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Presented below is information on the experience and expertise of Drs. G. Fred Lee and Anne
Jones-Lee in evaluatmg the water quality significance of stormwater runoff associated

contaminants and in the development of monitoring and management programs for stormwater
runoff associated contaminants.

Previous Stormwater Q\;ality Runoff
Evaluation and Management Experience

Dr. G. Fred Lee initiated studies on the amounts and water quality significance of chemical
constituents in urban stormwater runoff in the 1960’s as part of the International Biological
Programs (IBP) Research Project. This work was done in Madison, Wisconsin while Dr. Lee
held the position of Professor of Water Chemistry and Director of the Water Chemistry Program
in the Department of Civil and Environmental Engineering at the University of Wisconsin,
Madison. This study was concerned with the amounts of contaminants present in urban
stormwater runoff from residential and commercial areas. It was the first study of its type
undertaken on the amounts of urban stormwater runoff associated contaminants in which aerial
loadings were defined. Aerial loadings of stormwater-derived chemical constituents are becoming
increasingly recognized as major sources of some constituents for certain waterbodies. Recently,
Drs. Lee and Jones-Lee have confirmed earlier findings that the deterioration of the water quality
that is occurring in Lake Tahoe, California is derived from nitrogen input in atmospheric sources
which are most likely derived from automobile, bus and truck exhaust NOx releases within the
Lake Tahoe Basin (Lee and Jones-Lee, 1994a).

During the 1960’s, Dr. Lee and his graduate students at the University of Wisconsin
pioneered in developing nutrient export coefficients (grams of contaminant/square meter of source
area/year) from various types of urban and rural land use activities. From these studies, he and
his associates developed standardized nutrient export (N & P) coefficients from rural and urban

sources that are now used to estimate the amount of nutrients derived from various types of land
use (Rast and Lee, 1983).

In addition to establiShin—g the amounts of nutrient and other chemical constituent
concentrations and loads in the IBP studies, Dr. Lee and his graduate students did the first studies
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ever done on determining available forms of these contaminants. They modified algal laboratory
culture methodology to assess available forms of contaminants. These studies showed that much
of the phosphorus and part of the nitrogen present in urban stormwater runoff was not available
to support algal growth in receiving waters for this runoff. Similar results were found for rural

stormwater runoff. These studies were conducted in Madison, Wisconsin; Rochester, New York
and several other US cities.

While the focus of the IBP in the 1960°s at the University of Wisconsin, Madison was on
nutrients, studies were also conducted on the availability of potentially toxic chemicals, such as
heavy metals, organics, etc., in urban stormwater runoff to aquatic life. It was found that while
high concentrations of some heavy metals such as lead were present in urban stormwater runoff,
the chemical forms present were non-toxic to sensitive forms of aquatic life.

Several master’s theses, Ph.D. dissertations, reports to contracting agencies, and
professional papers were published from the IBP studies. A listing of these publications as well
as other professmnal papers and reports on this topic are available upon request.

In the late 1970’s and the early 1980’s, whlle Drs. Lee and Jones-Lee held professorial
positions at Colorado State University, they worked with several Colorado Front Range cities and
governmental agencies as advisors on the urban stormwater runoff associated contaminant studies
that were being undertaken as part of the US EPA’s National Urban Runoff Program (NURP).
This work also included studies specifically designed to evaluate the impact of urban stormwater
runoff in Ft. Collins, Colorado on Spring Creek, a small trout stream that flows through Ft.
Collins that receives much of the city’s stormwater runoff. They found that even though high
concentrations of heavy metals and several other constituents were present in Spring Creek during
* periods of stormwater runoff, a naturally reproducing trout population was present in the creek.
They also investigated the impact of the runoff on an urban lake as well as downstream reservoirs
and river. They served as advisors to the City/County of Denver NURP studies and were
instrumental in having those conducting those studies add bioassays to the study program to
evaluate available - toxic forms of contaminants in the urban stormwater runoff.

They tried to get those responsible for management of NURP within the US EPA
Washington DC to expand the scope of these studies to include assessment of available forms of
contaminants in all NURP studies across the country (Lee and Jones, 1981). Unfortunately, this
effort was unsuccessful with the result that the US EPA’s NURP studies were of limited value in
defining the water quality significance of chemical constituents in urban stormwater runoff since
they did not include reliable toxicity testing and other impact studies as part of the program.
Without such testing, it is not possible to determine the potential impacts of stormwater associated
contaminants on receiving water quality for the urban stormwater runoff.

