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|dentification of Significant Factors Affecting
Stormwater Quality Using the NSQD

Alexander Maestre, Robert Pitt

1 Introduction

The normal approach to classify urban sites for edting stormwater characteristics is based on
land use. This approach is generally accepted becauselétesdrto the activity in the watershed, plus
many site features are generally consistent withim éaed use. Two drainage areas with the same
size, percentage of imperviousness, ground slope, samplitigpase and stormwater controls will
produce different stormwater concentrations if the mativigcin one watershed is an automobile
manufacturing facility (industrial land use) while théeatis a shopping center (commercial land use)
for example. There will likely be higher concentrations aftals at the industrial site due to the
manufacturing processes, while the commercial site mase Hégher concentrations of PAHs
(polycyclic aromatic hydrocarbons) due to the frequency and nsnifecustomer automobiles
entering and leaving the parking lots.

Previous studies indicated that there are significafférdnces in stormwater constituents for
different land use categories (Pitt et al. 2004). Thisigperted for other databases like NURP (EPA
1983), CDM (Smullen and Cave, 2002) and USGS (Driver et al., 1985). @leqguestion to be
addressed in this chapter is if there is a different clagsificanethod that better describes stormwater
quality, possibly by also considering such factors as gpbhma area (EPA Rain Zone), season,
percentage of imperviousness, watershed area, type of coneeyeontrols in the watershed,
sampling method, and type of sample compositing, and possible intesduttoveen these factors.

This chapter presents several approaches to exfiiainvariability of stormwater quality by
considering these additional factors. Maestre (2005b) has shHwtnignoring the non-detected
observations can adversely affect the mean, median andastl deviations of the dataset, and the
resulting statistical test results. Therefore, theutations presented in this chapter used the censored
observations using the Cohen’s maximum likelihood method.

2 Main Factors Affecting Stormwater Quality

The EPA Rain Zone (geographical location), percentage pkrwiousness, land use, type of
conveyance, controls in the watershed, sample analysis method, anflsgpepling procedures were
selected as potential influencing factors affectingrsteater quality for the preliminary analyses.
Data from sites having single land uses will be usdtiérbasic analyses. Data from the mixed land
use sites could be used for verification. The first st@p to inventory the total number of events in
each of the possible combinations of these factors. TheReE#f\Zone, land use, type of conveyance,
type of controls present in the watershed, sampling metiodidype of compositing procedures are



discrete variables, while percentage of imperviousneascantinuous variable. The total counts and
percentage for each discrete variable option is shown ireTabl

Table 1 Numbers and percentage of samples by discrete site variable category

LAND USE TOTAL PERCENTAGE
EVENTS TPA
Residential 1042 27.68 RAIN TOTAL PERCENTAGE
Mixed Residential 611 16.23 7ONE EVENTS
Commercial 527 14.00 1 69 1.83
Mixed Commercial 324 8.61 2 2000 53.12
Industrial 566 15.03 3 266 7.07
Mixed Industrial 249 6.61 ‘5‘ 421;?2) lg-gg
Institutional 18 0.48 6 356 946
Mixed Open Space 168 4.46 8 24 0.64
Freeways 185 491 9 124 3.29
Mixed Freeways 26 0.69
TOTAL
TYPE OF CONTROL EVENTS PERCENTAGE
Channel Weirs (CW) 30 0.80
Dry Pond (DP) 50 1.33
Detention Storage (enlarged pipe) (DS) 17 0.45
Wet Pond at Outfall (WP) 113 3.00
WP in Watershed (WP_W) 182 4.83
WP in Series at Outfall (WP_S) 42 1.12
None 3331 88.47
SAMPLE ANALYSIS TOTAL PERCENTAGE
EVENTS
Composite (not specified) 718 19.07
Flow Composite 2752 73.09
Time Composite 295 7.84
TYPE OF TOTAL TOTAL
CONVEYANCE EVENTS PERCENTAGE SAMPLER EVENTS PERCENTAGE
Curb and gutter 2454 65.18 Automatic 3055 81.14
Grass swale 344 9.14 Manual 393 10.44
Not specified 967 25.68 Not specified 317 8.42

About 80 percent of the samples were collected using atitosamplers. It was observed that
manual sampling can result in lower TSS concentrationpamd to automatic sampling procedures.
This may occur, for example, if the manual sampling teatives after the start of runoff and
therefore misses the first flush (if it exists for the site¥ulting in reduced event mean concentrations.
For those sites using automatic samplers, about 73% of vilnetsewere collected using flow-
composite samplers, 8% were collected using time-compessitplers, and about 19% did not have
any designation available. Flow-composite samples are evadidnore accurate than time-composite
samples when obtaining data for event-mean concentratioless very large numbers of subsamples
are obtained (Roa-Espinosa and Bannerman, 1995).

Almost 66% of the events were collected at sites drain#domnventional curbs and gutters, 9%
were collected at sites having roadside grass swvalelit was not possible to determine the drainage
system for about 25% of the samples. Grass swales can ithéuoencentrations of suspended solids
and metals, especially during low flows. They can atditirate large quantities of the stormwater,
reducing pollutant mass discharges, runoff volume, and peak flows.

2.1 Effects of Stormwater Controls on Stormwater Quality



It is hoped that stormwater controls located in a vghtt, or at an outfall, would result in
significant reductions in stormwater pollutant concerdreti Figure 1 shows the effects on effluent
TSS concentrations when using various controls in resalemtta watersheds in EPA Rain Zone 2
(Maryland, Virginia, North Carolina, Tennessee and Kentycklyg area having large enough
numbers of samples for an effective statistical armlyShe controls noted for these locations
included:

1. Channel weir: a flow measurement weir in an open chahatefdrms a small pool
(a very small wet pond).

2. Dry pond (DP): a dry detention pond that drains compldietyveen each storm
event.

3. Wet pond (WP): a wet detention pond that retains watereke events, forming a

small lake or pond. If the pond is in the watershed btahthe outfall, this will be
considered a wet pond inside of the watershed (WPW);hmviould only treat a
fraction of the total stormwater from the site

4, Detention storage (DS): Oversize pipes with smallebwrifices, usually under
parking lots.

