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125 - THE FEASIBILITY OF IN-SITU IRON REMOVAL IN SOUTH AFRICAN AQUIFERS AS ALOW-
COST TREATMENT OPTION FOR DRINKING WATER SUPPLY

Kate Robey

Council for Geoscience, Council for Geoscience, Bellville, South Africa
Gideon Tredoux

Private consultant, Private consultant, Cape Town, South Africa

The sustainability of many wellfields is threatened by elevated iron (Fe2*) and manganese (MnZ*) concentrations
in groundwater. Their presence causes aesthetic and potability problems but the greatest concern is borehole
clogging. Physico-chemical processes and microbiological activities cause clogging by oxidation of these ions at the
borehole and aquifer interface resulting in lowered yields. In South Africa two paramount examples are wellfields
in the primary Atlantis Aquifer and the fractured Table Mountain Group Aquifer. Both schemes were developed to
supply domestic water to rural communities which experience semi-arid conditions and lack a proximal surface
water resource, Although both aguifers are known to be able to supply reliable, good quality drinking water to the
communities, the boreholes in both schemes are currently operating at less than 30% of their originaliy assigned
yields as a result of clogging. South African research has focused on the remediation of clogging problems but
knowledge is needed for preventative measures in controlling the source of the problems (l.e. Fe?* and Mn?*), The
in-situ iron removal (ISIR) method involves periodic injection of oxygenated water into the anoxicfanaerobic
aquifer, It has successfully been applied in Europe and elsewhere for decades in reducing the need for above-
ground water removal of Fe?' and Mn2*, In addition, the long-term application of ISIR maintains the borehole
yields by reducing Fe?* and Mn?* movement towards the horehole screen, spreading the oxidation processes over
a larger surface area in the aquifer, Over time the precipitates stabilise into crystalline oxides, further inhibiting
reductive dissolution and Fe2* and Mn?* mobilisation, This paper discusses the ISIR applicability in a South African
context and to present the findings of a small-scale test facility in the Atlantis Aquifer.
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243 - FIELD TRIALS OF SUBSURFACE CHAOTIC ADVECTION

Michelie 8. Cho

University of Waterloo, University, Waterloo, Canada
Neil R. Thomson

University of Waterloo, University, Waterloo, Canada

Chaotic advection refers to the mixing of fluid elements which arise from repeated stretching and folding of fluid
parcels. Chaotic advection can he engineered in perous media by time-dependent Darcy flows and has the potential
to enhance mixing under larninar conditions, Enhanced mixing has many possible applications in environmental
science and engineering. Rerediation of contaminated aquifers is particularly relevant where mixing between the
injected reagent and contaminant is a critical step, If chaotic advection can be stimulated and controlied in sity,
remediation efficiencies may be significan{ly increased by enhanced mixing between the injected reagents and
contaminants, To assess whether chaotic advection can he invoked at scale in a natural porous medium, a field trial
is being designed in the sandpit area at the University of Waterloo Groundwater Research Facility at CFB Borden
located near Alliston, ON, Canada, where we propose to use a transient reoriented dipole flow for subsurface
stirring. A 3 m x 10 m zone in the aquifer has been isolated by sheet piling penetrating 2 m below ground surface. A
funnel and gate systern is in place to assess remedial technologies. In the initial phase, we propose to study the
behaviour of conservative tracers within the aquifer with undisturbed and chaotic groundwater flows. Facus will
then move to the treatability of a light non-aqueous phase liguid (LNAPL) source zone by injected reagents under
chaotic and non-chaotic conditions, An LNAPL will be released under controlled conditions and then allowed to
redistribute under gravity, forming a residual LNAPL distribution with the vicinity of the water table. This paper
will describe the design criteria associated with the various aspects of this field trial, and present modeling results
for determination of key flow system parameters as well as field data from the tracer test to suggest the presence of
chaotic advection in the experimental aquifer,
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726 - LONG-TERM EXPECTATIONS FOR THE TREATMENT OF MGP RESIDUALS BY CHEMICAL
OXIDANTS

Saeid Shafieiyoun

Departiment Civil and Environmental Engineering, Unliversity of Waterloo, Waterloo, Canada
Neil R. Thomson

Department of Civil and Environmental Engineering, University of waterloo, Waterloo, Canada
Chris M. Gasinski

TECO Energy, TECO Energy, Tampa, United States

Andrew P, Brey

Geosyntec Consultants, Geosyntec Consultants, Tampa, United States

Wiliam Pence

BakerHostetler, BakerHostetler, Orlando, United States

In situ chemical oxidation (ISCO) has been touted as a remediation technology for the treatment of
manufactured gas plant (MGP) residuals. Most experimental systems explored have heen ideal {e.g, excess oxidant,
well-mixed, long contaet times) and hence the data produced are the most optimistic, Knowledge of the long-term
behaviour of dissolved phase concentrations resuiting from the chemical oxidant treatment of MGP residuals is
unknown, To explore the temporal treatment expectations of MGP residuals, a single cell numerical model was
developed. In this model, a specified mass and composition of a non-aqueous phase liquid (NAPL) is present. The
NAPL consists of 22 organic compounds accounting for 34% of the total mass and the remnant mass is considered
to be bulk material. The inlet oxidant concentration is prescribed and the effluent concenirations of the known
soluble constituents are estimated from mass balance considerations. The results from a series of physical model
experiments using impacted sediments were used to constraint the model input parameters. A variety of long-term
simulation scenarios were performed. In general, for a NAPL saturation of 6%, the results indicate that the effluent
profiles over a 10-year period are reduced temporality as a result of the oxidant injection and then rebound to a
profile that is coincident with a no-treatment scenaric. Based on a sensitivity analyses, neither water velocity or
oxidant concentration affects the long-term behaviour of dissolved phase concenirations; however, increasing the
mass transfer rate coefficient have a dramatic impact. This presentation will provide an overview of the modeling
approach, physical model experiments, and key findings.
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743 - GROUNDWATER REMEDIATION TECHNOLOGIES: A STATISTICAL ANALYSIS FOR A
DECISION-MAKING SUPPORT TOOL

