms of toxic units. Either as Acute toxic
units (Tua) defined as 100/L(E)C50 from an acute test (when toxicity is
expressed as % effluent by volume); or as chronic toxic units (Tuc) defined as
100/NOEC or EC10 from a chronic test. An example of the use of Toxic Units
is shown in Case Study 4.

PERSISTENCE

Slow degradation of a chemical substance increases the potential for it to induce
toxic effects following long-term exposure. This potential is further increased if the
substance also has the potential to bioaccumulate. Such effects may be widespread
as a result of transport processes and even occur in areas that are remote from the
source. As a consequence persistent substances are of particular regulatory
concern.

Persistence cannot be measured directly, only inferred from continued presence in
the environment or the lack of observed degradation in the laboratory after
extensive experimentation. In principle the assessment of persistence in the
environment should be based on actual half-life data.

There is still considerable scientific debate over how the persistence of a single
chemical substance can be assessed. It is even more difficult to define what

11
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0 per si etllyg mearsadn relation to complex effluents that may contain many

substances. OSPARhave concl uded that it persistehceoforrect t o
effluentsé ( OSP ARB), and Gupporting this, ECETOC (ECETOC, 2004)

concluded that persistence should only be addressed in the context of persistence

of toxicity or of potential bio-accumulative substances. Therefore, the methods

discussed should always be assessed alongside these other parameters.

The ECETOC report should be consulted if there are concerns relating to abiotic
hydrolysis or photo-degradation of effluents. Given the limited scale over which
photo-induced-toxicity concerns are expected for refineries, the lack of an accepted
methodology for quantitatively considering photo-induced toxicity and the difficulties
in extrapolating laboratory results to the field, it is suggested that concerns relating
to photo-induced-toxicity should initially be qualitatively assessed in any effluent
assessment. This can be done by addressing the extent to which concentrations of
any poly-aromatic hydrocarbons (PAHSs) that are present might be expected to
cause effects based on published data. If the possibility for effects occurring is
indicated, further investigations could be undertaken including the collection of
additional site specific data (e.g. receiving water depth and transparency) to
determine if photo-induced toxicity concerns may in reality pose a true concern.

Biodegradation test methods for effluents can be basedont hBRedady o or fl nherent
tests that are used for single-chemicals ub st anc e s . biddégmdation tesisd y 6

are most frequently used as screening tests to identify substances that degrade

rapidly. Their suitability for effluents can be questioned in that effluents are mixtures

and the identification of all their constituents can be difficult to achieve. However,

work conducted by CONCAWE (see Case Study 6) indicates that the ready tests do

seem to give comparable data to those obtained from the inherent tests (see below).

dnherentbbiodegradation tests are less stringent than the ready tests; they use a
higher concentration of microorganisms in the inoculum (and a higher concentration
of test substance when assessing single substances). Inherent tests can potentially
be used to identify effluents that do not require further investigation because of their
potential to bioaccumulate and/or their toxicity. They can also be useful in assessing
the treatability of the effluent components. The inherent tests with the potential to be
applied to whole effluent samples will normally be one of the inherent or simulation
test series (OECD 302 or 303). In Case Study 6, the Zahn-Wellens test (OECD
302B) was assessed alongside a ready style test. Both tests yielded comparable
data and showed that both toxicity and the concentrations of potentially
bioaccumulative substances substantially decreased within 7 days.

Based on the limited availability of data for refinery effluents, the ready and inherent
biodegradation tests both appear to have the potential for application in effluent
assessment and in particular can be used to identify effluents that require further
studies on bioaccumulation potential and toxicity. Case Study 4 showed that the
treatment of effluents from the Mol Danube refinery consistently led to large
reductions in toxicity and that a reasonable correlation existed between chemical
parameters (e.g. COD) and toxicity to bacteria and plants. Consequently, the
effluent should not raise significant concerns regarding its potential to exert toxicity
following conventional biological treatment.

3.3. BIOACCUMULATION
The discharge of potentially bioaccumulating substances is of particular concern

because the substances may accumulate to toxic levels in organisms higher up the
food chain 1 a phenomenon known as secondary poisoning. Such substances will

12
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tend to have an octanol/water partition coefficient (log K,,) of between 5 and 8
(ECETOC, 1995). However, it is also important to realise that many such
substances may also be susceptible to degradation/metabolism and that this will
reduce the extent of bioaccumulation.

The bioaccumulation of persistent substances in effluents may be addressed by first
biodegrading a sample and then identifying the potentially bio-accumulative
substances that remain. A scoping study that was sponsored by CONCAWE as part
of a larger project incorporated such an investigation and is described in Case
Study 6.

A number of methods have been developed for determining the bioaccumulation
potential of effluent constituents. These have been reviewed by OSPAR (2005) and
de Maagd (2000) along with an assessment of their associated advantages and
shortcomings. All the methods are based only on the physical-chemical
characteristics of the substance, and thus only indicate a potential to bioaccumulate.
They can therefore only be considered as indicative screening tools, the actual
bioaccumulation of substances being dependent on their persistence in the
environment and their susceptibility to metabolism.

The methods that have been developed are:

i High Pressure Liquid Chromatography (HPLC);

i Empore® (C18) discs;

i Semi-permeable Polymeric Membrane Devices (SPMD);
i Solid phase micro-extraction (SPME) fibres.

SPME has been demonstrated to have significant advantages over the other
methods for application to refinery effluents as discussed elsewhere (Case Study 6).
The key features of SPME that make it attractive are that samples can be assessed
without filtration and analysis can be easily conducted by gas chromatography.

Gas Chromatography-Mass Spectrometry (GC-MS) analysis of the SPME effluent
extracts enables the specific chemical constituents of the effluent that are
contributing to the mass of material extracted to be identified. Further analysis to
determine the concentrations of constituents which may be of concern for
bioaccumulation can then be used to focus in on those that might need to be subject
to further investigation. For example, the SPME method was used in an OSPAR
Demonstration Programme described in Case Study 6. The data from this study
showed that SPME yielded information about the constituents of effluents which had
the potential to bioaccumulate. It was also useful in providing information on
potential effluent toxicity.

13
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4. PREDICTING AND MONITORING THE EFFECTS OF EFFLUENTS
IN THE RECEIVING ENVIRONMENT

The results of tests conducted on whole effluents in the laboratory can be utilised in
the prediction of their effects in the receiving water. However, they have their
limitations, for example:

I Toxicity can be misjudged because bioavailability and fate processes in
laboratory tests may not reflect receiving water conditions;

1  Sampling is usually discrete and therefore it is difficult to predict the
consequences of temporal variability in composition for effluent toxicity;

1 The methods currently available for determining the persistence and
bioaccumulation properties of effluent constituents do not allow their potential
for causing long-term effects to be predicted with a high level of confidence
(Burton et al, 2000).

Chapman (2000) has therefore argued that the results of laboratory toxicity tests
should only be used in isolation for hazard screening or for monitoring the
effectiveness of measures used to control effluent quality and not for drawing
definitive conclusions regarding probable effects in the field.

The advantages of chemical and biological monitoring of receiving waters are that,
by comparison with WEA, there is greater realism of exposure conditions and a
more diverse biological community can be examined. However, field monitoring has
its own limitations and complications. For example, it may be problematic, if not
impossible to use as a risk-based management tool for receiving waters polluted by
multiple inputs over a relatively large geographical scale. This is because of the
difficulty of attributing toxicity to a particular source or it may be hard to discern
subtle effects because of O6natur alsdéfrolbi ol ogi cal
non-polluting sources such as the physical quality of the habitat will have a major
impact on the biological status (Dyer et al, 2000). It is therefore appropriate that
WEA and receiving water monitoring be viewed as complementary techniques that
can be used singly or in combination depending upon the particular circumstances.

4.1. APPLICATIONS FOR RECEIVING WATER MONITORING STUDIES

Common applications for receiving water monitoring studies are:

1  To determine water quality status;
1  To evaluate major episodic discharges to receiving streams;

1 To evaluate receiving water exposure concentrations that equal or exceed
laboratory-derived toxicity levels;

To interpret whether laboratory responses indicate ecosystem impairment;

To increase confidence in an assessment when the receiving water contains
particularly sensitive or endangered species;

1  To understand the effects of effluents that are known to contain components
that are poorly evaluated by Whole Effluent Toxicity (WET) testing;

14
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4.1.1.

4.1.2.

1 To verify fate modelling and the role of fate processes in determining
contaminant exposure (e.g. degradation, dilution, transformation,
volatilisation, and sorption);

1  To undertake spatial tracking of pollution-related impacts.

Field monitoring involves comparison of samples from target sites that are receiving
effluent with samples taken from the same location at another time (e.g. before
discharge), or with samples from a reference site not impacted by the discharge
(e.g. upstream of the discharge) or with samples from a site that is presumed
pristine. The techniques and methods used are described in more detail in
Section 4.2. Examples of their application to refinery effluents are described below.

Assessing the biological status of receiving waters

Monitoring surveys to assess the biological status of refinery effluent receiving
waters have been undertaken for many years. An overview of the methods used
was given in an earlier CONCAWE report (CONCAWE, 1982).

An example of this can be seen with long-term studies of the Kinneil intertidal area
of the Forth estuary in eastern Scotland. This area has been subject to the effects of
industrial discharges, principally from oil refinery and petrochemical processes,
since the 1920s. The inter-tidal fauna has been studied annually since 1976 using
consistent methodology providing over 20 years of data. During this time discharges
from the industrial sources have substantially reduced through a combination of
plant closure and the installation of improved effluent treatment systems. The
conclusions drawn from this monitoring study were that there has been a significant
increase in species diversity which is attributed to the improvements made to the
petrochemical effluents that are discharged to the area (McLusky and Martins,
1998).

An example of a long-term refinery effluent monitoring study related to the Mongstad
Refinery in Norway is given in Case Study 3. Monitoring has been undertaken here
regularly since 1972 and the data from several earlier years were presented in a
CONCAWE review (CONCAWE, 1982). The data enabled trends and major
environmental gradients to be detected. It has also shown that physical factors,
particularly exposure to wave action, can play a significant role in determining faunal
distribution in rocky shore locations. Such factors need to be quantified so that sites
of chemically similar exposure can be compared to each other in order to assess
whether adverse effects from pollution are occurring.

Predicting effects in receiving waters

Toxicity assessments on field collected water and sediment samples can provide an
intermediate step between effluent assessments and full monitoring studies.

In Case Study 1, chronic toxicity assessments with the aquatic invertebrate,
Daphnia magna, have been used to demonstrate lack of adverse effects in water
courses which receive refinery effluents that have previously been shown to be
acutely toxic to D. magna. It was possible to conduct the tests at water hardness
values that were outside those specified in the method guideline and successful
reproduction was achieved even in slightly estuarine waters (up to 5%). Under such
circumstances it was important that appropriate controls were included in the range
of treatments in order to assess the validity of any observed responses.
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In the same example, the Microtox® test was shown to be generally more sensitive
to the effluent test samples. The test (which is based on the response of a
luminescent bacterium, measured as a reduction in light output) was capable of
detecting toxicity when the acute D. magna tests were not. There also appeared to
be a link between toxicity as determined by Microtox® and the chronic D. magna
study. When mortalities occurred in the adult Daphnia used in the chronic study, the
contributing effluent was significantly more toxic to Microtox than on previous
occasions. Furthermore, on this occasion water samples taken from the Brook just
after receiving the effluent were also toxic to Microtox® and had higher than normal
COD (Chemical Oxygen Demand) values.

The data in this case study showed there was no correlation between measured
toxicity and the magnitude of chemical parameters that formed the basis of the
existing discharge consents. The toxicity assessments therefore provided valuable
additional information.

Whole sediment tests with the amphipod, Corophium volutator, were also
successfully used in Case Study 1 to assess toxicity of both fresh and marine water
sediments. These tests were capable of detecting adverse effects related to an
effluent and could be used to assess the toxicity of both freshwater and marine
sediments.

Both the chronic toxicity tests with D. magna and the sediment studies with
C. volutator indicated that one of the effluents was having an environmental impact.
Having results from two complementary studies provided weight of evidence that the
quality of this effluent needed to be improved.

Effluent toxicity was variable throughout the study and ideally in-situ toxicity
assessments, where test organisms are deployed directly into the water course,
should have been used to study the overall long-term effects of effluents in the
receiving environment. In-situ assessments have the advantage that these would
capture any accidental releases or minor plant failures. However, such in-situ
studies are difficult to interpret and, the tidal saline nature of the lower reaches of
the river effectively prevented the deployment of such tests with freshwater
organisms like D. magna.

Monitoring effects in the environment

The aim of Case Studies 7 and 8 was to gain an understanding of how current
markers for biological quality performed for receiving waters receiving refinery
effluents. The studies related to two different receiving waters, Case Study 7 related
to a freshwater river, while Case Study 8 related to an estuary.

The use of the biological index in Case Study 7 was found to be very helpful in
providing a wider knowledge of the receiving water and the sensitivity of the
community present to the effects of the effluent quality. The observed changes to
the quality of the receiving water justified the high investment made on the waste
water treatment plant. A coincidental learning point from this study was that even
when the legal control parameters had been met for the refinery effluent, other
factors (in this case increased salinity arising from drought conditions and
associated high recycling of the municipal treated waste water) may have impacts
that are outside the control of Industrial operations.

In Case Study 8 the importance of very careful pre-planning and consideration of

flextremeodO events was clearly demonstrated.

T ht
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ensure there were 3 fr ef e rrigend thédispchargenthes , i ncl
outcome was such that none of the data for these points was usable in the final

assessment. It is concluded that studies of this nature must take account of the

following:

Comparisons should be based on data for iso-salinity sampling stations;

i The organisms which are naturally present should be given primary
consideration as community indicators;

i If it is necessary to expose monitoring organisms (e.g. mussels) at different
locations for comparison, and these should be located under very similar
physical-chemical conditions.

4.2. FIELD MONITORING TECHNIQUES

Field monitoring can involve comparison of samples from target sites receiving
effluent with samples taken from the same location at another time (e.g. before and
after discharge), or with samples from a reference site not impacted by the
discharge being investigated (e.g. upstream of the discharge). Samples may be
compared in terms of analyte concentrations to validate persistence and
bioaccumulation modelling, or in terms of toxicity, or in terms of structure of the
biological community to validate toxicity tests. Biological community structure may
either be compared to reference sites or to pollution indices derived from the
species typically observed in sites with similar hydrology, topography,
geomorphology and a history of exposure to different types of pollution. Monitoring
usually involves repeat or regular sampling of specific sites, however, for the
purpose of a whole effluent assessment, limited sampling (a survey) may be
sufficient. Measurement of generic water quality parameters will almost always be
part of the monitoring programme.

Some of the field monitoring techniques that can be applied are described briefly in
the following sub-sections. More detailed guidance on the these and other
techniques that are targeted at meeting the needs of the Water Framework Directive
(see Section 5.2.1) can be found in a technical report published by the European
Commission (EU, 2010).

4.2.1. Fate and exposure of contaminants

The following techniques are available for use in fate and exposure monitoring
studies:

1 Specific analyte measurement (e.g. SPMD, caged mussels, large volume in
situ sampling);

Other water and sediment quality parameters;

Tissue analysis using for example mussels and/or fish;

Solid phase extraction (SPE) techniques;

Biomarkers;

a4 =4 = =4 =4

Dilution studies using dyes and other markers.

17
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Specific analyte measurements

Measurement of specific effluent constituent concentrations in receiving waters,
when considered in conjunction with other parameters, including suspended solids,
sediment and biota analyses, allows a fuller understanding of the environmental fate
of the constituents to be developed. The fate of other constituents may also be
predicted from the results of such analyses if they share similarities (e.g. in chemical
structure) with those that have been studied.

Water column

The nature of water column monitoring will, to an extent, depend upon local
circumstances and experience. For example, in Norway the choice of monitoring
methods used to assess the fate of constituents of refinery effluents has been
influenced by experience gained in monitoring effluents resulting from offshore oil
and gas operations. Oil companies operating in the Norwegian sector of the North
Sea have conducted field studies since the mid-1990s to monitor produced water
discharges to the marine environment. As a consequence of the rapid dilution of the
discharges, the methods employed to measure concentrations of constituents of
exploration and production produced water discharges needed to be capable of
detecting ultra-low concentrations of the chemical substances of concern. The
results of these studies have been used to validate models for predicting Polycyclic
Aromatic Hydrocarbon (PAH) dilution and concentration gradients arising from the
discharges (Durell et al, 2006; Neff et al, 2006).

The following direct and indirect methods of monitoring concentrations of effluent
discharge constituents have been tested and evaluated in the Norwegian water
column monitoring program:

Direct water sampling (spot sampling);

In-situ large volume water sampling (time averaging);
Solid phase micro-extraction (SPME) techniques;
Deployed semi-permeable membrane devices (SPMDs);
Deployed blue mussels;

= =4 -4 —a -8 -1

Plankton samples.

The SPMDs and mussels together with in-situ sampling of seawater were identified
as being capable of measuring average levels of chemical constituents present in
produced waters. Furthermore, predictions using mussels, SPMDs, and modelling
were found to support and complement each other and the surveys demonstrated
that all are valuable tools for estimating the fate and impact of chemical
contaminants present in produced waters that are discharged to marine
environments (Durell et al, 2006). The methods may also be applicable to programs
designed to investigate the fate and effects of constituents of refinery effluents.

Chemical analysis of sediment samples has been practiced as part of refinery
effluent monitoring programs for many years. Case Study 3 shows that the surface
layer of sediment in the vicinity of Mongstad refinery in Norway has been analysed
for oil-derived hydrocarbon content since 1985. In 1990 the analysis was extended
to include the heavy metals Pb, Ni and V. In some cases the range of metals
covered was extended to include Hg, Zn, Cd, Cr, Cu, Co, As and Fe. The surface
layer of the seabed was also analysed for the oil related hydrocarbons;
naphthalene, phenanthrene, dibenzothiophene and their alkyl homologues,
fluoranthenes and pyrenes. Occasional analyses of Total Petroleum Hydrocarbons
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(TPH) and the normal alkanes (n-Cs;) of the sediment samples were also
undertaken. Sediment samples were taken using a Van Veen grab sampler. Case
Study 3 shows the utility of such monitoring in helping refinery operators distinguish
the impacts of their different activities.

Other water and sediment quality parameters

Physical, chemical and biological characteristics of natural environments fluctuate
within and between regions. Understanding the extent of these fluctuations is
important when assessing the significance of the impacts of effluent discharges. A
wide range of parameters may be relevant; pH, dissolved oxygen, temperature,
salinity, density, turbidity and alkalinity for the water column; and colour, smell,
organic matter content and distribution of particle size for the sediment. The
relevance of each needs to be considered on a case-by-case basis.

Routine monitoring at Mongstad refinery in Norway (Case Study 3) has, since 1990,
included measurement of organic matter content of the surface sediments (by
measurement of ignition loss) and grain-size distribution analysis. This data has
been used to classify the sediments according to standard criteria. The grain-size
distribution also provides an indication of the strength of prevailing water currents at
the sampling location. Additional hydro-graphic data (temperature, salinity, density,
oxygen level and turbidity) are also collected from a permanent station in the vicinity
of the Mongstad refinery.

Tissue analysis in mussels/fish

Analysis of the tissues of sedentary animals, such as marine mussels, in receiving
water environments has been practiced for many years in effluent monitoring
programs. For example, at the Mongstad refinery in Norway (Case Study 3),
chemical analysis of oil-derived hydrocarbons present in the tissues of blue mussels
collected in the area surrounding the effluent discharge, has taken place on a
regular basis since 1990. Measurements have been made in both native wild-caught
mussels and those deployed in cages for four months at 4-5 stations on the seabed.
Heavy metal concentrations were also occasionally determined in the mussel
tissues within the same period.

Similar analyses of fish tissues can be performed but care has to be taken when
interpreting results obtained from wild-caught (as opposed to caged) individuals
because of uncertainties over their history of exposure.

Analysis of tissues from caged or wild-caught invertebrates and fish can provide an
indication of exposure to effluent components (Chappie and Burton, 2000). Such
information may be valuable in determining the potential for
bioconcentration/bioaccumulation of effluent constituents in the food chain. The
information may also be combined with methods designed to assess the health and
fithess of indigenous populations of organisms, For example, the Scope for Growth
test (Widdows et al, 1995) can be used to assess whether growth rates of mussels
are compromised by exposure to marine waters receiving effluent discharges.

If tissue analysis is to be useful it is important that the limitations of analytical
methods, choice of species (sentinel versus indicator), duration of exposure and
caged versus free-swimming animals are fully taken into account when designing a
monitoring program.

19
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Solid phase (micro) extraction techniques i SP(M)E

In some receiving waters it may be possible to use indirect methods for monitoring
the concentrations, fate or behaviour of effluent constituents. SPME is one example
of such a method that is based on the relationship that exists between the chemicals
octanol/water partition coefficient (log Kow) of a chemical substance and its potential
to bio-concentrate/bioaccumulate. Partitioning of a substance onto an SPME fibre is
also related to the log K,,. Exposing SPME fibres to water samples containing
effluent constituents and then desorbing the bound constituents enables their molar
masses to be determined using chromatography. The molar masses can then be
used to determine the hydrophobicity of the constituents as an indicator of their
bioaccumulation potential and their concentrations in the environment.
Hydrophobicity can also be used as an indicator of their baseline (narcotic) toxicity.
SPME methods are considered to be particularly relevant to receiving water studies
involving refinery effluents (Leslie et al, 2002; Parkerton et al, 2000).

Case Study 6 describes a programme funded by CONCAWE, in which assessments
of refinery effluents were conducted in support of an OSPAR demonstration project
addressing comparability of SPME and aquatic toxicity.

Biomarkers

A biomarker is defined in the context of this report as any biochemical,
physiological, or histo-pathological indicator of exposure or response to a
contaminant by individual organisms (Van Gestel and Van Brummelen, 1996). The
definition includes measurements made in portions of a single organism, including
contaminant receptor molecules, bio-chemicals (i.e. detoxification enzymes), blood,
bile, and tissues (e.g. liver, tissue).

Biomarkers have been widely used as indicators of contaminant impacts in
ecosystems. However, just because a biomarker response is observed this does not
necessarily imply that an adverse effect is likely to be already present or occur in the
future. Biomarkers should therefore be considered to be indicators of exposure
and/or that some biochemical receptor or site of potential action has responded to
the presence of the contaminant (e.g. Kloepper-Sams et al, 1994).

There has been substantial progress in developing biomarker methods to assess
pollution in marine benthic systems. Many of the techniques have been developed
through practical workshops (Bayne et al, 1988; Addison and Clarke, 1990;
Stebbing and Dethlefsen, 1992). These methods have now been incorporated into
national and international monitoring programmes and have contributed towards a
framework for general and contaminant-specific monitoring (OSPAR, 1997 and
2008-09).

The increasing use of biomarkers is evident when looking at water quality
monitoring which has been undertaken in areas such as Milford Haven in Wales. In
this example, reviews of the environmental studies that have been used to assess
the ecological status of the Milford Haven area have been undertaken for the Milford
Haven Waterway Environmental Surveillance Group (MHWESG) by Hobbs and
Morgan (1992) and Bent (2000). These indicated that, in addition to established
benthic diversity monitoring and chemical analysis studies, the use of biomarkers
has increased during the 1990s. These biomarkers were used not only to extend the
previous monitoring and surveillance programmes, which focused on the acquisition
of baseline water quality and biological data, but also included work commissioned
after the Sea Empress oil spill in February 1996. The biomarker methods that have
been used include:
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1 EROD (Ethoxy-Resorufin-O-De-ethylase) activity in flatfish. This involves
measurement of enzymatic activity in response to xenobiotic compounds,
present. In this case it has provided a measure of exposure to PAHSs in the
absence of fish mortalities;

i DNA-adduct formation studies in fish and mussels. The complexation of DNA
with PAH compounds is used as an indicator of exposure;

i Scope for Growth (SFG) in mussels (Mytilus edulis). Measurement of
energetic resources available for growth provides an indication of the
physiological fitness of an organism following exposure to toxic (or other)
stressors;

i Mussel immunity studies. Involved the measurement of changes in the status
of the immune system resulting from exposure to toxic (or other) stressors.

The study is interesting because although the data from these biomarkers and other
studies are considered to be of high quality, the ecological studies undertaken in
Milford Haven have not always been able to reflect change due to, for example, oil
pollution. According to Bent (2000) this is due to naturally occurring gradients in
biota and physical-chemical parameters that make interpretation of the results
difficult. Similar difficulties with interpretation of biomarker response have been
found in the studies presented in Case Study 8, where, in many instances, the
results of the biomarker studies did not appear to correlate with other measures of
water quality. The availability of specific wild species (e.g. flatfish) and difficulties
associated with transporting and caging such organisms also presented a number of
practical difficulties.

The authors of the Milford Haven study note that there has been an increasing trend
since the 1990s to evaluate biomarker methods to assess impact of contaminants in
pelagic ecosystems. For example, the international BECPELAG programme
investigated a number of biomarker methods (Hylland, 2000; Hylland et al 2001 and
2002). Based on the results from the BECPELAG workshop a suite of biomarkers
met hods (ECETOC, 2004) were included i
water column monitoring programme. Biomarkers were also used in a 2006
environmental water monitoring program of a Norwegian onshore facility (Liquefied
Natural Gas plant) and it is anticipated that a similar approach will be included in
future monitoring programs for Norwegian oil refineries.

Hagger et al (2008) have proposed a biomarker response index (BRI) that can be
used to classify the ecological health of aquatic ecosystems. BRI that is based on a
suite of biomarkers in individual blue mussels (Mytilus edulis) which they believe
provide an integrated relative measure of the general health status of these coastal
invertebrates. They also believe that the BRI can be used to reduce uncertainty in
defining risk classification and provide better evidence of existing impact and may
be of value in address these issues in the context of the EU WFD.

In summary, biomarkers are being used to an increasing extent in Europe as part of
ecological water quality monitoring programmes, especially in marine environments.
This trend is likely to continue as the WFD is implemented. However, as the
example provided in the Case Study 8 indicates, the associated techniques are not
always easy to employ and as has been pointed out by Forbes et al (2006) it can be
very difficult to draw definitive conclusions with respect to probable effects on whole
organisms.
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Dye studies

Dye studies have been used for many years in water column monitoring studies is to
determine flow characteristics and patterns in water bodies and associated
dispersion and dilution profiles for effluents. Dye studies are also a key tool used in
validating models for predicting such behaviour.

Experiments involving the addition of fluorescent dye (Fluorocene) to the main
effluent from the processing unit at the Mongstad refinery were conducted to
validate the dilution factor that was estimated by dispersion modelling (Golmen and
Nygaard, 2006). The dye was detected by sensitive sensors in the sea surrounding
the diffuser segments at 50 m depth up to 1,300 m from the inlet well. Vertical
profiles of fluorescence, turbidity, salinity and temperature versus depth were
determined at regular intervals each day at 30-40 stations at varying distance from
the diffuser. The sensor readings represented theoretical dilution factors of 250 -
900 within the sampled area. The dye was consistently detected in the sea recipient
in water layers between 30 and 40 m depth confirming the in-layering depth
predicted by the model.

Biological effects
Biological effects monitoring approaches fall into several broad categories that are
applicable to both water and sediment. The sequence illustrated in Figure 2 shows

the increasing probability of predicting effects using different approaches.

Figure 2 Predicting receiving stream impacts from effluent discharge
(after Waller et al, 1996)
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Whole Effluent Toxicity (WET) tests

See previous discussion i Section 3.1 and ECETOC (2004). Effluent samples are
tested directly to determine their toxicity. The results are used to predict effects that
might arise following release to the environment.

Ex-situ toxicity monitoring

Samples of receiving water and/or sediment are taken and subject to testing using
the approaches described in Section 3.1 and in ECETOC (2004). Differences
between WET and ex-situ test results are likely to result from interaction of effluent
sample properties with receiving water/sediment properties in the ex-situ samples.
In contrast, the properties of the dilution water/sediment used in the WET tests are
likely to be more standardised (Waller et al, 1996) and therefore possibly less
relevant to the site-specific conditions.

In-situ toxicity monitoring

In-situ toxicity monitoring typically involve exposing organisms at locations within the
receiving environment that are chosen either to provide an indication of effects
arising from exposure to effluent dilutions or as controls to demonstrate background
levels of response. The approach offers significant advantages over the previous
two approaches in that it takes account of all the local variables controlling exposure
and can integrate the effects of discontinuous discharges. In the opinion of La Point
and Waller (2000) the approach is not employed as commonly as it should be.

