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     “Humans have long been fascinated by the dynamism of free-flowing 
waters. Yet we have expended great effort to tame rivers for transportation, 
water supply, flood control, agriculture, and power generation. It is now 
recognized that harnessing of streams and rivers comes at great cost. Many 
rivers no longer support socially valued native species or sustain healthy 
ecosystems that provide important goods and services.” 

(N. LeRoy Poff, 1997) 

Study Area
Our study area sits at the confluence of the Upper East River, Harlem River, and Hell’s 
Gate. The title of “river” is a misnomer, for these rivers are actually tidal straits formed 
over 11,000 years ago by the melting of the Wisconsin Glacier (Hua, 2006). The Harlem 
River connects the Hudson River to the East River, and the Upper East River connects 
the Upper Bay to the Long Island Sound.  The turbulent area where the Upper East and 
Harlem Rivers meet is known as Hell Gate. (Figure 1: Google Maps 2012)
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Physical Characteristics & Hell’s Gate
As noted above, the East River is a narrowly defined tidal strait about 15.5 miles long, 
connecting the Harlem River, the Long Island Sound and the New York Harbor. The 
mean depth of the river is roughly 33 feet, with depths of more than 65 feet immedi-
ately north and south of Hell’s Gate. The Harlem River is also a narrow strait of roughly 
8 miles long, which connects directly to both the Hudson River and the East River at 
Hell’s Gate. The average depth of the Harlem River is 22 feet and the topography of 
the sea floor is relatively uniform. The tides of the East River are typically semidiurnal, 
or occur approximately every 12 hours (Chant, 2006). Lastly, the water temperature of 
the East River is “generally vertically homogeneous” with seasonal temperatures of 35.6 
degrees Fahrenheit in the winter, to 95 degrees Fahrenheit in the summer; with very 
little fluctuation within each season (Blumberg, 1997).

The Hell’s Gate section of the East River has sunk hundreds of boats and is both highly 
respected and feared by boat operators. In the late 1800’s, to prevent future catas-
trophes in Hell’s Gate, the US Army Corps of Engineers decided to use explosives to 
remove all obstacles. This explosion was renowned as “the largest planned explosion 
before testing began for the atomic bomb… Rubble from the detonation was used 
in 1890 to fill the gap between Great Mill Rock and Little Mill Rock, merging the two 
islands into a single island” which we now know as Mill Rock (Engineers, Unknown).  
(Figure 2)

Today, Hell’s Gate must be navigated with care. It is absolutely necessary that large 
shipping vessels strategically plan their journey through the strait based on the tides 
and currents. “The speed of the tidal current generated by changing tides is so high 
that tugs can only travel through it when the direction of travel is the same as the 
direction of the tidal current. In other words, tugs cannot deliver…during periods of 
outgoing tide, nor can they pass through Hell’s Gate…during periods of incoming tide 
(Larson, 1997).” The average speed of the water at Hell’s Gate is roughly 1-3 knots with 
peaks of up to 5 knots. (Figure 3:)

Brief History of the Land & Water Use
The original inhabitants of the lands surrounding our study area, the Lenape Indians, 
lived near the salt marsh lands along the Harlem Plain because of their eco-diversity, 
which allowed for the hunting of snapping turtles and frogs, fishing for herring, 
salmon, and sturgeon, as well as harvesting oysters (Lee, 2011). Early Dutch settlers 
farmed along the river, harvesting salt meadow grass to feed cattle in the winter, and, 
like the Lenape, the early colonists also harvested oysters (Hua, 2006). However, with 
colonization began the long decline of water quality in the Harlem and East Rivers as 
the burgeoning population used the waterways for waste disposal.   

After the Revolutionary War, the entire New York area began to dramatically urban-
ize, and farmland and forest were quickly converted to residential and industrial areas 
(Ibid.). As discussed above, the Army Corps of Engineers altered the topography of 
the river by dredging and even exploding the many rocky islands as New York Harbor 
became one of the busiest ports in the world (US Army Corps of Engineers, Unknown). 
In 1895, the Harlem River Ship Canal was completed with great fanfare and celebra-
tion as the channel would better allow ships to navigate from the Hudson River to the 
Harlem River (Unknown, 1895). The twentieth century brought increased urbanization 
and industrialization, and the condition of the waters around New York Harbor became 
critically degraded. (Figure 4)

Figure 2: Army Corps of Engineers; Historic Photo of Hell’s Gate Explosion

Figure 3: Army Corps of Engineers

Figure 4: Oasis NYC; 1609 Shoreline)
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Historical Water Quality Issues
The history of water quality degradation in New York Harbor parallels the history of 
waste disposal and wastewater treatment.  Public policy debates related to waste 
disposal and water pollution began during the earliest days of colonization, when 
European settlers numbered only in the hundreds.  The common practice of simply 
dumping pails of sewage and other refuse into the harbor became such a problem 
that by 1680 a common sewer was constructed in Lower Manhattan, and in 1683 the 
governing Common Council decreed that no one could dump waste into the water 
under threat of a “twenty shill” fine (US EPA, 2000).

The vast marshlands and interconnected tidal channels that once supported abundant 
and diverse populations of fish and shellfish were in serious decline by the start of the 
twentieth century. Bacterial contamination of oysters from raw sewage in the harbor 
was linked to typhoid cases as early as 1904, which, along with dredging and increased 
pollution, led to the decline of the oyster industry. In addition, the depleted levels of 
oxygen dramatically reduced the fish populations. While New York now has modern 
wastewater treatment facilities, problems from combined sewer overflows (CSOs – 
discussed below) continue to plague the harbor waters (Ibid.). 