Mara Dal Santo

MWH Global, Company, Segrate, Italy
Giuseppe Prosperi

MWH Global, Company, Segrate, Italy

A statistical analysis was performed based on historical and current data collected from the operation of a huge
amount of plants, spread throughout the Italian territory, for groundwater emergency measure and contaminated
site remediation according to the Italian legislation (D.Lgs 152/06 art. 240). The following main factors, impacting
the final result were evaluated: costs, efficiency, duration, aquifer type, field of applicability of the different
remedial technologies. Furthermore, the reliability assigned by the Public Authorities to proposed rermedial
technologies and the sustainability were also considered.,

At present, the most trusted method is represented by the pumping of water from the wells and the subsequent
treatment of extracted waters in situ or ex situ.

The aim of the work is to provide a decisional tool able to support in the application of the site-specific best
remediation technology based on aquifer typology, which should take into account not only the economic and the
time factors. A focused choice, maybe oriented to the application of unconventional methodologies (Alr Sparging,
Bio Sparging, injections of oxidizing compounds, Monitored Natural Attenuation, etc.), could turn out to be not only
more environmentally sustainable, but also more economically advantageous,
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792 - MOVING FORWARD FROM P&T IN TROPICAL SOILS: HOW ISCO IS AFFECTED BY SOiL
PROPERTIES

Fernanda Oliveira

Polytechnic School, University of Sao Paule, Sao Paulo, Brazil

Ieda Domingues

Dept of Earth Sciences, Federal University of Sao Paulo, Diadema, Brozil
Juliana Freitas

Dept of Biological Sciences, Federal University of Sao Paulo, Diadema, Brazil
Sheila Furquim

Dept of Earth Sciences, Federal University of Suo Paulo, Diadema, Brazil
Neil R. Thomson

Faculty of Engineering, University of Waterloo, Waterioo, Canada

Over the past decade, the number of identified contaminated sites has increased significantly in Brazil. Recent
regulations and pressure from environmental agencies has pushed site owners towards remediation. The most
common remediation technology in the State of $Zo Paulo is pump-and-treat (35% of the sites in December 2013);
however, there has been an increase in the application of in-situ technologies which have increased from 5% in
2004 to around 15% in 2013. Among all in-situ technologies, in-situ chemical oxidation is one of the most utilized,
Many areas in Brazil are covered with tropical soils which pese significant challenges for many in-situ technologies.
Tropical soils with their relatively high clay contents and high concentrations of aluminum and iron
oxides/hydroxides are very different than the aquifer systems used to develop the bulk of the chemical oxidation
scientific literature. In response to this void, our research is evaluating how the chemistry and mineralogy of these
tropical soils interfere with chemical oxidants, and how these oxidants can change the intrinsic soil properties.

Batch tests using three common Brazilian soils were conducted using persulfate and percarbonate to investigate
the decay of oxidants. Soil mineralogy and chemical composition were determined and compared hefore and after
oxidation. To assess the impact of the soil composition on the efficacy of the oxidant to degrade contaminants,
batch tests were conducted with anthracene, It was expected that the high iron concentration in these soils could
result in natural activation of the oxidant, Fast persulfate decay was observed in all tested soils, with a strong
relation to clay content. Oxidation was shown to cause significant change in mineralogy, with dissolution of
rainerals such as kaolinite and gibbsite, and formation of iren crystalline minerals. The presence of iron likely
caused an increase in persulfate decay, but that did not translate in an increase in oxidant degradation capacity.
Anthracene decay rates in batch tests were lower in the presence of the iron rich sails.

Therefore, in order to decrease our dependency on pump-and-treat systems by applying in-situ chemical
oxidation, we need to develop a better understanding of ow the oxidants interact with tropical soils, since these
oxidants will behave differentiy and impacts on soils were shown to be significant,
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971 - CONTAMINANT TRANSPORT PROCESSES, DIFFUSION MEASUREMENT METHODS, DGT
PASSIVE SAMPLERS, LAB INSTRUMENT DEVELOPMENT

Taméds Madarasz

University of Miskolc, Institute of Environmental Management
Istvdn Székely

University of Miskole, Institute of Environmental Management
Andrea Kolencsikné Téth

University of Miskole, Institute of Environmental Management
Marton Tdth

University of Miskole, Institute of Environmenial Management

Contaminant transport phenomena are complex and often difficult to model due to the lack of reliable transport
parameters. One key element of subsurface transport processes is diffusion, where the contaminant movement is
driven by concentration gradient. The proper understanding of diffusion phenomena (e.g. back diffusion) plays
crucial role in the success or failure of certain contaminated site remediation actions.

Our research team started the testing operation of the DKS permeabimeter, which is a lab equipment designed to
determine various components transport processes. The measurements executed with the DKS permeabimeter
motivated an innovative development of a new lab equipment designed to measure effective diffusion parameter
of clays sediments. The obtained testing capabilities and the industry driven research demand caused us to start

testing contaminated samples, in order to examine the scope of back diffusion from the soil matrix to the fluid
phase.

