Chapter 2
Urban Stream Management Using Spatial
Approaches for Stream Clean-Up Data

Patrick Lawrence

Abstract In recent decades many local communities, supported by state, federal
and/or international programs, have engaged in efforts to remove human debris
from urban stream systems. Typically these clean-up events have involved volunteers
who collect garbage and other waste from stream banks or from the water. The aims
of these programs are to improve overall stream conditions — especially aesthetics —
and remove harmful materials from stream environments including tires, plastics,
metals and other potential items of concern such as paint cans, and rubber products.
Although many of these efforts report basic data on items collected, with the reports
and information often submitted to agencies or the focus of media reports, beyond
basic types and numbers of information collected, the data and report do not typi-
cally contain any geospatial aspects such as locations, areas cleaned, collection of
specific items tied to locations, or addressing possible sources for the debris. Since
1997, local groups within the Maumee Area of Concern in northwest Ohio, USA
have been organizing an annual stream cleanup event in their communities that has
evolved to over 1000 participants working at more than 60 sites covering 4 streams.
This chapter examines the results for the Ten mile Creek/Ottawa River clean-up
sites using detailed site specific data from 1995 to 2006 that includes items collected
and recorded on data forms and then compiled by location and types of items and
examined in reference to spatial aspects of management actions including consider-
ing potential sources and addressing local land use and human activities contribut-
ing the specific items collected at locations along the stream. Results include
identifying the top ten items collected and examples of locations where items can be
tied to adjacent land uses for purposes of identifying actions to address continued
and persistent sources of debris and needed responses. The recommendations and
proposals based on this study are intended to inform decision-makers not only at the
local scale but to influence how stream clean-up data can be utilized and to improve
reporting of this information. And with the aim of encouraging the collection of
geospatial and location aspects as a means of furthering utilization of urban stream
clean-up data to support and assist management actions to address aesthetic aspects
of urban stream environmental improvements and rehabilitation efforts.
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2.1 Introduction

Among the many challenges facing urban streams is the growing issue of debris (or
garbage) from various human activities and sources that end up in the waterway,
along the banks, and within the riparian zone (which defines the edge of stream
ecosystem). Common examples of this debris are paper and plastic products such as
food containers and wrappers, construction materials, cigarette items, glass items,
personal care products, household materials, clothing, and many other items
discarded from residential, commercial or industrial sites typically found in urban
settings (American Rivers n.d.). These items cause concern for their impact on
visual or aesthetic appearances and as potential sources of water contaminants as
they degrade in the natural environment (Allison et al. 1998; Burres 2009; Stickel
et al. 2013). For example, the byproducts from the slow, but eventual, decay of
rubber, plastic and other synthetic materials can be introduced into the stream
aquatic environment. In recent decades concerted efforts have been undertaken in
many urban communities to remove stream debris through directed local clean-up
events organized by concerned groups and organizations (Riley 1998). These efforts
mirror similar programs that focus on coastal and ocean debris.

In 2013, the Ocean Conservancy reported that the International Coastal Cleanup
effort held worldwide resulted in 648,015 volunteers in 92 countries removing more
than 12.3 million pounds of trash. The International Coastal Cleanup started in 1987
and has expanded to cover almost 13,000 miles of coastal and river/streams in more
than over 80 countries worldwide (Ocean Conservancy 2014). In terms of cleanup
of debris specifically from urban rivers and streams, several major programs have
developed in many areas, including in the United States within California, Illinois,
Wisconsin, Michigan, Ohio, Maryland, Pennsylvania, and New York State (Wang
2005; Missouri River Relief n.d.; Susquehanna River Basin Commission 1996).
Internationally, examples include Australia, New Zealand, Israeli, Malaysia, and the
United Kingdom.

Riley (1998) provides a comprehensive review and discussion of the challenges
facing urban streams and rivers and provides science and community based
solutions, that includes the need to remove unwanted debris.

A major portion of stream problems can be corrected by removing garbage, junk, and
dumped waste from stream channels. Debris can deflect stream flows, causing significant
bank erosion...may pollute the water... definitely destroys the aesthetic values of urban
waterways; and it can back up flows, causing flooding

Neighborhood stream cleanup projects are likely the most cost-effective flood damage
reduction and water quality control projects a local organization can invest in (p. 328).

