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Introduction 

Located in northeastern Wisconsin, the Lower Fox River flows north for 39 miles from Lake 
Winnebago into Green Bay and Lake Michigan (Figure 1). The river has been intensively used 
for industry, and has the highest concentration of pulp and paper mills in the world along its 
banks (EPA, 1999). In the early 1970s, polychlorinated biphenyls (PCBs) were found in 
sediments in and along the river. The use of PCBs has since been banned in the U.S. and efforts 
have been made to prevent further contamination to the Lower Fox River. Since 1989 there has 
been an ongoing effort between several governmental agencies and tribal entities to clean up the 
Lower Fox River. This paper will discuss cleanup efforts by providing background information 
on PCBs and their health risks, their impact on the Lower Fox River, and methods being used to 
restore the river back to a healthy state. 

 

Map Source: USEPA: www.epa.gov/region5/foxriver/lower_fox_river_map. 

  

What are PCBs? 

First synthesized in 1929, polychlorinated biphenyls (PCBs) were produced for use in electrical 
equipment, hydraulic fluids, and other commercial and industrial processes. They were also used 
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in the paper industry to manufacture carbonless copy paper (EPA, 1997). Because of their 
resistance to wear and chemical breakdown, PCBs have the ability to bioaccumulate in the 
environment, and most importantly, in the food chains. PCBs that are digested by organisms are 
stored in fatty tissue, and as these organisms are eaten by other organisms, the amount of PCBs 
consumed by each organism increases, due to bioaccumulation. Food chain accumulation is of 
great concern to humans; consumption of fish and wildlife with high levels of PCBs poses health 
risks. Studies have proven that exposure to high levels of PCBs can cause liver damage, gastric 
disorders, skin lesions, reproductive and developmental effects (EPA, 1997). The Environmental 
Protection Agency (EPA) and the International Agency for Research on Cancer have also 
determined PCBs to be a probable carcinogen. Populations with an increased risk for PCB 
contamination include: people who regularly eat contaminated Great Lakes fish, the Hmong, 
women of child-bearing age, nursing infants and young children, and the elderly (EPA Fact 
Sheet, 1998). Although studies are incomplete, PCBs are suspected of causing deformities and 
reproductive abnormalities in exposed wildlife. There are consumption advisories on the Lower 
Fox River for certain species of fish and waterfowl because of the high levels of PCB 
contamination (Fitzpatrick, 1998). 

PCBs and the Lower Fox River 

PCBs were first used in the commercial manufacturing and recycling of carbonless paper in 1954 
in Appleton, Wisconsin, and were used throughout the mills along the Lower Fox River until 
1971. PCBs entered plant wastewater through both the original manufacturing process and 
through the repulping and deinking process. This wastewater was then released into the Lower 
Fox River System (Preassessment Screen Determination, 1998). During the period of use from 
1954-1971, the effects of PCBs were not yet known, and the area paper mills discharged high 
volumes of the toxic compound into the Lower Fox River, without knowledge of the future 
implications they would face.  

In 1970, scientists began to link reproductive problems in fish-eating birds to high levels of 
PCBs in the fish they consume. Shortly after this connection was made, the paper mills along the 
Fox River quit using PCBs in their manufacturing and recycling process (Fox River PCB 
Timeline, 1999). Although the discontinuation of PCBs caused their concentrations in the paper 
mill wastewater to decrease, the recycling of waste paper containing PCBs has resulted in the 
continued release of the compound (Preassessment Screen Determination, 1998). In 1976, as the 
impacts of PCBs became more and more apparent, the use of PCBs was banned in the United 
States (Fox River PCB Timeline, 1999). 

As a whole, the mills released about 125 tons of PCBs into the river, of which about 40 tons still 
remain. Approximately 160,000 pounds of PCBs have already entered the ecosystems of Green 
Bay and Lake Michigan, with an additional 600 pounds entering each year. Once they have 
entered Green Bay and Lake Michigan they are extremely difficult, if not impossible, to remove.  

Recovery Plans 

The road to recovery for the Lower Fox River has been long and controversial. In 1989, the U.S. 
Fish & Wildlife Service approached the state Department of Natural Resources about taking 
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legal action against paper companies that were responsible for the discharge of the PCBs. Little 
progress was made, as the state favored a cooperative approach with industry. Although some 
cleanup was done in the early 1990s, it wasn’t until 1997 that the government began in earnest to 
restore the Lower Fox River. Six governmental partners signed an agreement on the management 
of the Lower Fox River Cleanup, with the DNR playing a major role. The additional five parties 
working with the Department of Natural Resources include the U.S. Environmental Protection 
Agency, the U.S. Fish & Wildlife Service, the National Oceanic & Atmospheric Administration, 
and the Oneida and Menomonee tribes (Fox River PCB Timeline, 1999). 

