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INTRODUCTION 

My work with the Middlesex University Urban Pollution Research Centre has been conducted 
in the following areas: 

1 Biological Monitoring of Urban Waters 
(Publications 1, 3, 5, 6, 25) 

Conventional biological methods and hydrobiological indices used for assessing water quality 
have been tested in urban streams and rivers and their limitations exposed. The impact of 
river engineering and physical disturbance on the substrate during storm events has been 
shown to influence significantly the index scores in addition to pollution impacts. The 
recommendation to compare biological with physico-chemical assessment of water quality has 
also been adopted by the National Rivers Authority. 

A model to predict the community diversity index score for urban stream macro invertebrate 
biota from recorded physico-chemical parameters was satisfactory for fairly clean waters and 
for moderate levels of pollution but not for serious levels of pollution (1). Reference streams 
and ponds in Trent Country Park on the fringe of North London were used for comparison 
with studies of the biota of urban waters (3,5). A system of river classification using a 
hydrobiological score system was proposed to complement the existing National Water 
Council system which was essentially based on chemical criteria (6). 

A study of the use of indicator organisms to monitor the impact of localised discharges of 
urban surface runoff and storm sewer overflows was commissioned by the Water Research 
Centre, the results of which are reported in paper no. 14. A review of the use of 
macroinvertebrates and plants as bioindicators in urban aquatic systems is included in 
publication 25. 

2 Aquatic Ecotoxicology 
(Publications 3, 4, 5, 6, 7, 9, 11, 12, 14, 21, 24, 26, 28, 32, 34) 

2.1 Heavy Metals 
Innovative methods have been developed for assessing heavy metal bioaccumulation 
in selected macro invertebrate species in urban waters. Traditionally, toxicity tests 
have been conducted in controlled laboratory conditions which do not simulate the 
natural environment. The use of caged macro invertebrates secured to the substrate 
in rivers, enables a more realistic determination of bioaccumulation and mortality 
rates to be made. The impact of storm events and chronic exposure to contaminated 
water and sediment has been investigated. At a time when new ecotoxicological tests 
are being introduced to the UK and the EC, the research has considerable potential 
application as a test for heavy metal impacts and the determination of environmental 
standards in freshwater. (The research has been sponsored by the Water Research 
Centre). 

VI 



Tissue concentrations of lead, cadmium, copper and zinc in selected macro
invertebrates collected from semi-rural and urban streams and ponds are reported in 
papers 3, 4 and 5. The relationship between urbanisation and macro invertebrate 
tissue, sediment and water metal concentrations and their spatial trends along the 
Salmon's Brook in North London is discussed in publication 6 and compared with the 
results from the A veiro Lagoon and its feeding rivers in North Portugal in paper 7. 

Tissue metal bioaccumulation in popUlations of caged Gammarus pUlex, Asellus 
aquaticus and Lymnea peregra in relation to ambient sediment and water metal 
concentrations, metal species bioavailability and organism feeding behaviour are 
discussed in publication 9. A comparison of mortality and metal uptake in aquatic 
macroinvertebrate species in field studies and laboratory experiments and a 
recommendation to reduce the length and lethal limit of the traditional 96 hour LC50 

test is made in papers 11, 21, 24 and 32. 

The impact of storm sewer overflows from a sewage treatment works on caged 
macro invertebrates exposed to the discharges and to the receiving waters immediately 
downstream is reported in publications 12, 14 and 24. Principal component analysis 
was used to determine combinations of caged Aselius aquaticus tissue, sediment and 
water metal concentrations, precipitation volumes and antecedent dry periods which 
explained much of the variation in organism mortality and weight (28, 34). 

2.2 Hydrocarbons 
(Publications 15 - 20, 29) 

Caged macro invertebrate species have also been used to determine hydrocarbon 
bioaccumulation in an urban stream and the Welsh Harp reservoir, a site of special 
scientific interest. Sediment and water hydrocarbon concentrations and 
macro invertebrate community diversity have been monitored along the stream and in 
the reservoir to investigate the impact of an oil boom. The development of biological 
and chemical techniques in this unique study of an urban freshwater wetland has led 
to considerable interest and further publications are planned. (The research has been 
sponsored by English Nature, formerly the Nature Conservancy Council). 