Addressing debris from human activities has been the focus of numerous pro-
grams and policies within urban communities. The California Coastal Commission
(n.d.) has produced a management plan to assist local municipalities in addressing



2 Urban Stream Management Using Spatial Approaches for Stream Clean-Up Data 7

trash and debris from storm water and urban runoff before it ends up in ditches and
streams. Their recommendations include installing catch basin screens, netting,
separators, litter or trash booms, and using anti-littering enforcement and education,
along with organized community volunteer cleanups. The California Water Boards
(2007) completed extensive assessment of trash found in streams within the San
Francisco Bay region to identify potential sources and recommend management and
regulatory solutions. The U.S EPA (2011) produced an informational flyer
highlighting the issues and challenges with trash found in urban and coastal com-
munities and how streams and rivers can be a significant source of garbage that can
be harmful to aquatic ecosystems and the associated economic impacts from the
subsequently polluted and degraded waterways. The Maryland Department of
Environment (2010) completed an extensive study of daily loads of trash into the
Anacostia River, pointing out the need for addressing sources.

For international examples, Golik and Gertner (1992) counted litter removed
from six beaches located in Israel noting a density of 36 pieces per 5 m transect and
that 70 % of the litter consisted of plastic with wood, metal, glass, and other materi-
als making up the remainder. Their results suggested that proximity to a population
center resulted in an increase to the amount of beach litter and that the presence of
waves and storm events resulted in re-accumulation of litter on beaches frequently
throughout the year. They also noted that unlike other coastal areas where ocean
shipping and dumping were sources, within their study it was apparent that the rec-
reational users of the beach were the main contributors as the litter consisted of
items resulting from their activities (items included food and beverage materials,
cosmetics, plastic bags, toys and garments).

It is important to note that in reference to this study, the focus on urban stream
cleanup programs is on the sources and types of urban stream debris or garbage that
is the result of human activities, and not the removal of woody debris or other natu-
ral materials that can also accumulate in urban streams. There is considerable debate
and disagreement as to the need and the potential harmful impacts from the inten-
tional removal of woody debris (such as tree falls) from stream and river systems.
Although some programs and efforts are in place to remove such materials from
streams due to their potential for backing up water flow resulting in upstream
flooding or diverting stream flow energy into an adjacent stream bank creating
potential for increased erosion, the practice of removing woody and other forms of
natural debris from urban streams remains controversial. The New York State of
Environmental Conservation (n.d.) has provided guidelines for the removal of
woody debris and trash from rivers and streams where the debris could impact water
flows by blocking bridge and culvert openings, diverting streams and causing bank
erosion. They recommend that large woody debris (trees) found in the stream should
be removed when it presents a risk to infrastructure, bridges or homes. Lassettre and
Kondolf (2012) promote whether possible the conservation of woody debris in
urban streams channels in order to maintain their important and well documented
benefits as forms of natural habitat, sources of organic matter, and potential food
sources. Readers interested in more details and discussion focusing on the specific
issue of removal of woody debris from urban streams are referred to Larson et al.
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(2001) or NSW Department of Primary Industries (2007), and research focused on
the role of woody debris, for example Marcus et al. (2002).

Another view is taken by Nemeth and Keirsey (1999) who argue that organizing
debris removal along stream channels, including woody debris, can serve little pur-
pose if the streams remain stressed and devoid of life due to other human impacts;
so why undertake the effort. The aim to make urban streams more “scenic” could be
impacting the aquatic health of such natural systems. Nemeth and Keirsey (1999)
extend their comments further to suggest that even the removal of human debris,
such as wooden pallets, shopping carts, and tires could be seen as a means of creat-
ing aesthetic benefits that masks more serious environmental concerns associated
with contaminated urban streams and related significant water quality concerns all
too often present in these environments.

However, for the purposes of this study, the focus will be on how organized
efforts to remove debris from human sources are undertaken by community organi-
zations along urban streams. Of specific interest are whether data on items removed
are collected and intended to be utilized to address source areas to implement vol-
untary or regulatory means to eliminate the sources so as to stop continued and
persistent locations of stream debris? If such efforts are intended, what measures
and methods are used to collect and organize the data and are any spatially based
approaches used to identify stream sites where debris is found and collected, along
with noting proximal source locations for this debris to determine appropriate fol-
low-up management actions.

