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Landscaping and Lawn Care 

Pollution Prevention/Good Housekeeping for Municipal Operations  

Description  

This management measure seeks to control 
the storm water impacts of landscaping and 
lawn care practices through education and 
outreach on methods that reduce nutrient 
loadings and the amount of storm water 
runoff generated from lawns. Research has 
indicated that nutrient runoff from lawns 
has the potential to cause eutrophication in 
streams, lakes, and estuaries (CWP, 1999a, 
and Schueler, 1995a). Nutrient loads 
generated by suburban lawns as well as 
municipal properties can be significant, and 
recent research has shown that lawns 
produce more surface runoff than 
previously thought (CWP, 1999b). Pesticide runoff (see Pest Control fact sheet) can contribute 
pollutants that contaminate drinking water supplies and are toxic to both humans and aquatic 
organisms.  

Landscaping, lawn care, and grounds maintenance are a big business in the United States. It has 
been estimated that there are 25 to 30 million acres of turf and lawn in the United States (Robert 
and Roberts, 1989, Lawn and Landscape Institute, 1999). If lawns were classified as a crop, they 
would rank as the fifth largest in the country on the basis of area, after corn, soybeans, wheat, 
and hay (USDA, 1992). In terms of fertilizer inputs, nutrients are applied to lawns at about the 
same application rates as those used for row crops (Barth, 1995a). The urban lawn is also 
estimated to receive an annual input of 5 to 7 pounds of pesticides per acre (Schueler, 1995b).  

Not many residents understand that lawn fertilizer can cause water quality problems overall, less 
than one-fourth of residents rated it as a water quality concern (Syferd, 1995 and Assing, 1994), 
although ratings were as high as 60 percent for residents who lived adjacent to lakes (Morris and 
Traxler, 1996, and MCSR, 1997). Interestingly, in one Minnesota survey, only 21 percent of 
homeowners felt their own lawn contributed to water quality problems, while over twice as many 
felt that their neighbors' lawns did (MCSR, 1997). Unlike farmers, suburban and rural 
landowners are often ignorant of the actual nutrient needs of their lawns. According to surveys, 
only 10 to 20 percent of lawn owners take the trouble to take soil tests to determine whether 
fertilization is even needed (CWP, 1999). The majority of lawn owners are not aware of the 
phosphorus or nitrogen content of the fertilizer they apply (Morris and Traxler, 1996) or that 
mulching grass clippings into lawns can reduce or eliminate the need to fertilize. Informing 
residents, municipalities, and lawn care professionals on methods to reduce fertilizer and 
pesticide application, limit water use, and avoid land disturbance can help alleviate the potential 
impacts of a major contributor of nonpoint source pollution in residential communities.  
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Applicability  

Lawn care, landscaping, and grounds maintenance are done in all parts of the country, in all 
types of climates, and in every type of community from rural to urban. Lawn fertilization is one 
of the most widespread watershed practices conducted by homeowners. In a survey of resident 
attitudes in the Chesapeake Bay, 89 percent of residents owned a yard, and of these, about 50 
percent applied fertilizer every year (Swann, 1999). The average rate of fertilization in 10 other 
resident surveys was even higher, at 78 percent, although this could reflect the fact that these 
surveys were biased toward predominantly suburban neighborhoods, or excluded non-lawn 
owners. Because lawn care, landscaping, and grounds maintenance are such common practices, 
education programs for both residents, municipalities, and lawn care professionals on reducing 
the storm water impacts of these practices are an excellent way to improve local water quality.  

Design Considerations  

Designers of education programs that seek to change the impacts of fertilizer, pesticide, and 
herbicide use on receiving water quality should first consider creating training programs for 
those involved in the lawn care industry. Nationally, lawn care companies are used by 7 to 50 
percent of consumers, depending on household income and lot size. Lawn care companies can 
exercise considerable authority over which practices are applied to the lawns they tend, as long 
as they still produce an attractive lawn. For example, 94 percent of lawn care companies reported 
that they had authority to change practices, and that about 60 percent of their customers were 
"somewhat receptive to new ideas", according to a Florida study (Israel et al., 1995). De Young 
(1997) also found that suburban Michigan residents expressed a high level of trust in their lawn 
care company.  

Local governments that want to influence lawn care companies must have an active program that 
supports those companies that employ techniques to limit fertilizer and pesticide use to the 
minimum necessary to maintain a green lawn. One way to do this is through providing 
promotional opportunities. One example is the state of Virginia Water Quality Improvement 
program that includes the chance for lawn care professionals to enter into an agreement to use 
more environmentally friendly lawn care practices. In exchange, the lawn care company can use 
their participation in the program as a promotional tool (VA DCR, 1999). Providing certification 
for representatives from lawn care companies for attending training workshops put on by 
cooperative extension offices can also be an effective promotional tool.  

Training for employees of lawn and garden centers is another important tool in spreading the 
message regarding lawn care and pollution control. Many studies indicate that product labels and 
store attendants are the primary and almost exclusive source of lawn care information for the 
average consumer who takes care of their own lawn. The Florida Yards and Neighbors program 
has worked with 19 stores of a large national hardware and garden chain to educate store 
employees and incorporate messages regarding fertilizer use and pesticide reduction (NRDC, 
1999). Often the key strategy to implementing a program like this is to substitute watershed-
friendly products for those that are not, and to offer training for the store attendants at the point 
of sale on how to use and, perhaps more importantly, how not to abuse or overuse such products.  
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A recent Center for Watershed Protection (CWP) survey of 50 nutrient education programs 
provides a number of tips to program managers on making outreach programs more effective. 
The results of the study showed that there were a number of important considerations for 
increasing the recall and implementation of pollution prevention messages. Table 1 provides 
some tips that appear to work the best at relaying pollution prevention messages and changing 
pollution-producing behaviors.  