In the nineteenth and twentieth centuries, Randall’s Island and Ward’s Island were at 
times used as garbage dumps, cemeteries, and housing for the poor, and other islands 
in the East River were used as disease quarantines, prisons, and psychiatric wards (Hua, 
2006). Thus, not only were the East and Harlem Rivers used for dumping waste, they 
were also seen as dumping grounds for social outcasts (Ibid.).

New York Harbor became a key port for the oil industry, and as refining operations 
took place along the banks of the East River, oil spills and industrial waste further de-
graded the quality of the water (Ibid.). Today, while maritime activity has declined and 
land use along the riverbanks has been developed with more housing and parkland, 
water quality has improved but is still impacted by CSOs and stormwater runoff. 

Point & Non Point 
Source Pollution

New York City suffers from both 
point source pollution as well as 
non-point source pollution. Point 
source pollution is most eas-
ily described as pollution that 
comes from one discrete and 
identifiable source. Non-point 
source pollution occurs during 
wet weather events, either 
snow or rain, when the water 
runoff picks up oil, grease, 
heavy metals, sediment, 
bacteria and other forms of 
pollutants and transfers 
them to the nearest 
water source 
(EPA, 2012). 
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Nitrogen Reduction
In addition to the problem of CSO’s, New York City’s infrastructure has caused a number of other water quality 
problems. During normal operation (i.e., when there are no CSOs), after wastewater is treated at sewage treat-
ment plants, the treated effluent is discharged back into the local waterways. Unfortunately, the system is out-
of-date and the amount of nitrogen discharged in the effluent is problematic to the water quality. Though the 
nitrogen poses no direct human health risk, the NYC Department of Environmental Protection (DEP) has under-
taken a multi-billion dollar capital project to upgrade existing treatment facilities to decrease the quantity of ni-
trogen in the discharged effluent, thereby decreasing the frequency of algae blooms and eutrophication, which 
has negative implications including hypoxia or the decrease of oxygen in the water. The DEP is focusing much of 
the capital budget on implementation in plants that discharge into the Upper East River and Jamaica Bay, as they 
are the highest risk areas (NYC DEP, Unknown). In total, the DEP has budgeted $8.9 billion in upgrades to the 14 
wastewater treatment plants. Since the announcement of this project in 2010, the NYC DEP has made improve-
ments which have decreased the amount of nitrogen discharged in Jamaica Bay by 7,000 pounds. Scheduled for 
2012, was a 52% reduction in the nitrogen effluent in the East River (Sklerov, 2012).

Point Source Pollution: 

Combined Sewer Overflow
Though the New York Harbor is cleaner then it has been in the last one hundred years, we are not yet at a point 
where our aquatic ecosystems have completely regenerated. In New York City, prior to the 1890’s, household 
waste was left in the street, creating extremely unsanitary conditions and heightened health concerns. In 
response, New York City began to build the first network of pipes that transported the waste from households 
directly to the harbor. The influx of raw sewage had major implications on the health of the harbor’s ecosystem 
and to this day the watershed has yet to completely regenerate. 

Today, the New York City Department of Environmental Protection treats roughly 1.3 billion gallons of wastewa-
ter daily in a combined sewer system (CSS). “Combined sewer systems (CSS) are sewer systems that are designed 
to collect storm water runoff, domestic sewage, and industrial wastewater in the same pipe and bring it to 
the publicly owned treatment works (POTW) facilities (DEC, 2013).” In New York City, 7,549 miles of lateral and 
interceptor sewers transport the sewage to 113 pump stations, where it is then directed to one of 14 wastewater 
treatment plants. Due to the increased size of the population and aging infrastructure, New York City, like many 
other cities in the country, experiences combined sewer overflows (CSO). “After heavy rains and massive snow 
melts, many of the nation’s municipal stormwater management systems - most of which are more then 80 years 
old - discharge billions of gallons of untreated runoff into streams and rivers annually (O’Connor Houston, 2010).”

A CSO occurs when rainwater drains into the street sewers and combines with the household, industrial and 
commercial waste. When the increase in volume threatens to overburden the local sewage treatment plants, the 
combined rainwater and raw sewage are diverted directly into local waters. The New York City sewer system can-
not accommodate more then one inch of rain per hour, a capacity that is often further compromised by clogged 
drains, water main breaks, and blocked catch basins. This causes CSOs to occur roughly once a week, discharg-
ing over 500 million gallons of wastewater directly into the surrounding water. Over the course of a year this 
amounts to roughly tens of billions of gallons of sewage. As one may imagine, untreated sewage has many nega-
tive effects on the water quality, and CSOs often cause beach closures, algae blooms, high rates of carcinogens, 
suspended solids and chemical waste in local waters, and the inability for watersheds to regenerate. (Figure 5)

Figure 5: US EPA



GreeningtheGap 11

Non-Point Source Pollution 
and other Runoff Implications
The National Resources Inventory estimates that developed land 
in the United States has increased roughly 34% between 1982 
and 1997 (Gilbert, et al, 2006). With this rapid increase in develop-
ment, comes an increase in roadways, infrastructure, roof square 
footage, driveways, and parking lots – all of which are traditionally 
impermeable. Without permeable surfaces, rainwater is no longer 
absorbed by the ground but is forced to join wastewater in the 
traditional sewer system or run directly into an area’s watershed 
(O’Connor Houston, 2010). Similarly, repercussions of stormwater 
runoff ranges from excessive energy usage (to treat the water), 
water quality degradation, and potential infrastructure damage 
from flooding. 