Publications 15 and 16 describe a baseline study of the ecotoxicological impacts 
resulting from oil pollution on the Welsh Harp and one of its receiving streams. 
Sediment and water concentrations of alkanes and P AHs and the tissue concentrations 
and temporal and spatial trends in selected caged macro invertebrates and fish are 
reported in publications 17, 18 and 19. The bioaccumulation of hydrocarbons by 
macro invertebrate species in laboratory tests and the corresponding mortality rates and 
their comparison with the results of field studies and controlling factors are discussed 
in publication 20. The results of the study are summarised in paper 29. 
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3 Aquatic Macrophyte Pollution Control 
(Publications 10, 13, 22, 23, 27, 31, 33, 35) 

Heavy metal uptake by the reedmace Typha latifolia, an aquatic plant species, has been 
investigated in urban wetlands and in greenhouse based studies. The research has shown a 
high level of tolerance by Typha to heavy metals and its biofiltration ability and creation of 
a sediment metal sink. It has led to the introduction of Typha in pioneering designs of 
constructed wetlands for highway runoff treatment in the UK. (The research is ongoing and 
is receiving sponsorship from industry and PCFC). 

A comparison of the water pollution control performance of Typha latifolia in the UK and 
Eicchomia crassipes in China is discussed in publication 10. Further details of the study of 
metal uptake in Typha latifolia and its associated sediment in the Welsh Harp and two 
ornamental ponds and a comparison with the results of a greenhouse based metal dosing 
experiment are given in papers 13 and 27 and summarised in 23 and 31. An analysis of the 
metal and hydrocarbon uptake and biofiltration ability of different species of aquatic 
macrophyte in an experimental pond receiving runoff from a car park in Washington State, 
USA is described in report 33. 

Other Publications 

The origin of the use of food plants in relation to their medicinal properties is discussed in 
paper 2. Publication 8 reviews a seminar on Urban Wetland Management held at the Urban 
Pollution Research Centre in 1989. A review of a book which describes a constructed 
wetland is included in publication 30. 

Categories of Publications 

Refereed Journal Articles: 1, 2, 3, 11, 33, 34, 35 

Chapters in Books: 24, 27, 31 

Published Conference Proceedings: 4, 5, 6, 7, 9, 12, 13, 21, 25, 26, 28, 29, 32 

Professional Journal Articles/Reviews: 8,23 

Professional Newsletter Articles: 10,30 

External Research Reports: 14 - 20, 22 
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Background to my research. 

The Urban Pollution Research Centre consists of a multi disciplinary group of staff and post 
graduate students including environmental scientists, chemists, hydrologists, physicists and 
biologists. I was the only staff biologist attached to the research centre until 1992 and my 
biological work complemented and enabled further development of the established research 
into the impacts of urban runoff on receiving waters. I have been first supervisor of the 
following postgraduate students; 

Tian Tian Zhang 'The use of macrophytes for heavy metal pollution control in urban 
wetlands' (MPhil awarded 1990), 
Robert Mulliss 'The ecotoxicological impacts of urban storm discharges' (PhD awarded 
1994) 
and second supervisor for; 
Andrew Bascombe 'Macroinvertebrate biomonitoring of urban runoff pollution' (PhD 
awarded 1991) 
Huw Jones 'Ecotoxicological monitoring of oil pollution in urban receiving basins' (PhD 
examination 1995) 
with whom I am the co-author of several of the publications included in this submission. I 
am also currently first supervisor of; Arvind Mungur 'Performance criteria for evaluation of 
urban runoff quality impacts' and the second supervisor of; 
William Luxton 'Weathering of granitic building stones', who are both registered for 
MPhil/PhD research programmes. 

I have made a significant contribution to the experimental design and methodology of the 
research which is described in the following published works. I have also developed in 
collaboration with research students and colleagues, innovative methods of investigation 
including the use of cages containing populations of macro invertebrate species which are 
secured to the substrate of urban rivers. In addition to carrying out my own practical 
investigations which are described in papers 1, 3 and 5, I have provided assistance with 
laboratory tests and analytical procedures and the installation of equipment and collection of 
samples in the field. 