Table 1. Tips for creating more effective resident lawn care outreach programs  

Tip 1: Develop a stronger 
connection between the yard, 
the street, the storm, and the 
stream. 

Outreach techniques should continually stress the link between 
lawn care and the undesirable water quality it helps to create (e.g., 
algae blooms and sedimentation). 

Tip 2: Form regional media 
campaigns.  

Since most communities operate on small budgets, they should 
consider pooling their resources to develop regional media 
campaigns that can use the outreach techniques that are proven to 
reach and influence residents. In particular, regional campaigns 
allow communities to hire the professionals needed to create and 
deliver a strong message through the media. Also, the campaign 
approach allows a community to employ a combination of media, 
such as radio, television, and print, to reach a wider segment of 
the population. It is important to keep in mind that since no single 
outreach technique will be recalled by more than 30 percent of the 
population at large, several different outreach techniques will be 
needed in an effective media campaign. 

Tip 3: Use television wisely. 

Television is the most influential medium for influencing the 
public, but careful choices need to be made on the form of 
television that is used. The CWP survey found that community 
cable access channels are much less effective than commercial or 
public television channels. Program managers should consider 
using cable network channels targeted for specific audiences, and 
develop thematic shows that capture interest of the home, garden 
and lawn crowd (e.g., shows along the lines of "Gardening by the 
Yard"). Well-produced public service announcements on 
commercial television are also a sensible investment. 
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Table 1. Tips for creating more effective resident lawn care outreach programs (Continued) 

Tip 4: Keep messages simple 
and funny.  

Watershed education should not be preachy, complex, or 
depressing. Indeed, the most effective outreach techniques 
combine a simple and direct message with a dash of humor.  

Tip 5: Make information 
packets small, slick, and 
durable.  

Educators continually struggle about how to impart the detailed 
information to residents on how to really practice good lawn care 
behaviors, without losing their interest. One should avoid creating 
a ponderous and boring handbook. One solution is to create small, 
colorful and durable packets that contain the key essentials about 
lawn care behaviors, and direct contact information to get better 
advice. These packets can be stuck on the refrigerator, the kitchen 
drawer or the workbench for handy reference when the impulse 
for better lawn care behavior strikes.  

Tip 6: Understand the 
demographics of your 
watershed. 

Knowing the unique demographics of a watershed allows a 
program manager to determine what outreach techniques are 
likely to work for that particular area. For example, if some 
residents speak English as a second language, a certain percentage 
of outreach materials should be produced in their native language. 
Similarly, watershed managers should consider more direct 
channels to send watershed messages to reach particular groups, 
such as through church leaders or ethnic-specific newspapers and 
television channels. 

 

Pollution prevention programs may also wish to incorporate a much stronger message that 
promotes a low- or zero-input lawn. Watershed education programs might strongly advocate no 
chemical fertilization, reduced turf area, and the use of native plants adapted to the ecoregion 
(Barth, 1995b). This message provides a balance to the pro-fertilization message that is marketed 
by the lawn care industry.  

Program managers need to incorporate some method for evaluating the effectiveness of their 
programs at reaching residents. Many programs use "before and after" market surveys to provide 
information on the level of understanding of residents and the percentage of residents that 
implement good lawn care practices. These surveys provide insights on what outreach techniques 
work best for a community and the level of behavior change that can be expected.  

Alternative landscaping techniques such as naturescaping and xeriscaping can also be used. 
Xeriscaping is considered to be a viable alternative to the high water requirements of typical 
landscaping. It is a form of landscaping that conserves water and protects the environment. 
Xeriscaping does not result in landscaping with cactus and rock gardens. Rather, cool, green 
landscapes can be used when they are maintained with water-efficient practices. The main 
benefit of xeriscaping is that it reduces water use (TAMU, 1996). Xeriscaping incorporates seven 
basic principles that reduce water use (NYDEP, 1997):  

• Planning and design. Consider drainage, light, and soil conditions; desired maintenance 
level; which existing plants will remain; plant and color preferences; and budget.  
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• Soil improvement. Mix peat moss or compost into soil before planting to help the soil 
retain water. Use terraces and retaining walls to reduce water run-off from sloped yards.  

• Appropriate plant selection. Choose low-water-using flowers, trees, shrubs, and 
groundcovers. Many of these plants need watering only in the first year.  

• Practical lawns. Limit the amount of grass area. Plant groundcovers or add hard surface 
areas like decks, patios, or walkways. If replanting lawns, use drought-tolerant grass seed 
mixes.  

• Efficient irrigation. Install drip or trickle irrigation systems, as they use water efficiently.  

• Effective use of mulches. Use a 3-inch deep layer of mulches such as pine needles or 
shredded leaves or bark. This keeps soil moist, prevents erosion, and smothers weeds.  

• Appropriate maintenance. Properly timed fertilizing, weeding, pest control, and pruning 
will preserve the beauty of the landscape and its water efficiency.  

Naturescaping is a way of putting native plants and beneficial wildlife habitat back into your 
yard or community. It is also a beautiful way to conserve water and energy, reduce pollution of 
water and soil, and create habitat for wildlife. Native plants are the foundation of naturescaping. 
The plants that evolved in your region are well adapted to our climate and naturally resistant to 
local pests and diseases. Once established, natives can often survive on rainwater alone. 
Naturescaping areas can include replacing some lawn area with a wildflower meadow; 
hummingbird and butterfly garden, plants and trees selected for seeds, fruit, and nectar; and 
nesting boxes.  

