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Abstract 
The University of Alabama and the Center for Watershed Protection were awarded an EPA Office of Water 104(b)3 
grant in 2001 to collect and evaluate stormwater data from a representative number of NPDES (National Pollutant 
Discharge Elimination System) MS4 (municipal separate storm sewer system) stormwater permit holders. The initial 
version of this database, the National Stormwater Quality Database (NSQD, version 1.1) is currently being 
completed. These stormwater quality data and site descriptions are being collected and reviewed to describe the 
characteristics of national stormwater quality, to provide guidance for future sampling needs, and to enhance local 
stormwater management activities in areas having limited data.  
 
The monitoring data collected over nearly a ten-year period from more than 200 municipalities throughout the 
country have a great potential in characterizing the quality of stormwater runoff and comparing it against historical 
benchmarks. This project is creating a national database of stormwater monitoring data collected as part of the 
existing stormwater permit program, providing a scientific analysis of the data, and providing recommendations for 
improving the quality and management value of future NPDES monitoring efforts.  
 
Each data set is receiving a quality assurance/quality control review based on reasonableness of data, extreme 
values, relationships among parameters, sampling methods, and a review of the analytical methods. The statistical 
analyses are being conducted at several levels. Probability plots are used to identify range, randomness and 
normality. Clustering and principal component analyses are utilized to characterize significant factors affecting the 
data patterns. The master data set is also being evaluated to develop descriptive statistics, such as measures of 
central tendency and standard errors. Regional and climatic differences are being tested, including the influences of 
land use, and the effects of storm size and season, among other factors. The data will be used to develop a method to 
predict expected stormwater quality for a variety of significant factors and will be used to examine a number of 
preconceptions concerning the characteristics of stormwater, sampling design decisions, and some basic data 
analysis issues. Some of the issues that are being examined with this data include: the occurrence and magnitude of 
first-flushes, the effects of different sampling methods (the use of grab sampling vs. automatic samplers, for 
example) on stormwater quality data, trends in stormwater quality with time, the effects of infrequent wrong data in 
large data bases, appropriate methods to handle values that are below detection limits, the necessary sampling effort 
needed to characterize stormwater quality, for example. This paper describes the data collected to date and presents 
some preliminary data findings. 
 
When this National Stormwater Quality Database (NSQD) is completed (populated with most of the NPDES 
stormwater monitoring data), the continued routine collection of outfall stormwater quality data in the U.S. for basic 
characterization purposes may have limited use. Some communities may have obviously unusual conditions, or 
adequate data may not be available in their region. In these conditions, outfall monitoring may be needed. However, 
stormwater monitoring will continue to be needed for other purposes in many areas having, or anticipating, active 
stormwater management programs (especially when supplemented with other biological, physical, and hydrologic 
monitoring components). These new monitoring programs should be designed specifically for additional objectives, 
beyond basic characterization. These objectives may include receiving water assessments to understand local 
problems, source area monitoring to identify critical sources of stormwater pollutants, treatability tests to verify the 
performance of stormwater controls for local conditions, and assessment monitoring to verify the success of the 
local stormwater management approach (including model calibration and verification). In many cases, the resources 
being spent for outfall monitoring could be more effectively spent to better understand many of these other aspects 
of an effective stormwater management program.  
 
 
Project Description and Background 
The importance of this project is based on the scarcity of nationally summarized and accessible data from the 
existing U.S. EPA’s NPDES stormwater permit program. There have been some local and regional data summaries, 
but little has been done with nationwide data. A notable exception is the Camp, Dresser, and McGee (CDM) 
national stormwater database (Smullen and Cave 2002) that combined historical Nationwide Urban Runoff Program 
(NURP) (EPA 1983), available urban U.S. Geological survey (USGS), and selected NPDES data. Their main effort 
has been to describe the probability distributions of these data (and corresponding EMCs, the event mean 
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concentrations). They concluded that concentrations for different land uses were not significantly different, so all 
their data were pooled.  
 
Between 1978 and 1983, the EPA conducted the NURP that examined stormwater quality from separate storm 
sewers in different land uses (EPA 1983). This project studied 81 outfalls in 28 communities throughout the U.S. 
and included the monitoring of approximately 2300 storm events. The data was presented for several land use 
categories, although most of the information was obtained from residential lands. Since NURP, other important 
studies have been conducted that characterize stormwater. The USGS created a database with more than 1100 
storms from 98 monitoring sites in 20 metropolitan areas. The Federal Highway Administration (FHWA) analyzed 
stormwater runoff from 31 highways in 11 states during the 1970s and 1980s (Cave 1995). Strecker (personal 
communication) is also collecting information from highway monitoring as part of a current NCHRP-funded project. 
The city of Austin also developed a database having more than 1200 events (Smullen 2003).  
 
Other regional databases also exist, mostly using local NPDES data. These include the Los Angeles area database, 
the Santa Clara and Alameda County (California) databases, the Oregon Association of Clean Water Agencies 
Database, and the Dallas, Texas, area stormwater database. These regional data are (or will be) included in the 
NSQD national database. However, the USGS or historical NURP data will not be included in the NSQD database 
due to lack of consistent descriptive information for the older drainage areas and because of the age of the data from 
those prior studies. Much of the NURP data is available in electronic form at the University of Alabama student 
American Water Resources Association web page at: http://www.eng.ua.edu/~awra/download.htm. The results 
(especially the stormwater characteristic prediction procedures) from these other databases will be compared to 
similar findings from the final analyses using this expanded database to indicate any important differences. 
 
Outside the U.S., there have been important efforts to characterize stormwater. In Toronto, Canada, the Toronto 
Area Watershed Management Strategy Study (TAWMS) was conducted during 1983 and 1984 and extensively 
monitored industrial stormwater, along with snowmelt in the urban area (Pitt and McLean 1986), for example. 
Numerous other investigations in South Africa, the South Pacific, Europe and Latin America have also been 
conducted over the past 30 years, but no large-scale summaries of that data have been prepared. About 3,500 
international references on stormwater have been reviewed and compiled since 1996 by the Urban Wet Weather 
Flows literature review team for publication in Water Environment Research (Field, et al. 1997, 1998; O’Connor, et 
al. 1999; Fan, et al. 2000; Clark, et al. 2001, 2001, 2003). An overall compilation of these literature reviews is 
available at: 
 
http://www.eng.ua.edu/~rpitt/Publications/Publications.shtml 
 
The reviews include short summaries of the papers and are organized by major topics. Besides journal articles, many 
published conference proceedings are also represented (including the extensive conference proceedings from the 8th 
International Conference on Urban Storm Drainage held in Sydney, Australia, in 1999, the 9th International 
Conference on Urban Storm Drainage held in Portland, OR, in 2002, and the Toronto Stormwater and Urban Water 
Systems Modeling conference series, amongst many other specialty conferences).  
 
The NSQD is unique in that detailed descriptions of the test areas and sampling conditions are also being collected, 
including aerial photographs and topographic maps that are being obtained from public domain Internet sources. 
Land use information used is as supplied by the communities submitting the data, although aerial photographs and 
maps are also used to help clarify questions concerning specific development characteristics. Most of the sites have 
homogeneous land uses, although many are mixed. These characteristics are all fully noted in the database.  
 
Stormwater runoff data from existing NPDES permit applications and annual monitoring reports are being collected 
during this project. This project also includes extensive QA/QC (quality assurance/quality control) evaluations of 
these data; and performing statistical analyses and summaries of these data. The final information will be published 
on the Internet (such as on an EPA OW-OWM, Office of Water and Office of Wastewater Management, site and on 
the Center for Watershed Protection’s SMRC, Stormwater Manager’s Resources Center, site at: 
http://www.stormwatercenter.net/). Some of the information is currently located at Pitt’s teaching and research web 
site at:  
 
http://www.eng.ua.edu/~rpitt/Research/ms4/mainms4.shtml 
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The Phase I NPDES communities included areas with: 
 

• A stormwater discharge from a MS4 serving a population of 250,000 or more (large system), or 
• A stormwater discharge from a MS4 serving a population of 100,000 or more, but less than 250,000 
(medium system). 

 
More than 200 municipalities, plus numerous additional special districts and governmental agencies were included in 
this program. Part 2 of the NPDES discharge permit application specified that sampling was needed and that the 
following items were to be included in the application: 
 

• Proposed monitoring program for representative data collection during the term of the permit; 
• Quantitative data from 5 to 10 representative locations; 
• Estimates of the annual pollutant load and event mean concentration (EMC) of system discharges; and 
• Proposed schedule to provide estimates of seasonal pollutant loads and the EMC for certain detected 
constituents during the term of the permit. 

 
The permit applications were due in 1992 and 1993. For Part 2 of the application, municipalities were to submit grab 
(for certain pollutants having severe holding time restrictions, such as bacteria) and flow-weighted sampling data 
from selected sites (5 to 10 outfalls) for three representative storm events at least one month apart. In addition, the 
municipalities must have also developed programs for future sampling activities that specified sampling locations, 
frequency, pollutants to be analyzed, and sampling equipment.  
 