In 1993, the Department of Natural Resources (DNR) formed what is known as the Fox River 
Coalition (FRC), whose purpose is to manage a cleanup of the Lower Fox River. The FRC 
consists of the DNR, the paper companies that discharged the PCBs, and Fox Valley 
municipalities with wastewater treatment plants. According to the Preassessment Screen 
Determination for the Lower Fox River System, issued by the State of Wisconsin DNR in 1998, 
six entities are responsible for the contamination. They are: NCR Corporation, Appleton Papers, 
Inc., P.H. Glatfelter Company, Fort James Corporation, U.S. Paper Mills Corporation, and 
Wisconsin Tissue Mills Inc.  

In February of 1999 the Wisconsin DNR released the Remedial Investigation and Feasibility 
Study (RIFS) which provided a plan of action for restoring the Lower Fox River. The report 
included lists of concentrations and locations of contamination, details on the threats to the 
environment and public health, as well as possible cleanup strategies and costs. The report, 
which took about two years to complete, was not only intended to strategize a plan of attack, but 
also to avoid designation as a Superfund site. Designation as a Superfund site would slow 
progress and give control of the project to the EPA, as opposed to local and state governments. 
Also, rather than targeting "hotspots" where the contamination is the highest, the EPA would 
view the whole river as the same, no matter what the level of pollution. Wisconisn DNR wanted 
to focus on specific sites that needed more attention. If all parties involved in the cleanup, 
including the FRG, agreed to the terms put forth in the feasibility study, Superfund status could 
be avoided (Behnke, 1999).  

Unfortunately, the FRG did not agree with the findings of the feasibility study. They promised to 
release their own studies to the public on the health risks and value of dredging up PCBs 
(Culhane, February, 1999). FRG said the DNR feasibility study exaggerated the threat of PCBs 
to human health, and underestimated the cost to clean up the Lower Fox River. Although several 
studies by scientists and doctors have proven that PCBs are the cause to several health risks in 
humans, FRG medical consultants disputed specific adverse health predictions. The two groups 
are still in a disagreement over the effects of PCBs and the cost of their cleanup. These 
differences must be resolved soon in order to proceed with the restoration (Culhane, March, 
1999).  

Cleanup Methods 

Hydraulic dredging, the most popular cleanup method proposed for use on the Lower Fox River 
is similar to an "underwater vacuum." A dredge pumps the sediment and water through a pipe to 
an on-shore dewatering facility. The dewatering process consists of two lined settling basins that 
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temporarily hold the sediment and water while the contaminated materials are processed. The 
water collected during the dewatering process is treated and discharged back into the river once 
PCB levels have been reduced. The solids are allowed to settle and thicken within a day, then 
pumped into the mechanical dewatering equipment. The sediment is then solidified with a drying 
agent in order to prepare for transportation and disposal. The remaining sediments are 
transported to a landfill which must meet the requirements of the Wisconsin DNR to ensure safe 
long-term monitoring and care (Fitzpatrick, 1998). The landfill liner used for the storage of 
sediments from this particular site is composed of a clay mat, a 60-mil thick layer of high-density 
plastic, a layer of sand designed to capture any leaking moisture, five feet of clay, another layer 
of 60-mil plastic and then more sand with drainage pipes (Culhane, September 18, 1999). 

Progress on Designated "Hot Spots" 

Although the entire 39-mile stretch of the Lower Fox River has been contaminated with PCBs, 
some areas have higher concentrations of the compound than others. The areas with the greatest 
concentrations of PCBs have been designated as "hotspots," and will be the first sites considered 
for restoration. Most of the contamination lies in the 32 miles of river upstream from the DePere 
Dam. Studies done from 1991 through 1995 by the Wisconsin DNR have shown that the area 
near the Fort James Turning Basin has the highest concentration of PCB contaminated sediments 
in the river. Within this area, two specific sites have been identified as pilot projects for 
dredging. Deposit N, near the villages of Kimberly and Little Chute, has one of the highest PCB 
concentrations in the river. It was designated as a pilot clean-up site because it is small enough to 
clean up in a short time, but also large enough to yield useful information that can be applied to 
other sites along the river (Fox River Deposit N Removal Project, WDNR).  

The second site, Sediment Management Unit (SMU) 56/57, was selected to demonstrate and 
evaluate full-scale sediment removal and disposal. The FRG provided $8 million for the design, 
implementation, and monitoring of these two restoration projects which were designed to 
provide information for the large-scale restoration of the Lower Fox River (Fitzpatrick, 1998). 
The Deposit N and SMU 56/57 projects, will include hydraulic dredging, on-shore dewatering, 
water treatment, and the transportation and disposal of PCB-contaminated sediments 
(Fitzpatrick, 1998). 