My contribution to jointly authored publications is quantified in the accompanying 
documentation. It has been the practice of the Research Centre for staff to take major 
responsibility for writing publications based on supervised student research. As the only staff 
biologist, I have had responsibility for the biological component of each publication and its 
integration with the results of parallel physical, chemical and hydrological research. In 
addition to my own publications, I have prepared and edited the manuscripts, in consultation 
with the publishers, of papers 7, 10, 13, 24, 25, 27, 33 and 35 and jointly edited other co
authored publications. I have given 15 platform and 3 poster presentations to international 
conferences and seminars and 4 presentations to national meetings. I have also trained 
research students in presentational skills leading to conference and seminar papers as well 
as lectures and practical demonstrations on undergraduate courses. 
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My collaborative research has responded to the interest shown by environmental agencies and 
research groups in the UK and Europe on the effects of acute episodic discharges of 
pollutants and chronic aqueous and sediment sources of contamination in urban waters. The 
aims and objectives of the research have been to gain an understanding of the nature, sources 
and loads of pollutants and in particular, heavy metals and hydrocarbons in urban runoff 
waters, their chemical and biological transformation and movement through environmental 
pathways and their biouptake by plants and animals. Methods of monitoring the impact of 
both point and non-point sources of pollution on populations of single species and the 
community structure of macroinvertebrates have also been developed. Innovative methods 
of monitoring caged organisms in-situ have been used to complement and corroborate 
traditional and modified laboratory toxicity test methods and provide reliable data for 
determining environmental standards for urban waters. Statistical models have been derived 
to predict the biological impact of aqueous and sediment concentrations of a range of 
environmental parameters. 

The research has also assessed the role of aquatic plants in the removal of heavy metals from 
urban rivers and wetlands and has supported the case for introducing and maintaining habitat 
and conservation features in water bodies. The use of aquatic macrophytes in the design of 
constructed wetlands for the treatment of urban surface runoff is currently being assessed in 
a large residental development. 

The research has been influenced by the support of national agencies including the Water 
Research Centre and the Nature Conservancy Council and its successor English Nature and 
regional authorities such as METRO, the Metropolitan Authority of Seattle, USA. The 
Science and Engineering Research Council and the Polytechnic and Higher Education 
Funding Councils have also supported the research. A collaborative link with LABAM, a 
research centre in the Univerisite Paris XII- Val de Marne has been funded by the British 
Council. This has led to both exchanges of research staff and students, collaborative 
research and the organisation of international seminars (Papers 25 and 26). The British 
Council has also sponsored joint research with the Centre for Environmental Biotechnology 
at Hong Kong Baptist University which has led to the organisation and presentation of a 
papaer at an international conference in Hong Kong (Paper 35). 

I have prepared applications for research grants and consultancy contracts in collaboration 
with my colleagues and have led presentations to the organisations involved. The research 
has, to some extent, been driven by the needs and opportunities provided by external 
agencies and research councils. However, careful selection of the research areas has been 
exercised which is shown by the evolving and coherent theme of the following publications. 
They describe multidisciplinary studies of the impact of urban runoff waters on 
macro invertebrate communities which are followed by studies of the effects of specific toxins 
on selected animal and plant species and a consideration of the application of plants to the 
treatment of these pollutants. 

Th~ pub.Iications which report the most significant outcomes of the research are: Paper 6 
WhICh dIScusses the biological monitoring of urban waters and Paper 24 for studies of the 
ecotoxicology of heavy metals. The current stage of development of a model to predict the 
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mortality of macroinvertebrate species from the measurement of environmental parameters 
is described in Paper 34. The research on the ecotoxicological impact of hydrocarbons which 
is described in reports 15 - 20 will lead to further publications of which Paper 29 is an 
interim summary. Paper 13 was the first significant publication on our research into Aquatic 
Macrophyte Pollution Control and it is complemented by Papers 27 and 35. 

2. Review of research 

2.1 Biological Monitoring of Urban Waters 

Urban waters receive surface runoff from both point and non-point sources. Typically up to 
80% of the surface area of an urban catchment is impermeable resulting in high runoff rates 
and intense transient storm discharges to receiving streams. Urban surface runoff contains 
a complex cocktail of pollutants including organics such as hydrocarbons and inorganic heavy 
metals. There is a limited understanding of the pollutant loadings and receiving water 
impacts. The need for ecological indices to remedy the deficiencies of conventional chemical 
approaches to surface water quality monitoring, classification and management has been 
proposed by Niemczynowicz (1990) and Gujer and Krejci (1987) among other workers. 