Holding test organisms in cages or enclosures at predetermined locations ensures
that they are exposed to the desired set of conditions. This can avoid complications
that may be introduced by, for example, historical contamination of sediment or
impaired habitat (Waller et al, 1996). However their use still needs to be considered
carefully because effluent plume location and strength can vary both in time and
space, making it difficult to quantify exposure. It should also be recognised that in-
situ studies may overestimate effects because the test organisms are unable to
avoid contaminant effects using behavioural strategies.

Aquatic mesocosm studies

Aquatic mesocosms are semi-natural systems that are designed to examine the
effects of contaminants in receiving environments (ponds, lakes, streams, rivers,
estuaries or the open sea) under relatively natural exposure conditions in a
replicated way. Replication of test systems, such as artificial streams and ponds or
enclosures in lakes and marine and estuarine environments, allows multiple
treatments or replication of single treatments to be applied (or both) in such a way
that the results can be assessed using tests of statistical significance (see for
example Girling et al, 2000).

Mesocom studies provide the opportunity to examine direct toxic effects on many
targeted responses at the sub-organism, whole organism or community level or in
community function endpoints. They can also be used to identify secondary
responses arising from the effects of toxicants on species-species interactions.

Mesocosm studies can be expensive to commission and the large amount of data

they generate can be difficult to interpret. Consequently they need to be designed
and planned very carefully and resourced appropriately.

23
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Bio-monitoring

Bio-monitoring is defined here as the long-term tracking of water/sediment quality to
evaluate historical trends in the status of freshwater and marine habitats. Species
abundance and diversity monitoring, particularly of benthic and intertidal habitats,
has been one of the cornerstones of bio-monitoring programs. Species diversity
monitoring of open freshwater (e.g. lakes) or pelagial habitats is less frequently
performed because of the difficulty in sampling these habitats, and the unrestricted
movement of organisms into and out of potential zones of influence.

Great care is again required when designing biomonitoring programmes if results
are to be obtained which can be clearly interpreted (Dyer et al, 2000; Dyer and
Wang, 2002). Long-term and regular monitoring programmes are more likely to
detect changes in the quality of effluent receiving waters than 'one off' studies. A
well-designed long-term monitoring programme must also consider a whole host of
habitat and chemical factors that will allow the results to be considered in a wider
context.

Techniques used in bio-monitoring surveys were first reviewed by CONCAWE in
1982. However there have been significant additions in the period since then.

Condition monitoring

Many of the bio-monitoring programmes undertaken are best classified as fcondition
monitoringo b e c theysae not tied to assessing the impact of particular
discharges/effluents. However, such surveys may provide an indication of where
water quality is impacted and may be refined to assess the impact of effluents.

Condition bio-monitoring is not a new concept and has been practiced quite
extensively in assessing the ecological status of both the marine benthic
environment and fresh water streams and rivers. For example, biological monitoring
has been incorporated into the UK National Marine Monitoring Programme (NMMP)
since the 1980s (CEFAS, 2008). The objectives of the NMMP are to:

i Establish as precisely as practicable the spatial distribution of contaminants in
UK waters and to identify their biological impact, thus identifying any areas of
specific concern;

i Detect trends in contaminant concentrations and biological well-being in those
areas identified as being of concern; and

1 Measure long-term natural trends in physical, biological and chemical
parameters in selected areas.

An overview of NMMP, which includes the collection of spatial data on chemical and
ecological status as well as evidence of adverse biological effects, is given in
Figure 3.
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Figure 3 Summary of monitoring data collected under the UK NMMP scheme
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To be effective this type of monitoring programme requires cooperation between
several scientific disciplines (often involving different institutions) and long-term
commitments in terms of both funding and resources. In spite of this it is likely that
this type of monitoring will become more important in Europe in order to establish the
ecological status of water bodies as required by the EU WFD.

Benthic species diversity survey of freshwater habitats is another form of condition
monitoring that has been used for many years by national regulators to evaluate the
status of freshwater habitats. In the early 1970s UK scientists and water managers
recognised the need for greater understanding of the ecology of running water sites
and their macro-invertebrate communities so that they could develop a nationwide
biological assessment programme. A four-year project led to the development of
RIVPACS (River Invertebrate Prediction and Classification System) - a model that
predicts the freshwater macro-invertebrate fauna expected to occur at a site in the
absence of pollution. The four current RIVPACS models are based on 835 reference
sites from streams and rivers through the United Kingdom (Wright et al, 2000).

The RIVPACS approach has been more widely adopted within the EU and
Scandinavia by countries including Sweden (which has developed bio-assessment
tools for streams and lakes), the Czech Republic and Spain. It has also had
considerable influence on the drafting of the Water Framework Directive (CEH,
2008). This is manifested in the core concept of the WFD in which an ecological
status target, essentially derived from the RIVPACS type approach, is set for each
site. These targets are based on a fundamental knowledge of the relationship
between the biota and the physical-chemical environment and involve the definition
of the O6Reference Conditiond for each
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This type of approach is also being extended to include marine waters. For
example, the Norwegian Pollution Control Authorities has worked out guidelines for
classification of the environmental quality applied to fjords and coastal areas, by use
of fenvironment ad (cMaethi ®®7pn cl asses

Impact and recovery monitoring

Impact and recovery monitoring is initiated in response to incidents, the purpose
being to assess both the extent and severity of the impact and the rate of the
recovery over subsequent time periods.

Surveys, which incorporate many similar elements to those used in the NMMP, have
been used to assess impacts of drill cutting and produced water discharged by the
offshore oil and gas industry in the UK, Dutch and Norwegian sectors of the North
Sea since the mid-1970s. The purpose of these sediment monitoring surveys has
been to monitor impacts of the discharges and determine the magnitude and spatial
extent of environmental effects of oil/gas operations (SFT, 1997 and 1999; Carroll et
al, 2001, Daan and Mulder, 1996).

In these schemes assessment of disturbance of the fauna is based on a number of
ecological variables, covering both the number of species and the respective
individuals present, their comparative abundance, and also the presence or
absence of specific species indicative of anthropogenic influence. The sea-bottom
fauna is analysed using a variety of techniques, a suit of uni-variate and multi-
variate statistical analysis methods (ECETOC, 2004). There are a number of ways
of expressing the results, however, most are directed towards defining zones of
impact. For example, in the Norwegian sector the estimates of total affected
offshore area are based on biological and total hydrocarbon (THC) indicators and
expressed as a proportion of the total Norwegian offshore area (Carroll et al, 2001).

The techniques used may therefore be common to those described previously.
However major incidents, such as the Sea Empress oil spill, have provided the
stimulus for developing and deploying new methods. For example, the following
novel techniques were used to assess the ecological status of Milford Haven:

Film and videotape records; used as part of the substrate survey records;
Biomarkers such as EROD;

DNA adduct studies;

Mussel scope for growth;

Mussel immunity studies;

= =4 4 A A -2

Sediment toxicity testing using species like Arenicola (lugworm) and
Corophium (amphipod).

These are not described in detail here but a summary of the methods can be found in
Bent (2000). In keeping with any assessment method their robustness and value
depends upon the selection of clear initial objectives and following good scientific
practice. To enhance their value such methods should be subject to peer review and be

supported by relevant guidance.
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Evolution of monitoring techniques

A characteristic of longer-term monitoring programmes is that the techniques used
and sometimes their objectives can evolve over time. In most instances changes
occur as monitoring programmes are tailored on the basis of past experience of
where impacts occur, alter as new methods become available, respond to meet new
regulatory requirements or can simply be down to changes in resource availability.

The example given in Case Study 3 is illustrative of how monitoring programmes
can evolve. The methods used in the period from 1972 to the early 1980s were time
and resource consuming and in 1980 a full survey of all 17 monitoring sites and 6
reference sites took four people approximately eight days at low spring tides,
excluding the additional analysis of data and reporting which took one person
several months. Subsequent surveys were therefore tailored to reduce the time and
resources required to complete them. In the same study, the earlier faunal surveys
helped to provide a baseline for future monitoring of the marine environment, and
formed the basis for development of an altered monitoring programme. The
monitoring surveys conducted from 1985 (baseline survey) were more
comprehensive, including chemical analysis of oil hydrocarbons in sediments and
biota, hydrographical measurements as well as sediment analysis. In 1990 analyses
of heavy metals in sediment was introduced, and from 1994 the sediment
measurements were replaced by analysis of metals in biological tissues (blue
mussels).

The range of techniques used in monitoring surveys has increased considerably
since the previous CONCAWE review (CONCAWE, 1982). In fact soon after the
initial review was completed progress in monitoring methodology and statistical
approaches to analysing survey data occurred. For example, the 1972 marine
baseline survey for the Mongstad refinery (Case Study 3) that was reported by
CONCAWE (1982) was updated and a new baseline survey carried out. The survey
was undertaken in 1985 and 1987 and incorporated new and more efficient methods
of analysing species diversity in the benthic faunal surveys.

When such changes occur it is important that the original data is not lost. In the case
of Mongstad refinery survey multivariate analysis (cluster-analysis) of the fauna was
carried out. This allowed comparisons to be made between the various stations in
the new survey and comparison with results for previous surveys, (Johannessen
and Hgisaether, 1986).

In a similar way the study of the abundance of intertidal organisms at the rocky
seashore, which has also been an important part of the monitoring program at
Mongstad, has evolved. The seashore has been monitored since 1972. The littoral
and sub-littoral zones have been subject to investigations due to their ability to
respond to different types of stress and pollution. Surveys have shown that the
algae and sessile animals occupying the littoral zone are sensitive and good
indicators of variations in the environment. Originally, semi-quantitative
measurements of distribution of selected dominating species (plants and organisms)
at fixed stations (socall ed 61 evel anal ysisd) were

that is still used. This method is applied to a smaller and defined area that is more
precisely investigated compar ed to the o6l evel anal ys
area and studied less accurately. Two statistical methods were used for the
community analysis: Multi-Dimensional Scaling (MDS) and cluster analysis as
described by Hjolman and Risheim (1992). Occasionally, photographic
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documentation (film and videotape records) was also included. Species diversity
was shown by applying Bray Curtis similarity index (Field el al, 1982).

Statistical analysis

A suite of multivariate statistical methods are available for analysing biological
monitoring data as shown in Case Study 3, This contrasts with the analysis of
toxicity test data, where univariate approaches are applicable because only one
variable (toxicant concentration) is being varied

The use of multivariate techniques has been shown to have distinct advantages for
complex field datasets generated from bio-monitoring studies. Although univariate
statistics can be applied to bio-monitoring results information can be lost and the
potential for over-interpretation of individual measurement endpoints is introduced.
To ensure bio-monitoring studies are statistically robust any design issues relating
to replication and pseudo-replication must be carefully considered from the outset.

Case Studies 7 and 8 demonstrate other statistical methods for assessing the
results obtained from biological (and chemical) monitoring. Case Study 7 describes
an alternative approach to using biological indices. In this case the company
involved set certain objectives on the biological indices, including the need to
account for biological diversity, which led to a new biological index being adopted.
The case study describes how they set about this and the methods used. In Case
Study 8 the use of alternative statistical methods (e.g. Dunnetts circles) is
described. In all these cases the different approaches were required either because
the situations being assessed were different (Case Study 3 describes a marine
system, Case Study 7 a freshwater river and Case Study 8 an estuarine system) or
the questions being asked were different.

There have been difficulties in communicating the results of studies that have been
analysed using multivariate methods between bio-monitoring practitioners and the
regulators (Giddings et al, 1999). This is because the results are often not intuitive
or obvious. However, these statistical tools (cluster analysis, multidimensional
scaling, ordination, canonical correlation analysis, discriminant function analysis and
the like) have clear scientific advantages because they can maximise the use of all
the available data to provide optimum interpretive power. In all cases it is important
that the difficulties with communicating results through these tools should not be
used as an obstacle to undertaking bio-monitoring in the first place.
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5.1.

CURRENT REGULATORY APPROACHES

HISTORICAL EMPHASIS OF EFFLUENT CONTROL AND MONITORING
IN EUROPE

For many years, regulators have carried out surveys of receiving water quality
downstream of large volume chemical and refinery discharges. These surveys have
most often taken the form of measurements of concentrations of chemicals of
concern/interest in the water column and sediments. However, in some cases

assessments o f the biological sitaheebaeh tldodeem darried h e

out as described by CONCAWE (1982).

In-situ benthic species abundance and diversity studies and chemical analysis of
water and sediment have been used for many years to assess water catchment
quality and assess potential environmental impact of discharges (see Case Studies
7 and 8). Deployment of test species (e.g. caged fish and bivalves) and the use of
surrogates such as bio-markers is less commonly used to regulate discharge inputs.
However it is becoming more common as an evaluation tool used by the regulators
to assess the quality of the receiving environment as discussed in section 4.2.

The use of toxicity-based methods to assess the potential for effluents to cause
damage to the aquatic environment has been established for many years and
continues to grow. Toxicity tests have been used to assess effluent quality in some
countries such as the UK since as early as the 1950s (Alabaster and Lloyd, 1982).
In these early studies large species such as fish (rainbow trout, (Oncorhynchus
mykiss)) and brown shrimp (Crangon crangon) were used. Under the UK 1974
Control of Pollution Act (COPA), these became embodied in law and effluents
discharged into the marine environment were assessed on the basis of their
chemical composition and toxicity to the armed bullhead (Agonus cataphractus) and
the brown shrimp (Crangon crangon) (Franklin, 1980).

In the 1970s/80s there was a general shift within Europe to the control of releases of

specific hazardous chemical substances. These were based on

substances issued by responsible governments or agencies (e.g. the fBlackq fiGreyo
and fRedo |).iEmvirommental Quality Objectives & Standards were developed for
the substances on these lists which stipulated levels in the environment not to be
exceeded on a short- long- or intermittent-term basis. The standards for certain
substances were related to the intended use of the water (e.g. bathing water,
drinking water).

In the late 1990s, it was recognized that a more integrated approach to the
protection of the aquatic environment was required, which included biological and
chemical criteria. This lead to the EU requiring member states to introduce
legislation on Integrated Pollution Prevention & Control (IPPC) which incorporated
Best Available Techniques (BAT) for controlling pollution. Furthermore, toxicity
assessments are recommended as part of the IPPC monitoring strategy (EU, IPPC,
2003) where it states that:

fNith toxicity tests it is possible to assess the possible hazardous character of waste
water in an integrated manner and to asses all synergistic effects which may occur
because of the presence of a lot of different single pollutants. Apart from the
possibility of using the toxicity tests to estimate potential hazardous effects on the
ecosystem/surface water these tests can help to protect or to optimise biological
waste water treatment plants. Toxicity tests, when used in combination with direct
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measurements of specific substances and with the measurements of sum
parameters, are increasingly becoming a set part of any Whole Effluent Assessment
strategy (WEA)O .

In addition to IPPC the WFD (see Section 5.2.1) has provided overarching
legislation requiring that all European receiving waters must meet biological and
chemical quality criteria by 2015.

OSPAR (see section 5.2.2) has, in parallel to the EU initiatives, developed
hazardous substance controls but with increasing emphasis on Persistent (P),
Bioaccumulative (B) and Toxic (T) substances or very Persistent (vP) and very
Bioaccumulative (vB) substances.

5.2. CURRENT NATIONAL AND EU REGULATORY ACTIVITIES

Current EU and OSPAR water quality policy and legislation is aimed at achieving

6good environment al gual ity uanfa substafice-ce wat er s
specific approach. Hence, the environmental hazards of chemicals are assessed on

the basis of their PBT or vPvB properties (see Section 3). These are determined in

laboratory studies using a range of test methods (including physical-chemical

methods). The resulting data are used as the basis for setting environmental quality

standards and targets for receiving waters (and sometimes sediments) and

emission limit values for effluent discharges. However, many regulators recognise

the limitations of such an approach for complex effluents and wastes and are

attempting to use more holistic approaches such as WEA.

One of the principal advantages of biologically based methods, such as aquatic

toxicity testing, is that they provide an assessment of the combined effects of all the

components in a complex effluent. This is particularly helpful with refinery effluents,

where many of the components are of a similar type and mode of toxic action in

aquatic organisms. Another advantage of biological methods is they can add a

degree of biological relevance that may facilitate public understanding of the impact

of an effluent and demonstrate the difference between contamination (i.e. where the

presence of an O6aliend substance is demonstrat e
and pollution (where an effect can be observed or demonstrated).

WET tests are a form of WEA and effluent controls based on WET have been
common in the USA and Canada for several decades. A number of European
countries (e.g. UK, Germany and Sweden) have also extensively utilised WET
methods.

5.2.1. Water Framework Directive (WFD)

The WFD is a legislative framework to protect and improve the quality of all water
resources (rivers, lakes, groundwater, transitional and coastal water) within the
European Union. The WFD was published and entered into force in December 2000
(Official Journal of the European Communities, L327, 22 December 2000, pages 1-
72). Member States were required to incorporate the WFD into national law by the
end of 2003.

The WFD was published in 2000 and it incorporates a number of stages of
development/implementation, an overview of which is presented in Figure 4. The
WFD is currently in the implementation stage with many steps required to achieve
fifgood statuso of all European waters by 2015.
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Under the WFD, River Basin Management Plans (RBMP) will be produced for each
District. A RBMP is a key planning document for a River Basin District, RBD?, and
sets out the specific objectives and the measures to achieve them. The RBMPs
should have been in place by 2009 but at the time of publication of this report
several had not been completed. The RBMP links the WFD and the water-related
requirements of other Community legislation, including the Birds Directive
(79/409/EEC), the Habitats Directive (92/43/EEC), the Nitrates Directive
(91/676/EEC), the Urban Wastewater Treatment Directive (97/271/EEC), the
Environmental Impact Assessment Directive (85/337/EEC), the Environmental
Quality Standards Directive (2008/105/EEC) and the Drinking Water Directive
(98/83/EC).

Figure 4 Overview of the Water Framework Directive

Water Framework Directive 22 Dec
- Flood Risk Directive 26 Now
- = EQS Directive 13 Jan

_ Transposs WFD to Nationa

= QA/QC Directive 20 Aug
Legisistion 22 Dec ST - =
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£ Diractive to Final extension date to Achieve Good _
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= Flood Risk Management Plans
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(g . . Transpose Flood Risks Directive to = Interim RBMP Ststus Report = Interim RBMP Ststus Report
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1 st REMP Review/Update 2nd REMP Review,/Update 3rd REMP Review/Update

(PRTR datz to be acosssble by |

internet) =

{REACH Registration - PET substances
1D}

At the outset, a number of steps were required to be completed by all member
states within a specified time frame:

1 To identify the individual river basins lying within their national territory, assign
them to individual RBDs and identify competent authorities by 2003 (Article 3,
Article 24);

i To characterise RBDs in terms of status quo, pressures, impacts and

economics of water uses and produce a register of protected areas within the
RBD, by 2004 (Article 5, Article 6, Appendix Il, Appendix IIl). This includes the
identification of key interest features (those features which are crucial to
attainment of good ecological status);

2 River Basin District. means the area of land and sea, made up of one or more neighbouring river basins together with
their associated ground waters and coastal waters, which is identified under Article 3(1) of the WFD, as the main unit for
management of river basins.
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1 To carry out, jointly and together with the European Commission, the
inter calibration of the ecological status classification systems by 2006 (Article
2 (22), Appendix V);

To start operating the monitoring networks by 2006 (Article 8);

To monitor and analyse the river basi

programme of cost-e f f ecti ve measur es senvirorenental
objectives by 2009 (Article 11, Appendix Il1);

1 To produce and publish RBMPs for each RBD including designating heavily
modified water bodies, by 2009 (Article 13, Article 4.3);

i To implement water pricing policies that enhance the sustainability of water
resources by 2010 (Article 9);

1 To put the programme of measures into operation by 2012 (Article 11);

To implement these measures and achieve the environmental objectives by
2015 (Article 4).

This type of management plan has already been in place in some EU countries for
several years and as a consequence for many member states the majority of the
steps have been completed. For example, in the UK RBMPs have been developed
in the form of catchment management plans and the assessment of the
environmental impact of refineries has been included in some of these (i.e.
Southampton Water, Mersey Estuary, Milford Haven and Humber Estuary).
Elements of these have been covered in the case studies.

The role of WEA in the WFD could be seen as proving part of the monitoring
strategy in relation to the following:

(i) Surveillance monitoring: assessing long-term water quality changes and providing
baseline data on river basins allowing the design and implementation of other types
of monitoring,

(i) Operational monitoring: providing additional and essential data on water bodies
at risk or failing environmental objectives of the WFD,

(i) Investigative monitoring: assessing causes of such failure.

WEA can form an intrinsic part of a monitoring programme and this has been

recognised in the technical report, a
for water qguality monitoringé, compl
Framework Project, iScreening Methods

the Implementation of the WFD (SWIFT-WFD; http://www.swift-wfd.com/) pr 0 j
summarized by Allan et al (2006).

OSPAR

OSPAR is the mechanism by which fifteen Governments of the western coasts and
catchments of Europe, together with the European Community, cooperate to protect
the marine environment of the North-East Atlantic. The OSPAR Convention formed
a Hazardous Substances Committee (HSC) to facilitate the implementation of a
strategy for Hazardous Substances. The strategy included the development of
programmes and measures to identify, prioritize, monitor and control (i.e., to prevent
and/or reduce and/or eliminate) the emissions, discharges and losses of hazardous
substances that reach, or could reach, the marine environment.
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The HSC saw a number of advantages in the WEA approach (OSPAR, 2005) over
assessment of PBT/vPvB properties of individual components that included the
following:

i Incorporation of a range of methods to reveal (potential) effects of whole
samples (water, sediments and effluents);

i Circumvention of the limitations of the substance-oriented approach by
measuring PBT/vPVvB values directly in samples;

i Providing more relevant data for hazard and risk assessment by improving
the understanding of the combined effects of both known and unknown
substances in a discharge or waste;

i Offering a short cut to the substance-based approach by assessing whether
an effluent is harmful;

i Providing a mechanism for identifying substances (or a combination of
substances) responsible for toxic effects and/or their source using toxicity
identification evaluation (TIE) methodology.

It is unlikely that WEA will replace current OSPAR methods for hazardous
substance control but rather act as a safety net approach allowing checks to be
made on point source discharges for potential hazards. The method is seen as
contributing to the achievement of the OSPR Convention goals (OSPAR, 1992)
which states:

6Contracting Parties agree to take al |l poss
pollution and to take the necessary measures to protect the maritime area against
adverse effectséb.

Many European regulators have or are considering WEA approaches as a potential
tool to support both the hazardous substance strategies of OSPAR and address
Water Framework Directive (EU, 2000) requirements. Additionally WEA approaches
are increasingly being seen as a tool in combating emissions and identification of
BAT under the IPPC Directive (EU, 1996).

With respect to WEA methodology a number of European based initiatives and

development work has been undertaken both by individual countries (e.g. Germany,
The Netherlands and UK) and under the auspices of OSPAR.
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Table 4 Some Examples of Regulatory Approaches of WEA
(after Power and Boumfrey, 2004)

Country Outline of WEA scheme

EU Generic IPPC Directive 96/61/EC BAT, WFD and related EQS Directive 2008/105/EC.
Good water quality objectives may use a WET approach for setting discharge
limits and/or monitoring compliance and/or quality.

Belgium EU approach with sector specific conditions based on BAT. Demonstration
programme being used to develop protocol.

Denmark Non statutory approach including biodegradation and bioaccumulation.
Source control used to protect receiving water.

Ireland Mandatory Emission Limit Values based on toxic units. Source control
primary vehicle with some receiving water monitoring.

England, Small number of consents in place. DTA demonstration programme (industry

Scotland and

& regulator initiative) developed protocol for acute toxicity testing. Bioassay

Wales use expected to increase where receiving water quality is assessed as poor.

France EU & routine monitoring. Some site specific licensing. Used as basis for
taxation.

Germany Regulatory use as hazard reduction under wastewater ordinance and

wastewater charges act. Basis of taxation. Primarily source control but also
uses daphnids for early warning in large rivers. Some states assess
mutagenicity and endocrine effects.

The Netherlands

EU and risk based approach to account for receiving water conditions. May
be used for source control following evaluations.

Norway Can be applied as regulatory instrument. Emission Limit Values and site
specific limits. Source control based upon total emission factors.

Spain Regional use in permits. Source Emission Limit Values. Hazard based source
control. Some taxation of discharges.

Sweden Surface water protection is main goal. Bioassays used to license some
discharges. Source control can include biodegradation and bioaccumulation.

OSPAR Intersessional Expert Group has developed methodology in the context of

OSPAR Hazardous Substance elimination goals. This includes assessment of
Persistence, Bioaccumulation & Toxicity (OSPAR, 2007).

The schemes followed can be very detailed and much more complex than this
simplistic summary implies. For example, many incorporate trigger elements (or
action levels) which serve to impose restrictions on effluent discharges or require
the discharger to provide additional information. For example, according to the
Swedish regulations (Bjorklund and Undén, 1996), further investigations should be
actuated if the Toxicity Equivalents (TEQ) value® exceeds 100. This was the case
for the Mongstad refinery where initial ecotoxicological results indicated that the
TEQ value was > 100. Model dispersion studies and environmental risk assessment
(applying the PEC/PNEC approach) were therefore included in the ecotoxicological
program (Tone Frost Personal Communication).

Since the review by Power and Boumfrey many of the countries listed have been
working with OSPAR in the development of guidance on the use and application of
WEA. This involved undertaking a WEA demonstration project involving a total of 25

® TEQ = TU (toxicity unit) /Q (effluent volume: m%day)

34




@@ﬂ@@W@ report no. 1/12

effluents from 8 different participating parties. Nine of the effluents were provided by

CONCAWE and this helped CONCAWE provide valuable input to the OSPAR

project (see Case Study 6) . Furthermore CONCAWE®6s involvem
respect to the development of flow charts and practical methods for assessing the

persistence and toxicity of constituents with the potential to bioaccumulate, was
incorporated into OSPAROGs practical guidance ddodrxument o
This is considered to be valuable as it seems likely that this OSPAR guidance will

be used within the EU (i.e. under WFD requirements) and as mentioned previously

could feature within the revised BREFs®.

5.3. FEEDBACK ON REFINERY EXPERIENCE WITH APPLICATION OF
WHOLE EFFLUENT ASSESSMENTS (WEA) BY THEIR LOCAL
AUTHORITIES /REGULATORS

To assess how widely WEA methods are applied to refineries, C O N C A W B\ater
Quality Management Group (WQMG) surveyed CONCAWE member companies
during 2005 and included a section requesting them to provide details of their
experience with biologically-based effect methods in the assessment of their refinery
effluents (CONCAWE, 2011).

The survey data indicated a wide spectrum of regulatory use with 23 of the 52
refineries (representing almost half of the C
that some form of biological monitoring was being undertaken on their discharge.

The majority indicated that WEA was a legal requirement of some sort, usually as

part of a discharge consent or permit or part of their IPPC requirements. Some

refineries indicated that WEA testing had been discussed with their local competent

authority (CA).

Feedback received since the survey indicates this requirement is increasing as part
of IPPC permit requirements. This view is supported by proposed revisions to the
IPPC Directive where WEA is being seen as an integral part of defining Best
Available Techniques (BAT) as per the conclusions of the kick-off meeting of the
Technical Working Group (TWG) for the Review of the BREF for Common Waste
Water and Waste Gas Treatment/Management Systems in the Chemical Sector
(CWW) held in Seville, Spain in June 2008. This presentation referred to use of
WEA or similar techniques in permitting/setting emission values for chemical
installations/sites.

The survey results indicated that there was a greater use of receiving water
monitoring (36 refineries reporting use of such techniques) although it was usually
not carried out as a legal requirement. All the monitoring programs covered by the
survey included chemical specific parameters and 15 refineries indicted that their
programs included some form of biological monitoring. Biological monitoring
covered receiving water and sediments and where specified the methods used
included toxicity, bioaccumulation and species diversity assessment.

On the basis of the survey it appears that refineries undertake some of this
monitoring for their internal use only and as a consequence the results are not
always published. In other cases the monitoring is undertaken by the refinery and
the CA to assess contaminants of concern or as a commitment to IPPC permits. In
the remainder of cases the CA undertakes receiving water and sediment monitoring
mainly to assess contaminants of concern but occasionally to assess biological

* BREF: Best Available Techniques Reference Document
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status (i.e. the type of monitoring which will be increasingly required under the
scope of the EU WFD).