2.2 Stream Clean-Up Programs

The Ocean Conservancy prepares annual reports on International Coastal Cleanup
(ICC) efforts worldwide, but does not provide an indication of the total number of
clean-up programs or sites or distinguish between coastal and rivers/streams.
However, the data do provide some insight as to the number of cleanup events and
types of debris collected. During the 2013 ICC event, 648,015 volunteers covered
12,914 miles of shoreline and rivers/streams, removing 12.3 million tons of debris
(Ocean Conservancy 2014). The most common items collected were: cigarettes,
food wrappers, plastic bottles and caps, straws, plastic bags, glass bottles, and bev-
erage cans. The 2014 report also includes case studies and highlights from several
locations and examples of efforts undertaken to reduce the amount of debris found
at some sites. Beyond summary data by country (and by state within the U.S), there
is no spatial context to the reporting of collections or responses to address sources.

Information on specific individual stream cleanup activities also appears to be
limited, with most materials consisting of promotional items intended to inform and
recruit volunteers and instructions/guidelines for conducting a cleanup event. The
Western Michigan Environmental Action Council (n.d.) provides detailed instruc-
tions on how to undertake a stream cleanup, focusing on organizing volunteers,
insurance and safety issues, gaining permission to access properties, materials and
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supplies, and planning the event. Water Action Volunteers (2001) provides a simple
ten step guide to conducting a stream and river cleanup, including list of materials
and promotion of the event as well as the results and outcomes. In June 2011 the
Friends of the Los Angeles River and Friends of the Chicago River (2011) produced
a media release highlighting their friendly challenge to gather the most volunteers
for their respective cleanup events. Since 1992 Friends of the Chicago River have
collected thousands of pounds of garbage at 65 sites, while starting in 1989 the
Friends of the Los Angeles River volunteers worked 15 sites, averaging 15 tons
each year.

These types of summaries for urban stream cleanup activities appear to be the
most the common form of reporting, with little information on specific sites or iden-
tification of sources areas that could be targeted for follow-up actions. In some cases
urban stream cleanups are often undertaken in the context of larger regional water-
shed efforts as shown by such work undertaken within the Susquehanna River in
Pennsylvania, where a local river basin compact was signed that dictated any dump-
ing or littering upon the waters of the river or its tributaries was prohibited and was
to be enforced by law enforcement officials (Susquehanna River Basin Commission
1996). There is very little evidence, reporting or documentation that urban stream
cleanup efforts include methods or procedures — beyond counting number of volun-
teers, number of sites, miles cleaned, bags filled or weight of debris collected — to
accurately document site specific results in terms of what is collected, where it is
collected, and the identification of potential sources for the debris.

The focus of this study was to conduct a review of site level data from a multiple
year period of cleanup activities within the Tenmile/Ottawa River watershed on the
Maumee Area of Concern, located in northwestern Ohio, US. An annual stream
cleanup event has been undertaken there since 1997, with detailed site information
collected on types and total numbers of items collected by teams of volunteers. To
date beyond summary reports by watershed, no detailed examination and analysis
has been completed of the data from this cleanup activity. In addition, by working
at the scale of the collection site it will be possible to examine the spatial context for
items collected and consider proximal locations as sources for the debris collected.
Such a study will provide opportunities to discuss and recommend how spatial
aspects of urban stream cleanup activities should be examined and the benefits pro-
vided by such approaches in terms of future planning of subsequent cleanup events
and addressing potential continued dumping or other site specific issues associated
with the persistence of debris located at cleanup locations.

2.3 Maumee Area of Concern Clean Your Streams Event

Partners for Clean Streams (PCS) is the regional non-profit watershed organization
in Northwest Ohio. PCS aims to strive for abundant open space and a high quality
natural environment; adequate floodwater storage capacities and flourishing wild-
life. Through various programs and activities, PCS encourages stakeholders to take
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local ownership of their aquatic resources, striving for local rivers, streams and
lakes that are clean, clear and safe. This mission is achieved through many habitat
restoration projects, public education, and volunteer opportunities and partnering
with local businesses and organizations.