In the early 1980’s, Drs. Lee and Jones-Lee conducted studies on behalf of the C1ty of
Lubbock, Texas, on the impact of urban stormwater runoff on the Yellow House Canyon Lakes.
These studies (Lee and Jones, 1991a) focused on evaluating the impact of stormwater runoff from
Lubbock on water quality in these lakes. Particular concern was directed towards the sanitary
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quality of these waters for contact and non-contact recreation, as well as their chemical quality
for fish and aquatic life.

-Water Quality Criteria and Standards Development

One of the key areas of concern in assessing the impacts of urban and rural stormwater
associated contaminants is the basis of judging impacts. Frequently, federal water quality criteria
and state standards based on these criteria are used for this purpose. However, as discussed
below, such use is typically inappropriate. Throughout Drs. Lee’s and Jones-Lee’s professional
careers, they have frequently served as advisors to governmental agencies, industry, and others
on the development of water quality criteria, standards, and point source NPDES discharge limits.
These efforts have ranged from criteria development for the Corps of Engineers and US EPA to

specific review and development of site-specific criteria for a particular discharge into a particular
waterbody.

In the 1960’s, Dr. Lee served as an advisor to State of Wisconsin’s Department of Natural
Resources in developing water quality standards for that state. In the early 1970’s, Dr. Lee
served as a peer reviewer for the National Academies of Science and Engineering “Blue Book of
Water Quality Criteria" released in 1973. In the late 1970's, Drs. Lee and Jones-Lee served as
members of the American Fisheries Society’s Water Quality Panel that reviewed the US EPA’s
"Red Book of Water Quality Criteria” that was released in 1976. In the early 1980’s, Drs. Lee
and Jones-Lee served as US EPA peer reviewers for the then-proposed approach for developing
the current US EPA water quality criteria. They also served as members of peer review panels
for several of the heavy metal criteria that were released in 1984 and that served as the basis for
the US EPA’s 1986 "Gold Book of Water Quality Criteria."

As part of the US EPA’s proposed implementation of the National Toxics Rule, Drs. Lee
and Jones provided detailed comments on the inappropriateness of the US EPA’s proposed
approach for managing toxics in point and nonpoint source discharges (Lee and Jones, 1991b).
The Agency’s approach has led to gross over-regulation of chemical constituents that are not toxic
in the receiving waters from-point-and nonpoint source discharges. Drs. Lee and Jones-Lee
(1994b) point out that the approach that is used by the US EPA in assessing the water quality
significance of urban stormwater runoff is not technically valid where an exceedance of a water
quality standard is determined to be an impairment of designated beneficial uses of a waterbody.
This approach leads to the US EPA providing unreliable reports to Congress and the pubhc on
the national significance of urban stormwater as a cause of water quality impairment in the
country (US EPA, 1994).

Recently, Drs. Lee and Jones-Lee (1994¢,d,e,f) have discussed current problems with the
US EPA'’s approaches of regulating chemical contaminants in ambient waters through the use of
exceedances of water quality criteria and state standards based on these criteria as NPDES permit
violations. The Agency’s Independent Applicability Policy over-regulates discharges from point
sources such as municipal and industrial wastewaters and urban, industrial and agricultural
stormwater runoff. As discussed by Drs. Lee and Jones-Lee (1994f) it is important to distinguish
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between chemical constituents in stormwater runoff and pollutants, i.e. those constituents that
impair the designated beneficial uses of waterbodies. Chemical-specific criteria and standards
should be used as indicators of potential problems in receiving waters due to exceedances of the
numeric criteria - standard values, not as permit violations as is being done today by federal and
state regulatory agencies.

With increasing emphasis on the watershed approach and so-called pollutant trading among
point and nonpoint source dischargers, it is important in developing the watershed approach that
toxic - available forms of chemical constituents are used in evaluating discharge limits. Any
trading of pollutants should be based on those constituents in the discharge (pollutants) that, in
fact, adversely impact the designated beneficial uses of the waterbody receiving the discharge.
These issues are discussed by Lee and Jones-Lee (1994g,h).

