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in particular socio economic settings, the protected remnants as well. Further loss of these ecosystems 
could exacerbate shortages in the supply of clean high quality and well regulated water to humans and 
to the environments downstream, while in some particular settings (e.g. sub-humid to dry upland 
regions originally under CAFs cover, for instance to the south pacific coast of Mexico), the current 
ecosystem loss may well have already led some watershed services, such as the regulation of dry season 
flows and sediment yield control to reach the tipping points.

In order to improve our understanding of these impacts, this research has first explored the potential 
consequences of degrading CAFs upon dry season flows that feed tropical dams, and second, the 
combined effect of affecting water quality (increased sediment loads) and dry season flow regulation 
functions upon HEP generation outputs in several detailed case studies.

By selecting seven large tropical dams in the countries of Mexico, Colombia, Brazil, Kenya and India, 
in river basins that already face large water withdrawals, and also water stress, where the presence 
of CAF ecosystems is likely to affect positively both, sediment yield control and dry season flow 
regulation functions (the latter due to extra water inputs from fog intercepted by the vegetation); 
preliminary results from the implementation of the model FIESTA Delivery indicate that average 
dry season flows could potentially drop significantly (up to 10%) at the dam points following the 
conversion to pasture of the remaining CAFs upstream the dams. These drops potentially depend 
upon the levels of dry season rainfall, prevailing winds and the extents of CAFs, among others though. 
Moreover, they also indicate that despite that such drops are likely to be less significant upon current 
HEP generation levels for some of the annual reservoirs (where a tipping point in the provision of 
dry season flow regulation services may have already been reached), further forest loss together with 
the greater sediment yields following forest conversion to pasture could impact negatively the current 
performance of dams and have strong negative consequences upon the maintenance of both, water 
quality standards for humans and ecological flow requirements, particularly during the dry season in 
the sensitive dam watersheds under study.
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Reliability, Resilience and Vulnerability of the Two Purposes 
Canal Systems in Vojvodina Province (Serbia) under Existing 
Water Management Scenarios

Author:	 Prof. Bojan Srdjevic* et al.
	 * University of Novi Sad, Serbia

Keywords:	 reliabilty, resilience, vulnerability, twofold canal use, drainage and irrigation

Introduction/Problem Identification
A majority of farmers along canal network of the Danube-Tisza-Danube hydro system in Vojvodina 
Province (Serbia) has clear understanding about importance of exploiting parts of canal network for 
the two purposes, drainage and irrigation, on switch on-off basis. Encountered shortages in scheduled 
supplies and degraded quality of drained water due to extensive use of fertilizers in agriculture initiated 
re-assessment of existing management policies implemented jointly by Public Water Management 
Company Waters of Vojvodina and local communities acting as farmers’ supporters. Research has 
been focused on performance of small and medium drainage/irrigation systems during irrigation 
seasons by introducing specific dynamic performance measures such as reliability, resilience and 
vulnerability. Recent studies shown that two purpose systems performance, not only technical but 
also social-ecological, might efficiently be improved if proper structural and non structural measures 
are applied.

Analysis/Results and Implications for Policy and/or Research
In evaluating existing procedures for controlling water regime and mid-term (seasonal) management 
plans which include pumping schedules, prescribed or on demand, several key performance measures 
are identified and elaborated, namely reliability, resilience and vulnerability. Because formal descrip-
tions of performance indices are mostly problem dependent, each representing an attempt to capture 
certain part of complex information on system performance in a long time period, herein we adopted 
definitions applicable to both quantitative and qualitative (water related) contexts. Reliability is defined 
as a probability of not failing to achieve some target at specific locations where farmers need water for 
irrigation, or require quality of drained water to be above threshold (standard) values. For example, 
it is probability that canal will not fail to deliver targeted water to specified farmer. If one define reli-
ability of water supply as probability that system performance at given demand point is satisfactory if 
supply is within tolerant shortage (e.g. 10%), then the higher value of probability, more reliable is the 
system. Various levels of aggregation are possible to obtain overall system’s reliability. On the other 
side, resilience is a performance index which describes how quickly a system is likely to recover from 
failure, once failure has occurred. The higher value of this index, more resilient is the system. In cases 
there are not failures system is, by definition, considered fully resilient. Vulnerability is commonly 
measured as how much deep is the system in unacceptable status once it went into that status; it may 
be defined in statistical way but also, and more common, in a heavy hazard contexts.

In this work we describe a logical framework for straightforward evaluation and ranking of a set of 
management scenarios for small scale two-purpose hydro-systems (drainage and irrigation) and derive 
mechanism for follow-up of their implementation consequences from the performance measurement 
perspective in aforementioned sense. We developed computerized mathematical tools that deal with 
uncertainty and risks by measuring especially resilience in order to see how to protect farmers from 
long lasting deficits in water supply for irrigation (especially during peak demands periods), or occur-
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rence of risky decreases of water quality in canals. The ultimate goal is to establish an adaptive global 
water management, mainly by improving operation of lockers and pumping equipment along canals. 
Time frames spanned are multiyear periods with only irrigation season months (April-September), 
and both quantity/quality requirements setup at multiple points throughout hydro-systems.
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Companion Modelling for Resilient Water Management: 
Gaming and Simulation to Integrate Stakeholders’ Perceptions 
for Collective Learning and Action

Author:	 Dr. Guy Trébuil
	 GREEN, CIRAD, France

Keywords:	 companion modelling, resilience, water management, multi-agent systems, role-playing 
game

Introduction/Problem Identification
Problems of collective water management are complex & have to be solved in rapidly changing, in-
creasingly uncertain conditions. They involve stakeholders’ with differing knowledge base, interest & 
perceptions of the conflict. Building a common point of view on ecological & social dynamics through 
improved communication can stimulate collective learning & help to initiate mediation.

The Companion Modelling approach focuses on co-designing models used with stakeholders to 
integrate perceptions of such dynamics, share knowledge & simulate possible future scenarios. This 
constructivist approach facilitates inclusive negotiation leading to new coordination mechanisms, 
action plans & improved capacity for adaptive management in an uncertain world.

9 ComMod processes were implemented at catchment scale in diverse eco regions of the Mekong 
basin & Himalayan highlands to examine various water quality, irrigation, soil & water conservation 
issues. More at http://www.cpwf25.sc.chula.ac.th

Analysis/Results and Implications for Policy and/or Research
Multi-agent systems was used to build conceptual models, role-playing games (RPG) and associated 
computer agent-based models (ABM) in iterative and evolving collaborative modelling processes. The 
12 steps of a full ComMod sequence are presented. The synergistic effects between the RPG and ABM 
tools were used to enrich and validate the co-designed models with the stakeholders and to run time 
efficient simulations of possible future scenarios of their choice. When relevant, tipping points were 
identified and used to build agreed upon indicators for the joint assessment of simulation results by 
the concerned participants

The ComMod simulators are understood by the stakeholders, even those who did not receive formal 
education, and they were eager to use them to explore possible future scenarios of change. The two 
key tools, RPG and ABM, were used either separately or integrated in creative and flexible ways to 
tailor them to specific needs in different cases.The length of a full process varied depending on group 
dynamics and the more or less supportive institutional (community-based NRM in Bhutan) and 
policy (decentralization in Thailand) contexts. While the RPG is taken seriously by the participants 
and is very useful to enrich and validate conceptual models, the computer ABM (implemented with 
very similar features than the RPG) is more adapted to explore future scenarios and to communicate 
simulation results to larger groups of participants (out-scaling) or to decision-makers (up-scaling). 
The nine cases studies showed that the companion modeling approach could be useful to examine 
collectively diverse conflicting problems in water management under different bio-physical, socio-
economic, political and cultural conditions.
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The role of the ComMod process designer is crucial and demanding as he needs to maintain a gam-
ing and simulation atmosphere while managing social inequity and power relations that express 
themselves in the proceedings. ComMod processes facilitates resilient water management by helping 
people to learn to live with change and uncertainty, by nurturing diversity of opinions and practices, 
combining different types of knowledge for learning (researchers being considered as one kind of 
stakeholder among others), and creating opportunity for self-organization towards social-ecological 
sustainability (Folke et al. 2002).

ComMod processes facilitate resilient water management by creating and stimulating negotiation and 
action arenas where rules are discussed and agreed upon by their local users. Through such process 
the crafting of these rules is embedded in the local social and ecological context.

Diverse and more or less cumulative effects were generated along these ComMod processes. They 
range from individual learning about the current situation, increased awareness of a collective problem, 
improved communication among stakeholders, understanding each other’s perceptions, reaching a 
common agreement on the problem, exploration of new water management rules, implementation of 
new practices, and ultimately institutional innovation. ComMod participants have increased their 
adaptive capacity at both collective and individual levels. At the collective level they generated rules to 
manage the common resource and cope with external shocks such as the arrival of migrants or a dry 
period. At the individual level, for example, they formalized new behavioural patterns for cropping 
to be less dependent on the variability generated by other users and use of the resource.
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Transformative Management for More Resilient Food-
Producing Social and Ecological Systems

Author:	 Mr. Alain Vidal* et al.
	 * CGIAR Challenge Program on Water and Food, Sri Lanka

Keywords:	 livestock, sediment, nutrient flow, payment for ecosystem services, brackish water

Introduction/Problem Identification
The global food crisis can be summarised in terms of real lives on a global scale: there are 3 billion 
people below the poverty line of US$2.5 per day, 2 billion suffering from malnutrition, and 1 billion 
suffering from hunger. For the 75% rural poor that make up the majority of the 1 billion, alleviating 
hunger means reducing rural poverty, which in itself should be achieved by increasing farmers income 
and resilience of food-producing social-ecological systems. 

Improved water management, both on quantitative and qualitative aspects is key to increasing resil-
ience of such systems. Often neglected is the water quality that support food-producing communities. 
This keynote presentation shows, from three examples in developing countries, how the concept of 
resilience and regime shifts can be used to inform management about the potential of transformation 
of social and ecological systems to more resilient and productive states. 

Analysis/Results and Implications for Policy and/or Research
The first case describes how research conducted in the Uganda cattle corridor, which covers the west-
ern third of Uganda, helped re-green the land and restore the water quality of reservoirs and gullies. 
Pastures were heavily degraded due to overgrazing; even though rainfall was potentially sufficient it all 
ran off. Termites had again and again destroyed efforts to reestablish pastures – they ate all the emerg-
ing seedlings. The situation examplify a typical situation where the ecosystem had passed a seemingly 
irreversible threshold, and was unable to recover. Ugandan Animal Science researchers brought an 
idea from Ethiopia and convinced cattle holders in their community to corral their animals together 
at night so as to concentrate manure. Doing this for two weeks allowed the pasture seedlings to get 
established for the first time in many years of trying to replant. It turned out that the termites prefer 
to eat the manure, not the seedlings. Once pasture was established, rainfall infiltration was greatly 
improved, soil erosion is reduced and crops as well as pasture could be established. 

Restoration of vegetative pasture grass cover, having controlled the termites resulted into more feed 
availability to animals for production; reduced surface water runoff and evaporation; prevented silting 
and sedimentation of the valley tank water reservoirs; thus preventing water degradation and improving 
water quality. The research team also found that plants of Nymphaea and Lemna species allow aera-
tion which increases the efficiency of nitrification increasing nitrogen levels in the soil. Further more 
use of Lemna is particularly suitable because it reduces evaporative water loss up to 20% compared 
to open water sources and absorbs sediments. In response to the development of these technologies, 
local communities have passed by-laws to protect the riparian vegetation and water quality. Local 
livestock keepers are now investing their own resources in the development and maintenance of 
common property pasture and water resources. In terms of resilience analysis, this “re-greening of 
the Uganda cattle corridor” is a good example of how transformative management of can reverse a 
non-linear and seemingly unrecoverable evolution.
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The second case describes how research on payment for ecosystem services in the Andes helped improve 
water quality for downstream users and resilience of upstream social and ecological systems. The Rio 
Ambato is a tributary of the Rio Paute, about 150 km south of Quito in central Ecuador. Communities 
managing a range of high altitude Andean production systems including multiple cropping and livestock 
(from about 3000 to 4500 masl) affect the water quality for municipal water supply and electricity 
generation in the city of Ambato, with an estimated population of 212,000. Agriculture and cattle 
raising have degraded the ecosystem specially the paramo (the high Andean alpine-like ecological zone, 
composed of high altitude wetlands) because of the expansion of the agricultural frontier. Changing 
from traditional agriculture methods to conservation agriculture, especially for potato production, 
was selected as a mechanism to decrease the sediment and nutrient flows. Relocating cattle to medium 
altitude improved the fertilization of cropland and allowed restoration of paramos which returned to 
their original role of buffering and filtering water in the upstream part of the basin.