Hydrobiological indices have been developed in the United Kingdom to evaluate the effects 
of pollution on the benthic macro invertebrate community structure in rivers and streams. 
The original systems, the Trent Biotic Score (Woodiwiss, 1964) and the Chandler Score 
System (Chandler, 1970) were designed to be sensitive to organic pollution. When applied 
to an urban stream in northwest London, the two systems and a diversity index show a 
similar fall in score aong the stream (paper 1). A predictive model of the diversity index 
score based on Mackay et al (1973) was developed by multivariate analysis of the physico
chemical and discharge data and found to be satisfactory for clean and moderately polluted 
conditions but not for severely polluted down stream sections of the urban stream (paper 1). 

The Biological Monitoring Working Party (BMWP) (1978) recommended a hydrobiological 
index which is derived from the earlier Trent and Chandler's system and is designed to be 
applied in UK national river surveys (Paper 25). The total BMWP score for each site is 
determined from the summation of the scores ascribed to each family of macro invertebrates 
present. The influence of seasonal variation and macro invertebrate drift resulting from storm 
eVents is considered in the interpretation of the total BMWP score. There are no restrictions 
on the use of the system in urban waters, although the comparison of BMWP scores between 
rivers or over distances greater than 20 km within rivers is not recommended. 

River water quality in the UK has been traditionally assessed in terms of the National Water 
Council (NWC) classification (NWC, 1977) which divides surface waters into four broad 
~ategories. A minimal number of chemical criteria, DO, BOD, NH4-N are required to 
l~e~tify a river within a particular class. There is limited provision for the consideration of 
bIOtiC criteria. The river is also permitted to exceed the class limitations for 5 % of the time, 
thus. allowing it to conform to a different class during short time periods and making it 
partIcularly unsuitable for use in urban waters which receives intermittent polluted 
discharges. 
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The relationship betwenn the BMWP hydrobiological index score system and the NWC 
classfication system has been investigated in Paper 6. BMWP scores have been 
superimposed on the NWC classification with + or - 20% critical areas indicated on either 
side of the class boundaries. The need for the calibration of biological and chemical 
classification to allow for regional variation in river systems is emphasised. Paper 6 also 
examines the change in NWC class along a stream from its rural source to its increasingly 
urbanised downstream sections. A discrepancy between biologically and chemically 
determined classes highlights the limitations of each approach alone and the advantages of 
combining both monitoring methods. 

The Lincoln Quality Index (Extence et aI, 1987) provides a different rating system to the 
NWC, which is determined by combining the results of the BMWP and its derived average 
score per taxon (ASPT) with an assessment of site specific environmental conditions such as 
habitat-rich or habitat-poor situations. There are no set guidelines for this rather vague 
habitat evaluation which is based on a subjective assessment and consequently the utility of 
the index is reduced for the comparison of different sampling locations and specific pollutant 
impacts. 

A predictive model of macro invertebrate distribution, the River Invertebrate Prediction and 
Classification System (RIVPACS) (Moss et aI, 1987) has been developed. Although this 
system does not yet dissociate the effects of adverse water quality and habitat-associated 
constraints on organism presence and abundance, it represents a significant step forward in 
water classification schemes. The system was used to predict ASPT scores at sites on the 
Salmon's Brook in north London (Paper 25). In comparison to the observed scores, the 
predicted scores were higher, as expected, but also more consistent. The results suggest that, 
for its application on urban streams, the RIVPACS model should incorporate toxic 
parameters including heavy metals. As an alternative approach, which is appropriate for 
urban waters, our research has developed a model to predict the mortality of selected 
macro invertebrate species from measured environmental parameters including heavy metal 
concentrations in both the biota and sediments. The background to this research is described 
in Section 2.2 and the model is described in Papers 26, 28 and 34. 

2.2 Ecotoxicology. Heavy Metals 

A simple relationship between trace metal concentrations in sediment or water and internal 
concentrations within organisms is not often apparent, because metals within the freshwater 
environment may not be present in a biologically available state (Luoma, 1983; Timmermans, 
1991). 

The processes which influence the bioavailability of heavy metals in freshwater systems have 
been described by Bryan and Langston (1992) and include the chemical speciation of the 
heavy metals and their mobilisation from sediments to interstitial waters, among other 
processes. The bioaccumulation of metals in macroinvertebrates is the result of uptake from 
either water or from ingested food (Timmermans, 1991). Uptake by either route is 
determined by the metal concentration in the medium of exposure, the rate of exposure and 
the specific geochemical and physiological reactions which determine the proportion of the 
total metal which is available for transport by the organism (Luoma, 1983). 
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The heavy metal body burdens of macroinvertebrates inhabiting urbanised sections of 
watercourses have been found by many workers to exceed those determined in organisms 
from rural sites. A survey undertaken by La Point et aI, (1984) of 15 different streams 
concluded that decreases in the concentrations of zinc, cadmium, chromium, copper and 
arsenic in the aquatic sediments correlated with increases in both the numbers of 
macro invertebrate taxa and individuals found in the watercourse. Studies have shown that 
macroinvertebrate body burdens may show wide intraspecific and interspecific ranges (Dixit 
and Witcombe, 1983; Barak and Mason, 1989; Van Hattum et aI, 1988). Benthic organisms 
such as oligochaetes, chironomids, erpobdellids and ephemeropterans generally record the 
highest body concentrations with asellids, gammarids and trichopterans recording lower body 
concentrations. 