PCS is the umbrella organization for the Maumee Remedial Action Plan
Committee in the Maumee Area of Concern (AOC), which is located in northwest-
ern Ohio, US (Fig. 2.1). The Maumee AOC, which is the largest Great Lakes Area
of Concern in the state of Ohio, has a complex list of water quality issues — referred
to as Beneficial Use Impairments (BUIs) — which PCS works with the Ohio
Environmental Protection Agency, other federal and state agencies, local munici-
palities, community partners, and volunteers EPA to address (Lawrence 2011).
Efforts to address BUIs within the Maumee AOC have been undertaken since 1987
through various local organizations and partnerships with numerous local and
regional partners and agencies, including associated programs within the State of
Ohio intended to address Lake Erie (Ohio Lake Erie Commission 2013). For more
information on the work of PCS in the Maumee AOC, readers are referred to: www.
partnersforcleanstreams.org.

The Degradation of Aesthetics (BUI #11) has been addressed by various stream
cleanup programs in the community, including a major event — Clean Your Streams
(CYS) held each fall since 1997. CYS targets all types of trash in five major water-
ways including many tributaries and ditches, all within the Greater Toledo
Metropolitan Area of the Maumee AOC. More than 70 volunteer groups pre-register
and hundreds more volunteers “walk in” the morning of Clean Your Streams held
each September. This includes youth groups, small businesses and large corpora-
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Fig. 2.1 Maumee Area of Concern, NW Ohio
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tions, school groups, professional clubs, church groups, Scouts, YMCA programs,
urban youth at risk groups, and various adult organizations.

For the Clean Your Streams program, trash is collected by different organiza-
tions, depending on location. The City of Toledo, OH and Lucas County mainte-
nance crews donate the pick-up and deposition of collected refuse in the Hoffman
Road Landfill. In and near the City of Oregon, OH, a private hauler, Waste
Management, donates the hauling of the trash and disposes it at Evergreen Waste
Management Landfill. Starting in 2013, all tires collected in our river cleanups were
picked up by Bridgestone/Firestone contractors who worked directly with a local
distributor to take the tires to a recycling facility in accordance to their “One Team,
One Planet” program. More information on the annual CYS event planning and
results can be found at: www.partnersforcleanstreams.org.

The Clean Your Streams event facilitates volunteers to remove all types of trash
from local streams. In the past 17 years, thousands of volunteers have removed over
100 tons of trash from over 30 miles of ditches, streams and rivers around the
Toledo, OH region. During the 2014 CYS event, 57 different streamside sites were
cleaned and 16,366 Ib of litter with 903 bags of trash were removed and disposed of
properly. All of this litter had been disposed of improperly or illegally and through
our volunteer efforts was collected and disposed of properly. Close to 1000 volun-
teers met for a brief introduction and safety training at 8 centralized kickoff loca-
tions and then spread out to designated sites and cleaned for about 2.5 h. After
removing the often illegally dumped litter, these cleaner areas could have increased
recreation use, improved water quality conditions, better aesthetics, biological pro-
ductivity and reduction of waste related pollution (e.g. byproducts from breakdown
of plastics). In addition to removing the trash, this program serves as an education
tool to volunteers and passersby about litter. The amount of trash collected during
CYS has increased from 15,315 to 18,882 1b in 2011 and 2012 respectively and
16,366 1b in 2013. In 2013, 903 bags of trash were collected, in addition to 96.5 tires
and various types of “oversized” items too large for bags. These weights are esti-
mated by our volunteers in the field and reviewed by the individual site coordinators
and the event coordinator. The weights and number of bags and types of items col-
lected are recorded on data sheets representing a team of volunteers.

Since 2013, the CYS program has significantly expanded in the number of vol-
unteers and sites cleaned: from 726 volunteers and 40 sites to 1,175 volunteers and
60 sites being cleaned in 2011 and 2012 respectively. In 2013, there were 941 vol-
unteers and almost 60 sites cleaned. There has been an increase of 22 % participa-
tion in the past 2 years, which is typical for the historically expanding numbers of
the event. In terms of documentation, the individual data cards, which include
information on the types and numbers of items collected by small working groups,
are collected and annual summaries prepared for each of the five watershed to com-
plete reporting on number of volunteers, sites worked, stream miles covered, total
bags filled, and estimated weight of all bags and large items collected and removed.
Each year these data are also compiled into an event report that covered the entire
cleanup effort within the Maumee AOC and reported to the Lake Erie Commission
office, which includes the information in the annual report for the Ohio Coastal
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Weeks program (statewide stream, river and Lake Erie cleanup event in the State of
Ohio 1 week each September) and the state information is submitted to the Ocean
Conservancy as reporting for the International Coastal Cleanup.