The stormwater monitoring was conducted at the outfallghef drainage areas, after the
stormwater controls. Wet ponds are seen to reduce thedr&8ntration in the stormwater more than
the other controls (about 78%) compared to the “no contreliam value. Detention storage units
and dry ponds also reduced the TSS concentrations, busitber extent (about 60% and 37%
respectively). Only one site (located in Virginia Beabhyl a channel weir control, but that site did
not reduce the observed TSS concentrations compared to the “ra"cwatEgory.

The effectiveness of the stormwater controls was atadufor each constituent separately. The
effects of sample analysis method, sampler instrumenttygedof conveyance were also examined.
The first step was to identify the suitable subsetsdbald be examined, based on suitable numbers
of samples in each category. The following four land use€®d#Rain Zones had suitable numbers
of sites having controls that could be examined: resalesbmmercial and industrial in EPA Rain
Zone 2 and industrial in EPA Rain Zone 3. For each groupywayeANOVA analyses were used to
identify if there were any differences in the concatidns of 13 constituents (after log-
transformations and substitutions for non-detectable valieesphose sites that included different
controls. Dunnet’'s method was also used to compare siteseach specific stormwater control type
to sites without stormwater controls, using a familsoerate of 5%. Table 2 shows the results for
these analyses for each of these groups.
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Figure 1. TSS distribution by controls in residential ar@asd EPA Rain Zone 2 (the cross circles
indicate the average concentrations, while the medianeotnations are written next to the median
bar in the box diagrams)

Table 2 shows that there are no significant differencegdeet sites with or without wet ponds for
all constituents having observations in industrial lanesuia EPA Rain Zone 3. Nitrite-nitrate, total
phosphorus, total copper and total zinc were significanthetdw concentrations at sites located in
EPA Rain Zone 2, having wet ponds before the outfall, compared to #iesitwstormwater controls.
Wet ponds did not reduce the TKN concentrations in any ofotlregroups. Significant reductions in
TSS concentrations were also observed for sites havingamels in residential and commercial land
uses, but not in industrial land uses.

Dry ponds were only available for evaluation in the regidetand use category in EPA Rain
Zone 2. No significant differences were found for TSS ait@initrate for sites having dry ponds.
However, significant reductions of BOD5, TKN, total phosphototal copper, total lead and total
zinc were noted.

Some communities have installed detention-storage fasilienlarged pipes) under parking lots to
reduce runoff flow rates. More than 400 of these underground pipes atedat Arlington, Virginia,
for example. A significant reduction in the TSS, BOD5, C@iigl lead, and total zinc concentrations
were observed at sites with these underground devicesheéDather hand, these controls did not
indicate a significant difference in the concentrationsatfients (ammonia, nitrite-nitrate, TKN,
dissolved phosphorus and total phosphorus), compared to abtgaites not having stormwater
controls. A conflicting situation was observed in EPArR@bne 2 for total zinc for sites having
underground enlarged pipes; zinc concentrations at residentth uses were significantly higher,
while zinc concentration at commercial areas were sigmfig lower, compared to sites with no
stormwater controls. It is possible that the sites haviegated zinc concentrations used galvanized
metal enlarged pipe systems.

2.2 Sampling Method Effects on Stormwater Concentrations

The use of manual or automatic sampling is a factdr ithaometimes mentioned as having a
possible effect on the quality of the collected sampizmual sampling is usually preferred when the
number of samples is small and when there are not awailedburces for the purchase, installation,
operation, and maintenance of automatic samplers. Maangbling may also be required when the
constituents being sampled require specific handling (aadbr bacteria, oil and grease, and volatile
organic compounds) (ASCE/EPA, 2002). Automatic samplers are neeoded for larger sampling
programs, when better representations of the flowsaeeled, and especially when site access is
difficult or unsafe. In most cases, where a substamtiadber of samples are to be collected and when
composite sampling is desired, automatic sampling can be resshekpensive. Automatic samples
also improve repeatability by reducing additional varigbiliduced by the personnel from sample to
sample (Bailey, 1993). Most importantly, automatic samplensb@ much more reliable compared to
manual sampling, especially when the goal of a monitorioggtris to obtain data for as many of the
events that occur as possible, and sampling must startheebeginning of the rainfall (Burton and
Pitt, 2002).

One-way ANOVA analyses were used to identify anyistteal differences between the two
groups. Dunnet’s test was used to compare manual samplingstagatomatic sampling. Table 3
shows the results from the ANOVA analyses.
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Table 3 One-Way ANOVA Results by Type of Sampler by Land Use and EPA Rain Zone
Residential, EPA Rain Z. 2 Commercial, EPA Rain Z. 2 Industrial EPA Rain Zone 2

Constituent Automatic  Manual V;I)[Je Automatic  Manual V;I)[Je Automatic  Manual V;I)[Je
Hardness mg/L ‘?213? égi) 0 9(72-;’:)6 (21223;4) 0 _ - None
Oil and Grease mg/L - - None ‘(172‘;’ (i'gsyg) 0.009 :(366;)3 (‘11412) 0.723
TDS mg/L (gig) (egé(,)<) 0.004 Zféssf)s ?fé?:o) 0.25 (7132'5) (1%)%?:) 0.362
S8 o mE o omm . aw 2w .
80D mgiL L3 88 i, 8 WD o sss G
T o B MR om 2RSS om
Ammoniamgl. 0228 02 g 03 08 oo 02 ist
vorNoimgl O 088 ooy 0S5 075 g 0SS 004
TRNmgL L0106 g 18 12 oy, LIS dem
et O B g 8 0 o O G o
Tmetous OS2 G2, 0L T gy S 0SB o
Toacopperpgl. ST 880 gop B2 LB oo 1568 MO oo
Tateadygt  SI8 AM o M B o, uz w0s g,
roaznewn I B2 g 2 A8 o, 18 3 oo

Note. Refer to note Table 2. Comparisons with autansampling.