The traditional European approach to establishing standards for environmental protection is 
based upon fixed species dose response rates, as determined from conventional single species 
acute laboratory bioassays. Studies have generally indicated that gammarids, dapbnids and 
chironomid larvae are more sensitive to metal doses than asellids (Abel and Gamer, 1986; 
Martin and Holdich, 1986). 

The relevance of laboratory data when applied to field conditions may be influenced by 
factors such as life stage (Buikema and Benfield, 1979) and sex of the organism, community 
and ecosystem impact and the season of collection. The exposure of organisms to single 
pollutant doses may additionally draw a different response from organisms exposed to a 
mixture of toxicants (Sloof, 1983). Many workers, including Williams et al (1984) have 
stated that laboratory toxicity tests should focus upon both longer term chronic tests and brief 
exposure tests. Pascoe and Shazili (1986) have suggested the use of the median post
exposure lethal time (peLT50) which would monitor the time taken from the beginning of 
the recovery period from brief exposure to the toxicant, for 50% of test organisms to die. 
Green et al (1988) have reported that peLT50 values are reduced both with longer exposure 
periods and increased concentrations. The sub-lethal effects of exposure upon pregnant 
Asellus exposed to varying concentrations of cadmium for a time period of 30 hours before 
being placed in clean water has been investigated by Pascoe (1988). Increases in the number 
of aborted broods and a decrease in the number of organisms successfully born were 
observed during these tests. Increased levels of sensitivity in gammarids which have recently 
moulted or which are carrying a brood has been observed by McCahon et al (1988). Such 
organisms exhibited levels of sensitivity which were similar to those observed in early 
juveniles. In addition to observing the effect on reproduction, the impairment of growth in 
groups of cages containing Gammarus pulex individuals has been investigated by Maltby et 
al (1990) in their 'scope for growth' studies. This technique measures the energy budgets 
derived through feeding, respiration and defecation and estimates the energy available for 
growth from these parameters. The same workers have also measured respiratory stress in 
Gammarus from which ECso values, the effective concentration which produces a response 
measured over fixed time periods in both laboratory and field conditions, has been 
~etermined. The interpretation of the causes of respiratory stress in the natural environment 
IS complex and this stress will be significantly influenced by temperature. 
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However, if a clear relationship can be established between changes in respiration or other 
physiological and biochemical processes and the conventional macro invertebrate test criteria 
of survival, growth and reproduction, simpler. quicker and therefore lower cost toxicity tests 
could be established. It is essential that reliable culturing conditions are established. a large 
toxicity base is acquired and the toxicity tests are easy to perform and have reproducable 
results in order for them to be acknowledged as standard tests (Personne and Janssen, 1993). 

The research on metal uptake by caged macro invertebrate species in urban waters and 
laboratory test conditions which is described in Papers 9, 11, 12, 14, 21 and 24 provides a 
robust and simple in-situ method for monitoring the acute and chronic impact of point and 
non-point sources of pollution. The results confirm the greater tolerance of Asellus aquaticus 
in comparison with Gammarus pulex to elevated concentrations of heavy metals shown by 
previous studies (Abel and Gamer, 1986; Martin and Holdich, 1986). The two species are 
appropriate organisms for laboratory and field tests using the end points of survival and 
pollutant bioaccumulation, although the duration of the tests maybe a disadvantage. The 
mortality and metal uptake data provide both an indication of high levels of metal pollution 
and an early warning of critical conditions for the biota. The limitation of laboratory tests 
which cannot accurately simulate all aspects of the natural sediment-water environment, 
particularly for short duration periods of 1 to 12 hours which are typical of storm events, are 
demonstrated. The determination of LC20 in preference to LC50 values over shorter time 
periods than the traditional 96 hours, shows a greater discrimination between the toxicity of 
individual metals (Paper 11). The simulation of storm events by the exposure of organisms 
to pulsed doses of heavy metals and the addition of sediment to the test cages has been 
investigated by Mulliss (1994). The importance of sediment quality criteria as distinct from 
ambient water phase quality is also of significance in determining chronic exposure rates for 
benthic organisms in polluted urban receiving waters. Further work is needed to develop 
realistic acute criteria which possess adequate safety margins such as LC20 values for short 
term exposures and storm event periods (Papers 14, 21 and 24). Mancini (1988) advocates 
investigating the intervals between storm and associated runoff events as well as the period 
of the event when developing criteria for the effects of intermittent discharges to urban 
waters. 