Since moving back to California in 1989, Drs. Lee and Jones-Lee have been active in
reviewing the Water Resources Control Board’s proposed water quality objectives that were
adopted in April 1991. Since their adoption, Drs. Lee and Jones-Lee have worked with a number
of governmental agencies and industries on problems with the use of these objectives as a basis
for establishing NPDES permitted discharges from municipal, industrial, and rural sources.

Beginning in the 1970's and periodically since that time, Drs. Lee and Jones-Lee have
published several professional papers and reports on the appropriate development and use of water
quality criteria, standards, and objectives for judging the potential water quality impacts of
contaminants from point and nonpoint sources. A list of theu' recent papers and reports on these
topics is available upon request. A

Drs. Lee’s and Jones-Lee’s publications on the use of water quality criteria and state
standards - objectives based on these criteria to evaluate potential impacts of point and nonpoint
source discharges discuss the inappropriateness of trying to use these criteria and standards -
objectives for this purpose. As discussed in these publications, these criteria are typically based
on worst-case or near worst-case assumptions in which essentially 100% of available forms of
contaminants were used to evaluate under chronic exposure conditions the toxicity of the
contaminant to highly sensitive forms of aquatic life. It is indeed rare, if ever, that urban and
rural agricultural stormwater discharges - runoff impacts on beneficial uses of receiving waters
can be judged by an exceedance of such criteria. Typically stormwater associated contaminants
are present largely in non-toxic, unavailable forms. Further, the duration of exposure that aquatic
organisms can obtain from stormwater discharges of potential significance to them is usually short
compared to the chronic exposure conditions that were used to develop the criteria. While the
US EPA and the State of California list one hour maximum values as criteria - objectives which
are not to be exceeded more than once in three years, implying that they are applicable to short-
term events, in fact, a review of how the one-hour values and frequency of exceedance value were
developed shows that they are not rehable for that purpose

Basxcally, the chem1ca1 approach involving companson of stormwater runoff associated
contaminant concentrations with US EPA criteria and/or water quality objectives that is being used
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by the US EPA and the California State Water Resources Control Board to judge impacts of
stormwater associated contaminants is technically invalid and overestimates the potential real water
quality problems that would occur in receiving waters for such discharges as runoff. While both
agencies claim that there are documented widespread occurrences of water quality problems
associated with urban nonpoint source discharges, -such assertions are technically invalid and
unreliable since the basis for their assessment is the exceedance of US EPA water quality criteria
and state standards at the point where the stormwater discharge enters the receiving waters. Based
on over 20 years of work on evaluating the potential impacts of stormwater associated
contaminants on receiving water quality, it has been found by Drs. Lee and Jones-Lee that there
are no properly documented cases where urban stormwater associated contaminants from
residential and commercial sources are having a significant adverse impact on the water quality
of receiving waters as measured by an impairment of the designated beneficial uses for such
waters due to toxic chemicals present in the discharges. There are demonstrated water quality
problems with combined sewer overflows and with erosion from construction sites. There could
be problems from illegal or illicit dumping or discharges of toxic chemicals to storm sewers by
industrial and some commercial establishments. However, the typical street runoff from
residential and commercial areas which represents a significant thrust of the US EPA’s urban
stormwater contaminant management program would not be expected to adversely affect the
aquatic life and domestic water supply related beneficial uses of receiving waters for the

stormwater runoff for those chemicals that would tend to be toxic to and bioaccumulate within
aquatic life.

Urban Stormwater Runoff Impacts

As discussed by Lee and Jones (1991c), the focus for toxic chemicals of the federal and
state stormwater contaminant control programs should be on the control of illicit and illegal
discharges and dumping of contaminants to storm sewers. To require that all the people in the
greater Sacramento area spend $27/month per household for the control of a few heavy metals that
are primarily derived from street runoff in urban areas is highly inappropriate and a massive waste
of public funds in the name of water pollution control which will have little or no benefit on

improving the designated beneficial uses of the receiving waters for the stormwater discharges (see
Lee and Jones, 1991d).

