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Fall Contributions of Phosphorus and Nitrogen in
Stormwater Runoff through Weekly Street Cleaning

By William R. Selbig’ and Katherine J. Stenehjem?

Abstract

This report describes a study that characterized reduc-
tions in total and dissolved forms of phosphorus and nitrogen
in stormwater runoff through implementation of a municipal
leaf collection and street cleaning program in two medium-
density residential catchments in Madison, Wisconsin. One
catchment was established as a control in which no effort was
made to remove leaf litter and other organic detritus from
streets. The second catchment served as the test catchment
in which leaf litter was removed through a combination of
biweekly leaf collection and weekly mechanical-broom street
cleaning. Loads of total and dissolved phosphorus in the test
catchment were reduced by 46 and 51 percent (probability less
than 0.20), respectively, and total and dissolved nitrogen by 42
and 52 percent (probability less than 0.20), respectively, with
an active leaf collection and street cleaning program compared
to no program in the control catchment. Results from this
study support an ongoing effort to characterize how various
combinations of municipal leaf collection and street cleaning
can affect nutrient loads in urban runoff.

Introduction

Like many States around the Nation, Wisconsin is
actively engaged in the development of total maximum
daily loads for impaired waters under Section §303(d) of the
Clean Water Act (U.S. Environmental Protection Agency,
2023). Permitted municipalities in the State are obligated
to reduce nutrient contributions from urban areas to receiv-
ing waterbodies that have an approved total maximum daily
load. To achieve prescribed pollution reduction require-
ments, municipalities implement a variety of structural and
nonstructural practices designed to reduce solids, nutrients,
and other contaminants that are typically detected in urban
stormwater runoff. Leaf management, through the collection
of leaf piles and street cleaning, is one type of nonstructural
practice that has recently been determined to effectively

U.S. Geological Survey.

2Cornell University, Department of Ecology and Evolutionary Biology.

reduce the amount of phosphorus and nitrogen entering storm
drains in the fall (Hobbie and others, 2014; Selbig, 2016;
Janke and others, 2017; Selbig and others, 2020). In response,
the Wisconsin Department of Natural Resources has issued
phosphorus reduction credits to municipalities who follow leaf
management protocols outlined in published guidance docu-
ments (Wisconsin Department of Natural Resources, 2020).
Although the credits offered by the Wisconsin Department of
Natural Resources are based on some of the more commonly
used municipal practices in the Midwest, they do not cover the
full range of technologies and frequencies available. Because
leaf collection and street cleaning are already done by many
Wisconsin municipalities, improving our knowledge of the
potential reduction of nutrients to stormwater through a broad
range of leaf removal and street cleaning options could help
tailor more targeted municipal leaf collection programs.

In 2014, the U.S. Geological Survey (USGS) began
a series of evaluations to determine if, and by how much,
removing leaves and other organic detritus from streets,
through various municipal leaf collection and street cleaning
programs, could reduce nutrient contributions to stormwater
drainage networks. Concentrations and loads of phosphorus
and nitrogen in stormwater runoff were measured from paired
medium-density residential catchments during the fall. A sum-
mary of results representing eight variations of leaf collection
and street cleaning technology and frequency were previously
reported by Selbig and others (2020). This study supports
that effort by addressing another commonly used municipal
approach to leaf removal and street cleaning that was not mea-
sured by Selbig and others (2020)—biweekly leaf collection
using a transfer method coupled with weekly street cleaning
using a mechanical-broom street cleaner.