The use of a model determined by Principal Component Analysis (PC A) to predict the 
mortality of macro invertebrate indicator species from a range of measured environmental 
parameters, which is described in Papers 26, 28 and 34, provides an additional approach to 
establishing ecotoxicological impacts. The application of PCA indicates that discharge, 
suspended solids and BOD are variables which have the greatest effect on the mortality 
response of both caged asellids and gammarids. The mortality responses of caged gammarids 
were not found to be associated with heavy metal body burdens. In contrast, the mortality 
responses of asellids, which generally exhibited an increased duration of survival, were 
associated with metal bioaccumulation. There was not strong association between metal 
bioaccumulation and organism weight or length suggesting that 'scope for growth' 
investigations are inappropriate for these organisms in urban waters. The results obtained 
using the PCA model indicate that dry weather flow conditions may be as toxic as storm 
conditions with gammarids being particularly vulnerable. 
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Further research could include the validation of this model by applying it to alternative sets 
of data as well as comparing the approach with existing regression models. The success of 
this statistical technique is dependent upon the availablity of a comprehensive set of water 
quality measurements and the appropriate instrumentation of different field sites. It is 
recognised that the requirement for detailed sets of data is a limitation for this and other 
multivariate modelling procedures (Moss et aI, 1987; Reynoldson and Day, 1993). However, 
the identification of the important parameters by these techniques will lead to a reduction in 
the number of parameters that are required for the model. A programme of laboratory 
testing including the simulation of storm events conducted in parallel with in-situ tests will 
lead to a refinement of the model. It can be applied to the development of management plans 
for the control of sources of pollution discharging to urban waters. 

2.3 Ecotoxicology - Hydrocarbons 

Urban stormwater runoff is recognised as a major contributor of pollutant loadings, including 
hydrocarbons, into urban freshwater areas (Porcella and Sorensen, 1980). Pollutant 
exposure, resulting from urban runoff, has been implicated as a major cause of observed 
decreases in diversity of fauna as indicated by reductions in numbers of freshwater taxa 
present (Garie and McIntosh 1986). It has also been shown that elevated hydrocarbon 
concentrations in surface water and sediments can be related to urban sources (Pitt and 
Bozeman, 1979; Plowchalk and Zagorski, 1986). 

Because of their known mutagenic and carcinogenic properties (Lavoie et al 1982; WHO, 
1972) it is the polycyclic aromatic hydrocarbons (P AH) which have received most attention 
in the literature. The aliphatic hydrocarbons, particularly in freshwater biota have been less 
intensively investigated and are generally perceived as being less harmful to aquatic 
organisms than P AHs. However, the aliphatic group does constitute an important part of the 
hydrocarbon suite in studies concerning 'oil' or 'total hydrocarbon' impacts. 

A number of workers have demonstrated in laboratory studies that hydrocarbons can be 
readily taken up by aquatic organisms (eg. 
Stegeman and Teal, 1973; Cravedi and Tulliez, 1981; Reichert et aI, 1985). Enzyme
induced changes can subsequently convert the parent compounds, particularly some PAHs, 
into potentially toxic intermediate metabolites. Hydrocarbons have also been shown to affect 
a range of biota, including bacteria, fungi, protozoa, algae, invertebrates and fish (eg. Catallo 
and Gambrell, 1987; Neff, 1979; Hale, 1988). In field measurements wide ranges of 
hydrocarbon levels in organisms have been reported. However, the higher levels which have 
been observed can generally be related to organism proximity to chronic hydrocarbon 
sources. Despite the wide range of organisms known to be affected by PAHs, the majority 
of hydrocarbon measurements made as part of a biological monitoring exercise have largely 
been confined to the mollusc group. Their sedentary lifestyle, ability to accumulate 
hydrocarbons and relatively low rates of depuration has led to their increasing use as 'sentinel 
organisms' for the detection of environmental damage, particularly in marine environments 
(Moore et aI, 1989). Many in-situ studies have used molluscs transferred from relatively 
clean locations to potentially polluted ones to evaluate hydrocarbon uptake rates (eg Boom, 
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1987; Fossato and Siviero, 1974). These studies have shown molluscs to be appropriate 
organisms for detecting hydrocarbon contamination with total hydrocarbon accumulation of 
levels up to 800 p, gIl (Risebrough et aI, 1983). 