In terms of the WEA techniques applied to the effluents the information from the
survey indicated that they were all based on methods described in section 3. These
included Direct Toxicity Assessment (DTA) methods using bacteria (e.g. Microtox®),
acute and chronic invertebrate testing and fish toxicity tests. Although species used
were not always specified, the survey returns indicated that acute and chronic
toxicity assessments were undertaken using both freshwater and marine species
depending on the location into which the effluents were discharged. It was also
apparent that many of the requirements for fish testing were based on the fish
embryo test. The use of fish embryo tests is a useful development because it avoids
many of the animal welfare issues associated with the use of juvenile/adult fish.

In addition, to the water column tests, at least one refinery had assessed the toxicity
of sediments using an amphipod test specified by their CA. Other refineries had also
undertaken bioaccumulation assessments although details of the methods used
were not provided.

In the final part of the survey, refineries were requested to provide feedback on
whether there had been any investment over the previous 5 years to address
concerns associated with chemical and/or biological monitoring data. The feedback
indicated that 18 refineries had invested between 1-10 million U on environmental
improvements with one location spending >10 million 0. Although most of these
sites indicated that chemical concerns were the main driver, 9 sites also indicated
that investments had been made on the basis of both chemical and biological
monitoring results.
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6.1.

STRATEGY FOR ASSESSING EFFLUENTS

It is important that the tools and approaches used to assess the potential effects of
effluents are consistent with the overall strategy for protecting the receiving water
environment. Until relatively recently the focus was on control of selected chemicals.
These were chosen due to concern over their toxicological properties, which were
often allied to their lack of degradation and potential to bioaccumulate. In such
circumstances, the strategy was to measure exposure concentrations of the
individual chemical(s) (e.g. by Gas Chromatography) and interpret them relative to
defined hazardous threshold concentrations. However, as noted elsewhere in this
report, the focus has increasingly shifted towards strategies that take account of the
combined effects of all the contaminants present in an effluent on the ecological
status of the receiving water. This emphasis will continue following implementation
of the WFD.

Toxicity tests conducted on whole effluent samples enable their hazard to be
assessed directly without the need for integration of data for all the constituents.
Only if the hazard is considered unacceptable, might it then be necessary to focus
on specific chemicals. This may be a useful consideration if the conclusion from,
for example, a REACH assessment indicates that a discharge from a site (e.g. a
refinery, terminal, distribution depot or retail) presents an unacceptable risk to the
receiving environment (i.e. the risk characterisation ratio, RCR?, is >1).

A strategy for identifying and managing the effluent chemical constituents
responsible for the unacceptable hazard might then be based on a consideration of
the chemical constituents of concern (determined by analysis of the effluent in
conjunction with known or measured hazard data for the constituents), the
processes resulting in their presence in the effluent stream and the mechanisms by
which their concentrations in the effluent might be reduced. In the latter case, the
first option should probably be to consider modifying process-related factors before
moving on to effluent treatment options.

When assessing the data derived from effluent studies, consideration should always
be given to possible differences between effects observed in laboratory tests and
those that may occur in the receiving environment. This is because fate parameters
(adsorption, abiotic degradation and biodegradation) can significantly influence the
toxicity in the receiving environment but may not be reflected in the results of
laboratory based evaluations conducted under very simplistic exposure conditions. It
is also important that the toxicity of an effluent is assessed in the context of its
persistency or potential to bioaccumulate. Assessing persistence or the potential for
bioaccumulation, in isolation, does not yield useful information that can help prevent
potential for impact in the environment.

RECOMMENDED STRATEGY FOR ASSESSING REFINERY EFFLUENTS

The strategy described below, starts with an assessment of the priority for the study
to be undertaken. Subsequently, an initial assessment is carried out following a
tiered approach. Further studies of toxicity and/or persistence and/or
bioaccumulation may be required depending upon the outcome of the initial
assessment. Toxicity test results are compared with predicted or measured dilution
patterns in the receiving water to assess potential risk. The requirement for risk

® RCR is the ratio of predicted exposure concentration of a substance to its predicted toxic
hazard concentration. For an effluent this relates to the properties of its constituents.
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6.1.1.

6.1.2.

management measures is decided upon on the basis of the outcome of risk
characterisation.

Prioritisation

Prioritisation of effluents will depend upon many factors, and it is not possible to
recommend a single approach. However, among the factors to be considered are:

f
f
f
f
f
f

Flow rates of discharge;

Dilution factors in the receiving waters;
COD/DOCI/F,, ¢ values;

Receiving water characteristics;
Sensitivity of environment;

International, national and local regulations.

Whichever approach is adopted, it is important that it is clearly described and
justified.

Initial assessment

Based on the examples described in Case Studies 2 and 6, the initial stages of an
effluent assessment program should cover the following parameters;

1

Traditional measures e.g. pH, metals, COD, conductivity and free ammonia.
The normal metals that would be addressed, other than those that might be
expected due to the use of catalysts, include mercury, zinc, copper and
vanadium.

SPME screening methods i the experience described in this report, clearly
demonstrate the advantages of using SPME as an initial toxicity screen, e.qg.
see Figure 5. SPME is especially useful for refineries/petrochemical plants to

- Screen the toxicity potential of non-ionic organic chemicals in site-
specific effluent samples that could collectively contribute to narcotic
effects in exposed organisms;

- Address an assessment that includes bioaccumulation potential and;

- Gain insights into the identity of predominant chemicals in samples,
especially if GC-MS is utilised.

Toxicity screening using Microtox® i the advantages of using Microtox® are
that it is quick and relatively inexpensive. Furthermore, provided the data is
generated on reasonably consistent effluents, it should be expected, at least
for acute assessments, that the results will correlate with toxicity to other
organisms (see Case Study 4). It is particularly useful for Toxicity
Identification and Evaluation (TIE), although perhaps more for stronger (more
toxic) effluents than for end of pipe or weak (less toxic) effluents. Although
there are concerns for the @E)otential to identify false positives, current
experience is that the Microtox™ 15 min ECs, test is reasonably predictive and
has low incidence of false positives.

® F,= fraction of organic matter that is susceptible to biodegradation (see Case Study 4)
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Figure 5
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Further assessments

Toxicity

When there is a need to further address the toxicity of an effluent, then there are a
number of potential methods that can be used. In Case Study 6 a range of methods
is described that can be used to address specific questions. These include acute
and chronic toxicity tests that utilize freshwater and marine organisms. The actual
choice will depend entirely on the purpose for the study and the data already
collected.

Persistence

One option that is clearly highlighted in Case Studies 4 and 6 that can be
considered is a degradation test to address whether the toxicity observed in an
effluent is likely to persist in the receiving waters. This test should be designed in
such a way as to minimize the potential for confounding effects (e.g. metal induced
toxicity, ionic imbalance which may cause adverse effects; see Case Study 6).
Investigations of the utility of XAD® resin columns to pre-concentrate the
hydrocarbon constituents in an effluent, thus enabling the toxicity to addressed
independent of the original matrix, have been undertaken. These indicate that
recoveries of most spiked hydrocarbons were >60% (P. Leonards communication to
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6.1.3.3.

6.1.4.

40

CONCAWE). Consequently, the XAD extraction method has the potential to link the
toxicity of an effluent to its hydrocarbon constituents.

The choice of whether a ready style (e.g. DOC) test (OECD 301 series) or a Zahn-
Wellens (OECD 302B) style test is conducted is not considered to be too important
for effluents that are derived from petroleum refineries or petrochemical plants.

Monitoring studies T introduction to a TRIAD approach

Where there is a need to extend investigations further out into the receiving waters,
monitoring techniques are used. These need not use the most sensitive of methods
but they have to be capable of adequate discrimination of changes in toxicity that
can be correlated with the results of risk assessment and/or compliance tests. To be
useful these test methods need to be inexpensive, rapid, relatively portable and
easy to conduct. Field monitoring studies can be used to provide a mechanism for
checking that discharge consent parameters are achieving the degree of control and
protection envisaged. Taking into consideration the learning from Case Studies 7
and 8, there are a number of recommendations that should be considered when
addressing monitoring studies:

i Monitoring studies should, where possible, include pre- and post-discharge
assessments (in both time and space). This will ensure that changes in status
attributable to the effluent can be identified confidently;

i Where possible, monitoring studies should address all three of the following
aspects:

- In-situ monitoring of the biota
- Monitoring of the chemistry of the effluent and the receiving waters

- Bioassays conducted in the receiving waters.
This is referred to as the TRIAD approach (see also Leén Paumen et al, 2007).

One of the major limitations with monitoring studies is that it is not always feasible to
incorporate appropriate controls or to separate potential effects of an effluent under
investigation from those which may be caused by other discharges in the vicinity. A
possible approach would be to assess the relationship between acute and chronic
effects measured in an effluent to adverse effects in the environment. Currently,
investigations on refinery waste water streams are underway to assess whether it is
possible to develop a better understanding of the link between WEA methods and
effects observed in mesocosms (artificial streams).

Risk characterisation

Toxicity measurements made on whole effluent samples provide an integrated
assessment of the effects of all the constituents that are present. This information
coupled with known (or even default) dilution characteristics of the receiving water
enables the risk potential of discharges to be evaluated. Such an approach can be
of greater value for risk characterisation of complex effluent discharges than
approaches based on hazard properties of individual constituents alone. Biological
effects measurements made on receiving water samples can be used to verify risk
characterisations based on effluent sample data alone. This is an increasingly
important consideration with respect to implementation of the WFD and can also be
useful to assess the validity of safety assessments conducted under REACH.
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6.1.5.

Risk management

The costs of upgrading or installing new effluent treatment facilities to address
hazard concerns can be high. It is therefore important to determine first whether
such measures are required or whether required reductions in hazard can be
achieved using other approaches.

Once installed it is also important that such facilities are correctly operated. WEA
can play an important role in this process. In the past, one approach has been to
treat all effluent from a site but this can be problematic and expensive. This is
particularly true for many refineries because run-off water is routed into the effluents
and therefore rainfall events can affect the performance and design capacity of the
waste water treatment system. More recently, the approach has been to separate
effluents into process water, water which may become accidentally contaminated
and surface water run-off. However, even this approach has its limitations because
of the aggregation of process waters from many different operations that may not all
require the same level of treatment. In these circumstances WEA methods can be
used to prioritise where effluent treatment is focussed.

When a wastewater or effluent has toxicity which raises concern there are
techniques already described in this report which can be used to identify the nature
and potential source of this toxicity. These need to be applied in a structured way
because it is recognised that WEA approaches can be of limited benefit unless there
is a clear understanding of how the toxicity of effluents of concern can be reduced.

Toxicity identification evaluation (TIE) and Toxicity reduction evaluation (TRE)
provide a means for identifying toxic effluent constituents and their origin within a
complex process system. TRE is designed on a site-specific basis and is conducted
in a stepwise fashion to narrow the search for effective effluent toxicity control
measures. In common with TIE, the TRE protocols were developed by the US
Environmental Protection Agency (US EPA, 1999). The first stage of a TRE is to
identify the test(s) to be used for toxicity tracking and TIE. These techniques have
been used in the USA for many years and guidance on steps to be taken and
procedures to be followed are available at the US EPA (US EPA, 1991; 1993a;
1993b).

In the US the WET schemes are based on consents, where failure to meet the
conditions of a consent can lead to significant fines. Therefore, the species and
methods used in the TIEs and TREs tend to be based on those used for the
compliance tests. As a result these can be both time consuming and expensive to
undertake. In the EU this need not be the case and sites have used more simplistic
measures based on either microbial assays or high throughput modified toxicity
tests. This was shown in the UK DTA Demonstration Programme where on-site
testing was carried out on three occasions using high-throughput tests with the
marine diatom Skeletonema costatum and the embryos of Pacific oyster
(Crassostrea gigas) to track and aid in the identification of waste streams of concern
which were entering the Langholm sewage treatment plant (Hutchings et al, 2004).
The two species selected were those identified to be the most sensitive during initial
assessment of the discharge. Microtox® has also been used in refinery TIE
investigations when this was shown to be as sensitive as more standard tests such
as Daphnia magna and Acartia tonsa (G. Whale communication to CONCAWE).

Although by their nature TIEs and TREs are focussed on toxicity, there is no reason

why these principles could not be extended to incorporate other endpoints of
concern. For example, the case studies presented in this report indicate that SPME
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measurements could be incorporated into effluent assessment and management
strategies (e.g. SPME measurements could be used to benchmark discharges both
within sites and between sites). SPME measurements could provide valuable
information on the efficacy of wastewater treatment and, as a surrogate for toxicity,
identify streams/discharges of concern. There is also the potential to use SPME
measurements in tandem with effluent toxicity tests to provide an indication of
whether there are likely to be contaminants, capable of causing toxicity, other than
hydrocarbons present in the effluent.

ASSESSING EFFLUENTS FOR COMPLIANCE PURPOSES

Where tests to determine persistence, bioaccumulation or toxicity (PBT) properties
of effluents or effluent constituents are conducted for compliance purposes, the type
of test will be determined by the needs of the competent authority. Tests for
compliance that have potential legal implications need to be of a statistically robust
design, yield unambiguous results and be reproducible and amenable to the closest
scrutiny. If they do not meet these criteria there is potential for operators to find
themselves liable to legal penalties through no fault of their own. Compliance tests
should therefore always be conducted by approved laboratories with quality control
accreditation for that test. Guidance on factors to take into consideration when
selecting testing laboratories has been provided in Appendix Ill.
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7. MANAGEMENT OF EFFLUENT ASSESSMENT PROGRAMS

There are a number of levels at which WEA can be incorporated into the
management of effluent and receiving water quality related study programs. These
include the management of pollution inputs at a regional level (as advocated by
OSPAR), management of discharges into specific water bodies and very specific
studies to assess contributions of individual waste streams to a sited sffluent
discharge.

Tools and strategies for the management of effluents using WEA at an international
and national level have been described in Sections 4 and 6. These are likely to be
prescriptive and sites investigated will have to follow specific procedures and
guidelines. At a local level, sites could be faced with using WEA in the context of
River Basin Management Plans (RBMPs) or as part of industrial sector initiatives
under the auspices of the revised IPPC Directive.

7.1 RIVER BASIN MANAGEMENT PLANS

RBMPs are an important component of how the EU WFD aims to assess and
improve water quality. However, the development of management plans for areas of
concern, such as estuaries, is not a new concept. In fact, initiatives to assess and
improve discharges to important water bodies would most likely be the justification
for the earlier investigations of impacts of refinery effluents reported by CONCAWE
(CONCAWE, 1982).

Although these earlier investigations may not have referred to the same
terminologies, many sites would have had to evaluate their impacts as part of
initiatives to 6clean updé specific locations
techniques. For example, the Milford Haven area in West Wales in the UK has been
subject to many environmental studies. These have included a review of the
environmental status of the Milford Haven undertaken by Hobbs and Morgan (1992).
In more recent years there have been initiatives to coordinate these types of
activities and the Milford Haven Waterway Environmental Monitoring Steering Group
(MHWEMSG) was set up in the 1980-ties. The MHWESMG was responsible for
organising studies to assess the environmental status of the Milford Haven
Waterway.

As large visible dischargers, oil refineries are likely to be identified as potentially
important contributors to water bodies and consequently feature in RBMPs.
Therefore, when such plans are developed, refinery Health, Safety and Environment
(HSE) managers should be aware of the potential implications and of the steps
which can be taken to ensure any actions incumbent on their locations are
appropriate. One of the first steps is to ensure that any information from
environmental investigations and studies (including relevant internal investigations)
are made available and reviewed prior developing a RBMP. This first data collation
step should also include any studies and information on the sources of aquatic
pollution to the watercourse. The data should be collated in a Geographic
Information System (GIS) that is compliant with the INSPIRE directive (EU, 2007).
Where these data are limited it may be appropriate, as in the case of Milford Haven,
to plan and undertake a series of initial studies to enable a management strategy to
be developed (Kitts, 1999).
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REFINERY-SPECIFIC STRATEGIES

Outside of RBMPs, refineries can take proactive steps to manage investigations to
assess the potential impact of their effluents. It is apparent that a number of
refineries have undertaken such studies, many of which have been conducted in
agreement with (or by) the relevant authorities. It is important that such studies are
properly managed, that objectives are clear and that results are appropriately
reported (i.e. to avoid conclusions which are drawn from poor quality or unreliable
data). Having studies that have been properly managed and that take due
consideration of the factors which affect the reliability of WEA measure, will produce
data that can be used to provide a robust baseline. This baseline can then be used
in discussions with appropriate stakeholders (authorities, concerned members of the
public etc.) to determine whether:

i improvements to effluent quality are required;
i any additional treatment employed has been effective;
1 even if their water treatment systems are not as specified in new REACH

Material Safety Data Sheets (MSDSs) or as specified under IPPC BAT, they
are still sufficient to ensure that a discharge is of an acceptable quality;

i accidents and/or upsets that have occurred have resulted in any significant
effects either in terms of effluent toxicity or adverse environmental impacts.

The baseline data can also subsequently be used to assess the efficacy of any risk
reduction measures.

LESSONS LEARNED

The primary factors to consider at the outset of any effluent assessment program
are its purpose and objectives. Once these have been set it is then possible to
determine how these can be met and whether WEA can provide part of the solution.
On the basis of the refinery survey information referred to earlier it is clear that there
is an increasing use of WEA methods within refineries and a likelihood that this will
continue to increase with new and developing regulation. Therefore, refinery HSE
and effluent managers need to ensure they have a better understanding of WEA
and how this can affect their operations.

It is evident that poor or inappropriate WEA methods and/or inappropriate
interpretation of the data can occur and that this can lead to erroneous conclusions
being drawn. Therefore, two of the first matters to address when considering using
WEA methods are the identification of appropriate tests methods and the selection
of a reliable and experienced test laboratory. Ideally these, and the objectives of the
study, should be agreed with relevant authorities and other stakeholders before any
practical work is undertaken.

Additional factors to consider include:

effluent sampling methods;
sample storage conditions;
time between sample collection and biological testing;

inter- and intra-laboratory variability; and

= =4 =4 =4 =

effluent variability.
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If the data are going to be used to provide an assessment of the impacts of site
effluents on a receiving water body then it is also important to consider the following:

1 the level of understanding of site-specific receiving water condition, and

i the influence of the latter on effluent toxicity to resident organisms.

When the WEA techniques are extended into the receiving water, it is important to
understand that, in addition to all the factors outlined above, the potential for
confounding factors and misinterpretation of data increases significantly. In fact, in
some locations where there are multiple discharges coupled with lack of appropriate
control sites it could be argued that such assessments are inappropriate.

These aspects must be carefully examined to ensure that any resulting WEA data

are scientifically sound and relates to the scenario under consideration. Only then
will reliable conclusions be drawn and appropriate actions identified.
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DISCUSSION

This report provides an overview of how measures of biological effect can be used
by refinery operators to assess and manage effluent discharges. It is apparent that
such measures will increasingly be incorporated into the regulation of effluents
under initiatives such as the EU WFD and OSPAR. Under these regulations, whole
effluent toxicity measurement is seen as one tool for assessing effluent quality that
should be applied in combination with (and not instead of) the substance-oriented
approach. Assessments that also address persistence and bioaccumulation
potential of effluent constituents will provide additional information that can be used
to assess the long-term hazards and risks posed by effluent discharges.

One of the principal advantages of WEA is that they can provide a clear indication of
the combined effects of all the constituents present in what are often poorly
characterized and complex effluents. Such assessments can be difficult or
impossible to obtain from analyses of data for individual effluent constituents.
However, this should not be taken to imply that WEA techniques are simple to apply
in all cases. If the methods used are inappropriate or incorrectly applied there is a
high probability of drawing incorrect conclusions and this can lead to, for example,
reputational issues with regulators or demands for unjustified risk reduction
measures (e.g. increased water treatment).

It must be recognised that, whilst most industries and EU Member States support
the principle of risk-based management of both chemicals and effluents, this is not
universal. Some countries still adopt a hazard-based approach in which the ultimate
goal i s hazard reducti on of 6dangero
effluents discharged irrespective of the environmental risk they might pose. This is
an important consideration because, in risk-based management, studies are
generally undertaken on a site-specific basis to protect the quality of the receiving
environment (e.g. no acute toxicity outside a defined mixing zone). However, in
hazard assessment schemes, emission limit values on toxicity (or toxicity loads) are
set with the overall objective of reducing the hazard of the effluents discharged
irrespective of the risk posed to the receiving environment. To complicate matters
further some schemes, reported in the literature, appear to be based on a mixture of
both risk and hazard. Therefore, before embarking on refinery effluent
investigations, it is essential to determine how the information will be used by the
local authorities. In both the literature and refinery survey data it was observed that
although most WEA studies were required for site regulatory purposes, others were
undertaken on a voluntary or case-specific (e.g. sector) basis.

EFFLUENT ASSESSMENT

The most widely applied WEA schemes assess toxicity to aquatic organisms; for
effluents this is referred to as WET testing. WET tests do have relevance to
protecting ecosystems although their relevance and the interpretation of their results
ultimately depends on the tests used (ECETOC, 2004).

It is important that the procedures used in toxicity assessments ensure that the test
results reflect the properties of the sample rather than circumstantial conditions or
confounding factors. Therefore, when measuring toxicity there are critical
parameters (pH, temperature, dissolved oxygen, hardness, salinity, suspended
solids and for some tests colour) that need to be maintained within restricted
ranges. These parameters may require different limits for different organisms and
practical experience suggests that certain substances are often the cause of the

us
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toxicity in a sample (ECETOC, 2004). For refinery effluents, there is an increasing
body of data which indicates that, in the absence of confounding factors (in this case
also including toxicity attributed to metals and ammonia) the toxicity of the effluent
can be predicted on the basis of the hydrocarbons present as measured using
SPME procedures.

The case studies and feedback from a recent refinery questionnaire show that WEA
can also be extended to the receiving environment to provide additional data to
complement existing analytical and biological diversity studies and thereby improve
the assessment of both sediment and water quality.

CONCAWE has contributed to the development and evaluation of methods to
assess persistence (P) and bioaccumulation (B) of effluent components. Such tests
can potentially improve the risk assessment process for effluent discharges but it is
important that their limitations are recognised and put into context. In this respect
CONCAWE has also contributed to developing guidance on the use of such
methods and this has been incorporated into the OSPAR WEA guidance document
(OSPAR, 2007b).

FIELD MONITORING ASSESSMENTS

Field monitoring of receiving waters will increase under the requirements of the EU
Water Framework Directive for member states to establish River Based
Management Plans (RBMPs) and to determine the ecological status of their water
bodies. However some refineries have already been undertaking such studies since
as long ago as the 1970s. More recent examples are provided by the Case Studies
and these have been valuable in demonstrating continual improvements in receiving
water quality associated with investments made in waste water management and
treatment. They have also provided environmental status baselines against which
the impacts of spills or unexpected releases can be assessed.

A key learning point from the case studies is that there should be pre-evaluation of a
site before embarking on a full field monitoring programme. This should include an
assessment of the prevailing physical-chemical conditions because these alone will
affect the biological diversity and the ability of any proposed monitoring organisms
to survive. If ignored, such factors can mask other potential disruptions to the
populations associated with effluent discharges. Problems can be encountered in
identifying suitable reference stations particularly in estuaries where salinity
gradients occur. Furthermore, physical factors (strong currents) and storm events
may lead to losses of caged organisms.

The suitability of the site to support organisms imported to the site to monitor for
effects in-situ also needs to be considered. For example, caged fish and mussels
need to be submerged for 24h every day and this may limit the sites at which they
can be deployed. Likewise, if biomarker responses in imported or indigenous
organisms are to be used any assumptions made about the suitability of the site to
support the selected organisms need to be checked.

Interpretation of the results of monitoring studies with respect to cause and effect
can be difficult. These difficulties increase in large water bodies receiving multiple
inputs and again in estuaries in particular. One recommendation is that the
monitoring program should be tiered and sampling stations selected initially by a
combination of what is already known about the other inputs and, for large water
bodies, by modelling.
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Diversity studies need to be carefully planned and designed to achieve the required
level of detail. In some circumstances these can be tailored for an individual water
course using specifically developed taxonomic keys. If more specialist taxonomic
analysis is required local expertise sampling collecting and handling operations can
be used prior to sending the samples to specialist laboratories for the taxonomic and
biomarker determinations. This may help to prevent any deterioration of the samples
prior to specialist assessment.

8.3. IMPLICATIONS FOR REFINERIES

It is apparent that the application of whole effluent toxicity (WET) and other WEA
methods to assess control and monitor oil refinery effluents is increasing in
response to EU Directives and resulting regulations:

i The refinery survey feedback indicates that WET is used in site permits and in
IPPC in patrticular. It has also been stated that toxicity limits will be introduced
into the BREFs to provide reassurance that the effluent treatment is effective.

i Thef ocus to achieve 06good ecological statuso
Directive is leading to an increase in biologically relevant monitoring. This
could either be to directly assess the impact of a refinery effluent discharge
(i.e. WEA) or as part of wider initiatives to assess water quality and develop
River Basin Management Plans.

Refinery effluent managers therefore need to be aware of the potential benefits and
pitfalls of WET and/or WEA programmes.

In the best case scenario WET/WEA can provide additional evidence that the

refinery effluents are of an O6acceptabledé qual
effects. Using toxicity identification and evaluation (TIE) and toxicity reduction

assessment (TRA) approaches may also help sites by identifying where water

treatment or management efforts should be focused. In the worst case scenarios

selection of the wrong tests and failure to correctly interpret data may lead to

refineries being inappropriately identified as the cause of deterioration in water

quality which could potentially lead to fines, damage to reputation and

implementation of costly additional water treatment that will provide no additional

environmental benefits.

When faced with using such assessments it is therefore important to agree clear
objectives, identify the scope of the study and only use appropriately qualified and
experienced laboratories/contractors. However responsibility for such studies should
not be handed over blindly. It is important that the Industry develops the resources
required to become a trusted partner in the discussions on the design of the WEA
and its objectives. Furthermore, appropriate resources are needed to perform the
correct interpretation of the data obtained. Although a lot of this work can be
performed by consultants and contractors, the availability and involvement of in-
house expertise is crucial to assure that this work is executed correctly and serves
the purpose of the study. This will ensure any decisions following the WEA
investigation can be taken by management that has been informed free of vested
interests.