Materials and Methods

This section of the report describes the materials and
methods used in this study and the study sites. Methods for
sample collection and measurement of nutrient concentra-
tions and street cleaning practices and statistical analyses used
in this study also are described. Water-quality concentration
and discharge data are available in the USGS National Water
Information System (U.S. Geological Survey, 2023).
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Site Description

This study characterized concentrations and loads of
selected nutrients in stormwater runoff from two residential
catchments in Madison, Wisconsin (fig. 1). The catchments
were selected to represent typical medium-density residential
land use with moderate (greater than 25 percent) overhead tree
canopy in the right-of-way. Surface runoff in each catchment
was routed to a network of underground storm drainage pipes
that flowed into a stormwater treatment pond. Two pipes were
located at the terminus of the drainage network in each catch-
ment: (1) a pipe that was 0.9 meter (m) in diameter and a box
culvert that was 2.1 m long by 0.9 m wide at the outfall of the
test catchment (USGS station 430854089223101) and (2) two
pipes that were 0.9 m in diameter at the outfall of the control
catchment (USGS station 430855089224701).

Estimates of overhead street tree canopy were made
using a combination of aerial imagery coupled with geo-
graphic information system software and field surveys (City of
Madison, oral commun., 2023). The percentage of tree canopy
covering streets was slightly higher in the control catchment
(36 percent) than in the test catchment (30 percent). Trees
were generally a mix of mature, deciduous hard and softwood
species and most were characterized as Acer platanoides L.
(Norway maple), Gleditsia triacanthos L. (honey locust),
and Fraxinus pennsylvanica Marsh. (green ash). Because the
amount of leachable phosphorus can vary appreciably amongst
different tree species (Dorney, 1986; Wang and others, 2020),
the range of nutrient concentrations reported herein may not
be like other areas with different tree species.

Sample Collection and Measurement of Nutrient
Concentrations

A monitoring station was used to measure flow and col-
lect water samples at the storm sewer outfall of the control and
test catchments. Storm event loads were computed by mul-
tiplying the event mean concentration by stormwater runoff
volumes. A detailed description of equipment and methods
used to collect a water sample is provided in Selbig and others
(2020) and is briefly highlighted herein.

Each monitoring station was equipped with water level
and velocity sensors in each pipe that were used to compute
discharge. Precipitation data were collected using tipping-
bucket rain gages calibrated to 0.25 millimeter (mm). No dry
weather flow was detected in either the test or control storm
drain network. Automated stormwater-quality samplers col-
lected flow-weighted discrete samples over the duration of an
event hydrograph and were later combined into a single com-
posite sample resulting in an event mean concentration. Water-
quality samples were typically collected within 24 hours after
runoff cessation. Samples were analyzed at the Wisconsin
State Laboratory of Hygiene in Madison, Wis., for total
phosphorus (TP) and dissolved phosphorus (DP) according to
U.S. Environmental Protection Agency (EPA) Method 200.7

(U.S. Environmental Protection Agency, 2001) and total
nitrogen (TN) and dissolved nitrogen (DN) according to EPA
Method 353.2 (U.S. Environmental Protection Agency, 1993).

Leaf Collection and Street Cleaning Practices

Municipal leaf collection in the State of Wisconsin typi-
cally begins in late September to early October each year
and continues through November, or until snowfall precludes
further collection. Leaf collection vehicles are deployed to
collect and remove bulk leaf litter and other organic detritus
from residential areas. Residents are asked to pile their leaves
adjacent to the street to limit excess debris in the street gutter.
After leaf piles are removed, street cleaners pass through the
service area to remove leftover organic residue from the street
and gutter (Selbig and others, 2020). The form of leaf collec-
tion for this study adopted a “transfer” method, which uses
a vehicle equipped with a modified bristled plow to rapidly
transfer piles of leaves placed near the curb into the street.
The leaves are then pushed into a garbage collection vehicle
for removal. Leaf piles were collected three times in the fall
of each study year in the control and test catchments, approxi-
mating a frequency of once every other week.