When creating a naturescape, it is important to include four elements: food, water, shelter, and 
adequate space. When creating a naturescape in your yard or community, keep in mind these 
steps:  

• Visit "wild" places and naturescaped sites and imagine how these landscapes would fit in 
your yard or community.  

• Educate yourself and your community. Learn about native plants and basic design and 
care concepts. You can attend workshops and read plant and design books.  

• When you are ready to develop a site plan, choose a small viewable site. When planning, 
consider maintenance water, gardening, access to feeders. Know the existing conditions 
of the area shade/sun, wet/dry, wind patterns, drainage, existing plants and critters. Once 
you develop a plan and you have gotten any necessary permits, you are ready to gather 
your material and begin.  

A local government can meet with local neighborhood and creek groups to promote community 
naturescaping, host naturescaping workshops, and establish naturescaping demonstration sites in 
neighborhoods, and can offer naturescaping assistance to many residential, business, and public 
projects.  
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Integrated Pest Management (IPM) is an effective and environmentally sensitive approach to 
pest management that relies on a combination of common-sense practices. IPM programs use 
current, comprehensive information on the life cycles of pests and their interaction with the 
environment. This information, in combination with available pest control methods, is used to 
manage pest damage by the most economical means, and with the least possible hazard to 
people, property, and the environment.  

The IPM approach can be applied to both agricultural and nonagricultural settings, such as the 
home, garden, and workplace. IPM takes advantage of all appropriate pest management options, 
including -- but not limited to -- the judicious use of pesticides. In contrast, organic food 
production applies many of the same concepts as IPM but limits the use of pesticides to those 
that are produced from natural sources, as opposed to synthetic chemicals.  

IPM is not a single pest control method but, rather, a series of pest management evaluations, 
decisions, and controls. Integrated pest management is a sustainable approach to managing pests 
by combining biological, cultural, physical, and chemical tools. Municipalities can encourage 
homeowners to practice IPM and train/encourage municipal maintenance crews to use these 
techniques for managing public green areas. There are many methods and types of integrated 
pest management, including the following:  

• Mulching can be used to prevent weeds where turf is absent, fencing installed to keep 
rodents out, and netting used to keep birds and insects away from leaves and fruit.  

• Visible insects can be removed by hand (with gloves or tweezers) and placed in soapy 
water or vegetable oil. Alternatively, insects can be sprayed off the plant with water or in 
some cases vacuumed off of larger plants.  

• Store-bought traps, such as species-specific, pheromone-based traps or colored sticky 
cards, can be used.  

• Sprinkling the ground surface with abrasive diatomaceous earth can prevent infestations 
by soft-bodied insects and slugs. Slugs also can be trapped in small cups filled with beer 
that are set in the ground so the slugs can get in easily.  

• In cases where microscopic parasites, such as bacteria and fungi, are causing damage to 
plants, the affected plant material can be removed and disposed of. (Pruning equipment 
should be disinfected with bleach to prevent spreading the disease organism.)  

• Small mammals and birds can be excluded using fences, netting, tree trunk guards.  

• Beneficial organisms, such as bats, birds, green lacewings, ladybugs, praying mantis, 
ground beetles, parasitic nematodes, trichogramma wasps, seedhead weevils, and spiders 
that prey on detrimental pest species can be promoted.  
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Limitations  

The overriding public desire for green lawns is probably the biggest impediment to limiting 
pollution from this source. For example, when residents were asked their opinions on more than 
30 statements about lawns in a Michigan survey, the most favorable overall response was to the 
statement "a green, attractive lawn is an important asset in a neighborhood" (De Young, 1997). 
Nationally, homeowners spend about $27 billion each year to maintain their own yard or to pay 
someone else to do it (PLCAA, 1999). In terms of labor, a majority of homeowners spend more 
than an hour a week taking care of the lawn (Aveni, 1994, De Young, 1997). Convincing 
residents that a nice, green lawn can be achieved without using large amounts of chemicals and 
fertilizers is difficult when conventional lawn care techniques are often seen as more effective, 
less time-consuming, and more convenient.  

Effectiveness  

The effectiveness of pollution prevention programs designed to educate residents on lawn care 
and landscaping practices has not been well documented to date. However, the need for such 
programs is evident. Source area monitoring in Marquette, Michigan, found that nitrogen and 
phosphorus concentrations in residential lawn runoff were 5 to 10 times higher than from any 
other source area (CWP, 1999). This report confirms earlier Wisconsin research findings that 
residential lawns yielded the highest phosphorus concentrations of 12 urban pollutant sources 
examined (Bannerman et al, 1993).  

A critical step in crafting an education program is to select the right outreach techniques to send 
the lawn care message. From the results of a number of market surveys, two outreach techniques 
have shown some promise in actually changing behavior -- media campaigns and intensive 
training. Media campaigns typically use a mix of radio, TV, direct mail, and signs to broadcast a 
general watershed message to a large audience. Intensive training uses workshops, consultation, 
and guidebooks to send a much more complex message to a smaller and more interested 
audience. Intensive training requires a more substantial time commitment, ranging from several 
hours to a few days.  