A new local trust fund, financed so far by donations from the water and electricity utility companies 
and from the city council, has invested in conservation agriculture by upland farmers. It has also 
encouraged those upland communities to withdraw from use of vulnerable areas needed to maintain 
flow of quality water to urban areas. Further investment by utility companies in a reservoir will further 
reduce sediment flow to the city and also supply irrigation water to small farmers. Such mechanisms of 
payment for ecosystem services, by enabling “downstream users can pay upstream farmers for sending 
them better quality water”, and presently spreading in the Andean region, help reverse the non-linear 
degradation of those fragile land and water ecosystems, shifting them back to a “safe operating space” 
where they continue to provide their services to local communities. 

The third case describes how improving the operation of sluice gates in the Mekong Delta has enabled 
brackish water to be used as a resource for farmers, and has helped restore the sustainability of the 
deltaic agro-ecosystem. In Vietnam, starting in 1990, investments had been made in the Mekong delta 
to increase rice production by the progressive introduction of sluice gates, intended to prevent saline 
water intrusion so that a dry-season rice crop could be grown after the main rainy season crop. This 
strategy backfired, however, in the western part of Bac Lieu province, where there is a predominance 
of acid sulphate soils unsuitable for rice production, and where saline water is needed for a highly 
profitable emerging brackish shrimp industry. In 2004, shrimp diseases had severely increased, and 
the area suffered from unbalance between fresh water river flows and salt water intrusion from the 
sea. Through availability of more sophisticated decision models, local government water management 
offices had the capacity to monitor water quality in their zones and modify sluice operations to ensure 
suitable (salty or fresh) water quality for areas under their control. A new zoning delineated land use 
zones with different patterns of fresh and brackish water supply. Some zones were designed to have 
fresh water all year round for rice and vegetable production. Other zones were designed to have fresh 
water in the wet season and brackish water in the dry season for rice-shrimp rotations. Still others 
have brackish water all year round for shrimp production.

Using a whole range of innovative components selected by researchers with farmers, individual farm 
households, in their turn, adopted and adapted new production systems with crops and aquatic or-
ganisms (shrimp, fish and crabs) to reduce production risks and increase income for the farmers of 
each zone to adapt to their needs. Examples included growing reeds in the shrimp fields to regulate 
pond temperature and reduce shrimp disease; multi-culture with shrimp and crab instead of shrimp 
monoculture; planting upland crops after two rice crops instead of three in fresh water zones; and 
using new short-season rice varieties. The Bac Lieu government changed its land-use policy from 
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encouraging monoculture rice to encouraging a diversified farming system of agriculture and aquac-
ulture. It also adopted the recommended sluice operation procedures. More than 8,700 farmers had 
adopted the intensive production practices by 2006, contributing to the 15.7% growth rate of the 
province from 2003-6.

Those three examples are discussed in terms of their non-linear past degradation trajectories, iden-
tifying where tipping points occurred, and of how transformative management introduced by in-
novative approaches helped reverse the degradation trend and recover a more resilient state of the 
socio-ecosystem.
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A Case Study – Benefit Optimization Modelling in Resolving 
Competing Interests among Cultural, Environmental, Social 
and Economic Well Beings

Author:	 Ms. Mangala Wickramanayake
	 Coast Conservation Department, Sri Lanka

Co-Author:	 Ms. Kusum Authukorale
	 Netwater, Sri Lanka

Keywords:	 cultural practices, environmental issues, community participation, decision making, 
benefit optimization

Introduction/Problem Identification
Lakes Rotorua & Rotoiti in Bay of Plenty Region, New Zealand are two major reservoirs in series 
at the head waters of Kaituna River Catchment. In the past he lakes provided beneficial storage for 
floodwaters and released them gradually. Though the lake storage eased flood problems in lower Kai-
tuna River it caused high lake levels, flooding and poor drainage around the shores of Lakes in wet 
seasons. In 1962 & 1971 there was local flooding in both lakes. Due to public pressure the Catchment 
Commission had proposed to control lakes by a weir structure between Lakes (Ohau weir) and replace 
the rock ledge at the outlet of Lake Rotoiti with a automated gate control structure ( Okere gates). In 
1982 the lakes became one of the most controlled lake systems in New Zealand; Lake Rotorua (200 
mm) & Lake Rotoiti (150 mm). Though the change was very favourable for economic activities in 
Rotorua, cultural practices & environmental issues in Lake Rotoiti were adversely affected.

Analysis/Results and Implications for Policy and/or Research
The catchments of Lake Rotorua are the most heavily populated areas with extensive urban (Ro-
torua City) and recreational development along the lake shoreline within the past few decades. The 
catchments of Rotoiti are natural with pine forests. Hence Lake Rotoiti was an unpolluted lake and 
a source a fish supply to indigenous communities (Maori) and is considered as a sacred lake for their 
cultural practices.

Prior to installation of the structures the lakes fluctuated naturally, each over an average range of about 
500mm. There was no lake level control on either Lake apart from the natural rock ledge at the Lake 
Rotoiti outlet. Although the gates construction is economically favourable for lake related activities 
pollution levels in Lake Rotoiti have risen due to the controlled water systems.

Lake Rotorua is circular in shape where as Lake Rotoiti has an elongated shape. Due to both inflow 
and outflow to Lake Rotoiti is at one corner, the residence time of the inflow waters to Lake Rotoiti 
from Lake Rotorua was very less as it released through the rock ledges. After the construction of the 
gates, water releases to Kaituna River much faster in rainy seasons as gates wide open to maintain 
controlled levels. Therefore although the water mass is large, pollution isn’t a big issue as the water 
get flushed out fast in wet seasons. However in dry seasons the residence time of the polluted water 
coming from Lake Rotorua becomes much higher, because water is stored to maintain the control-
led levels in Lake Rotoiti and only the biota requirement is released to Kaituna River. As a result the 
pollution levels of Lake Rotoiti have increased in dry seasons and habitats are lost for ever. Also lake 
beaches are lost due to the limited fluctuation of levels.
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The Resource Consents for operation of the two control structures are due to expire in June 2010. 
Under the Resource Management Act New Zealand, renewals of consent applications have to be 
lodged 6 months prior to expiry of the current consents.

Environment Bay of Plenty has initiated the Resource Consent process and carried out background 
technical investigations to review current structure operations, investigate alternative operating sce-
narios, and identify benefits and the disadvantages of the current and alternative operating regimes.

Investigations have included speaking with a number of interested groups, the community affected, 
and consultation with key stakeholders. While some stakeholders favour the complete removal of 
the gates and have natural climatic variations, it has been shown that the original pre-gate levels and 
flows could be achieved operationally with the gates in place. Most stakeholders support keeping the 
Okere Gates in place and developing an operational strategy that provides the most benefit to the 
wider community.

A model has been developed to equally consider cultural, environmental, social and economic well-
beings. Performance indicators, measures and options for further discussion and refinement have been 
identified under each well being to balance benefits. All issues (indicators) related to lake control have 
been categorized under the four well beings.

The indicators identified under Cultural well being are; Maori funeral practices, cultural practices 
on lake beaches, food abundance & fishing practices. Indicators identified under Environmental well 
being are Lake Biodiversity, Lake Water quality, Lakeshore erosion, Wetland biodiversity, Fisheries, 
River ecosystem viability & Aquatic weeds. The Social indicators are Odour, Jetty access, Algal blooms, 
Swimming, Navigational issues, Septic tank issues, Road culverts & drainage issues. The economic 
indicators are Rafting, Aesthetics, Tourism, Hot pools, Road maintenance and Property values.

Extensive awareness programs were carried out through public meetings and news letters. All inter-
ested individuals and groups have been included to take the survey in identifying critical issues as per 
their interests. As a result of this survey a relative weighting percentage has been calculated for each 
indicator within the respective well being.

Thereafter a benefit optimization model was used with the relative weightings obtained as input data. 
The benefit optimization model was an iterative process which gives a rule curve to operate the gates 
which can satisfy most of the performance measures, thereby provide benefits for a wider community. 
Further, the optimization model gives a comparison of present, past and proposed scenarios for each 
indicator.

The overall cultural performance indicators will be improved from 0% – 70% under the proposed 
regime. Environmental indicators will be improved from 30% – 80%. Social indicators will be reduced 
from 90% – 60% & economic indicators will be initially reduced to 50% but later on improve up to 
70% through the management practices proposed.
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Urban Runoff as a Pathway for Transmission of Pollutants into 
Receiving Waters (Minsk, Belarus)

Author:	 Ms. Alena Aucharova
	 National Academy of Sciences of Belarus

Co-Author:	 Prof. Valery Khomich
	 National Academy of Sciences of Belarus

Keywords:	 urban area, main pollutants, snowmelt runoff, rainfall runoff, carryover of pollutants

Introduction/Problem Identification
Urban runoff quality and its impacts on receiving waters are a major problem for the sustainable 
development of Belorusian cities. Urbanization even at a low level of development (10% of the water-
shed area) exerts effect on receiving waters. Urban runoff is an important pathway for transmission of 
pollutants into receiving waters. Pollution of runoff is one of the integral indicators of the ecological 
condition on the urban area. It is clear that runoff quality depends on several factors, such as the 
climate, the land use, the population density and the type of sewer system (combined or separate). 
Furthermore runoff quality data collected in the same experimental catchment vary from one storm 
event to another, because of the characteristics of the event, such as the rain depth, rain intensity, 
rain duration and previous dry days.

Analysis/Results and Implications for Policy and/or Research
On the one hand, urban runoff is a source of receiving water pollution and degradation of surface 
water quality; on the other hand, urban runoff is subjected to pollution because of deicing agents 
application, pollutant emissions from mobile and stationary sources, polluted urban soils, household 
rubbish, etc. Such types of loads result in urban runoff pollution by heavy metals, suspended solids, 
oil products, polycyclic aromatic hydrocarbons, etc., as well contribute to transformation of chemical 
composition.

In 2008, according to our estimation the carryover of pollutant by urban runoff from Minsk area (213 
square kilometers of drainage area) amounted to 1,492.5 tons of hydrocarbonates, 12,732.1 tons of 
chlorides, 311.9 tons of sulphates, 98.1 tons of nitrates, 4.9 tons of nitrites, 50.9 tons of ammonium, 
562.9 tons of calcium, 92.2 tons of magnesium, 10,579.4 tons of natrium, 179.7 tons of potassium. 
In 2008 from Minsk area in whole was carried over 25,943.5 tons of solute substances and 11,420.7 
tons of suspended solids.