Numerous constituents were to be analyzed, including typical conventional pollutants (TSS, TDS, COD, BOD5, oil 
and grease, fecal coliforms, fecal strep., pH, Cl, TKN, NO3, TP, and PO4), plus many heavy metals (including total 
forms of arsenic, chromium, copper, lead, mercury, and zinc, plus others), and numerous listed organic toxicants 
(including PAHs, pesticides, and PCBs). Many communities also analyzed samples for filtered forms of the heavy 
metals. This database currently includes information for about 125 different stormwater quality constituents, 
although the current database is mostly populated with data from 35 of the commonly analyzed pollutants (as 
summarized later in Table 1). Therefore, there has been a substantial amount of stormwater quality data collected 
during the past 10 years throughout the U.S., although most of these data are not readily available, nor have detailed 
statistical analyses been conducted and presented.  
 
 
Data Collection and Analysis Efforts to Date 
As of mid-summer 2003, 3,770 separate events from 66 agencies and municipalities from 17 states have been 
collected and the data entered into NSQD. Figure 1 shows the locations of these municipalities on a national map, 
along with EPA Rain Zones. Excellent national coverage is anticipated, although there will be few municipalities 
from the northern, west-central states of Montana, Wyoming, and North and South Dakota (where cities are 
generally small, and few were included in the Phase 1 NPDES program). This current database (NSQD, Version 1.1) 
covers areas mostly in the southern, Atlantic, central, and western parts of the US. Anticipated future project phases 
will help extend the national coverage. 
 
Some of the municipalities that have been contacted (and some in which data was received) have information that 
could not be used for various reasons. One of the most common reasons was that the samples had been collected 
from receiving waters (such as Washington state, Nashville, and Chattanooga). Only data from well-described 
stormwater outfall locations are being used for the database. These can be open channel outfalls in completely 
developed areas, but are more commonly conventional outfall pipes. The other major problem is that the sampling 
locations and/or the drainage areas were not described. Data with some missing information is being used for now, 
with the intention of obtaining the needed information later. However, there will likely still be some minor data gaps 
that will not be able to be filled. In addition, the list of constituents being monitored has varied for different 
locations. Most areas evaluated the common stormwater constituents, but few have included organic toxicants. The 
most serious gap is the frequent lack of runoff volume data, although all sites have included rain data. Finally, if all 
the data were collected that was requested, the current project resources will not permit their full utilization, as it 
requires a great deal of time to enter and review this information. About 10% of the collected data needed 
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verification during the QA/QC process. If that potentially faulty data remained in the database, spurious statistical 
analyses would have resulted. The collection and review of the data is a necessary first step to facilitate later 
analyses.  
 
The assembled data was entered into NSQD, including site descriptions (state, municipality, land use components, 
and EPA rain zone), sampling information (date, season, rain depth, runoff depth, sampling method, sample type, 
etc.), and constituent measurements (concentrations, grouped in categories). In addition, more detailed site, 
sampling, and analysis information has been collected for most sampling sites and is also included as supplemental 
information. The reported land use information supplied by the communities is being used, with verification of some 
areas with aerial photographs and maps. In many cases, the sampled watersheds have multiple land uses and those 
designations are included in the database (the database lists the percentages of the drainage as residential, 
commercial, industrial, freeway, institutional, and open space). The final data analyses will consider these mixed 
sites also, especially for verification for the model development activities, although the following preliminary results 
are only for the homogeneous land use sites.  
 
Preliminary Summary of U.S. NPDES Phase 1 Stormwater Data 
Additional site information is being acquired to complete most of the missing records before the final data analyses. 
The following data and analysis descriptions should therefore be considered preliminary and will change with this 
additional data and analyses. However, this presentation only uses the most basic and robust analyses for 
preliminary consideration. The final report and data presentations will obviously be much more comprehensive.  
 
Table 1 is a summary of the Phase 1 data collected and entered into the database as of mid-summer 2003. The data 
are separated into 11 land use categories: residential, commercial, industrial, institutional, freeways, and open space, 
plus mixtures of these land uses. Summaries are also shown for mixed land use areas (indicating the most prominent 
land use), and for the total data set combined. Only data having at least 50 total detected observations and at least 10 
detected observations per land use category are shown on this table. The full database includes all of the data. In 
most cases, many more than these minimum numbers are available. The total number of observations and the 
percentage of observations above the detection limits are also shown on this summary table. However, some 
constituents were not monitored by very many stormwater permit holders, and some constituents were mostly all in 
the “not detected” category, and those data are not shown. As an example, filtered heavy metal observations, and 
especially organic analyses, have many fewer detected values than other constituents. 
 
The total number of individual events included in the database is 3,770, with most in the residential category (1,069 
events). For most common constituents, detectable values are available for almost all monitored events. The median 
and coefficient of variation (COV) values are only for those data having detectable concentrations. If the non-
detected results were used in these calculations, extreme biases would invalidate many of the calculations. The final 
analyses will further examine issues associated with different detection limits, multiple laboratories, and varying 
analytical methods on the reported results and statistical analyses. Burton and Pitt (2002), and the many included 
references in that book, contains further discussions on these important issues. 



 6

 

 
Figure 1. Communities from which data has been obtained and entered in the NSQD, along with EPA Rain 
Zones. 
 
 
Table 2 is a summary of methylene chloride  and bis(2-ethylhexyl) phthalate, the most commonly reported and 
detected organic constituents. There were up to several hundred events that included PAH and pesticide data. The 
percentage of samples that had observable concentrations of these constituents ranged from 15 to 35%, about the 
same detection rate as in previous stormwater investigations, such as Pitt, et al. 1995. 
 
Statistical analyses are being conducted in stages. Probability plots were used to identify range, randomness, and 
normality. Figure 2 is an example of log-normal probability plots for some of the constituents and for all data 
pooled. Probability plots shown as straight lines indicate that the concentrations can be represented by log-normal 
distributions. This is important as it indicates that data transformations, or the use of nonparametric statistical 
analyses, will be needed. Plots with obvious discontinuities imply that multiple data populations may be included. 
The future analyses will identify the significance of these different data categories (such as land use, region, and 
season).  
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Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 

 
 Area 
(acres) % Imperv. 

Precip. 
Depth (in) 

Runoff 
Depth (in) 

Cond. 
(uS/cm 
@25ºC) 

Hardness 
(mg/L 
CaCO3) 

Oil and 
Grease  
(mg/L) pH 

Temp. 
(C) 

TDS 
(mg/L) 

TSS 
(mg/L) 

BOD5 
(mg/L) 

COD 
(mg/L) 

Overall Summary (3765)              
Number of observations 3759 2202 3186 1454 685 1082 1834 1665 861 2957 3390 3105 2751

% of samples above detection 100 100 100 100 100 98.7 66.1 100 100 99.3 98.8 96.2 98.4

Median 57.0 53.0 0.47 0.18 121 38.0 4.3 7.50 16.5 80 58 8.6 53

Coefficient of variation 3.7 0.4 1.0 2.0 1.6 1.4 9.7 0.1 0.4 3.4 1.8 7.4 1.1

Residential (1081)   

Number of observations 1077 658 915 422 106 250 533 325 205 861 991 941 796

% of samples above detection 100 100 100 100 100 100 57.8 100 100 99.2 98.6 97.6 98.9

Median 57.3 37.0 0.46 0.11 96.5 32.0 3.9 7.3 16.4 72.0 49 9 55

Coefficient of variation 4.7 0.4 1.0 1.9 1.5 1.0 7.7 0.1 0.4 1.1 1.8 1.5 0.93

Mixed Residential (615)   

Number of observations 617 281 441 216 105 157 258 322 141 471 585 558 445

% of samples above detection 100 100 100 100 100 98.1 68.2 100 100 99.2 98.8 94.3 99.3

Median 150.8 44.9 0.54 0.18 112 39.7 4.4 7.50 16.0 86 68 7.6 42

Coefficient of variation 2.1 0.3 0.8 1.4 1.2 1.2 2.4 0.1 0.3 5.2 1.6 1.3 1.2

Commercial (503)   

Number of observations 503 264 421 135 66 139 308 171 79 399 458 432 373

% of samples above detection 100 100 100 100 100 100 70.8 100 100 99.5 98.3 97.5 98.4

Median 38.8 83.0 0.39 0.23 119 38.9 4.7 7.30 16.0 74 42 11.0 60

Coefficient of variation 1.2 0.1 1.0 1.2 1.0 1.1 3.2 0.1 0.4 1.9 2.0 1.1 1.0

Mixed Commercial (311)   

Number of observations 311 238 284 109 44 88 122 143 84 256 288 268 258

% of samples above detection 100 100 100 100 100 98.9 82.0 100 100 99.6 99.7 98.9 99.6

Median 49.0 60.0 0.47 0.34 101 35.0 5.0 7.60 14.7 70 54 9.25 60

Coefficient of variation 2.1 0.3 1.0 1.1 0.6 1.8 2.9 0.1 0.4 1.9 1.4 1.7 1.0

Industrial (525)   

Number of observations 525 320 438 2012 108 138 327 234 140 413 428 406 362

% of samples above detection 100 100 100 100 100 96.4 65.1 100 100 99.5 99.1 95.3 98.9

Median 39.0 75.0 0.49 0.14 136 39.0 5.0 7.50 17.9 92 78 9 60

Coefficient of variation 1.6 0.3 1.0 2.7 1.3 1.5 12.0 0.1 0.3 3.6 1.5 9.6 1.2
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Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1 (continued) 

 
 Area 
(acres) % Imperv. 