The Deposit N project is nearly complete, and has removed 150 pounds of PCBs from the river. 
The SMU 56/57 project, which did not start until August of 1999, has a deadline of 
Thanksgiving of 1999, and is expected to remove 4000 pounds of PCBs from the river. The 
project has gone through difficulties due to lack of funding and mechanical problems with the 
dredgers. In September of 1999, a hydraulic dredger capable of pulling 200 cubic yards of 
sediment an hour from the river was ordered to SMU 56/57 in order to meet the Thanksgiving 
deadline. The sediments processed from the site are being transported to a heavily lined landfill 
located near the Oneida Indian reservation that was designed for this purpose (Culhane, 
September 10, 1999). The dredging that is currently taking place at SMU 56/57 is the largest 
environmental dredging project ever attempted in the Lower Fox River. Although it is expected 
to remove only 5% of the total PCBs in the Lower Fox River, the project is a small step towards 
the restoration of the river. So far the efforts have been successful, as PCB levels have decreased 
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within the study area. More information will be available on its effectiveness when the project is 
completed (Culhane, September 18, 1999). 

Alternative Clean Up Approaches 

Although dredging is the primary method for removing PCB contaminated sediments from the 
Lower Fox River, cheaper alternatives were also considered in the Remedial Investigation and 
Feasibility Study (RIFS). Landfills known as confined disposal facilities (CDFs) are being 
proposed to cut the cost of the cleanup, as well as being able to provide recreational 
opportunities for the people living near them. CDFs are engineered islands built to receive, 
dewater and contain contaminated sediment. The proposed CDFs are about 50-60 acres, and 
were designed to hold about 750,000 cubic yards of sediment. They consist of a stainless steel 
sheet pile wall inserted 30 feet below grade. Surrounding this wall would be a rock riprap to 
provide protection from erosion and be a more natural habitat for wildlife than the stainless steel. 
The CDFs would be about six feet above the normal elevation of the river, and covered by a 
three foot clay cap and topsoil. This procedure would allow them to be used as recreational areas 
and boat launches. Although the DNR considers CDFs a safer and cheaper alternative to regular 
landfills, environmentalists are strongly opposed to the idea. Long-term maintenance is required 
in order for the CDFs to be effective. If they are not properly maintained, or they in some way 
fail, the PCBs could be re-released into the river. It is also likely that erosion and storm damage 
will break down the riprap and sheet metal of the CDF, thus releasing the PCBs to recontaminate 
the river. Although CDFs are a cheaper option than dredging, the long-term implications make 
them an unpopular and unlikely solution to the cleanup of PCBs (Behnk, March, 1999). 

Discussion 

The effectiveness of the restorations of the Lower Fox River is difficult to assess given that the 
project is still underway. However, the two demonstration projects at Deposit N and SMU 56/57 
have proven to be an effective method of cleanup at this point in the project. Approximately $10 
million dollars have already been funded by the responsible companies in the pilot dredging 
projects only to remove 5% of the remaining PCBs in the Lower Fox River. The current estimate 
to restore the entire river is approximately $728 million (Culhane, February, 1999). Much of the 
controversy stems from this issue: do the benefits of the restoration outweigh the costs.  

Although the preliminary reports have shown that dredging has worked for the pilot projects, 
there are some issues that need to be addressed. For example, dredging removes the 
contaminated sediments from the river, but are then placed into a landfill. If the landfill is not 
strictly regulated, the PCBs could leak, therefore recontaminating the soil and ground water. The 
two demonstration projects on the Lower Fox River are effective in the respect that they are part 
of a comprehensive long-term approach that will allow the entire reclamation project to be done 
effectively the first time around. The future scientific data collected from Deposit N and SMU 
56/57 will reveal if dredging is the best option for the cleanup. Besides working on the pilot 
dredging projects, the DNR has been working with the FRG on projects such as developing 
computer models that can accurately predict the movement of sediments in the Fox River and 
collecting data on the PCB levels in fish and wildlife located along the river. Evaluations of the 
resuspension of contaminated sediments are also being done to determine where, not just 
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whether, dredging makes sense. Because of the lack of conclusive scientific data and research on 
the project, the public and the DNR are urging the EPA not to make any preliminary decisions 
about the future of the river.  

Conclusion 

The reversal of PCB contamination in the Lower Fox River is not an easy task. Several years and 
millions of dollars have already been spent in trying to lower PCB contaminated sediments to 
safe levels for fish, wildlife and humans. The pilot dredging projects at Deposit N and SMU 
56/57 are only a small part of the restoration, for 95% of the remaining PCBs still remain in the 
river. Although they are very time consuming and costly, the pilot dredging projects are a crucial 
part of making this restoration project a success. The will provide scientific data which will be 
used to model future dredging projects at other highly contaminated sites in the river. The 
Wisconsin DNR does not want to rush the restoration process, rather, they want to gather as 
much scientific they can so the restoration can be done correctly the first time around. 

To date, the Lower Fox River has been able to avoid Superfund status, allowing local groups to 
retain more control over what is being done. By early 2000, the final RIFS report is expected to 
be released based on the work done at the Deposit N and SMU 56/57 sites. Other small-scale 
projects similar to the first two pilot projects are also underway in hopes of learning more 
information and continuing successful progress. Although the road to recovery is long, if the 
restoration goes as planned, the information learned in the restoration of the Lower Fox River 
will be useful as a model for similar restoration projects around the world. 
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