48



@@ﬂ@@W@ report no. 1/12

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Addison, R.F. and Clarke, K.R. (1990) Introduction: the IOC/GEEP Bermuda
workshop. Journal of Experimental Marine Biology and Ecology 138, 1-2, 1-8

Alabaster, J.S. and Lloyd, R. (1982) Water quality criteria for freshwater fish (in
Europe). London: Butterworths

Allan, 1.J. et al (2006) Strategic monitoring for the European Water Framework
Directive. Trends in Analytical Chemistry 25, 7, 704-715

Bayne, B.L. et al (1988) An overview of the GEEP workshop. Marine Ecology -
Progress Series 46, 235-243

Belanger, S.E. et al (1989) Effects of diet, water hardness, and population source on
acute and chronic copper toxicity to Ceriodaphnia dubia. Arch Environ Contam
Toxicol 18, 4, 601-611

Bent, E.J. (2000) Review of environmental studies in the Milford Haven waterway
1992-2000. Commissioned by Milford Haven Waterway Environmental Surveillance
Group, May 2000

Bjorklund, I. and Undén, A. (1996) Characterization of discharges from the chemical
industry. The STORK Project. Report 4621. Stockholm: Swedish Environmental
Protection Agency

Burton, G.A., Jr. et al (2000) The role of traditional and novel toxicity test methods in
assessing stormwater and sediment contamination. Critical Reviews in
Environmental Science and Technology 30, 4, 413-447

Carroll, M. et al (2000) Environmental status of the Norwegian offshore sector based
on the petroleum regional monitoring programme, 1996-1998. Stavanger:
Norwegian Oil Industry Association

Cefas (2009) Spatial monitoring data from the NMMP. Suffolk: Centre for
Environment, Fisheries & Aquaculture Science

CEH - Centre for Ecology & Hydrology: http://www.ceh.ac.uk/

Chapman, P.M. (2000) Whole effluent toxicity testing 1 usefulness, level of
protection, and risk assessment. Environ Toxicol Chem 19, 1, 3-13

Chappie, D.J. and Burton, G.A., Jr. (2000) Applications of aquatic and sediment
toxicity testing in situ. Soil and Sediment Contamination 9, 3, 219-245

Clarke, K.R. and Warwick, R.M. (2001) Changes in marine communities: an
approach to statistical analysis and interpretation. Plymouth: PRIMER-E

CONCAWE (1979) The environmental impact of refinery effluents. Report No. 5/79.
Brussels: CONCAWE

CONCAWE (1982) Ecological monitoring of aqueous effluents from petroleum
refineries. Report No. 8/82. Brussels: CONCAWE

49


http://www.ceh.ac.uk/

@@W@@W@ report no. 1/12

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

50

CONCAWE (1999) Best available techniques to reduce emissions from refineries.
Document No. 99/01. Brussels: CONCAWE

CONCAWE (2004) Trends in oil discharged with aqueous effluents from oil
refineries in Europe - 2000 survey. Report No. 4/04. Brussels: CONCAWE

CONCAWE (2011) Trends in oil discharged with aqueous effluents from oil
refineries in Europe - 2005 and 2008 survey data. Report No. 2/11. Brussels:
CONCAWE

COPA (1974) Control of Pollution Act 1974. Chapter 40. Norwich: The Stationery
Office Ltd

Crapp, G.B. (1973) The distribution and abundance of animals and plants on the
rocky shores of Bantry Bay. Irish Fisheries Investigations, Series B (Marine) 9, 1-35

Crisp, D.J. and Southward, A.J. (1958) The distribution of intertidal organisms along
the coasts of the English Channel. Journal of the Marine Biological Association of
the UK 37, 1, 157-203

Daan, R. and Mulder, M. (1996) On the short-term and long-term impact of drilling
activities in the Dutch sector of the North Sea. ICES Journal of Marine Science 53,
6, 1036-1044

Dalby D.H. et al (1979) Biological monitor i ng around an oi l
the marine environmento. Symposia of t

de Maagd, P.G-J. (2000) Bioaccumulation tests applied in whole effluent
assessment: a review. Environ Toxicol Chem 19, 1, 25-35

Durell, G. et al (2006) Oil well produced water discharges to the North Sea. Part I:
Comparison of deployed mussels (Mytilus edulis), semi-permeable membrane
devices, and the DREAM model predictions to estimate the dispersion of polycyclic
aromatic hydrocarbons. Marine Environ Res 62, 3, 194-223

Dyer, S.D. et al (2000) Bottom-up and top-down approaches to assess multiple
stressors over large geographic areas. Environ Toxicol Chem 19, 4 (2), 1066-1075

Dyer, S.D. and Wang, X. (2002) A comparison of stream biological responses to
discharge from wastewater treatment plants in high and low population density
areas. Environ Toxicol Chem 21, 5, 1065-1075

ECETOC (1995) The role of bioaccumulation in environmental risk assessment: the
aguatic environment and related food webs. Technical Report No. 67. Brussels:
European Centre for Ecotoxicology and Toxicology of Chemicals

ECETOC (2003) Aquatic hazard assessment Il. Technical Report No. 91. Brussels:
European Centre for Ecotoxicology and Toxicology of Chemicals

ECETOC (2004) Whole effluent assessment. Technical Report No. 94. Brussels:
European Centre for Ecotoxicology and Toxicology of Chemicals

ECETOC (2005) Alternative testing approaches in environmental safety
assessment. Technical Report No. 97. Brussels: European Centre for Ecotoxicology
and Toxicology of Chemicals

refinery.

he

Il nstit



@@ﬂ@@W@ report no. 1/12

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

EU (1996) Council Directive 96/61/EC of 24 September 1996 concerning integrated
pollution prevention and control. Official Journal of the European Communities
No. L257, 10.10.1996

EU (2000) Directive 2000/60/EC of the European Parliament and of the Council of
23 October 2000 establishing a framework for Community action in the field of water
policy. Official Journal of the European Communities No. L327, 22.12.2000

EU (2003) Integrated Pollution Prevention and Control (IPPC). Reference document
on the general principles of monitoring, July 2003

EU (2007) Directive 2007/2/EC of the European Parliament and of the Council of
14 March 2007 establishing an infrastructure for spatial information in the European
Community (INSPIRE). Official Journal of the European Union No. L108,
25.04.2007 and Commission Regulation (EC) No. 1205/2008 of 3 December 2008
implementing Directive 2007/2/EC of the European Parliament and of the Council as
regards metadata. Official Journal of the European Union No. L326, 04.12.2008

EU (2008) Directive 2008/1/EC of the European Parliament and of the Council of
15 January 2008 concerning integrated pollution prevention and control. Official
Journal of the European Union No. L24, 29.01.2008

EU (2008) Directive 2008/105/EC of the European Parliament and of the Council of
16 December 2008 on environmental quality standards in the field of water policy,
amending and subsequently repealing Council Directives 82/176/EEC, 83/513/EEC,
84/156/EEC, 84/491/EEC, 86/280/EEC and amending Directive 2000/60/EC of the
European Parliament and of the Council. Official Journal of the European Union
No. L348, 24.12.2008

EU (2010) Common implementation strategy for the Water Framework Directive
(2000/60/EC). Guidance document No. 25 on chemical monitoring of sediment and
biota under the Water Framework Directive. Technical Report i 2010-041.
Luxembourg: Office for Official Publications of the European Communities

Field, J.G. et al (1982) A practical strategy for analysing multispecies distribution
patterns. Marine Ecology - Progress Series 8, 37-52

Forbes, V.E. et al (2006) The use and misuse of biomarkers in ecotoxicology.
Environ Toxicol Chem, 25, 1, 272-280

Franklin, F.L. (1980) Assessing the toxicity of industrial wastes, with particular
reference to variations in sensitivity of test animals. Fisheries Research Technical
Report No. 61. Lowestoft: Ministry of Agriculture, Fisheries and Food - Directorate of
Fisheries Research

Gensemer, R.W. et al (1998) Amelioration of the photo-induced toxicity of polycyclic
aromatic hydrocarbons by a commercial humic acid. Ecotoxicology and
Environmental Safety 39, 57-64

Ghillebaert, F. et al (1996) Deltamethrin lethal multifactorial activity toward carp
larva related to pH, calcium, and humic acid concentrations. Ecotoxicology and
Environmental Safety 35, 24-37

Giddings, J.M. et al (1999) Community-level aquatic system studies - interpretation
criteria. Proceedings from the CLASSIC Workshop held at the Fraunhofer Institute,

51



@@W@@W@ report no. 1/12

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

52

Schmallenberg, Germany, 30 May-2 June 1999. Pensacola FL: Society of
Environmental Toxicology and Chemistry (SETAC)

Girling, A.E. et al (2000) Development of methods to assess the effects of
xenobiotics in outdoor artificial streams. Ecotoxicology and Environmental Safety
45,1, 1-26

Golmen, L.G. and Nygaard, E. (2006) Dye tracer release experiments at the
process water discharge of the Statoil Mongstad refinery. Report No. 5148. Oslo:
Norwegian Institute for Water Research

Grothe, D.R. et al (1996) Whole effluent toxicity testing: an evaluation of methods
and prediction of receiving system impacts. Proceedings of the SETAC Pellston
Workshop on Whole Effluent Toxicity, September 16-24, 1995, Pensacola FL

Hagger, J.A. et al (2008) Application of biomarkers for improving risk assessments
of chemicals under the Water Framework Directive: a case study. Marine Pollution
Bulletin 56, 6, 111111118

Ho, K.T.Y. and Quinn, J.G. (1993) Physical and chemical parameters of sediment
extraction and fractionation that influence toxicity, as evaluated by Microtox®.
Environ Toxicol Chem 12, 4, 615-625

Hobbs, G and Morgan C.I. (1992) A review of the current state of environmental
knowledge of Milford Haven Waterway. Milford Haven: Milford Haven Waterway
Environmental Monitoring Steering Group

Hutchings, M. et al (2004) Toxicity reduction evaluation, toxicity identification
evaluation and toxicity tracking in direct toxicity assessment. Ecotoxicology 13, 5,
475-484

Hutchinson, T.H. et al (2003) A strategy to reduce the numbers of fish used in acute
ecotoxicity testing of pharmaceuticals. Environ Toxicol Chem 22, 12, 3031-3036

Hylland, K. (2000) Biological effects of contaminants in pelagic ecosystems i a
practical workshop. 2000 Annual Science Conference, Bruges, Belgium

Hylland, K. et al (2001) ICES/IOC workshop on biological effects of contaminants in
pelagic ecosystems (BECPELAG): overview of the programme of the planning
meeting, January 18-19, 2001. Copenhagen: ICES

Hylland K. et al (2002) An ICES workshop on biological effects in pelagic
ecosystems (BECPELAG): summary of results and recommendations. ICES ASC
2002 CM 2002/X:13. 2002 Annual Science Conference, Copenhagen, Denmark

Jeram, S. et al (2005) A strategy to reduce the use of fish in acute ecotoxicity testing
of new chemical substances notified in the European Union. Regulatory Toxicology
and Pharmacology 42, 2, 218-224

Johannessen, P.J. and Hgisaeter, T. (1986) Marine baseline study. Mongstad
agreement no. M30110. Final report. University of Bergen

Kitts, H (1999) Quantification of inputs to Milford Haven. Report prepared by Hyder
Consulting. Milford Haven: Milford Haven Waterway Environmental Monitoring
Steering Group



@@ﬂ@@W@ report no. 1/12

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Klemm, D.J. et al (1994) Short-term methods for estimating the chronic toxicity of
effluents and receiving waters to marine and estuarine organisms. EPA/600/4-
91/003. Cincinnati OH: US Environmental Protection Agency

Kloepper-Sams, P.J. et al (1994) Exposure of fish to biologically treated bleached-
kraft effluent. 1. Biochemical, physiological and pathological assessment of rocky
mountain whitefish (Prosopium williamsoni) and longnose sucker (Catostomus
catostomus). Environ Toxicol Chem 13, 9, 1469-1482

La Point, T.W. and Waller, W.T. (2000) Field assessments in conjunction with whole
effluent toxicity testing. Environ Toxicol Chem 19, 1, 14-24

Leon Paumen, M. et al (2007) TRIAD assessment of a Belgian lowland stream
receiving effluent of a polymer production facility. Poster presented at the 17th
SETAC Europe Annual Meeting, Porto, Portugal, 21 May 2007

Leslie, H.A. et al (2002) Bioconcentration of organic chemicals: is a solid-phase
microextraction fiber a good surrogate for biota? Environ Sci Technol 36, 24, 5399-
5404

Leslie, H.A. et al (2005) Prioritization in WEA: screening whole effluents using solid-
phase microextraction. Poster presented at the 15th SETAC Europe Annual
Meeting, Lille, France, 22-26 May 2005

Mance, G. and Campbell, J.A. (1988) Proposed environmental quality standards for
List Il substances in water: iron. ESSL TR 258. Marlow, Bucks: Water Research
Centre

McGrath, J.A. et al (2004) Application of the narcosis target lipid model to algal
toxicity and deriving predicted-no-effect concentrations. Environ Toxicol Chem 23,
10, 2503i 2517

McGrath, J.A. et al (2005) Validation of the narcosis target lipid model for petroleum
products: gasoline as a case study. Environ Toxicol Chem 24, 9, 23821 2394

McLusky, D.S. and Martins, T. (1998) Long-term study of an estuarine mudflat
subjected to petro-chemical discharges. Marine Pollution Bulletin 36, 10, 791-798

Molveer, J. et al (1997) Klassifisering av miljgkvalitet i fjorder og kystfarvann.
Veiledning. Classification of environmental quality in fjords and coastal waters. A
guide. SFT-veiledning 97:03. TA-1467/1997. Oslo: Norsk institutt for vannforskning

Neff, J.M. et al (2006) Oil well produced water discharges to the North Sea. Part II:
Comparison of deployed mussels (Mytilus edulis) and the DREAM model to predict
ecological risk. Marine Environ Res 62, 3, 224-246

OSPAR Commission (1992) Article 1 - definitions of the 1992 OSPAR Convention.
London: Oslo and Paris Commission

OSPAR Commission (1997) JAMP guidelines for general biological effects
monitoring (OSPAR agreement 1997-7). London: Oslo and Paris Commission

OSPAR Commission (2005) Whole Effluent Assessment. London: Oslo and Paris
Commission

53



@@W@@W@ report no. 1/12

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

54

OSPAR Commission (2007a) OSPAR practical study 2005 on whole effluent
assessment. London: Oslo and Paris Commission

OSPAR Commission (2007b) Practical guidance document on whole effluent
assessment. London: Oslo and Paris Commission

OSPAR Commission (2008-09) JAMP guidelines for contaminant-specific biological
effects (OSPAR agreement 2008-09). London: Oslo and Paris Commission

Parkerton, T.F. et al (2000) Assessing the aquatic toxicity of complex hydrocarbon
mixtures using solid phase microextraction. Toxicology Letters 112-113, 273-282

Power, E.A. and Boumphrey, R.S. (2004) International trends in bioassay use for
effluent management. Ecotoxicology 13, 5, 377-398

Rattner, B.A. and Heath, A.G. (2002) Environmental factors affecting contaminant
toxicity in aquatic and terrestrial vertebrates. In: Hoffman, D.J. et al (Eds). Handbook
of Ecotoxicology, second edition. Oxfordshire: CRC Press

Rge Utvik, T.I. and Johnsen, S. (1999) Bioavailability of polycyclic aromatic
hydrocarbons in the North Sea. Environ Sci Technol 33, 12, 1963-1969

Rge Utvik, T.l. et al (1999) Determining produced water originating polycyclic
aromatic hydrocarbons in North Sea waters: comparison of sampling techniques.
Marine Pollution Bulletin 38, 11, 977-989

SETAC (2000) Environmental toxicology and chemistry. Environ Toxicol Chem 19,
1, 1-255

SFT (1997) Environmental surveys in the vicinity of petroleum installations on the
Norwegian shelf. Report for 1995. Report No. 97:13. TA-1429/1997. Oslo:
Norwegian Pollution Control Authority

SFT (1999) Environmental monitoring of petroleum activities on the Norwegian
shelf; Guidelines. Report No. 99:01. TA-1641/1999. Oslo: Norwegian Pollution
Control Authority

Sherren, A.J. et al (2001) Quantification of total body residues for the prediction of
ecotoxicity of chemical effluents. Technical Report No. 0G.01.49000. Chester: Shell
Global Solutions

Stebbing, A.R.D. and Dethlefsen, V. (1992) Introduction to the Bremerhaven
workshop on biological effects of contaminants. Marine Ecology Progress Series
%11_8

UKWIR (2001) UK Direct Toxicity Assessment (DTA) demonstration programme -
Lower Tees estuary demonstration project? Part 1l (00/TX/02/04). London: UK
Water Industry Research

US EPA (1991) Methods for aquatic toxicity identification evaluations, Phase 1:
Toxicity characterization procedures, second edition. Report No. EPA/600/6-91/003.
Washington DC: US Environmental Protection Agency

US EPA (1993a) Methods for aquatic toxicity identification evaluations: Phase 2:
Toxicity identification procedures for samples exhibiting acute and chronic toxicity.



@@ﬂ@@W@ report no. 1/12

91.

92.

93.

94.

95.

96.

97.

98.

99.

Report No. EPA/600/R-92/080. Washington DC: US Environmental Protection
Agency

US EPA (1993b) Methods for aquatic toxicity identification evaluations: Phase 3:
Toxicity confirmation procedures for samples exhibiting acute and chronic toxicity.
Report No. EPA/600/R-92/081. Washington DC: US Environmental Protection
Agency

US EPA (1999) Toxicity reduction evaluation guidance for municipal wastewater
treatment plants. EPA/833B-99/002. Washington DC: US Environmental Protection
Agency

Van Gestel, C.A.M. and Van Brummelen, T.C. (1996) Incorporation of the biomarker
concept in ecotoxicology calls for a redefinition of terms. Ecotoxicology 5, 4, 217-
225

Vasseur, P. et al (1986) Influence of physicochemical parameters on the microtox
test response. Toxicity Assessment 1, 3, 283-300

Waller, W.T. et al (1996) Predicting instream effects from WET tests. In: Grothe,
D.R. et al (Eds). Whole effluent toxicity testing: an evaluation of methods and
prediction of receiving system impacts. Proceedings of the Pellston Workshop on
Whole Effluent Toxicity. Pensacola FL: SETAC

Whale, G.F. et al (2003) Evaluating alternatives to the use of fish for environmental
assessments. Poster for SETAC Europe Annual Meeting, Hamburg, Germany, 27
April-1 May 2003

Whitehouse, P. (2001) UK Direct Toxicity Assessment (DTA) demonstration
programme: technical guidance i Addressing water quality problems in catchments
where acute toxicity is an issue i TX/02. London: UK Water Industry Research

Widdows, J. et al (1995) Scope for growth and contaminant levels in North Sea
mussels Mytilus edulis. Marine Ecology Progress Series 127, 131-148

Wright, J.F. et al (2000) Assessing the biological quality of fresh waters: RIVPACS
and other techniques. Ambleside, UK: Freshwater Biological Association

55



CcohCawe

report no. 1/12

10. GLOSSARY
API American Petroleum USA trade association that represents all aspects of the US oll
Institute and natural gas industry
B Bioaccumulation Bioaccumulation refers to the accumulation of substances, like
organic chemicals in an organism.
BAT Best Available These are the most effective and advanced stage in the

Techniques development of activities and their methods of operation which
indicate the practical suitability of particular techniques for
providing in principle the basis for emission limit values
designed to prevent and, where that is not practicable,
generally to reduce emissions and the impact on the
environment as a whole.

Biomarker Any biochemical, physiological, or histo-pathological indicator
of exposure or response to a contaminant by individual
organisms (Van Gestel and Brummelen, 1996). This use of
the term includes the response of almost any kind of bioassay
measured from portions of a single organism, including
contaminant receptor molecules, bio-chemicals (i.e.
detoxification enzymes), blood, bile, and tissues (e.g. liver,
tissue).

BOD Biological Oxygen A measure of the amount of oxygen consumed when the

Demand organic components of an effluent degrade.

BREF Best Available A BREF is a BAT Reference Document and is the report

Reference Document

resulting from the exchange of information for the guidance of
decision makers involved in the implementation of the IPPC
Directive. The BREFs are used by the Operators of the
installations (during the preparation of the application for the
IPPC Permit), the Environmental Authorities (Permit writers,
Policy makers) and the Public in general.

Biodegradation tests

BRI Biomarker Response An index that is based on a series of biomarker responses at
Index different levels of exposure.
COD Chemical Oxygen A measure of the amount of oxygen consumed when the
Demand organic components of an effluent are reacted with an
oxidising agent and is usually greater than the BOD. lItis a
measure of the maximum potential for oxygen consumption.
Inherent Tests that are designed to demonstrate that a chemical has

the potential to biodegrade given the right conditions in the
environment.

Insult In the context of environméaet
release of chemical contaminants into the local environment
(stream/river). It normally refers to a sudden change (usually
increase) of the released material.
Iso-salinity Points in the environment where the salinity is the same.
Fy Bio-available fraction The fraction of the organic matter present that is susceptible

to aerobic biodegradation
__ BOD,
® " (0.6 COD)

56



conhCawe

report no. 1/12

INSPIRE An EU directive (EC, 2007), establishing an Infrastructure for
Spatial Information in the European Community.

IPPC Integrated Pollution EC, 1996 i Regulations to ensure that particular industries
Prevention Control consider the environment as a whole, and the impacts of

routine and accidental releases.

MHWESMG | Milford Haven A group set up to assess the environmental status of Milford
Waterway Haven and which conduct studies that address this need.
Environmental
Monitoring Steering
Group

NMMP National Marine A UK scheme which includes biological monitoring to assess
Monitoring Programme | the UK waters, the impact of contaminants and identify areas

of concern and long-term trends.

NOEC No observed Effect The concentration obtained from a chronic toxicity test at
Concentration which effects are not observed, usually expressed in units of

concentration, e.g. mg/I
OSPAR Oslo, Paris Convention for the Protection of the Marine
Environment of the North East Atlantic
P Persistence An assessment of the time that it takes for a chemical to
degrade in the environment. There is rarely 1 single value as
degradation is dependent on the chemical and the
environment. Usually refers to the % life of the primary
degradation of the chemical.
PBT Persistent, A hazard based approach to categorising chemicals. It is part
Bioaccumulative and of the assessment of chemical substances under REACH
Toxic
Pelagic Any water in the sea or river that is not close to the bottom is
in the pelagic zone. . Also applies to Pelagial zones.

Primary degradation Primary biodegradation refers to the disappearance of the
compound as a result of its immediate biotransformation to
another chemical.

RBMP River Basin Set up under the WFD, a RBMP describes a river basin, its
Management Plan status and the strategy to be adopted in order for it to meet

the objectives of the WFD by 2015.

RBT Ready Biodegradation | Tests which are stringent in design, and attempt to screen out
Tests chemicals that will rapidly biodegrade in the environment.

RIVPACS River Invertebrate A model that predicts the freshwater macro-invertebrate fauna
Prediction and expected to occur at a site in the absence of pollution. The
Classification System four current RIVPACS models are based on 835 reference

sites from streams and rivers through the United Kingdom
(Wright et al 2000).
SPMD Semi-permeable Designed to mimic the parts of animals that cause

membrane devices

bioconcentration. These are usually made of plastic tubes or
bags containing oil. The plastic allows contaminants to pass
through, like membranes of animal cells. The oil inside is
similar to a highly purified fish fat and the chemicals dissolve
in this oil just as they do in the fats of a fish.
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Directive

SPME Solid Phase Micro- Fibres which allow for the extraction of chemicals which is

extraction related to hydrophobicity (which in turn is related to a
chemical 6s pot en g)itabioavaiability and a (
analysis can be easily conducted by gas chromatography.
Can be used to assess potential for toxicity and
bioaccumulation.

Stressors Parameters in the environment which impact the organisms
and Astresso t he mgesinihbtensperatwrea
salinity, flow rate as well as chemical contamination.

T Toxicity A measure of the chemical 6s {
units that are related to the concentration of the chemical, the
test duration and the effects being measured, e.g.
concentration causing 50% lethality after 96 h (96 h LC50).

TIE Toxicity Identification An exercise that tracks where toxicity in an effluent originates

Evaluation in a refinery and usually involves working back through the
various input streams to the effluent.

TRE Toxicity Reduction Designed on a site specific basis and involves first TIE and

Evaluation then identified effective effluent control measures to reduce
toxicity.

TRIAD A monitoring study that assesses the in-situ chemistry, biology
and encompasses laboratory toxicity assessments with the
material from the site under investigation.

TU Toxic Units Acute toxic units (Tu,) defined as 100/ L(E)C50 from an acute
test (when toxicity is expressed as % effluent by volume); or
as chronic toxic units (Tu.) defined as 100/NOEC or EC10
from a chronic test.

Ultimate This refers to the complete conversion of a chemical to its

biodegradation inorganic mineral constituents, water and carbon dioxide.

WEA Whole Effluent This approach covers assessing the toxicity of effluents and

Assessment the persistence and potential for bioaccumulation of the
effluent constituents

WET Whole Effluent Toxicity | This approach covers assessing the toxicity of effluents

WFD Water Framework A recent EU initiative focussed on improving the ecological

condition of receiving waters (EC 2000) and which stipulates
that all waters must meet biological and chemical quality
criteria by 2015.
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APPENDIX I:

CASE STUDIES
INTRODUCTION TO SUBSTANTIVE APPENDICES

The following eight case studies describe projects undertaken by CONCAWE or CONCAWE
member companies. The studies were designed to trial the application of biological methods to
the assessment of the hazards and impacts of refinery effluents in receiving waters. The case
studies are referred to in the main body of the report and learning from them is used to support
the recommendations and conclusions of the report.

Case Study 1:

Case Study 2:

Case Study 3:

Case Study 4:
Case Study. 5:
Case Study 6:

Case Study 7:

Case Study 8:

Assessing Refinery Streams 1 addressing the impact of treatment on
toxicity and assessing environmental impact (Shell).

Effluent toxicity at Mongstad refinery (Statoil).

Ecological monitoring of the marine environment at Mongstad refinery
(Statoil).

A study on the ecotoxicity of Mol Danube Refinery effluents (Mol).
Predicting the effect of refinery effluents (ExxonMobil).
Whole Effluent Assessments on Refinery Effluents (CONCAWE).

A new biotic index for non-specialists, developed by REPSOL, as a tool
for water quality control in Spanish rivers (Repsol).

Methodology for measuring the impact of treated waste water discharged
in an estuary (Total).
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CS-1.

CS-1.1.

60

CASE STUDY 1: ASSESSING REFINERY  STREAMS 1
ADDRESSING THE IMPACT OF TREATMENT ON TOXICITY AND
ASSESSING ENVIRONMENTAL IMPACT

KEY POINTS AND LEARNING

There was no correlation between measured chemical parameters on which the
consents were based and toxicity for the effluent streams assessed. Thus toxicity
assessments provide valuable additional information over the normal consent
parameters. In fact toxicity assessments provided information to help make
management decisions regarding waste water treatment options, and the case
studies cited here, helped focus where additional effluent treatment was required.
These studies also provided some reassurance that offsite water treatment for some
of the waste water streams, was an acceptable option and that the other acutely
toxic effluents were not having significant environmental impacts.

Toxicity assessments on field collected water and sediment samples can provide an
intermediate step between effluent assessments and full monitoring studies.

Daphnia magna chronic toxicity assessments have been used to successfully
demonstrate lack of adverse effects in waters which receive refinery effluents which
have been shown to be acutely toxic to D. magna. Furthermore, the tests could be
undertaken outside recommended water quality values for water hardness and
although mortalities were higher than recommended limits successful reproduction
even occurred in slightly estuarine waters (up to 5a ) . However, to
of results it is important that appropriate saline controls are used.

The Microtox test was generally more sensitive (i.e. capable of detecting toxicity) as
the acute D. magna studies and was even capable of detecting toxicity in the brook.
There also appeared to be a link between toxicity as determined by Microtox and
the chronic D. magna study. When mortalities occurred in the adult D. magna the
contributing effluent was significantly more toxic than on previous occasions.
Furthermore, on this occasion water samples taken from the Brook just after
receiving the effluent were also acutely toxic to Microtox and had higher than normal
COD (Chemical Oxygen Demand) values.

Whole sediment tests with amphipods, Corophium volutator were successfully used
to assess toxicity of both fresh and marine water sediments. These tests were
capable of detecting adverse effects related to an effluent and could be used to
assess the toxicity of both freshwater and marine sediments.

Both the chronic toxicity and sediment studies indicated that one of the effluents
was having an environmental impact. Having results from two studies provided
weight of evidence that the quality of this effluent needed to be improved and, on
the basis of these studies an additional biological effluent treatment was installed
after the dissolved air floatation (DAF) unit treatment.

In initial effluent toxicity studies the effluent flows were visibly greater than during
the course of this study in which predominantly dry weather prevailed. Ideally
studies should have been conducted under both wet and dry conditions but this is
difficult to plan. The ability to accurately determine effluent and river flows would
have considerably enhanced the value of this study.

d
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The effluent toxicity was also variable throughout the study and ideally in-situ toxicity
assessments, where test organisms are deployed directly into the water course,
should have been used to study the effects of effluents in the receiving environment.
In situ assessments have the advantage that these would capture any accidental
releases or minor plant failures. However, such in-situ studies are difficult to
interpret and, the tidal nature of the lower reaches of the River effectively prevented
the deployment of in-situ tests with freshwater organisms like D. magna.

Wherever practical pretreatment of samples should be avoided and any dilutions
made with recipient water to maximize environmental relevance of the test media.
When considering the conduct of these tests, it is important also to assess whether
to take one large sample, and preserve it (which opens up discussion on the
preservation methods) or take a series of samples at the renewal times, which
opens up the potential for confounding/changing factors. In this study, the latter
approach was adopted as it was considered that the effluent would degrade during
the long period of holding. This did, indeed, however, introduce a confounding factor
when the plant providing the effluent experienced problems with the effluent DAF
unit.

A number of ecotoxicity based studies were undertaken by Shell in the late 1990s to
provide more relevant data to assess whether refinery effluents had potential to
cause adverse environmental impacts. The case study reported here is based on
some of the ecotoxicological investigations of effluents from a refinery that had
invested heavily in water treatment systems to improve the quality of the final
effluents discharged into a predominantly fresh water environment. In all cases the
refinery effluents met their authorisation (consent) limits, which were based on
generic chemical properties (biological oxygen demand, pH, total oil) and total
suspended solids.

In the first stages of the investigations the acute toxicity of a wide range of oil
refinery waste streams and refinery effluents was assessed. Discharges were
mainly assessed using a rapid bacterial bioluminescence test (MicrotoxO) and
acute toxicity tests with the freshwater invertebrate Daphnia magna.