Precip. 
Depth (in) 

Runoff 
Depth (in) 

Cond. 
(uS/cm 
@25ºC) 

Hardness 
(mg/L 
CaCO3) 

Oil and 
Grease  
(mg/L) pH 

Temp. 
(C) 

TDS 
(mg/L) 

TSS 
(mg/L) 

BOD5 
(mg/L) 

COD 
(mg/L) 

Mixed Industrial (251)   

Number of observations 251 133 226 117 57 83 80 179 70 222 243 219 217

% of samples above detection 100 100 100 100 100 94.0 77.5 100 100 99.6 100 95.4 98.6

Median 127.7 44.0 0.45 0.29 111 33.0 4.75 7.70 18.1 80 82 7.2 40.4

Coefficient of variation 2.0 0.3 0.8 1.2 0.8 0.5 1.9 0.1 0.4 0.8 1.4 1.7 1.1

Institutional (18)   

Number of observations 18 18 17 14  18 18 18 18

% of samples above detection 100 100 100 100  100 94.4 88.9 88.9

Median 36.0 45.0 0.18 0.00  52.5 17 8.5 50

Coefficient of variation 0 0 0.9 2.1  0.7 0.83 0.7 0.9

Freeways (185)   

Number of observations 185 154 182 144 86 127 60 111 31 97 134 26 67

% of samples above detection 100 100 100 100 100 100 71.7 100 100 99.0 99.3 84.6 98.5

Median 1.6 80.0 0.54 0.41 99 34.0 8.0 7.10 14.0 77.5 99 8 100

Coefficient of variation 1.4 0.13 1.1 1.7 1.0 1.9 0.6 0.1 0.4 0.8 2.6 1.3 1.1

Mixed Freeways (20)   

Number of observations 20 20 13 12 15 19 19 17 17 17 17

% of samples above detection 100 100 100 100 100 100 100 100 100 100.0 100.0

Median 63.1 0.68 418 83 4.0 7.80 16.0 174 81 7.4 48

Coefficient of variation 0.3 0.6 0.6 0.3 1.6 0.06 0.3 0.4 1.2 0.7 0.5

Open Space (49)   

Number of observations 49 37 41 11 2 8 19 19 2 45 44 44 43

% of samples above detection 100 100 100 100 100 100 36.8 100 100 97.8 95.5 86.4 76.74

Median 85 2.0 0.52 0.05 113 150 1.3 7.70 14.6 125 48.5 5.4 42.1

Coefficient of variation 1.5 1.0 1.2 1.4 0.5 0.6 0.7 0.08 0.7 0.7 1.5 0.7 1.5

Mixed Open Space (189)   

Number of observations 189 97 188 81 83 70 96 128 76 148 174 166 145

% of samples above detection 100 100 100 100 100 100 62.5 100 100 99.3 97.7 95.2 96.6

Median 115.4 34.0 0.43 0.16 204 64.2 6.0 7.9 16.0 109 83.5 6.0 34

Coefficient of variation 0.9 0.2 0.9 1.2 1.7 1.3 1.6 0.07 0.3 2.2 1.51 2.5 1.6
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Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1  (continued) 

 

Fecal 
Coliform 
(mpn/100 
mL) 

Fecal 
Strep. 
(mpn/100 
mL) 

Total 
Coliform 
(mpn/10
0 mL) 

Total E. 
Coli 
(mpn/100 
mL) NH3 (mg/L)

N02+NO3 
(mg/L) 

Nitrogen, 
Total 
Kjeldahl 
(mg/L) 

Phos., 
filtered 
(mg/L) 

Phos., 
total 
(mg/L) 

Sb, total 
(ug/L) 

As, total 
(ug/L) 

As, 
filtered 
(ug/L) 

Be, total 
(ug/L) 

Overall Summary (3765)              
Number of observations 1704 1141 83 67 1909 3076 3192 2477 3285 874 1507 210 947

% of samples above detection 91.2 94.0 90.4 95.5 71.7 97.3 95.6 85.1 96.6 7.2 49.9 27.1 7.7

Median 5091 17000 12000 1750 0.44 0.6 1.4 0.13 0.27 3.0 3.0 1.5 0.4

Coefficient of variation 4.61 3.8 2.4 2.3 1.4 1.1 1.3 1.6 1.5 1.7 2.6 1.0 2.5

Residential (1069)  

Number of observations 446 305 14 595 927 7 738 963 426 301

% of samples above detection 88.3 89.5 100 81.5 97.4 96.8 84.2 96.9 42.0 7.31

Median 8345 24600 700 0.32 0.6 1.4 0.17 0.30 3.0 0.5

Coefficient of variation 5.0 1.8 1.6 1.1 1.1 1.1 0.9 1.1 2.2 2.5

Mixed Residential (615)  

Number of observations 313 156 26 11 259 535 525 410 556 179 91

% of samples above detection 94.9 98.1 84.6 90.9 57.9 98.1 95.1 82.4 96.2 65.9 12.1

Median 11000 26000 5667 1050 0.39 0.6 1.35 0.12 0.27 3.0 0.3

Coefficient of variation 3.3 2.2 1.31 2.1 1.6 0.8 1.8 1.1 1.7 4.2 2.7

Commercial (497)  

Number of observations 233 181 299 425 449 323 446 213

% of samples above detection 88.0 91.7 83.3 98.1 97.3 81.1 95.7 32.9

Median 4300 10285 0.50 0.6 1.6 0.11 0.22 2.4

Coefficient of variation 2.8 2.7 1.2 1.1 0.9 1.2 1.2 3.0

Mixed Commercial (303)  

Number of observations 109 88 170 275 267 223 281 80 131

% of samples above detection 94.5 98.9 68.2 96.7 96.3 93.3 98.6 12.5 48.1

Median 4980 11000 0.60 0.58 1.39 0.12 0.26 15.0 2.0

Coefficient of variation 3.3 2.8 1.0 0.7 0.9 2.1 1.5 1.0 1.0

Industrial (524)  

Number of observations 297 195 254 418 440 325 434 164 267 209

% of samples above detection 87.9 93.9 85.8 96.2 95.9 87.1 96.3 14.6 54.3 10.5

Median 2500 13000 0.50 0.73 1.4 0.11 0.26 3.7 4.0 0.39

Coefficient of variation 5.6 6.9 1.2 0.9 1.2 1.2 1.4 1.4 1.4 2.5
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Table 1. Summary of Available Stormwater Data Included in NSQD Database, version 1.1  (continued) 

 

Fecal 
Coliform 
(mpn/100 
mL) 

Fecal 
Strep. 
(mpn/100 
mL) 

Total 
Coliform 
(mpn/10
0 mL) 

Total E. 
Coli 
(mpn/100 
mL) NH3 (mg/L)

N02+NO3 
(mg/L) 

Nitrogen, 
Total 
Kjeldahl 
(mg/L) 

Phos., 
filtered 
(mg/L) 

Phos., 
total 
(mg/L) 

Sb, total 
(ug/L) 

As, total 
(ug/L) 

As, 
filtered 
(ug/L) 

Be, total 
(ug/L) 

Mixed Industrial (252)  

Number of observations 115 70 39 125 213 196 215 217 101

% of samples above detection 95.7 97.1 89.7 31.2 98.6 93.9 87.0 96.3 86.1

Median 3033 10000 16000 0.43 0.57 1.0 0.08 0.20 3.0

Coefficient of variation 2.5 2.6 2.4 0.7 0.7 1.5 2.2 1.5 0.9

Institutional (18)  

Number of observations  18 18 18 17 17

% of samples above detection  88.9 100 100 82.4 94.1

Median  0.31 0.6 1.35 0.13 0.18

Coefficient of variation  0.5 0.6 0.5 0.5 1.0

Freeways (185)  

Number of observations 49 25 16 13 79 25 125 22 128 61 72

% of samples above detection 100 100 100 100 87.3 96.0 96.8 95.5 99.2 55.7 50.0

Median 1700 17000 50000 1900 1.07 0.28 2.0 0.20 0.25 2.4 1.4

Coefficient of variation 2.0 1.2 1.5 2.2 1.3 1.2 1.4 2.1 1.8 0.7 2.0

Mixed Freeways (20)  

