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The Battle of the Hudson River

Introduction

In December 2001 the US Environmental Protection Agency (EPA) ordered the dredging of the Hudson River, contaminated by polychlorinated biphenyls from plants owned and operated by General Electric (GE).  This controversial decision is the culmination of decades of discussion and dissension from scientists, politicians, businesses and local residents.  

This paper explores the story of the Hudson River leading up to the decision on dredging, which will not itself start until a further batch of reports have been added to the already significant data file.  Starting with a brief history of the Hudson itself, we look at polychlorinated biphenyls (PCBs), the growth of knowledge about their toxicity, banning and consequential research into effects and solutions.  The use of PCBs by GE is described and the battle between the EPA and GE is examined.  The media attention and input of local residents and organisations is also discussed.

History of the Hudson River

Written history of the Hudson River begins with its discovery by Henry Hudson in his search for a passage to China (Mulligan, 1981).  He sailed 150 miles up the river before realising it was a no through route.  The river played a major role in the quest for independence from the crown, being used to transport troops and supplies.  In order to protect both the forts at Bear Mountain and West Point, a chain was forged to stretch across the river and prevent British ships sailing upriver from New York.  The links of the ‘Great Chain’ were two feet long and it was floated out into the river attached to logs.  The British never reached the area so its efficacy wasn’t put to the test.  The military academy at West Point was established in 1802 and links from the chain can be seen there today.
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Leisure travel became the main use of the Hudson after the invention of the steamboat in 1807, with about 150 vessels plying the river by 1850.  The Erie Canal opened in 1825 and the river was soon one of the main trade arteries of North America.
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Also in 1825 the young Thomas Cole came to the Hudson Valley and his artistic treatment of the scenery inspired other artists.  The Hudson River School of Painting was born and is celebrated today at the home of Thomas Cole in Catskill, open to the public and exhibiting paintings by Cole and other Hudson River artists.  The scenery was also the main reason that so many wealthy New Yorkers built grand houses along the river.  Millionaire’s Row includes the Vanderbilt mansion and Val-kill, Eleanor Roosevelt’s home.  

Protection of the Hudson River is not altogether new, conservation perhaps beginning when the Palisades, the high cliffs running along the river, were bought up to prevent them being destroyed by quarrying.  Bear Mountain-Harriman State Park was the result of wealthy businessman E.W.Harriman starting a campaign to prevent Sing Sing Prison being relocated there.  In the mid 1930s public works programs at Bear Mountain achieved extensive buildings and a scenic drive to the top of the mountain which was constructed almost entirely by hand.

In 1962 Con Edison wanted to build a hydro-electric plant at Storm King Mountain.  Over-riding local objections Con Ed applied to the Federal Power Commission for a license.  In 1965 The US Court of Appeal decided that protection of a natural resource was as important as economic gain, prompting Congress to pass the National Environmental Policy Act in 1969.  This act requires an environmental impact study on all major projects.  The license to build the plant was granted in 1970, but activists then attacked the plan on water quality grounds and Con Ed decided to re-examine the plan and finally abandoned it in 1980. 

President Clinton, in his 1997 State of the Union Address, announced the American Heritage Rivers Initiative to promote protection and revitalisation of rivers.  The Hudson River is one of 14 American Heritage Rivers (USACE website).

Polychlorinated biphenyls
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PCBs form a group of man made chemicals based on a biphenyl core with between one and ten chlorine atoms.  There are 209 congeners, or individual compounds in the group.  Each of these is known by a number (the BZ number) with a further set of numbers relating to the position of the chlorine atoms on the molecule .  

For example, a monochlorobiphenyl might have one chlorine atom at the 2 position, while a pentachlorobiphenyl would have chlorine atoms at the 2,3,3’,5’,6 positions.   So BZ 2,2',3,3',4,4' is a hexachlorobiphenyl with chlorine atoms at those six locations.

Commercial PCBs consist of a mixture of these congeners, which have differences in physical properties and harmful effects, discussed later in the text.  They were found to be useful in a wide range of products including plasticisers in paints, waterproof wall coverings, printing inks and putties, as well as in electrical transformers, capacitors and condensers (Geodelft Environmental, 2002).  They were also used in hydraulic fluids and lubricants.