From evaluations of several market surveys, it appears that media campaigns and intensive 
training can each produce up to a 10- to 20-percent improvement in selected watershed behaviors 
among their respective target populations. A combination of both outreach techniques is 
probably needed in most watersheds, as each complements the other. For example, media 
campaigns cost just a few cents per watershed resident reached, while intensive training can cost 
several dollars for each resident that is actually influenced. Media campaigns are generally better 
at increasing awareness and sending messages about negative watershed behaviors. Intensive 
training, on the other hand, is superior at changing individual practices in the home, lawn, and 
garden.  
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Cost Considerations  

The cost of creating and maintaining a program that addresses lawn care and landscaping 
practices and water quality varies depending on the intensity of the effort and what outreach 
techniques are selected. Media campaigns often require a greater amount of money to create, but 
are also most likely to reach the largest proportion of the community. Intensive training 
campaigns may not require as large a creation cost, but often require more staff time. Production 
costs for materials such as flyers and brochures is often inexpensive ($0.10 to $0.50 per 
brochure), and soil kits and testing may be provided through a local university to reduce expense. 
Many cooperative extension offices have already produced materials on lawn care and 
landscaping techniques to protect water quality, and program managers may save money by 
utilizing these available resources.  

An example of a program that educates residents on better lawn care practices is The Water-
Wise Gardener Program of the Prince William County, Virginia, Cooperative Extension service. 
Through the changes in behavior of more than 700 participants, an estimated aggregate reduction 
in fertilizer application of 20 tons has been realized in the county in 5 years. The program 
operates on an average annual budget of approximately $30,000 and requires the yearly time of 
1.5 staff persons. Expense is deferred by the use of master gardener volunteers, who act as 
consultants for volunteer lawns where lawn care practices have been implemented. The program 
has recently been developed into a regional model that has been applied in several other Virginia 
counties.  
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Pest Control 

Pollution Prevention/Good Housekeeping for Municipal Operations  

Description  

This management measure involves limiting the 
impact of pesticides on water quality by 
educating residents and businesses on 
alternatives to pesticide use and proper storage 
and on application techniques. The presence of 
pesticides in storm water runoff has a direct 
impact on the health of aquatic organisms and 
can present a threat to humans through 
contamination of drinking water supplies. The 
pesticides of greatest concern are insecticides, 
such as diazinon and chloropyrifos (CWP, 1999 
and Schueler, 1995), which even at very low 
levels can be harmful to aquatic life. A recent 
study of urban streams by the U.S. Geological 
Survey found that some of the more commonly 
used household and garden insecticides occurred 
at higher frequencies and concentrations in urban streams than in agricultural streams (USGS, 
1999). The study also found that these insecticide concentrations were frequently in excess of 
USEPA guidelines for protection of aquatic life.  

The major source of pesticides to urban streams is home application of products designed to kill 
insects and weeds in the lawn and garden. It has been estimated that an average acre of a well-
maintained urban lawn receives an annual input of 5 to 7 pounds of pesticides (Schueler, 1995). 
Pesticide pollution prevention programs try to limit adverse impacts of insecticides and 
herbicides by providing information on alternative pest control techniques other than chemicals 
or explaining how to determine the correct dosages needed to manage pests. Lawn care and 
landscaping management programs often include pesticide use management as part of their 
outreach message.  

Applicability  

EPA estimates that nearly 70 million pounds of active pesticide ingredients are applied to urban 
lawns each year. Table 1 compares surveys on residential pesticide use in eleven different areas 
of the country, broken down by insecticides and herbicides use. It appears that pesticide 
application rates vary greatly, ranging from a low of 17 percent to a high of 87 percent, but 
climate is an important factor in determining insecticide and herbicide use.  
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Table 1. A comparison of eleven surveys of residential insecticide and weedkiller use  

Study Number of 
Respondents % Using Insecticides % Using Herbicides 

Chesapeake Bay  
Swann, 1999 656 21% – 

Maryland,  
Kroll and Murphy,1994 403 42% 32% 

Virginia,  
Aveni, 1998 100 66% – 

Maryland,  
Smith, 1994 100 23% n/a 

Minnesota,  
Morris and Traxler, 1997  981 – 75% 

Michigan,  
De Young, 1997  432 40% 59% 

Minnesota,  
Dindorf, 1992  136 – 76% 

Wisconsin,  
Kroupa, 1995  204 17% 24% ** 

Florida,  
Knox et al, 1995  659 83% – 

Texas,  
NSR, 1998  350 87% – 

California,  
Scanlin and Cooper, 1997  600 50% – 

Notes: (**) note difference in self-reported herbicide use and those that use a weed and feed product  
(herbicide combined with fertilizer) 

 

Insecticides appear to be applied more widely in warm weather climates where insect control is a 
year-round problem (such as Texas, California, and Florida). Anywhere from 50 to 90 percent of 
residents reported that they had applied insecticides in the last year in warm-weather areas. This 
can be compared to 20 to 50 percent levels of insecticide use reported in colder regions, where 
hard winters can help keep insects in check. By contrast, herbicide application rates tend to be 
higher in cold weather climates to kill the weeds that arrive with the onset of spring (60 to 75 
percent in the Michigan, Wisconsin, and Minnesota surveys).  

Design Considerations  

The use of integrated pest management (IPM) is a popular way for program managers to educate 
residents and businesses on alternatives to chemical pesticides. IPM reflects a holistic approach 
to pest control that examines the interrelationship between soil, water, air, nutrients, insects, 
diseases, landscape design, weeds, animals, weather, and cultural practices to select an 
appropriate pest management plan. The goal of an IPM program is not to eliminate pests but to 
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manage them to an acceptable level while avoiding disruptions to the environment. An IPM 
program incorporates preventative practices in combination with nonchemical and chemical pest 
controls to minimize the use of pesticides and promote natural control of pest species. Three 
different nonchemical pest control practices biological (good bugs that eat pests), cultural 
(handpicking of pests, removal of diseased plants, etc.), and mechanical (zappers, paper collars, 
etc) are used to limit the need for chemicals. In those instances when pesticides are required, 
programs seek to have users try less toxic products such as insecticidal soaps. The development 
of higher tolerance levels among residents for certain weed species is a central concept of IPM 
programs for reducing herbicide use.  