Number of observations 16 12 14 16 13 14 15

% of samples above detection 81.3 93.8 100 100 100 100 80

Median 730 19000 0.6 1.6 0.04 0.26 3.0

Coefficient of variation 2.0 1.1 0.7 0.9 0.8 0.8 0.7

Open Space (68)  

Number of observations 23 22 32 44 45 44 46 19

% of samples above detection 91.3 90.9 18.8 84.1 71.1 79.6 84.8 31.6

Median 7200 24900 0.18 0.59 0.74 0.13 0.31 4.0

Coefficient of variation 1.1 1.0 1.24 0.9 0.9 0.9 3.5 0.4

Mixed Open Space (159)  

Number of observations 95 75 71 172 144 148 173 88

% of samples above detection 97.9 100 22.5 97.7 91.0 85.8 96.5 44.3

Median 2600 21000 0.51 0.7 1.12 0.09 0.27 3.0

Coefficient of variation 2.3 2.4 1.2 0.8 1.3 1.1 1.0 0.9
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Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1  (continued) 

 
Cd, total 
(ug/L) 

Cd, filtered 
(ug/L) 

Cr, total 
(ug/L) 

Cr, filtered 
(ug/L) 

Cu, total 
(ug/L) 

Cu, filtered 
(ug/L) 

Pb, total 
(ug/L) 

Pb, filtered 
(ug/L) 

Hg, total 
(ug/L) 

Ni, total 
(ug/l) 

Ni, 
filtered 
(ug/L) 

Zn, total 
(ug/L) 

Zn, 
filtererd 
(ug/L) 

Overall Summary (3765)              
Number of observations 2575 389 1599 261 2724 411 2950 446 1014 1431 246 3008 382

% of samples above detection 40.8 30.3 70.2 60.5 87.4 83 77.7 49.8 10.2 59.8 64.2 96.6 96.1

Median 1.0 0.50 7.0 2.1 16 8.0 17.0 3.0 0.20 8.0 4.0 117 52

Coefficient of variation 3.7 1.1 1.5 0.7 2.2 1.6 1.8 2.0 2.5 1.2 1.5 3.3 3.9

Residential (1069)  

Number of observations 723 435 799 90 788 108 297 419 25 810 88

% of samples above detection 30.3 55.4 83.6 63.3 71.3 33.3 7.41 45.4 44.0 96.4 89.6

Median 0.5 4.6 12 7.0 12.0 3.0 0.20 5.4 2.0 73 31.5

Coefficient of variation 3.4 1.4 1.8 2.0 1.9 1.9 0.9 1.2 0.5 1.3 0.8

Mixed Residential (615)  

Number of observations 432 30 187 21 448 29 516 30 106 136 25 531 28

% of samples above detection 39.6 40.0 81.3 52.4 84.4 72.4 79.7 46.7 14.2 62.5 72.0 92.7 100

Median 0.8 0.30 7.0 2.0 17 5.5 18.0 3.0 0.20 7.9 5.5 99.5 48

Coefficient of variation 3.9 0.6 1.5 0.8 1.1 0.9 1.4 0.7 0.9 0.8 0.9 1.0 0.9

Commercial (497)  

Number of observations 358 47 235 27 387 48 377 59 160 232 23 392 49

% of samples above detection 43.0 23.4 58.7 40.7 92.8 79.2 85.4 52.5 6.9 59.5 47.8 99.0 100

Median 0.89 0.30 6.0 2.0 17 7.57 18.0 5.0 0.20 7.0 3.0 150 59

Coefficient of variation 2.7 1.34 0.9 0.6 1.5 0.8 1.6 1.6 0.8 1.2 0.8 1.2 1.4

Mixed Commercial (303)  

Number of observations 178 30 124 22 182 30 235 30 98 21 234 28

% of samples above detection 48.3 40.0 87.9 72.7 93.4 83.3 87.7 70.0 80.6 76.2 98.7 100

Median 0.9 0.40 5.0 2.5 17 10 17.0 5.25 5.0 3.0 135 92

Coefficient of variation 1.1 0.8 1.1 0.7 2.9 0.6 1.5 0.7 1.3 0.6 1.7 0.7

Industrial (524)  

Number of observations 395 42 256 36 416 42 412 51 211 250 36 433 42

% of samples above detection 49.4 54.8 72.7 55.6 89.9 90.5 76.5 52.9 12.8 62.4 58.3 98.6 95.2

Median 2.0 0.60 14.0 3.0 22 8.0 25.0 5.0 0.20 16.0 5.0 210 112

Coefficient of variation 2.3 1.1 1.2 0.7 2.0 0.7 1.8 1.6 2.7 1.0 1.4 2.3 3.6
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Table 1. Summary of Available Stormwater Data Included in NSQD, version 1.1  (continued) 

 
Cd, total 
(ug/L) 

Cd, filtered 
(ug/L) 

Cr, total 
(ug/L) 

Cr, filtered 
(ug/L) 

Cu, total 
(ug/L) 

Cu, filtered 
(ug/L) 

Pb, total 
(ug/L) 

Pb, filtered 
(ug/L) 

Hg, total 
(ug/L) 

Ni, total 
(ug/l) 

Ni, 
filtered 
(ug/L) 

Zn, total 
(ug/L) 

Zn, 
filtererd 
(ug/L) 

Mixed Industrial (252)  

Number of observations 182 25 124 15 183 24 246 25 65 82 15 245 24

% of samples above detection 49.5 92.0 91.1 66.7 85.8 100.0 78.1 92.0 21.5 85.4 100.0 98.8 95.8

Median 1.6 0.60 8.0 2.0 18 6.0 20.0 5.0 0.25 9.0 5.0 160 2100

Coefficient of variation 1.91 0.6 1.7 0.7 0.9 0.6 1.4 1.0 0.6 0.9 0.6 3.3 1.2

Institutional (18)  

Number of observations  18 18

% of samples above detection  77.8 100

Median  5.75 305

Coefficient of variation  0.8 0.8

Freeways (185)  

Number of observations 95 114 76 101 97 130 107 126 99 95 93 105

% of samples above detection 71.6 26.3 98.7 78.2 99.0 99.2 100 50.0 89.9 67.4 96.8 99.1

Median 1.0 0.68 8.3 2.3 34.7 10.9 25 1.8 9.0 4.0 200 51

Coefficient of variation 0.9 1.0 0.7 0.7 1.0 1.5 1.5 1.7 0.9 1.4 1.0 1.9

Mixed Freeways (20)  

Number of observations 15 15 17 17 17

% of samples above detection 80 100 94 82 100

Median 0.5 6.0 8.5 10.0 90

Coefficient of variation 0.7 1.1 1.1 0.9 0.9

Open Space (68)  

Number of observations 38 36 39 45 45

% of samples above detection 55.3 36.1 74.4 42.2 71.1

Median 0.38 5.4 10 10.0 40

Coefficient of variation 1.9 1.7 2.0 1.7 1.3

Mixed Open Space (159)  

Number of observations 128 88 126 176 51 177

% of samples above detection 16.4 81.8 91.3 66.5 72.6 98.3

Median 2.0 6.0 10 10 8.0 88.0

Coefficient of variation 1.4 1.3 1.5 2.3 1.1 1.1
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Figure 2. Log-normal probability plots of stormwater quality data for selected constituents. 
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Table 2. Summary of Selected Organic Information in NSQD, version 1.0 

 
Methylene-

chloride (µg/L) 

Bis(2-
ethylhexyl) 

phthalate (µg/L) 
All Data Combined   
Number of observations 251 250 
% of samples above detection 36 30 
Median of detected values 11.2 9.5 
Coefficient of variation  0.77 1.13 

 
 
Simple Data Relationships 
The master data set will also be evaluated to develop descriptive statistics, such as measures of central tendency and 
standard errors. The runoff data will then be evaluated to determine which factors have a strong influence on event 
mean concentrations, including sampling methods. Tests for regional and climatic differences will be conducted, 
including the influences of land use and the effects of storm size, among other factors. Figure 3 includes example 
scatter plots of COD vs. BOD5, ammonia vs. TKN, filtered copper vs. total copper, and filtered zinc vs. total zinc, 
illustrating close relationships between these pairings, as expected.  
 
Figure 4 shows scatter plots of suspended solids, phosphorus, fecal coliforms, and total zinc concentrations for 
different rain depths. Little variation of these concentrations with rain depth are seen when all of the data are 
combined, implying little likelihood of important “first-flush” effects at stormwater outfall locations. If a first-flush 
was evident, one would expect higher concentrations associated with smaller rain depths (see Maestre, et al. 2003 
for more detailed analyses of first-flush effects using the NSQD database information). A simple plot of COD 
concentrations vs. percentage imperviousness of the drainage area (Figure 5) doesn’t indicate any obvious trends. 
Each vertical set of observations represent a single monitoring location (all of the events at a single location have the 
same percent imperviousness). The variation of COD at any one monitoring location is seen to vary greatly, 
typically by about an order of magnitude. These large variations will make trends difficult to identify. All of the 
lowest percentage imperviousness sites are open space land uses, while all of the highest percentage imperiousness 
sites are freeway and commercial land uses. As indicated below in Figure 6, many of the constituents have 
significant concentration differences by land uses. Therefore, it is expected that these other constituents will show an 
obvious trend because of the strong correlation between percentage imperviousness and land use. In addition, 
currently there is little data in the NSQD showing how the impervious areas are connected to the drainage systems. 
Some historical data shows much smaller concentrations (and especially yields) for areas that are drained by grass 
swales compared to concrete curbs and gutters. With this additional information, the imperviousness data can be 
adjusted (“effective” imperviousness is commonly used to designate directly connected paved areas) to potentially 
identify more obvious data trends. 
 