Besides the lab measurement we started deploying diffusion based DGT passive samplers in groundwater and
sediments. DGT samplers are capable to capture labile metal foris that are likely to be bioavailable. DGT results
can be directly fed in to human health risk assessment, providing more reliable risk estimates than using
conventional analytical concentration of the media.

Both the lab measurements and the field tests provided remarkable data to enhance the reliability of our

understanding regarding contaminant transport processes. The presentation shall highlight the pros and cons of
both technics and the benefits of their deployment.
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60 - IMPACT OF DOC QUALITY ON SULFONAMIDE TRANSPORT IN NATURAL SOILS

Dan Zhou

Institute of Bio- and Geosciences (IBG-3), Forschungszentrum Jillich, Jillich, Germany
Martina Arenz-Leufen

Environmental Fate, Knéll Consult GmbH, Leverkusen, Germany

Soren Thiele-Bruhn

Sotl Science, University of Trier, Trier, Germany

Jacques Diederik

Institute for Environment, Health and Safety (EHS), Belgian Nuclear Research Centre (SCK-CEN), Mol, Belgium
Harry Vereecken

Institute of Bio- and Geoasclences (IBG-3), Forschungszentrum Jittich, fiilich, Germany
Irina Engelhardt

Institute of Bio- and Geosciences (IBG-3), Forschungszentrum Jilich, Jitlich, Germany

Sulforamides are used world-wide in animal husbandry. Sulfonamides restrain growth and multiplication of
bacteria in animals and also affect soil and aguifer microbial communities. Sulfonamides and their transformation
products are non-polar and hydrophobic substances. Via application of manure they can infiitrate deeper into the
soil and finally groundwater. Production and usage of thousands of tons of antibiotics make sulfonamides an
environmental issue. Land application of manure introduces not only veterinary antibiotics to soils, but also
dissolved organic matter {DOM). Sorption sites of soil surfaces are limited, especially when high amounts of colloids
and organic contaminants are present. Under these conditions colloids will not be retarded and compete with other
solutes, Hydrophobic substances have a strong affinity to sorb on colloidal particles and their transport can tiwus be
either enhanced when sorbing to mobile colloids or reduced when sorhing to immobile colloids. Therefore, in the
subsurface mobile colloids from manure can act as carriers for hydrophobic contaminants resulting in an
enhanced or so-called colloid-facilitated co-transport. Existence and properties of the colloids from DOM play a key
role to predict the transport and leaching of contaminants into groundwater. Currently, a systematic investigation
linking both experimental and numerical analysis of these complex processes are still missing. Cohuun
experiments were conducted for three different sulfonamides and manure from multiple agricultural practices.
Our research highlighted that sulfamoxole strongly adsorbed to grain surfaces, however it shows facilitated
transport in the presence of DOM. Maximum breakthrough concentrations and mean travel velocities of
sulfamoxole increased distinctively with manure and were highest for colloids from faitening pigs. Laboratory
experiments were interpreted by process-based numerical investigations using the colloid-filtration theory,
competitive kinetic sorption, and co-transport approaches. Numerical investigations with HP1 coupling Hydrus-1D

with PhreeqC were ahle to simulate the complete range of biogeochemical reactions under variable saturated
conditions.
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98 - USING EMERGING CONTAMINANTS TO TRACE RAPID RECHARGE PATHWAYS IN URBAN
GROUNDWATER: AN EXAMPLE FROM KABWE, ZAMBIA

Daniel J. Lapworth

Groundwater Science, British Geological Survey, Wallingford, United Kingdom
Daniel Nkhuwa

School of Mines, University of Zambia, Lusaka, Zambia

Marianne Stuart

Groundwater Science, British Geological Survey, Wallingford, United Kingdom

We explore the occurrence of emerging organic contaminants in groundwater beneath a medium-sized African
town reputed to be one of the ten most contaminated places on Earth. The results represent the first investigation
of many emerging contaminants anywhere within the African environment. Samples were obtained from shallow
wells and deeper boreholes across peri-urban, lower and higher cost residential areas, and industrial land uses
during both the dry and wet season. They were analyzed using a broad sereen GC-MS method which can target over
1000 organie compounds. The insect repellent DEET was ubiquitous, with other compounds detected in less than
15% of the sources, including the bactericide triclosan, chlorination by-products and surfactants. Emerging
contaminants were most prevalent in shallow wells in low cost residential areas, which were inadequately
protected at the surface. Seasonal changes in DEET highlighted the aquifer is more vulnerable than previously
considered and the utility of the compound as an urhan wastewater tracer. There was a general absence of
personal care products, life-style compounds, and pharmaceuticals which are commonly detected in the aquatic
environment in the developed world. This perhaps reflects some degree of attenuation within the subsurface, but

could also be a result of the current limited use of products containing emerging contaminants by locals due to
unaffordability and unavailability.
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229 - AN ASSESSMENT OF MICRO-ORGANIC POLLUTANTS IN GROUNDWATER ACROSS ENGLAND
AND WALES

Daniel ], Lapworth

Groundwater Sclence, British Geological Survey,

Emily Crane

Groundwater Science, British Geological Survey, Wallingford, United Kingdom
John Talbot

Groundwater Science, British Geological Survey, Wallingford, United Kingdom
Marianne Stuart

Groundwater Science, British Geological Survey, Wallingford, United Kingdom

In the last few decades there has been a growing interest in the oceurrence of micro-organic (MO) contaminants
in the terrestrial and aguatic environment, and in their environmental fate and potential toxicity. A large variety of
MOs are used in huge quantities for a range of purposes including arable agriculture, industrial manufacturing
processes, as well as human and animal healthcare. Improvements in analytical techniques have allowed
identification of organic compounds at low concentrations previcusly undetected in the aqueous environment.