Vehicular emissions as well as surface pollutants are one of the 
highest contributors to non-point source pollutants in the East 
and Harlem Rivers. Roadways, parking lots and driveways are 
transporters of pathogens, bacteria and hazardous waste. Pollut-
ants in roadway runoff are often a result of the state of technol-
ogy, climate, and the engineering of the road and traffic densities. 
Heavy metals, such as copper (Cu), lead (Pb), and zinc (Zn), are 
the most common problem of roadway runoff. Tire abrasion, road 
abrasion, drip loss and component corrosion are the four primary 
causes of heavy metals in runoff. Drip loss typically occurs as a 
result of vehicles’ leaking fuel, oil, antifreeze, or brake fluid. More-
over, many pollutants created by vehicular emissions bind to air 
particles and return to the earth with rainfall, again draining into 
our watersheds (Gobel et al, 2007). (Figure 6)

Due to concrete’s uncanny ability to retain heat, plus some other 
factors, cities are roughly 5-9 degrees warmer then the surround-
ing countryside. This “heat island” effect has two main effects 
on water quality. First, the EPA estimates that roughly 3-8% of 
electricity usage in the summer months is used to compensate 
for the urban heat-island effect (Lecard et al, 1993). The increased 
use of energy feeds directly into the climate change cycle, which 
ultimately causes higher quantities of rainfall per year, which 
increases runoff and CSOs. Second, the pavement can get as hot 
as 120 degrees, which increases the temperature of rainfall as it 
hits the pavement. Upwards of 40% of this heated water will drain 
directly into the watershed altering the natural temperature of 
the ecosystem. Higher then normal temperatures reduce water’s 
ability to dissolve oxygen, other problems including algae blooms, 
and decreased egg survival and increased susceptibility to disease 
for fish. 

Figure 6: Image FDR Drive during rain event DNAinfo.com

GreeningtheGap
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Clean Water Act: Basic Requirements
The CWA is administered by the EPA, but day-to-day enforcement of the regulations 
are overseen by various state water boards, departments of natural resources, or other 
state-level environmental departments, such as the New York State Department of 
Environmental Conservation (NYSDEC). The NPDES and SPDES permits seek to control 
direct pollution from discrete conveyances, and are negotiated between the discharg-
er and either the EPA or state agency.  Individual permits are based on effluent guide-
lines that address various pollutants in wastewater. Permits must be consistent with 
state water quality management plans that reflect the overall water quality standards 
(discussed below) for an individual waterbody (Ibid.).

The CWA also established minimum wastewater treatment programs for municipali-
ties.  Historically, cities with community sewer systems constructed only primary treat-
ment facilities, which simply separates solids and then disinfects and discharges the ef-
fluent into a local waterway.  Secondary treatment, which uses chemical and biological 
processes to break down organic matter and chemicals, is now the minimum standard 
set by the CWA (Ibid.).

Finally, the CWA requires states to monitor the condition of their waterways by submit-
ting a report to the EPA every two years.  Required components are descriptions of 
the water quality of all navigable waterways, an analysis of whether the state’s water-
ways are meeting standards that allow for contact recreation or fish propagation, an 
estimate of the environmental impact and the social and economic costs necessary to 
achieve the goals of the CWA, and a description of nonpoint source pollutants along 
with recommendations for how to control such sources of pollution (US Senate, 2002). 
The focus of water quality management today has shifted from effluent-based to 
ambient-based water quality standards, and much more work needs to be done (NRC 
et al, 2001).  

Clean Water Act: History
By the early 1970s, America’s waters were in a critically degraded condition.  Ohio’s 
Cuyahoga River, having already caught fire at least thirteen times since 1868, famously 
captured the nation’s attention after its 1969 conflagration, and the cover of Time 
magazine featured the river where “a person does not drown but decays (Unknown, 
1969).” The photograph of the river ablaze became a “symbol of earth in need of repair, 
and federal regulation was the reparative tool of choice. (Adler, 2003)” By 1972, with 
fully two-thirds of the nation’s waterways unfit for drinking or swimming, Congress 
passed an amendment to the 1948 Federal Water Pollution Control Act, which would 
become known as the Clean Water Act.

The Clean Water Act (CWA) completely revised Federal objectives, setting a new na-
tional goal to “restore and maintain the chemical, physical, and biological integrity of 
the nation’s waters (US Senate, 2002).” Generally, the CWA strives to restore all waters 
to a state at least suitable for swimming and fishing.  By the 1970s, the environmental 
movement was gaining momentum, and the CWA was a primary actor in addressing 
the nation’s growing environmental consciousness.

To achieve the goal of swimmable/fishable waters, the CWA requires a permit for all 
discharges into the nation’s waterways from industrial, municipal, and other facilities 
(US EPA, 2012). The National Pollution Discharge Elimination System (NPDES) permit 
program became the Environmental Protection Agency’s (EPA) chief regulatory and 
enforcement tool.  The NPDES program, along with the State Pollution Discharge 
Elimination System (SPDES) program, has significantly reduced point source pollution, 
and has improved water quality, keeping billions of pounds of sewage, chemicals, and 
trash out of waterways (Stoner, 2012). Today, while further improvements are neces-
sary, two-thirds of the nation’s surface waters meet at least the Class B (swimmable) 
standard (Daniels et al, 2003). 
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Clean Water Act: Critique
The Clean Water Act celebrated its 40th anniversary this year, yet the most recent 
report card from the American Society of Civil Engineers gave the nation’s drinking 
water, inland waterways, and wastewater infrastructure a grade of D-, citing chronic 
and projected continued underfunding of critically needed improvements (American 
Society of Civil Engineers, 2009). In his 2007 address to the U.S. House of Representa-
tives Transportation and Infrastructure Committee, Peter Lehner, executive director of 
the Natural Resource Defense Council (NRDC), also cited the growing funding gap for 
wastewater technology research and development that could save money in the long 
run (Lehner, 2007).