Education on the proper use of pesticides is often included in many lawn care and landscaping 
management programs. Most often this is in the form of informational brochures or fact sheets 
on pesticide use around the home or garden. These information packets include tips on 
identifying pest problems and selecting treatment approaches that reduce environmental impacts; 
less-toxic pest control products if chemical control is necessary; and the proper mixing, 
application rates, and cleanup procedures for pesticide use. Program managers can consult 
cooperative extension programs and university agricultural programs for more information 
regarding pest control techniques that are more water quality friendly.  

Limitations  

The public perception that no alternative to pesticide use exists is probably the greatest limitation 
that program managers will face. Surveys tell us that the public has a reasonably good 
understanding about the potential environmental dangers of pesticides. Several surveys indicate 
that residents do understand environmental concerns about pesticides, and consistently rank them 
as the leading cause of pollution in the neighborhood (Elgin DDB, 1996). Even so, pesticide use 
still remains high in many urban areas (see Table 1). The time required for homeowners to learn 
more about alternative pest control techniques may also limit program effectiveness. Many 
residents prefer the ease of spraying a chemical on their lawns to other pest control techniques 
they perceive as more time intensive and less reliable. Managers should recognize that IPM 
programs have their own limitations, including questions about the effectiveness of alternative 
pest control techniques.  

Effectiveness  

A national study of the effectiveness of alternative pest control programs at reducing pesticide 
use and protecting water quality has not yet been performed. Cooperative extension and 
university agriculture programs across the country have performed studies of the ability of 
distinct alternative pest control techniques at limiting pesticide use, but a synthesis of these 
individual studies into a national report has not been performed. However, the need for pesticide 
control programs is evident from recent studies on the presence of insecticides in storm water. 
Results of recent sampling of urban streams caused the USGS to conclude that the presence of 
insecticides in urban streams may be a significant obstacle to restoring urban streams. (USGS, 
1999). Table 2 examines eight studies on storm water runoff and insecticide concentrations and 
provides an example of how insecticides persist even after their use is discontinued.  

Additional research done in the San Francisco Bay Region regarding diazinon use further 
illustrates the need for pest control programs. Results of the study show that harmful diazinon 
levels can be produced in urban streams from use at only a handful of individual homes in a 
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given watershed (CWP, 1999). Due to the solubility of diazinon, current storm water and 
wastewater treatment technologies cannot significantly reduce diazinon levels. The best tool for 
controlling diazinon in urban watersheds is through source control by educating residents and 
businesses on pesticide alternatives and safe application.  

An example of successful use of IPM is the Grounds Maintenance Program for the City of 
Eugene, Oregon. This program was started in the early 1980's and includes all the city public 
parks and recreation areas. The city uses a variety of IPM methods, including water blasting to 
remove aphids, insecticidal soaps, and limited use of pesticides. The city has also adopted higher 
tolerance levels for certain weed and pest species that reduces the need to apply pesticides and 
herbicides. Since the program's inception, pesticide usage by the City of Eugene has dropped bay 
more than 75 percent (Lehner et. al., 1999). Although no exact cost savings have been calculated 
from the use of the IPM program, the city turf and grounds supervisor believes the program 
saves money and has little citizen opposition.  

Table 2: Banned or restricted insecticides found in storm water runoff concentrations in µg/l 
(ppb) (Source: Schueler, 1995)  

Study Chlordane Lindane Dieldrin Other 
Baltimore 
Kroll/Murphy 0.52 0.18 2.44 – 

Rhode Island 
Cohen Detected NA NA NA 

Atlanta 
Hippe NA 0.01 (0.048) NA – 

Atlanta 
Thomas Detected NX NX heptachlor 

Milwaukee 
Bannerman Detected Detected Detected DDT, DDE 

Washington 
MWCOG 0.2 0.2 0.2 Heptachlor 

Northern Virginia 
Dewberry and Davis ND Trace ND Endrin 

Toronto 
D'Andrea NA 0.5 to 2 0.1 to 2 – 

Toronto 
D'Andrea NA 0.5 to 2 0.1 to 2 – 

ND=Not Detected, NA=Not Analyzed, NX= Detection reported only if they 
exceeded water quality standards. 

 

Cost Considerations  

The cost of educating residents on proper pesticide use varies greatly depending on the intensity 
of the effort. Some cities have begun partnerships that include training of retail employees on 
IPM techniques, similar to lawn care and landscaping programs. In addition, promotional 
materials and displays on safer pesticide alternatives are set up. The cost of staff time for training 
and production of materials must be included in any cost estimate. Since there are currently a 
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number of good fact sheets on IPM and pesticide use available through cooperative extension 
programs, managers should consider using this source instead of creating a new one. Another 
way to save cost would be to utilize master gardener volunteers to help with training, for both 
residents and store employees.  
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Parking Lot and Street Cleaning 

Pollution Prevention/Good Housekeeping for Municipal Operations  

Description  

This management measure involves 
employing pavement cleaning practices such 
as street sweeping on a regular basis to 
minimize pollutant export to receiving waters. 
These cleaning practices are designed to 
remove from road and parking lot surfaces 
sediment debris and other pollutants that are a 
potential source of pollution impacting urban 
waterways (Bannerman, 1999). Although 
performance monitoring for the Nationwide 
Urban Runoff Program (NURP) indicted that 
street sweeping was not very effective in 
reducing pollutant loads (USEPA, 1983), 
recent improvements in street sweeper 
technology have enhanced the ability of present day machines to pick up the fine grained 
sediment particles that carry a substantial portion of the storm water pollutant load. Many of 
today's sweepers can now significantly reduce the amount of street dirt entering streams and 
rivers, some by significant amounts (Runoff Report, 1998). A debate as to whether this ability to 
pick up finer particles will improve the overall pollutant removal effectiveness of street sweepers 
is ongoing, and further research is required to establish the optimal sweeping frequency for 
pollutant removal and what streets are most appropriate for a sweeping program.  