The contaimination of groundwater resources hy MOs is a growing concern and relatively poorly understood
compared to other freshwater resources. Of particular concern are newly 'emerging contaminants’ such as
pharmaceuticals and life-style compounds, particularly those with potential endocrine disrupting properties. While
groundwater often has a high degree of protection from pollution due to physical, chemical and biological
attenuation processes in the subsurface compared te surface aguatic environments, trace concentrations of a large
range of compounds are still detected in groundwater.

This study provides the first national scale assessment of micro-organic compounds in groundwater in England
and Wales by analysing a national dataset to determine the relative occurrence and detected concentrations of
different groups of compounds and aims to determine relationships with different land-use, aquifer types and
groundwater vulnerability. MOs found included caffeine, DEET, anti-microbial agents and pharmaceuticals as well
as a range of legacy contaminants including chlorinated solvents and THMs, petroleum hydrocarbons, pesticides
and other industrial compounds. Temporal trends (2002 - 2012) of MOs occurrence are assessed for selected
compounds.
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697 - REVIEW OF THE OCCURRENCE OF EMERGING ORGANIC CONTAMINANTS AND PESTICIDES
IN ITALIAN SURFACE WATER AND GROUNDWATER

Raffaelia Meffe

Imdea Water, Research Institute, Alcald de Henares, Spain
Irene De Bustamante

Imdea Water, Research Institute, Alcald de Henares, Spain

This work provides the first review of the occuurence of 161 emerging organic contaminants (EOCs) and 137
pesticides, in surface and groundwater of Italy. The reported EOCs belong to the group of industrials,
pharmaceuticals, estrogens and illici¢ drugs. The reviewed research works have been published between 1997 and
2013. Results show that the more frequently studied EOCs are pesticide (16}, pharmaceuticals (15), industrials (13),
estrogens (7) and illicit drugs (2). Among the reported contaminants, those occurring with the highest
concentrations in both surface and groundwater are pesticides (up to 108 ng L'} and industrials (up to 10° ng LY.
Reported maximum concentrations of pharmaceuticals in surface water are about 103 ng 11, Whereas in the
groundwater, this class of contaminants were rarely detected suggesting different contaminant sources and
pathways and different degradation rates in comparison to pesticides and industrials. Both estrogens and illicit
drugs appeared in surface water with concentrations lower than 50 ng L1, Groundwater concentrations for
estrogens were measured to be below the detection limits, whereas illicit drugs have so far not been studied in
groundwater. Apart from the national reconnaissance study carried out by the ISPRA Institufe in 2013,
groundwater of several regions from Southern Italy has not been collected for EOC determination. Excluding
pesticides, the same applies for surface water, The present review reveals the serious contamination status of
Italian surface and groundwater especially by pesticides, industrials and to a lower extent by pharmaceuticals.
Moreover, this study highlights the necessity to foster the research on EOC occurrence in Italian water resources, in
particular in Southern Italian areas where a very limited number of Investigations exists.
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552 - MULTISOPIC (B AND SR) ASSESSMENT OF BORON-RICH GROUNDWATER IN CENTRAL
ADRIATIC ITALY

William Palmucei

Dipartimento di Ingegneria e Geologia, Universita G, d'Annunzio, Chicti, Haly
Diego Di Curzio

Dipartimento di Ingegneria e Geologia, Universita G. d'’Annunzio, Chieti, Italy
Maddalena Pennisi

Istituto di Geoscienze ¢ Georisorse, CNR, Pisa, Italy

Sergio Rusi

Dipartimento di Ingegneria e Geologia, Universita G, d'Annunzio, Chieti, Italy

The present work aims to assess the widespread boron contamination of groundwater in central-Adriatic Italy.

This research has been based on hydrochemical and statistical study of a large amount of chemical analyses on
groundwater and soil samples, representing different hydrogeological domains (carbonate aquifers, intramontane
basins and atluvial plain aquifers),.

Boron contamination of groundwater has been detected only in the alluvial aquifers of Adriatic plains, In order
to define possible origing of contamination, a new chemical survey has been executed on two sampling areas
(Saline river and Vomano river alluvial aquifers), where boron and strontium isotopic ratios have also been
determinated.

As already highlighted by previous analyses, the correlation between B and Cl indicates the link among these two
elements and highlights the importance of salinization of groundwater in boron contamination.

In particular, the highest boron concentrations are detected in mineralized water with a Na-Cl facies and low or
negative Eh values. The ion ratios between Sr and other analytes allow to clearly distinguish samples from different
hydrogeological domains.

The 8118 distribution show the highest values (40.5%0), related with maximum bhoron concentration, are due to
groundwater salinization, while the lowest (8.8%) are comparable with the known vahies for Italian alluvial
aguifers.

Two-component mixing models indicate 8118 variation is linked with mixing processes between mare shallow
fresh groundwater and deeper saline groundwater.

875r/88gr isotopic ratio highlights that the values observed in the more mineralized samples are similar with
those known in literature for mio-pliocenic salt waters or, at least, older than the actual seawater.