Figure 6 contains examples of grouped box and whisker plots for several constituents for different major land use 
categories. The TKN, plus copper, lead, and zinc observations are lowest for open space areas, while the freeway 
locations generally had the highest median values, except for phosphorus, nitrates, fecal coliforms, and zinc. The 
industrial sites had the highest reported zinc concentrations. Preliminary statistical ANOVA analyses for all land use 
categories (using SYSTAT) found significant differences for land use categories for all pollutants. The final 
analyses will further investigate this important finding and will also examine possible confounding factors. 
 
The seasonal variations for the example residential data shown in Figure 7 are not as obvious, except that the 
bacteria values appear to be lowest during the winter season and highest during the summer and fall (a similar 
conclusion was obtained during the NURP, EPA 1983, data evaluations). The database does not contain any 
snowmelt data, so all of the data corresponds to rain-related runoff. 
 
Figure 8 presents example plots for selected residential area data for different EPA rain zones for the country. Zones 
3 and 7 (the wettest areas of the country) had the lowest concentrations for most of the constituents.  



  15 

 
 
 

 
 

 

 

 

 

 

 
 

Figure 3. Example scatter plots of stormwater data (line of equivalent concentration shown). 
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Figure 4. Example scatter plots of concentrations vs. rain depth. 
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Figure 5. Plot COD concentrations against watershed area percent imperviousness values for different land 
uses (CO: commercial; FW: freeway; ID: industrial; OP: open space; and RE: residential) 
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Figure 6. Example stormwater data sorted by land use (no mixed land use data included in plots). 
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Figure 6. Example stormwater data sorted by land use (no mixed land use data included in plots) (continued). 
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Figure 7. Example residential area stormwater pollutant concentrations sorted by season. 
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Figure 8. Example residential area stormwater pollutant concentrations sorted by geographical area. 
 
 
 
We are also examining trends of concentrations with time. A classical example would be for lead, which is expected 
to decrease over time with the increased use of unleaded gasoline. Older stormwater samples from the 1970s 
typically have had lead concentrations of about 100 µg/L, or higher, while most current data indicate concentrations 
in the range of 1 to 10 µg/L. Figure 9 shows a plot of lead concentrations for residential areas only (in rain zone 2), 
for the time period from 1991 to 2002. This preliminary plot shows likely decreasing lead concentrations with time. 
Statistically however, the trend line is not significant due to the large variation in observed concentrations (p=0.41; 
there is insufficient data to show that the slope term is significantly different from zero). The similar COD 
concentrations in Figure 9 also have an apparent downward trend with time, but again, the slope term is not 
significant (p=0.12).    
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Figure 9. Residential lead and COD concentrations with time (EPA Rain Zone 2 data only). 
 
As part of their MS4 phase 1 applications, Denver and Milwaukee both returned to some of their earlier sampled 
monitoring stations used during the local NURP projects. In the time between the early 1980s (NURP) and the early 
1990s (MS4), they did not detect any significant differences, except for large decreases in lead concentrations. 
Figure 10 compares suspended solids, copper, lead, and zinc concentrations at the Wood Center NURP monitoring 
site in Milwaukee. The average site concentrations remained the same, except for lead, which decreased from about 
450 down to about 110 µg/L.   
 

 
Figure 10. Comparison of pollutant concentrations collected during NURP (1981) to MS4 application data 
(1990) at the same location (personal communication, Roger Bannerman, WI DNR). 
 
 
Similar comparisons were made in the Denver Metropolitan area by the Urban Drainage and Flood Control District. 
Table 3 compares stormwater quality for commercial and residential areas for 1980/91 (NURP) and 1992/93 (MS4 
application). Although there was an apparent difference in the averages of the event concentrations between the 
sampling dates, they concluded that the differences were all within the normal range of stormwater quality 
variations, except for lead, which decreased by about a factor of four. 
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Table 3. Comparison of Commercial and Residential Stormwater Runoff Quality from 1980/81 to 1992/93 
(Urban Drainage District, Flood Hazard News, Dec 1993.) 

 Commercial Residential 
Constituent 1980/81 1992/93 1980/82 1992/93 
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 (µg/L) 27 81 28 31 
Lead, total recoverable (µg/L) 200 59 190 53 
Zinc, total recoverable (µg/L) 220 290 180 180 

 
 
Example Statistical Analyses of Data Comparing First Flush and Composite Sample 
Concentrations 
As part of their NPDES stormwater permit, some communities collected grab samples during the first 30 minutes of 
the event to evaluate a “first flush” in contrast to the flow-weighted composite data. More than 400 paired samples 
representing the first flush and composite samples from eight communities (mostly located in the southeast U.S.) 
from NSQD were reviewed. Box and probability plots were prepared for 22 major constituents. Nonparametric 
statistical analyses were then used to measure the differences between the sample sets. This discussion summarizes 
the results of this preliminary analysis, including the effects of storm size and land use on the presence and 
importance of first flushes. Only concentration data were available for these analyses, so traditional accumulative 
mass curves could not be developed. 
 
First flush refers to an assumed elevated load of pollutants discharged in the first part of a runoff event. First flush 
has been observed more in small catchments than in large catchments (Thompson, et al. 1995; WEF and ASCE 
1998). In large catchments (>162 ha, or >400 acres) the highest concentrations have been observed at the times of 
flow peak (Soeur, et al. 1994; Brown, et al. 1995). The presence of a first flush has been reported to be associated 
with runoff duration by the City of Austin, TX (Swietlik, et al. 1995). An observed first flush may be present for 
some pollutants, but not others (Ellis 1986; Adams 2000). Adams (2000) and Deletic (1998) both concluded that the 
presence of a first flush depends on numerous site and rainfall characteristics.  
 
It is expected that peak concentrations generally occur during periods of peak flow (and highest rain energy). On 
relatively small paved areas, however, it is likely that there will always be a short period of relatively high 
concentrations associated with washing off of the most available material near the beginning of the runoff event (Pitt 
1987). This peak period of high concentrations may be overwhelmed by periods of high rain intensity that may 
occur later in the event. In addition, in more complex drainage areas, the routing of these short periods of peak 
concentrations may blend with larger flows and may not be noticeable. A first flush in a separate storm drainage 
system is therefore most likely to be seen if a rain occurs at relatively constant intensity over a paved area having a 
simple and small drainage system. 
 
A total of 417 storm events with paired first flush and composite storm samples were available from the NSQD. The 
majority of the events were located in North Carolina (76.2%), but some events were also from Alabama (3.1%), 
Kentucky (13.9%) and Kansas (6.7%). All of the data were from end-of pipe samples in separate storm drainage 
systems. 
 
The initial analyses were used to select the constituents and land uses that meet the requirements of the statistical 
comparison tests. Probability plots, box plots, concentration vs. precipitation, and standard descriptive statistics, 
were performed for 22 constituents for each land use, and for all land uses combined. Nonparametric statistical 
analyses were performed after the initial analyses. Mann Whitney and Fligner Policello tests were most commonly 
used. Minitab and Systat statistical programs, along with Word and Excel macros, were used for the analyses. 
 
The Mann-Whitney and Fligner-Policello non-parametric tests were selected to determine if there were statistically 
significant differences between the first flush and composite data sets for each land use and constituent. These tests 
are very useful because they require only data symmetry, not normality, to evaluate the hypothesis. The null 
hypothesis during the analysis was that the median concentrations of the first flush and composite data sets were the 
same. The alternative hypothesis was that the medians were different, with a confidence of at least 95%. 



  24 

 
A complete description of these analyses is presented in Maestre, et al. (2004). Table 4 summarizes the results of the 
analysis. The “>” sign indicates that the median of the first flush data set is higher than for the composite storm data 
set. The “=” sign indicates that the there is not enough information to reject the null hypothesis. Events without 
enough data for the analyses are represented with an “X”. Also shown on this table are the ratios of the medians of 
the first flush and the composite data sets for each constituent and land use. The first flush samples were larger than 
for the composite samples if the ratio is great than one. Generally, a statistically significant first flush is associated 
with a median concentration ratio of about 1.4, or greater (the exceptions occurred when the number of samples in a 
specific category is small). The largest significant ratios are about 2.5, indicating that the first flush concentrations 
may be about 2.5 times greater than the composite concentrations. More of the larger ratios are found in the 
commercial and institutional land use categories, areas where larger paved areas are likely to be found. The smallest 
ratios are associated with the residential, industrial, and open space land uses, locations where there may be larger 
areas of unpaved surfaces.  
  