Applicability  

Street sweeping is practiced in most urban areas, often as an aesthetic practice to remove 
sediment buildup and large debris from curb gutters. In colder climates, street sweeping is used 
during the spring snowmelt to reduce pollutant loads from road salt and to reduce sand export to 
receiving waters. Seventy percent of cold climate storm water experts recommend street 
sweeping during the spring snowmelt as a pollution prevention measure (CWP, 1997). The 
frequency and intensity of rainfall for a region are also key variables in determining how streets 
need to be swept to obtain a desired removal efficiency. Other factors that affect a street 
sweeper's ability to reduce nonpoint pollution include the condition of the street, its geographical 
location, the operator's skill, the presence of parked cars, and the amount of impervious area 
devoted to rooftop.  

Design Considerations  

One factor considered most essential to the success of street sweeping as a pollutant removal 
practice is use of the most sophisticated sweepers available. Innovations in sweeper technology 
have improved the performance of these machines at removing finer sediment particles, 
especially for machines that use vacuum-assisted dry sweeping to remove particulate matter. By 
using the most sophisticated sweepers in areas with the highest pollutant loads, greater 
reductions in sediment and accompanied pollutants can be realized.  
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Another important aspect of street sweeping programs is the ability to regulate parking. The 
ability to impose parking regulations in densely populated areas and on heavily traveled roads is 
essential.  

The frequency and location of street sweeping is another consideration for any program. How 
often and what roads to sweep are determined by the program budget and the level of pollutant 
removal the program wishes to achieve. Computer modeling of pollutant removal in the Pacific 
Northwest suggests that the optimum sweeping frequency appears to be once every week or two 
(CWP, 1999). More frequent sweeping operations yielded only a small increment in additional 
removal. The model also suggests that somewhat higher removal could be obtained on residential 
streets as opposed to more heavily traveled arterial roads.  

Sweeping of parking lots is also employed as a nonstructural management practice for industrial 
sites. This sweeping involves using brooms to remove small quantities of dry chemicals and 
solids from areas that are exposed to rainfall or storm water runoff. While the effectiveness of 
this practice at pollutant removal is unknown, the sweeping and proper disposal of materials is a 
reasonably inexpensive method of pollution prevention that requires no special training or 
equipment.  

Limitations  

For street sweeping, the high cost of current sweeper technologies is a large limitation to using 
this management practice. With costs approaching $200,000 for some of the newer sweeper 
technologies, storm water managers with limited budgets must consider the high equipment cost 
together with the uncertainty about pollutant removal efficiency to decide whether a sweeping 
program is an attractive management option. The potential inability to restrict parking in urban 
areas may present another limitation. Other possible limitations include the need for sweeper 
operator training, the inability of current sweeper technology to remove oil and grease, and the 
lack of solid evidence regarding the expected levels of pollutant removal. Proper disposal of 
swept materials might also be a limitation.  

Maintenance Considerations  

Street cleaning programs require a significant investment of capital and a yearly operation and 
maintenance budget. Sweepers have a useful life of about four years, and proper maintenance 
can greatly improve sweeping efficiency. Arrangements for disposal of the swept material 
collected must also be made, as well as accurate tracking of the streets swept and the frequency 
of sweeping. The operation and maintenance costs for two types of sweepers are included in 
Table 1.  

Effectiveness  

Street sweeping programs had largely fallen out of favor as a pollutant removal practice 
following the 1983 NURP report, but improvements in sweeper technology have caused a recent 
reevaluation of their effectiveness. New studies show that conventional mechanical broom and 
vacuum-assisted wet sweepers reduce nonpoint pollution by 5 to 30 percent and nutrient content 
by 0 to 15 percent. However, newer dry vacuum sweepers can reduce nonpoint pollution by 35 to 
80 percent and nutrients by 15 to 40 percent for those areas that can be swept (Runoff Report, 
1998).  
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While actual reductions in storm water pollutants have not yet been established, information on 
the reductions in finer sediment particles that carry a significant portion of the storm water 
pollutant load is available. Recent estimates are that the new vacuum assisted dry sweeper might 
achieve a 50–88 percent overall reduction in the annual sediment loading for a residential street, 
depending on sweeping frequency (Bannerman, 1999).  

A benefit of high-efficiency street sweeping is that by capturing pollutants before they are made 
soluble by rainwater, the need for structural storm water control measures might be reduced. 
Structural controls often require costly added measures, such as adding filters to remove some of 
these pollutants and requiring regular manpower to change-out filters. Street sweepers that can 
show a significant level of sediment removal efficiency may prove to be more cost-effective than 
certain structural controls, especially in more urbanized areas with greater areas of pavement.  

Cost Considerations  

The largest expenditures for street sweeping programs are in staffing and equipment. The capital 
cost for a conventional street sweeper is between $60,000 and $120,000. Newer technologies 
might have prices approaching $180,000. The average useful life of a conventional sweeper is 
about four years, and programs must budget for equipment replacement. Sweeping frequencies 
will determine equipment life, so programs that sweep more often should expect to have a higher 
cost of replacement.  

If investing in newer technologies, training for operators must be included in operation and 
maintenance budgets. Costs for public education are small, and mostly deal with the need to 
obey parking restrictions and litter control. Parking tickets are an effective reminder to obey 
parking rules, as well as being a source of revenue.  