Based on Lee and Jones-Lee’s experience and what would be expected, there are, however,
potentially significant eutrophication-related water quality problems associated with stormwater
runoff derived contaminants on urban lakes. The high concentrations of nitrogen and phosphorus
in such runoff can in some waterbodies represent potentially significant sources of algal and other
plant nutrients for small waterbodies that have as their primary source of water urban stormwater
runoff. The work done by Dr. Lee and his associates in the 1960°s demonstrated that while most
of the phosphorus and some of the nitrogen in urban stormwater runoff is not available to support
aquatic plant growth, there can be situations in which sufficient amounts are available to cause
excessive fertilization of urban lakes. Lee and Jones (1980, 1988) and Jones and Lee (1986) have
discussed an approach that can be used to evaluate whether the stormwater associated nutrients
are the primary cause of excessive fertilization in an urban lake. These papers also discuss
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approaches that can be used to manage such problems.

Studies of the impacts of urban stormwater runoff on water quality have shown that
frequently such runoff contains high concentrations of fecal coliforms arising from dogs and other
domestic and wild animals and illegal connections between the sanitary sewers and the storm
sewers. Such runoff can cause violations of contact recreation sanitary quality standards.
Usually, however, within a few days to a week or two after the runoff event the sanitary quality

of an impacted area returns to acceptable levels for contact and non-contact recreation (see Lee
and Jones, 1991a).

Lee and Jones (1991d,1992a,b,c) have provided guidance on the approaches that should
be used to evaluate the need to control toxic chemicals in urban stormwater runoff to protect
designated beneficial uses of receiving waters. . Lee and Jones (1991e,1992d) have discussed some
of the highly significant problems with the approaches adopted by the State Water Resources
Control Board in developing a monitoring program for stormwater discharges from industrial
properties. Many of these same problems apply equally well to non-industrial areas.

While Drs. Lee and Jones-Lee advocate the use of bioassays - toxicity testing procedures
to evaluate available forms of contaminants in urban stormwater runoff, they point out that the
typical toxicity testing procedures used today by regulatory agencies significantly overestimate the
real toxicity that will occur within receiving waters for stormwater runoff. As discussed by Drs.
Lee and Jones (1991c, 1992a, Lee and Jones-Lee, 1993), it is important that toxicity tests that are
used to evaluate potential water quality problems associated with a point or nonpoint source
discharge properly mimic the conditions that actually exist for the discharge in the receiving
waters, Failure to establish appropriate toxicity testing procedures can lead to the development
" of contaminant control programs that eliminate toxicity in the stormwater discharge but have no
impact on the receiving water quality since the stormwater discharge measured toxicity was not
manifested in the receiving waters due to differences in the test conditions compared to receiving
water conditions. ‘ '

Implementation of Stormwater Runoff BMP’s

Many of the larger urban areas across the country are now reviewing the need for
structural best management practices (BMP’s) for urban runoff associated chemical constituents.
Jones-Lee and Lee (1994) and Lee and Jones-Lee (1994i) have discussed the approach that should
be followed in evaluating the appropriateness of constructing a structural BMP for stormwater
runoff contaminant control. They point out that the first step in selecting a BMP should be the
finding of a real water quality problem - use impairment associated with the current stormwater
runoff. When a problem has been found, then the specific chemical(s) responsible for the use
impairment should be determined and, if possible, controlled at the source. If this is not possible,
then site-specific structural BMP’s should be developed that are designed to remove the
chemical(s) that cause the use impairment. It will generally be found that the structural BMP’s
that are frequently used today such as detention basins, grassy swales, etc. are not effective in
developing technically valid, cost-effective approaches for managing real water quality problems
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associated with urban stormwater ruroff,

Monitoring Stormwater Runoff Quality

Lee and Jones-Lee (1994j) have discussed the inappropriateness of many of the urban
stormwater runoff monitoring programs that are being used today in assessing water quality
impacts of such discharges. Typically, in these programs a few grab samples of stormwater
runoff are taken from a few storm events each year and analyzed for a limited number of
potentially significant chemical constituents. This approach provides no reliable information on
the impact of the chemical constituents in the stormwater runoff on receiving water quality.
Similar problems exist with trying to monitor the efficacy of structural BMP’s in which a few
grab samples are taken from the influent and effluent of the BMP and the reduction of a chemical
constituent(s) is evaluated. This approach is only reliable under conditions where it has been
demonstrated on a site-specific basis that the parameters being monitored are, in fact, responsible
for impairing the designated beneficial uses of the receiving waters for the discharge from the
BMP. The monitoring of particulate contaminant removal in a detention basin is an example of

the inappropriateness of current monitoring programs since the particulate forms of contaminants
are well-known to be non-toxic and non-available in ambient waters.