Microtox tests were conducted using a Microbics Corporation Model 500 Microtox
Analyser, following the test protocols for either the 100% screening test or basic test
protocols given in the instruction manual supplied with this instrument (Microbics,
1992).

Tests with D. magna were 48 h acute tests using 10 D. magna less than 24 hours
old per vessel without renewal of media. The first two tests were carried out in
unsealed conditions in 150 ml glass crystallising dishes, containing 100 ml of the
effluent test concentration. Owing to concerns that volatile solvents and other
components may have been present (based on odours from test solutions during
the first tests) the subsequent tests were carried out in sealed, 150 ml Erlenmeyer
flasks, completely filled with the effluent test concentration. Each test consisted of
two replicate dishes or flasks for each effluent test concentration plus two replicates
containing control media. The tests were carried out in a temperature controlled
room set at a nominal 20 = 2°C with artificial illumination on a 16h light, 8h dark,
automatic cycle following standard laboratory procedures with water quality
recorded during the tests.
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CS-1.2. INITIAL LABORATORY STUDIES OF EFFLUENTS AND WASTE
WATERS

CS-1.2.1. Effluent toxicity studies

The results of the initial acute studies indicated that, although the refineries met their
consent limits, many of the effluents discharged into the environment were acutely
toxic to Microtox, ranging from <1.1 to 180 toxic units (i.e. requiring up to a 180 fold
dilution to reduce their toxicity to the Microtox 15 min ECsy value) as shown in
Table 1. The same effluents were also toxic to D. magna up to 70 toxic units,
(i.e. requiring up to a 70 fold dilution to reduce their toxicity below the 48h ECsq
value to D. magna), for this species as shown in Table 2. Consequently some of the
oil refinery effluents that discharged into a small brook and river would be
considered to be hazardous and have potential to cause adverse impacts in the
receiving environment.

CS-1.2.2. Waste water toxicity studies

In addition to assessing the effluents that were discharged directly into the
environment, studies were undertaken of waste waters being discharged for offsite
water treatment. This was to determine whether these streams may be affecting the
operation of the waste water treatment plant and the quality, (toxicity), of its final
effluent. These initial studies, which are also summarised in Tables 1 and 2, reveal
that the waste streams were also acutely toxic to Microtox, at up to 360 toxic units.

As part of this investigation, the toxicity of samples before and after waste water
treatment was assessed and the results are summarised in Table 3. These data
indicate that the waste water treatment plant is effective in removing the toxicity of
the refinery waste streams. However, at the time when these studies were
undertaken, there were some discussions as to whether the offsite waste water
treatment plant would remain the best disposal option, or would continue to accept
these streams. There was also some debate as to whether the toxicity of the waste
water could be reduced before being discharged to the offsite treatment works. In
order to assess whether any particular waste water stream contributed to the
maj ority of the toxifcfiot yMi ca os map sthooxti cidiye ass e
major streams contributing to the waste waters was undertaken. These data are
summarised in Table 4 and show that many of the contributing streams had a
similar level of toxicity and could be treated as combined waste water.
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Table 1

Summary of Microtox tests of samples from Refinery effluents

Effluents are discharged direct to the environment. Wastewaters sent for offsite treatment

Location Toxic units (based on Microtox 15 minute ECs, values) Summary of results
95% confidence limits given in parentheses
Date sampled 09/05/97 28/05/97 03/06/97 10/06/97 19/06/97 22/12/97 Range Mean
Effluent A <11 - 200 - - - <11 -
(1307 250)
Effluent B 7.1 - - 23 - - 7.1-23 11
(5.971 9.9) (20 - 26)
Effluent C <11 - 180* <2.2 - - <1.1-180 -
(130 - 250)
Effluent D 17 - 12 15 - 22 12 -22 15
(9.1-20) (12-13) (14-17) (17 - 28)
Effluent E <11 - - - - - <11 -
Waste water 78 10 13 16 360 170 - 10 - 360 20
(5.6 - 20) (10 - 16) (13-19) (300 - 430) (120 - 230)
Waste water 1402 220 26 21 67 330 - 21-330 45
(170 - 280) (11 - 40) (20 - 24) (65-71) (290 - 380)
Waste water DAF - 125 180 71 56 110 56 - 180 91
(120-130) | (110 - 300) (70-72) (45-71) (90 - 125)

* Possible solvent contamination of effluent. High COD content recorded (22 g/l)

Table 2 Comparison of Microtox and Daphnia magna acute toxicity tests of Refinery
effluents
Location Toxic units (based on Microtox 15 min ECs, or 48h D. magna ECs, values for each effluent) with 95% confidence limits given in parentheses
Date collected 28/05/97 03/06/97 10/06/97 22/12/97
Microtox D. magna Microtox D. magna‘”’ Microtox D. magna Microtox D. magna
Test Start Date 28/05/97 28/05/97 03/06/97 04/06/97 10/06/97 11/06/97 22/12/97 22/12/97
Effluent A 200 40 <2.2 2.4 -
(1307 250) (231 67) (2.01 2.9)
Effluent B 23 6.2 -
(20 - 26) (4.3-13)
Effluent D 12 <1* 15 10 22 15
(12-13) (14-17) (7.7-13) (17 - 28) (12-18)
Waste water 78 13 67 16 1.4* 360 31 -
(10 - 16) (5071 91) (13-19) (0.971 1.8) (300 - 430) (23-34)
Waste water 26 18 21 3.0* 67 71* -
1402 (11 - 40) (1371 24) (20 - 24) (2.3-4) (65 - 71) (48 - 100)
Waste water 125 56 180 56 71 62 110 31
DAF (120 - 130) 4271 77) (110 - 300) (42-77) (70-72) (45 - 83) (90 - 125) (26- 38)

led to lose of toxic volatile components
*. surface trapped (but mobile) D. magna found in test vessels

D. magna test on the 28/5/97 and 4/6/ 97 were conducted in open vessels which may have
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Table 3 Results of Microtox and Daphnia magna acute tests on feeds to and from the
offsite (third party) waste water treatment plant
Description of sample used in the toxicity Toxic Units (based on ECsq values of neat sample)
assessment 95% confidence limits given in parentheses
(All samples collected on 16/05/97) Microtox Daphnia magna
(based on 15 min ECsx) (based on 48 h ECs)
Combined refinery effluent to Waste Water 31 9.1
treatment works (WWTW) (28 - 34) (6.2 - 14)
Domestic effluent to WWTW 2.3 <1
(1.27 4.2)
Combined Refinery /domestic effluent 3.3 2.3
(25-4.3) (2.07 2.8)
Final WWTW effluent to Brook <11 <1
Table 4 Results of Microtox tests on waste streams contributing to the discharge to
the offsite waste water treatment works (WWTW)
Sample Toxic Units (based on 15 minute ECsy values with 95%
confidence limits given in parentheses)
Pipe line to waste water 58
treatment works (43 - 83)
DAF 125
(100 - 142)
MH51 <2.2
MH59 1.0
(0.3771 2.9
MH96 (94) 7.7
(6.77 9.1)
AENP >71
V6584 >71
V8691 >18
V8951 >18
S22 15
(10 - 23)
S39 45
(5.6 - 360)
S40 > 18
S1590 12
(10 - 14)
T1402 62
(32 - 120)
SCAO005 18
(13- 24)
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CS-1.2.3.

Recipient water and sediment studies

The initial laboratory studies revealed that the refinery effluents were acutely toxic,
thus raising concerns that these discharges may be having an adverse
environmental impact. Therefore, to assess the potential for adverse effects to occur
as a consequence of the refinery discharges, additional ecotoxicity studies were
undertaken. These included 1) chronic toxicity studies of water samples taken from
a small brook and river into which the refinery effluents were discharged, and 2) an
assessment of the toxicity of sediments in the vicinity of these discharges which
would assess the potential historic and current impact of the discharges. In the
chronic toxicity assessments a reproduction study with the freshwater invertebrate
Daphnia magna was undertaken in which neonate D. magna were exposed for
21 days to water, sampled on several occasions throughout the course of the study,
from the brook and river both upstream and downstream of discharges. The study
was conducted using a semi-static test procedure based on OECD (1984, 1995)
guidelines. The survival and reproduction of D. magna exposed to the water
samples during the test were compared with those of D. magna exposed to
appropriate controls, (i.e. culture, saline and clean river water conditions). These
assessments were conducted during the late summer, when the water flow in the
river and brook were relatively low and consequently the potential for environmental
impact from the effluent discharges was considered to be the greatest. Samples had
to be taken close to low tide to minimise interference from saline intrusion in the
lower river sections.

In addition to the D. magna chronic test, Microtox® was used to assess the toxicity of
test samples and contributory refinery effluents to allow comparisons of the toxicity
with those found in the earlier effluent toxicity studies.

To provide some additional information on the effluent quality, the Chemical Oxygen
Demand (COD) was measured in all fresh samples and effluents using Dr Lange
LCK 314 and 114 cuvette test kits (ranges 15 - 150 and 150 - 1000 mg/l
respectively), following the instructions supplied with the test kits. lonised ammonia
NH," (as total N) was measured using Dr. Lange, LCK 304 and 303 cuvette test kits
(ranges 0.015 - 2.0 mg/l and 2 - 47 mg/l respectively).

In the sediment tests, toxicity was assessed over 10 days using the benthic
amphipod Corophium volutator. Although this may not appear an obvious species
for freshwater sediments, the advantage of using C. volutator is that this species is
tolerant to wide ranges of salinity fluctuation enabling one bioassay to be used to
assess both the freshwater and saline stretches of the river into which the refinery
effluents were discharged. This method has also been shown in Shell internal
company studies to be a sensitive method for assessing hydrocarbon contaminated
sediments, and has been used in Triad type studies to monitor the impact of historic
drilling mud discharges in the North Sea.

Details of the sites sampled for the reproduction and sediment tests are

summarised, together with a brief rationale for why the sites were selected is
provided in Table 5.
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Table 5 Description of the sites sampled for sediment and water toxicity assessment
Sample | Description of sampling | Description of sediment | Significance of sample to the
Code location study

R1 River, upstream of landfill | Freshwater area, anoxic | River control no known inputs
site and Refinery sand rich in organic

material

R2 River, upstream of refinery | Freshwater area, anoxic | To assess if water quality
but downstream of potential | sand rich in organic | immediately prior to entering
contamination from landfill | material refinery complex
site

R3 River midway inside refinery | Estuarine, anoxic mud To assess water quality of the
prior to any consented River before confluence with
discharge Brook

R3A’ As R3 but sediment visibly | Estuarine, anoxic mud | To assess effect of ol
contaminated with oil sheen | with oil sheen contamination on sediment

R4 River immediately after | Estuarine, anoxic mud To assess quality of River after
confluence with Brook Brook confluence prior to

receiving effluents A, B and C

R5 River after receiving | Estuarine, anoxic mud To assess impact of effluents
effluents A, B and C A, B and C on the River.

R6 Sediment only sample taken | Semi-anoxic  estuarine | Assess sediment quality in
from edge of effluent C | mud vicinity of effluent C discharge
outfall into the River

Bl Brook prior to entering | Freshwater, anoxic, | Brook control
refinery. organic rich muddy clay

B2 Brook after receiving | Freshwater, anoxic, | To assess the impact of
treatment works effluent but | organic rich muddy clay, | treatment works effluent and
prior to receiving Effluent D. | smell of hydrogen | quality of brook water prior to

sulphide,  Chironomids | receiving effluent D
present

B3 Brook after receiving Effluent | Freshwater, anoxic, | To assess the ecotoxicological
D organic rich muddy clay. | impact of effluent D on the

Sl ight 6oi | ylBrook

B4 Brook prior to confluence | Freshwater, anoxic, | To assess if sediment was
with river (sediment only) organic rich muddy clay | toxic ~100 m from effluent D

with some sand present | discharge

El River after leaving site and | Semi-anoxic Assess sediment quality of
prior to entering main | unconsolidated River as it leaves site
estuary. Surface sheen of | estuarine mud
oil visible on mud

E2 Further down River prior to | Semi-anoxic Assess sediment quality of
River channel merging with | unconsolidated River prior to merging with
main estuary. estuarine  mud  with | main estuary

some animal burrows

E3 Unconsolidated mud from | Semi-anoxic Assess sediment quality of
River bed as it merges with | unconsolidated River as it merges with main
main estuary estuarine mud estuary

E4 River sediments in main | Semi-anoxic Assess sediment quality of

estuary at point channel
divides

consolidated estuarine
mud

Estuary at furthest point where
channel is visible and can be
sampled at low water

*:. Qil visible at River site 3 is suspected to have originated from an old disused outfall (non Shell)
which has previously caused oil contamination problems.
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Figure 1 Schematic showing locations of sampling sites in relation to discharges
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Water and effluent samples- collection and preparation

Spot samples were collected from each location twice weekly throughout the test

duration using a 10 litre stainless steel bucket. Sub-samples were taken from the

bucket (taking care to avoid any surface film) using acid washed; hexane rinsed and

dried 2.5 litre amber glass Winchester bottles. These were completely filled and

sealed prior to transport to the laboratory. Even though samples were not taken

close to low tide some river samples were found to have slightly elevated levels of

chloride compounds (1-5 &) . As sal i ne wabedetrimentaltolthd pot ent
survival and reproduction rate of the fresh water species D. magna, saline controls

were incorporated into the study. These were prepared by dissolving 2 g/l of artificial

sea salts, (Tropic Marin, Aquatechnik, Wartenberg, West Germany), into the river

water control. Prior to the tests, water was siphoned from the central region of the

2.5 litre sample bottles to avoid removal of surface oil and sediment, which could

potentially interfere with the toxicity assessment. Soil extract, prepared by

autoclaving 100 g of general loam compost in one litre of reconstituted water for

15 minutes at 120°C and then vacuum filtered through Whatman GF/C paper, was

added at 20 ml/l to each of the samples. Reconstituted water (prepared by

dissolving salts into reverse osmaosis water using the U.S. Environmental Protection

Agency (1975) recipe to produce a '"hard' wat €
provide control media.

During the tests, pre-treatment of samples prior to media renewal was avoided
wherever possible. Only one silt laden sample, collected from sample point R5 on
Day 18 of the test, was pre-treated by filtering through a 10 um GFC filter paper
before use in the study.
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Observations about the conditions when the samples were collected show that the
weather was predominantly fine during the time of the study (Table 6). The
observations also indicate that flow rates from Effluent A and B were variable, and
on some occasions were non-existent. As with the case of the majority of effluents
from a refinery, surface water does contribute to the effluent flows. This makes it
difficult to assess receiving water impact on the basis of effluent dilution alone.

Table 6 Observations made at the time of water sampling
Date Weather Observations
Conditions
16/7/97 Fine Flow from Effluent A into the River was low
21/7/97 Fine Effluent A was not flowing into the River at time of sampling
23/7/97 Fine Flows from Effluents A and B into the River were low. Water
samples from Brook site 1 and River sites 4 and 5 were silty.
This was attributed to drainage work being carried out just
South of the Refinery
28/7/97 Fine Flow from Effluent A into the River was low and not sampled
on this occasion. Water samples from River sites 4 and 5 were
still silty but Brook 1 was clear
30/7/97" Fine Effluent D was not flowing therefore no samples were collected
from Brook sites 2 and 3. Effluent C from the interceptor had a
white, frothy scum. This was also seen in the River
downstream of the Effluent C outfall.
31/7/97? Slight rainfall Effluent D was discharging oily effluent with a strong odour. Oil
was visible in Brook downstream of the Effluent D outfall.
4/8/97 Fine Effluent A was not flowing into the River at time of sampling.
River site 5 was silty with oil visible on surface
Notes: 1) It was not possible to collect samples from the Effluent D as the DAF unit was not
operating therefore samples were collected on the next day when the unit had been
repaired.

2) At the time of collection following the repair the effluent from the DAF had a strong
odour and there was a visible oil sheen on the surface of the Brook downstream of
the discharge

3) Daphnia magna reproduction
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The D. magna chronic test was based on OECD 1984 and 1995 guidelines for a
semi-static test procedure. However, owing to practical constraints in obtaining
water samples, the test media was renewed only twice weekly and not at least 3
times a week as recommended in the OECD (1995) guidelines. In these toxicity
assessments, water samples collected from sites R1, R2, and B1 were tested
undiluted (neat). Water samples from the remaining locations were tested undiluted
(100%) and at a dilution of 10%. River control water was used to prepare the
dilutions, as this was considered to be more representative of conditions in the
receiving environment.
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The test was conducted in 150 ml glass tall form glass beakers containing 100 ml of
media for the first four days, and increased to 125 ml for the remainder of the test.
Ten replicates per treatment were prepared. After Day 4 of the test, any male D.
magna present were removed. As a consequence of removing males the number of
organisms (females) in at least one of the treatments was reduced to 7. To ensure
comparability all treatments were therefore reduced to 7 even where the number of
males was <3. As a result the number of individuals was below the OECD (1995)
recommended number of 10 per treatment. Although not ideal, this was not
considered to be a problem, as this study was designed to screen the chronic
toxicity the river and brook samples, as opposed to providing data for regulatory
submission for hazard assessment of a chemical.

Throughout the test duration D. magna were fed daily with the unicellular algae
Chlorella vulgaris at a concentration of 0.1 x 10° cells/ml. The following observations
were also made and recorded on a daily basis:

i. Adult mortality (i.e. D. magna that were not seen to swim during a 15 second
observation period).

ii. the number of live young produced

iii. the presence of ephippia or white eggs in adult brood pouches

iv. The presence of dead young or aborted broods.

Young were removed daily after scoring and live, adult D. magna were transferred
to fresh test media twice weekly.

The test was carried out in a temperature controlled room set at + 20°C with artificial
illumination of the test vessels on a 16h light 8h dark, automatic cycle. Water quality
of the test media (pH, dissolved oxygen concentration, water hardness, temperature
and salinity) was assessed throughout the test.

The following reproductive endpoints were calculated on the basis of the numbers of
young D. magna produced during the course of the study:

i. The mean number of young produced by adults in 21 days. (Only young born to
adults that survived the duration of the test were included in this calculation).

ii. The mean number of young produced per adult per day using the calculation

given below:
x3d
a
— x=0
™y
where:

mq= the mean number of offspring on day 'd".
ny = the number of offspring produced on day 'x'.
x =0, is day 0, the beginning of the test
Young produced per day were calculated in this way for days 9, 15 and 21.

The results of the 21 day D. magna have been summarised in Table 7. These data
show that there was no mortality in the control (ASTM culture media) or the Brook

69



@@W@@W@ report no. 1/12

control (site B1) over the 21 day test. The mortality in the river water control (site
R1) by day 21 was 14 % and, therefore, is lower than the 20% maximum mortality
for controls recommended in the OECD (1984) guidelines. However, mortality in the
saline control after 21 days was 43% indicating that the saline control media was
less suitable for maintaining the D. magna over 21 days than the other control
media.

During the D. magna chronic tests all water quality determinations, with the
exception of water hardness, were within the OECD (1995) guidelines. The
hardness of the control media was within the anticipated normal range of between
150 - 190 mg/l CaCOs; for this type of media. However, the hardness of the water
samples assessed in the study was much greater than the controls and increased
rapidly in the tidal regions. For example, the water hardness of the upper River sites
(R1 - R3) and all the Brook sites were similar within the range of 250 - 350 mg/I
CaCO;. However, for the tidally affected sites R4 and R5 the hardness was

generally between the range 290 - 590 mg/lCaCOz;al t hough one fdAsiltyo

R5 had a hardness of 1000 mg/l CaCO3. Although the water hardness of most of the
samples were outside the OECD (1995) recommended range for D. magna tests
this could not be addressed (apart from the inclusion of the River and Brook upper
sites as controls) without affecting the integrity of the samples. This did not cause
any significant problems because the tidal samples collected from R4 and R5 did
not appear to have any deleterious impact on D. magna survival or reproduction
rate.

Table 7 Summary of 21 day D. magna chronic toxicity assessments of Brook and
River water samples
Sample description Adult mortality Number of adults Reproductive rate (number of
during the study surviving to day 21 young produced per surviving
(%) adult at the end of the test)
Mean Standard
deviation
ASTM Control 0 7 103 13
Saline Control 43 4 135 7
River 1 14 6 76 44
River 2 17* 5 70 45
River 3 0 7 96 20
Neat
River 3 14 6 82 42
10%
River 4 0 7 126 20
Neat
River 4 14 6 85 47
10%
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Sample description Adult mortality Number of adults Reproductive rate (number of
during the study surviving to day 21 young produced per surviving
(%) adult at the end of the test)
Mean Standard
deviation
River 5 0 7 148 7
Neat
River 5 29 5 111 33
10%
Brook 1 0 7 88 10
Brook 2 0 7 91 33
Neat
Brook 2 43 4 94 36
10%
Brook 3 100 0 0 0
Neat
Brook 3 29 5 136 8
10%

Notes: All samples tested neat (100%) unless stated otherwise

The only treatment in which mortalities in the test exceeded those found in the
saline control, was for neat water samples collected from the Brook site B3 (just
downstream of the Effluent D outfall). In these samples all of the exposed D. magna
had died by Day 21 with the majority of these mortalities occurring after the day 15
renewal. This coincided with the time when problems were experienced with the
operation of the Effluent D DAF unit.

Mortality in the remaining water samples over the test was variable. On many
occasions greater mortalities occurred in the diluted (10%) samples (e.g. for
samples from R3, R4, R5 and B2) than the neat samples. This observation suggests
that the mortalities were unlikely to be attributed to contaminants present in the
water samples although there is no obvious explanation for this observation.

The OECD (1995) guidelines recommend that reproductive output is expressed as
total juveniles per parent D. magna alive at the end of the test. Therefore the mean
number of young born to adult D. magna surviving to Day 21 has been calculated
and is summarised in Table 8. These results reveal that although there were only 7
(as opposed to 10) replicates the coefficient of variation in the ASTM controls was
only 13% and therefore lower than the maximum value of 25% recommended in the
OECD (1995) guidelines.

Following the OECD (1995) recommendations, using results based on surviving
D. magna effectively removes the influence that variable mortality would have had
on the reproductive rates. For example, the data in Table 7 show that although adult
mortality was high in the saline control, the mean number of young produced per
surviving adult over 21 days, (135) exceeded the mean number produced by adults
in the ASTM control (103). This suggests that although the low levels of salinity
appeared to have an impact on the long term survival of the adults, these were not
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detrimental to the reproduction rate of the surviving D. magna. The corrected data
also show that although there was 43% mortality in the 10% dilution of site B2, the
mean reproductive rate per surviving adult (94) is almost identical for the neat
sample (91) where no adult mortality was observed.

The only samples where there was a clear impact on mean reproduction rate, were
neat samples from Brook site B3, where the rate was zero owing to the fact that
none of the exposed D. magna survived for the test duration. For all the remaining
locations, the mean reproductive rates were between 70 and 148 (i.e. 68 to 144% of
the ASTM control rate). For the River the mean reproductive rates for sites R3 - R5
within the refinery complex were between 82 and 148 (i.e. 108 - 194% of the G1
control). For the Brook site B2 the mean reproductive rate was between 91 and 94
(i.e. 103 - 107% of the T1 control). These data indicate that, apart from site B3, no
significant adverse chronic toxic effects of the refinery effluents discharged into the
River and Brook could be detected at the time of the study.

A possible explanation for the observed increase in mean D. magna reproductive
rate with increasing distance downstream in the River, is that increasing salinity (or
water hardness) of samples stimulates reproduction rates. Evidence that this may
occur is supported by the high, (relative to the ASTM control) mean reproductive
rates of the surviving D. magna in the saline control.

One problem with using the OECD (1995) recommendations is that it is difficult to
ascertain whether any effects on D. magna reproduction occurred after any of the
renewals of the water samples. This is important since environmental water
samples, unlike dosed solutions used in normal OECD tests, are potentially variable
and consequently can have differing impacts during the course of the study.
Therefore, the total cumulative number of D. magna produced following exposure to
undiluted River and Brook water in comparison to controls over 21 days have been
represented graphically in Figures 2 and 3 respectively. These plots show that the
pattern of young production for the neat River samples and all but the neat sample
from Brook site B3 were similar to the controls. For the neat B3 sample, D. magna
young production appears to lag behind and is lower than all the other samples
between days 7 to 14 and ceases altogether when all the adults died after the day
15 renewal.

This impairment in D. magna reproduction in the B3 sample can also be seen in the
analysis of mean number of young produced per adult per day for Days 9, 15 and
21 of the test, which has been summarised in Table 8. For example, the maximum
number of young produced per adult per day by days 9, 15 and 21 in neat B3
(100%) sample were 0, 1.6 and 1.4 compared to the corresponding respective
Brook B1 control values of 1, 3.4 and 4.2. These data therefore suggest that, even
prior to the operational problems which occurred on day 15 of the study, Effluent D
was adversely affecting the water quality of the Brook.
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Table 8 Reproductive rates (number of young per adult per day) of D. magna exposed
to Brook and River water samples for 9, 15 and 21 days

Sample Day 9 Day 15 Day 21
n Mean | s.d. n mean | s.d. n mean | s.d.
ASTM Control 7 2.1 14 7 4 0.4 7 4.9 0.6
Saline Control 7. 1.9 1.8 6 5.1 1.3 5 6.1 0.8
River 1 7 0.5 14 6 35 1.8 6 3.6 2.1
River 2 6 0.4 0.9 6 2.6 1.6 6 3.2 1.9
River 3 (Neat) 7 2.2 15 7 3.4 1.7 7 4.4 0.9
River 3 7 1 15 7 2.9 2.2 7 3.7 1.9
10%
River 4 (Neat) 7 0.8 1.3 7 5 0.5 7 6 0.9
River 4 7 1.5 1.7 7 35 2.6 7 4 2.3
10%
River 5 (Neat) 7 0.8 14 7 5.1 0.6 7 7 0.3
River 5 6 1.7 1.9 6 4.7 1.6 6 5.3 14
10%
Brook 1 7 1 1.3 7 34 0.5 7 4.2 0.5
Brook 2 (Neat) 7 0 0 7 2.9 0.9 7 4.4 1.6
Brook 2 4 1.3 1.8 4 3.7 1.5 4 4.5 1.7
10%
Brook 3 (Neat) 7 0 0 6 1.6 0.7 6 1.4 0.6
Brook 3 7 2.3 1.6 7 4.2 1.7 7 5.3 1.7
10%
Notes: Values are the reproductive rate during the life of the adult D. magna. If an adult D.

magna died before Days 9, 15 or 21, the number of young produced would be
divided by the number of days that the D. magna lived. For example, if an adult D.
magna died on Day 14, the number of young to Day 15 would be divided by 14 to
give the number of young per adult per day.

n = number of adult D. magna used to calculate reproductive rate.
Mean = mean number of young D. magna produced per day per adult by the stated
day.

s.d. = standard deviation associated with mean number of young.
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SUPPORTING ASSESSMENTS
Microtox toxicity

Samples of effluents that were being discharged into the Brook or River at the time
of sample collection were taken, using the methods previously described, for
chemical analysis and Microtox toxicity assessments in the laboratory. The Microtox
toxicity tests were carried out to provide comparative toxicity data on all water
samples and effluents collected on each sampling occasion. Whenever possible,
these tests were carried out on the same day as sample collection to minimise the
possibility of sample deterioration. However, if this was not practical (i.e. due to time
constraints) samples were stored in the dark at 4°C prior to testing.

The results of the Microtox toxicity tests presented in terms of toxic units are
summarised in Table 9. These show that, with the exception of samples collected
from site B3, no Microtox toxicity was detected in any of the water samples used for
D. magna tests. For the water samples collected from B3 the first four caused a
slight reduction (approximately 30%) in the light output of the 90% concentration
relative to the controls. At the time these samples were taken, the Effluent D toxic
unit values were between 2.5 and 5 (i.e. 2.5 - 5 fold dilution required to reduce
toxicity below the 15 min ECs, value). Water samples collected from site B3 on the
fifth and sixth occasions were found to be significantly toxic with calculated Microtox
toxic unit values of 2.6 and 5.6. At the time these effects were detected, the Effluent
D toxic unit values were found to be 8 and 125 respectively, (this compares to toxic
unit values of between 12 and 22 found in the initial studies). The effects seen with
the Microtox toxicity assessments of samples taken from site T3 appear to match
the adverse effects observed in the D. magna study. For example, the light output
reduction in the first four site T3 samples was matched by impairment of
reproduction with acutely toxic effects found by both the Microtox and remaining
D. magna for the day 15 sample.