It should be noted that the main part of chlorides and natrium (about 98 percent) was carried over by 
a snowmelt runoff. Contrariwise, about 93 percent of phosphorus transmission was related to a rainfall 
runoff. The discharge of hydrocarbonates was distributed in equal parts between a snowmelt and rainfall 
runoff. The contribution of a snowmelt runoff to the carryover of such main ions as sulphates, nitrates, 
calcium, magnesium, potassium was about 65 percent. In whole 95 percent of solute substances and 
60 percent of suspended solids were carried over from Minsk area by a snowmelt runoff.
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Assessment of Main Urban Pollution Sources by Means of 
Microbial Contamination Indicators and Toxicology

Author:	 Dr. Claudia Campos
	 Javeriana University, Colombia

Keywords:	 microorganisms, toxic substances, indicators, industries, domestic waste

Introduction/Problem Identification
Several pollution sources are found in towns and big cities of developing countries, where here is poor 
sanitation infrastructure. The contamination origin is from domestic and industrial discharges, includ-
ing erroneous sewage distribution networks, slaughterhouse waste, agricultural activities and pluvial 
waters. In all cases the main pollution sources are associated with microorganisms of faecal origin 
and toxic substances which affect the environment and public health. A comprehensive assessment of 
water quality is untenable due to time and analysis costs, reason why the use of pollution indicators 
turns out to be a useful tool for assessing water quality. Predicting environmental and public health 
effects will certainly facilitate to proposal for alternative solutions

Analysis/Results and Implications for Policy and/or Research
The Bogotá rive is the main river basin of the city of Bogota, capital of Colombia. The basin receives 
water from households, industries, slaughterhouses, urban farms and pluvial waters, causing serious 
pollution problems to the river; affecting also its tributary rivers, wetlands and soils used for agricul-
tural purposes. The city holds a wastewater treatment plant with a chemical assisted primary system 
that treats only the wastewater produced by two million inhabitants of a total of eight million. The 
systems have been monitored for 5 years by the use of faecal contamination indicators such as bac-
teria (fecal coliforms), viruses (somatic phages), parasites (helminth eggs) and toxicity with animal 
models (Hydra attenuata) and vegetables (Lactuca sativa) in order to evaluate contamination levels, 
its origins, and the effect over the environmental and public health. Based on these data alternative 
solutions to such problems may be proposed. The indicators levels of the water in rivers, wetlands and 
at the treatment plant are typical of residual waters, showing negative effects and the need to ensure 
measures to reduce radically water pollution
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Intelligent Sewers: A Stepping Stone to Sustainable Pollution 
Control from Sewer Spills

Author:	 Mr. David Evans
	 Arup, UK

Keywords:	 sewer flooding, intelligent design, control strategy, pollution control, wastewater 
infrastructure

Introduction/Problem Identification
Complying with the Water Framework Directive means that the UK will need to address the grow-
ing problem of our ageing sewer network and the issue of combined sewer overflow spills into the 
environment. Compounding this problem is the increase in the volatility of weather patterns that we 
have seen over recent years. A country that, historically, was more used to gentle rain is experiencing 
more frequent heavy rain without necessarily an increase in the annual levels of rainfall. Today, we find 
that we need to adapt our wastewater infrastructure to deal with changing precipitation patterns and 
the consequent increase in sewer flooding and associated pollution. In Wales this has been achieved 
through an innovative control strategy to maximise the usability and lifespan of existing sewers by 
re-directing flows within the network to reduce flooding and pollution.

Analysis/Results and Implications for Policy and/or Research
The amount of surface water in combined sewers is at least an order of magnitude greater than those 
for foul flows. Increases in rainfall intensity is thus having a significant impact on available hydraulic 
capacity in existing sewers. It is the dominant cause of hydraulic overload leading to surface flooding 
and pollution. In order to comply with stricter environmental regulations, the number of spills from 
sewers need to be reduced.

One water company in the UK has assessed the sewage unit flows, expecting flows to increase by at 
least 30% over the next 25 years. This increase is driven primarily by three factors:
1	 New development;
2	 The so called “urban creep” (the increase of additional paving and roofs adding to impermeable 

land which contributes to flows to the sewer networks); and
3	 The increasing intensity in storms that is predicted to occur with climate change.

The sewers in Cardiff used to drain directly into the adjacent sea/estuary – a legacy from Victorian 
times. In the last 10 years, to meet stricter regulations, the flows to the sea were intercepted and passed 
to new wastewater treatment works. However, flooding to low lying locations in the city remained 
a problem. In some locations, flooding (and associated pollution) occurred every one to two years. 
This was particularly problematic for the local water company, Dŵr Cymru Welsh Water, who are 
required to ensure that properties or areas external to properties are protected from flooding for a 
30-year event and are under pressure from the Environment Agency to reduce sewer flooding because 
of its detrimental impact on the environment.

Our goal was to create a solution to sewer flooding that would make the network more robust and 
deter frequent flooding and pollution. The control strategy we designed maximises the usability and 
lifespan of the existing sewer network, resulting in a significantly reduced flood risk and reduced 
operating costs. By contrast, traditional solution systems as implemented during the early years of the 
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environmental clean-up following the privatisation of the water industry, create additional capacity 
to store flood waters; a capital intensive and unsustainable infrastructure solution.

The design breakthrough came when we considered splitting the main catchment into a number of 
smaller sub-catchments. A solution emerged centering around developing local solutions and stitching 
them back together to form a whole managed catchment.

The key was the modus operandi; a control strategy was thus born – with the following underlying 
principles:

The sub-catchment solutions are based on gathering information on the behaviour of the sewerage 
system at strategic locations. We use this information to activate penstocks (gates) within the sewerage 
network to divert flows, optimising the use of the overall storage within the catchment.

Each sub-catchment has a primary control point. Robustness is increased by adding a secondary 
control in the event that the primary control was overloaded or failed. In addition, the control point 
in a neighbouring sub-catchment could be used in as a standby. This approach was defined by what 
we have termed the control algorithm.

The control algorithm is a fully automated system. Actual water levels in the sewers (or, in some 
cases, the rate of rise of these levels) will feed the algorithm to determine the openings of individual 
penstocks. This ensures that the levels throughout the catchment are controlled to prevent flooding 
from the main trunk sewers during storms, with return periods up to 1 in 30 years.

The control strategy is designed to automatically prevent flooding from the trunk sewers in the event 
of a 1in 5 year return period storm. It will also prevent or manage the risk of flooding up to the 1in 
30 year return period event.

The benefits to society are clear; the scheme helps to reduce pollution spills from overloaded sewers 
and alleviates the misery associated with sewage flooding to houses and back gardens. It works by 
distributing flows around the sewer network and thus optimising storage use. When this full, there 
is over-spill to local watercourses. However, the amount of over-spill is far less than that prior to the 
implementation of the scheme.

If the UK is to meet the requirements of the Water Framework Directive in the most sustainable and 
cost effective fashion, innovative solutions such as the Cardiff East control strategy will need to be 
replicated across the United Kingdom and perhaps the world.
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Substance Flow Analysis for Selected Priority Pollutants in 
Stockholm, Sweden

Author:	 Dr. Arne Jamtrot et al.
	 City of Stockholm Environment and Health Administration, Sweden

Keywords:	 substance flow analysis, priority pollutants, source identification, environmental 
distribution, water framework directive

Introduction/Problem Identification
The ScorePP project (Source Control Options for Reducing Emissions of Priority Pollutants) was a 
European Specific Targeted Research Project aiming to develop comprehensive and appropriate source 
control strategies that stakeholders can employ to reduce emissions of the priority pollutants (PPs) for 
which Environmental Quality Standards have been adopted.

One topic within the ScorePP project has been to analyse the flows of selected PPs in case cities. The 
objective of this paper is to describe and analyse substance flows in one case city (Stockholm, Sweden) 
for selected PPs: di(2-ethylhexyl)phthalate (DEHP), cadmium, mercury, benzo(a)pyrene (B(a)P) and 
pentabromodiphenyl ether (PentaBDE). This was done by using information on sources, environ-
mental distribution and fate at wastewater treatment plants collected in the project. The results were 
compared to monitoring data from WWTPs, thus evaluating if the collected data can be used as a 
basis for calculating flows of PPs in cities.

Analysis/Results and Implications for Policy and/or Research
The major sources to water and wastewater systems identified and quantified in the Stockholm SFA 
were:
DEHP: Abrasion particles (“waste in the environment”), floor and wall coverings, coated textiles and 
lacquers and paint.
Cadmium: Long range transport, car wash, artist paint and food.
Mercury: Dental clinics and human excrements (due to amalgam fillings)
B(a)P: Domestic greywater.
Penta(BDE): Abrasion particles from polyurethane articles.

The identified sources include use of articles and materials rather than industrial production activities. 
This means that releases can not easily be dealt with by traditional mitigation options like legislation, 
since the pollutants will remain in the accumulated products in the technosphere several years after 
they have been phased out from production, and will continue to be emitted from them.

The results from the SFAs are generally in reasonable agreement with the findings of the monitoring 
at the WWTPs in the city. The major discrepancies are explained by

Limitations in data availability: For some of the sources identified in the emission string database it 
was not possible to find release factors. If so they could not be included in the SFA, and the calculated 
values were underestimated. Likewise, for some sources a release factor was reported in the database, 
but the local information to which the factor was to be related when calculating the release could 
not be obtained.
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Simplifications in calculating the redistribution: Releases to air may to some extent be deposited 
within the city, and thus act as releases to soil and stormwater. This has not been taken into consid-
eration by the SFA. The fate at WWTPs is sometimes based on model calculations which in turn are 
based on physico-chemical properties, and may not in detail reflect the real situation in the treatment 
process.

The emission string database developed in the ScorePP project may serve as a valuable source of in-
formation when performing a substance flow analysis for a European city. However, for calculation 
of loads in a specific city, there is need for local information and adjustments of the data, which may 
limit the possibilities to get a full quantitative description. There is also a need to handle the results 
with care and judgement, since some release factors are based on old or only a few data. Still the ap-
proach gives a good overview of potential sources of priority pollutants. Such information will serve 
as guides in the development of source control strategies for the reduction of priority pollutants in 
urban catchments, in order to meet the Water Framework Directive.
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Fate of Emerging Pollutants in Soils from Thetula Valley 
Irrigated with the Untreated Wastewater from Mexico City

Author:	 Dr. Blanca Jimenez* et al.
	 * Universidad Nacional Autónoma de México
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Introduction/Problem Identification
This report contains the results of emerging pollutant transportation and fate in the Tula Valley. In 
an area which has been under irrigation with wastewater for 110 years several research studies have 
been performed to assess emerging pollutant concentrations in wastewater, soil and water sources. The 
fate of pollutant depends on the nature of the compound involved, the pathway of introduction to the 
valley and the type of soil pollutants will be differently distributed. Most are removed and retained on 
soil and secondly in water through a complex interaction of natural attenuation mechanisms involving 
dilution, sorption, biodegradation, photolysis and precipitation. Comparing with their content and 
variety in the wastewater, the remaining concentration of emerging pollutants is could be considered 
as non significant. Nevertheless, due to the constant introduction of these compounds to the environ-
ment could overpass the natural depollution capability of the Tula Valley

Analysis/Results and Implications for Policy and/or Research
Increasing urbanization worldwide is augmenting the volume of untreated and treated wastewater. 
These effluents need to be disposed of into the environment and contain a new generation of micro-
pollutants commonly known as emerging pollutants. Wastewaters are the most common source of 
these compounds and this has created several concerns among scientists and policy makers dealing 
with water use, for example:

a	 the reuse of water for human consumption intentionally or not
b	 the reuse of wastewater for irrigation and when aquifers are recharged indirectly through this 

activitiy
c	 in soil-aquifer treatment systems
d	 when aquifers are intentional recharged in order to increase water sources
e	 The need to change the concept of wastewater disposal to that of reintegrating used wastewater 

into the environment (Jimenez, in press).

This panorama poses a new challenge to environmental scientists as previous situations have considered 
the removal, fate and transport of what can be termed conventional pollutants not this disparate mix-
ture of many classes of compound with widely varying properties that have been labelled as emerging 
compounds. To contribute to set research needs it is important to review what we know and what we 
do not know concerning emerging pollutants especially with respect to their fate and transport, which 
ultimately will define risks. The major limitation for this is the lack of laboratory data concerning the 
presence of emerging pollutants in the environment, and more specifically their transport and fate 
(determined by similar analytical procedures) in a specific region and over period of time.

The Tula Valley is an area located to the north of Mexico City (a megacity of 21 millions people) 
-and receives 90% of the untreated wastewater from the city where it is used for agricultural irriga-
tion. The wastewater follows a complex pattern of flow and is applied directly to crops after having 
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been conveyed in open channels and rivers or stored in dams. After soil application water infiltrates 
through the soil, subsoil, and the bedrock, and is recovered in wells, dug wells and springs for human 
consumption. The circumstances in the valley are the opposite of a small, highly controlled laboratory 
experiment and allows a large scale study on the fate of emerging pollutants over an entire region. In 
fact, this site has been the subject of research by different groups and this report summarizes informa-
tion from these studies. Data contained in this report is of interest to both developed and developing 
countries because it sets out a first approach on the fate and transport of emerging pollutants contained 
in treated and untreated water. In both cases results may assist in putting in perspective the fate of 
emerging pollutants, notably when:

a	 Wastewater is reused for human consumption through indirect methods;
b	 MARs (managed aquifer recharge systems) are used as a method to increasing drinking water 

supplies;
c	 Untreated or treated wastewater is disposed of / reintegrated to the environment though soil instead 

of water sources.