PCB’s were used commercially from 1929, one of the earliest chlorinated compounds to be developed.  Properties include heat resistance, chemical stability, electrical insulating qualities and a strong tendency to cling to organic matter.

A property of PCBs having a bearing on the environmental effect is the volatalization rate.  The volatility of a chlorinated chemical is relevant in dispersal and deposition, both processes being related to temperature.  The critical temperature (Tc) is the temperature at which 50% of the molecules will be in vapour form (Commoner et al, 2000).  The Tc varies with each congener, according to the number of chlorine atoms, with a lower Tc for those molecules with less chlorine.  

The result of this volatalization process is that PCB molecules tend to rise into the atmosphere at high temperatures and be deposited at lower temperatures, partly explaining why concentrations of PCBs are so high in areas of high altitude and in the Arctic.  In terms of the PCBs in the Hudson River this means that highly chlorinated molecules will be deposited quite quickly while molecules with less chlorine may be transported some distance, inferring that the area around the Hudson is carrying a load of the more toxic PCBs.

There are a number of ways PCBs are released into the environment, typically these are:

· As leachate from oil and equipment disposed in landfills 

· From dismantled and shredded machinery and electrical equipment in scrap yards 

· From explosions of electrical equipment, such as transformers 

· From oil leaking from machinery operated at high temperature 

· From recycled, contaminated oils derived from oil equipment/tanks/transporters 

· In effluent from sewage treatment works 

· In sewage sludge disposed over land or at sea 

· In groundwater and drainage effluent from industrial sites 

Once released the chemicals can move through biotic and abiotic systems as a result of:

· Uptake into the food chain 

· Erosion of sediments containing adsorbed polychlorinated biphenyls 

· Physical transport, ie. flood events, movement through groundwater  

· Volatilisation or vapour phase diffusion, convection and dispersion 

One of the key questions in this, and other contamination situations, is whether PCbs are harmful.  This question was first raised in the 1930’s when workers began to experience chloracne, an unpleasant skin condition caused by direct contact with the chlorinated chemicals (Schwartz. 1936).

At a Harvard Public Health School conference attended by representatives from industry as well as from the US Public Health Service (Drinker, 1937), a GE assistant manager is quoted as saying, 
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Dr. R. Emmet Kelly, the representative from Monsanto, said 


Dr. Kelly later wrote to a colleague in London:


MCC is the Monsanto Chemical Company and MAC is the Maximum Allowable Concentration.

Knowledge of these substances grew with time and studies of accidental poisonings such as that in Japan in 1968, when rice oil was contaminated by PCBs and PCDFs, a structurally similar compound.  Known as Yusho, after the Japanese for cooking oil, this incident resulted in chloracne, problems in joints, with the nervous system and with the liver.   In a similar incident, in Taiwan in 1979, women who had ingested large quantities of oil gave birth to babies with skin disorders (Hsu et al, 1985 cited in Jacobsen and Jacobsen, 1997) .  Twenty percent of these infants died.  Surviving children had a reduced IQ and were found to be dull and apathetic.  

Also in the 1960s some problems with mink were noticed and a link was suspected between the mink and the fish from the Great Lakes they were being fed (Auerlich and Ringer, 1977, cited in Jacobsen and Jacobsen, 1997).  As the cause of one problem PCBs have been a suspect in many other instances and there is no shortage of research papers on the deleterious effects.  One of the most important and the most insidious of these effects may be the capacity of chlorinated compounds to mimic hormones.   Endocrine disruptors, as these are also known, are responsible for a wide variety of reproductive problems, including hermaphroditism in arctic mammals (SOAER, 1997).    However, it is the effects on humans that really turned the tide against this most useful of compounds.  Table 1 gives a synopsis of other effects on organisms.

Table 1.  Summary of harmful effects of PCBs

Cancer Classification


Neurodevelopmental


Reproductive


Immune System



Probably carcinogenic to humans.