Table 1 gives sweeper cost data for two types of sweepers: mechanical and vacuum-assisted. The 
table shows that while the purchase price of vacuum-assisted sweepers is significantly higher, the 
operation and maintenance costs are lower.  

Table 1. Estimated costs for two types of street sweepers  

Sweeper 
Type 

Life 
(Years) 

Purchase 
Price ($) 

O&M Cost 
($/curb mile) Sources 

Mechanical 5 75,000 30 
Finley, 1996  

SWRPC, 1991 

Vacuum-
assisted 8 150,000 15 

Finley, 1996  

Satterfield, 1991 

 

Cost data for two cities in Michigan provide some guidance on the overall cost of a street 
cleaning program. Table 2 contains a review of the labor, equipment, and material costs for street 
cleaning for the year 1995 (Ferguson et al., 1997). The average cost for street cleaning was 
$68/curb mile and approximately 11 curb miles/day were swept.  
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Table 2. The cost of street cleaning for two cities in Michigan  

City Labor Equipment Material and 
Services Total 

Livonia $23,840 $85,630 $5,210 $114,680 

Plymouth 
Township $18,050 $14,550 $280 $32,880 
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Roadway and Bridge Maintenance 

Pollution Prevention/Good Housekeeping for Municipal Operations  

Description  

This practice involves pollution prevention 
techniques that reduce or eliminate pollutant 
loadings from existing road surfaces as part of an 
operation and maintenance program. Substantial 
amounts of sediment and pollutants are generated 
during daily roadway and bridge use and 
scheduled repair operations, and these pollutant 
loadings can threaten local water quality by 
contributing heavy metals, hydrocarbons, 
sediment, and debris to storm water runoff. Table 
1 shows some of the constituents that can be 
present in highway runoff and their primary 
sources.  

As Table 1 demonstrates, numerous pathways for 
pollutant deposition on roadways and bridges 
influence the water quality of storm water runoff. Routine performance of general maintenance 
activities such as sweeping, vegetation maintenance, and cleaning of runoff control structures 
can help alleviate the impacts of these pollutants. Modifications in roadway resurfacing practices 
and application techniques for salt and other deicers can also help reduce pollutant loads to storm 
water runoff and protect the quality of receiving waters.  

Table 1. Highway runoff constituents and their primary sources (Source: USEPA, 1993)  

Constituent Primary Sources 

Particulates Pavement wear, vehicles, atmosphere 

Nitrogen, 
Phosphorus Atmosphere, roadside fertilizer application 

Lead Tire wear, auto exhaust 

Zinc Tire wear, motor oil, grease 

Iron Auto body rust, steel highway structures, moving engine parts 

Copper Metal plating, brake lining wear, moving engine parts, bearing 
and bushing wear, fungicides and insecticides 

Cadmium Tire Wear, insecticides 
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Table 1. Highway runoff constituents and their primary sources 
 (Source: USEPA, 1993) (Continued) 

Chromium Metal plating, moving engine parts, brake lining wear 

Nickel Diesel fuel and gasoline, lubricating oil, metal plating, brake 
lining wear, asphalt paving 

Manganese Moving engine parts 

Cyanide Anticake compound used to keep deicing salt granular 

Sodium, Calcium, 
Chloride Deicing salts 

Sulphate Roadway beds, fuel, deicing salts 

Petroleum Spills, leaks or blow-by of motor lubricants, antifreeze and 
hydraulic fluids, asphalt surface leachate 

 

Applicability  

Roadway systems are a large part of the infrastructure of urban areas across the country, and 
require regular repairs and maintenance due to traffic use and climatic conditions. The level of 
pollutants found in road and bridge runoff is variable and is determined by a number of factors in 
addition to traffic volume and climate. Other factors affecting pollutant levels include 
surrounding land use, the design of the bridge or roadway, the presence of roadside vegetation, 
the use of insecticides, and the frequency of accidents and spills that can introduce hazardous 
chemicals. In colder climates, the amount of deicer applied to melt ice and snow can also 
influence the level of certain pollutants in road runoff and its impacts on local water quality.  

Design Considerations  

Road and bridge maintenance programs have a number of options for reducing the level of 
pollutants generated during the maintenance of existing road surfaces. Changes in the methods 
used for maintaining road surfaces, removing debris and sediment from roadways, and cleaning 
of runoff control structures can help improve the overall quality of storm water discharges from 
roads and bridges.  

Proper planning for road and bridge resurfacing operations is a simple but effective method to 
control pollution. Many techniques can be implemented to control the impacts of this 
maintenance operation. First, paving operations should be performed using concrete, asphalt, or 
other sealers only in dry weather situations to prevent contamination of runoff. Second, proper 
staging techniques should be used to reduce the spillage of paving materials during the repair of 
potholes and worn pavement. These techniques can include covering storm drain inlets and 
manholes during paving operations; using erosion and sediment control measures to decrease 
runoff from repair sites; and utilizing pollution prevention materials such as drip pans and 
absorbent material for all paving machines to limit leaks and spills of paving materials and 
fluids.  
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Finally, resurfacing operations could employ porous asphalt for pothole repair and for shoulder 
areas to reduce the level of storm water runoff from road systems. For more information on 
permeable road surface materials, see the Porous Pavement fact sheet.  

Good cleaning practices can help diminish impacts to storm water runoff. Sweeping and 
vacuuming of heavily traveled roadways to remove sediment and debris can reduce the amount 
of pollutants in runoff. Street sweeping as a pollution source control is discussed more 
extensively in the Parking Lot and Street Cleaning fact sheet. Regular cleaning of runoff control 
structures such as catch basins can help reduce sediment loads in runoff that will end up in local 
waterways (see Catch Basins fact sheet).  