The frequency and form of street cleaning and leaf col-
lection used in this study were designed to supplement the
matrix of municipal practices previously described in Selbig
and others (2020; table 1). Although the methods described in
table 1 are not inclusive of all municipal leaf collection and
street cleaning options, they represent practices that are more
commonly used by municipalities throughout the Midwest and
Northeast (Selbig and others, 2020). Starting in October 2020,
mechanical-broom street cleaners operated at a frequency of
once per week in the test catchment, whereas no cleaning was
done in the control. During this time, leaf piles placed between
the street curb and sidewalk were collected about every other
week using the transfer method. This schedule represented
the “treatment” phase. Because of the small number of storm
events measured in 2020, the treatment phase was repeated in
2021. Starting in October 2022, the method and frequency of
leaf pile collection remained the same as in 2020 and 2021;
however, no street cleaning was done in either the control or
test catchments. This schedule represented the “calibration”
phase of the study.

Although leaf litter has been determined to be the pri-
mary source of nutrients in runoff during the fall (for example,
Selbig, 2016; Janke and others, 2017; Selbig and others,
2020), contributions of phosphorus from leaf piles placed in
the street terrace (that is, the pervious area between the street
curb and sidewalk) were assumed to be minimal. This assump-
tion was based on evidence reported by Selbig and others
(2020), which indicated catchments having a rigorous leaf col-
lection program, but no street cleaning resulted in no change
in the amount of phosphorus measured in runoff. It was con-
cluded that the mass of leaf litter and other organic detritus on
a street has a much greater effect on phosphorus in runoff than
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Table 1.
in stormwater runoff during the fall.

Combination of municipal leaf collection and street cleaning methods and frequencies evaluated for nutrient load reductions

[A naming convention for each paired catchment study treatment follows the format of (1) leaf collection method and frequency (in weeks) and (2) street clean-
ing method and frequency (in weeks), where T is transfer, M is mechanical broom, R is regenerative air, and V is vacuum mulch. Values in bold represent the

leaf collection and street cleaning scenario evaluated in this study. --, not done]

Leaf collection

Street cleaning

Year completed Name
Method Frequency Method Frequency

2016 Transfer Biweekly Mechanical broom Biweekly T2-M2
2017 Transfer Biweekly Regenerative air Weekly T2-R1
2017 Vacuum mulch Weekly Regenerative air Weekly VI1-R1
2018 Transfer Biweekly Mechanical broom Biweekly T2-M2
2018 Vacuum mulch Biweekly -- -- V2
2018 Transfer Biweekly Regenerative air Weekly T2-R1
2019 Vacuum mulch Weekly Mechanical broom Weekly V1-M1
2019 -- -- Regenerative air Weekly R1
2022 Transfer Biweekly Mechanical broom Weekly T2-M1

leaves piled adjacent to the street. Therefore, results of the
study described herein are more a reflection of the method and
frequency of street cleaning than collection of leaf piles.

Statistical Analyses

A paired-catchment design was used to help evaluate the
effectiveness of leaf collection based on differences in loads
measured in the control and test catchments between calibra-
tion and treatment phases of the study. The basis behind the
paired-catchment approach is discussed in detail in Selbig
and others (2020) and is briefly described herein. The paired-
catchment statistical design assumes that a quantifiable
relation exists between paired water-quality data and that this
relation is valid until a major change (that is, treatment) is
made in one of the catchments (Clausen and Spooner, 1993).
At that time, a new relation will develop. The strength of this
approach is that it does not require the assumption that the
control and test catchments are statistically the same; however,
it does require that the two catchments respond in a predict-
able manner together and that their relation remains the same
over time except for the effect of leaf collection and street
cleaning.

Following procedures outlined in Clausen and Spooner
(1993), the significance of the effect of leaf collection and
street cleaning was determined using analysis of covariance
(ANCOVA). The analysis is a series of steps determining the
significance of the treatment regression; the significance of the
overall regression, which combines the calibration and treat-
ment phase data; the difference between the slopes of the cali-
bration and treatment regressions; and the difference between

the intercepts of the calibration and treatment regressions. A
change in intercepts but not slopes between the calibration and
treatment phase indicates an overall parallel shift in the regres-
sion equation. If the treatment regression shifted below that of
the calibration phase, the form of treatment can be considered
effective at reducing nutrient loads. Results were reported if
they met the 80-percent significance level (probability less
than or equal to 0.20). If the results of the ANCOVA test for
slope and (or) intercept reveal a significant difference between
the calibration and treatment regressions, the regression equa-
tion representing the calibration period can be used to predict
what the mean runoff event loads should have been in the test
catchment during the treatment period. The overall reduc-

tion because of leaf collection and street cleaning can then be
expressed as a percentage change based on the mean predicted
and observed values during the treatment phase (Clausen and
Spooner, 1993).