Residential, commercial and industrial sites locateddA Rain Zone 2 were used to evaluate any
significant differences between the two sampling methadsgas$ observed that BOD5 and dissolved
phosphorus measurements are not affected by differencesmpling methods used in residential,
commercial or industrial areas in EPA Rain Zone 2. lidessial and commercial land uses, TSS and
COD concentrations obtained using automatic samplers were amgesthe concentrations obtained
when using manual sampling methods. Median total phosphoneemtrations were about 50%
higher using automatic samplers, while no effects were notemttier nutrients.

Figure 2 contains box and whisker plots comparing automatsus manual sampling methods in
residential land uses in EPA Rain Zone 2. TSS, total caopétotal zinc have lower concentrations
using manual sampling compared with automatic samppnglues 0, 0.025 and 0.02 respectively).
The opposite pattern was observed for nitrate-nitrat@ualasampling shows higher concentrations
than samples collected with automatic samples (p-value: 0.005).

In industrial land uses, the pattern was found to be oppositenofia, nitrate-nitrite, TKN and
total zinc indicated higher concentrations when using alasampling methods compared to using
automatic samplers. Concentrations for these consttugate almost twice as high when using
manual sampling, except for ammonia that was almost reiestihigher when manual sampling was
used compared to automatic sampling methods. Thesatedleconcentrations were observed in
industrial sites located in Fairfax County Virginia, Hod/&@ounty Maryland and the city of Charlotte
in North Carolina. Sites with controls were not included inpifevious analyses.
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Figure 2. Comparison of reported concentrations in residentialismend EPA Rain Zone 2 for
automatic vs. manual sampling methods

2.2 Sampling Method Effects on Stormwater Concentrations

Time and flow-weighted composite options were also etadua residential, commercial, and
industrial land uses in EPA Rain Zone 2 and in indudfiad uses in EPA Rain Zone 3. With time-
compositing, individual subsamples are combined for even time incterdernan example, automatic
samplers can be programmed to collect a subsample evemjirilties for deposit into a large
composite bottle. An automatic sampler can also colisctete subsamples at even time increments,
keeping each sample in a separate smaller sample.b&fter the sampled event, these samples can
be manually combined as a composite. With flow-weighted sammim@utomatic sampler can be
programmed to deposit a subsample into a large composite bottiadh set increment of flow.

The Wisconsin Department of Natural Resources conductadoagh evaluation of alternative
sampling modes for stormwater sampling to determine tleage pollutant concentrations for
individual events (Roa-Espinosa and Bannerman 1995). Fourlisgnmpodes were compared at
outfalls at five industrial sites, including: flow-weiglt composite sampling, time-discrete sampling,
time-composite sampling, and “first-flush” sampling durthg first 30 minutes of runoff. Based on
many attributes, they concluded that time-composite samptiogttalls is the best method due to
simplicity, low cost, and good comparisons to flow-weightechgosite sampling (assumed to be the
most accurate). The time-composite sampling cost was abofitthé cost of the time discrete and
flow-weighted sampling schemes, for example (but was alboe times the cost of the first-flush
sampling only). The accuracy and reproducibility of the posite samples were all good, while these
attributes for the first-flush samples were poor. Burtod Ritt (2001) stress that it is important to
ensure that acceptable time-weighted composite samplahgde many sub-samples. Any sampling
scheme is very inaccurate if too few samples aredeltl. Samples need to be collected to represent
the extreme conditions during the event, and the totainstluration. Experimental design methods
can be used to determine the minimum number of subsamgéeled considering likely variations. It



is more common to now include the use of “continuous” watelitguaobes at sampling locations,
with in-situ observations obtained every few minutes.odnohately, these details were not available
for the NSQD sampling sites; some sites may have tadetv subsamples to represent the storm
conditions, while others may have had sufficient numbesubsamples. Also, most of the NSQD
samples only represented the first 3 hours of runoff eventsrents were longer, the later storm
periods were likely not represented. These issues are sksco®re in the next subsection.

One-way ANOVA tests were used to evaluate the presefaggnificant differences between
these two composite sampling schemes. Dunnet's comparisbnwies used to evaluate if
concentrations associated with time-compositing were dlamgéower than concentrations associated
with flow- compositing. Table 4 shows the results of these tests.

Table 4 shows that no significant differences were obsdore8OD5 concentrations using either
of the compositing schemes for any of the four categoriesimilar result was observed for COD
except for commercial land uses in EPA Rain Zone 2, wheremmigh samples were collected to
detect a significant difference. TSS and total leadiameconcentrations in EPA Rain Zone 2 were
two to five times higher in concentration when time-coritpas was used instead of flow-
compositing.

Nutrients in EPA Rain Zone 2 collected in residentaimmercial and industrial areas showed no
significant differences using either compositing method. dilg exceptions were for ammonia in
residential and commercial land use areas and total phrespin residential areas where time-
composite samples had higher concentrations. Metals were kgbertime-compositing was used in
residential and commercial land use areas. No diffeemere observed in industrial land use areas,
except for lead. Figure 3 shows box plots for TSS using both methods.

Table 4 One-Way ANOVA Results by Sample Compositing Scheme

Residential, EPA Rain Z. 2 Commercial, EPA Rain Z. 2 Industrial EPA Rain Zone 2
Constituent Flow Time p- Flow Time p- Flow Time p-
Composite  Composite  value  Composite Composite value Composite Composite value
64.02 76.90 68.5 132.9
TDS mg/L (351) (14,2) 0.229 - - None (101) ©5) 0.076
36.08 90.30 38.18 135.6 44.2 84.6
TSS mg/L (398) (80,>) 0 (163) (30,5) 0 (116) (40,>) 0
11.04 10.75 13.43 14.56 9.67 9.94
BOD mg/L (379) (78,2) 0.785 (162) (30,2) 0.563 (112) (39,2) 0.861
56.28 47.93 53.93 63.04
COD mg/L (348) (14,2) 0.416 - - Few (100) ©,2) 0.519
Ammonia 0.24 0.62 0 } } Few 0.25 1.11 0
mg/L (345) (14,>) (96) 9>)
NO, + NO3 0.52 0.60 0.583 0.567 0.547 0.614
mgiL (388) @0, 2997 (163 @) 2875 (09 B9, 0488
1.30 1.46 1.47 1.36 1.06 1.13
TKN mg/L (391) (80,2) 0.215 (163) (30,2) 0.637 (109) (40,7) 0.672
Dissolved
0.139 0.132 0.087 0.074
II?nrécifphorus (334) (14,) 0.832 - - Few 82) 9.2) 0.601
Total
0.292 0.426 0.242 0.194 0.208 0.242
fng‘;fph‘”us (392) (80,5) 0 (161) @o=) 08 (119 (40, 0338
Total
9.99 16.89 14.91 36.34 15.75 21.27
ﬁé’/ﬁ’_per (228) (85,) 0 (115) (30,5) 0 (72) 4o 0070
Total Lead 5.94 19.62 0 11.96 52.23 0 9.34 22.23 0.001
pg/L (222) (85,>) (115) (30,>) (66) (40,>) :
Total Zinc 50.77 156 408 189.7 186.8
pg/L 27y 142852 0 (115) (30,) 0 (72) (40=)  09%0