Proper application of road salt or other deicers also reduces storm water pollution. By routinely 
calibrating spreaders, a program manager can prevent over-application of deicing materials. In 
addition to reducing the effects of these materials on the aquatic environment, cost savings may 
be realized due to reductions in the purchase of deicing materials. Training for transportation 
employees in proper deicer application techniques, the timing of deicer application, and what 
type of deicer to apply will also determine the impacts on water quality and aquatic habitat.  

Maintenance practices for roadside vegetation also determine the storm water quality of road 
runoff. Restrictions on the use of herbicides and pesticides on roadside vegetation, and training 
to ensure that employees understand the proper handling and application of pesticides and other 
chemicals, can help prevent contamination of runoff. Selection of roadside vegetation with 
higher salt tolerances will also help to maintain vegetated swales and biofilters that filter out 
runoff. For more information on vegetated storm water practices, see the Grassed Filter Strips 
fact sheet.  

Bridge runoff may require additional maintenance practices to eliminate storm water runoff 
impacts. In addition to some of the roadway practices listed above improved, practices in bridge 
siting and design can help reduce water quality impacts. One technique is to avoid using bridge 
scupper drains for any new bridges and to routinely clean existing ones to prevent sediment and 
debris buildup. Scupper drains can cause direct discharges to surface waters and have been found 
to carry relatively high concentrations of pollutants (CDM, 1993). Program managers should 
consider endorsing retrofits of scupper drains with catch basins or redirecting water from these 
drains to vegetated areas to provide treatment. Other techniques such as using suspended tarps, 
booms, and vacuums to capture pollutants (e.g., paint, solvents, rust, and paint scrapings) 
generated during bridge maintenance will also help reduce impacts to receiving waters. In 
addition, using deicers such as glycol, urea, or calcium magnesium acetate (CMA) reduces the 
corrosion of metal bridge supports that can occur when salt is used.  

Limitations  

Generally, limitations to instituting pollution prevention practices for road and bridge 
maintenance involve the cost for additional equipment and training. Since maintenance of 
roadways and bridges is already required in all communities, staffing is usually in place and 
alteration of current practices should not require additional staffing or administrative labor.  
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Limitations may arise in the location of new bridges. The availability and cost of land and other 
economic and political factors may dictate where the placement of a new bridge will occur. 
Better design of the bridge to control runoff is required if it is being placed near sensitive waters. 
The practice of controlling paved areas to limit impervious surface might also be restricted by 
community regulations of required widths for roadways and shoulders.  

Effectiveness  

Limited data are available on the actual effectiveness of road and bridge maintenance practices at 
removing pollutants from storm water runoff. Table 2 examines the effectiveness and cost of 
some of the operation and maintenance practices recommended for storm water pollution 
control.  

Table 2. Road and bridge maintenance management practices: cost and effectiveness (Source: 
USEPA, 1993)  

  Effectiveness (% Removal)a Cost 

Maintaining Roadside 
Vegetation 

Sediment Control: 90% average  
P and N: 40% average  
COD, Lead, and Zinc: 50% average  
TSS: 60% average 

Natural succession allowed to 
occur 
Average: $100/acre/year 
Range: $50-$200/acre/year 

Street Sweeping Smooth Street 
Frequent Cleaning:  
TSS: 20%  
COD: 5%  
Lead: 25% 

Smooth Street 
Infrequent Cleaning:  
TSS: N/A  
COD: N/A  
Lead: 5% 

Average: $20/curb mile  

Range: $10–$30/curb mile 

Litter Control N/A 

General Maintenance  N/A 

Minimizing Deicer 
Application N/A 

All are accepted as economical 
practices to control or prevent 
storm water impacts.  

aP=phosphorus; N=nitrogen; TSS=total suspended solids; COD=chemical oxygen demand  

 

Although data may be limited on cost and effectiveness, preventative maintenance and strategic 
planning are time-proven and cost-effective methods to limit contamination of storm water 
runoff. It can be assumed that the management practices recommended will have a positive 
affect on storm water quality by working to reduce pollutant loads and the quantity of runoff. 
Protecting and restoring roadside vegetation, removal of debris and sediment from roads and 
bridges, and directing runoff to vegetated areas are all effective ways to treat storm water runoff. 
Other practices, such as minimizing deicer application, litter control, and proper handling of 
fertilizers, pesticides, and other toxic materials, work to control some of the pathways of storm 
water pollution. Employing good road and bridge maintenance practices is an efficient and low-
cost means of eliminating some of the impacts of pollutants associated with road systems on 
local streams and waterways.  
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Cost Considerations  

The maintenance of local roads and bridges is already a consideration of most community public 
works or transportation departments. Therefore, the cost of pollutant reducing management 
practices will involve the training and equipment required to implement these new practices. 
Cost data for some of the new practices that have been recommended are included in Table 2.  

Costs may vary greatly in the type of deicer selected for application. Table 3 includes a 
comparison of four different deicers and the cost for application. It should be noted that CMA 
has a higher cost than the other deicers, but that reductions in corrosion to infrastructure, damage 
to roadside vegetation, and amount of material used may offset the higher cost.  

Table 3. The estimated cost of four deicer types (Source: Caraco and Claytor, 1997)  

Deicer Type Material Cost Per 
Ton 

Cost Per Lane Mile Per 
Season 

Sodium Chloride $20–$40 $6,371–$6,909 

Calcium Chloride $200 $6,977–$7,529 

Calcium Magnesium 
Acetate (CMA) $650–$675 $12,958–$16,319 

CG-90 Surface Saver $185 $5,931–$6,148 
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