Further critiques of the EPA’s management of the CWA include a failure to meet a 
fundamental requirement to update rules and definitions regarding secondary treat-
ment of wastewater.  For over two decades, outdated standards have allowed nutrient 
pollution to evade proper regulation (Ibid.). Oversight by the NPDES/SPDES program 
has been criticized because issuing a permit may not necessarily mean that pollution 
is eliminated or even sufficiently reduced,  and often permits are issued based on the 
assumption of the assimilative capacity of a waterbody when capacity has already 
been met by other discharges (Lehner, 2007). Also, the CWA fails to adequately ad-
dress nonpoint source pollution, which has been steadily rising due to development 
pressure and increased urbanization; and perhaps most importantly, the CWA lacks 
enforcement resources to prosecute violators (Ibid.).

While the CWA has effectively managed to identify and regulate the most egregious 
pollution sources, a paradigm shift is necessary to finally attain the goal of swimmable 
and fishable waters originally sought by the law.  (Figure 7)

(Figure 7: New York Codes, Rules, and Regulations (“NYCRR”), Title 6, Section 701

Water Quality Standards: Standards, Waterbody      
Inventory, Priority Waterbody List
Water quality standards are determined by the states and other jurisdictions and must be approved by the 
EPA before they become effective under the CWA.  Standards consist of three parts: designated uses, criteria or 
thresholds, and an anti-degradation policy.  The 1974 New York Environmental Conservation Laws (6 NYCRR § 
701) outlines the water quality and priority classifications and standards for New York State waterbodies.  Water-
body classifications affect, but do not necessarily restrict, land uses and discharges along waterways (Findlay et 
al, 2010). If the waste being discharged is treated so as to comply with the appropriate standard, it is allowed to 
be discharged legally by NPDES/SPDES permit (Ibid.).

The NYSDEC maintains a Waterbody Inventory (WI) and a Priority Waterbody List (PWL) of all waterbodies in New 
York State.  The purpose of the WI and PWL is to track each waterbody according to its State-established desig-
nated use and prioritize individual impaired waterbodies.  The Harlem River is a Class I Saline Surface Water, and 
its designated use is secondary contact recreation (boating or other non-direct contact activities) and fishing.  
The river is listed under the 2010 section the 303(d) PWL for the following reasons: Fish consumption known to 
be precluded; aquatic life known to be impaired; recreation known to be impaired; and aesthetics known to be 
stressed (NYSDEC, 2010). Causes for impairment listed by the DEC include aesthetics, i.e debris/floatables; low 
dissolved oxygen, high biological oxygen demand; and priority organics, i.e. untreated sewage. Sources of im-
pairment include combined sewer overflow, toxic contaminated sediment, and urban storm runoff (Ibid.). (Figure 
8 & 9: New York Codes, Rules, and Regulations (“NYCRR”), Title 6, Section 703.2)

Figure 8 

Figure 9

New York State Surface Water Classification and Designated Use
Fresh Surface Water

Class Best Use

AA Drinking (after disinfection), Bathing and Fishing

A Drinking (after disinfection and approved  
treatment), Bathing and Fishing

B Bathin and Fishing

C Fishing - Propogation and Survival

D Fishing - Survival

Saline Surface Water

Class Best Use

SA Shell Fishing for Market Purposes, Primary and  
Secondary Contact Recreation and Fishing

SB Primary and Secondary Contact Recreation and  
Fishing

SC Fishing, Limited Primary and Secondary Contact 
Recreation

I Secondary Contact Recreation

SD Fishing

Narrative Water Quality Standards for Class I Saline Surface Water
Parameter Standard

Taste-, color-, and odor-producing toxic and 
other deleterious substances 

None in amounts that will adversely affect the taste, odor, or  
odor thereof, or impair waters for their best usages

Turbidity No increase that will cause a substantial visible contrast to  
natural conditions

Suspended, colloidal and settleable solids None from sewage, industrial wastes or other wastes that  
will cause deposition or impair waters for their best usages

Oil and floating substances No residue attributable to sewage, industrial wastes or other 
 wastes, nor visible oil film or globules of grease

Garbage, cinders, ashes, oil, sludge and other 
refuse

None in any amounts

Phosphorus and nitrogen None in amounts that will result in growths of algae, weeds,  
and slimes that will impair waters for their best usages

Quantitative Water Quality Standards for Class I Saline Surface Water
Parameter Standard

pH The normal range shall not be extended by 
more than one-tenth (0.1) of a pH unit

Dissolved Oxygen Shall not be less than 4.0 mg/L at any time

Total Coliforms (number per 100 mL) The monthly geometric mean, from a  
minimum of five examinations, shall not exceed 10,000
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Water Quality Indicators: 

Fecal Coliforms & Enterococci
Fecal coliforms and enterococci are bacteria found in the intestines of warm-blooded 
animals and are widely used as indicators of the possible presence of pathogenic 
bacteria.  Enterococci levels have become the new federal standard used by scientists, 
particularly at salt-water beaches, as they are believed to be a more accurate indicator of 
many of the human pathogens often found in city sewage (US EPA, 2004).
 
The 2010 New York Harbor Water Quality Report shows an improving trend in both fecal 
coliform and enterococci levels for the Upper East River/Western Long Island Sound 
(UER-WLIS), including the Harlem River, citing ongoing upgrades to wastewater facilities 
and capture of CSOs (NYC DEP, 2010). (Figure 10: 2010 New York Harbor Water Quality 
Report)

Dissolved Oxygen
Dissolved oxygen (DO) is critical for the respiration of most aquatic life forms, including 
fish and invertebrates such as crabs, clams, and zooplankton.  According to the 2010 
Harbor Report, DO in the UER-WLIS has been trending up, either meeting or exceeding 
the required 5.0 mg/L standard for fish propagation and bathing (NYC DEP, 2010). Trends 
also indicate stability, with a decreasing gap between surface and bottom waters (Ibid.). 
(Figure 11: 2010 New York Harbor Water Quality Report)