Note. Refer to note Table 2. Comparisons with flow jgositing sampling.
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Figure 3. Comparisons between time- and flow-composite options for TSS

2.4 Sampling Period During Runoff Event and Selection of Events to Sample

Another potential factor that may affect stormwater iipas the sampling period during the
runoff event. Automatic samplers can initiate sampling \@ose to the beginning of flow, while
manual sampling usually requires travel time and othkrysebefore sampling can be started. It is
also possible for automatic samplers to represent theletargtorm, if of very long duration, as long
as proper sampler setup programming is performed ¢Busind Pitt 2001). However, automatic
samplers are not capable of sampling bed load matandl,are less effective in sampling larger
particles (>500 um) than typically suspended solids. Manual samiblatge to collect a sample from
a cascading flow, can collect from the complete particle s&gfaition.

The NPDES stormwater sampling protocols only requikdkbating composite samples over the
first three hours of the event instead of during the wkeknt. Truncating the sampling before the
runoff event ended may have adversely affected the measareavsiter quality.

Selecting a small subset of the annual events can adsothé monitoring results. In most
stormwater research projects, the goal is to sanmuleanalyze as many events as possible during the
monitoring period. As a minimum, about 30 samples are usuaByredl in order to adequately
determine the stormwater characteristics with aordevel of about 25% (assuming 95% confidence
and 80% power) (Burton and Pitt 2001). With only three events pergguired per land use for the
NPDES stormwater permits, the accuracy of the cakdl&MC is questionable until many years
have passed. Also, the three storms need to be randomtyestfrom the complete set of rains in
order to be most statistically representative.

Flagstaff Street, in Prince George MD, had the mosttevenllected for any site in the NSQD.
They collected 28 events during two years of sampling (1998.996). A statistical test was made
choosing 6 events (three for each year) from this seéting 5,600 different possibilities. Figure 4
shows the histogram of these possibilities. The medigh dfShe 28 events was 170 mg/L, with a
95% confidence interval between 119 and 232 mg/L. Only 60% of the pegBtbilities were inside
this confidence interval. Almost half (40%) of the possik8itfor the observed EMC would therefore
be outside the 95% confidence interval for the true mediaceotmration if only three events were
available for two years. As the number of samples inereghsre will be a reduction in the bias of the
EMC estimates. In Southern California, Leecaster (2002ymé@ted that ten years of collecting three
samples per year was required in order to reduce the error to Eetadter, 2002).
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Figure 4. Histogram of possible TSS concentrations in FifigSteeet based on collecting three
samples per year for two years (the measured median TSéht@tion was 170 mg/L)

2.5 Type of Conveyance

Almost all of the samples in the NSQD were collectethgisautomatic samplers and flow
compositing. Statistical tests investigating the effecth®type of conveyance only used information
from flow-weighted composited samples to reduce potentiakse associated with other sampling
schemes, as discussed above. Grass swales are congumlepedeffective stormwater controls
compared to conventional curb and gutter stormwater caltestistems. Grass swales are commonly
found in residential areas with low levels of imperviogsnesspecially in low density residential
areas. NSQD data from residential and mixed residesited in Virginia, Georgia, and Texas were
used to compare stormwater concentrations in areas draineddsysgvales and by concrete curbs and
gutters.

Historical swale performance tests usually focused pohutant mass discharges and not
concentrations. Swales normally infiltrate significant anteurf the flowing water, resulting in large
mass discharge decreases. Most swales operate \sitirelyl deep water, and any “filtering” benefits
of the grass (and hence concentration reductions) asdlyisninimal. Very shallow flows in swales
do have particulate pollutant concentration reductionsthmste are rarely observed during moderate
to large flows (Nara and Pitt 2005).

One-way ANOVA analyses were used to identify any $igcgmt differences in stormwater
pollutant concentrations between watersheds drained grétbs swales or with curbs and gutters.
Dunnett’s test was used to determine if grass swatstuped different concentrations than curbs and
gutters. Table 5 shows the results

Total lead and total phosphorus did not have any signifididierences in concentrations when
comparing the two conveyance systems in both land use drmas.copper concentrations from
residential land uses in EPA Rain Zones 2 and 3 wererlashen grass swale was used instead of
curbs and gutters. No copper concentrations differencesalserved at industrial land uses having
different conveyance systems.

Figure 5 shows box and whisker plots for TSS in industrial land BE&% Rain Zones 2 and 3 and
residential areas in EPA Rain Zone 2. The median cortiEms in industrial land uses were smaller
in locations where curbs and gutters were used compargtes having grass swales. The statistical
tests did not identify a significant difference betwélee median concentrations in residential areas in
EPA Rain Zone 3 (the residential boxes have much more ovedafdhthe industrial sites).
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Figure 5. TSS concentration by type of conveyance (Sigmfidifferences were
observed in industrial land uses)

2.6 Concentration Effects Associated with Varying Amounts of Impervious Cover

The reported values for imperviousness do not reflecamheunt of pavement and roofs that are
not directly connected to the drainage system. Diraxitynected impervious areas (DCIA) are also
referred to as effective impervious areas (EIA). Fom#la, imagine a park with a single paved
basketball court surrounded by turf; the area of the cwilltbe counted as part of the total
impervious area, but would not be considered as part of the effenfreevious area. The runoff from
the paved court would likely be totally infiltrated Ilye grass and will be not discharged to the
drainage system. In this case, even if we have a Valu&otal imperviousness,” the “effective
percentage of imperviousness” is zero.