IARC (1987): Group 2A


Human fetal exposure:

 •   neural and developmental changes, lower psychomotor scores, short-term memory and spatial learning effects, long term effects on intellectual function. 

 •     Neurological dysfunction. (WFPHA, 2000). 

Rats, mice, monkeys and quail low doses for twelve months:

 •   neural changes. 

 •  Impaired or abnormal neuromotor function, (Rhesus monkeys). (WFPHA, 2000). 


Seals and porpoises:

induced reproductive impairment. 

Minks: embryo toxicity. 

Birds: eggshell thinning. (WFPHA, 2000).

Turtles (red eared slider): hormone disrupting effects with sex determination (population of only females). (WFPHA, 2000). 


Humans: perinatal exposure may impair immune responses to infection. (WFPHA, 2000



 This table does not refer to the Hudson River specifically but some studies have been undertaken which draw comparisons between PCB concentrations in the various environmental compartments of the river and those stated by Regulatory Criteria or experimentally determined as harmful.  For example, the concentration in the sediment of the Upper Hudson was determined to be between 0 and 4,747 ppm (parts per million), while the Lower Hudson had a concentration of between 0 and 1,700 ppm.  Toxicity in 82.5% of bottom dwelling biota is found at > 1.7 ppm.  In the water column the Upper Hudson contained between 0.0006 and 5.1ppb (parts per billion) with the Lower Hudson containing 0.0006 and 0.46ppb.  The difference between the Upper and Lower reaches of the river lies in the influence of the tide, as shown in Fig 4, also showing the location of the two GE plants.  Due to bioturbation, spring floods and water action the PCBs in the sediment do not stay put.  Table 2 gives some of the comparisons, illustrating the partitioning of the chemicals and the risk to numerous organisms.


Table 2.  Concentration of PCBs in biota from the Hudson River


Concentration
Threshold or Effects

Snapping turtle
Up to  - 4,319ppm in body fat,

               196ppm in liver,

                3.92ppm in muscle


Reduced hatching success if egg contains more than 15ppm

Largemouth bass
Up to 300ppm in fillets
FDA tolerance of 2ppm and …

Upper Hudson fish species between 

1977 and 1998
<0.2 - 1,836ppm in fillets
Altered growth at 50ppm in tissue and …

Upper Hudson fish species between 

1998 and 1999
0.252 – 444.78ppm in fillets
Altered reproduction and mortality at 100ppm in tissue 

Lower Hudson fish species between 

1977 and 1998
<0.2 – 686ppm in fillets


Lower Hudson fish species between 

1998 and 1999
0.032 – 24.8ppm in fillets


Mallards (adult)
<0.01 – 1.1ppm in breast muscle,

<0.1 – 26ppm in fat                 


FDA tolerance of 3ppm in poultry fat.

FDA tolerance of 0.3ppm in eggs and …



Tree swallow
0.005 – 77.3ppm in eggs
1-5ppm decreases hatching success in chickens.



Bald Eagle
20 – 62ppm in non viable eggs
8-25ppm decreases hatching success in terns, cormorants, doves and eagles

Otter
1.31 – 431ppm in liver fat
Health impaired at 21ppm and …

Mink
0.13 – 139ppm in liver fat
Reproduction impaired at 50ppm.

Information obtained from the Hudson River Natural Resource Damage Assessment Plan.

General Electric

GE is an outstanding corporation, founded by Thomas Edison in 1892.  The company has the largest market capitalisation in the world and employs over 300,000 people.  Sales in 2001 topped $125 billion, with a net income of 14.1 billion (GE, 2002).  

The most recent list of accolades from the GE website:

Global Most Admired Company - Fortune (1999, 2000, 2001, 2002) 
World's Most Respected Company - Financial Times (1998, 1999, 2000, 2001) 
America's Most Admired Company - Fortune (1999, 2000, 2001, 2002) 
America's Greatest Wealth Creator - Fortune (1998, 1999, 2000) 
10 Best Board of Directors -- Business Week (2002) 
First - Forbes Super 100 (1998, 1999, 2000) 
First - Business Week 1000 (1999) 
First - Business Week's 25 Best Boards of Directors (2000) 

Sixth - Fortune 500.      