Additionally, the strength and reliability shown by soil and aquifers to control pollution should be a 
trigger to increase that knowledge and to promote policies to better use under controlled conditions 
as well as a new tool to install additional barriers to a multibarrier approach – that has proven to be 
effective and reliable for conventional pollutants and emerging contaminants.

Organic contaminants can be introduced into soils in various ways, for example from atmospheric 
deposition, from soil amendment with sewage sludge and of course from reuse of wastewater for irriga-
tion of agricultural land. Nevertheless, it is important to understand well the fate of these contaminants 
because, in addition to their presence possibly affecting the health of the soil directly persistence as 
well as adsorption properties will determine which are likely to pose a risk to groundwater. This is 
important not only for developed countries where the reuse of treated wastewater for agriculture is 
increasing but also for developing countries where untreated wastewater is used on nearly 10% of the 
total area irrigated worldwide.

The present study will show that through the use of wastewater to irrigate and during its transport 
and application in soil, emerging pollutants are removed but as well will show that they tend to ac-
cumulate slowly in the environment.
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Evaluation of Nutrients Loads from Urban Areas: Case Study 
from the Neman Drainage Basin

Author:	 Dr. Alena Kalmakova
	 Belarusian State University

Keywords:	 rivers, nutrients loads, water quality, urban areas, Neman drainage basin

Introduction/Problem Identification
This paper is devoted to the identification of human pressures from urban areas into surface waters 
at belarusian part of the Neman drainage basin. The aim of our investigation is to evaluate nutri-
ent loads including surface overflow from urban districts and pollution emissions from wastewater 
treatment plants. The pollution load is determined as a difference between pollution input (upstream 
of urban areas) and pollution output (downstream of urban areas). Using of the proposed method 
allowed us to evaluate significant human impacts on watercourses at the basin before the deadline 
set by the EU-WFD.

Analysis/Results and Implications for Policy and/or Research
In the investigation the data from 24 hydrochemistry stations were used. Data on mean months run-off, 
volume of wastewater discharge and months concentrations were needed to the estimation of months 
and annual polluted run-off. Ammonium, nitrites, nitrates, phosphates, total phosphorus were used 
as the researched contaminants. Calculations of removing contaminants were made for the period 
from 1981 till 2008. The analysis of such long research period gave us the opportunity to indicate the 
trends of the changes of human pressures and surface water quality in urban areas.

The input of nutrients into watercourses from urban areas for the period of hydrochemistry observa-
tions was evaluated (table).

Total input of nutrients into watercourses of Neman drainage basin from urban areas
Periods Average nutrients input, t/year

		  NH4
+ 	 NO2

– 	 NO3
– 	 PO4

3– 	 Total P
1981-1985 	 635 	 157 	 1735 	 226 
1986-1990 	 1098 	 107 	 2299 	 317 	 1188
1991-1995 	 1168 	 60 	 1979 	 104 	 1343
1996-2001 	 672 	 87 	 1620 	 47 	 123

The study indicates that rapid growth of urban areas and population, intensive industrial production 
are the main culprits of surface water contamination. The tendencies to water quality deterioration in 
1980-s and improvement in 1990-s due to the changes of demographic load and industrial pressure 
were determined. The correlations between the population density, the drainage area and pollution 
loads were found. Attention was focused on the priority of contaminants in accordance with the 
technological specifics of industrial activity in the urban areas.

Pollutants are generated from a wide range of sources, including industry sector, traffic, buildings 
and other infrastructure. It came to a point that ¾ of phosphates and more than ¼ of nitrogen load 
get into the rivers from point sources in urban areas. The cities Grodno and Mosty in Neman basin 



Workshop 8: Origins, Pathways and Accumulation of Pollutants – An Urban Perspective    397

presents the greatest environmental risk. The problem of pollutants transmission is especially impor-
tant because of the near state border with Lithuania. At the middle water content years the output 
of nitrogen from belarusian part of the Neman river basin to Lithuania is about 7857 t/year, total 
phosphorus – 528 t/year.
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Evaluating the Impacts of Sanitation Options on Urban Water 
Quality by Using the Material Flow Analysis Method: Case of 
Fada N’Gourma, Burkina Faso

Author:	 Dr. Halidou Koanda* et al.
	 * CREPA, Burkina Faso

Keywords:	 groundwater, sanitation, impacts, pollution, MFA

Introduction/Problem Identification
Fada N’Gourma is a small commune of 40.000 inhabitants located in the eastern part of Burkina 
Faso in West Africa. The current sanitation status is characterised by 78% of simple pits, 5% of sep-
tic tanks, 10% of open defecation and 20% of soak pits. According to the strategic sanitation plan, 
households will be equipped by 78% of VIP, 8% of septic tanks, 9% of pour-flush with infiltrating 
pits, 2% of open defecation and 30% of soak pits. The solid waste are collected door-to-door by lo-
cal women NGOs and discharged in the environment without treatment. The rainwater is drained 
by few open channels and discharged in the water dam located in the city centre. The water supply 
service covers 59% of the population.

In this article we describe how the material flow analysis (MFA) can be used as a tool to evaluate the 
environmental “friendship” of sanitation options. MFA studies the flows of resources used or trans-
ported by several processes within a system border.

Analysis/Results and Implications for Policy and/or Research
The laboratory analysis show that the nitrate content is 8.93 mg/liter in greywater, 6.35 mg/liter in 
sludge of septic tanks and 7 mg/liter in feacal sludge. The wastewater is contaminated by E.coli as 
well as the water in the simple wells constructed and used by families.

The model shows that the options of the strategic sanitation plan will increase the water consumption 
by flushing, and will not impact the rate of reuse of nitrogen on city scale. Each year, an inhabitant 
of Fada rejects approximately 3 kg of nitrogen in the groundwater. In fact, there is no treatment of 
wastewater and no reuse of nutrients. Consequently, the groundwater is contaminated by pollutants 
(chemical and bacteriological) as revealed by laboratory analysis of wastewater and groundwater 
samples.

The results show that the options can be improved by introducing new technologies which favor nutrient 
recycling/recovering such as co-composting solid waste with dried faecal sludge, soak pits and tight 
latrines, and urine diverted toilets. Introducing urine diverted toilets in rural and peri-urban areas of 
the commune, urine and feces are collected separately and hygienized for reusing in agriculture, the 
water consumption for flushing will decrease and the groundwater pollution will decrease if latrines 
are constructed out-ground. This can contribute to solve groundwater pollution problem. Our study 
confirms the feasibility and relevance of Material Flow Analysis method in the context of developing 
countries. It is on using in combination with economical models for developing sanitation options 
for other small cities of the country. With this combined method, we can ensure that households can 
afford for the proposed sanitation options and with reduction of the environmental impacts. It is also 
important in the context of water scarcity (Sahelian country) to save water resource by reducing the 
water consumption for flushing the toilets.
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Media campaigns, quality control of drinking water (from wells) and infrastructures are necessary 
to minimize health risk and groundwater pollution by the on-site sanitation facilities. This can be 
achieved if the capacities of the local actors specifically the municipal authority are reinforced in 
planning and monitoring processes.
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Distribution and Sources of Polycyclic Aromatic Hydrocarbons 
in the Mediterranean Lebanese Seawater

Author:	 Ms. Abir Kouzayha* et al.
	 * LAEC-CNRS, Lebanon

Keywords:	 PAH, Mediterranean, Lebanese surface seawater, solid phase extraction SPE, GC MS

Introduction/Problem Identification
Polycyclic aromatic hydrocarbons (PAHs) are globally distributed environmental contaminants which 
attract considerable concern because of their known toxic and bio accumulative effects in aquatic 
organisms and their serious health risks for humans including cancer and DNA damage. Several 
sources affecting the presence and distribution of PAHs in the marine environment, such as petroleum 
contamination due to large oil spills accidents and oil discharges from ships, fallout from air pollution 
and terrestrial runoff. The Lebanese coastal zone presents 13 pollution hot spots according to the 
European Environment Agency EEA. Domestic and industrial wastes are discharged directly into the 
sea in the major coastal cities. Maritime transport is also a main source of petroleum pollution. The 
aims of this work is to study for the first time the distribution of PAHs in the surface seawater along 
the Lebanese coast in the eastern part of the Mediterranean basin, and to recognize their sources.

Analysis/Results and Implications for Policy and/or Research
An analytical procedure based on extraction by solid-phase extraction (SPE) on C18 cartridges fol-
lowed by gas chromatography–mass spectrometry (GC–MS) analysis has been developed and applied 
to the determination in seawater samples of 15 PAHs classified as priority pollutants by the United 
States Environmental Protection Agency US EPA (10). Recoveries and standard deviation of PAHs 
in spiked tests were above 70% and less than 20% respectively. This study was carried out between 
January 2009 and April 2009. The sum of the 15 PAHs measured in the surface seawater were found 
in the range of 35-50 ng.L-1 at the most polluted sites located in south Lebanon and ports, and in the 
range of 3-12 ng.L-1 at the other sites. Although comparative data on the occurrence of PAHs in the 
dissolved phase in seawater are few in the literature and intercomparison studies of PAH analysis are 
relatively poorly developed, the values measured can be considered as relatively moderate levels in water 
in comparison with those reported for marine systems around the Mediterranean. PAHs composition 
was dominated by two-, three- and four-rings compounds. The absence of heavy PAHs is indicative 
of the strong binding of these PAHs to the dissolved or solid matters and their low seawater solubil-
ity. Diagnostic interpretation of the distribution of certain PAHs in seawater such as phenanthrene 
PHE / anthracene ANT and fluoranthene FLT / pyrene PYR ratios has been used to distinguish the 
possible pyrogenic or pyrolytic sources of pollution in the sea. The ratio of FLT/PYR <1 was usu-
ally attributed to petrogenic source, while FLT/PYR >1 was suggested to indicate pyrolytic sources. 
The ratio of PHE/ANT <10 was usually regarded as an indication of pyrolytic sources, while PHE/
ANT >10 was mainly from petrogenic source. Based on these ratios, it could be seen that seawater 
was mainly contaminated by petrogenic PAHs in some sites and by pyrolytic PAHs in other sites. In 
addition, it also could be observed that the occurrence of PAHs may originate from both pyrolytic 
and petrogenic sources in some sites.
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The Occurence and Reduction of Priority Substances and 
Heavy Metals in Storm Water

Author:	 Dr. Thomas Larm et al.
	 Sweco Environment, Sweden

Keywords:	 storm water, priority substances, environmental quality standard, dissolved heavy metals, 
treatment facilities

Introduction/Problem Identification
The concentration of human activities in urban areas has lead to an extensive use of materials containing 
heavy metals and organic chemicals. This has resulted in spreading of these substances to the aquatic 
environment using storm water as one of the pathway. As a measure to remove these pollutants from 
European water bodies, 33 chemical groups have been listed as Priority Substances for elimination 
by the European Water Framework Directive (WFD).

Many storm water treating facilities have been evaluated regarding concentrations and reduction 
efficiency of the total fractions of nutrients, heavy metals, suspended solids, oil and PAHs. There is 
still a lack of knowledge considering the occurrence, concentration and reduction efficiency of WFD 
priority substances, dissolved fractions of metals and PCB. There is a need of better understanding 
of these substances in storm water and in receiving waters.

Analysis/Results and Implications for Policy and/or Research
The aim of this seminar is to present unique results from storm water sampling. The aim of this study 
was to increase the knowledge of the occurrence of priority substances, PCB and dissolved fractions of 
heavy metals in storm water. The objective was also to evaluate the reduction efficiency of these substances 
in wet ponds. Another purpose was to compare analyzed concentrations to the WFD Environmental 
Quality Standards (EQS) for surface water. These standards were used because of the lack of reference 
data on these substances that are specific for storm water. Furthermore, the total concentrations of 
heavy metals were compared with the Swedish Proposed Quality Standards for storm water.