In conclusion, the research results show the highest boron concentration in groundwater are referable to
natural contamination related with the uprising of Na-Cl connate groundwater, excluding anthropic pollution.
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707 - MODELING NITRATE TRANSPORT TOWARDS A COASTAL LAGOON UNDER THE INFLUENCE
OF AQUIFER PROPERTIES, CONTAMINATING ACTIVITIES, RESTORATION POLICIES AND CLIMATE
CHANGE

Tibor Stigter

UNESCO-IHE, Institute for Water Education, Delft, Netherlands
Claudien Mazimpaka

UNESCO-IHE, Institute for Waler Education, Delft, Netherlands
Yangxiao Zhou

UNESCO-THE, Institute for Water Education, Delft, Netherlands

Agricultural practices in the south of Portugal have highly increased the use of groundwater over the past
decades, and have caused its salinization and contamination by nitrates. The highest levels of contamination are
observed in the Camipina de Faro Aquifer System (CFAS) located in the western part of the drainage basin of the Ria
Formosa lagoon, an ecologically sensitive and economically important wetland, Groundwater abstractions from the
CFAS are much higher than average annual recharge, but long-term decreasing trends in groundwater levels are
not ohserved, This indicates that this aquifer must be in hydraulic connection with other aquifers located more to
the north, a phenomenon that has not been properly assessed so far. Moreover, nitrate concentrations still show
increasing trends at some locations, despite the implementation of the EU Nitrates Directive since 1997, constituting
a threat to the ecological status of the coastal lagoon, as shown by previous studies. In the current study a
groundwater flow and nitrate transport model is developed and used to assess how nitrate transport is controlled
by intrinsic properties, human activities and restoration measures. The results show that nitrate contamination in
the upper aquifer (50 m) is extremely persistent and mostly linked to unbalanced fertilization practices and
irrigation return flows. The importance of agricultural practices vs. wastewater leakage was also shown by
previously performed nitrate isotope analyses in groundwater of the shallow aquifer, The modeling results further
show the slow response of the system to the implementation of good agricultural practices (GAP) in compliance
with the European policies, indicating that good qualitative status would be impossible to reach in the entire
aquifer by the required EU deadlines, even in the most optimistic scenario. Moreover, climate change scenarios for
the region, when integrated in the transport model, show that despite the implementation of GAP nitrate levels
could further increase in the upper aguifer due to a concentration trend caused by lower recharge, higher water
demands and incomplete mixing within the aquifer,
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938 - USE OF AN ARTIFICIAL SWEETENER TO IDENTIFY SOURCES OF GROUNDWATER NITRATE
CONTAMINATION

William D, Robertson
University of Waterloo, University of Waterloo, Waterloo, Canada

The artificial sweetener acesulfame is a potentially useful tracer of wastewater contamination in groundwater.
In this study, acesulfame (ACE} concentrations were measured in wastewater and impacted groundwater at 12
septic system sites in Ontario, Canada, All samples of septic tank effluent (n =37) had ACE > 6 pg/L, all samples of
groundwater from the proximal plume zones (n =93) had ACE > 1 yg/L and, almost all samples from the distal
plume zones had ACE > 2 pg/L. Mean ratios of total inorganic nitrogen/acesutfame at the 12 sites ranged from G80-
3500 for the tank and proximal plume samples. At five sites, decreasing ratio values in the distal zones indicated
nitrogen attenuation, These ratios were applied to three aquifers in Canada that are nitrate-stressed and an urban
stream where septic systems are present nearby, to estimate the amount of wastewater nitrate contamination. At
three aquifer locations that are agricultural, low ACE values (<0.008 - 0.15 pg/L) suggested that wastewater
contributed <1% of the nitrate in most samples. At another aquifer location that is agricultural, but where a small
comrnunity using septic systems is present upgradient, slightly higher ACE values (0.06-0.14 pg/L) indicated that
wastewater contributed about 2-15% of the nitrate, In groundwater diseharging to the urban stream, much higher
ACE values (0.2-11 pg/L) indicated that wastewater was the source of >50 % of the nitrate in most samples. This
study confirms that acesulfame is a powerful tracer and demonstrates its use as a diagnostic tool for quantifying
wastewater contamination in groundwater.
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74 - THE IMPACT OF DOMESTIC WASTEWATER TREATMENT SYSTEM EFFLUENT ON PRIVATE
WATER WELLS: AN EVALUATION OF CONTAMINATION FINGERPRINTING TECHNIQUES

Chris Fennell

Department of Civil, Structural and Environmental Engineering, Trinity College Bublin, Dublin, Iretand
Bruce Misstear

Department of Civil, Structural and Environmental Engineering, Trinity College Dublin, Dublin, Ireland
Laurence Gill

Department of Clvil, Structural and Environmental Engincering, Trinity College Dublin, Dublin, freland