The results of the Microtox toxicity screening of the other contributory effluents
(i.e. besides Effluent D) during this study were variable (Table 9). Effluent A was not
toxic to Microtox (<1.1 toxic units) whereas the toxicity of Effluent C throughout the
test period ranged from non-toxic to Microtox (<1.1 toxic units) to highly toxic (43
toxic units). Effluent B was consistently toxic to Microtox with toxic unit values of
between 4.8 - 11. Although the toxicity of the effluents was variable, their overall
Microtox toxicity was similar to that found previously. This suggests that the spot
samples taken from the receiving water courses during this study, were
representative and valid for assessing the potential impact of the refinery effluents
on the River and Brook. Ideally in-situ toxicity assessments, where test organisms
are deployed directly into the water course, would have been used to study the
effects of effluents in the receiving environment. In situ assessments have the
advantage that these would capture any accidental releases or minor plant failures.
However, such in-situ studies are difficult to interpret and, the tidal nature of the
lower reaches of the River prevented the deployment of in-situ tests with freshwater
organisms like D. magna.
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Table 9 Toxicity of River, Brook and effluent samples to Microtox
Sample Toxic units based on 15 min ECg values for samples
(95% confidence intervals given in parentheses)
Sample date (day of renewal of media for D. magna study in parentheses)
16/7/97 21/7/97 23/7/97 28/7/97 31/7/97 4/8/97
(Day 0) (Day 4) (Day 7) (Day 11) (Day 14") (Day 18)
River 1 >90 >90 >90 >90 >90 >90
100%
River 2 >90 >90 >90 >90 >90 >90
100%
River 3 >90 >90 >90 >90 >90 >90
100%
River 4 >90 >90 >90 >90 >90 >90
100%
River 5 >90 >90 >90 >90 >90 >90
100%
Brook 1 >90 >90 >90 >90 >90 >90
100%
Brook 2 >90 >90 >90 >90 >90 >90
100%
Brook 3 >90* >90* >90* >90* 5.6 2.6
100% 4-717) (1.77 3.8)
Effluent A >90 >90 >90 >90 >90 -
Effluent B 4.8 7.7 6.2 7.7 5 11
(4.37 5.3) (5.3-12) (4.37 8.3) (5.9-10) (4.27 5.9) (6.7 - 20)
Effluent C <1.1 2.2 1.3 <1.1 43** 15
(1.57 3.1) (0.97-1.7) (0.6371 3.6)
Effluent D 34 2.6 5 4 125** 7.7
(207 6.2) (1.97 3.6) (2.3-11) (257 6.2) (3.6-17)

+ Day 15 for T3 sample

* Reduction in light output (~30%) noted but insufficient to calculate an ECsq

** extrapolated values

The data from the Microtox and D. magna reproduction studies indicate that, under
the low flow conditions of the Brook found in late summer, Effluent D will have an
impact on aquatic life in the Brook. However, even on the occasion when Effluent D
and the site T3 sample had their greatest toxicity, a 10 fold dilution with clean river
water was sufficient to reduce the toxicity of the site T3 sample below that which
causes a significant effect on the survival and reproduction of D. magna. Therefore,
in reality any environmental impact would be anticipated to be localised and effects
removed as the Brook water is diluted with river water a few hundred metres
downstream of site T3. This was found to be the case, since no Microtox toxicity or
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adverse effects on the reproduction rate of D. magna were detected in samples
collected downstream of the Brook/River confluence (i.e. G4 and G5).

CS-1.3.2. Chemical Analysis
The Chemical Oxygen Demand (COD) concentrations (measured as mg/l of O,) of
test samples and contributing effluents are presented in Table 10. COD in the test
samples ranged from less than 15 mg/l in River water prior to joining Brook to
81 mg/l measured in T3 water collected on the fifth sampling occasion. The latter
high value is felt to be due to the influence of Effluent D and a direct consequence of
problems with the DAF unit prior to the day 15 water samples being collected.
Effluent B had consistently high COD levels (>100 mg/l) throughout the test period.
COD levels in the other contributing effluents varied greatly throughout the test
period; ranging from 20 mg/l, measured in Effluent D at the beginning of the test to
410 mg/l in effluent from the Effluent C interceptor. A qualitative comparison of the
COD values to the Microtox toxicity indicates that there does not appear to be a
good correlation between COD and measured toxicity of the effluent samples.
Table 10 Results of Chemical Oxygen Demand (COD as mg/l O,) analysis of River,
Brook and effluent samples
Sample Sample date (day of renewal of media for D. magna in parentheses) Range
16/7/97 21/7/97 23/7/97 28/7/97 31/7/97 4/8/97
(Day 0) (Day 4) (Day 7) (Day 11) (Day 14" (Day 18)
River 1 26 32 <15 17 24 22 <15 - 32
River 2 8 14 <15 20 25 23 <15-25
River 3 24 13 <15 21 26 21 <15-26
River 4 40 31 22 37 39 38 22 -40
River 5 38 39 26 35 45 49 26 - 49
Brook 1 28 28 35 10 25 25 10-35
Brook 2 49 61 56 72 60 24 24 -72
Brook 3 49 59 54 72 81 60 49 - 81
Effluent A 23 33 58 - 37 - 23 -58
Effluent B 250 - 140 130 130 230 130 - 250
Effluent C 52 68 66 46 410 40 40 - 410
Effluent D 20 80 50 80 200 110 20 - 200

+ Day 15 for T3 sample
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The ammonium concentrations (measured as mg/l of N) in test samples and
contributing effluents are presented in Table 11. The concentration of ammonium in
al | test sampl es a mgll exedptf for uoaen dample. wrais wad 3
collected from Effluent B on the first sampling occasion and contained 46 mg/l N. At
the pH of the receiving water between 1 - 10% of the ammonia would be in its most
toxic unionised (NHs) form. The low values and the dilutions of effluents by the River
indicate that toxicity attributed to ammonia was unlikely to occur during the study.
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This is supported by the fact that no toxicity was seen in the initial G5 samples,
when the ammonium input from Effluent B was highest.

Table 11 lonised ammonia (NH,+as mg/l N) values for River, Brook and effluent
samples
Sample Sample date (day of renewal of media for D. magna in parentheses) Range
16/7/97 21/7/97 23/7/97 28/7/97 31/7/97 4/8/97
(Day 0) (Day 4) (Day 7) (Day 11) | (Day 14") | (Day 18)
River 1 <2 <2 - - - - <2
River 2 <2 <2 - - - - <2
River 3 <2 <2 - - - - <2
River 4 <2 <2 - - - 0.7 <2
River 5 <2 <2 <2 <2 <2 1.0 <2
Brook 1 <2 <2 - <2 <2 0.1 <2
Brook 2 <2 <2 - 3.1 <2 15 <2-3.1
Brook 3 <2 <2 - 2.9 <2 15 <2-29
Effluent A <2 <2 <2 - <2 <2
Effluent B 46 <2 2.3 3.0 <2 1.8 <2 -46
Effluent C <2 <2 <2 <2 <2 0.17 <2
Effluent D <2 <2 <2 <2 <2 1.4 <2

+ Day 15 for T3 sample

CS-1.3.38.

Corophium volutator sediment tests

The C. volutator tests were conducted following the American Society for Testing
and Materials (ASTM, 1991) guidelines for the 10 day toxicity tests for marine
amphipods.

Approximately 200 ml sub-samples of the control and each test sediment were
placed into triplicate sets of 1 litre glass beakers. The sediment in the beakers was
spread evenly and 750 ml of laboratory natural sea water was gently added so as
not to disturb the sediment. The contents of the beakers were then left to settle for
2 - 3 hours prior to the addition of the test organisms.

C. volutator were carefully transferred from the holding/acclimation tank into small
glass beakers containing approximately 50 ml of seawater using a wide bore pipette
(>5 mm). Twenty C. volutator were transferred to each beaker and visually
inspected to assess that they were of an appropriate size, (i.e. between 5 - 10 mm)
and not suffering from obvious injury or disease. After inspection twenty C. volutator
were transferred, as above, from the small beakers to each test vessel. Test vessels
were aerated throughout the study using oil free compressed air via a specially
designed manifold system.

Water quality (pH, dissolved oxygen concentration and salinity) was measured in
every beaker during the test on days 0, 1, 3 and 9 and with the exception of pH all of
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these parameters were within acceptable limits for these tests. Although the pH was
slightly above the recommended limits in most vessels, this deviation also occurred
in the controls and was not considered to be significant

Test vessels were examined daily, and records made of the numbers of C. volutator
which were swimming, crawling on the surface, immobilised (lying on the sediment
surface but obviously still alive) or dead. C. volutator were deemed dead and
removed from the test vessel if they did not respond to gentle touching with a glass
pipette or recover after a few minutes in clean sea water. After 10 days the
sediments were sieved and the number of live and dead C. volutator recorded.

The results of the sediment tests are summarised in Table 8. The only location
where significant effects occurred was for sediment collected at site B3, just below
the DAF discharge into the brook. In sediments from this location, mortalities and
total adverse effects (mortality plus failure to burrow) of 55 and 88% were recorded
after 10 days in the C. volutator bioassays. However, the area impacted appeared to
be localised since total mortalities and adverse effects for sediment collected a few
hundred metres downstream of the discharge into the brook (site B4) were only 12
and 17% respectively compared to 1.7% in the Brook control site.

Table 12
Description of test Number of 10 day sediment toxicity test results *
sediment C. volutator exposed Percentage values for:-
(replicates pooled) C. volutator C. volutator on | Total adversely
mortality surface affected
Control 60 0 0 0
River site 1 60 5 12 17
River site 2 60 1.7 0 1.7
River site 3 60 5 0 5
River site 3 (oily) 60 1.7 0 1.7
River site 4 60 0 0 0
River site 5 60 3.3 0 3.3
Brook 1 60 1.7 0 1.7
Brook 2 60 1.7 1.7 3.3
Brook 3 60 55 33 88
Brook 4 60 12 5 17
Estuary 1 60 3.3 0 3.3
Estuary 2 60 10 0 10
Estuary 3 60 5 1.7 6.7
Estuary 4 60 3.3 1.7 5
By discharge to 60 6.7 0 6.7
Estuary

"Results reported to 2 significant figures
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CONCLUSIONS

The initial acute toxicity tests indicated:

- That many of the effluents were toxic and could potentially be causing
adverse environmental effects.

- That Microtox was more sensitive than D. magna acute test.

- That the offsite refinery treatment of the wastewaters was effective in
reducing toxicity.

- Furthermore, a quick screen revealed that many of the wastewaters
contributing to the discharge to the offsite treatment works were toxic with
no single stream responsible for the overall toxicity.

The only samples in which chronic toxicity could be detected during the 21 day D.
magna test, were those collected from Brook just downstream of the Effluent D
discharge (site T3). No adult D. magna survived for 21 days in this treatment and
reproduction rates were much lower than those of the controls throughout the study.
However adverse effects were removed when the T3 samples were diluted to 10%
of their original concentration using River control water.

The Microtox test was capable of detecting toxicity in the Brook samples and a
cause/effect relationship between Effluent D and the toxicity of water from site T3
could be seen. For example, when the Microtox detected toxicity in the T3 sample
this was accompanied by mortality of the adult D. magna in the reproduction study.

The implication that the water quality at Brook site B3 is impaired under normal
operations is supported by the Corophium study which showed that sediments
collected from the B3 site were toxic to these sediment dwelling amphipods.

In this study, no other adverse chronic toxic effects to D. magna could be detected
at any of the other sample sites. As the study was conducted during a dry summer
period where the flow rates of the receiving water were low, the chances of
observing adverse effects were at their greatest. This provides some reassurance
that even though effluents were acutely toxic adverse effects were not seen in the
recipient water during low flow conditions. Additional reassurance is provided by the
fact that no significant adverse effects were detected in sediments collected from
any of the other sampling locations.

In terms of management action, the ecotoxicological data from these studies
provided evidence that:-

1) Offsite treatment was an effective mechanism for removing toxicity of the
petrochemical effluents and this disposal route was maintained.

2) One of the effluents was having an impact in the recipient water as this
resulting in measurable toxicity in both the sediment and aquatic phase. As
such this weight of evidence provided the justification for the installation of a
bio-polishing unit (plate bio-treater) to improve the quality of water being
discharged.
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Figure 1: Cumulative number of total young produced during 21 days
exposure to controls and river water samples collected during the study

...A---ASTM control
—o— Saline control
x  R1(100%)

o R2 (100%)
—a— R3(100%)
—x — R4 (100%)
—+— R5 (100%)

Day

Note: Test media renewed on days depicted in bold type

Figure 2: Cumulative number of total young produced during 21 days exposure
to ASTM control and brook water samples collected during the study

—x — ASTM control
—+ — B1 (Neat)

x B2 (10%)

o B2 (Neat)
—A— B3(10%)
—o— B3(Neat)

Day

e: Test media renewed on days depicted in bold type (except for T3 media on one occasion
which was replaced on day 15 and not day 14)
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CASE STUDY 2: EFFLUENT TOXICITY AT MONGSTAD
REFINERY

SUMMARY AND KEY LEARNINGS

In the acute toxicity assessments of Mongstad refinery effluent conducted in both
1993 and 2004 the algae (Skeletonema costatum) was found to be the most
sensitive species among the species tested (crustacean, fish etc.). The algal
toxicity, expressed as growth inhibition, showed a significant decrease from the
1993 to the 2004 study, from a Toxic Unit value of 9.1 to 1.3. The standard algae
test with S. costatum is therefore considered suitable as a test species at Mongstad
due to its high sensitivity. Additionally, this test is inexpensive and easy to carry out
and is recommended as a screening method.

The observed toxicity does not seem to be directly related to the Total Organic
Carbon (TOC) level of the effluents. In fact, the TOC levels were 14.3 mg/l and
5 mgl/l, respectively, in the 2004 and 1993 studies and therefore less toxicity was
observed when the TOC of the effluent was higher. However, the phenol and the oil-
in-water (hydrocarbon index) concentration in the effluent were lower in 2004
(0.24 mg/l and 0.64 mg/l, respectively) than in the 1993 study (0.4 mg/l and
0.9 mg/l). Additionally, the average concentration of mercury was more than
100 times higher in the effluent samples from the refinery in 1993 (0.65 ng/l) in
comparison to 0.006 g/l in 2004.

From a refinery perspective the low acute toxicity of the refinery effluent observed in
the WET test conducted in 2004 provides evidence that the Effluent Treatment
Plant, (which includes mechanical, chemical and biological treatment) is effective at
reducing effluent toxicity. In the 1993 study this had been demonstrated by the
results from the Microtox light inhibition test also performed on wastewater samples
prior to and after treatment.

INTRODUCTION

The oil refinery at Mongstad is situated in Western Norway. It is a modern, highly-
upgraded facility with an annual capacity of 10 million tonnes of crude oil. It is
ranked as the largest refinery in Norway, and is medium-sized in a European
context. All crude oil refined at the plant comes from the Norwegian continental
shelf. The principal products are petrol, diesel oil, jet fuel and other light petroleum
products. Statoil also operates a crude oil terminal at Mongstad with a storage
capacity of 9.5 million barrels. Construction commenced in 1972 and the refinery
was commissioned in May 1975.

In the present case study the results from whole effluent toxicity tests at Mongstad
refinery conducted in 1993 and 2004 are presented. A brief description of the
effluent treatment facilities and chemical characterisation of the effluents is also
presented. The toxic effect of the refinery effluent in 2004 will be evaluated in
relation to the content of oil hydrocarbons, phenols, heavy metals and estimated
concentration of added chemicals and the dispersion modelling of the dilution
potential of the recipient environment.
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CS-2.3. EFFLUENT TREATMENT

The wastewater from the refinery includes process water from the refinery,
surface/ground water and ballast water. The wastewater is given a staged approach
treatment involving mechanical, chemical and biological treatment, before it is
discharged to the recipient environment. The Effluent Treatment Plant (ETP) at
Mongstad refinery is composed of two units, a Waste Water Treatment Plant
(WWTP) and a Ballast Water Treatment Plant (BWTP). The WWTP primarily
collects and treats the oily water (process water) separated in the process areas at

the refinery and at the fAouter areaod, cover
primarily coll ectasstanwdatterredatast tthhee fdrbeaflilner y
terminal, as well as clean or contaminated surface and ground water drained from

the process and oil storage areas. ABal |l ast

ballast water from the oil terminal and the refinery, and settled cavern water from oil
storage caverns.

CS-2.3.1. Waste Water Treatment Plant (WWTP)

The WWTP also receives stripped sour water and neutralised NaOH from separate
waste streams and the treatment plant has a maximum capacity of 300 m*h
(Figure 1). There are criteria which the waste water stream must meet prior to being
treated by the WWTP. The criteria for pH and phenol are based on the potential for
toxicity of these parameters to the microbial community and the limit for ammonia is
a signal of non-optimised performance of the process unit. If the waste water stream
has contaminant levels exceeding the acceptance level, temporary storage is
required.

Figure 1 Waste water treatment plant at Mongstad refinery
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The treatment of the refinery wastewater is staged, whereby a series of physical-
chemical (pH adjustment/control prior to flocculation by addition of chemicals) and
unit processes are followed by biological treatment followed by further polishing
steps (sand filters).

The wastewater is directed to the first stage oil and separation unit (plate
separation), which includes slug removal). The secondary stage of oil removal is
allowed by air flotation and oil and slug is separated before biological treatment
stage. The wastewater is then pumped to the sand filter unit prior to aeration in a
lagoon and to the containment basin, prior to discharge to the sea.

Ballast Water Treatment Plant (BWTP)

The BWTP has a maximum capacity of 3000 m%h. The ballast water is subject to
two stages of oil separation by physical-chemical processes, the secondary stage
involving oil removal by flotation. The wastewater is then directed to the aerated
lagoon (together with the process water) and further to the containment basin, prior
to discharge to the sea (Figure 2).

The treated process water and ballast water from the refinery are released through
a diffuser at 46 m water depth in Fensfjorden. At present the average wastewater
volumes at Mongstad refinery (process water and ballast water) vary between 6000-
23000 m®/day. In addition there is a flow rate of cooling water to the recipient
environment at an average of 29000 m3/day (in 2003).

TOXICITY OF THE OIL REFINERY EFFLUENT

The Norwegian Pollution Control Authorities demanded, through the revision of the
refiner yés discharge permit, for Mongstad
the effluent at a regular basis from 2004. Therefore an ecotoxicological test program
of Mongstad refinery effluent was conducted by application of a Whole Effluent
Toxicity (WET) approach to the effluent in July 2004. In parallel, measurements of
water quality parameters (i.e. chemical characterisation) of the effluent samples
were conducted. Mongstad is presently in the process of designing an
ecotoxicological program for the years to come.

The test results, from investigation of acute toxicity, will be compared to the findings
from toxicity studies conducted in 1993 on the Mongstad effluent (Smith, 1993;
Smith, 1997). In addition to standard toxicity tests this work also included studies
addressing effects on key species on sub-lethal endpoint parameters (higher
ecological relevance).

t

(o]
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Figure 2 Ballast water treatment plant (BWTP) at Mongstad refinery
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CS-2.4.1. Whole Effluent Toxicity Study - 2004

In July 2004 the WET approach as described by ECETOC (2004) for evaluation of
the potential impact of the effluent on the marine environment in the Mongstad area
was used.

The WET approach is a rapid, cost-effective and scientifically sound strategy for
screening assessments. According to Norwegian Pollution Control Authorities
guidance, it is recommended that the test programme shall begin with standardised
laboratory bioassays following a tiered approach, starting initially with acute toxicity
assessments (WET) on relevant test species, at minimum of three different trophic
levels. In parallel with the WET testing, effluent sampling for physical and chemical
characterisation of the effluent water shall take place. In addition, information on
biological degradation and the potential bioaccumulation of effluent components
shall be provided, followed by performance of dispersion model simulations to
achieve information of the dilution potential of the recipient environment as well as
input to a risk characterisation (PEC/PNEC-ratio) (SFT, 2000).

The refinery effluent was tested for acute toxicity of marine species according to test
protocols developed within PARCOM (PARCOM, 1993); on the algae (Sceletonema
costatum), on a crustacean (Acartia tonsa) and on the fish (Cyprionodon
variegatus). The effluent water was also tested on the luminescent bacteria, Vibrio
fischeri, by determination of the inhibitory effects on the light emission. The
exposure regime in the toxicity tests was as following: 100, 25, 10, 2.5, 1.0, 0.25
and 0.1% effluent water. An overview of the toxicity endpoints for the different test
protocols and test durations are outlined in Table 1.
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Table 1 Overview of the standard toxicity tests and test species included
in the ecotoxicological test program conducted in July 2004

(09.07.04-16.07.04) at Mongstad refinery (AnalyCen Ecotox,

2004)

Test species Toxicity Test duration Test protocol
endpoint (hours)

Micro-algea Growth 72 ISO 10253
(S. costatum)
Crustaceans Lethality 48 ISO/CD 14669
(A. tonsa)
Fish Lethality 96 (PARCOM 1995 Part B
(C. variegatus) & OECD 203 Guideline)
Microtox Light inhibition | 5/15 minutes ISO 11348-3
(V. fischeri)

The results from the toxicity tests of the refinery effluent are shown in Table 2. The
effect values (EC/LC50s and NOECSs) are expressed as percentage effluent of the
various tests. The results showed that the effluent was not acute toxic for
crustacean and fish (LC50 >100% effluent). A minor toxicity response was observed
in the tests with algae and bacteria exposed to non-diluted effluent, 75% and 91%
effluent, respectively. The most sensitive species tested was the algae, with the
lowest NOEC value (10% effluent). Based on dilution factor of 10 of the effluent to
the receiving water, no toxicity can be observed for the marine algae species.

Table 2 Results from the standard toxicity tests included in the effluent
ecotoxicological test program conducted in July 2004 (09.07.04-
16.07.04) at Mongstad refinery

Test species EC/LC50-value Short term NOEC | Toxity Unit
(%) value (%) (TU)

Skeletonema 75 10 1.3

costatum

Acartia tonsa >100 25 <1

Cyprionodon >100 100 <1

variegatus

Vibrio fischerie >91 86 <l.1

The toxicity was also expressed as Toxicity Unit (TU). This is defined either as
Acute toxic units (Tu,) defined as 100/L(E)C50 from an acute test (when toxicity is
expressed as % effluent by volume); or as chronic toxic units (Tu.) defined as
100/NOEC or EC10 from a chronic test The highest TU estimated for the effluent at
Mongstad was 1.3 for the algae, based on the lowest EC/LC50 value (75% effluent)
obtained in the test program.

Investigation of acute toxicity of Mongstad refinery effluents on marine
organisms - 1993

In the present study investments in development and optimisation of experimental
designs have been used providing cost-effective acute toxicity information of
complex effluents. Ecologically relevant and suitable test species and test
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parameters were applied together with standard acute toxicity tests (Smith, 1993;
Smith, 1997).

In order to evaluate the potential toxicity of the effluent from Mongstad refinery,
treated wastewater was sampled from the outlet of the containment basin at the oil
refinery and a number of toxicity tests were performed on selected marine species.
A description of the toxicity studies and the results from the various toxicity tests are
presented in the following section.

The refinery effluent is discharged to marine and estuarine waters. The daily mean
wastewater volumes (process- and ballast water) varied between 7500 - 20000 m®
in early 1990s.

Light inhibition of marine bacteria and growth inhibition of marine
algae

Effluent samples from Mongstad refinery were tested for acute toxicity on two
different marine organisms, the luminescent bacteria Vibrio fischeri (Microtox) and
the algae Skeletonema costatum. Wastewater samples of ballast water and process
water taken before wastewater treatment and a wastewater sample collected prior
to discharge (after treatment) to the containment basin from where water is
discharged continuously to the marine recipient, were screened for toxicity applying
the Microtox test protocol. The findings, expressed as EC50 values and Toxicity
Units (TU) are reported in Table 3 for the luminescent bacteria. The samples from
the containment basin, representing a mixture of treated ballast water and process
water were found to have higher EC50 values ranging from 40-57%, and were thus
less toxic, compared to wastewater samples taken in different water streams prior to
treatment, with EC50 values ranging from 12-22%. The ballast water was clearly
more toxic than the process water before treatment.

Table 3 Results from the Microtox light inhibition test performed on
wastewater samples prior to and after treatment at Mongstad oil
refinery sampled in December 1992 and January 1993

Effluent sample Date EC50 (%) Toxic Unit
15 min. (TU)
Ballast water 09.12.92 12 83
(prior treatment) 09.12.92 12,6 79
Process water 09.12.92 21,7 46
(prior treatment) 09.12.92 21,3 47
Containment basin - Batch O 09.12.92 53,9 1,9
(after treatment) 09.12.92 46,5 2,2
09.12.92 40,9 2,4
Containment basin 1 Batch 1 05.01.93 56,9 1,8
(after treatment) 06.01.93 49,1 2,0
07.01.93 47,4 2,1
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Toxicity of the refinery effluent to marine algae S. costatum was determined

according to the fdMai bneéi ahgaesgoowt SO met hod D
The results from the algae test are shown in Table 4. The algae test was found 3 to

5 times more sensitive (11-15% effluent) than the bacterial Microtox test to the

refinery effluent.

Table 4 Results from growth inhibition test with the marine microalgae
S. costatum performed on wastewater samples after biological
treatment at Mongstad oil refinery taken in January 1993

Effluent sample Date EC50 72-h Toxic Unit
(%) (TU)

Containment basin 05.01.93 11,6 8,6

- Batch 1 06.01.93 15,2 6,6

(after treatment) 07.01.93 14,1 7,1

CS-2.4.4. Inhibition of growth rate on marine algae

Performance of two different experiments with a mixture of marine algae exposed to
different concentrations of effluents is described. In the first experiment, growth
rates of cultured populations of the marine algae Skeletonema costatum,
Phaeodactylum trocornutum and Tetraselmis sp. in mixture exposed to the
concentration range 5 to 20% effluent water from Mongstad refinery were
investigated. S. costatum exposed to 20% effluent water exhibited a negative
growth rate, compared to no observable effect when exposed to 10% effluent water.
No significant inhibitory effect on growth rates or total biomass of populations of
P. tricornutum and Tetraselmis sp. was observed exposed to the range of 5 - 20%
effluent water (Table 3).

In a separate experiment, the growth rate of cultured populations of P. trocornutum
and Tetraselmis sp. in mixture was investigated when exposed to a concentration
range of 10 to 50% effluent. No significant inhibitory effect on growth rates or total
biomass of populations of P. tricornutum and Tetraselmis sp. was observed
(Table 5). However, when exposed to 10-20% effluent water, a general increase in
population biomass compared to the control group was observed.
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Table 5

Overview of results from toxicity test with different marine species (Microtox
and microalgae) performed on effluent samples after biological treatment at

Mongstad oil refinery.

Test species Exposure Effect endpoint Effect level/effluent Toxity Unit Test protocol
conditions concentration (%) (TU)
Bacteria: 15 min Light inhibition 25 Beckman
V. fischerie EC50 = 40-57 Microtox manual,
EC20 = 14-18 1988
Algae: Static system Growth 9,1 ISO-DP 10253,
S. costatum 72 hours inhibition EC50 = 11-15 1988
EC10 = 6-8
Algae: Exp. 1: Growth rates - ISO-DP 10253,
S.costatum 5,10 and 20 % LOEC = 20% 1988
effluent
P.tricornutum LOEC >20% (no effect
observed)
Tetraselmis sp.
LOEC >20% (no effect
observed)
Algae: Exp.2: Growth rates/ - ISO-DP 10253,
P. tricornutum 10, 20, 30,40 &| total biomass LOEC >50% (no effect 1988
50% effluent observed)
Tetraselmis sp.
LOEC >50%(no effect
observed)

CS-2.4.5.

Hatching success of the planktonic crustacean Acartia tonsa

The hatching success of the marine crustacean (copepod) Acartia tonsa, exposed to
different concentrations of effluent water (range: 5-50%) was also investigated. The
species A. tonsa represents an important planktonic organism in most Norwegian
fijords. The results showed large batch-specific variations in hatching success, both
within the control groups and the exposed groups (Table 6). This variability may be
the result of errors inherent in the experimental design and counting exactness. The
time from the onset of the experiment to the hatching time was not well defined. No
significant effect of the refinery effluent was therefore observed.