Method
This study has been given unique sampling possibilities for evaluating the occurrence of priority 
substances, PCB and dissolved factions of heavy metals by flow proportional storm water sampling 
at the inlets and outlets of two wet ponds. The two wet ponds that were investigated, Ladbrodammen 
and Tibbledammen, are situated in two communities north of Stockholm, Sweden. Ladbrodammen 
has a catchment area of 201 hectares and a runoff coefficient equals 0,31. 70% of this area consists of 
urban areas. The catchment area of Tibbledammen is 649 hectares and the mean runoff coefficient 
equals 0,17. 40% of this area consists of urban areas.

Samples were taken automatically and analyzed every two or four weeks during a whole year in the 
inlet and outlet of the wet ponds. Concentrations of detected priority substances and dissolved frac-
tions of heavy metals were then flow weighted to arrive at annual mean concentrations and compared 
to the EQS for Annual Average (AA) and Maximal Allowable Concentration (MAC). The total 
concentrations of heavy metals were compared to the Proposed Quality Standards for storm water 
outlets. Then the inlet and outlet concentrations of all substances, that were detected more than five 
times, were compared to each other to calculate the mass reduction efficiency.
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Results
Priority substances and PCB were detected in both studied ponds.

There were 34 detected of 84 analyzed substances in pond Ladbrodammen. 24 of them were detected 
five or more times. Monobutyltin, nonylphenol, PCB 28, PCB 52, PCB 101, PCB 118, PCB 153 were 
the most frequent occurring substances, detected in ten or more samples. Diuron, DEHP, nonylphe-
nol, PAH, monobutyltin (MBT), dibutyltin (DBT), tributyltin (TBT) and tetrabutyltin occured in 
concentrations above AA-EQS and/or MAC-EQS in both the inlet and outlet of Ladbrodammen. 
The reduction efficiency for DEHP and nonylphenol was negative while PAH, tinorganic compounds 
and PCB were reduced with 70-90%.

There were 29 detected of 84 analyzed substances in pond Tibbledammen. Nine of them were detected 
five or more times. DEHP, nonylphenol, MBT, DBT, TBT and two PAHs occured in concentrations 
above AA and MAC-EQS in the inlet and/or outlet of Tibbledammen. As in Ladbrodammen the 
reduction of DEHP and nonylphenol was negative. A reduction of the other substances occurred even 
if some concentrations still were above the quality standards.

The concentrations and amount of total and dissolved fraction of heavy metals varied between the two 
ponds. Cu, Pb and Zn are metals that occurred in total concentrations above the Proposed Quality 
Standards for storm water in the incoming water to the wet ponds. This shows that there is a need of 
treating the storm water. All outlet concentrations were lower than the proposed standards.

The analyzed dissolved fractions of heavy metals in the outlets of the two ponds were also compared 
to the WFD EQS. There are standards available for Cd, Hg, Ni and Pb and the concentrations were 
below the standards by a comfortable margin for all parameters.

The treatment effect of the total amount of Al, As, Ba, Cd, Co, Cu, Cr, Hg, Ni, Pb, Zn, Sb and W were 
overall between 30-80% in both Ladbrodammen and Tibbledammen. The reduction of the dissolved 
fractions of these substances was lower, but there were still an overall measurable separation.

Conclusions
This study gives a great contribution in gathering data on the occurrence of priority substances and 
dissolved fraction of heavy metals, as well as the functioning of wet ponds as treatment facilities 
for urban storm water. It was shown that storm water definitely functions as a pathway for priority 
substances from urban areas to receiving waters. It has been shown that wet ponds may be used for 
prevention and effective measures against the spreading of priority pollutants to downstream areas. 
These functional and naturally adapted solutions for storm water treatment are good examples that 
may be implemented by communities while adapting to urbanization. This study and its results may 
be of great importance in accomplishing a non-toxic environment in streams, lakes, coastal areas and 
seas in all developing countries.
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Applying Pervious Concrete to Reduce Pollutants in Urban 
Storm Water Runoff

Author:	 Mr. Gregory Majersky
	 Liquid Asset Development, LLC, USA

Keywords:	 sustainable, pavement, storm water, runoff, pollutants

Introduction/Problem Identification
Urban water pollution, typically in the form of surface runoff accumulating solid and liquid pollutants, 
has come under greater scrutiny as the world seeks to address the alarming deterioration of global 
water quality. Rain water is typically slightly acidic (more so in urban environments) but otherwise 
clean. When it comes into contact with urban surfaces, it can dissolve, transport accumulate a wide 
variety of metallic, organic, solid, liquid and micro-organism pollutants. The sources are diverse in the 
urban environments: automobile solids and liquids, concrete, asphalt, dust, food waste and resulting 
products of decay in dumpsters, human and animal waste, legal and illegal refuse, etc. Mitigation is 
difficult due to the complexities of enforcing refuse laws and the constant emission of various pollut-
ants and treatment is difficult due to the many, small point sources of discharge, such as storm drains 
and leakage from pavement near surface waters.

Analysis/Results and Implications for Policy and/or Research
The following is a summary of laboratory and field results to date.
EPA People, Places, Prosperity (P3) grant:
•	 Well over 99.99% removal/neutralization of Micrococcus luteus bacteria. Influent concentrations 

were high enough to require measurement as TSS.
•	 65%, 70% and 99% removal of copper, sodium and iron nitrates, respectively. Iron in the effluent 

was visible as an orange precipitate.
•	 % removal of copper declined as concentrations increase from 0.13 mg/L to 130 mg/L, there is 

suspicion that the lab reported the samples in reverse.
•	 % iron removal stayed fairly constant at or near 100% as the concentration increased from 5 mg/L 

to 500 mg/L 
•	 % sodium removed decreased with each trial, while the influent concentration stayed the same at 

35000 mg/L 
•	 Reaction rates for all three metals decreased as concentrations increased. Average increase of DO 

of 1.8 mg/L, average temperature reduction of 1 C.

Colorado State University Bangladesh flood simulation competition:
•	 U. of Colorado Denver, Colorado State U., New Mexico Tech, Texas Tech and U. of New Mexico 

all involved.
•	 Simulated flood waters containing motor oil, rice, kaolin clay, anchovies, cotton and Miracle Grow 

fertilizer 
•	 Motor oil may have interfered with the removal of nitrogen, TKN was slightly higher than the 

other systems.
•	 Oil did cling to the filter slightly, the oil in the effluent was frothy and very light in appearance. 

Considerable precipitate was at the bottom of the collection vessel.
•	 Total phosphorous removed was 66% to 73% greater than competing systems. This is key in light 

of potential “peak phosphorous” problems.
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•	 DO increase was less than other systems most likely due to oil and clay.
•	 pH of effluent was 11 vs 7 for other systems.
•	 All other systems required 4-6 people to assemble and were large. I was able to carry the •	

filter unit by myself and sit it on a 2”x4” piece of wood while in operation.
•	 This filter was 75% smaller by volume than the P3 filter.

Acid Mine Drainage results for Master’s Thesis (ISBN 978-3-639-02618-4):
•	 The filter used in this experiment was the same size as that used in the Colorado State U. competi-

tion.
•	 60%, 74% and 85% removal of sodium, zinc and iron, respectively.
•	 Over 60% of sulfate removed or reduced.
•	 It was noticed that some of the metal sulfates clung to the plastic 10 gallon (38 L) container walls 

even after being washed with soap and distilled water.
•	 pH in the distilled water was correctly prepared to be a pH of 5, in keeping with the pH at the 

actual mine site. The addition of metal sulfates lowered the pH to 2.7.
•	 The reaction rate differences between dissolved and total metals did not differ significantly, by 

0.001/sec for zinc and sodium, 0.045/sec for iron.
•	 Hydraulic breakthrough appears to have occurred in the 5th hour. It is expected that the effluent 

concentrations would remain stable until the portland cement is sufficiently eroded or armored. 
Most likely these two processes would occur in unison.

Honduras field experiment: 
•	 It is suspected that the bottled water is only treated for organisms.
•	 Due to geologic activity, arsenic is ubiquitous in the environment. Arsenic and barium would also 

be ingested through vegetables and meat, as untreated water is used for irrigation and animals.
•	 Conducted in the cities of Villenueva and La Lima.
•	 Arsenic at Villenueva and La Lima at concentrations near US and EU maximum contaminant 

levels.
•	 No coliforms were present in some tests, in others, extremely large colony counts were observed.
•	 25% removal of arsenic in the initial tests.
•	 Sodium, magnesium, manganese, iron, copper, zinc and arsenic were reduced by 4.76%, 2.74%, 

66.25%, 50.00%, 56.25%, 66.67, and 24.75% respectively. The differences in performance versus 
the larger EPA P3 and AMD filter units are as follows (substance, % less than EPA P3, % less than 
AMD): Sodium, 58.46%, 72.79%, Iron, 45.83%, 49.86%, Copper, 3.29%, Zinc, 9.93%.

•	 Salts, most likely metal sulfates in a geologically active region binding to plastic effluent containers 
despite being washed with soap and bottled water. This behavior was also noted in the acid mine 
drainage laboratory experiments.

•	 The office manager informed us that the samples would be tested as a batch and may sit for 1-2 
weeks. This is evidenced by the lower pH of older samples as the water moved back towards equi-
librium and the relatively high pH of more recent samples as well as the extremely high coliform 
counts when some organisms did get through the filter. The organisms would have had sufficient 
heat and nutrients in the sample containers to reproduce while waiting to be analyzed.

•	 Recent research in the US by the concrete industry has shown that pervious concrete can collect 
car based pollutants in parking lot structures. The introduced research reinforces filtration applica-
tions.



Workshop 8: Origins, Pathways and Accumulation of Pollutants – An Urban Perspective    405

Identifying Origins of Pollutants in Urban Stormwater:  
A Prerequisite for Developing Pollution Source Controls

Author:	 Dr. Jiri Marsalek
	 National Water Research Institute, Environment Canada

Keywords:	 urban stormwater, pollutant sources, heavy metals, pollution prevention, source controls

During the past 45 years, researchers identified more than 600 chemicals in runoff from urban areas, 
but only a small fraction (~ 10%) of these could be described as pollutants occurring at the levels that 
could potentially cause human health or aquatic life effects. The list of pollutants transported by urban 
runoff is not limited just to the chemicals, but also includes solids, micro-organisms, and waste heat. 
Origins of these pollutants are of great interest, because past research indicates that pollution control 
measures applied at or near the source are highly practical and cost-effective, when compared to other 
measures, such as the containment and removal of pollutants after their dispersal in the environment. 
In urban areas, the three main sources of pollutants are (a) Atmospheric deposition, (b) Catchment 
surface, and (c) Urban land use activities. Dry atmospheric deposition represents the materials land-
ing on urban surfaces; wet deposition includes particulates and dissolved chemicals resulting from 
scavenging of the air by rainwater drops. The main source of deposition is air pollution transport, 
from both local and remote sources. An example of atmospheric deposition of polycyclic aromatic 
hydrocarbons (PAHs) from a local industrial source will be discussed.

The catchment surfaces release pollutants during wet weather, when dry deposits are eroded by rain-
fall drops as well as the overland and gutter flows. The strength of this source of pollution depends 
not only on the pollutant availability, but also on the transport capacity of runoff, which in turn is 
controlled by rainfall characteristics. Generally, high rates of erosion may occur on unprotected bare 
soil surfaces, particularly during construction activities. To mitigate such erosion, sediment and soil 
erosion controls are applied. In the current modelling practice, removal of sediment and chemicals 
from surfaces is described for soils by the Universal Soil Loss Equation adapted to urban conditions 
and by various wash-off equations for materials accumulated on impervious surfaces. In the latter case, 
pollutant availability is considered and two situations may occur: (a) Mass-limited wash-off and (b) 
Transport-limited washoff. It has been recognized that sediment or total suspended solids production 
in urbanizing catchments greatly exceeds that in natural undisturbed catchments (by two orders of 
magnitude), but as the urban catchments mature and their surfaces become better protected, the an-
nual sediment yield drops down and can be even lower than in the predevelopment catchment.