Results of Calibration and Treatment
Phase Analyses

Nutrient concentrations and loads in runoff from each
catchment were characterized during leaf senescence (October
through November) over a period of 2 years beginning in
2020 and ending in 2022. A total of 15 paired samples were
collected over the study period with 5 and 10 paired samples
representing the calibration and treatment phases, respectively.
Complete lists of paired concentrations and loads are provided
in tables 2 and 3, respectively.
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Table 2. Nutrient concentrations for paired samples in the control and test catchments during the calibration and treatment phases.

[Dates are in month/day/year format. All values are in milligrams per liter]

Total phosphorus

Dissolved phosphorus

Total nitrogen Dissolved nitrogen

Sample date

Test Control Test Control Test Control Test Control

Calibration
10/12/2022 1.63 1.93 1.51 1.64 2.55 3.39 2.01 2.48
10/25/2022 3.44 5.14 3.17 4.72 2.10 2.59 1.45 1.71
11/04/2022 1.32 2.44 1.06 1.95 1.76 2.47 0.94 1.08
11/10/2022 1.36 1.48 1.04 1.05 3.17 3.18 2.01 1.91
11/29/2022 1.01 1.26 0.58 0.85 4.82 4.75 3.51 3.38
Mean 1.75 2.45 1.47 2.04 2.88 3.28 1.98 2.11
Median 1.36 1.93 1.06 1.64 2.55 3.18 2.01 1.91
Treatment

10/12/2020 3.33 5.65 2.46 5.07 5.06 4.36 2.88 2.30
11/10/2020 0.54 2.66 0.23 2.56 1.80 4.28 1.05 2.35
11/24/2020 0.30 0.74 0.18 0.56 1.42 1.54 1.18 1.17
10/02/2021 0.57 0.54 0.23 0.20 1.65 1.34 0.94 0.62
10/07/2021 1.00 1.11 0.80 0.85 1.47 1.78 0.94 1.12
10/11/2021 0.94 0.84 0.73 0.59 1.29 1.93 0.71 1.24
10/13/2021 0.92 0.76 0.57 0.48 1.43 1.95 0.60 0.98
10/24/2021 0.69 1.19 0.38 0.93 1.87 1.25 1.44 0.96
10/28/2021 0.58 1.33 0.40 0.86 0.92 1.29 0.50 0.65
11/11/2021 1.51 2.82 1.38 2.39 4438 3.88 4.12 3.26
Mean 1.04 1.76 0.74 1.45 2.14 2.36 1.43 1.47
Median 0.80 1.15 0.48 0.85 1.56 1.86 0.99 1.15

Nutrient Concentrations in Stormwater With and
Without Treatment

Mean concentrations of phosphorus during the calibration
phase ranged from 1.75 to 2.45 milligrams per liter (mg/L) in
the test and control catchments for TP, respectively, and from
1.47 to 2.04 mg/L for DP (table 2). Selbig and others (2020)
determined medium-density residential catchments having less
than 30-percent street tree canopy generally resulted in mean
TP concentrations of less than 1 mg/L in the fall when no leaf
collection or street cleaning occurred, whereas catchments
having more than 40-percent street tree canopy had mean con-
centrations of more than twice that value. With street tree can-
opy in the control and test catchments at less than 40 percent
(36 percent in the control and 30 percent in the test), mean
concentrations of TP reported in table 2 are generally higher
than reported by Selbig and others (2020) for catchments
without leaf collection or street cleaning. This difference could
be due, in part, to the small number of samples representing
the calibration phase (number of samples=5). A larger dataset
would reduce the effect of uncertainty in the collected data,
resulting in tighter confidence intervals for the regressions.
Selbig and others (2020) also asserted that depending on the