Chlorophyll ‘A’
Chlorophyll ‘a’ is the green pigment found in most macro-algae and phytoplankton.  
Elevated levels result from the introduction of nitrogen and phosphorus into waterways 
through nonpoint sources.  The standard is 20 micrograms per liter (ug/L), with readings 
higher than 20 ug/L indicating signs of eutrophication (Biggs, 2000). Eutrophication is 
the waterway’s response to the introduction of nutrients, resulting in algal blooms and 
possibly hypoxia or dissolved oxygen depletion.  The highest averages in the UES-WLIS 
tend to be in the confined waters of Flushing Bay, while the Upper East River and Har-
lem River typically have low levels of chlorophyll ‘a’ (the monitoring station – H3 – on the 
Harlem River was less than 11.0 ug/L in 2010) (Ibid.). (Figure 12: 2010 New York Harbor 
Water Quality Report)

Secchi Transparency
Secchi Transparency measures the clarity of the water in terms of suspended solids and 
turbidity.  Secchi levels are obtained by dropping a “secchi disk”, a black and white disk 
on a string, into the water, usually from a boat. The disk continues to be lowered until 
it can no longer be seen.  Higher secchi levels indicate clearer and cleaner waters, and 
a five foot clarity depth is considered clear while a three foot clarity depth is impaired 
(Michigan Lake and Stream Association, Unknown). Total suspended solids (TSS), which 
can be caused by soil erosion, waste discharge, urban runoff, and algal growth, can 
cause waters to increase in temperature as particles absorb sunlight, causing oxygen 
levels to fall (Findlay, 2010). Water temperature is one of the most important variables 
in aquatic ecology, affecting, among other things, the solubility and toxicity of other 
chemicals present (Ibid.). (Figure 13: 2010 New York Harbor Water Quality Report)

The Harlem River, at monitoring station H3, has displayed low averages of three foot 
clarity depth or less.  Runoff after rainfall and freshwater from the Hudson River to the 
Harlem River can contribute to turbid waters and high TSS (NYC DEP, 2010). (Figure 14: 
Image 12: http://www.mlswa.org/secchi.htm)

Other Water Quality Threats
New potential threats to water quality, such as Pharmaceuticals and Personal Care 
Products (PPCP) and other Endocrine Disrupting Chemicals (EDC), are being called 
Contaminants of Emerging Concern (CEC) by the EPA.  While research is ongoing and it 
is unknown to what extent CECs represent a public health risk, the EPA and FDA have 
established guidelines for proper disposal of PPCPs.  Usually focused on proper disposal 
of pharmaceutical drugs, these guidelines include discouraging disposal into the sani-
tary sewer system and encouraging community medication take-back events (US FDA, 
2013). Improper disposal of unused medications is only one way CECs enter surface and 
ground waters.  The FDA acknowledges that CECs more commonly enter waterways 
through human waste. Most drugs are not fully metabolized by the body and enter into 
wastewater treatment facilities (Ibid.).
Today, the EPA and the National Academy of Sciences are conducting studies to de-
termine the potential health risks of low levels of pharmaceutical residue in drinking 
water (US EPA, 2008). Other EPA actions include an expanded fish tissue pilot study to 
detect the presence of pharmaceuticals, as well as the development of a methodol-
ogy to establish water quality criteria to protect aquatic life (Ibid.). While the research 
is ongoing and the public health threat unclear, endocrine disruptors are suspected to 
lead to developmental, reproductive, metabolic, brain, and behavioral problems (Tulane 
Univeristy, 2012).

Because the Clean Water Act only mandates secondary treatment of wastewater, CECs 
often enter surface waters through sewage effluent.  Complex and expensive tertiary 
treatment of wastewater, including use of “activated sludge” and reverse osmosis, is 
necessary to address the removal of CECs from sewage effluent because secondary 
treatment cannot remove CECs (University of Minnesota, 2011). Another is the method 
of constructed wetlands, such as the “Eco Machine” at the Omega Center for Sustainable 
Living in upstate New York (US FDA, 2013), which has suggested that plant sequestra-
tion of CECs could help address the problem (Rowe, 2003). However, experts acknowl-
edge that there are no currently established treatment technologies for completely 
removing PPCPs and EDCs from wastewater (University of Minnesota, 2011). (Figure 15)

(Figure 15: US Environmental Protecction Agency.  
How to Dispose of Medicines Properly)    
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Total Maximum Daily Load (TMDL)
The TMDL program (§ 303(d) of the CWA), requires states to identify waterbodies that 
are not meeting water quality standards, and to implement a TMDL plan to bring those 
waterbodies into compliance with their designated use.  The TMDL essentially deter-
mines a “pollution budget” for a waterbody, first identifying either point or non-point 
source pollutants that are contributing to water quality degradation, and then allocat-
ing amounts of pollutants not to be exceeded in order to restore water quality (Daniels 
et al, 2003). Point source contributors are given a Waste Load Allocation (WLA) and 
nonpoint source contributors are given a Load Allocation (LA) (Ibid.).

The only TMDL available for the Harlem River addresses metal loads as part of a broader 
TMDL for the NY-NJ Harbor.  Developed in 1994, WLA and LA were designated for cop-
per, mercury, nickel, and lead in the harbor, including the Harlem River.  Mercury was by 
far the most pervasive metal in the harbor, and it was the only metal identified as need-
ing a TMDL for the East River/Harlem River (US EPA, 1994). Sources for mercury identi-
fied in the document include direct atmospheric deposition, storm water runoff, and 
CSOs (US EPA, 1994). (Figure 16: Adapted from Total Maximum Daily Loads for Copper, 
Mercury, Nickel, and Lead in NY-NJ Harbor. US EPA. 1994) 

Figure 16 describes the then-present loading, the expected reduction, and the antici-
pated reduced loading harbor wide.  Figure 17 describes the permitted mercury loading 
for each contributing source in the East River/Harlem River.