It is therefore difficult to compare database concepmatwith the imperviousness values due to
these potential uncertainties in the actual effedtiygerviousness. Figure 6 is an example plot of the
percent imperviousness values of different land use<CfoD. Each vertical set of observations
represent a single monitoring location (all of the evexita single location have the same percent
imperviousness). The variation of COD at any one mongofotation is seen to vary greatly,
typically by about an order of magnitude. These larg&atians will make trends difficult to identify.
All of the lowest percentage imperviousness sites are qmesedand uses, while all of the highest
percentage imperiousness sites are freeway and comirandauses. This plot shows no apparent
trend in concentration that can be explained by impervemssrHowever, it is very likely that a
significant and important trend does exist between percenttigéfemperviousness and pollutant
mass that is discharged. While the relationship betiveperviousness and concentration is not clear,
the relationship between effective imperviousness antlriotaff volume is much clearer and more
obvious as the non-paved areas can infiltrate much water.

One important feature in the percentage of imperviowssisethat most of the residential sites have
low levels of imperviousness, while commercial and indussitas usually have high percentages of
imperviousness. Figure 7 shows the mean TSS concentrittiomesidential, commercial and
industrial land uses in the database. Only four of the ee8ad watershed has percentage of
imperviousness values larger than 60%. Two commerced kive less than 60% imperviousness,
with the remaining commercial sites above this value. yseal concerning the effects of impervious
cover on stormwater concentrations for each land usaragefy are difficult as there are limited
ranges of impervious cover within each land use category.
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Regression analyses were used to identify possiblatiaeships between constituent
concentrations and the percentage of imperviousness fdemnéisl land use data. Table 6 shows the
results from these regression analyses. Residential kkewlin EPA Rain Zone 2 were examined
during these analyses. Median concentrations from sites ugimgatic, flow-weighted samplers, and
not having any controls and with curb and gutter conveyagstems were selected for analyses. Data
from the site KYLOTSR3 was not used during these analgeeause sewage disposal facilities were
located in the test watershed. Solids and heavy nme¢alian concentrations were higher at this
location than for the remaining residential sites in the Jaane Zone.

Only nitrate-nitrite indicated a significant regressioelationship between percentage of
imperviousness and constituent concentration for thesg, sis shown in Figure 8. In this case, the
slope was negative, indicating a reduction in the condemras the level of imperviousness
increased. One possible explanation is that the nutdeatassociated with landscaped areas and the
use of fertilizers which all decrease with increasmmgervious areas. This does not indicate that the
total mass of nitrate-nitrite will be reduced. Thadoof this constituent depends on the total runoff
volume that is discharged during the event. As the percenfaggerviousness increases, the runoff
volume also increases due to lack of infiltration. Eveinéf concentration is shown to decrease, the
total mass discharge may still increase with ireirgpamounts of pavement or roofs. There was not
enough evidence to indicate a relationship between coatientand percentage of imperviousness
for the other 11 constituents examined.

Table 6 Regression of Median Concentrations by Percentage of Impervious in Residential land Use,
EPA Rain Zone 2

CONSTANT P- IMPERVIOUS P-

2 .
CONSTITUENT N COEFFICIENT VALUE COEFFICIENT  VALUE R" Adjusted RESULT

TDS mg/L 10 71.94 0.002 -0.386 0.446 0 Not Significant
TSS mg/L 10 74.44 0.002 -0.715 0.172 0.121 Not Significant
BOD5 mg/L 10 8.74 0.117 0.076 0.619 0 Not Significant
COD mg/L 10 53.94 0.027 0.332 0.578 0 Not Significant
Ammonia mg/L 10 0.319 0.052 -0.002 0.639 0 Not Significant
NO3-NO2 mg/L 9 0.756 0 -0.009 0.013 0.556 Not Significant
TKN mg/L 9 1.817 0.003 -0.016 0.247 0.069 Not Significant
DP mg/L 10 0.237 0.033 -0.003 0.349 0 Not Significant
TP mg/L 10 0.561 0.002 -0.006 0.13 0.171 Not Significant
Cu pg/L 11 16.51 0.005 -0.140 0.225 0.065 Not Significant
Pb ug/L 11 46.64 0.336 -0.337 0.767 0 Not Significant
Zn ug/L 11 98.13 0.027 -0.572 0.542 0 Not Significant
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Figure 8 Total nitrates regression at different percentdgespervious

The same regression analysis was performed for coorahand industrial land uses in EPA Rain
Zone 2. The results of the regression analyses are shoviable 7. None of the median stormwater
constituents in commercial and industrial areas seem &ffbéeted by changes in impervious cover.
There is not enough evidence to indicate a significdatioaship between constituent concentration
and percentage of imperviousness. More samples will be reqairéentify those regressions.

Table 7 Regression of Median Concentrations by Percentage of Impervious in Commercial and Industrial
land use, EPA Rain Zone 2
CONSTANT P-

IMPERVIOUS P-

2 .