The GE Hudson Falls Plant was a paper mill that GE took over to manufacture ball turrets for bombers in World War II.  In the post war economy the plant, along with the Fort Edwards plant a mile downstream, built thousands of capacitors.  Due to the success of PCB as a dielectric fluid, building codes required its use in transformers and capacitors.  Capacitors were filled with PCBs at the plant from 1952 to 1977, storing all waste products on site (Rensslaer).

According to Hudson River Sloop Clearwater, an activist group, the capacitors were filled with PCBs in a basement area, covered and washed off with trichloroethylene (TCE).  The spilled chemicals would them be swabbed into a sump, where an outflow pipe led to the river.  The mixture of TCE and PCBs was so corrosive that the workers needed to replace their footwear every few weeks (Hudson River Sloop Clearwater).

The Battle Commences

While GE were blithely exposing their workers and the local ecosystem to PCBs a keen angler and journalist became interested in toxicity testing.  Robert Boyle, a staff writer for Sports Illustrated for 34 years, was the founder of the Hudson River Fishermen’s Association in 1966.   He became interested in reports of DDT showing up in fish (Moyer, 2002).  In 1970 he persuaded the journal to pay for testing of Hudson River fish and after hearing about PCBs, added them to the substances to be tested for.  All fish were found to contain PCBs with striped bass having the highest concentrations.  Striped bass are the most lucrative commercial fish in the Hudson River.  The New York Times printed the story of the contaminants and sales of striped bass plummeted.  Within 7 months the New York State authorities banned commercial fishing of striped bass in the Hudson River.   

It was the end of an industry and the start of a thirty year battle to force GE to clean up its mess.  Some 23 years later GE agreed to establish a fund to compensate the 400 commercial fishermen who lost income.  The fund consisted of $7 million and was in settlement of a lawsuit by the fishermen (Naj, 1993).

In 1976 the state found that GE had violated Water Quality standards (remembering that the Clean Water Act was passed in 1972) and a settlement of $4 million was negotiated to absolve GE from further liability.  Also in 1976 New York State advised the public to limit their consumption of fish from the river and placed a ban on fishing in the Upper River.  The state also began an extensive sampling program to determine levels of PCBs in the sediment, and GE was found to be illegally discharging PCBs into the Hudson River.  In 1977 GE stopped using PCBs at both the Hudson Falls and Fort Edward plants, apparently free from any liability.  Between 1974 and 1978 NYS removed almost 4 million cubic yards of PCB laden sediment.  However, the Superfund law, enacted in 1980, once again made GE accountable.  

GE believed that natural biodegradation was the best and most environmentally sound method of dealing with the PCBs.  It is certainly the cheapest for the company, who were desperate at this point to avoid the expense of dredging the riverbed.  In 1989 GE’s in house environmental scientist announced that they could double the rate of microbial breakdown of PCBs by adding nutrients, in particular nitrogen, phosphorus and trace metals (LA Times, 1989).  By varying the amounts of the constituents of this accelerator cocktail the 209 different congeners of PCB could be individually targeted.  In October of 1990 the company called in a biotechnology group, after discovering that a group of microbes they thought had evolved to degrade the chemicals were not unique to that area (Wall Street Journal, 1990).  

In 2001 there were still attempts to stop the ordering of the river dredging, using a rider on the House VA/HUD Appropriations bill which prevented the order until a new study was completed by the National Academy of Sciences (RID, 2000).

GE, meanwhile, are on the fourth revision of the Quality Assurance Project Plan, Oct 1, 2002, which details procedures and and practices for the dredging operation.  

The initial Target Areas, known historically to contain sufficient PCB mass to be targeted for dredging, have been totalled at 493 acres.  A further 190 acres are designated as Areas to be screened, and will be mapped by side scan sonar.  Sediment cores will be taken from fine grain deposits, with further sampling from areas outside the Target or Screen zones.