In the last category, land use activities represent such sources as those related to residential properties 
(garden chemicals, grass clippings, litter, pets), open spaces/parks (pesticides), traffic (heavy metals, 
oil & grease, PAHs, spills), winter road maintenance in cold climate (sand and salts), attrition/wear/
corrosion/elution of chemicals from urban structures and construction materials, and sediment/soil 
deposits. Concerning various pollutants, much attention focused on heavy metals, chloride, micro-
organisms, and lately on waste heat. Extensive studies indicate that heavy metals originate primarily 
from traffic and structure/building materials (e.g., metal roofs, galvanized surfaces of bridges, safety 
barriers, and sign posts). With respect to traffic, the sources of individual metals were identified: Cd – 
tires and brakes; Cr – car frames and tires; Cu – brakes and tires; Fe – frames and litter; Pb – brakes, 
tires, wheel balancing weights, and fuel; Ni – brakes and tires; and, Zn – frames, brakes and tires. In 
cold climates, high use of road salts in winter road maintenance (millions of tones annually) causes 
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environmental concerns about toxic levels of chloride in road snowmelt and winter runoff. The main 
sources of pathogenic micro-organisms impacting on urban recreational waters are pets and wildlife 
(birds). Finally, waste heat is conveyed in summer months by runoff from hot impervious surfaces 
and causes thermal impacts on receiving waters, with eventual succession from cold water species to 
less desirable warm water species.

A good understanding of sources of pollutants in stormwater runoff contributed to the development 
of source controls. Examples of successful source controls include: (a) Phasing lead out of gasoline 
(reducing lead concentrations in highway runoff by 1-2 orders of magnitude), (b) Substitution of mate-
rials in brake pads (brake pads used to be a major source of Cu in road runoff; not anymore following 
material substitutions), (c) Banning lead weights for car wheel balancing (lost weights were pulverized 
by traffic and Pb entered runoff); (d) Reducing road salt use in winter road maintenance (promoting 
smart salting leading to lower application rates and using substitute de-icers in salt-sensitive areas); (e) 
Public awareness / education / participation programs emphasizing the need for source controls (e.g., 
taking care of pet faeces, responsible use of home and garden chemicals, banning cosmetic pesticides, 
recycling); (f) Protective coating of metal surfaces to avoid elution of heavy metals (e.g., protective 
coating by plastics eliminates zinc export from zinc roofing materials); (g) Development of self-cleaning 
concrete with TiO2 nanoparticles (promotes photocatalysis contributing to oxidation of some organic 
contaminants and inorganics); and, (h) Near-source controls – street sweeping.

In summary, studies of sources of pollutants in urban stormwater continue to attract attention, because 
their findings contribute to pollution prevention and the development of new source control methods 
greatly improving stormwater quality.
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Urban Runoff On-site Treatment by the Innovative Treatment 
Technology Contributing to Non-point Pollution Control, Peak 
Cut of Flooding,and Reuse

Author:	 Prof. Saburo Matsui* et al.
	 * Kyoto University, Japan

Keywords:	 urban runoff, up-flow filtration, porous polypropylene(PPL) medi, heavy metals, PAHs

Introduction/Problem Identification
Urban road-runoff brings many pollutants into water courses, which originated from variety of hu-
man activities including air pollution, dust discharge from housing, traffic exhaust gas and oils, and 
wear of tires and asphalts, etc. Pollutants are either dissolved or particulate-bound. The first flush of 
road runoff can harm the ecology of receiving environment, and then more extensive rainfall would 
have less impact due to the large dilution of pollutants in the road run-off. A possible abatement of 
pollutants from road-runoff is installation of an on-site treatment facility at each sink of road, by 
which each event of run-off can be treated and stored for peak cut. It is introduced in this paper an 
innovative on-site treatment technology which eliminates effectively and economically small size SS 
that adsorbs many types of pollutants including COD, BOD, T-N, T-P, oil, heavy metals, polycyclic 
aromatic hydrocarbons(PAHs), etc.

Analysis/Results and Implications for Policy and/or Research
Whole road-runoff was collected to the device and the amount of runoff equivalent to 10 mm/hr 
was treated. The runoff amount above the equivalent was passed in the way of overflow in the de-
vice. The treatment method consists of a sedimentation process, an up-flow filtration process and a 
post-sedimentation process. Treated water was discharged into the existing storm drain pipe. In the 
treatment device, the cylindrical filter column had dimensions of 30 cm diameter and 50 cm high, 
and polyethylene mesh (opening: 500 um) was set at each end of cylinder to hold the treatment me-
dia. Polypropylene (PPL) particles of 1～3 mm diameter were filled as filter media. The head loss by 
the PPL media was almost negligible, since the apparent density and the bulk specific gravity were 
0.65 g/cm3 and 0.2, respectively. At eight rainfall events between October 2000 and January 2001, 
the samples were collected at the inflow and outflow collection sections of the treatment device. The 
total amount of rainfall and maximum intensity for the eight rain events ranged from 7 to 51 mm 
and from 2 to 10 mm/hr, respectively.The filter media of polypropylene is excellent for adsorbing 
smaller size particulates of SS, because smaller size of particulates originate basically from diesel and 
gasoline exhaust, while the filter holds larger size particulates originated from the wearing process 
between automobile tires and asphalt roads, and other sources of clay and sand, etc. accumulated on 
roads. Maintenance of the device needs replacement of the media once or twice a year depending lo-
cal traffic conditions and others, which is not so expensive because we may use waste polypropylene 
to make the media.

Traditionally in Japan, a draining system includes draining grid sink installed at generally about 20 
m intervals on both sides of road for the drainage of road-runoff (Japan Society of Road, 1987). The 
maximum lane width is 3.5 m, except in certain cases, and the number of lanes depends on traffic 
conditions. In this research, runoff from a road consisted of four lanes (two lanes on each side) was 
considered as the runoff amount. Therefore, the designed catchment area (A) of road runoff is 140 
m2.The designed maximum runoff flow rate (Qmax), based on the road engineering and drainage 
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guideline is 0.389 L/sec. The experimental site where the treatment device was installed was located 
along the roadway of Route 161 (in Otsu, Shiga, Japan), which consists of four lanes that have two 
lanes on each side. The average traffic density between 7 am and 7 pm at this experiment site was 
38,086 vehicles/12 hrs during the study period. The average particle size distributions (PSD, expressed 
as volume%) of road runoff inflows for eight rain events are obtained for the initial (at the beginning 
of rainfall) and post runoffs (after about 300 min from the beginning of rainfall). The particulate size 
in the initial runoff was relatively smaller (over 90 vol% of particulates had a diameter smaller than 
approximately 100 um) than that in the post runoff. The average d10, d50 and d90 of PSD were 4.3, 
14.9 and 38 um, respectively. These indicate that the smaller particulates dominate in initial runoff. 
In the post runoff, over 90 vol% of particulates had a diameter smaller than approximately 350 um. 
In addition, 71.3 vol% of the particulates were the diameters less than approximately 100 um. The 
values for d10, d50 and d90 of PSD were 25.6, 70.2 and 168.8 um, respectively.

These results indicate that the smaller particles flow faster with runoff than the large particles. 
Particulate-bound pollutants such as heavy metals and PAHs tend to be adsorbed on the smaller 
particulates due to higher specific surface area and higher organic carbon content. This is also verified 
for road-runoffs. Therefore, for the further removal of these micro pollutants, the smaller particulates 
must be efficiently removed. This is especially true for the initial road runoffs.

The removal efficiency of various pollutants in initial runoff, in which pollutant concentration was 
relatively high, is shown for each rainfall event. The SS removal efficiency ranged from 86.7% to 
97.8% with 92.3% average removal efficiency. The COD and T-P removal efficiencies ranged from 
36.7% to 87.1% and 11.9% to 96.9% with 71.9% and 43.6% average removal efficiencies, respectively. 
The average removal efficiencies were approximately more than 70% for heavy metals: 88.7% for Pb, 
87.1% for Cd, 76.2% for Zn, 75.2% for Cu, 71.3% for Mn and 69.9% for Cr. The higher removal 
efficiencies of Pb and Cd suggested that this behavior correlated closely to that of SS. This result for 
Pb was confirmed by the stronger correlation between Pb and SS. The average removal efficiency of 
PAHs was above 60%, ranged from 59.6% to 76.5%.
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Impact of Urban Development of the Mingoa River Watershed 
on the Municipal Lake of Yaoundé (Cameroon) Chemical 
Pollution

Author:	 Ms. Marielle Naah et al.
	 Laboratory Water Environment and Urban Systems (LEESU ex -CEREVE), France

Keywords:	 urbanization, water, Africa, xenobiotics, sediments

Introduction/Problem Identification
Urbanization is characterized by the production and the discharge of exogenous chemical substances 
in the aquatic environment. They can come from traffic (PAHs, heavy metals), from industries (PCBs, 
alkylphenols), and from households (personal and home care products containing parabens). Some of 
these contaminants are persistent, can accumulate in sediments and in biota, and have negative impacts 
on ecosystems and human health. In Africa, there are no efficient wastewater treatment systems and 
urbanization rates are high. It is important to take into account xenobiotics in the management of 
urbanized watersheds.

This presentation aims to analyze the historical link between the urban development of the Mingoa 
River Watershed, and the chemical pollution of the Municipal Lake of Yaoundé, an artificial lake built 
in 1951. Selected tracers (PAHs, PCBs, heavy metals, alkylphenols, parabens) have been measured in 
sediment cores, wherein is reflected the evolution of urbanization.

Analysis/Results and Implications for Policy and/or Research
The studied watershed is a densely populated area, where are mixed planed neighborhoods and informal 
settlements, characteristics of urbanization in developing countries. In organized districts wastewater 
is managed via septic tanks, but no assessment is made for runoff. In slums, no management is made 
for urban waters and all effluents are discharged directly to water bodies.

We have found that the concentrations of the studied contaminants vary along analyzed sediment 
cores. Although the concentrations found are less important than in developed countries, water 
managers should particularly pay attention to domestic wastewater, containing new type of pollutants 
like parabens that are classified among endocrine disruptors. Indeed, the Municipal Lake of Yaoundé 
is used for fishing, which turns water pollution into a socio-economic and a public health problem. 
The discharge of endocrine disrupters diminishes the fish population, reduces fishermen income, and 
exposes consumers to health risk on long term.

Levels of PAHs and PCBs are under critical developed countries levels. However, in developing coun-
tries where little or no regulation exists, research must be used to build programs like Reach, that have 
been developed to sustain new European regulations like the Water directive. Use of research must be 
more general in the process of urbanization in order to build models to test potential future scenarios 
and analyze their environmental impacts. More research is also needed for household products, and 
for population practices. Nowadays new technologies of analysis allow to measure new pollutants 
molecules and determine their environmental impact. The studied watershed is a densely populated 
area, where are mixed planed neighborhoods and informal settlements. In organized districts waste-
water is managed via septic tanks, but no assessment is made for runoff. In slums, no management is 
made for urban waters and all effluents are discharged directly to water bodies.



410    Workshop 8: Origins, Pathways and Accumulation of Pollutants – An Urban Perspective

Minimizing the Water Pollution and Improving Sanitation at 
“Dacha’s” Territories in Ukraine

Author:	 Dr. Valentina Pidlisnyuk* et al.
	 * Kremenchug State University, Ukraine

Keywords:	 “dacha’s” territory, non-point sources, water pollution, educational campaign, self-
financial support

Introduction/Problem Identification
One of the most dangerous non-point sources for water contamination in Ukraine are so-called 
-“dacha” territories. “Dacha” itself is out-of-city house located in a small piece of land, approximately 
0,06-0,1 hectares. Such housing estate territories can be observed around each middle-size and big 
cities in Ukraine and are wildly spread.

“Dacha”s territories were mainly created during Soviet time as some sort of “summer” houses for rural 
citizens and that time used seasonally. After collapse of the Soviet system “dacha’ territories were con-
sistently transformed in suburb territories where people began to live all seasons.Taking into account 
that dacha territory are small land area with intensive agricultural practice and high concentration of 
people, particular in warmer seasons, discharge of pollutants from houses without any treatments as 
well as from yards are tremendous and exceeded in many times the permit able levels.