Essentially, a TMDL plan considers existing effluent quality; monitors pollutant sources 
and receiving waters for the purpose of adjusting the plan; and evaluates pretreatment 
programs at the Water Pollution Control Plant (WPCP), as well as other pollution preven-
tion measures (Ibid.).

The key to the success or failure of a TMDL program is effective monitoring.  The metals 
TMDL for NY-NJ Harbor established a thorough monitoring scheme and appropriate 
sampling stations for each contributor.  For example, CSO monitoring required 10 sites 
throughout the harbor to be monitored during storm events that produce a CSO and 
the collection of samples every 15 minutes for two hours; monitoring is required to be 
performed at least four times per site per year (Ibid.).

The TMDL for mercury is still in effect for the Harlem River, indicating continued non-
compliance with water quality standards, and the most recent waterbody report to the 
EPA (in 2010) identified the need for an additional TMDL addressing PCBs in the river 
(US EPA, 2010). The United States Geological Survey, in its new program on the Harlem 
and Bronx Rivers, also identifies the need for a TMDL for nitrogen.  That the EPA has not 
implemented the development of these TMDL programs hints at the broader issue of 
enforcement of regulations, which is discussed below.  (Figure 17: Adapted from Total 
Maximum Daily Loads for Copper, Mercury, Nickel, and Lead in NY-NJ Harbor. US EPA. 
1994)

Critique of the TMDL Approach to 
Achieving Water Quality
The TMDL approach, while an original part of the CWA, was largely overlooked during 
the initial years after the Act’s passage as greater focus was given to controlling point 
source pollution through NPDES/SPDES permits (NRC, 2001).. Citizen lawsuits during 
the 1980s forced the EPA to develop guidance for the TMDL program (Ibid.), and while 
the EPA has the authority to take control of the TMDL process from a state, it has been 
slow to act.  By 2000, the EPA was under a court order or consent decree in several 
states to establish TMDLs (Daniels et al, 2003).

In 2001, the National Research Council (the Council) issued a report on the scientific 
basis of the TMDL approach and offered some critiques of the process. The Council 
recognized that the CWA goals of fishable/swimmable waters are too broad to be op-
erational as statements of designated uses, calling instead for a greater stratification of 
designated uses, acknowledging that the appropriate designated use may not be the 
same as the water’s pre-disturbance condition (NRC, 2001).

More importantly, the Council made recommendations for improving TMDL devel-
opment, including 1) Improve the results of forecast modeling of pollutant loads by 
acknowledging prediction uncertainty, in order to reduce forecast error, through 
guidance from the EPA and/or the development of enhanced software; 2) EPA should 
selectively target some post-implementation TMDL compliance monitoring in order to 
assess prediction error; 3) EPA and states need to consider both the quantity and the 
quality of available data and tailor TMDL development appropriately so as to ensure 
the highest possible accuracy in the results during modeling;  and 4) TMDL plans 
should employ “adaptive implementation,” meaning that plans should be periodically 
assessed for achieving water quality standards and revised accordingly (NRC, 2001).

While the TMDL program is crucial to achieving the nation’s water quality goals, the 
critiques referenced above indicate deficiencies in the application of the program.  
Interestingly, some of the National Research Council’s recommendations for improved 
TMDL development, including post implementation monitoring and adaptive imple-
mentation, were already being employed in the NY-NJ Harbor-wide metals TMDL.  
However, water quality standards are still not being met in one-third of the nation’s 
waters.  Some observers, such as the NRDC’s Peter Lehner and the American Society of 
Civil Engineers, consider the problem to be one of gross underfunding, while others, 
such as the National Research Council, see programmatic adjustments as the key.  In 
either case, it is clear that a new strategy is needed to progress the nation’s waters to 
their best possible uses.
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Aquatic Species: Oysters 
Oysters were once an integral species in the ecosystem of the greater New York Harbor. 
As noted in the history, oysters were an important food source, and oyster farming was 
prominent through the late 1800’s. “Oysters once grew naturally all along the Brooklyn 
shore, and in the East River; all around Manhattan Island; up the Hudson as far as Sing 
Sing; out to the Jersey shore from that point to Keyport, N. J., and in Keyport, Raritan, 
Newark, and Hackensack Rivers; all around Staten Island, and on many reefs and wide 
areas of bottom between Robyn’s Reef and Jersey City (Various, 2010).” One source 
quotes there being over 350 square miles of oyster beds at the end of the nineteenth 
century (Hua, 2003). Unfortunately, due to widespread dredging as well as industrial 
pollution and the lack of wastewater treatment, there are such insignificant numbers 
of oysters that without proper human intervention, it is highly unlikely that oysters will 
return to their historical abundance. 

While oysters have historically been a major food source for the people living in the 
New York area, they also provided a number of positive ecosystem functions.  Oysters 
assist with carbon sequestration and water filtration; they counter eutrophication; they 
provide valuable habitat for smaller invertebrates and marine life; and they provide 
shoreline stabilization by protecting the shore from erosive wave action (Peterson, 
2003). In the wake of Superstorm Sandy there has been much discussion about what 
type of protection oysters may have afforded had the shoreline not been bulk-headed 
(Greenburg, 2012). (Figure 18)

In the New York / New Jersey area there is an ongoing Oyster Restoration Feasibility 
Study Partnership, which is collecting data on six different oyster reefs and aims to 
promote the growth of 5,000 acres of oyster beds by 2015. Each organization in the 
partnership is expected not only to assist in the development and maintenance of the 
six reefs, but also to help conduct public education and outreach. The partner organi-
zations are as follows: (Various, 2010)

Bronx River Alliance
Hudson River Foundation
NYC Department of Parks and Recreation, Natural Resources Group
New York / New Jersey Harbor Estuary Program
Rocking the Boat
The Urban Assembly New York Harbor School
U.S. Army Corps of Engineers – New York District
New York / New Jersey Baykeeper
Port Authority of New York/New Jersey
The Harbor Foundation
Governors Island Preservation and Education Corporation
Hudson River Park Trust
NYC DEP
US EPA
NYS DEC – Hudson River Program
Bart Chezar 
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Aquatic Species: Marine Borers
Often considered the termites of the sea, and collectively known as marine borers, 
these aquatic creatures have made a comeback in the waters of New York City since 
the implementation of the Clean Water Act in 1972. Gribbles and shipworms are the 
two most common types found in the NY harbor, and together they have caused con-
siderable damage to the wooden infrastructure holding up piers, bridges, and roads.