Table 6

Overview of results from toxicity test with different to different marine species
(algae and mysid) performed on effluent samples after biological treatment at

Mongstad oil refinery

Test species

Exposure conditions

Effect endpoint

Effect levell/effect
concentration

Crustacean
lAcartia tonsa

96 hours exp.
Jan./Feb. 93
5, 10, 20 and 50% effluent

Hatching success

No significant difference
between control and
exposed groups

Mysid
Neomysis integer

96 hours exp.
5, 10, 15, and 20% effluent

Lethality

No lethality observed

Sal inity: 10a,

Static open system
Mysid 24 and 72 hours exp. Physiological effects: |No stress protein Not available
Neomysis integer 50% effluent water stress proteins identified

Sal inity: 10a,

Mysid
Neomysis integer

10, 25 and 50% effluent 96
hours exp.

Sal inity:
Flow through system

10a,

Oxygen consumption

No significant difference
between control and
exposed groups
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Table 7

Lethal and physiological effects on the mysid Neomysis integer

Adult and sub-adult specimens of the mysid Neomysis integer were exposed to
different concentrations of effluent water. Neomysis integer is a brackish water
species common in estuarine waters along the coast of Norway and was included in
the test program due to its sensitivity to toxicants, short generation time and
character as a secondary consumer, often feeding on zooplankton. The effects from
exposure to an exposure regime of 5 to 50% effluent on lethality and stress proteins
were investigated. No increase in lethality was registered in any of the exposed
groups, and no stress proteins were found in individuals exposed to 50% effluent
water in 24 and 72 hours (Table 6).

The effect of exposure to a concentration range of 10 to 50% effluent at different
salinities on physiological parameters like oxygen consumption was also studied. No
significant effect on oxygen consumption was observed after 96 hours exposure.

Effects of exposure of egg and larvae on cod (Gadus morhua)

Eggs and larvae of cod (Gauda morhua L.) were exposed to one concentration;
50% effluent for 96 hours. The early life stage of marine fish is generally regarded
as sensitive to marine pollutants. Heart rate, hatching, length/growth and mortality
were measured in early life stages of cod (eggs, embryo, and larvae).

An overview of the test results of cod is presented in Table 7. The heart rate of cod
embryos decreased by 15% compared to controls exposed to seawater (significant
decrease) when exposed to 50% effluent. The effect found on embryonic heart rate
may have consequences for the recruitment of a cod population or the amount of
available larvae as food sources for other marine organisms in an ecosystem.
Hatching of cod eggs was initiated at the same time in control group and the
exposed group but the peak appeared earlier in the exposed group. The peak
hatching time in exposed groups took place 12-24 hours earlier than in control
groups. Length measurements in newly hatched cod larvae indicate that exposed
larvae are shorter than larvae in control groups from exposure to 50% effluent
water. However, lethality in the exposed groups of eggs/larvae was not higher than
those hatched in clean seawater.

Overview of results from toxicity test with different early life stages of cod
(Gauda morhua L.) performed on effluent samples after biological treatment
at Mongstad oil refinery

Test species Exposure conditions |Effect parameters Effect level/effect Test protocol

concentration

Fishi Cod 50% effluent Heart rate Significant effect (15% Not available
Embryo 96 hours exp. below normal) at 50%

Salinity: effluent

Fishi Cod 50% effluent Length Significantly shorter at Not available
Newly hatched larvae 96 hours exp. 50% effluent

Salinity:

Fishi Cod 50% effluent Hatching time Hatching was initiated at Not available
Eggs 96 hours exp. the same time but the

Salinity: peak appeared earlier in
the exposed group

Fishi Cod 50% effluent Lethality No lethality observed Not available
Eggs/larvae 96 hours exp.

Salinity:
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CS-25. COMPARISONS BETWEEN 1993 AND 2004 WET STUDIES

Toxicity has been assessed by applying the WET method on Mongstad refinery
effluent both in 1993 and 2004. The initiative to the effluent toxicity testing in 2004
was taken in order to comply with regulations as well as the need for identification of
the toxicity of the effluent.

In both studies, the algae S. costatum was found to be the most sensitive species
when exposed to effluent from Mongstad refinery. The toxicity expressed as TU
values, based on the lowest EC50 values (11 and 74% effluent), tested for growth
inhibition, and was estimated to give a TU value of 9.1 in the 1993 study and a TU
of 1.3 in the 2004 study. This indicates that the toxicity of the refinery effluent has
decreased significantly, by approximately a factor of 7, in the period from 1993 to
2004, based on the results with the algae S. costatum.

In the 1993 study other species, including cod, mysid and the less
traditional/standardised algae species were tested for more ecological relevant and
sub-lethal effect endpoints such as hatching time/success, physiological effect,
oxygen consumption, heart rate etc. Furthermore, cod was tested for different early
development stages (egg, embryo and larvae) viewed as more sensitive than the
adult stage. These results indicate that the short term exposure for the refinery
effluent although expected to be more toxic compared to the 2004 effluent, (based
on the algae and the bacteria tests), did not reveal higher effects when tested for the
less standardised species and sub-lethal effect endpoints. An exception was the
experiments conducted with early life stages on cod that showed significant effects
on length and heart rate and hatching time with short term exposure to 50% refinery
effluent. However, EC50 or NOEC values could not be estimated due to limited
exposure regime used in these experiments (only one effluent concentration tested).

CS-2.6. CHEMICAL CHARACTERISATION OF THE EFFLUENT

The effluent water at Mongstad refinery comprises a complex mixture of organic and
inorganic contaminants including bot h oil
¢ h e mi .cThd aslded chemicals or additives include both those consumed at the

refinery and those chemicals derived from transport of crude oil (by ship/pipeline)

from offshore installations. They are of concern, both due to the potential for

inhibition of biological unit processes used for treatment, as well as the potential

impact in receiving waters.

The Norwegian regulatory requirements, includes demands for maintaining
concession limits for selected components of the Mongstad refinery effluent. These
concession limits are given for daily content and/or concentration of oil-in-water,
phenol, ammonia, sulphide, cyanide and pH. The refinery effluent streams are
analysed daily for content of oil-in-water, phenol and ammonia, while pH, cyanide
and sulphide are measured twice a week. The concentration of total nitrogen,
phosphate, phosphorus and Total Organic Carbon (TOC) in the effluent is also
measured on regular basis.

CS-2.6.1. Naturally occurring components

The chemical composition of oil derived substances like Benzene, Toluene,
Ethylbenzene and Xylenes (BTEX), naphthalene, Polyaromatic Hydrocarbons
(PAHS), phenols and metals in the effluent is regularly analysed according to the
analysis guidance applied for naturally occurring produced water constituents on the
Norwegian Continental Shelf (OLF, 2003). As a part of the ecotoxicological program,
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effluent water samples were taken from the outlet of the containment basin in July
2004 for chemical analysis of the above-mentioned effluent components in parallel
with the conduct of the WET test. The effluent samples contained oil hydrocarbons
lower than 1 mg/l, below the regulatory concession limit for discharges to
Fensfjorden (5 mg/l). The total concentrations of dissolved BTEX, naphthalenes,
2-3 ring PAHs and high weight molecular PAHs (4+ ring PAHs) were measured at
low ppb levels (2-6 ppb). The concentration of alkyl phenols ranged from 13 ppb for
C4-C5 alkyl phenols and 26 ppb for CO-C3 alkyl phenols. Very low concentrations of
C6-C9 alkyl phenols (<0.5 ppb) were detected in the refinery effluent. Analysis of
metals showed concentrations close to background levels in open seawater, except
for zinc.

The concentration levels of oil hydrocarbons were within the same range as in the
1993 study. The TOC (14.3 mg/l) and the ammonia (7.4 mg/l) levels in the effluent
were higher in the 2004 measurements compared to 1993 (5 and 2 mgl/l,
respectively). However, the phenol and the oil-in-water (hydrocarbon index)
concentration in the effluent were lower in 2004 (0.24 mg/l and 0.64 mg/l,
respectively) than in the1l993 (0.4 mg/l and 0.9 mg/l). Additionally, the average
concentration of mercury was more than 100 times higher in the effluent samples
from the refinery in 1993 (0.65 ng/l) in comparison to 0.006 ng/l in 2004. The alkyl
phenols were not characterised in 1993 due to analytical/extraction problems.

CS-2.6.2. Added chemicals

A considerable number of chemicals are in use in the various refinery processes

and in the wastewater treatment units at Mongstad refinery. Some of these chemical

substances may be relatively water soluble and thus could be present in significant

amounts in the water phase at process steps involving direct contact with water

streams. In addition, there is a contribution from chemicals substances applied

offshore at various producing facilities, derived from water residues (about 0.5 %)

from crude oil via cargoes and pipeline transport. Due to the effluent complexity and

lack of appropriate analytical methods for detection of chemical concentration in the

effluent water, no estimation of effluent concentrations of chemicals applied at the

refinery was available in 1993. However, in 2004 a chemical model system used for
prediction of concentrations of fAaddedod chemica
and after treatment in the wastewater treatment plant (WWTP) at Mongstad was

developed. The difference in toxicity between 1993 and 2004 may partly be

explained by the differences in the cockt a i | of Afaddedd chemical s i
water from the refinery, assuming hazardous chemicals that have the potential to

pose harm to the environment, have become replaced by more environmentally

friendly chemicals during the past ten years.

CS-2.7. DILUTION AND DISPERSION MODELLING

Numerical dispersion modelling is a useful and cost effective tool for predicting
dispersion and fate of effluent water in the marine environment. The output from
dispersion modelling may be further used for predictions of the dilution potential and
environmental risk of discharges to the receiving environment.

In the 2004 study, dispersion model simulations were carried out using the following
two-dimensional numerical models: Visual Plumes for simulating mixing of effluent
discharged water with ambient water, i.e. spreading and trapping of effluent water
(Frick et al. 2001), and the hydrodynamic RMA2 model and the RMA4 transport
model simulation using the hydrodynamics from RMA2 (US Army, 2003a,b). Visual
Plumes was used to calculate in-layering depth and near-zone dilution of effluent
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CS-2.7.1.

CS-2.8.

from Mongstad refinery to Fensfjorden. The results from Visual Plumes have been
used as input for the RMA models which is more suitable for dispersion modelling in
distant areas.

The effluent is characterised with varying salinity over the year due to differences in
surface water and ballast water volumes. The water temperature is also varying due
to influence by the solar radiation and air temperature that change during the
season. The reason for this is that the discharge water is stored in an outdoor
lagoon for several days before it is discharged to Fensfjorden. The salinity in the
discharge water is the most important parameter for modelling in-layering depth and
dilution of submerged plumes in Norwegian fjords. Tidal currents, freshwater runoff
and wind have been taken into account for an average situation.

The results from the model simulations indicated an in-layering depth in the range
351 40 m depth (discharge point at 46 m depth), and at this depth the discharge
water on average was diluted 500 times. The models RMA2/RMA4 have been used
to simulate discharge to a 5 m thick water layer. These simulations were done for a
conservative constituent (decay was not included) and vertical mixing and diffusion
with the overlying and underlying water masses were not taken into account in these
simulations. The dilution is approximate 1000 and 1500 times respectively, 500 and
1500 m downstream of the discharge.

Validation of dispersion modelling dye studies

Dye studies were conducted for validating the dilution modelling of the receiving
environment at Mongstad. Experiments involved adding fluorescence dye
(Fluorescein) to the main effluent. The dye was then detected by sensitive sensors
in the sea surrounding the diffusor segments at 50 m depth, up to 1300 m from the
inlet well. Vertical profiles of fluorescence, turbidity, salinity and temperature versus
depth were taken at regular intervals at 30 - 40 stations each day at varying
distance from the diffusor. The sensor readings represented theoretical dilution
factor in the range of 250 - 900 within the sampled area (Golmen and Nygaard,
2006) and is at the same range as predicted by the two models. The dye was
consistently detected in the receiving environment in water layers between 30 and
40 m depth confirming the in-layering depth.

RISK EVALUATION OF THE EFFLUENT

According to Norwegian Pollution Control Authorities guideline it is recommended
that the effluent is further assessed by calculation of environmental risk by
characterisation of the PEC/PNEC-ratio based on the toxicity data from the WET
test, or from toxicity information on single substance level (SFT, 2000). Both
approaches were conducted in the present case study. The outcome of the risk
calculations based on dilution modelling with Visual Plumes and RMA2/4, showed
PEC/PNEC-ratios slightly higher than 1 (when combining PEC/PNEC ratios for all
components). The calculations indicated that the risk contribution from the fi a d d
chemicals was higher when compared to the oil derived substances components
(Frost et al, 2004).

Monitoring of the receiving environment was conducted in 2004. In the 2004 survey
a follow-up study was conducted by analysis of oil hydrocarbons tissues of blue
mussel tissues. An increased level of oil hydrocarbons and a reduced number of
seashore faunal species (reduced diversity) were observed at the two outermost
stations, possibly due to accidental oil spills from a ship in this area in 2003. In the
regular monitoring survey in 2006 there was no significant impacts observed in the

93

edo



@@W@@W@ report no. 1/12

CS-2.9.

94

marine recipient near Mongstad refinery. However, monitoring surveys have
traditionally covered monitoring of the seashore and the sediment compartment and
not addressed impacts on organisms that live in the water column.

CONCLUSION

In both whole effluent toxicity tests conducted in 1993 and 2004 the algae
(S. costatum) was found to be the most sensitive species among the species tested
(crustacean, fish etc.) when exposed to effluent from Mongstad refinery. The
toxicity, expressed as growth inhibition, showed a significant decrease from the
1993 to the 2004 study, by a TU value of 9.1 and 1.3, respectively tested on the
algae. The standard algae test with S. costatum is therefore found suitable as a test
species at Mongstad due to its high sensitivity. Additionally, this test is inexpensive
and easy to carry out and is recommend to be used as a screening method.

The toxicity does not seem to be directly related to the TOC level of the effluents.
The TOC level was 14.3 mg/l and 5 mg/l, respectively, in the 2004 and 1993 study.
However, the phenol and the oil-in-water (hydrocarbon index) concentration in the
effluent were lower in 2004 (0.24 mg/l and 0.64 mgl/l, respectively) than in the 1993
study (0.4 mg/l and 0.9 mg/l). Additionally, the average concentration of mercury
was more than 100 times higher in the effluent samples from the refinery in 1993
(0.65 ng/l) in comparison to 0.006 ng/l in 2004.

The low acute toxicity of the refinery effluent observed in the WET test conducted in
2004 confirms the high efficiency of the Effluent Treatment Plant, including
mechanical, chemical and biological treatment. In the 1993 study this is also
supported by the results from the Microtox light inhibition test performed on
wastewater samples prior to and after treatment. The concentration levels of oil
hydrocarbons were within the same range as in the 1993 study.
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CS-3. CASE STUDY 3: ECOLOGICAL MONITORING OF THE MARINE
ENVIRONMENT AT MONGSTAD REFINERY

CS-3.1. SUMMARY AND KEY LEARNINGS

The present case study describes the monitoring that took place covering the period
of 1972-2006. The case study also addresses the extent to which the methods and
analysis being used have changed, and the impact of the modifications.
Traditionally, the attention in the monitoring surveys conducted until 1980 was on
investigations of the rocky seashore fauna. A modification of the methods applied
took place in the early 1980s. The monitoring surveys conducted from 1985
(baseline survey) were more comprehensive, including chemical analysis of olil
hydrocarbons in sediments and biota, hydrographical measurements as well as
sediment analysis. The surveys in 1985 and 1987 provided a baseline for future
monitoring of the marine environment, and were later used for comparisons to
identify faunal changes in this area. In 1990 sediment analysis of heavy metals were
introduced, and from 1994 the sediment measurements were replaced by analysis
of metals in biological tissues (blue mussels).

The change in the content of the monitoring programs applied to the marine
environment in the Mongstad area, Norway, from study of the rocky sea shore fauna
to more comprehensive programs covering a number of monitoring analysis and
methods, and sampling undertaken in several environmental compartments, have
been beneficial for the refinery. The current analysis and methods conducted in the
Airegul ar monitoringd surveys provide an enhanc
follow-up of planned discharges and spill incidences, reflecting the different activities
at Mongstad refinery. For instance, identification and investigation of potential
impacts from small accidental crude oil spills at shore, oil spill from ships at the
harbour area, discharge from sea water scrubber outlet as well as planned
discharge of process water to the marine recipient from the refinery demand for
surveys including a combination of different monitoring methods and analysis.
Selection from a suite of methods/analysis to be deployed dependent of the
incidence and the investigations that are to be undertaken, gives the refinery
flexibility with respect to design of monitoring programs.

Since monitoring surveys started in the Mongstad area in 1972, the concern has
traditionally been on monitoring of the seashore and the sediment compartment,
with toxicity as the primary end point parameter. In future monitoring programs,
potential impacts on water column organisms as well as validation of model
predictions of exposure and concentrations of effluent constituents may be
addressed. Additionally, validation of model prediction of exposure of non-toxic
stressors, such as inorganic nitrogen (ammonia), increase in temperature and
change in O, level due to biodegradation of chemicals in the recipient will be
evaluated introduced in future environmental monitoring programs.

CS-3.2. INTRODUCTION

Ecological monitoring of the intertidal marine environment in the vicinity of the
effluent discharge at Mongstad refinery has been carried out since 1972. The
monitoring data from 1972-1974, serve as the baseline before commissioning of the
refinery in May 1975. The monitoring surveys in 1970°s focused mainly on
community analysis of the rocky seashore fauna. In early 1980°s monitoring
methodologies were subject to further development and were extended to cover
chemical and physical parameters as well as monitoring of the soft sediment seabed
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fauna. The updated baseline studies of 1985 and 1987, which will be described,
have been used as reference for monitoring surveys conducted since 1990 to the
present day. In this case study a description of the changes in monitoring survey
methods through the period 1972 to 2006 is presented.

The different monitoring surveys conducted since 1972 around Mongstad refinery
can be divided into four different periods dependent of the environmental monitoring
methods applied:

Baseline/monitoring surveys 1972-1979
Baseline monitoring surveys 1985-1987
Regular monitoring surveys 1990-2006
Follow-up monitoring surveys 1989-2004

PR

An overview of all elements included in the environmental monitoring surveys within
the different periods is shown in the following sections. A more detailed description
of the different measurements undertaken over the period 1972 to 2006 is shown in
Appendix 1.

ENVIRONMENTAL MONITORING METHODS
Baseline/monitoring surveys the period 1972-1979

Monitoring surveys started at the site of Mongstad refinery in 1972. Surveys
commissioned by BP (British Petroleum Company Limited Environmental Control
Centre) in the period 1972 to 1979 were published by Syratt and Cowell, 1975,
Hartley et al, 1986 and by Curtis and Grezo (1989). In addition studies undertaken
in late 1970°s were reported by Dalbye et al (1978) and Dalbye and Syratt (1979).

Shore surveys in 1972, recording the vertical distribution and abundance for
common intertidal species (littoral zone) were determined annually until 1974 at
18 stations in addition to five reference stations (Syratt and Cowell, 1975). At each
station a belt transect was established, each extended from low water spring tides to
the top of the black lichen zone. Each transect was divided into vertical intervals
(0.1 m) using a simple cross staff levelling method described by Moyse and Nelson-
Smith (1963) and modified by Crapp (1971). In later surveys, intervals of 0.2 m were
used, approximating to about 1/10 of the extreme tidal range (1.8 m for Mongstad).
The abundance of each species, (forty-five species), was recorded over an area of
about 5 m to each side of the survey line and 50 mm above and below each point.

At each level on the rocky shore, the abundance scales of Crisp and Southward
(1958), Ballantine (1961) and Moyse and Nelson-Smith (1963), modified by Crapp
(1971) were used for the determination of the relative exposure of rocky shores
(physical stress due to wave actions). It became obvious during the early stages of
the monitoring program at Mongstad, that some form of shore classification for
exposure was essential in order to interpret shore surveys and place them in the
frame of the reference recordings. The Ballantine scale that was primarily used in
Milford Haven (UK) was modified for use in Western Norway. Those species
particularly sensitive to winter water temperature were excluded due to the more
northerly latitude of the Norwegian site. (Dalby et al, 1978).

The abundance, shown as zonation and changes in distribution of key species of
flowering plants, lichens, seaweeds, barnacles, limpets, gastropods, polychaetes,
bivalves etc. were expressed as kite diagrams for the various shores. The general
theory behind zonation has been adequately described by Lewis (1964) and by
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Moyse and Nelson-Smith (1963). Lewis (1965) illustrated the differences in shore
zonation on the south coast of Norway. Ferry and Sheard (1969) described the
zonation of supra-littoral lichens on rocky shores in UK.

Limpet recruitment studies were conducted by measuring samples of limpets in situ
at each station, and estimations of barnacle recruitment from spatfall. Also, the
upper limit to the vertical distribution of the black littoral fringe lichen, Verrucaria
maura, at each site was recorded during the baseline surveys of 1973 and 1974
(Syratt and Cowell, 1975). The shell characteristic (shell teeth) of the dog whelk,
Nucella lapillus, (Cowell and Crothers, 1970; Crothers, 1971) was also studied.

The monitoring methods applied in the baseline survey (Syratt and Cowell, 1975)
were also employed on data from the Mongstad survey undertaken in 1975, 1976,
1977 and 1979. Monitoring took place after a spill of light slops occurred in 1975
during commissioning. During the 1977 survey, damage to the marine flora and
fauna of the rocks surrounding a small bay was detected (Dalby et al, 1978). Signs
of local contamination, mainly in the form of oil on the water surface in the bay, and
the presence of sewage fungus in the small stream entering the bay. Enquiries
showed that there had in fact been a fractured pipe within the refinery processing
area that had led to a temporary contamination of the stream (Monk et al, 1978).

The main environmental factor separating the sampling sites at Mongstad is
exposure to wave action. This needed to be quantified so that sites of numerically
similar exposure could be compared to each other. A biological exposure scale,
adapted from Ballantine (1961), was applied. The data was employed on a ranking
scale, in which the abundance measure increases approximately logarithmically with
rank, the maximum score of 7 being the maximum abundance possible in nature for
a given species. Maximum abundance attained by each species at each site, was
plotted against exposure grade. By use of a recursive method of curve fitting and
reassessment of exposure grades, adjusted values for each site on a scale from 1,
(most exposed) to 9, (most sheltered) were calculated (Dalby et al, 1978).

Limitations to the use of such abundance scales have been described by Ballantine
(1961) and Lewis (1964). The shores being investigated should ideally be
moderately uniform slopes of bedrock. Very uneven shores with large stacks and
jagged reefs should not be considered as a whole if other more suitable shores are
available. If biological monitoring is employed, recording should be quantitative and
in such a form that the data can be treated statistically. More information could have
been extracted with a different kind of data recording. In addition, variation in
species abundance on rocky shores is often considerable from year to year, and this
must be taken into account when assessing the impact of any possible
contamination.

The methods applied in this period were time consuming. A full survey with focus on
the intertidal marine environment could be completed in approximately eight days
(at low spring tides) with four persons. In addition, analysis of data and reporting
took one person about 2 months.

An overview of the methods applied in the environmental monitoring surveys in the
period 1972 to 1979 is presented in Table 1. In this period the attention was only on
analysis of the rocky seashore fauna.
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Table 1 Methods applied in the environmental monitoring surveys conducted in the
period 1972 to 1979
Year Surveys Rocky sea shore fauna (hard bottom)
1972- Marine baseline Community analysis: '
1979 survey/monitoring surveys

Littoral zone:
-Vertical distribution and abundance of intertidal species
- Zonation of key species
- Shell characteristics (Nucella lapillus)
- Limpet recruitment
- Level analysis

I. References: Crisp and Southword, 1958; Crapp, 1973; Syratt and Cowell, 1975 (BP study); Dalby et al, 1978; Monk et
al, 1978; Dalby and Syratt, 1979 and Hartley et al, 1986 (BP study).

CS-3.3.2.

Baseline monitoring studies 1985 -1987

The marine baseline studies were updated in 1985 and 1987 in connection with the
upgrading and expansion of the oil refinery. The main objectives of the marine
baseline study were first to describe the environmental conditions in some selected
marine benthic communities from various parts of the soft bottom sediment in the
Mongstad area. Secondly, to provide a baseline for future monitoring of the marine
environment, and form a basis for development of a hew monitoring programme to
be used in later comparisons to observe faunal changes in this area. In addition to
the traditional survey of the shallow water populations of algae and hard bottom
fauna from the littoral zone (down to 30 m), the marine baseline study comprised
additional sub-investigations (Johannessen and Hgisaeter, 1986; Johannessen et al,
1988):

a study of the soft seabed fauna (down to 30-40 m depth)
sediment analysis of organic carbon and grain size distribution

1
1
1  hydrographical measurements

1 analysis of petroleum oil hydrocarbons and phenols in sediment, blue mussels
and sea water

1  counting of breeding seabirds

In addition a visual examination of the shoreline was undertaken, to record signs of
oil spill pollution.

Investigations of the soft seabed fauna included benthic community abundance
parameters (species assemblages and species diversity), and were useful indicators
for describing the environmental status of the benthic community. Potential impacts
on the fauna in the influence area were identified by estimation of species diversity
expressed by di vevemdss, (J) distribdtierxof gpddiés)in geometric
classes, cluster analysis (Bray-Curtis similarity index), Hurlbert species richness
curve and ordination analysis (Multi-Dimensional Scaling).
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The techniques included in the hydrographical measurements and chemicals
analysis of the sedi ments and edularonoaitorag e
surveys.

further

The seashore has been monitored since 1972. In the baseline surveys in 1985 and
1987, the sub-littoral zone in addition to the littoral zone was subjected to
investigations due to their ability to respond to different types of stress and pollution.
The algae and sessile animals occupying the sub-littoral zone are sensitive and
good indicators of variations in the environment. The monitoring elements and
methods applied in the base line survey undertaken in 1985 and 1987 are presented

in Table 2, and ar e égularanortoringbwveysr i bed under dr
Table 2 An overview of the monitoring elements and methods included in the marine
baseline survey conducted in 1985 and 1987
Year Surveys Hydro- Sediment analysis | Contaminants analysis Soft seabed fauna Rocky sea shore
graphy | Grain Organic | Sediment | Water Biota fauna
size content
1985- | Baseline Yes Yes Yes | THCV THC Hydro- | Abundance: Community
1987' study | Phenols carbons | - No. individuals analysis:
and Il (NPD) - No. species
in blue Littoral zone:
mussels | Analysis: - Level analysis "

- Distribution of i

species in geometric - No. species
classes" - Photographic

- Diversity index  ("H| documentation

- Evenness (J) "V - Wave exposure
- E(S100) index

- Hurlbert species - Vertical zonation
richness curve

- Square analysis

- Cluster analysis

Sublittoral zone:

(Bray-Curtis - Square analysis
similarity) - Photographic
- Ordination (MDS- documentation
analysis) - Transect analysis
- Wave exposure
index
- No. species

Censuses of seabirds

Analysis:

- Cluster analysis
(Bray-Curtis
similarity)

- Ordination (MDS-
analysis)

' References: Johannessen and Hgisaeter, 1986; Johannessen et al, 1988
" Gray and Mirza, 1979.

"Shannon and Weaver,1949

" Pielou,1966.

VField et al,1982.

V' Total hydrocarbons

V' Method by Dalby et al, 1978; Hjolman and Risheim, 1992 .

VI Method by Oug et al, 1985; Johannessen and Hgiszether, 1986.

Semi-quantitative measurements by il e v e | wereaukeyl oii detérmination of
the distribution of selected dominating species (plants and organisms) at fixed
stations at the seashore, in surveys over the period 1972-1987 (Syratt and Cowell,
1975; Hartley et al, 1986; Curtis and Grezo, 1989). A modified version of the method
was applied in the baseline study in 1985 (Hjolman and Risheim, 1992). The shore
at each station was divided into 15 cm vertical levels along a transect 8 m wide.
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Each species was allocated an abundance value according to a scale divided into 8
categories (Dalby et al, 1978). In parallelanew met hod call ed
was introduced into the monitoring program in 1985 (Oug et al, 1985; Johannessen
and Hgisaether, 1986).

Regular monitoring surveys 1990-2006

The marine baseline studies updated in 1985 and 1987 have been used as
reference for monitoring surveys proceeded since 1990. In the period 1990-2006
regular monitoring including follow-up monitoring surveys, with few exceptions, were
conducted annually. The monitoring surveys included several or all elements
included in the marine baseline studies (Johannessen and Hgisaeter, 1986;
Johannessen et al, 1988). An overview of the analysis and methods applied in the
regular monitoring surveys through the period 1990 to 2006 is presented in Table 3.