Analysis/Results and Implications for Policy and/or Research
Currently around 40% of Ukrainians own “dacha” for living, in additon many of them still are served 
as a place for week-end outings and vacation places for millions of people with low income. Retied 
and low-income people use “ dacha” for growing fruits and vegetables for their own needs and for 
market.

Having this specific background ” dacha” territories don’t have any centralized water supply and /or 
waste water collected systems. Water quality there are not a subject of control either for regional or 
local sanitation service or state water authorities, and contamination problems are exacerbated.

In addition lack of knowledge regarding appropriate environmental and agricultural practice, proper 
water management contributes to the deterioration of water quality, loss of fresh water and marine 
ecosystems and poses threats to public health.

To resolve the situation educational campaign was jointly done by Kremernchug State University and 
Sustainable Development and Ecological Education Center in order to educate “dacha”s communi-
ties regarding proper water management, use and sanitation. Previously created Extension Program, 
focused on water management and sanitation was used. Program includes such topics as: (a) proper 
water management for small territory, (b) prevention measures for safety water use ,(c) deterioration 
of water quality and impact to health ,(d) proper sanitation e) proper water use in agriculture f) in-
terconnection between water resources and climate change.

Beside the lectures participants of the campaign were resented case-studies regarding good practice at 
“dacha’s” territories in terms of water management and sanitation, were familiarized with measures 
for decreasing water use including irrigation, told about direct interconnection between water qual-
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ity and health state. Citizens received brochures about effective simple approaches of drinking water 
purification and improving sanitation.

Campaign was accomplished in summer and fall 2009 for dacha’s citizens in Kyiv ( dacha settlement “ 
Osokorku”) and Kremenchug ( dacha settlement “ Pizane” ). Using sociological surveys an obvious and 
direct connection was established between state of health of interviewed citizens, quality of drinking 
water they used as well as with level of their ecological awareness and environmental education.

The provided actions helped to minimize and to some extend to stop water pollution from “dacha’ 
territory”. Citizens of “dachas” territory also decided to explore the option for self-financial support 
for environmental services at their territories.
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Monitoring Surface Water Quality Using Remote Sensing 
Techniques

Author:	 Dr. Amin Shaban
	 National Council for Scientific Reseach, Lebanon
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	 Lebanese University
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Introduction/Problem Identification
The rapid population growth in Lebanon led to intensive exploitation of water resources, which is also 
influenced by the abrupt decrease in the average precipitation rate in the last few decades. This has 
been reflected on the per capita, which is reduced to 50%. The anthropogenic interference exacerbated 
the problem; notably the contamination of surface water sources. For this reason, a comprehensive 
water quality assessment is needed. As an advance techniques, remote sensing can fulfill assessing 
the quality of water and tracing sources of pollution. These techniques follow systematic approaches 
of analysis and quality monitoring.

Analysis/Results and Implications for Policy and/or Research
Deterioration of surface water has been exacerbated in the absence of quality control management. 
This has been also increased in the lack of appropriate methods of analysis to monitor water quality; 
especially for large-scale areas. The current study aims to utilize advanced techniques in water quality 
monitoring; and more certainly to identify the flow regime of contaminated water, changes in water 
quality behavior and levels as well as to determine the sources of pollution.

The used approach of analysis depends mainly on satellite images processing, which can provide 
complimentary maps with different classes for surface water quality from selected rivers in Lebanon. 
This has been followed by filed verification to confirm the reliability of the applied approach.

For this purpose, two types of satellite images were processed. These are ASTER and Landsat 7 ETM+ 
images, which are characterized by high-resolution in distinguishing objects from space. The processing 
of these images was undertaken by using EVNI-4.3 software, since is specialized in treating satellite 
images, and capable to recognize and classify water bodies at different quality levels.

The concept behind analyzing these images depends on a number of optical and digital advantages in 
the used software. The most commonly used advantages are: edge detection, color slicing, filtering, 
enhancement and combination of different spectral bands. In addition to these advantages, thermal 
differentiation can be also applied to distinguish the difference in temperature of water bodies. The 
latter can be applied by using Thermal Infrared (TIR) bands, which proved it is creditability in many 
previous studies (Shaban et al., 2005; Shaban and Nassif, 2007). In combination with satellite images, 
the extracted data from these images was analyzed and manipulated in the Geographic Information 
System (GIS) in order to represent this data in map forms.

The majority of quality assessment in this study implies identifying the turbidity, bacteria, nutrients 
and temperature. This was followed by calibration procedures to harmonize the extracted data from 
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satellite images with those measured in the field. For this purpose, field survey has been carried out 
on the selected sites (75 sites). Therefore, sampling was undertaken from each site for further water 
analysis.

The Principal Component Analysis (PCI) was applied and revealed the reliability of the applied ap-
proach.

For each parameter (i.e. turbidity, bacteria, nutrients and temperature), a thematic map was produced 
showing different levels. The sources of pollution were identified, which were almost attributed to 
anthropogenic impact. In addition, this work was applied on seasonal basis for one-year duration in 
order to monitor changes with different climatic conditions.
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Managing Water Pollution in Urban India: Problems and 
Prospects

Author:	 Dr. Nandita Singh
	 Royal Institute of Technology, Sweden

Co-Author:	 Mr. Om Prakash Singh
	 Sweden

Keywords:	 water pollution, india, integrated approach, strategic communication, Yamuna

Introduction/Problem Identification
Pollution of water resources has emerged as a significant problem in urban India. Rapid growth of 
population, inadequate planning, and industrialization, generally lead to degradation of quality in 
surface as well as groundwater resources. This paper aims to explore the question of management of 
water quality in the mega-city Delhi, with a focus on river Yamuna.

Yamuna is an all-weather river in northern India with great mythological and practical significance 
for people. In post-independence period, it has supported growth of industries and urban centers, 
Delhi being the largest. The stretch of Yamuna in Delhi is only 2% of its total length but it receives 
over 70% of its pollution load here. After Delhi it is a dead river, with a white frothy appearance at 
the exit point and the water not even meeting bathing water standards. What are the primary causes 
of pollution of Yamuna and what has been done to manage it? Where lie the problems and how can 
these be effectively addressed?

Analysis/Results and Implications for Policy and/or Research

(1) Causes of pollution:
Domestic sewage and industrial waste have been identified as the main sources of pollution of Yamuna 
in Delhi, with a contribution of 75-80% from the former and the remaining from industrial and other 
sources. Among the other sources are dumping of solid waste (including dead animals) in the waters 
bringing chemical and microbial contamination, agriculture in the river bed that brings pesticides 
and fertilizers, and annual immersion of idols during religious festivals that adds more dangerous 
chemicals and metals to the water.

In terms of treatment options, the sewage treatment capacity has grown but failed to keep pace with 
the increase in population and waste. Further, the existing infrastructure itself remains under-utilized. 
67% STPs function below capacity while 17% lie defunct. Among reasons for under-utilization are old 
and silted-up sewer lines and the absence of drains to transport sewage to the STPs that are generally 
built far-away from the source of origin.

On the whole, as much as 57% of the waste generated in the city is released completely untreated. 
This includes the unmeasured sewage generated by the 45% population that thrives in unauthorized, 
unregularised, and unsewered areas. From where sewage is either released through 22 storm-water 
drains into the river or transported into the river course through a mafia of sewage removal trucks 
that engage in regular cleaning of septic tanks connected to toilets in these colonies.
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Regarding industrial waste, it is not known as to how many industries actually fulfill the legal obli-
gations concerning environmental protection. For small-scale industries, a majority of the common 
effluent-treatment plants (CETPs) installed by government remain unused for similar reasons as above. 
The sludge from STPs and CETPs is piling near the river-bank, further polluting groundwater.

(2) Managing water quality in Yamuna:
There exists a strong legal framework for upkeep of environmental quality in India, water pollution 
being an important theme. Huge amounts of money have been invested in recent years to clean-up 
Yamuna through the Yamuna Action Plan (YAP). However, the state of pollution is worse than ever 
before. There are a number of gaps in the steps taken for managing the Yamuna water quality. First, 
the YAP has worked to only create ‘hardware’ – questions of how to holistically and sustainably operate 
and maintain the hardware has not been addressed. Second, it has lacked an integrated approach, not 
addressing all different sources of pollution and remaining unconnected to existing infrastructures 
and capacities. Third, a communication perspective is clearly lacking in the efforts, whereby different 
actors including the industries, common residents, farmers, religious groups, etc. have not been ap-
propriately sensitized. Also, the politicians and administrative staff in government and municipalities 
are not sensitized enough to deal effectively with the cause.

Conclusions and recommendations:
It emerges from the study that though there have been attempts to protect and improve the quality 
of water in river Yamuna, the efforts are insufficient and ineffective. Different stakeholders can play 
different roles in the process of effectively managing the water quality in Yamuna. All these groups 
require different levels of sensitization, activation and resources to deal with the issue. The government 
agencies and municipalities together need to adopt an integrated approach in designing interventions 
grounded in the local realities. They also need to ensure effective implementation of interventions 
in the right spirit. Appropriate communication is a concern for all actors that would help remove at-
titudinal barriers which thwart realistic action. As a consequence of these barriers, industries fail to 
comply with legal obligations for river water protection, private tankers continue to pollute the river 
through direct disposal of sewage, and local citizens dump dangerous waste in the river, while the 
civil society groups remain mute spectators. Awareness and sensitization to water quality issues even 
amongst the educated citizens in Delhi is low. The various actors need to be sensitized differently to 
the water quality issues so that they can respond adequately and effectively.

Action for cleaning and upkeep of Yamuna’s water quality thus needs to include an integrated approach 
that would not only address the practical ‘hardware’-based limitations, but also, it must contain a 
‘strategic communication framework’ as an integral component so that appropriate communication 
packages can be designed for different stakeholder groups in a way that it addresses their specific needs 
for attitudinal change. There is also need for more appropriate allocation of resources, and further 
research and development on appropriate and sustainable hardware options.
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An Overview of Tools for Mitigating Hazardous Substances at 
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Introduction/Problem Identification
The recognition of emissions into the urban water cycle of hazardous substances from diffuse sources 
(i.e. construction materials, vehicular traffic, urban runoff) as well as consumer goods (i.e. textiles, 
electronics, and household chemicals) has steadily increased. Correspondingly the relative importance 
of point sources such as industrial discharges has declined due to successful preventive measures. 
The City of Stockholm has recently completed a project, “New pollutants–new tools”, aimed at 
indentifying the most important substances for the City to manage, based on the risk for negative 
environmental and/or human effects, the relevance of – and sufficient information about local sources 
and the possibility to introduce reduction measures. In this paper mitigation measures and source 
control options in general is discussed and the identified substances are used to demonstrate some of 
the tools more in detail.

Analysis/Results and Implications for Policy and/or Research
Within the project “New pollutants–new tools”, five groups of substances and their main applications 
have been identified: Alkylphenols and alkylphenol ethoxylates (AP/APEO); textiles and detergents. 
Antibacterial additives; triclosan in toothpaste, deodorants and sportswear and silver in washing ma-
chines, refrigerators, health care products, shoes and clothing. Brominated flame retardants (BFR); 
electronics, furniture, textiles, construction materials (polymeric foams). Phthalates; flooring, wall cov-
erings, roofing materials, PVC products, traffic (vehicle underseal). Polyfluorinated compounds (PFC); 
impregnating agents (clothing, shoes, furniture, paper), fire extinguishing foam, floor polish.

Most of the five selected groups of substances are found in textiles. AP/APEO is banned within the 
EU but is present in textiles imported from countries outside the union. Clothes, shoes and sportswear 
are sometimes treated with antibacterial agents and carpets and curtains can be flame protected with 
BFRs. Phthalates are often included in PVC printings on T-shirts, etc. This together makes textiles an 
important issue to work with. Building materials are also important emission sources for BFRs and 
phthalates, and personal care products and household chemicals often contain antibacterial agents.

The mitigation concept discussed here is here is defined as upstream source control. Removal by waste 
water treatment methods is not covered. The main focus is on the possibilities that national, regional 
and local authorities as well as the waste water treatment plants (WWTPs) have to implement the 
reduction of hazardous substance emissions at their sources. But also businesses, non-governmental 
organisations and the general public are discussed.