Nationwide, marine borers have caused billions of dollars in damaged infrastructure, 
and New York City is expected to spend roughly $300 million in the next five years to 
repair and reinforce damaged pilings (Foderaro, 2011). With renewed interest in the 
waterfront for parks development, it is not unusual for the vast majority of the cost to 
go to reinforcing damaged pilings (Ibid.). Gribbles undermine wooden infrastructure 
by boring horizontally, while shipworms bore into a piling and then bore either up or 
down, eating the structure from the inside out.

Ship captains and others have been plagued by shipworms for centuries. Christopher 
Columbus reportedly lost two ships in present-day Panama in the early 1500s to 
shipworms; according to legend, the Little Dutch Boy plugged a hole in a wooden dike 
that was made by shipworms; reportedly, little wood was found on the sunken Titanic 
because of shipworms; and ancient Greek literature even mentions the pest as far back 
as 350 BC (Scott, 2000). As New York City became industrialized in the 19th century, its 
harbor was known as a “clean harbor,” meaning that when a vessel entered New York 
City waters, anything living on the underside would not survive due to extremely poor 
water quality and the ship would leave “clean. (Foderaro, 2011)”

Nationwide, marine borers have caused billions of dollars in damaged infrastructure, 
and New York City is expected to spend roughly $300 million in the next five years to 
repair and reinforce damaged pilings (Foderaro, 2011). Gribbles undermine wooden 
infrastructure by boring horizontally, while shipworms bore into a piling and then bore 
either up or down, eating the structure from the inside out.  It is not unusual for the 
vast majority of the cost of developing waterfront parks to go to reinforcing pilings 
damaged by marine borers (Ibid.).  (Figure 19)

With the passage of the Clean Water Act, scientists began noticing evidence of gribbles 
in the harbor in the 1980s.  Borers need oxygen to survive, and with steadily improv-
ing dissolved oxygen levels in NYC waterways, the borer population has exploded. At 
particular risk is infrastructure in the East and Harlem Rivers, because of the FDR and 
Harlem River Drives, as well as numerous bridge crossings over these two waterways 
that are supported by wooden pilings (Herszenhorn, 1999).

To battle against the borers and protect vital wooden infrastructure, techniques 
involving the application of various chemicals to pilings were tried (Chesapeake Bay 
Program, 2012). However, with greater environmental consciousness, these techniques 
were discarded in favor of plastic wrapping around pilings, although this reportedly 
made the problem worse. Finally, in the mid 1990s, engineers pioneered the first ever 
pier constructed of recycled plastic at Tiffany Street in the Bronx. Initially thought to 
be the future of harbor infrastructure, hopes were dashed when the pier was struck by 
lightning and melted (Foderaro, 2011). 

Today, at considerable cost, engineers retrofit dam-
aged pilings with wire cages and fiberglass and then 
pour concrete into the molding to reinforce and 
lengthen the life of a piling. This is currently the ac-
cepted best practice for dealing with marine borers.  
The presence of pollution-intolerant marine borers in 
NYC waters is an ironic twist to increasingly cleaner 
waters. With more interest in the development of 
waterfront parks, including areas along the East River 
Esplanade, protecting vital infrastructure from marine 
borer damage must be considered in any waterfront 
plans. (Figure 20)

Figure 19: http://www.georgehenn.com/riparian.htlm)

Figure 20: Work performed on damaged pilings.  New York Times)
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Aquatic Species: Fish Species
While it was challenging to find a thorough study of fish species found in the East 
River, there have been similar studies undertaken concerning the Hudson River. The 
species found in the Hudson River and the presumably the East River are dominated 
by open water fish, and it is assumed that this could be due to the widespread bulk 
heading which has altered the ecosystem by eliminating shorelines (Hua, 2006). Figure 
17 shows the edible fish recommendations from the NYC Department of Environmen-
tal Protection (Hudson River Park, 2002). (Figure 21: NYC DOH New York City Region 
Health Advice on Eating Sportfish and Game) 

CASE STUDY: Houston’s Buffalo Bayou
Similar to the East River, the Buffalo Bayou and the surrounding watershed has long 
served as a main vein for metropolitan Houston. The city of Houston is home to over 2 
million people, while the greater metropolitan area is home to almost 6 million people 
per the 2010 US Census. Buffalo Bayou is approximately 75 miles long and the entire 
watershed has a drainage basin of about 483.5 square miles (Rutherford, 2006).

The problems that plague the East River mirror those of the Buffalo Bayou. Industrial 
waste, combined sewer overflows, heavy metals, and trash and debris characterized 
Houston’s prominent waterway. Although most of the public attention was brought to 
the waterway due to a flood event, the successes of the Buffalo Bayou are due to many 
layers of organized involvement in protecting and raising awareness around the water 
quality (Ibid.). 

The earliest advocacy for improving the water quality in the Buffalo Bayou water-
shed was primarily in response to physical changes imposed by the Army Corps of 
Engineers. In 1966, a group of civic and environmental leaders formed a group called 
Bayou Preservation Association (BPA) to push back against the channelization and 
degradation caused by Army Corps’ actions. In 1986, a second group of advocates, 
called the Buffalo Bayou Partnership, came together, to create a 10-mile greenway, as 
well as on improve the waterfront section of downtown Houston, which would ulti-
mately provide many benefits to the river and communities around it (Ibid.). 