Approximately 162,000 Irish households depend on private water sources, mainly wells, for their water supply.
sampling studies of these wells for the presence of faecal indicator bacterta have shown that approximately 30%
ave polluted, at least intermittently, with one of the main sources of microbial pathogens believed to be domestic
wastewater treatment systems (DWWTS), mainly septic tanks. DWWTS are employed by approximately 438,000
dwellings across Ireland. However, as faecal indicators are not source-specific, identifying whether the
contamination is of human or animal waste origin is difficult and has not been carried out previously. Building on
previous research on the extent of private well contamination in Ireland, this research is employing a range of
techniques for identifying specific sources of well contamination and, particularly, the extent of the pollution from
DWWTS as opposed to agricultural sources, which are also a significant issue in rural Ireland. A total of 216 private
wells have been surveyed across four study areas of specific geclogical characteristics found in Ireland. Two areas
are highly vulnerable to groundwater contamination due to the shallow depth of subsoil, with the remaining two
areas displaying characteristics of inadequate percolation for DWWTS and hence low vulnerability. Individual site
assessments have been conducted on each of the well sites, recording details of the well, including its wellhead, and
the DWWTS. Each well is heing examined for indicator bacteria and a full suite of chemical constituents during a
one-off sampling regime. Of 165 wells tested to date, 67% have tested positive for total coliforms, with 17% positive
for E. coli. Subsequently, a temporal scale study will monitor a select number of wells over the study period. Wells
ave currently being used to assess a range of fingerprinting techniques including fluorescent whitening
compounds, faecal sterols, anion ratios, F-RNA coliphages and Bifidobacterium. The paper will present an
evaluation of these different techniques for identifying contamination from DWWTS sources.
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415 - BIODEGRADATION HOT-SPOTS AT THE SOIL/ GROUNDWATER INTERTACE OF A
CONTAMINATED AQUIFER

Florian Einsiedl

Chair of Hydrogeology, Technische Universitdt Miinchen, Munich, Germany
Giovanni Pilloni

Institute of Groundwater Ecology, Helmholfz Zentrum Miinchen, Munich, Germany
Bettina Ruth-Anneser

Institute of Groundwater Ecology, Helmholtz Zentrum Miinchen, Munich, Germany
Tilimann Lueders

Institute of Groundwater Ecology, Helmholtz Zentrum Miinchen, Munich, Germany
Christian Griebler

TInstitute of Groundwater Ecology, Helmholtz Zentrum Miinchen, Munich, Germany

Dissimilatory sulphate reduction represents an important process in the anaerobic degradation of organic
contaminants in groundwater ecosystems,

Here, we demonstrate that a BTEX {i.e. benzene, toluene, ethyl-benzene, and xylenes) plume which interacts with
the groundwater table leads to a zone of variable redox conditions, in which redox cycling complicates the
interpretation of concentration measurements and microbial community structure to the point that reactive
transport models have previously failed to reproduce observed trends. This geochemical complexity is studied
through a suite of observations, including the use of sulfur intermediates such as 50, 8032', and 82032', and
microbial community analysis in conjunction with high-resclution sampling of the porous aquifer. In addition
stable isotopes measurements of dissolved sulphate, hydrogen sulphide, and elemental sulphur were performed to
shed light on sulphur cyeling processes at the soil/groundwater interface.

The isotopically enriched d34s values of dissolved sulphate linked to decreasing toluene concentrations near the
water table are indicative that BTEX were oxidized at the upper plume fringe under sulphate reducing conditions.
The di80 in dissolved sulphate from the same depth suggest a re-oxidation of up to 70% reduced sulphur to
dissolved sulphate. Concentrations of measured sulfur intermediates at the plume fringe were twice as high as in
other sampling depth and support the interpretation of intensive redox cycling processes near the water table. An
isotopic shift in d3%5 of $O of nearly +4%, compared to the d*4§ values of H,$ from the same depth linked to a high
abundance (~10%) of sequence reads related to Sulphuricurvion spp. (Epsilonproteobacteria) in the same depth is
indicative of oxidation of $? to sulphate in this zone, This study documents that complementary information on the
microbial population distribution and sulphur isotopes facilitate the application of sulphur stable isotopes to
gualitatively describe the sulphur cycle in aguifer sediments, In the future, biodegradation of contaminants linked
to the recyeling of sulphur intermediates should be considered in advanced and more sustainable site-remediation
schemes,
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Two of the most common applications of environmental isotopes in groundwater studies are related to
evaluation of sources of recharge and the role of sea water intrusion in the salinity of coastal aquifers. The present
work deals with the application of isotopic technigques to assess the conceptual groundwater flow model of a
contaminated coastal aquifer in an industrial area affected by seawater intrusion within the framework a
permanent remediation strategy. The remediation system, located along the coast line, is composed by an
Horizontal Flow Barrier (HFB), not sealed in the aguiclude, coupled with an Hydraulic Barrier (HB) represented by
an alignment of 67 fully screened pumping wells, Both barriers are aligned perpendicular to the main groundwater
flow direction and a complex hydrodynamic regime have heen generated around the barriers.

Environmental isotopes, 185 and 2H have heen used to evaluate groundwater sources and the magnitude of
seawater intrusion and tritium has been used to estimate groundwater residence time. The isotople investigation
has been focused in the coastal portion of the industrial area, where groundwater flow is strongly affected by the
remediation system.

Based on the stable isotope data it was possible to distinguish three different groundwater groups: one related to
local recharge waters, one representing sea water intrusion and the third one is a mixing between the first two
groups.