Results indicate that for 55% of the evaluated cases, the medians of the first flush data sets were significantly larger 
than for the composite sample sets. In the remaining 45% of the cases, both medians were expected to be the same, 
or the concentrations were possibly greater later in the events. About 70% of the constituents in the commercial land 
use category had first-flushes, while about 60% of the constituents in the residential, institutional and the mixed 
(mostly commercial and residential) land use categories had first flushes, and about 45% of the constituents in the 
industrial land use category had first-flushes. In contrast, no constituents were found to have first-flushes in the open 
space category.  
 
COD, BOD5, TDS, TKN, and Zn all had first flushes in all areas (except for the open space category). In contrast, 
turbidity, pH, fecal coliforms, fecal strep., total N, dissolved and ortho-P never showed a statistically significant first 
flush in any category. The conflict with TKN and total N implies that there may be some other factors involved in 
the identification of first flushes besides land use. If additional paired data become available during later project 
periods, it may be possible to extend these analyses to consider rain effects, drainage area, and geographical 
location. 
 
 
 
Table 4. Presence of Significant First Flushes (ratio of first flush to composite median concentrations) 

Parameter Commercial Industrial Institutional Open 
Space Residential All Combined 

Turbidity = (1.32) X X X = (1.24) = (1.26) 
pH = (1.03) = (1.00) X X = (1.01) = (1.01) 
COD > (2.29) > (1.43) > (2.73) = (0.67) > (1.63) > (1.71) 
TSS > (1.85) = (0.97) > (2.12) = (0.95) > (1.84) > (1.60) 
BOD5 > (1.77) > (1.58) > (1.67) = (1.07) > (1.67) > (1.67) 
TDS > (1.82) > (1.32) > (2.66) = (1.07) > (1.52) > (1.55) 
O&G > (1.54) X X X = (2.05) > (1.60) 
Fecal Coliform = (0.87) X X X = (0.98) = (1.21) 
Fecal Strep. = (1.05) X X X = (1.30) = (1.11) 
Ammonia > (2.11) = (1.08) > (1.66) X > (1.36) > (1.54) 
NO2 NO3 > (1.73) > (1.31) > (1.70) = (0.96) > (1.66) > (1.50) 
Total N = (1.35) = (1.79) X = (1.53) = (0.88) = (1.22) 
TKN > (1.71) > (1.35) X = (1.28) > (1.65) > (1.60) 
Total P > (1.44) = (1.42) = (1.24) = (1.05) > (1.46) > (1.45) 
P Dissolved = (1.23) = (1.04) = (1.05) = (0.69) > (1.24) = (1.07) 
Phosphate Ortho X = (1.55) X X = (0.95) = (1.30) 
Cd > (2.15) = (1.00) X = (1.30) > (2.00) > (1.62) 
Cr > (1.67) = (1.36) X = (1.70) = (1.24) > (1.47) 
Cu > (1.62) > (1.24) = (0.94) = (0.78) > (1.33) > (1.33) 
Pb > (1.65) > (1.41) > (2.28) = (0.90) > (1.48) > (1.50) 
Ni > (2.40) = (1.00) X X = (1.20) > (1.50) 
Zn > (1.92) > (1.540 > (2.48) = (1.25) > (1.58) > (1.59) 
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Modeling Building using the NSQD 
As indicated earlier, an important objective of the NSQD is to develop a predictive tool to enable stormwater 
managers to determine the likely stormwater quality for their area. In many cases, adequate data may be available in 
the NSQD to fit their situation. However, it is also expected that some will need to establish a local monitoring 
program to obtain reliable estimates of their stormwater quality. The next subsection provides some monitoring 
guidance for this situation, while this subsection presents an example of the model building process that we are 
currently using.  
 
Factors Potentially Affecting Stormwater Pollutant Concentrations 
The database contains information for the monitored watersheds, along with the outfall runoff quality. Each sample 
is labeled with the land use, season, geographical area, percent imperviousness, rain amount, and many other 
attributes in the database. The first phase of the NSQD project focused on the mid Atlantic and Gulf coast areas, 
although additional data has been collected for other locations. About 54% of the existing data in the database is 
from communities located in Maryland, Virginia, Pennsylvania, North Carolina, Kentucky and Tennessee. The 
following factors may affect the reported stormwater pollutant concentrations: 
 

• Landuse: All of the watershed areas were separated into residential, commercial, industrial, open space 
and freeway land uses. Data are also available from mixed landuse areas which will be used later to verify 
the prediction methods. 

• EPA Rain Zone: As shown in Figure 1, the country is divided in 9 rain/climatic regions representing all 
combinations of areas having warm summers, cold winters, large rainfalls, and little rain. 

• Season: Four seasons were identified by the month when the samples were collected: Winter (December 
to February); Spring (March to May); Summer (June to August); and Fall (September to November).  

• Percentage Imperviousness: About 2/3 of the monitoring sites currently have percentage imperviousness 
data. 

• Rainfall: Almost all of the events have the rainfall amount associated with the monitored event. 
• Type of sample collection: Some of the events represent special “first-flush” and composite sample pairs 

for the same event. These data were evaluated previously to identify these effects on runoff water quality. 
The type of sampler and sampling method has been identified for about ¼ of the sampling locations. 

• Runoff amount: About 1/3 of the events have the runoff amounts associated with the monitored events. 
• Watershed area: All of the monitored locations have the watershed areas identified. 
• Date of sample collection: All of the data are associated with the date of sample collection. In addition to 

the seasonal effects, this information can be used to examine any trends in concentration that may have 
occurred during the 10 years of sample collection represented in the NSQD. 

• Type of conveyance system: About 1/3 of the sites have the conveyance system identified. 
• Aerial photographs and topographic maps have been obtained for almost all of the monitoring areas. 

 
 
Figure 11 is a probability plot for the observed COD concentrations separated by land use. This plot is similar to the 
previously presented box and whisker plots for the different constituents separated by land use. These plots do show 
additional information that is useful for developing predictive models. As typically assumed, the COD values 
closely follow log-normal probability plots for much of the data range (Figure 2 illustrates log-normal probability 
plots for many of the constituents available in the NSQD, but grouped for all factors combined). Figure 11 shows 
significant differences by land uses. The open space COD concentrations are the lowest, and the freeway COD 
concentrations are the largest for most all of the data range. The residential, commercial, and industrial areas are 
very similar for the lower half of the distribution, while the residential areas are lower than the commercial and 
industrial areas in the upper portion of the distribution. The effects of some of the above listed factors on 
concentrations have been previously illustrated. The following shows how we plan to develop the predictive tool for 
the main watershed factors listed above. In this example, we will examine COD concentrations as a function of EPA 
rain zones and season, for the residential areas. 
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Figure 11. Probability plots of COD concentrations for different land uses. 
 
 
It is possible to identify statistically significant differences in the COD concentrations for residential land uses in 
different EPA zones and seasons. Table 5 shows the total number of storm events collected which has residential 
COD values for the different rain zones and seasons.  
 
 
Table 5. Number of Events with Detected COD Values in Residential Land Use Areas in the NSQD 

EPA Rain  
Zone Total Spring Summer Fall Winter 

1 6 1 5 - - 
2 490 116 102 135 137 
3 53 12 10 14 17 
4 43 9 15 8 11 
5 95 39 5 22 29 
6 44 7 19 6 12 
7 49 15 1 18 15 
8 7 3 1 3 - 
9 - - - - - 

 
 
Table 5 shows that EPA rain zone 2 has about 62% of the total number of COD observations in the database. This 
unbalance of sample numbers can potentially lead to confusing results if the other areas do not adequately represent 
the actual conditions in their areas and is a violation of the data assumptions needed for a successful ANOVA test. It 
is possible to see if there is a difference in the COD concentrations for the different seasons in each zone during the 
four seasons using a one-way analysis of variance test, as the numbers of samples in each season for each main zone 
are relatively even.  
 
The analysis of variance requires that the residuals are normally distributed and there is the same variance for each 
of the seasons. After log transforming the data, it was found that the residuals can be considered normal with a p-
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value of 0.8 using the Kolmogorov-Smirnov Goodness of fit test. To test if the variances are the same for the four 
seasons, Barlett’s test was used. This test is powerful when the normality assumption of the residuals is achieved, as 
in this example. The results indicated that the variance can be considered the same for each season in EPA rain zone 
2, with a p-value of 0.44. The results of the ANOVA found that there is a significant difference in the COD 
concentrations during the four seasons. The COD concentration in EPA rain zone two during winter seems to be 
smaller than summer and spring. The pooled standard deviation of the observations was calculated as 0.677 
 
Power Calculations as a Function of Numbers of Data Observations 
Figure 12 is a set of power curves showing the difference in the mean COD concentrations for the different 
subgroups that can be identified for different numbers of samples. If the ANOVA test indicated a significant 
difference with a confidence of five percent (α=0.05), these mean differences can be detected for the noted sample 
sizes. Table 6 lists the sample sizes needed, for a power level of 0.8 and a confidence of 0.05, to detect the noted 
differences in mean concentrations. If a goal of at least a 25% difference was desired, then about 120 samples in 
each season would be needed. This is approximately the conditions for EPA rain zone 2 residential land uses. 
However, if only 10 samples are available for each season, then the “detectable” difference would be relatively large 
(larger than 50%).  
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Figure 12. Power of the one way ANOVA test for COD in EPA rain zone 2.  
  