distribution and abundance of tree species, concentrations of
phosphorus in runoff can be elevated even in areas with less
street canopy. This finding was supported in laboratory tests
by Wang and others (2020) and Dorney (1986), indicating
the amount of leachable phosphorus can vary considerably
depending on tree species. This phenomenon was observed
by Selbig and others (2020) in one study catchment having
relatively low street tree canopy cover (21 percent) but a mean
TP concentration that was similar to catchments with twice
the amount of tree canopy. The difference was attributed to the
larger percentage of honey locust, a species that has a higher
concentration of leachable phosphorus than other species of
trees in the study catchment (Dorney, 1986).

All mean and median concentrations of phosphorus in the
test catchment were lower during the treatment phase (table 2).
Unexpectedly, concentrations in the control catchment also
decreased, although to a lesser degree than in the test catch-
ment (about a 30-percent reduction in the control compared to
40 to 50 percent in the test). It is unclear why concentrations
of TP and DP decreased in the control, particularly because no
changes were made to street cleaning or leaf collection in both
phases of the study. One explanation may again be attributed
to the small number of samples representing the calibration
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phase. The event on October 25, 2022, resulted in phosphorus
concentrations that were more than double what was measured
for any event during the calibration phase in both catchments
(table 2). Leaf litter accumulated for nearly 2 weeks before
the October 25 event, longer than any other interevent dry
period during the calibration phase. Wang and others (2020)
determined phosphorus load in stormwater runoff is highly
correlated to the leaf mass on streets before a storm event.
Concentrations of phosphorus in runoff were likely elevated
because of the large mass of leaf litter that accumulated on
streets before the October 25 event. Censoring this event from
the dataset would result in mean concentrations of TP and DP
in the control catchment to be within 1 and 5 percent, respec-
tively, of those measured during the treatment phase, whereas
the test catchment still indicated appreciable reductions of

22 and 30 percent for TP and DP, respectively. However, no
reasonable justification exists to censor the October 25 event
from table 2.

Mean concentrations of nitrogen during the calibration
phase ranged from 2.88 to 3.28 mg/L in the test and control
catchments for TN, respectively, and 1.98 to 2.11 mg/L in the
test and control catchments for DN, respectively (table 2). In
general, a positive correlation between mean concentrations

Fall Contributions of Phosphorus and Nitrogen in Stormwater Runoff through Weekly Street Cleaning

of phosphorus and nitrogen was observed in each catchment;
higher amounts of phosphorus also would produce higher
amounts of nitrogen (fig. 2). Like phosphorus, mean concen-
trations of TN and DN were generally within the range of val-
ues reported in Selbig and others (2020) for residential catch-
ments but higher overall than those with a similar percentage
of street tree canopy. Although leaf litter is recognized as a
primary contributor of nitrogen in stormwater, other factors,
such as residential fertilizer application, may have elevated
concentrations. Hobbie and others (2017) determined house-
hold fertilizer resulted in 37 to 59 percent of nitrogen inputs in
urban drainage basins in St. Paul, Minnesota (not shown).

Changes in Nutrient Loads as a Result of Leaf
Collection and Street Cleaning

Paired loads from the control and test catchments
(table 3) were evaluated to determine if changes in the rela-
tion established during the calibration phase of the study can
be attributed directly to activities related to leaf collection
and street cleaning during the treatment phase. Because the
frequency and method of collecting leaf piles did not change
between phases, differences in nutrient load reflect the amount

Table 3. Nutrient loads for paired samples in the control and test catchments during the calibration and treatment phases.