The tritium data show that most of the groundwater are relatively young, especially the ones at shallow depths,
corresponding to recent recharge, In the coastal area, for piezometers located upgradient to the HFB, older
groundwater is found along the entire profile, confirming the extension of the HB capture zone. Conversely, the
piezometers located downgradient of the HB and of the HFB are influenced by recent recharge in the shaliower
part of the aquifer, while in the deeper part relatively older groundwater reflect the effect of seawater intrusion
due to the pumping activity. The stable isotope and the tritinm data provide key information to evaluate the
performance of remediation system concerning the containment of the contaminated groundwater and its
potential impact in the coastal areas.
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839 - NATURAL ATTENUATION OF SEPTIC SYSTEM NITROGEN: A CASE STUDY IN KILLARNEY
PROVINCIAL PARK, ONTARIO, CANADA
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Nutrient concentrations in groundwater have been monitored down gradient from an onsite sewage treatment
and disposal system on a campsite located at the Killarney Provincial Park (Canada, On). During July and August,
the study site serves both local and visitors in 142 campsites, receiving significant wastewater loading up to 25,000
Liday.

The objective of this study is to assess the processes involved in nitrogen attenuation in a well-characterized
septic system plume. Isotopic and microbiological tools have been used to evaluate the role of nitrification,
denitrification and anammox on the attenuation of nitrate and ammonium along the groundwater flow system,

Results showed chloride (~32 mgL™) remarkably uniform across the entire transect, suggesting that the septic
system plume is composed essentially of straight sewage, excluding the effect of dilution derived by precipitation,

Ammonium content of the septic tank effluent is relatively high but it is then attenuated at the bottom of the
plume, in the most distal monitoring location. Conversely, nitrate at high concentration is most present on the
upper fringes of the plume, where dissolved oxygen diffusion from the water table zone promotes nitrification.
Therefore, nitrogen compounds are variahly distributed along the transect with high (57.5 mgl, 1 N-NO,’, 40.5 mgL1
N-NH,") near the source and low (<1 mgl1 for N-NO;” and N-NH4+) concentrations in the distal part of the plume,
Nitrate isotope signatures (15N—N-N03', 130-N-N03’) suggest that muitiple transformation processes take place at
the study site: (i} nitrification in the unsaturated zone and shallow part of the plume, where high nitrate
concentration is accompanied by depleted 615N-N03‘ (57.5 mgLk-1 and -3.2%, respectively) and (ii) denitrification
along the plume where nitrate concentration decreases (<1 mgL“1 N-NOg’) correlated with an enrichment trend for
615N-N03' and 8180-N03' (up to +44.8% and +26.8%, respectively). There Is a possibility that anammex is involved
in the attenuation of nitrate and ammonium. The role of this process is being evaluated using microblal analysis,
specifically bacterial community composition (DNA-based analysis), and 515N data in ammonium, This study has
shown that ammonium associated to high sewage loads can be present in septic system plume. Nitrification,
denitrification and anammox can be all involved in nitrogen transformation and attenuation in these complex
septic plumes.
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452 - USE OF DUAL CARBON-CHLORINE ISOTOPE ANALYSIS TO IDENTIFY DEGRADATION
PATHWAYS OF 1,1,1-TRICHLOROETHANE IN GROUNDWATER

Jordi Palau
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Serge Brouyére

ArGEnCo, Geod-Hydrogeology and Environmental Geology, University of Lidge, Liége, Belgium
baniel Hunkeler

Centre for Hydrogeology and Geothermics (CHYN), University of Neuchdtel, Neuchdtel, Switzerland

The high susceptibility of chlorinated aliphatic hydrocarbons (CAHs) like 1,1,1-trichloroethane (1,1,1-TCA) to be
transformed via different competing pathoways (biotic and abiotic) complicates the assessment of their fate in
groundwater. This knowledge is necessary to evaluate contaminant degradation and potential formation of toxic
intermediates. Identifying pathways is further complicated in sites contaminated by mixed CAHs because some
degradation products of 1,1,1-TCA can be formed from different precursors. Here, identification of pathways based
solely on substrate-product concentration relationships may lead to ambiguous interpretations.

This study investigates, for the first time, dual C-Cl isotope fractionation as a means of identifying and assessing
degradation pathways of 1,1,1-TCA in groundwater, Distinctly different dual isotope trends (L = 4813¢/A837¢l) were
observed for 1,1,1-TCA transformation via oxidation with heat-activated persulfate (L = ), reduction with zero-
valent iron (L = 1.5  0.1), hydrolysis and dehydrohalogenation (HY/DH, L = 0.33 + 0.04) in laboratory experiments,
illustrating the potential of a dual isotope approach. This approach was evaluated in an aerobic aguifer impacted
by 1,1,1-TCA and trichloreethylene (TCE) with concentrations of up to 20 mg/L and 3.4 mg/L, respectively. For 1,1,1-
TCA, the dual isotope slope determined from field samples (L = 0.6 £ (.2, r2 = 0,75) was close to the slope observed
for HY/DH in the laboratory (L = 0.33 £ 0.04), indicating that HY/DH was the predominant degradation pathway of
1,1,1-TCA in the aguifer. The observed deviation could be explained by a minor contribution of additional
degradation processes. This result, along with the little degradation of TCE determined from isotope meastrements,
confirmed that 1,1,1-TCA was the main source of the 1,1-dichlorethylene (1,i-DCE) detected in the aquifer with
concentrations of up to 10 mg/L. This study demonstrates that a dual C-Cl isotope approach can strongly Improve
the qualitative and quantitative assessment of 1,1,1-TCA degradation processes in the field,
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FIELD SITE
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Ramon Aravena

University of Waterloo, Department of Earth and Environmental Sciences, Waterloo, Canada

Chlorinated solvents contaminated sites entail costly manageraent costs and often creates significant impacts to
the environment. Innovative tools such Compound-Specific Isotope Analysis (C$1A) and Molecular Biological Tools
(MBTs) can provide unequivecal information for site characterization and assessment of natural attenuation
processes, particularly biodegradation.