A stormwater monitoring program should be based on a site-specific evaluation of the
water quality problems associated with a particular runoff source. Lee and Jones-Lee (1992b)
have provided guidance on developmg site-specific stormwater runoff quality monitoring
programs.

Additional information on the qualiﬁcations and expcrience of Drs. Lee and Jones-Lee
pertinent to non-point source contaminant evaluation and management is available upon request.
Copies of their publications on this topic are available from the authors.
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Short-Course
< Stormwater-Related Water Quality Issues »

Duration; 1 day (9:00 am-4:15 pm; 1-hr lunch)  Presenter:
: Dr. G. Fred Lee

Location:  * fo be determined * G. Fred Lee & Associates

Organizer: * 10 be determined * El Macero, CA
Cost: * {0 cover cosis * phone: (916) 753-9630

Topic Outline

Stormwater as'a Source of Contaminants

o Introduction
¢ Overview of Problems - Real and Perceived
¢ Principles of Water Quality Evaluation and Management
. ¢ Basic Concepls
* Designated Beneficial Uses - Water Quality
* Water Quality Criteria and Standards/Objectives
Chemical-Specific ® Toxicity-Based (Acute and Chronic) * Blologlcal Criteria

¢ Mixing Zones
¢ NPDES Limilations
¢ Implementation of Standards

Relationship between Analytical Methods for Specific Chemicals and Water Quality

Toxicity Testing Methods
Exceedance of Water Quality Objectives |
¢ What Makes a Chemical Hazardous to Aquatie Lile
¢ Overview of Key Principles of Aquatic Chemistry
o Chemical Species - Soluble vs. Total Contaminants
¢ Overview of Key Principles of Aquatic Toxicology
¢ Duration of Exposure
o Sensitivity of Organisms *
¢ Contaminants vs. Polivtants
® Testing Discharge/Runolf vs. Ambient Waters
¢ Objectives of Water Pollution Control - Protect Designated Beneficial Uses
¢ Numbers, Types, Characier of Desirable Aquatic Organisms of Receiving Water
¢ Trying 1o Use Effluent Testing as Measure of Poieatial Impact on Receiving Water Quality
e Often Unreliable
¢ Examples - Findings of Recent Studies
® \Vater Quality Impalnnent
¢ Exceedances of Water Quality Standards - * Administrative lmpurmenl
¢ Adverse Impact on Designated Beneficial Uses
¢ "Administrative Impairment®  "Beneficial Use Impairment®
o Problems with Use of Exceedances of Water Quality Objectives (Standards) as Determiner
of Water Quality Impairment
¢ Chemical-Specific Objectives
¢ Worst-Case Assumplions
Contaminant Availability 100%
Chronic Exposure Conditions
Organism Sensitivity
e Criteria/Objectives: 1-hr Avg. Maximum; 4-day Avg. Maximum; < | Exceedance/3 yrs

¢ Effluent/Discharge Toxicity Test-Based Limitations '
® Toxicity Test Conditions Mote Severe Than Typically Occurs in Ambient Waters
* Effluent Toxicity Cannot Be Directly Translated to Receiving Water Toxicity
e “"Water Effects Ratio® - Problems with Current Appcoaches

¢ Biological Assessment
® Factors Affecling Numbers & Types of Organisms

Habitat » Natural Variability  Storms ® Flows @ Other Influcnces
o Overview of Key Principles of Aquatic Life llazard Assessinent

¢ Tiered, Integrated Evaluation of
* Aquatic Chemistry (Contaminant Fate & Transport), and
¢ Aquatle Toxicology (Contaminant Availability, Duration of Exposure, Sensnuvnlyn‘ypus

of Organisms), lo
® Assess Polential Impairment of Designated Beneficial Uses by Particular Source/Discharge