[Dates are in month/day/year format. All values are in grams]

Total phosphorus

Dissolved phosphorus

Total nitrogen Dissolved nitrogen

Sample date
Test Control Test Control Test Control Test Control
Calibration
10/12/2022 2,360 465 2,195 397 3,519 817 2,735 599
10/25/2022 12,820 1,007 11,502 928 7,948 509 5,450 334
11/04/2022 11,226 5,696 8,801 4,543 15,194 5,750 7,963 2,522
11/10/2022 2,850 1,076 2,188 767 6,862 2,312 4,454 1,393
11/29/2022 527 274 306 186 2,527 1,034 1,872 736
Mean 5,957 1,703 4,998 1,364 7,210 2,085 4,495 1,117
Median 2,850 1,007 2,195 767 6,862 1,034 4,454 736
Treatment

10/12/2020 687 162 515 140 1,017 115 573 61
11/10/2020 2,692 1,177 1,134 1,142 7,871 1,898 4,200 1,041
11/24/2020 433 250 242 192 2,057 519 1,739 394
10/02/2021 1,860 696 623 251 5,112 1,716 2,975 797
10/07/2021 1,468 694 1,151 529 2,414 1,113 1,571 700
10/11/2021 1,656 403 1,264 284 2,538 927 1,407 595
10/13/2021 340 85 196 53 500 217 225 109
10/24/2021 58 106 36 83 164 111 134 86
10/28/2021 86 148 59 96 140 144 78 72
11/11/2021 447 448 402 382 1,430 618 1,310 519
Mean 973 417 562 315 2,324 738 1,421 437
Median 567 326 458 222 1,744 568 1,358 456
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Figure 2. A positive correlation between total phosphorus and
total nitrogen was observed in the control and test catchments.

of organic material removed from streets by street cleaning. As
shown in figure 3, the relations in fall loads of TP, DP, TN, and
DN developed between the control and test catchments during
the calibration and treatment phase. Differences in these rela-
tions were quantified if results of the ANCOVA test for differ-
ences in slopes or intercepts exceeded an 80-percent statistical
significance (probability less than or equal to 0.20).

Quantification of the overall effect of leaf collection and
street cleaning frequency and method of removing leaf litter
and other organic detritus is presented as a percentage reduc-
tion in nutrient load (table 4). The weekly use of a mechanical-
broom street cleaner and biweekly leaf collection using a
transfer method were able to reduce fall loads for all measured
nutrients in stormwater runoff. Nutrients in the dissolved
phase had the greatest reductions at 51 and 52 percent for
DP and DN, respectively. This result was expected given that
most of the phosphorus and nitrogen are in the dissolved phase
(Selbig, 2016; Selbig and others, 2020). Reductions in TP and
TN were slightly lower, but still significant, at 46 and 42 per-
cent, respectively. Comparison of slopes indicates a clear
difference between phases for TN and DN but not TP and DP
(fig. 3). This difference is due to a single paired load during
the calibration phase that seems to hold leverage on the result-
ing trendlines, affecting both slopes and intercepts. This point
again corresponds to the October 25, 2022, event. Additional
samples representing the calibration phase of the study across
the same range of loads measured during the treatment phase
would potentially reduce the effect of outliers and improve
statistical outcomes.

Unlike nitrogen, paired loads of TP and DP during
the calibration phase were more evenly distributed across
the range of values measured during the treatment phase.
Although results of the ANCOVA test did not indicate any
significant changes in slope between phases, an overall
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downward vertical shift during the treatment phase resulted
in a significant difference in intercept (table 4). Although
additional samples during the calibration phase would have
reduced variability and improved statistical confidence for TP
and DP, the overall conclusion that a mechanical-broom street
cleaner is able to reduce nutrient loads in runoff would likely
not change.