2.4 Stream Clean-Up Data

Since 1987, the collection of stream cleanup data during CYS has consisted of the
standard data collection form provided by the Ohio Lake Erie Commission. On this
form volunteers can indicate the number of items collected by selecting from a
comprehensive list of potential items covering the wide range of typical cleanup
debris found during such events. They can also identify, list and count any addi-
tional items not listed as well as note any odd, peculiar or unique items. Once their
cleanup is complete, the volunteers (in small teams of 3-5 people and working at
assigned cleanup sites) tally their results by item and provide indication of the num-
ber of bags collected and total estimated weight of bags and any large items. These
cards are then collected and the data summarized into watershed and overall reports
for the entire Maumee AOC that was the focus of the cleanup effort. For example in
2014, hundreds of individually completed cards from the CYS event, were com-
piled to prepare a report highlighting the effort by 1,109 volunteers working at 61
sites within 4 watershed to collect over 16,000 1lbs of items (same types of data also
available for each of the watershed).

Historically, data on the types and numbers of items collected were not summa-
rizes on the basis of individual sites within a watershed. During this study, each
individual data card completed by volunteers within the Tenmile Creek/Ottawa
River watershed during CYS over the 10 year period of the event from 1995 to 2006
was reviewed and information on the totals of individual items was assembled into
a database inventory. The resulting data set included information collected for a
total of 22 different collection sites (Fig. 2.2) used over the 10 year period at which
over 88,000 individual items were collected and inventoried on the site data cards.
A total of 20 different types of items were collected. Figure 2.3 illustrates a sum-
mary of top ten items collected, led by food wrappers and containers (18 % of total),
plastic bags and wrappers (12 %), and metals cans at 12 %. Of note is that food or
beverage related items, associated with fast food or grocery related products,
accounted for four out of the top five items collected.

The next step in the analysis was to examine the 10 year trend in the data from
the CYS event during the period 1995-2006 to see if there were any differences
over time in reference to the relative amounts of different items collected. Figure 2.4
displays the trends for the top ten collected items from the Tenmile Creek/Ottawa
River watershed 22 sites. Although there is considerable variability from year to
year and over the 10 year record, a few general trends can be observed. The amount
of food wrapper and containers (expressed as a % of the total) shows an increase
from under 3 % prior to 2002, to becoming the most common item collected in 2006
at 31 % in 2006. Although not increasing as dramatically, there were also increases
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Fig. 2.2 Data collection sites from Tenmile Creek/Ottawa River
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Fig. 2.4 Top 5 items collected, 1997-2006

in the number of plastic bags and cups over the decade period. However, caution
should be expressed about attempting to draw to many specific inferences from this
data set, since the collection of the information is based on the recording of items
from a large number of differing volunteers, who although all are using the same
type of data card, may not be consistent in terms of what is being collected and how
itis recorded. But it is worth noting these general trends in considering future stream
cleanup events within the CYS program and how the variations in items collected
could inform event planning, targeted efforts at collection, and discussions regard-
ing implementing debris sorting during CYS for separating recyclables. Such issues
will be covered in more detail within the discussion section of this chapter.

Another level of basic analysis that was completed was at the site level, where for
each of the 22 sites the collection data were compiled into annual calculations of
total and % collected by item, and trends of the ten most common items collected.
Since the sites extended from rural suburban to high density residential to mixed use
with recreational (open space) lands to commercial/industrial land uses, there was
interest in not only examining debris cleaned up at individual sites, but also whether
differing local and proximal land uses may have an impact on items deposited (or
dumped) and subsequently picked up by CYS volunteers. Decadal trends would
also assist in the identification and assessment of problematic sites where items
were collected year after year so as to consider various actions to stop reoccurrence
of the presence of items at these sites.

In examining the collection of the most common items collected at each of the
22 sites a few interesting occurrences and general trends were observed and docu-
mented. For example, in the sites located near to roads or major street intersections
more windblown and “floaters” were collected, such as paper products and plastic
bags. As we move from the upstream sites and head down the river from mile 17 to
mile 10 we can observe an increase in plastic bottles. In parkland and other public
accessible areas, more cigarette butts are collected. Yet, food wrappers and contain-
ers (from fast food and grocery stores) remains consistently high in amounts at all
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22 collection sites. Glass bottles and metal cans did not observe any spatial trends
and remained in low accounts at all sites and over the entire decade collection
period.