CONSTITUENT N COEFFICIENT  VALUE COEFFICIENT  VALUE R" Adjusted RESULT
TDS mg/L 5 -4.8 0.854 0.821 0.103 0.523 Not significant
TSS mg/L 5 -22.01 0.406 0.805 0.097 0.541 Not significant
BODS5 mg/L 5 -1.80 0.879 0.153 0.41 0 Not significant
COD mg/L 5 141 0.968 0.748 0.215 0.268 Not significant
Ammonia mg/L 5 -0.05 0.906 0.005 0.439 0 Not significant
NO3-NO2mg/L 5 0.01 0.985 0.007 0.438 0 Not significant
TKN mg/L 5 -0.84 0.467 0.030 0.140 0.426 Not significant
DP mg/L 5 -0.02 0.858 0.001 0.516 0 Not significant
TP mg/L 5 -0.10 0.649 0.004 0.271 0.168 Not significant
Cu pg/L 5 4.26 0.759 0.089 0.679 0 Not significant
Pb ug/L 6 15.69 0585 -0.021 0.961 0 Not significant
Zn pg/L 6 247.9 0.269 -0.949 0.765 0 Not significant
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2.7 Concentration Effects Associated with Varying Amounts of Impervious Cover

Another factor that may affect stormwater qualityhe season when the sample was obtained. If
the few samples collected for a single site were all colldatéhe same season, the results may not be
representative of the whole year. The NPDES samplintpqols were designed to minimize this
effect by requiring the three samples per year to parated by at least 1 month. The few samples
still could be collected within a single season, buteast not within the same week. Seasonal
variations for residential stormwater data are shown inr€iguThese variations are not as obvious as
the land use or geographical variations, except forebactvhich appear to be lowest during the
winter season and highest during the summer and falinjkais conclusion was obtained during the
NURP, EPA 1983, data evaluations). The database does nancamgasnowmelt data, so all of the
data corresponds to rain-related runoff only.
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Figure 9. Example residential area stormwater pollutant coatiems sorted by season
2.8 Precipitation Effects on Stormwater Quality
A common assumption is that higher runoff concentrations are assosititexinaller rain events.

While this has been shown to be true during controlled waslhuofiest (Pitt 1987, for example), or for
sheetflows taken from relatively small paved areas during, thisshas not been frequently detected
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for samples collected at outfalls for areas having a mixtuserdéces and for typical random periods
of high rain intensities. Figure 10 contains several scattergioising concentrations plotted against
rain depth. There are no obvious trends of concentrationsiagsbwith rain depth for the NSQD
data.
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Total Zinc (pg/L}
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Precipitation Depth {in) Precipitation Depth (in)

Figure 10. Example of scatter plots by precipitation depth

Figure 11 shows scatter plots of rainfall and runoff depth for keachuse. These should follow a 45
degree line for areas having very large amounts of djreothnected impervious areas. These plots
show much greater scatter than expected. Some of the plotsidieatead larger amounts of runoff
than precipitation. This may have occurred due to sevexsbns: (1) the rainfall was not
representative of the drainage area being monitored (elpgdssible for those sites that relied on
off-site rain data); (2) the runoff monitoring was inaccuratsgjibe when the runoff monitoring
relied on stage recording devices and the Manning’s equation wasdapjphout local calibration);
(3) the drainage area was inaccurately delineated; or (4) bdee flows contributed significant
amounts of runoff during the event.
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Scatterplot of Runoff vs Precipitation Depth
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Figure 11 Precipitation depth and runoff depth plotted by laed us

When reviewing the runoff plots provided in some of the ahmeports, significant base flows
were observed. It was also apparent that these base\ilekesnot subtracted from the total flows
recorded during the rain event. The magnitude of thar evould be greater for smaller rain events
when the base flows could be much larger than the direct runoff gu@age flows commonly occur
when a local spring or high groundwater levels enter tibrensdrainage system. In addition, runoff
may still be occurring from a prior large event thatezhdoon before the current event started (the 3
day antecedent dry period requirement for monitored evessintended to minimize this last cause
of base flows).

2.9 Days Without Rain

The EPA Rain Zones with the longest reported dry intereveitdsehaving data in the NSQD are
zones 6 (southern California) and 7 (Oregon). In thege E#in Zones, some antecedent dry periods
were reported to be longer than 100 days. Monitored evétiitgshe shortest interevent periods of no
rains were monitored along the east and south east afakis country (EPA Rain Zones 2 and 3).
The mean interevent dry period in the western states was abaoayd,8nhile eastern states had mean
interevent dry periods of about 5 days. Figure 12 shows box asBeriplots of the number of days
having no rain before the monitored event by each EPA Rain Zone.

Samples collected using automatic flow-weighted sampfierm watersheds having curbs and
gutters and without stormwater controls were used dutiagfollowing analyses. Only EPA Rain
Zone 2 has enough observations to evaluate possible effethe antecedent dry period on the
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concentration of stormwater pollutants. Table 8 shows theltsefrom the regression analyses. In
residential land uses, seven out of 12 constituents indicated thegdetedry period has a significant
effect on the median concentrations. All the regression sloffficoerats were positive, indicating that
as the number of days having no rain increased the concemdraksm increased.

1000

100 ~

10 4

]

Days since last event

1 4 0 .
Total n=9 n=333 n=9 n=68 n=48 n=92
Residential n=3 n=218 n=3 n=29 n=22 n=32
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1 2 3 (s} 6 7

EPA Rain Zone

Figure 12 Box and whisker plot of days since preceding event by Rain Zon

Table 8 Regression of Constituent Concentrations (log) by Antecedent Dry Period (log) for Residential

Land Use, EPA Rain Zone 2

CONSTANT P-

ANTECEDENT

P-

2
CONSTITUENT N COEFFICIENT VALUE COEFFICIENT VALUE R RESULT
Oil and Grease 35 0.737 0 -0.364 0.062 0.074 Not significant
mg/L
TDS mg/L 208 1.761 0 0.094 0.120 0.007 Not significant
TSS mg/L 214 1524 0 0.116 0.254 0.001 Not significant
BOD5 mg/L 211 0.887 0 0.211 0.004 0.035 Significant
COD mg/L 206 1.682 0 0.151 0.032 0.018 Significant
Ammonia mg/L 204 -0.826 0 0.300 0.003 0.039 Significant
NO3-NO2 mg/L 208 -0.428 0 0.160 0.014 0.024 Significant
TKN mg/L 208 -0.066 0.193 0.232 0.001 0.049 Significant
DP mg/L 203 -1.061 0 0.282 0.002 0.043 Significant
TP mg/L 214  -0.629 0 0.183 0.005 0.031 Significant
Cu pg/L 58 1.082 0 0.025 0.830 0 Not significant
Pb ug/L 53 1.305 0 -0.311 0.277 0.004 Not significant
Zn pg/L 58 1.872 0 -0.058 0.764 0 Not significant
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All nutrients in residential land uses showed a positimgelation between days since last event
and constituent concentration. In all cases, the coaficiof determination (R2) were smaller than
0.05, indicating that relatively little of the total varat was explained by percent imperviousness.
Solids and metals were not affected by the antecedent dry peigode 13 shows the regression lines
and 95% confidence intervals for four nutrients in residential lsed.