Comparison to Previous Municipal Leaf
Collection and Street Cleaning Programs

Results presented in table 4 represent the last in a series
of evaluations on the effectiveness of municipal leaf collection
and street cleaning programs (fig. 4). Although the frequency
and technology presented in figure 4 are not inclusive of all
municipal options, they represent practices that are more
commonly used by cities in the Midwest and Northeast. From
figure 4, significant reductions in TP and DP loads are not
observed until tree canopy approximates 30-percent coverage
over streets. The exception is the V2 study treatment, which
represents biweekly leaf pile collection only using a vacuum-
mulch collection system and no street cleaning. Despite hav-
ing the highest overhead tree canopy in the series of evalua-
tions presented in figure 4, the lack of street cleaning allowed
the accumulation of leaf litter in the street to overcome any
reduction in phosphorus that may have resulted from leaf pile
collection on the side of the street.

The frequency and method of street cleaning rather
than leaf pile collection have more effect on phosphorus load
reduction in runoff. Selbig and others (2020) previously deter-
mined regenerative-air street cleaners operating at a frequency
of once per week (indicated by “R1” in fig. 4) have the great-
est percentage of TP and DP reduction regardless of form and
frequency of leaf pile collection. The exception was in a study
catchment having less than 10-percent street tree canopy, an
indication that the mass of leaf litter on streets in this catch-
ment likely was not enough to detect a significant difference
in phosphorus load compared to no street cleaning. Selbig and
others (2020) also reported mechanical-broom street cleaners,
having less capacity to removed solids from street surfaces
than regenerative-air cleaners (Selbig and Bannerman, 2007),
resulted in lower reductions of TP and DP loads. In that study,
catchments using the transfer method for leaf pile removal
every other week and a mechanical-broom street cleaner oper-
ating once every other week (indicated by “T2-M2” in fig. 4)
reduced TP and DP loads by 40 and 45 percent, respectively.
Increasing the frequency of street cleaning to once per week
(indicated by “T2-M1” in fig. 4), as was tested as part of this
study, elevated the percentage reduction of TP and DP loads to
46 and 51 percent, respectively. This result indicates the reduc-
tion of phosphorus in stormwater runoff from residential areas
with about 30-percent or more overhead street tree canopy is
more a function of the cleanliness of the street before a storm
event than the removal of leaf piles on the side of the street.
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Table 4. Results of paired-catchment analysis of covariance test and calculated percentage reduction.

[Values in bold are significant at the 80-percent confidence level. p, probability]

. p-value .
Nutrient Percentage reduction’
Slope Intercept
Total phosphorus 0.46 0.16 —46
Dissolved phosphorus 0.96 0.19 =51
Total nitrogen 0.12 0.09 —42
Dissolved nitrogen 0.11 0.08 —52

A negative percentage value indicates a reduction in load.

Selbig and others (2020) determined that unlike phos-
phorus, reductions in nitrogen loads were not as prevalent
and, in some cases, increased after treatment (fig. 4). The
T2-MI1 treatment described as part of this study was only
one of two leaf collection and street cleaning combina-
tions that resulted in a reduction of TN and DN, the other

being T2—R1. With one exception, catchments undergoing
weekly street cleaning, regardless of technology, indicated
reductions in TN, DN, or both. When the frequency of
street cleaning decreased to every other week, nitrogen
load in runoff increased or did not significantly change
from a condition with no street cleaning.
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Summary

Biweekly leaf collection and weekly street cleaning using
a mechanical-broom street cleaner in a medium-density resi-
dential catchment resulted in reduced nutrient load in runoff
compared to a second catchment undergoing no treatment.
The range in percentage reduction of nutrients fell in line with
previous evaluations of municipal leaf collection and street
cleaning practices based on the type and frequency of street
cleaning and the amount of overhead tree canopy. By increas-
ing the frequency of street cleaning from once every other
week to once per week, as was tested as part of this study, the
percentage reduction of nutrient load increased from 40 to
46 percent for TP and from 45 to 51 percent for DP. This find-
ing indicates the reduction of phosphorus in stormwater runoff
from residential areas with about 30-percent or more overhead
street tree canopy is largely a function of the cleanliness of the
street before a storm event. This information can be used by
municipalities to help meet water-quality targets and standards
imposed by regulating authorities (for example, total maxi-
mum daily loads).
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