The plan discusses the geological and chemical analysis.  Chemical analysis looks for PCBs and particular congeners as well as 

· Total Organic Carbon

· 137Cs

· RCRA metals in deeper cores

· dioxins/furans in deeper cores

Geotechnical parameters will be tested for in 5% of the core segments.  These are to include grain size distribution, Atterberg Limit, specific gravity, TOC and USCS classification.

The time schedule for the sampling is September to Novemebr 2002 and from May to November 2003.  The first season will cover Section 1 and “Hotspots” 33,34,35 in Section 2.  The results from these samplings will act as a guide for the following sampling season.

GE are required to furnish the following information about river conditions 

· horizontal and vertical boundaries of the dredging zone

· the river hydrography

· location of obstacles that that would impede access or operation of equipment

· geotechnical properties that affect equipment, dredging rate, transport, processing and disposal

· the structural properties relevant to support of dredging equipment and containment infrastructure

· the concentration of other pollutants relevant to disposal of sediment

· the pollutant concentration below the dredging zone that would be exposed by the dredging

· the characteristics of habitat areas that will be disturbed by the program.

The plan firmly states that the project does not include habitat screening and that a separate program is being developed for that purpose.

Under a sector entitled “Boundaries of the Dredging Program” are these components of the selected remedy

· removal of sediments from River Section 1, approx 1.56 million cubic yards

· removal of sediments from River Section 2, approx .58 million cubic yards

· removal of sediments from “Hotspots” in River Section 3
· dredging the navigation channel as necessary
· removal of all PCB contaminated sediments within areas targeted for remediation with an anticipated residual of 1 mg/kg Tri+ PCBs before filling
The plan discusses details of river hydrography pertaining to mapping the bathymetry and locating/removing obstacles to equipment.  Regulations on disposal methods require that all pollutants in the sediment are analyzed and methods of sampling, testing and statistical analysisare given.  

It appears that GE are paying for their previous reluctance to deal with this issue, unfortunately they do not bear the cost alone and the biota, lifestyle alterations and degradation of the surrounding areas are impossible to value with a dollar amount.  The only overall benefit in a case like this is the experience that may prevent such pollution from re-occurring.  This depends, however on the particular administration and the power they choose to wield.  Had the decision to dredge been made in the 1980’s the river would have recovered by now, and the cost would have been far less, both in terms of damage and dollars.
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"I can't contribute anything to the laboratory studies, but there has been quite a little human experimentation in the last several years, especially at our plants where we have been manufacturing this chlorinated diphenyl ... A more or less extensive series of skin eruptions which we were never able to attribute as to cause, whether it was impurity in the benzene we were using or to the chlorinated diphenyl."





“It is only 1 1/2 years ago that we had in the neighborhood of 50 to 60 men afflicted with various degrees of this acne about which you all know.  Eight or ten of them were very severely afflicted – horrible specimens as far as their skin condition was concerned. One man died and the diagnosis may have attributed his death to exposure to halowax vapors but we are not sure of that … we had 50 other men in very bad condition as far as the acne was concerned. The first reaction that several of our executives had was to throw it out – get it out of our plant. They didn’t want anything like that for treating wire. But that was easily said but not so easily done. We might just as well have thrown our business to the four winds and said, “We’ll close up, because there was no substitute and there is none today in spite of all the efforts we have made through our own research laboratories to find one.”











Figure 2.  Diagram of PCB molecule showing possible locations of chlorine atoms. Courtesy of Triangle Laboratory
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Figure 1.  Iron steamboat on the Hudson River.


Courtesy of Antique Photostore
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Map showing the sections of the river.  


Courtesy of the Sierra Club





"MCC's position can be summarized in this fashion. We know Aroclors are toxic but the actual limit has not been precisely defined. It does not make too much difference, it seems to me, because our main worry is what will happen if an individual developes any type of liver disease and gives a history of Aroclor exposure. I am sure the juries would not pay a great deal of attention to MACs." (McCrea, cited by Housatonic River Initiative)
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Figure 4.  Map showing the upper and lower stretches of the Hudson River.  Courtesy of NYWEA
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