TKNin Residential (mgil)

Total Phasphaorus in Residential (mg/L)

=

Ammania in Residential {mg/L})
NO, + NO, in Residential (mg/L)

1 B L.

Antecedent dry period {days) Antecedent dry period {days)

Figure 13. Nutrient concentrations affected by dry periods sirstedin in residential land use

Table 9 shows the results from the regression analyses imemml land uses. Except for
nitrates, all the nutrients have positive regressiosisiénthe 95% confidence interval. In commercial
land uses, the effects of antecedent dry periods on #uam concentrations were less important.
Only total phosphorus and total lead had significanteegion results. As in the residential case,
phosphorus has a positive coefficient with a small faeft of determination. However, lead
decreases with the number of dry days before the storm.

Leave footer as is so vertical dimension
of page remains correct



Leave header asis so vertical dimenson of page remains correct 21

Table 9 Regression of Constituent Concentrations (log) by Antecedent Dry Period (log) for Commercial
Land Use, EPA Rain Zone 2

CONSTANT P- ANTECEDENT P-

2
CONSTITUENT N COEFFICIENT  VALUE  COEFFICIENT  VALUE R RESULT
Oiland Grease 25 0.783 0.001 -0.202 0.402 0 No significant
mg/L
TDS mg/L 64 1.715 0 0.215 0.169 0.015 Not significant
TSS mg/L 82 1.506 0 0.018 0.872 0 Not significant
BOD5 mg/L 83 0971 0 0.149 0.176 0.01 Not significant
COD mg/L 64 1.670 0 0.221 0.093 0.029 Not significant
Ammoniamg/L 64  -0.591 0 0.258 0.175 0.014 Not significant
NO2 mg/L 83 -0.235 0 -0.208 0.176 0.01 Not significant
TKN mg/L 83  -0.006 0.949 0.196 0.109 0.019 Not significant
DP mg/L 61 -1.329 0 0.241 0.160 0.017 Not significant
TP mg/L 83 -0.784 0 0.198 0.028 0.047 Significant
Cu Lg/L 33 1.081 0 0.959 0.501 0 Not significant
Pb Cg/L 33 1498 0 -1.02 0.001 0.261 Significant
Zn [Ig/L 32 221 0 -0.082 0.527 0 Not significant

Figure 14 shows the regression equations for total phosphorusotahdead for data from
commercial land uses. The 95% confidence interval of theession line for total phosphorus can
include zero slope lines. This indicates that there isargitong correlation between antecedent dry
period and total phosphorus concentrations. For total ldéedreduction in concentrations with
increasing dry periods is more obvious, but not very expkcabl

|
I
Total Lead in Commercial (ug/L)

Total Phosphorus in Commercial (maiL)

1 T 1

Antecedent dry period (days) Antecedent dry periad {days)

Figure 14. Total phosphorus and total lead as function of amtetcddy period in commercial land
use

Leave footer as is so vertical dimension
of page remains correct



Leave header asis so vertical dimenson of page remains correct 22

The effect of the antecedent dry period on stormwater coatiems at industrial land uses was
not significant, except for TSS, as shown on Table 10. FiglfeiS-a plot of the TSS concentrations
increasing with increasing dry periods.

Table 10 Regression of Constituent Concentrations (log) by Antecedent Dry Period (log) in Industrial Land
Use, EPA Rain Zone 2

CONSTANT P- ANTECEDENT P-

2
CONSTITUENT N COEFFICIENT  VALUE  COEFFICIENT  VALUE R RESULT
Oil and Grease 3 0.2712 0.773 -0.451 0.700 0 No significant
mg/L
TDS mg/L 30 1.6509 0 -0.009 0.958 0 Not significant
TSS mg/L 31  1.1901 0 0.656 0.025 0.134 Significant
BOD5 mg/L 32 0.78 0 0.201 0.202 0.022 Not significant
COD mg/L 29 1.685 0 0.071 0.622 0 Not significant
Ammonia mg/L 27  -0.487 0.014 -0.084 0.753 0 Not significant
NO2 mg/L 32 -0.1536 0.233 -0.124 0.493 0 Not significant
TKN mg/L 32 -0.151 0.215 0.218 0.207 0.021 Not significant
DP mg/L 28 -1.176 0 0.190 0.406 0 Not significant
TP mg/L 32 -0.966 0 0.373 0.11 0.053 Not significant
Cu pg/L 3 1.109 0.124 0.216 0.565 0 Not significant
Pb ug/L 3 0.882 0.197 0.119 0.787 0 Not significant
Zn pg/L 3 2.072 0.056 0.186 0.555 0 Not significant
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Figure 15. TSS concentrations for days since preceding event strintlland use
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2.10 Trends in Stormwater Quality with Time

In an effort to recognize why differences were obsebeatdieen the NURP and NSQD databases
(see Chapter 2), further examinations of two communitie$ monitored stormwater during both
NURP and the Phase 1 NPDES program were made. As péneiofMS4 phase 1 applications,
Denver and Milwaukee both returned to some of theiregasimpled monitoring stations used during
the local NURP projects (EPA 1983). In the time betweenedrly 1980s (NURP) and the early
1990s (MS4 permit applications), they did not detect any signifidifferences, except for large
decreases in lead concentrations. Figure 16 compares sedpeolitls, copper, lead, and zinc
concentrations at the Wood Center NURP monitoring site ifwadkee. The average site
concentrations remained the same, except for lead, vdeicteased from about 450 down to about
110 pg/L, as expected due to the decrease in leaded gasolinethigriperiod.