 
Table 6. Samples required to detect specific differences in the COD for different seasons 

Percentage difference 
between the mean values 

(%) 

Samples 
Required 

5 3844 
10 908 
20 202 
25 122 
30 80 
40 40 
50 22 
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Multivariate Analyses of Factors 
A two-way analysis can also be conducted to examine the effects of both seasons and rain zones together, and their 
interaction. In the following example, rain zones 3, 4, 5, 6, and 7 were evaluated for all four seasons. Rain zone 2 
was excluded from this preliminary analysis because it had many more samples than the other regions and could 
have overly emphasized those conditions. The first step in this analysis is to check the distributions and variances of 
the data sets. The residuals (the differences of the observations from the mean) can be considered normal as they had 
a p-value higher than 15% (no significant difference from a normal distribution). Barlett’s test also indicated that the 
variance for the different groups can be considered the same with a p-value of 0.35. A two-way ANOVA can 
therefore be used to identify any differences between the seasons and EPA rain zones, plus their interaction, because 
the data were normally distributed and they have the same variance within each group. 
 
The 2-way ANOVA results indicated that there are no significant differences between the different seasons (p-value 
= 0.091), but that there is a difference between the EPA rain zones (p-value < 0.001). Figure 13 contains probability 
plots of the residential COD values for each season, showing no clear distinction of these concentrations for the 
different seasons. The ANOVA test also found no significant interaction between rain zone and season (p-value = 
0.25).  
 
 

 
Figure 13. Probability plots of residential COD concentrations for different seasons. 
 
 
Figure 14 shows probability plots of residential area COD concentrations for each EPA rain zone. There are likely 
three distinct groupings for residential COD values, based on their geographical location. Samples collected in zone 
6 had the highest mean concentrations and were collected in Arizona. Samples collected in zones 2, 4 and 5 were 
intermediate in COD concentration and were collected in the mid Atlantic states and Texas. Samples collected in 
zones 3 and 7 had the lowest COD concentrations and were collected in Alabama, Georgia, and in Oregon.  
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Figure 14. Probability plots of residential COD concentrations in different EPA Ran Zones.  
 
 
Therefore, COD residential area concentrations can be divided into the following three groups, based on EPA rain 
zone: 
 
Zones 3 and 7: average: 44.4 mg/L, standard deviation: 41.9 (102 observations) 
Zones 2, 4 and 5: average: 72.8 mg/L, standard deviation: 61.6 (628 observations) 
Zone 6: average: 162.1 mg/L, standard deviation: 100.0 (44 observations) 
 
Overall residential COD: average: 74.1, standard deviation: 69.2 mg/L 
 
The statistical analyses of the available NSQD COD residential area data did not identify any significant differences 
in any rain zones that can be explained by season. There was insufficient data in zones 1, 8, and 9 to be evaluated by 
season and the overall residential COD values should therefore be used for those areas until additional data is 
collected and evaluated. 
 
Clustering and principal component analyses (PCA) are also being used to identify expected factors influencing 
sample variability. Figure 15 is an example dendogram from a cluster analysis of all of the preliminary data 
combined. However this analysis did not include most of the site characteristics when it was conducted; only rain 
depth, watershed size, and percentage imperviousness were included for this analysis, in addition to the runoff 
concentrations. This plot indicates very close relationships between rain depth and the nutrients (total phosphorus, 
dissolved phosphorus, nitrite plus nitrate, ammonia, and Total Kjeldahl Nitrogen). Some of the heavy metals 
(cadmium, nickel, and chromium) are closely related to each other, but copper, lead and zinc are much more 
independent. BOD5, COD, dissolved solids, and suspended solids are poorly related to other pollutants for the 
pooled data. Pearson correlation analyses did show relatively strong relationships between suspended solids and the 
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total forms of most of the heavy metals, substantiating the observation that most of the stormwater metals are not in 
filtered forms.  
 

 
Figure 15. Cluster analysis (dendogram) showing relationships between stormwater pollutants. 
 
 
Sampling Guidance for Stormwater Monitoring 
A number of sampling issues can be statistically investigated using the information contained in the NSQD. The 
following discussion is a summary of the types of monitoring guidance that can be developed and refined using the 
database information. 
 
Numbers of Samples Needed 
An important aspect of any research is the assurance that the samples collected represent the conditions to be tested 
and that the number of samples to be collected are sufficient to provide statistically relevant conclusions. An 
experimental design process can be used that estimates the number of needed samples based on the allowable error, 
the variance of the observations, and the degree of confidence and power needed for each parameter. The number of 
samples needed is therefore dependent on the objectives of the data (characterization, comparison, trends, etc.), the 
variation of the concentrations in the category being investigated (typically described by the coefficient of variation, 
or the ratio of the mean to the standard deviation), and the allowable errors (the confidence and the power). 
 
A basic equation that can be used to estimate the number of samples to characterize a set of conditions (given in 
Burton and Pitt 2001) is as follows: 
 
  n = [COV(Z1-α + Z1-β)/(error)]2 

 
where: 
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n = number of samples needed 

 
α= false positive rate (1-α is the degree of confidence. A value of α of  
0.05 is usually considered statistically significant, corresponding to  
a 1-α degree of confidence of 0.95, or 95%.) 

 
  β= false negative rate (1-β is the power. If used, a value of β of 0.2 is  

common, but it is frequently and improperly ignored, corresponding to a β of 0.5.) 
 
  Z1-α = Z score (associated with area under normal curve) corresponding to  

1-α. If α is 0.05 (95% degree of confidence), then the  
corresponding Z1-α score is 1.645 (from standard statistical tables). 

 

  Z1-β= Z score corresponding to 1-β value. If β is 0.2 (power of 80%), then  
the corresponding Z1-β score is 0.85 (from standard statistical  
tables). However, if power is ignored and β is 0.5, then the  
corresponding Z1-β score is 0. 

 
  error = allowable error, as a fraction of the true value of the mean 
 
  COV = coefficient of variation (sometimes noted as CV), the standard deviation  

divided by the mean (Data set assumed to be normally distributed.) 
 
This equation assumes a normal distribution of the data, which would require a log transformation of most 
stormwater quality data. If an allowable error of about 25% is desired and the COV is estimated to be 0.4, then about 
20 samples would have to be analyzed. The use of stratified random sampling can usually be used to advantage by 
significantly reducing the COV of the sub-population in the strata, requiring fewer samples for characterization.  
 
Typical Numbers of Samples Needed for a Basic Stormwater Monitoring Program 
The COV values for many constituents shown in Table 1 for the NPDES database range from unusually low values 
of about 0.1 (for pH) to highs between 1 and 2. There are a few COV values that are larger. One objective of a data 
analysis procedure is to categorize the data into separate stratifications, each having small variations in the observed 
concentrations. The only stratification in Table 1 is land use. However, Figure 6 shows many differences by 
geographical area (refer to Figure 1 for the EPA Rain Zone map). It is expected that the final data analyses for this 
project will identify separate stratifications of data (possibly considering the combination of land use, geographical 
area, and season factors) to significantly reduce the variations in each category. It is expected that COV values in the 
range of 0.5 to 1.0 will be common for many of these data stratifications. With a reasonable confidence of 95% (α= 
0.05) and power of 80% (β= 0.20), and a commonly accepted allowable error of 25%, the number of samples needed 
to characterize conditions would likely range from about 25 to 50. If only 12 samples are obtained for each category 
(strata), the allowable errors would range from about 50% to 100%. Burton and Pitt (2001) present many additional 
experimental design equations and plots for other data quality objectives, including the effects of log transforming 
the data for more appropriate sampling effort approximations. In many cases, the actual errors in presenting data are 
larger than expected, due to relatively small numbers of samples. A continuing monitoring program (such as the 
Phase I stormwater NPDES permit monitoring effort) will result in better data as more samples are obtained with 
time.  
 