The monitoring surveys undertaken around Mongstad refinery since 1990 have
included five main elements:

Soft sediment analysis and hydrographical measurements
Soft sediment benthic fauna survey

Hard bottom sediments seashore survey
Hydrocarbons/heavy metal analysis in sediments
Hydrocarbon/heavy metal analysis in blue mussels

agrwONE

A description of the methodologies and technigues applied in each of these is given
below.

Soft sediment analysis and hydrographical measurements

The soft sediment surveys include determination of organic content (ignition loss)
and grain-size distribution determination of the surface sediment at a minimum of 4
stations (similar stations as sampled in the soft sediment surveys) for classification
into various sediment types. The grain size distribution also indicates the current
condition at the sample location.

Additionally, measured data on hydrographical conditions such as temperature,
salinity, density, and oxygen level and turbidity were reported for a permanent
station (Mo 61, see figure 1) included in all the surveys since 1985. Since 1990, the
measurements were undertaken in the spring at different depth intervals (0, 20, 50,
100, 200 and 400 m) in the vicinity of Mongstad refinery. The hydrographical data
provides information about the oxygen conditions and exchange of water masses in
the marine environment.

Soft sediment benthic survey

A soft benthic seabed survey has been conducted at a minimum of four stations in
the period 1990 to 1993 in the regular monitoring surveys; a minimum of two
stations (Mo 51 and Mo 52) are located in the vicinity of Mongstad refinery (at 24
and 40 m depth) and two stations (Mo 53 and Mo 61) are located in the Fensfjorden
at the outer side of the refinery (at 330 and 455 m depth) shown in Figure 1. Two of
those stations (Mo 52 and Mo 53) have been sampled over the whole period from
1990 to 2006. In addition, station Mo 55 (close to the security basin) and Mo 61
were analysed regularly in surveys in the period from 1997 until 2006.

At each station, five grab samples for determination of the benthic fauna were
collected. The sediment samples were collected by use of a 0.2 m? van Veen grab
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(the upper 5 cm) until 1997 and a 0.1 m? grab since 2000. Species determination
was limited to organisms larger than 1 mm. Animals that live on the top of the
sediment and just above the sea bottom were excluded (e.g. crustaceans). True
benthic groups included in the quantitative analysis of soft corals, sea anemones,
bristle worms (polychaeta and Oligochaeta), burrowing crustaceans, molluscs,
echinodermata and tunicata.

Figure 1 Overview of the stations sampled and analysed in the soft sediment and hard
bottom seashore surveys in the Mongstad area.

X * Avlap;ﬁtgﬁ
' M6.
Mongstad -

DZUtlippvannr enseanl eggod: Discharge point treated waste
Dz A Av Il R p Bischasgé poiptmfacooling water

Species assemblages and species diversity investigations as described for the soft
seabed fauna under baseline surveys in 1985 and 1987, have also been conducted
in monitoring studies of the soft sediment fauna since 1990 (diversity index,
evenness, maximum diversity, species richness and ordination analysis etc.). An
overview of the analysis and methods applied is shown in Table 3.

As an example, the species were grouped into geometric classes to detect major
environmental changes in the fauna community (Gray and Mirza, 1979; Ugland and
Gray, 1982). Cluster analysis was also undertaken to express the stress level of the
community (Clarke and Warwick, 1994).
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Table 3 An overview of the analysis and methods applied in regular monitoring
surveys conducted in the period 1990 to 2006
Year | Surveys Hydro-| Sediment Contaminants analysis Soft seabed fauna Rocky sea shore
grahy | analysis fauna
Grain | Organic | Sediment | Water | Biota
size content
1990- | Regular Yes Yes Yes -THC No - Hydro-carbons | Abundance: Community
2006 monitoring - Hydro- and metals in - No. individuals analysis:
surveys carbons blue mussels - No. species
- Metals In littoral zone:
-PCB - Ol Analysis: - Square analysis
hydrocarbons in - Distribution of species | - Level analysis
egg wrack in geometric classes" | - No. species
- Diversit"y |-Length
- PCB in blue - Evenness (J) v measurement of
mussels - Hurlbert index Patella vulgate

(ES n=100)

- Hurlbert species
richness curve

- Cluster analysis Vi
(Bray-Curtis similarity)
- Ordination (MDS-
analysis V"

- Vertical zonation

- Coverage of groups
of species

- Coverage of Pelvetia
canaliculata

- Photographic
documentation

In sub-littoral zone:

- Square analysis

- Photographic
documentation

- Video documentaion
- Transect analysis

- Distribution of kelp
and sea urchin

Analysis:

- Bray-Curtis similarity
(cluster analysis)

- Ordination (MDS-
analysis)

' Johannessen et al,1991a; Johannessen et al, 1992a,b; Botnen et al, 1993a; Botnen et al,1994a; Botnen et al,1995; Botnen et al,
1998;. Johansen et al, 2000; Johansen et al, 2003; Johansen et al, 2006.

" Level analysis was applied in the seashore surveys until 1992 (Dalby et al, 1978)
"Gray and Mirza, 1979; Ugland and Gray, 1982.
"' Shannon and Weaver,1949.
¥ Pielou,1966.
V'Field et al,1982; Clarke and Green, 1988; Carr, 1991,; Clarke and Warwick, 1994
V' Gray et al, 1992;

Vil

Johannessen and Hgisaeter, 1986; Johannessen et al, 1992a; Botnen et al,1994a.

For comparison of the fauna between the various stations (and possible fauna
gradients) and comparison with results from previous surveys, multivariate analysis
(non-metric multidimensional scaling) was conducted (Johannessen and Hgiseter,
1986; Gray et al, 1992). The determination of the environmental quality status of the
receiving waters was undertaken by comparison of community indices with a
environmental quality classification system/guideline prepared the Norwegian
Pollution Control Authorities applied to fjords and coastal areas, categorising the

environmental

status

into different A e n v i

Table 4 (Molveer et al, 1997).

ronment al

c showhiit i on
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Table 4 Criteria for classification of environmental condition or status for organic
content in sediments and soft benthic fauna. The values are taken from the
Guideline report for ACl assification of env
coastal waters, Norwegian Pollution Control Authorities (TA-1467/1997)
(Molveer et al, 1997)

| 1l 1 1\ \Y
Parameters AVery AGoodo fiModer at fiPoor o AVery poo
goodo
Sediment Organic carbon (mg/g) <20 20-27 27-34 34-41 >41
Diversity Hurlberts index >26 26-18 18-11 11-6 <6
soft benthic  (ES n=100)
fauna Shannon-Wiener index >4 4-3 3-2 2-1 <1
(HOo)

CS-3.3.3.3. Hard bottom seashore survey

The distribution of selected dominating species of intertidal plants and organisms at
the rocky seashore has also been an important part of the monitoring program at
Mongstad since 1990. In the period until the baseline study in 1985, the method

il evel anal ysi so was applied programtohthe envi r onme
seashore (Hartley et al, 1986). This semi-quantitative method was then supported
by a new method called fAsquare analysiso that

surveys since 1986 (Johannessen and Hgisaether, 1986).

The Asquar e adiadpplieditosaegmatiee andh defined area, and is more

precisely investigated compared to the dl evel F
area and studied less accurately. Both methods were applied in the seashore

surveys for comparison until 1992. From1 992 t he Al ev dullyreplacad ysi so0 was
by t he fisqudue® algher dcgusacyofdhis method.

I n the baseline surgeawnr €1 8 ®fahHe hemttic alg@e&id) |, fi s
fauna community was undertaken in the littoral zone in three quadrates of 0.25 m?

(0.5 x 0.5 m) per station divided into 25 sub-quadrates (1985) at the middle or lower

level of the brown algae community (Hjolman and Risheim, 1992). The analysis

included percentage coverage of benthic algae, lichens and sessile animals. The

number of sub-quadrates covered by one species were counted and converted to
percentage coverage. If one species covered less than one sub-quadrate its cover

was said to be 1%. In the sub-littoral zone two quadrates (20f 0.5 mz) at fixed depths

of 1, 5, 9 m and four quadrates at depth of 12 m (of 0.25 m“) were assessed.

In the period 1991 t0 1995 s qu ar e af henthiy aghesadd sessile organism

was conducted at the lower level of the littoral zone in 5 permanent quadrates

(0.25 mz) at each station. In the surveys conducted over the period 1997- 2006,

fisquare analysiso was unaguadrates & ehree differentt 5 per man e
levels in the littoral zone at each station, to be sure that the selected area

represented the species composition within that area. Percentage coverage of

benthic algae, lichens and sessile animals, number of individuals, number of

species distributed between groups of organisms (red-, brown, green- and blue-

green algae) were typically registered in the square-analysis at each station.

Two statistical methods were mainly used for the community analysis in the baseline

study (1985-1987) and in the regular monitoring surveys from 1990: Multi-
Dimensional Scaling (MDS) and cluster analysis as described by Hjolman and
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CS-3.3.3.4.

Risheim (1992). Species diversity was measured by applying the Bray Curtis
similarity index (Field el al, 1982).

Other measurements typically undertaken in the littoral zone were length
measurements of Patella vulgate as an indication of presence or absence of all year
classes at each location, and vertical zonation. In the sub-littoral zone, distribution of
kelp (determination of lower limit) and sea urchin in the sub-littoral zone were
studied. Occasionally, photographic documentation (film and videotape records)
was also included in both zones.

Hydrocarbon analysis in sediments and biota

The surface layer of the sediment have since the baseline study in 1985 and
through the regular monitoring surveys, been analysed for oil hydrocarbon
concentrations from sampling of soft sediment on an annual basis, at a minimum of
4 stations in the Mongstad area, in the period 1990-1993, similar to those stations
sampled and analysed in the soft sediment surveys. Only for two of those stations,
(Mo 52 and Mo 53) is hydrocarbon analysis available throughout the period of
regular monitoring (1990 to 2006). In addition, station Mo 55 (close to the security
basin) and Mo 61 were analysed regularly in surveys in the period from 1997 until
2006.

In the 1985 survey, analysis of the total hydrocarbon concentration (THC) was
conducted for most stations, and NPD (naphthalene, phenanthene,
dibenzothiophene) analysis was performed for a few stations. Since 1990, the
surface layer of the seabed was analysed for NDP and also their alkyl homologues
and fluoranthenes plus pyrenes. The aromatic hydrocarbons are more directly
related to oil spills as a source than the content of THC in environment. This is
especially true for NPD and their alkyl homologues which are not naturally present
in sediments. Occasionally, analysis of THC and the normal alkanes (n-C31) of the
sediment samples were undertaken. The sediment samples were collected by use
of a van Veen grab sampler.

Flame ionization detector (FID) was used for detection of aliphatic hydrocarbons
until 1994 and gas chromatography mass spectrometric detection (Hewlett-Packard
5970 MSD mass selective detector) for determination of selected aromatic
hydrocarbons in sediment samples as well as mussel tissues. However,
improvements in the analytical methods have taken place. In 1992, the amount of
internal standard in sediment samples was reduced and more efficient and complete
separation of aliphatic and aromatic hydrocarbons took place.

The method for quantification of THC content in the sediments was introduced in
1994 and further optimized in 1995. Modifications in the method of preparation of
the aliphatic fraction in the samples and the method of integration of the
chromatograms were improved. From 1995 the THC in samples (extracts) was
analysed by gas chromatography GC(FID) (HP 5890 Ser) with flame ionization
detection (integration of C12-C35).

Quantification of selected aromatic hydrocarbons (PAH/NPD) in both sediment and
mussel tissues were from 1995 chromatography on Fisons GC 8060 by mass
spectrometric detection with Fisons MD 800 kvadropol. From 2000 accredited
methods were used for analysis of PAH/NPD in the sediments and biological tissue;
GC/MS gas chromatography (HP-6890) and GC/MS in SIR-mode (selected ion
recordings), respectively.
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CS-3.3.3.5.
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The detection limit of aromatic hydrocarbons in analysis of blue mussels in the
baseline survey in 1985 (30 pg/kg for NPD) was higher compared to detection limits
in the method applied in later monitoring surveys. The detection limit in sediment
samples was 1 pg/kg from 1990. The retention time for determination of oil
hydrocarbons in sediment samples was also shorter (30%) in surveys until 2000.
This may have resulted in higher levels of the heaviest oil hydrocarbons in the latest
surveys (2000-2006).

Until 1997 the analysis of hydrocarbon content in sediments was related to
concentrations in wet weight sediment. Due to differences in water content in
samples, the method was modified, and the concentrations in sediment were
expressed on dry weight basis from 1997.

Chemical analysis of oil hydrocarbons in the blue mussel tissues in the surrounding
environment of Mongstad refinery was undertaken on regular basis since the
baseline survey in 1985. In the baseline survey, native mussels were analysed for
NPD (naphthalene, phenanthrene, dibenzothiophene).

Since 1992, the monitoring program included measurements of oil hydrocarbons in
mussel tissues both in native wild-caught mussels and deployed mussels in cages
(at locations where native populations of blue mussels were not found). The blue
mussels were deployed in cages on the seabed at a minimum of 4 different stations
in addition to a reference station (Havarden) and were exposed in four months up to
several years. Only for three of those stations (3R, 6R and 16R) is hydrocarbon
analysis available through the period of regular monitoring (1990 to 2006). Three
additional stations (M5.1 and reference stations M6.1 and M3.1) were included in
regular monitoring surveys in the period from 1995 until 2006 as well as in the
follow-up study in 1996 and 2004.

In the Aregul ar monitoringo that commenced

analysed for similar oil hydrocarbons as for the sediment; including naphthalene,
phenanthene, dibenzothiophene and their alkyl homologues, and fluoranthenes plus
pyrenes. Occasionally, analysis of aliphatic hydrocarbons (n-C31) of tissues
samples was undertaken.

In order to evaluate the results of hydrocarbon content in sediments and mussel
tissues from the 1997 survey with results from previous surveys, the analytical
results were subject to multivariable statistic methods, statistic principal component
analysis (PCA) (Kvalheim and Karstang, 1987).

Heavy metal analysis in sediment and biota

Since 1990, the surface layer of the sediment has been analysed for metals
selected such as Pb, Ni and V at the same four stations annually in the period 1990-
1993 as sampled in the soft sediment surveys, (incl. analysis of benthic fauna,
sediment analysis of hydrocarbons, organic content and grain-size distribution). In
some surveys, the analysis program was extended to include Hg, Zn, Cd, Cr, Cu,
Co, As and Fe.

The sediment levels of metals were compared to the upper level for natural
background concentrations in sediments in coastal waters (Rygg and Thelin, 1993).
The content of heavy metals in sediments around Mongstad was low during this
period, in the range of the natural background levels (Table 5) in coastal areas. The
results from the regular monitoring surveys confirm this (Johannessen et al, 1991a.
Johannessen et al, 1992 a,b; Botnen et al, 1993a; Botnen et al,1994a). In addition
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this is supported by the follow-up studies (Johannessen et al, 1991b; Botnen et al,
1991; 1992; 1993b; 1994b). The heavy metal analysis of the sediment was therefore
taken out of the regular monitoring program after the survey 1994 (measured at one
station T Mo 55) and has since been replaced by metal analysis of biological tissues
(blue mussels).

Table 5 Upper levels for natural background content of metals in
sediments for marine coastal waters. The values are taken from
Norwegian Pollution Control Authorities guideline for fjords and
coastal waters No. 93:02 (Rygg and Thelin, 1993)

Metal Upper level for natural content
(g/g)
Mercury 0,15
Lead 30
Zink 150
Cadmium 0,25
Chromium 70
Nickel 30
Copper 35
Vanadium 150
Cobalt 20
Arsenic 20

Recently the upper levels for natural background concentrations were revised and
further extended to include criteria for classification of the environmental condition or
status. The new classification system is established for metals, PAHs and some
organic substances for sea water and the sediments in fjords and coastal waters,
and is dependent of the potential impact on biota. The criteria for classification of
environmental condition of metals in marine sediments for fjords and coastal waters
are taken from the Norwegian Pollution Control Authorities Guideline report
TA-2229/2007) (Bakke et al, 2007). The quality criteria or standards (Table 6) have
been established following the international guidance for derivation of quality
standards and risk assessment of chemicals in accordance to EU Technical
Guidance Document (EC, 2003; Lepper, 2005).
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Table 6

Criteria for classification of environmental condition or status of metals in

marine sediments (dry weight basis). The values are taken from the Guideline
report for fijords and coastal waters, Norwegian Pollution Control Authorities
(TA-2229/2007)

| 1l 1 \Y \Y

Heavy metals A Veropdg fiGoodo fiModerateo iPoor o AiVery poor o

(mg/kg) Background level Non-toxic Chronic toxicity from Toxicity (acute) from Very high toxicity (acute)
long term exposure short term exposure from short term exposure

Arsenic 220 >20-52 >52-190 >190-580 >580

Lead 230 >30-83 >83-700 >700-2200 >2200

Cadmium ?0.25 >0.25-2.6 >2.6-17 >17-160 >160

Copper ?35 >35-51 >51-120 >120-220 >220

Chromium ?70 >70-560 >560-20000 >20000-59000 >59000

Mercury ?0.15 >0.15-0.62 >0.62-0.85 >0.85-7.2 >7.2

Nickel 230 >30-43 >43-120 >120-870 >870

Zinc ?150 >150-360 >360-1800 >1800-5100 >5100
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Heavy metals (Hg, Pb, Zn. Cd, Cr, Cu, Co, As, V and Ni) were regularly analysed in
blue mussel tissues (both native and caged mussels in surveys since 1994,
measured at two stations in 1994 and 1995, one close to the refinery area and one
station near the security basin (16R and M5.1) plus a reference station at Havarden.
In the regular monitoring surveys in the period from 1997 to 2006 an additional
station was included (M6.1).

Metals in sediments and mussel tissue samples were analysed by ICP-MS (Perkin-
Elmer Elan 5000) from 1994 (until 1997) and mercury was analysed with hydride
AAS cold vapour technique on Perkin Elmer 3300 FIAS. In 1997 As, Cu and Zn in
tissue samples were also analysed, with AAS graffiti oven and flame AAS. The
method has since been under continuous revision. The method applied for tissue
analysis in 2003 was a modification of the method for semi quantitative
determination of metals with ICP-MS developed by Julshamn and Brenna (1999).

Until 1996 the analysis of metal content in mussel tissues was related to
concentrations in wet weight. From 1996 the metal content was related to dry weight
sediment (and in some instances to wet weight) (Botnen et al, 1996; Botnen et al,
1998; Johansen et al, 2000; Johansen et al, 2003 and Johansen et al, 2006).

The tissue levels were compared against criteria for classification of environmental
status or condition for metals in blue mussels, shown in Table 7, as prescribed by
the Norwegian Pollution Control Authorities guideline for fjords and coastal waters
Rygg and Thelin (1993) and later described by Molveer et al (1997).
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Table 7 Criteria for classification of environmental condition or status of metals in blue
mussels (dry weight basis). The values are taken from Norwegian Pollution
Control Authorities guideline for fjords and coastal waters No. 97:03 Molveer

et al (1997)
I 1] Il \Y% \%
Heavy metals fGoodo fAlLess g ANot s fiPoor o AVery p
(mg/kg dw) goodo
Arsenic <10 10-30 30-100 100-200 >200
Lead <5 5-20 20-50 50-100 >100
Fluoride <15 15-50 50-150 150-300 >300
Cadmium <2 2-5 5-20 20-40 >40
Copper <10 10-30 30-100 100-200 >200
Chromium <3 3-10 10-30 30-60 >60
Mercury <0.2 0.2-0.5 0.5-15 1.5-4 >4
Nickel <5 5-20 20-50 50-100 >100
Zinc <200 200-400 400-1000 1000-2500 >2500
Silver <0.3 0.3-1 1-2 2-5 >5

* Natural content of heavy metals in blue mussels in coastal waters.

CS-3.3.4. Follow-up monitoring 1989-2004

Follow-up monitoring is also conducted, when the results in the regular monitoring

surveys indicate the need for a re-investigation within a short time period. The

methods applied in follow-up monitoring surveys are identical to the methods
applied in the #Aregular monitoringd surveys
these programs tend to be less comprehensive than the regular programs and

contained only those selected parts and methods required for the investigation..

In 1998 a post-investigation of the hard bottom sea shore community and blue
mussel tissues analysis of aromatic hydrocarbons after an oil spill incidence 1997 at
the sea shore in Mongstadvagen (Hjohlman, 1999). Additionally, heavy metal and oil
hydrocarbon analysis of mussel tissues in the Mongstad area were conducted in
1996 for identification and follow-up of small oil spills in the harbour area of
Mongstad oil terminal (Botnen et al, 1996). Also, follow-up monitoring was
undertaken to investigate the influence of a sea water scrubber outlet (deployed in
1989) on the marine environment at Mongstad refinery (Botnen et al, 1993b; Botnen
et al, 1994b).

CS-3.4. SUMMARY

Traditionally, the attention in the monitoring surveys conducted until 1980 was on
investigations of the rocky seashore fauna studying the shallow water populations of
algae and hard bottom fauna from the littoral zone (down to 30 m). A modification of
the methods applied in ecological monitoring surveys took place in the early 1980s.
The baseline surveys conducted in 1985 were more comprehensive, including
chemical analysis of oil hydrocarbons in sediments and biota as well as sediment
analysis (organic carbon and grain size distribution). Hydrographical measurements
were also undertaken. The surveys in 1985 and 1987 provided a baseline for future
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monitoring of the marine environment and were used in later comparisons to
observe faunal changes in this area. In 1990 analysis of sediments for heavy metals
was introduced, and from 1994 these analyses were replaced by analysis of
biological tissues (blue mussels) for the metals and since then have been
undertaken in the fAregulard monitoring surveys

The change in the content monitoring programs applied to the marine receiving

environment in the Mongstad area from study of the rocky sea shore fauna to more

comprehensive programs covering numerous monitoring analysis and methods, and

sampling undertaken in different environmental compartments have been beneficial

for the refinery. The current analysis and met hods conducted in the
monitoringod surveys provide an enhanugped possibi
of different planned discharges and spill incidences, reflecting the different activities

at Mongstad refinery. For instance, identification of potential impacts from small

accidental crude oil spills at shore, oil spill from ships at the harbour area, discharge

from sea water scrubber outlet as well as planned discharge of process water to the

marine recipient from the refinery demand for surveys including a combination of

different monitoring methods and analysis.

In a post-spill situation an integrated approach is favourable, combining analytical

chemistry with benthic community analysis and effect responses as well as analysis

of all the possible affected environmental compartments (soft bottom sediment, hard

bottom seashore, water column etc.). Selection from a suite of methods/analysis to

be deployed dependent of the incidence and the investigations that are to be

undertaken gives the refinery flexibility with respect to design of monitoring

programs. The regular monitoring may in some cases be replaced and limited to a

Aif olupow study one year | ater if it is found nec
specific finding within a short time frame.

Investigation of the hard bottom sea shore community and blue mussel tissues
analysis of aromatic hydrocarbons (Botnen et al, 1998) revealed results that
identified the oil spill incidence in 1997 at the sea shore in Mongstadvagen. The oil
spill incidence was documented and followed up in a post-investigation conducted in
1998 (Hjohlman, 1999). Results from tissue analysis of blue mussels for oil
hydrocarbons in the regular monitoring survey in 1995 (Botnen et al, 1995) showed
incidences of small oil spills at the harbour area of Mongstad oil terminal and was
followed up with similar monitoring methods in 1996 (Botnen et al, 1996). Similarly,
a monitoring program was designed including a suite of monitoring methods in order
to study the influence of a sea water scrubber outlet on the marine recipient. The
sampling program included hydrographical measurements (temperature, salinity,
and oxygen), and sediment analysis of grain size distribution, organic content,
percentage clay and silt as well as the content of heavy metals and sulphate.
Additionally, species diversity of the soft sediment bottom fauna was included in the
program (Botnen et al, 1993b).

The introduction of NDP and their alkyl homologues and fluoranthenes plus pyrenes
in analysis of oil hydrocarbons in sediments (and biota) in the regular monitoring
studies allowed a more direct link to oil spills as a source of contamination instead of
the analysis of content of THC. The chemical complexity of crude oil and discharge
form refineries are large. However, chemical analysis techniques have been
continuously improved and optimized over the past decades and some methods
allow quantitative measurements at low level sensitivities.

A challenge with the blue mussel analysis has been to identify a true non-
contaminated reference station. The reference station used around Mongstad is
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located at Havarden, and is relatively close to the refinery. Enhanced levels of oil
hydrocarbons were measured in tissue samples from the monitoring survey in 2000
and 2003. At this location, native blue mussels are found and monitored, but also
collected for deployment in cages at other stations.

Since monitoring surveys started in the Mongstad area in 1972, the concern has
mainly been on monitoring of the seashore and the sediment compartment (analysis
of contaminants sediment and benthic biota, soft sediment fauna analysis) and with
toxicity as the primary end point parameter. In future monitoring programs potential
impacts on water column organisms as well as validation of model predictions of
exposure and concentrations of effluent constituents possibly will be more
addressed. Additionally, validation of model prediction of exposure to non-stressors,
such as inorganic nitrogen (ammonia), increase in temperature and change in O,
level due to biodegradation of chemicals in the receiving water will be evaluated
introduced in future environmental monitoring programs.
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Appendix 1
Sediment . .
Hydro- analysis Contaminants in
Year Survey rya hy [Grai o - Soft seabed fauna Rocky sea shore fauna
graphy rain rganic Sediment Water Biota
Size content
Community analysis: K
1972- X - Vertical distribution and abundance
1979 Baseline of intertidal species
study - Zonation of key species
monitoring No No No No No No No - Shell characteristics (Nucella
survey (BP lapillus)
studies) - Limpet recruitment
- Level analysis
Community analysis
1985 Littoral zone: "
- Square analysis
and . - No. species
1987 M‘l - Photographic documentation
- No. individuals - Wave exposure index
- No. species - Vertical zonation
Analysis: || In sub-littoral zone: *"
- Distribution of species in - Square analysis
Baseline THC Oil gepmetric cla§ses ) - Photographic documentation
stud Yes® Yes Yes THC eland | hydrocarbons [-Di ver si ty i nde |- Transectanalysis
Y bl bl dl phenols | (NPD) in blue |- Evenness (J) - Wave exposure index
land Il el mussels " - E (S100) - No. species
- Hurlbert species richness Analysis; . -
curve - C_Iu;lte(t;;alygs (Bray-Curtis
. . similari
gmﬁg@”aws's Bray-Curlis | 5 ination (MDS-analysis)
- Ordination (MDS-analysis) - Diversity indes (Shannon-Wiener)
- Evenness (J)
-HO6 max
Censuses of seabirds
Community analysis
In littoral zone:
1990- - Square analysis "™
2006 - Level analysis "™
Abundance: jlI-VII - No. species "™
- No. individuals - Length measurement (patella
- No. species vulgata) "
+Hydrocarbons | Analysis: jII-ViI - Vertical zonation ¥"™"" -
THC ¢Vt g‘,‘,,f”md metals | pistribution of species in - Coverage of groups of species "
o A in t}lue geometric classes - Coverage of Pelvetia canaliculata
Mgz:‘tlo:ng Yes Yes Yes Cd)|||-vuydr0carbons N inoui'lsses -Diversity inde Ph hic d L KIXKXIE
Y| aai | bl-v | bV o ° i |- Evenness (J) - Photographic docyfentation
(regular) -Metals hydrocarbons in - Hurlbert index (EX In sub-littoral zone:
pcB " egg wrack urlbert index (EX y-100) - Square analysis
-PCB in blue - Hurlbert species richness - Photographic documentation
mussels ™" curve - Video documentation
- Cluster analysis (Bray-Curtis - Transect analysis
similarity) - Distribution of kelp and sea urchin
- Ordination (MDS-analysis) Analysis: "™
- Bray-Curtis similarity (Cluster
analysis)
- Ordination (MDS-analysis)
Abundance: jlI-VII Community analysis
1989- - No. individuals Littoral zone: ¥
2004+ - No. species - Square analysis
00 Monitoring _oil Analysis: jlI-VII o - No. species
C Hydrocarbons - Dlstrlbut!on of species in - Coverage of sauetang
studies Yes Yes Yes Metals & No ol and metals geometric classes ) (Pelvetia canaliculata)
(comple- alv bV bV Vin blue -Diversity indej. Photographic documentation
mentary) mussels - Evenness ) Analysis: X!
-Ho6 max - Cluster analysis (Bray-Curtis
- C_Iu_ste( analysis (Bray-Curtis similarity)
similarity) - Ordination (MDS-analysis)
- Ordination (MDS-analysis)
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