Trends in Metal EMC
at Wood Center

.‘;i|~1‘t'll\.‘;'\1 Solids
W 1951
| RET]
Coppet

Zine

|

Lead

0 100 200 300 400 500
Concentration, ug/L

Figure 16. Comparison of pollutant concentrations collectedngluUNURP (1981) to MS4
application data (1990) at the same location (personal communicatiger, Bannerman, WI DNR)

Similar comparisons were made in the Denver Metropolitan ardaebyrban Drainage and Flood
Control District. Table 11 compares stormwater quality dommercial and residential areas for
1980/81 (NURP) and 1992/93 (MS4 application). Although there wappearent difference in the
averages of the event concentrations between the sanaalies, they concluded that the differences
were all within the normal range of stormwater qualdyiations, except for lead, which decreased by
about a factor of four.
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Trends of stormwater concentrations with time can alsexaenined using the NSQD data. A
classical example would be for lead, which is expected t@dserover time with the increased use of
unleaded gasoline. Older stormwater samples from the 19gi@slly have had lead concentrations
of about 100 to 5Q@y/L, or higher (as indicated above for Milwaukee and Dénwehile most
current data indicate concentrations as low as 1 to 10 pg/L.

Table 11. Comparison of Commercial and Residential Stormwater Runoff Quality from 1980/81 to 1992/93
(Doerfer, 1993)

CONSTITUENT COMMERCIAL COMMERCIAL RESIDENTIAL RESIDENTIAL

1980-1981 1992-1993 1980-1981 1992-1993
Total suspended solids (mg/L) 251 165 226 325
Total nitrogen (mg/L) 3.0 3.9 3.2 4.7
Nitrate plus nitrite (mg/L) 0.80 1.4 0.61 0.92
Total phosphorus (mg/L) 0.46 0.34 0.61 0.87
Dissolved phosphorus (mg/L) 0.15 0.15 0.22 0.24
Copper, total recoverable (ug/L) 27 81 28 31
Lead, total recoverable (pg/L) 200 59 190 53
Zinc, total recoverable (ug/L) 220 290 180 180

Figure 17 shows a plot of lead concentrations for resideargas only (in EPA Rain Zone 2), for
the time period from 1991 to 2002. This plot shows likely deargdead concentrations with time.
Statistically however, the trend line is not significant doethe large variation in observed
concentrations (p=0.41; there is insufficient data to shmatthe slope term is significantly different
from zero). The similar COD concentrations in Figure 16 Abve an apparent downward trend with
time, but again, the slope term is not significant (p=0.12).

1000 1000

100 .

oD (ma/L)

Total Lead {(ug/L)
=

a1 a 500 1000 1500 2000 2500 3000 3500 4000

Q 1000 2000 3000 4000 Days since 01/01/1991
Days since 01/01/1991

Figure 17. Residential lead and COD concentrations with time @& Zone 2 data only)
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Except for lead, it is not likely that time between tizga collection efforts is the reason why the
NURP and NSQD databases have different values.

3 Summary

Several factors were evaluated using data from th@SOnly residential, commercial and
industrial land uses in EPA Rain Zone 2 and industriebhsrin EPA Rain Zone 3 have enough
numbers of samples to evaluate factors affecting storeneahcentrations. The effect of each factor
cannot be extrapolated to the rest of the country, however ¢ae be used as guidance for
communities in other EPA Rain Zones. Additional data fromroanities that were not included in
this first phase of the NSQD database would enable nwnplete and sensitive analyses. Also, this
chapter examined most of these factors in isolationerasrsensitivity analyses and to help identify
significant factors. These analyses did not consider fadgethter and possible interactions.

There is a significant reduction in TSS, nitrite-nitrad¢al phosphorus, total copper, and total zinc
concentration at sites having wet ponds, the control peadigving the largest concentration
reductions. No reductions in TKN concentrations were founagusiet ponds, however TKN seems
to be reduced by dry ponds. Locations with detention stdeagiies had smaller reductions of TSS,
BOD5, COD, total lead and total zinc concentrations. Unfatily, there were few sites in the
database having grass swales that could be compared with datitésohasing curbs and gutters.

The use of automatic or manual sampling methods is aenonthere were statistical differences
found between both methods in residential areas for des@rstituents. Most communities calculate
their EMC values using flow-composited sample analydefirst flush effects are present, manual
sampling may likely miss these more concentratedsldue to delays in arriving at the site to initiate
sampling. If the first flush is for a very short diioa, time-composited samples may overly
emphasize these higher flows. Flow compositing produces motgased=EMC values than time
composite analyses. An automatic sampler with flow-weiggadples, in conjunction with a bed
load sampler, is likely the most accurate sampling alternative.

There is a certain amount of redundancy (self-correlatiamees land use and the percentage of
impervious areas, as each land use category generally defined narrow range of paved and roof
areas. Therefore, it is no possible to test the hypothesidiffierent levels of impervious (surface
coverage) are more important than differences in l@ed(activities within the area). Residential land
uses cover only the lower range of imperviousness, while epomh sites have imperviousness
amounts larger than 50%. In order to perform a valid cosga test, the range of imperviousness
needs to be similar for both test cases.

Antecedent dry periods were found to have a significaptefbr residential land uses, at the six
percent level of significance, for BOD5, COD, ammonia, t@ga TKN, dissolved, and total
phosphorus. As the number of days increased there wasrasa in the concentrations of the
stormwater constituents. This relationship was not ebseior freeway sites. This may be associated
with the very small drainage areas associated Wihfrieeway sites (drainage areas close to 1 acre),
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while the drainage areas for residential, commercialiadhastrial areas ranged between 50 and 100
acres (Figure2.2).

No seasonal effects on concentrations were observethteocebacteria levels that appear to be
lower in winter and high in summer. No effects on concéntrawere observed according to
precipitation depth. Rainfall energy determines erosion vaeashoff of particulates, but sufficient
runoff volume is needed to carry the particulate pollgtamtthe outfalls. Different travel times from
different locations in the drainage areas resultthése materials arriving at different times, plus
periods of high rainfall intensity occur randomly throughdle storm. The resulting outfall
stormwater concentration patterns for a large aremdpavarious surfaces is therefore complex and
rain depth is just one of the factors involved.
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