Attempts have been made to associate sub-lethal organism effects with body hydrocarbon 
concentrations. Widdows et al (1987) have demonstrated that a simple inverse relationship 
exists when mussel 'scope for growth' is plotted against tissue concentration of two and three 
ringed PAHs. This relationship has been demonstrated in the field and in simplified field 
conditions simulated in laboratory based mesocosms. The mesocosm experiments have been 
suggested to provide the important link between effects at the individual, population and 
community levels of organisation. Increasing contaminant concentrations can lead to further 
damage of biological function including impaired reproduction, reduced recruitment and 
ultimately mortality. 

A relationship also seems to exist between 'scope for growth' measured at the individual 
level and changes in species diversity (community level). Davies and Dobbs (1984) have 
recorded a progressive decline in species diversity against the log of oil concentration in 
ambient sediment. Some of the previous work done therefore supports the theory that 
adverse effects measured at the species level will ultimately be manifested at a population or 
community level. 

The research reported in Papers 15 - 20 and 29 indicates that the selected macro invertebrate 
species are appropriate organisms for monitoring the impact of hydrocarbons in urban waters 
as they can accumulate hydrocarbons to relatively high levels in their tissues. Although, in 
the laboratory tests, the bioaccumulation of hydrocarbons was more rapid than in the field, 
significantly lower mortalities from similar or higher body burdens occurred in the laboratory 
compared with the in-situ tests. The research data suggests that hydrocarbons are not the 
primary cause of the mortalities observed. However, some positive correlations between 
mortality rate and hydrocarbons have been observed and are currently being further examined 
by Principal Component Analysis. In order to establish a broader and more reliable database 
the need for a wider application of these hydrocarbon tests is also required in conjunction 
with a heavy metal ecotoxicity testing programme. 

2.4 Aquatic Macrophyte Pollution Control 

Studies have shown a low correlation between metal uptake and accumulation in aquatic 
macrophytes and metal contaminated sediments (Mudroch and Capobianco, 1978; Larsen and 
Schierup, 1981; Taylor and Crowder, 1983). 

Metal tolerant terrestrial ecotypes have evolved through genetic adaptation (Antonovics et aI, 
1971) but mechanisms of metal tolerance in emergent wetland plants are not well understood. 
Some genera of emergent hydrophytes, notably Schoenopletus and Typha are more tolerant 
than others (Blake and Dubois, 1982). In plants acclimatised to soils with a high copper and 
nickel content, these metals were largely excluded from the above ground part of Typha but 
accumulated in the root stock, whereas in unacclimatised plants exposed to high 
concentrations of heavy metals in culture solutions, concentrations of nickel of 460J,Lg/g and 
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copper of l3OlLg/g were recorded (Taylor and Crowder, 1983). Studies of Typha by 
McNaughton et al (1974) and Dunbabin and Bowmer (1992) have found no evidence that the 
development of tolerant ecotypes is a prerequiste for colonising metal-contaminated sites. 

The substrate of a constructed wetland has been described as a general organic soil ecosystem 
by Sikora and Keemey (1983). An upper aerobic layer tends to be thin, restricted by the 
high resistance of the substrate to oxygen diffusion and the high demand for oxygen in this 
layer (Good and Patrick, 1987). A thin transitional layer separates the aerobic from an 
underlying anaerobic layer containing a reduced substrate. The methods of metal removal 
in the substrate include cation exchange and adsorption and physical filtration which have 
been shown to be essentially reversible (Dunbabin and Bowmer, 1992). The substrate also 
provides attachment surfaces for microbial populations including sulphate-reducing and metal
oxidising bacteria (Batal et aI, 1987). 