. Characteristics of Stormwalter Discharges

o Amounts & Forms of Chemical Contaminauts
¢ High Concentrations of Unavailable/Noa-Toxic Forms of Contaminants
® Duratlon of Organism Exposure
¢ Typically Short Durations of Exposure; Episodic Events
Concerns for Stormwater-Associated Contaminants: Surface & Groundwater Quality
® Physical Impacts
¢ Flow-Related Erosion
¢ Suspended Solids - Physical & Chemical
¢ Abrasion * Deposition
(] Chemlul Impacts
Aquatic Plant Nutrients (N, P) - Eutrophication
Heavy Metals (Cu, Cd, Zn)
Organics (PAH's, Pctroleum Hydrocarbons, elc.)
Urban Soil Lead Residues
¢ Typical Concentrations ¢ Water Quality & Potential Public Health Impacts *
Sources ¢ Evaluation of Significance * Coatrol
¢ Microorganisms - Sanitary Quality (coliforms)
® Evidence of Water Quality Problems Associated with Non-Point-Source Discharges
¢ Inaccurale Assessment of Water Quality Problems
Management of Stormwater-Associated Contaminants
® Conventional Approaches ("Best Management Practice”)
¢ Detention Basins ® Wetlands ® Vegetative Areas ® Others
¢ Efficacy in Controlling Water Quality Problcms. Toxic Pit Issues
® Suggested Approaches
¢ Application of Water Quality Criteria & Sundards (Ohjectives)
¢ lee, G.F., a0d Jomes, A., “Suggesiad Approaches for Assessing Waser Quality Impacts of Urban Stormnuter
Drainage,” |N: Symposum Prec, o Urhan lydrology, TPS-91-4, AWRA, Bethesda, MD, pp. 139-151 (1991).
Stormwater Regulatory Requirements
® Municipal Areas @ Industrial Areas ® Construction Sites

® Application of Water Quality Standards (Objectives) to Stormwater Discharges
¢ Need for Stormwater-Associated Water Quality Crileria

Specific Stormwater Issues Raised by Course Participants
Course Evaluation and Closure

* o @
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Stormwater Runoff Quality and Related Studies
Conducted by G. Fred Lee

30 years of university teaching and research with extensive research on toxic-available forms of
chemical constituents in non-point source runoff

1960's e Impact of urban stormwater runoff on Madison, WI and other WI lakes; US-
Canadian Great Lakes and in Rochester, NY

¢ Evaluate nitrogen and phosphorus loads from urban areas and their water quality
impacts

¢ Develop approaches for assessing available forms of chemical constituents in runoff
waters .

e Evaluate chemical constituent loads from atmospheric sources and the potential
impacts on water quality

‘» Impact of wetlands on water quality

¢ Impact of development of recreational lakes on water quality

1970’s e Dallas, TX — Lake Ray Hubbard watershed runoff impacts
: ® Western E.urope and North America OECD eutrophication smdxes of about 200
lakes, reservoirs and several estuaries
e Developed nutrient export coefficients from various types of land use

e North Adriatic Coast of Italy — evaluate causes of excessive fertilization of
nearshore waters

1980’s e City and County of Denver, CO — urban lakes and rivers
¢ Fort Collins, CO - Spring Creek and several urban lakes
e City of Lubbock, TX -- chain of lakes, sanitary quality and chemical quality
e State of Florida — Impact of wetlands on the Kissimmee River system downstream

water quality
* NY Harbor, NJ Shore sanitary quahty, urban lakes - watershed runoff on water
quality
¢ USSR, Argentina, Dominican Republic, Jordan, Isracl Japan, South Africa -
reservoxrs
1990’s o Lake Tahoe, CA — evaluate the impact of development on water quality

e City of Hammond, IN —~ impact of CSO’s on sediment quality
¢ San Francisco Bay ~ evaluate water quality significance of copper

* Santa Monica Bay -- evaluate impact of urban stormwater runoff-associated heavy
metals on Bay water quality

- e San Diego Bay ~ evaluate impact of copper ore spill on water quality
¢ Rocketdyne - Canoga Park, CA - review NPDES permit for stormwater runoff
e Participant in CA Storm Water Quality Task Force

¢ Developed BMP’s to manage stormwater runoff from new highway in Orange
County, CA.

Numerous professxonal papers and reports were developed on these studies. A list is available upon
request. Additional information on these activities is also available upon request.
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