Detection Limits of Analytical Methods 
The NSQD can also be useful when selecting analytical methods. There are many important factors that must be 
considered when selecting an analytical method (availability, cost, detection limit, repeatability, safety and disposal 
problems, comparisons with historical data, etc.), but the detection limit is likely most important when ensuring the 
suitability of the data. In many cases, analytical methods are used that have detection limits that are actually larger 
than a criterion value, making accurate exceedence frequencies impossible (Burton and Pitt 2001).    
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Environmental researchers need to be concerned with many attributes of numerous analytical methods when 
selecting the most appropriate methods to use for analyses of their samples. The main factors that affect the selection 
of an analytical method include: cost, reliability (the “data quality objectives,” or DQO which includes sensitivity, 
selectivity, repeatability), and safety. Most of these issues are not well documented in the literature for 
environmental sample analyses. Aspects of analytical reliability have received the most attention in the literature, 
but most of the other aspects noted above have not been adequately discussed for the many analytical alternatives 
available. It is therefore difficult for a water quality analyst to decide which methods to select, or even if a choice 
exists.  
 
The selection of the appropriate analysis procedure is dependent on the use of the data and how false negatives or 
false positives would affect water use decisions or regulatory questions. The QA objectives for the method detection 
limit (MDL) and precision (RPD) for the compounds of interest have been shown to be a function of the anticipated 
median concentrations in the samples (Pitt, et al. 1993). The MDL objectives should generally be about 0.25, or less, 
of the median value for sample sets having typical concentration variations (COV values ranging from 0.5 to 1.25), 
based on many Monte Carlo evaluations to examine the rates of false negatives and false positives. Table 7 lists the 
typical median stormwater runoff constituent concentrations and the associated calculated MDL goals, for a typical 
stormwater monitoring project.  
 
Using analytical methods having these detection limits, at least, will result in relatively few “non-detected” values. 
In most cases, analytical methods are available that can easily meet these goals. However, common problems are 
associated with some of the heavy metals, as most modern laboratories use ICP (inductively-coupled plasma) 
instruments that are capable of analyzing a broad range of metals simultaneously, but may not be able to meet these 
detection limit goals. When dissolved forms of the heavy metals need to be analyzed, the detection limits must be 
much smaller. 
 
The NPDES stormwater database can be used to indicate the likely concentrations of interest for conditions similar 
to those that will be monitored. These expected values are a good start in determining the needed detection limits. 
 
Sampling Methods       
Details for all monitoring locations are desired for the database. Basic information (land use, season, geographic 
location, and if the sample is a first-flush or a composite sample) is available for all events in NSQD, and relatively 
complete site and monitoring descriptions are available for about 1/3 of the events. This data includes sampling 
methods (automatic samplers vs. manual samplers; manufacture and model of sampler; etc.). Investigations of how 
these factors may influence the monitoring results will be made, as illustrated in the initial evaluation of first-flush 
vs. composited samples. The effects of automatic vs. manual sampling will also be examined when sufficient 
information has been collected. One example of a previous investigation on stormwater sampling methods was 
conducted by Roa-Espinosa and Bannerman (1995). They collected samples from five industrial sites using different 
monitoring methods. They concluded that many time-composited subsamples combined for a single analysis can 
provide improved accuracy compared to fewer samples associated with flow-weighted samplers, and especially 
compared to samples only taken during a portion of an event.  
 
 
Conclusions 
A major goal of this project is to provide guidance to stormwater managers and regulators. Especially important will 
be the use of this data as an updated benchmark for comparison with locally collected data. These comparisons will 
enable local monitoring data to be compared to typical values that should be expected for similar situations. If the 
local stormwater quality is significantly worse than expected, then it may be possible to quantify a treatment goal 
that should be attainable. In addition, this data may be useful for preliminary calculations when using the “simple 
method” for predicting mass discharges for unmonitored areas. This data can also be used as guidance when 
designing local stormwater monitoring programs (Burton and Pitt 2002), especially when determining the needed 
sampling effort based on expected variations. The final data analyses will expand on these preliminary examples and 
will also investigate other stormwater data and sampling issues.  
 
 



  33 

 
Table 7. Example QA Objectives for a Stormwater Characterization Project 

 
Constituent Units Typical COV 

category1 
Typical 
Median Conc. 

Estimated MDL 
Goal 

Turbidity NTU low 5 4 
COD mg/L medium 50 12 
suspended solids mg/L medium 50 12 
nitrates mg/L low 0.6 0.4 
chromium µg/L medium 7 1.5 
copper µg/L medium 15 3.5 
lead µg/L medium 15 3.5 
nickel µg/L medium 10 2.3 
zinc µg/L medium 100 23 
1,3-dichlorobenzene µg/L medium 10 2 
benzo(a) anthracene µg/L medium 30 8 
bis(2-ethylhexyl) phthalate µg/L medium 10 2.3 
butyl benzyl phthalate µg/L medium 15 3 
fluoranthene µg/L medium 6 1.4 
pentachlorophenol µg/L medium 10 2 
pyrene µg/L medium 5 1 
lindane and chlordane µg/L medium 1 0.2 

 
1  COV value:  Multiplier for MDL 
 
 <0.5 (low)    0.8  
 0.5 to 1.25 (medium)  0.23  
 >1.25 (high)   0.12  
 
from: Burton and Pitt 2001 
 
 
The example investigation of first-flush conditions indicated that a first flush effect was not present in all the land 
uses and certainly not for all the constituents. Commercial and residential areas were more likely to show the 
phenomenon, especially if the peak rainfall occurred near the beginning of the event. It is expected that the effect 
will be more likely in watersheds with larger amounts of imperviousness. However, the industrial category had large 
amounts of imperviousness, but indicated first-flushes less than 50% of the time. All the metals evaluated show a 
higher concentration at the beginning of the event in the commercial land use category.  
 
Suggested Role for Continued Stormwater Monitoring 
The current data and information contained in NSQD indicates the potential value that a completed database 
(containing most of the NPDES stormwater data) can provide. The excellent U.S. national coverage, along with the 
broad representation of land uses, seasons, and other factors, makes this information highly valuable for numerous 
basic stormwater management needs. Monitoring with no specific objective, except for general characterization in 
an area, is not likely to provide any additional value beyond the data and information contained in NSQD. After a 
sufficient amount of data has been collected by a Phase 1 community for representative land uses and other 
conditions, outfall characterization monitoring resources should be re-directed to other specific data collection and 
evaluation needs. Burton and Pitt (2001) provide much additional information on determining an adequate outfall 
monitoring program. Similarly, communities that have not initiated a stormwater monitoring program (such as the 
Phase II NPDES small communities) may not require general characterization monitoring (monitoring is not 
specifically required as part of the Phase II regulations), if they can identify a regional Phase I community that has 
compiled extensive monitoring data as part of their required NPDES stormwater permit. Obviously, there will be 
some situations that are not well represented in NSQD and additional characterization monitoring may be warranted. 
These situations will be identified in the final data analyses. 
 
This is not to say that stormwater quality monitoring has no role as part of a stormwater management program. 
Burton and Pitt (2001) present extensive examples and procedures showing the importance of a balanced monitoring 
program. This publication is available from CRC Press, and a version is available at: 
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http://civil.eng.ua.edu/~rpitt/Publications/BooksandReports/Stormwater%20Effects%20Handbook%20by%20%20B
urton%20and%20Pitt%20book/MainEDFS_Book.html 
 
Stormwater quality monitoring is a crucial component of local programs. Specific objectives for these include: 
 
• Receiving water assessments to understand local problems. Receiving water monitoring is needed to identify local 
problems, especially when identifying beneficial use impairments. Assimilative capacity calculations (TMDLs) 
require knowledge of local source discharges. The NSQD data and information can be used for preliminary designs 
and cost estimates, but it is also important to invest a small amount of resources to accurately determine local 
discharge conditions before expensive controls are designed. 
 
• Source area monitoring to identify critical sources. In many cases, source area controls may be more cost-effective 
than regional controls. The identification of critical source areas is therefore needed as part of a comprehensive 
stormwater management program. Monitoring within a critical drainage area should be conducted to identify the 
sources of pollutants, while simultaneous outfall monitoring is needed to verify these source area measurements.  
 
• Detailed monitoring at selected outfalls, with complete monitoring of rainfall and runoff, with high-resolution data 
to examine time-variability characteristics of certain problem pollutants. This would be especially important at 
small, highly paved areas where “first-flush” conditions are most likely. This information is needed to evaluate the 
benefits and to quantify design approaches of critical source area controls. 
 
• Treatability tests to verify performance of stormwater controls for local conditions. In areas where stormwater 
controls are being installed, local measurements of performance are a good investment. Before and after monitoring, 
or parallel monitoring, is usually needed to measure the performance of many types of stormwater controls. The 
ASCE National Stormwater BMP database (http://www.bmpdatabase.org/) is a good place to start in predicting the 
performance of controls, but site-specific validations in an area where the controls have not been previously used 
should be conducted. 
 
• Assessment monitoring to verify success of stormwater management approach. Stormwater quality monitoring is a 
critical component of an assessment monitoring effort. Receiving water monitoring needs to focus on beneficial use 
impairments, and associated chemical, physical, and biological monitoring. In many cases, source area or outfall 
controls are being used as part of comprehensive management programs. Therefore, outfall monitoring may also be 
needed. 
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