In 2000, after tens millions of dollars were raised, the BPA, in cooperation with a team 
of architecture, design and planning professionals, created a Buffalo Bayou Master Plan 
– Buffalo Bayou and Beyond: Visions, Strategies, Actions for the 21st Century. The plan 
incorporated ideas from many public workshops, design sessions, and focus groups. As 
the bayou crosses many political boundaries, the cost was shared, and the different ju-
risdictions were able to work together to agree on a holistic plan for the greater good 
of the entire region (Ibid.) (Figure 22: www.buffalobayou.org Buffalo Bayou Master 
Plan)

The stated goals of the Bayou Master Plan are as follows:
• Create “green fingers” along tributary streams to detain, filer and cleanse stormwa-

ter;
• Reduce erosion and sedimentation by stabilizing bayou embankments;
• Develop a 2,500-acre park system along Buffalo Bayou, linking Memorial Park in 

the west of Houston via 20 miles of recreational trails to new parkland to be cre-
ated in the industrial sector east of the city center;

• Regrade Buffalo Bayou’s banks to widen the floodplain and create space to restore 
the wetlands, ponds, oxbows, and meander splays once found in the Bayou cor-
ridor;

• Reconstruct a major highway intersection to free up 20 acres of new open space 
within which a large pond could be created;

• Redevelop a derelict 33-acre sewage treatment facility into an environmental 
awareness center;

• Build a new boathouse and boat launch ramps to enhance recreational boating on 
the bayou;

• Promote low impact redevelopment within the corridor, including on-site storm-
water storage and aquifer recharge through micro-detention features, such as 
rooftop gardens, vegetated swales, permeable paving and cisterns (Rutherford, 
2006). 

Learning from the Buffalo Bayou Master Plan, the East Harlem community should form 
a partnership focused solely on augmenting the Esplanade, and improving the water 
quality of the waterbodies to enhance the neighborhood and to meet the needs of the 
surrounding residents and businesses. As with the Buffalo Bayou, the East River can be 
an asset to the neighborhood and should be invested in to support the environmental 
and public health of the community. 
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Best Practices

Build Partnerships
Bring together people, policies, priorities and resources through a watershed approach 
that blends science and regulatory responsibilities with social and economic consid-
erations.  Bringing together many different partners will strengthen the process and 
create far more robust results. 

Educational / Historical Signage
Incorporate informational signage leading up to and along the waterfront to engage 
people of all ages with information such as water quality indicators, species informa-
tion, the history of the area, and edible fish species. 

Sustainable Bulkheads / Softening the Edges
Using the “Green Bulkheads” of the Cuyahoga River as well as the updated Harlem 
River Park as models, implement new and innovated stream banks to encourage mul-
tiple benefits ranging from increased diversity via improved habitats and infrastructure 
re-construction.  These improvements will complement all water quality efforts as well 
as encourage bio-diversity, and potentially offer a habitat for experiential learning. 

Environmental Education
Incorporate outdoor education into the New York City Science Standards. By partner-
ing with the NYC DEP, the NYC Department of Education should encourage more out 
of the classroom activities that include trips to the waterfront to educate the students, 
instill strong environmental values and create young stewards of the NYC waterfront.

Moving Forward
Moving forward, a number of challenges remain in order to improve water quality.  
Nonpoint source pollution and CSOs continue to be the two main sources of pollution 
in the Harlem River.  Nonpoint source pollution carries oils and grease, heavy met-
als, sediment and bacteria into the river, and CSOs continue to discharge untreated 
sanitary waste into waterways during wet weather events.  Mercury and PCBs are espe-
cially problematic because of an active fishing community in our study area.  Women 
who may be pregnant and children are particularly at risk because consuming fish 
contaminated with these pollutants can cause developmental issues in children.

While programmatic changes to current state and federal water quality improvement 
strategies is beyond the scope of this studio, one actionable step forward would be 
to actively engage local residents in improving water quality in their neighborhood.   
Since nonpoint source pollution and CSOs are the main contributors to the ecological 
health of the river, educational campaigns or “citizen scientist” programs could demon-
strate how green infrastructure can improve water quality through stormwater diver-
sion and retention.  Building partnerships with local community groups and schools 
can, especially in children, instill lifelong values of environmental stewardship.

Other concrete steps that should be taken including incorporating informational sig-
nage leading to and along the East River Esplanade and designing and implementing 
“soft edges” along the river.  Possible signage should include information on flora and 
fauna and other ecological attributes of the river, as well as bilingual information on 
edible fish species and hazards.  Soft edges, such as step-downs or other, more natural 
stream bank edges, can encourage habitat rehabilitation and species diversification 
and offers an opportunity for residents to engage more closely with nature in their 
neighborhood. 
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Endnotes
1. If a permit is predicated on a limitation of parts per volume, a discharger only needs to dilute the discharge 

to comply with the regulation, or in other words, dilution is the solution to pollution.
2. The National Research Council cites many parameters for which data is too insufficient to have confidence in 

the results generated by some of the complex models used in practice today.
3.   (Agency)
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Appendix

Figure 10

Figure 11

Figure 12

Figure 13

Figure 16

Present Mercury Loading and Expected Reduction in NY-NJ Harbor

Present Load lbs/day Reduction % Reduced Load lbs/day

Direct Atmospheric 7 60 2.8

Stormwater 5.44 30 3.81

CSO 0.63 10 0.56
Figure 17

TMDL Mercury (loads in lbs/day total recoverable metal)

Loading Zone Mun./Ind. CSOs Stormwater Atmospheric Total

East/Harlem River 1.01 0.22 1.26 0.68 3.17
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