The final level of analysis involved an attempt to examine the dominant land use
activities located along the stream collection sites and with the adjacent Y2mile
proximity. The aim was to examine whether trends in the types and amounts of
items collected at an individual stream site could be related to those human activi-
ties associated with land uses resulting in the deposit and subsequent wind or water
movement of debris into the edge of stream or bank. In order to conduct this analy-
sis a set of representative sites were examined, each of which had a distinctive set of
adjacent land uses. The land uses were documented and characterized on the basis
of examining recent aerial images for the sites. Sites selected included: mixed
residential/commercial with parkland; floodplain area that included golf course and
parkland with trails; the University of Toledo main campus; and an industrial/
commercial land use site. Figure 2.5 represents the preliminary characterization of
the mix of land uses located at the Ottawa Park floodplain site. The colored arrows
represent conceptualization of potential major vectors for the transportation — via
wind or water — from the source area (initial production or deposition) into the
collection site at the stream edge. Orange represents movement off local park trails
and other public access points around the park; yellow shows sources from an

Ottawa Park Floodplain
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Fig. 2.5 Vectors of potential debris movement from adjacent lands into the Ottawa Park CYS site
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adjacent residential neighborhood that would include homes, apartment buildings,
parking lots, sidewalks, driveways and streets; while red portrays stream flow and
floodplain deposition from the river into the golf course and parklands. By this
means we can start to examine the collection of items from the stream cleanup
activities in the context of sources and associated land use and human activities.

Also in preparing for the 2014 CYS event, the first attempt at assembling over
20 years of data on collection sites, including locations and organizing the individ-
ual site maps that had been prepared to assist volunteers in finding their assigned
cleanup sites and providing them detailed information on parking, access, and
where to pile their final bags with items collected for follow-up garbage hauling,
was undertaken. Since the aim was to produce a consistent set of site maps (see
example; Fig. 2.6) that could be readily accessible to a wide range of volunteers,
rather than develop map and spatial materials by use of GIS, the decision was to
prepare aerial images and resulting map products by use of Google Earth. Since
2008 over 60 individual site maps have been produced for use by event organizers
and volunteers, including regular revisions and updates and adding new sites as
requested by the CYS planning team members and individual kickoff coordinators
responsible for site selection and allocation of volunteers across each of the five
watersheds covered by the event each September.

In order to assist future CYS event planning, and to document the range and area
covered by the cleanup efforts across numerous local municipalities within the five
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Fig. 2.6 Example of a CYS site map
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Fig. 2.7 CYS site listing map for Maumee Area of Concern

watersheds, for the first time a master CYS site map was also prepared listing by
watershed every individual cleanup site used since 2000. Figure 2.7 shows the final
product of this effort with over 100 sites map and color coded to each watershed,
which provides a helpful understanding and illustration of the collective efforts
undertaken by CYS volunteers to address stream cleanup needs within our local
communities. An accompanying database was also developed that lists every site
and its important characteristics and conditions, including GPS point, access,
parking, stream miles to be cleaned, and where to leave debris collected for subse-
quent garbage pickup by municipal hauling services.

2.5 Discussion

As stream cleanup events continue to expand and increase in number both in the
United States and worldwide — as an expression of the need to address restoration of
urban streams and provide community based volunteer programs related to environ-
mental concerns and issues — the ability and opportunity to move simply beyond the
education value and “picking up garbage” should be expanded. Suggestions include
using spatial data as means to address substantive improvements to reduce the
amount of urban stream debris. As the example with the Clean Your Streams event
in the Maumee Area of Concern in NW Ohio has illustrated, assembling data on
locations and items collected can have additional value, especially in regards to
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identifying potential sources of debris from local and adjacent land uses and human
activities, to noting targeted areas for continued cleanup efforts, to enacting policy
and educational programs and efforts to reduce waste and collection along urban
streams with communities of the Toledo OH region. Basic spatial approaches,
including production of data based on location, annual and geographic trends, pro-
duction of mapping of collection and site conditions, can all improve the actual
stream clean up events, but also advance local and community discussions and
efforts surrounding solutions and raising awareness of illicit dumping, problematic
repeat offenders in terms of locations and nearby human activities that continue to
generate debris, and improving public awareness around the importance of urban
streams and efforts to address water quality, habitat, aesthetics and other aspects of
their overall environmental conditions.