This contribution explores the potential for the dual- element CSIA approach and MBTs to study a heavy
monachlobenzene (CB) and henzene contamination at a mega-site where potential multiple sources are presents.

A significant difference in the d13¢/a37cl and a*3c/d®H for CB and benzene respectively - in the high
concentration spots - allowed distinguishing two distinct sources and plumes. Concerning natural attenuation
processes, although the site is characterized by reducing conditions with high concentrations of CH4, MBTs results
indicated the presence of mainly aerobic potential degraders within the indigenous community at the site, with
predominance for Pseudomonadaceae and Comamonadaceae species. In addition, the dual d13¢ /a37cl data also
showed that aerobic biodegradation processes are taking place (because of a unique trend presenting no atdc
changes but a 4371 significant enrichment), Finally, regarding benzene, d13¢ Jd?H data showed that the benzene

present at the site is not link to CB dehalogenation processes hut is rather a primary contaminant; these data also
showed benzene is heing attenuated by biodegradation.

These results demonstrated the potential of combining dual-element CSIA: particularly important insights
regarding CB natural attenuation were obtained by applying the dual d13c /a3’ analysis.
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PERMEABILITY SEDIMENTS USING COMPOUND-SPECIFIC ISOTOPE ANALYSIS (CSIA)
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School of Engineering, University of Guelph, Guelph, Canada
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As a result of improper use and disposal, chlorinated solvents are major subsurface contaminants, Due to the
high density and low viscosity, chlorinated solvents migrate through the unsaturated zone into aquifer systems and
often accumulate on top of low permeable sediments. With time chlorinated solvents diffuse into these low
permeable units, which then potentially serve as a long-term contaminant source to the adjacent aquifer. However,
due to the presence of more reducing conditions in these units, (bio)degradation might occur, which reduces the
risk of long-term groundwater contamination, Compound-specific stable isotope analysis (CS1A) is increasingly used
to quantify (hio)degradation processes in aquifer systems affecting organic contaminants, This method makes use
of isotope effects associated with (bio)degradation. In contrast to aguifers, it is not yet clear to what extent CSIA can

also be used for tracking (bio}degradation in saturated low permeability sediments, where transport is likely
diffusion dominated.

To address this gap of knowledge, several detailed € and Cl isotope ratio profiles of chlorinated solvents were
determined for a contaminated clayey aquitard underlying a sandy aquifer. The contaminant source originated
from a controlled-solvent release on top of the aguitard 14.5 years ago. Large shifts of compound-specific isotope
signatures (e.g. 20% for C isotopes in TCE) were measured in the aquitard profiles. The application of numerical
modelling to abserved shifts in isotope ratio profiles revealed that (bio)degradation of chlorinated solvents is also
oceurring in saturated low permeability sediments. Furthermore, the results of the numerical model allowed us to
determine (bio)degradation rates affecting chlorinated solvents in the clayey aquitard.

Our findings demonsirate that CSIA is also applicable in saturated low permeability sediments for the
identification of reactive processes. Moreover, our results revealed that (bio)degradation is potentially
superimposed on diffusion and thus, it is difficult to identify based on concentration profiles only. Therefore,
isotope information is an important complement additionally to concentration data to identify (bio)degradation in
low permeability sediments.
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Organophosphorus pesticides (OPs) comprise a class of highly toxic compounds acting as very specific nerve
agents. "Organophosphates” refers to a group of pesticides of esters of phosphoric acid and derivatives which are
neurc toxic. OPs inactivate acetylcholinesterase which is essential to nerve function in insects, humans, and
animals,

OPs can bhe degraded by hydrolysis, biodegradation and direct and indirect photodegradation. However, the
persistence of OPs in the environment is of great concern, as they have repeatedly been detected in seils, sediments
waterbodies as well as food and drinking water, Thus tools are needed to understand their sources, reactive
transport pathways and sinks in the environment. We developed a concept for monitoring of sources and sinks of
OPs making use of multi isotope analysis of hydrogen, carbon, oxygen and nitrogen for identification of sources.

The hydrogen, carbon, oxygen and nitrogen isotope composition of 40 OPs of different formulations from China,
India and Europe is analysed in order to evaluate the potential for characterising sources by multi isotope analysis.

A method for carbon and hydrogen analysis for omethoate, dimethoate, parathion and methyl-parathion were
developed for compound specific isotope analysis. The correlation of 24 and 3¢ isotope fractionation associated
with hydrolysis of OPs at different pH were specific for the mode of hydrolysis. For example the hydrolysis of
dimethoate yield characteristic correlation factor for 24 and 13c of lambda = 0.001 + 0.057 at pH7, 64 +1.7atpH 9,
29.6 + 5.7 at pH 12, The potential for analysis degradation mechanism is demonstrated at a field site in Denmark
where is heavily contaminated by more than 100 tons of toxic chemicals, mainly OPs (e.g. parathion, malathion,
sulfotep). At the parathion-contaminated field site, compared with the free phase, monitoring wells showed
significant enrichment in 13C and 2H, 2D-CSIA concept was applied for evaluating the stimulated hydrolysis
(treated by NaOH to increase the pH to 12) as well as the natural in situ degradation (pH 6-7) of parathion.

We will discuss the potential of multi isotope fingerprinting for analysing the sources and sinks of OPs in the
environment, which might improve the tracing of origin, transport pathways and environmental fate of OPs.
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