The tolerance of Typha to concentrations of lead,zinc, copper and cadmium in urban runoff 
waters and experimental conditions is described in Papers 13, 23 and 27. The sediment sink 
created by the matrix formed by the rhizome and roots of the plant has been shown to be an 
important source of contaminated particle removal. Although Typha tissue metal 
concentrations are relatively low in comparison to the sediment concentrations, the metal 
loads in the plant and in particular the rhizome, are significant. The uptake by Typha is 
shown to be superior to the performance of emergent hydrophytes in a study which is 
described in Papers 22 and 33. The additional role of this plant in hydrocarbon removal 
confirms its suitability for treating surface runoff pollution. The planting of Typha in urban 
wetlands and river corridors is recommended not only for pollution removal but also for 
habitat creation, conservation and aesthetic reasons in Paper 31. 

Although there is now a growing literature available on the use of wetlands and vegetated 
detention basins for quality control of urban storm water , very few relate specifically to 
highway runoff. Martin and Smoot (1988) have reported on the efficiency of an artifical 
wetland system receiving stormwater runoff from a four lane highway in Orlando - Florida. 
The vegetation included Typha spp, floating leafed species such as water hyacinth and 
duckweed as 
well as iris and sedge plants. The highest removal rates were recorded for total suspended 
solids (TSS), metals (including dissolved species) and ammonia, all of which experienced 55 
- 75 % removal in passage through the wetland. The system showed very low efficiency in 
respect of phosphorus and nitrogen species and organic carbon as well as for Biochemical 
and Chemical Oxygen Demand (BOD and COD) reduction. 

Verniers and Loze (1985) have described a vegetated system receiving highway runoff in the 
southern suburbs of Paris. The stormwater passes over a series of rock-filled gab ion 
infiltration terraces, into an oil chamber and sediment trap before passage across a shallow 
marginal marshland, planted with Scirpus and Juncus spp. A minimum depth of 0.5 m is 
maintained in the pond increasing to 3 m at maximum flood depth. Average removal 
deficiences of 76, 55 and 17% have been recorded for TSS, BOD and COD respectively with 
a highly variable nutrient removal which ranged between 8 and 30%. 
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My current research within the Urban Pollution Research Centre includes a feasibility study 
for designing a constructed wetland to treat runoff discharging from a major road in 
northwest London to the Welsh Harp Reservoir. Metal uptake from the runoff by the 
existing natural wetland has been shown to be inadequate and the National Rivers Authority 
have agreed to introduce a constructed wetland in consultation with our Research Centre. 

The performance of an 8000 m2 constructed wetland designed to treat surface runoff from 
a residential development for 2000 houses is also being investigated by the research centre. 
Metal uptake rates and hydrocarbon uptake and biodegradation rates will be determined in 
four species of macrophyte in the wetland. A small scale experimental wetland will be used 
to investigate performance under different pollutant loading rates. The results of the study 
will lead to improvements in the design of constructed wetlands for treating urban surface 
runoff. 

Experimental reed beds for the treatment of Heathrow Airport runway surface runoff are 
being monitored for metal removal, glycol uptake and degradation and for the structure of 
the microbial community in the substrate. It is hoped that these studies will 
contribute significantly to the understanding of the processes that operate in constructed 
wetlands and to their adoption as a viable alternative to conventional pollution treatment 
technologies. 

2.5 Future Research 

The future of my research will not only include refining laboratory and field toxicity tests 
and models to predict water quality impacts but also developing a greater understanding of 
the biological and chemical processes involved in pollution treatment in natural and 
constructed wetlands and the application of the research to wetland design. The research 
centre has expanded and is carrying out microbiological studies and investigations into the 
use of microbial and other indicators of water pollution, including rotifers. My research will 
increasingly involve collaboration with other institutions and research groups in the UK and 
other countries. I am currently preparing with the Centre for Environmental Biotechnology, 
Hong Kong Baptist University and a university and research centre in South China, a 
proposal to investigate the treatment of toxic wastewater by constructed wetlands in China. 
In Malaysia, I have prepared a programme of research on sustainable development in the 
tropics in collaboration with the Universiti Tecknologi Malaysia and the University of 
Western Australia. I have also trained research scientists at the State University, Almaty, 
Kazakhstan as part of a Foreign and Commonwealth Office, Know How Fund Programme 
for which I am Project Leader. This training programme involves the application of our 
pollution monitoring methods and analytical techniques to the River Illi and Lake Balkash 
catchment. 

These collaborative initiatives will not only provide further data under different 
environmental conditions but will establish a framework for the creative development of my 
research. 
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