The measures include green procurement, use of current and new legislation, voluntary agreements, 
cooperation, financial initiatives, information campaigns, ecolabelling, etc.

The benefits of mitigation compared to end-of-pipe solutions is that pollution is avoided before the 
pollutants are emitted thereby protecting the receiving waters but also the quality of the sludge pro-
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duced in the WWTPs, making it more attractive for use in soil amendment. The microbial processes 
at WWTPs, the working environment and the sewerage network are also protected. Another benefit 
of mitigating chemicals at their sources is that the use of hazardous substances in materials and con-
sumer products will decrease, leading to less direct exposure of humans.

The City authorities can significantly influence the contents of hazardous substances in purchased 
materials and goods through putting up criteria and requirements in the procurement process. The 
city of Stockholm makes annual purchases of goods and services worth €1,000,000,000 each year 
which indicate that the City has a good possibility to influence the market and contribute to the 
development of new, greener products.

Regulations are very effective and easy for public authorities to use in their supervision work, but the 
development and execution of new laws is a very time consuming process. REACH, the new European 
regulation on chemicals, will not be sufficient concerning chemicals in articles, and materials. The 
information requirement in REACH only applies if certain criteria are met.

With dialogue and cooperation between stakeholders it is possible to make voluntary agreements 
to reduce the use of hazardous substances. The challenge here is to make use of the willingness of 
those within a certain business domain or group of stakeholders who are willing to be pioneers and 
to subsequently implement the developed tool or agreement to a standard comprising other actors 
within the group

Financial subsidies, taxes or fees, can bring about changes in behaviour. With the help of financial 
subsidies it is possible to encourage positive actions from industries, services or businesses.

Information campaigns and public awareness programmes can be successful but are not without 
problems when it comes to information on hazardous substances in materials and articles for which 
there is no legitimate demand to list the chemicals included. The consumers in general can not be 
expected to have the knowledge needed to avoid hazardous substances in purchased goods. Provided 
the campaign deals with a well defined group of articles containing a limited number of specific 
chemicals, it is still possible to achieve a good result, especially if the campaign is allowed to run long 
enough or is repeated several times.

The ecolabelling of products is a big help to consumers when they want to buy green and an expansion 
of ecolabelling to new groups of products and services would further promote greener shopping.

Other mitigation strategies include substitution and green chemistry which means that chemicals are 
manufactured in a sustainable way and are designed to be less toxic and better degradable.
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Investigation of Heavy Metal Contamination and Assessment 
of Ground Water Quality in Nacharam Industrial Area, 
Hyderabad, India
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	 * JNT University, India
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Introduction/Problem Identification
The environment of the Hyderabad city,India is heavily polluted by the rapid industrialization and 
urbanization.Many industries are developed in and around the Hyderabad and released their effluents 
and wastes into the environment.The pollutants such as heavy metals,and other chemicals,which are 
present in the effluents are found in the groundwater and changed the groundwater quality.Groundwater 
is the source for industrial,domestic and drinking purposes in the city.The present study is to carry out 
an estimation of heavy metals in the study area and groundwater quality in terms of major ion chem-
istry.It is also aimed at finding the pathway of heavy metals from industrial effluents to groundwater.
The Selected study area is at Nacharam Industrial area,located in Hyderabad metropolitan city.This 
site stands as an example for many industrial activities that possibly influence heavy metal pollution 
in soil,sediment and water as well as deteriorated the water quality in the study area.

Analysis/Results and Implications for Policy and/or Research
In the study area there are about 100 industries which are manufacturing chemicals, pesticides, paints, 
steel products, pharmaceuticals etc. Many industries release their treated or untreated effluents in 
unlined water streams or on open land polluting the surface as well as groundwater. 15 groundwater 
samples, 7 surface water samples, 6 soil samples and 5 sediment samples are collected in and around 
Peddacheruvu in the study area. Water samples are analyzed for heavy metals with Inductively Cou-
pled Plasma Mass Spectrometer. Soil and sediment samples are analyzed for heavy metals with X-ray 
Fluorescence.

From the analytical data of heavy metals it is found that the soil samples are contaminated with 
heavy metals such as As (85.7ppm), Cu (678ppm), Cr (88.5ppm), Pb (215.2ppm), Rb (141.5ppm), V 
(171.8ppm), Zn (305.2ppm) and Zr (1388.7ppm). The heavy contamination of soils with heavy metals 
may be due to anthropogenic sources since country rock of granite does not contain these heavy metals 
with such high concentration. The contaminated soils have contributed the contamination to both 
sediments and groundwater.For instance, the sediments have the heavy metals concentration of the 
order of As (23.7ppm), Ba (1208ppm), Cr (385ppm), Rb (478.6ppm), Pb (78.6ppm), Zn (180ppm) and 
Zr (1727ppm). While the groundwater has heavy metals concentration of the order of Al (150μg/l), Mn 
(2597μg/l), Fe (588μg/l), Ni (21.3μg/l), Zn (3587μg/l), Cu (604μg/l) and Pb (21.3μg/l). Interestingly 
surface water has less contaminated with heavy metals of the order of Fe (370μg/l), Mn (355μg/l), 
Ni (22.7μg/l) and Al (70μg/l) when compared to the sediment and groundwater since these heavy 
metals are deposited on the sediment due to the heavy metal precipitation activity in the water body.
It also observed that the heavy metals like As, Cr, Rb, V, Zr are with in the permissible limits in the 
groundwater and in other words these heavy metals are not reaching the groundwater body due to 
their adsorption in the soil and sediments. The data is also analysed by preparing the contour map 
for each heavy metal to know their spatial distribution in the study area.
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It appears that the pathway of the heavy metals is that there is an accumulation of heavy metals in the 
soil initially when the industrial effluents and domestic dumpings are spread on the ground. During 
the monsoon season the heavy metals are directly reaching the groundwater body by traveling along 
the infiltrated water from the soils. The heavy metals are also traveling to the near by water bodies 
through surface runoff generated from these contaminated soils. However the surface water body 
is not retaining the much of the heavy metals but, it is depositing in the sediments of the lake bed. 
Consequently some of these heavy metals from the sediments are reaching the groundwater body due 
to recharge from the lake waters.

Ground water samples are also analyzed with Ion chromatography for major cations such as Na+, K+, 
Ca+2,Mg+2 and major anions Cl-, F-, NO3

-, SO4
-2, HCO3

-. These ions are found in the groundwater 
more than permissible limits of drinking purpose. it is finally concluded that the groundwater in the 
study area is not suitable for drinking purpose in view of its heavy metal contamination and higher 
concentrations of major ions. Besides, suitability of water for irrigation is evaluated based on sodium 
adsorption ratio, residual sodium carbonate, sodium percent, salinity hazard and USSL diagram. It 
is found that groundwater in the study area is suitable for irrigation purposes.
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The Distribution and Accumulation of Emerging Pollutants in 
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Introduction/Problem Identification
Emerging pollutants can be defined as any synthetic or naturally occurring chemicals or any micro-
organisms that are not commonly monitored in the environment, but they have a potential to enter 
the environment and cause known or suspected adverse ecological and (or) human health effects. These 
pollutants found in various environmental components in trace levels (pg/l – ng/L). Some of them 
not or very slow degraded and most of emerging pollutants are man – made organic and nonorganic 
chemicals being introduce into the environment by anthropogenic inputs. Increasing standards of 
living, economic changes and human population growth leads to the rising of different chemicals 
consumptions in households, office, industries, agriculture. Ten thousands of man-made chemicals 
used in the society enter water resources and drinking water.

Analysis/Results and Implications for Policy and/or Research
Urban systems is the major source of the emerging pollutants in the water, as they use to export vari-
ous contaminants mainly with run-off and wastewaters in rivers and other water bodies. Entering the 
water media, trace metals and pharmaceuticals are able to distribute in water resources and accumulate 
in the sediments and living organism.The research is focus on the distribution and accumulation of 
the pharmaceuticals and trace metals in the water and sediments of rivers in the Kharkiv city. The 
Kharkiv city is one of the biggest urban agglomeration in Eastern Ukraine with population c.a. 1.5 
mln., well developed industrial infrastructure, but the city is limited in surface water resources. The 
aim of the study was (a) determine the distribution of pharmaceuticals and trace metals in the Udy 
and Lopan Rivers within the Kharkiv city; (b) identify the potential environmental and health risks 
of these substances accumulation in the water bodies; (c) propose the measures for the prevention and 
reduction of the pollution.The study has been done in the framework of the scientific French-Ukrainian 
collaboration within ERASMUS MUNDUS Lot 6/7 (Belarus, Moldova, Ukraine) financed by EU 
and “DNIPRO” project (2009/2010), supported by the Ministry of Education and Science, Ukraine 
and Ministry of Foreign Affairs, France. The results of the monitoring of emerging pollutants in 
the rivers of the Kharkiv city in 2008-2010 shows, that the urban area is significant contributor to 
the contamination of water bodies by trace metals and pharmaceuticals. Taking into account, that 
levels of these compounds vary daily and seasonally and considering therefore that using the grab 
sampling methods can be inefficient, the passive sampling with POCIS (Polar Organic Chemical 
Integrative Samplers) and DGT (diffusive gradient in the thin film) devices has been chosen for the 
water characterization together with standard techniques. The passive sampling method is based on 
the free flow of pollutants from the sampled medium to a receiving phase located on the sampling 
device. The net flow of the pollutants continues until the establishment of equilibrium or the inter-
ruption of the sampling period. Our study has targeted 21 pharmaceuticals and 8 toxic metals and 
Ag as urban tracer supposed to be present into the sampled rivers. It was detected 11 pharmaceuticals 
(aspirin, ibuprofen, naproxen, ketoprofen, diclofenac, nordiazepam, salbutamol, carbamazepine, caf-
feine, paracetamol, diazepam) in the Udy and the Lopan Rivers in the city. The pharmaceuticals were 
detected in sites downstream and upstream of the municipal wastewater treatment plants discharges. 
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The most prominent (found in more than 70 % passive sensors) were diclofenac, carbamazepine and 
caffeine.As, Cd, Cr, Cu, Hg, Ni, Pb, Zn and Ag were found in the riverine water and sediments on the 
territory of the Kharkiv city. Among the metals the highest rate accumulation in riverine sediments 
observes for the Ag, Cd, Cr, Pb, Ni, and Zn. The significant contamination of labile forms (the most 
bioavailable one) was for Cr, Pb, Ni and Zn. The comparison of the data with the different environ-
mental quality guidelines shows that presences of Zn and Pb in water and sediments associates with 
highest environmental and health risks.The highest concentrations of almost all compounds have been 
measured in sites located downstream of the municipal wastewater treatment plant discharges. This 
is explained by the poor wastewater management facilities of the Kharkiv city, with low efficiency of 
treatments, mixing of untreated wastewaters from hospitals and lack of environmental education in 
the Ukrainian society. Most of the contaminants detected in wastewaters can reach ambient waters 
and represent a significant environmental concern.

Also, during the reduced river flow period the wastewater value is in 21 times higher the upstream 
water flow. All of these factors lead to the formation of urban pollution anomalies, where the level of 
contamination by trace metals significantly increases the regional baseline and inputs of pharmaceuti-
cals result in the accumulation of these specific components in urban waters.It was also found that the 
presence of pharmaceuticals and trace metals exhibits seasonal variations. The anthropogenic inputs 
(wastewater discharges) affect the trace metal concentrations in a strong manner during the low flow 
summer period while increased flow conditions during the cold season provides a better dilution of 
pollutants. Fluxes of metals during the hot low-flow summer period were less compared to the cold 
high-flow winter period. This indicates that the metal release is continuous and at the same time 
seasonally variable depending on both natural and socio-economic conditions in the studied region. 
The seasonal variation of the pharmaceuticals was possibly related to the difference in the type of 
consumed medicaments and activity of living organisms in the water.
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SIWI – Independent and Leading-Edge Water Competence
for Future-Oriented Action

The Stockholm International Water Institute (SIWI) is a policy institute that 
contributes to international efforts to combat the world’s escalating water crisis. 
SIWI develops and promotes future-oriented and knowledge–integrated poli-
cies, towards sustainable use of the world’s water resources leading to sustainable 
development and poverty eradication.
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