After over 20 years of the CYS program, and in the detailed examination and
analysis of 10 years’ worth of site level cleanup data from the Tenmile Creek/
Ottawa watershed within the Maumee AOC covered under CYS, clearly great value
has been — and can continue to be — recognized by considering the temporal and
spatial aspects of the distribution of debris. For example, what is being cleaned up
and where, and starting to consider beyond the actual cleanup, what progress be
made on addressing some of the fundamental issues related to the production and
location of debris located and removed from urban streams with the local communi-
ties. Specific efforts and action items that have been undertaken as a result of CYS
and reviewing results include targeted efforts to collect and safely dispose of car
tires, annually reassessing cleanup site locations to target new sites that need to be
addressed, discussing long term problem sites and how to better address continued
debris dumping with land owners and municipal officials, and especially focusing
cleanup efforts in association with areas of urban streams that have also been the
location for recent natural habitat restoration projects, so that in hand with the
improvement to water quality and associated environmental benefits achieved at
those sites from those projects, debris removal can also add to the environmental
improvements. Examples within the Maumee AOC where CYS efforts have been
linked to restoration efforts include the Ottawa River at the Boy Scouts of America
Camp Miakonda and University of Toledo main campus, and on Swan Creek at
Highland Park.

Similar efforts and program enhancements for stream cleanup events should also
be pursued at other locations, especially where well established and organized
activities are already in place and supported by volunteers and organizations to
facilitate such events. Especially at those stream cleanup events where data on
debris collected is already recorded, for example at events conducted as part of the
International Coastal Cleanup program. These programs should consider more
widely how the data can be used to examine spatial context as a means to better
address stream debris issues and assist with broader education and decision-making
that could begin to make progress in reducing urban stream debris. Spatial analysis
methods and products, as simple as basic mapping, use of GPS, developing data and
event support systems based on use of geographic information system (GIS) and
event applying Google Earth and other publically available, user friendly, web
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based or open source mapping applications and spatial tools could be of great assis-
tance to event planning, measureable outcomes of results, and drive solutions to
address and ultimately reduce urban stream debris issues within communities.

2.6 Conclusions

With the increased interests and efforts in regards to the restoration or rehabilitation
of the degraded natural systems and conditions of urban streams, the use of spatial
concepts and tools has great appeal to advancing our understanding of these features
and considering community based decision making and planning responses to
address their improvements. Rarely are urban stream ecosystems uniform in terms
of their environment conditions, human impacts or potential solutions in addressing
water quality, sediment, habitat, landscape functions and features, flooding and
drainage, and overall beautification. It would be great benefit for those involved at
the community scale in working to understand and address these issues to consider
or make wider use of spatial approach tools for informational, technological, plan-
ning means to determine science and social responses and solutions.

Although stream cleanup efforts are only one approach to resolve a specific
urban stream issue- the persistent presence of debris in stream ecosystems due to
human activities and land uses — the simple collection and removal of such items is
often the only step taken. The richness and potential application and understanding
of the data of locations and items collected could greatly enhance overall efforts to
improve public awareness and education efforts concerning urban streams, and spa-
tial understanding of the debris can lead to improving cleanup events and informing
as to considering solutions to address the sources of such items in order to take a
more broader view of addressing debris in the context of overall stream enhance-
ments and restoration efforts.

Urban stream cleanup programs provide great community and environmental
benefits and provide a venue to advance education and public awareness on the
importance and value of these often stressed ecosystems. The increased number of
such events, as evidenced by the information on cleanup activities by the Ocean
Conservancy with annual reporting of the International Coastal Cleanup activities
worldwide, is a very encouraging and positive sign as to the rise in appreciation of
urban streams within our communities and the willingness of volunteers to assist in
the organization and undertaking of this effort. In many cases, the collection of
relevant and important data on the debris collected can result in better understand-
ing of the types of items ending up in urban streams and target areas and sources to
of these items. In this regard it would be encouraging to see that spatial aspects be
more widely considered and the use of associated mapping and analysis tools — as
presented in this chapter with the CYS program in NW Ohio, US — be more widely
implemented for urban stream cleanup efforts and that by doing so enhance the
overall aims to improve these ecosystems in our communities and advance better
understanding and appreciation of urban sustainability movements and how critical
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addressing the contamination and degradation of streams is within the various
approaches, efforts and opportunities to restore where possible natural environmen-
tal conditions in urban settings.
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