
University of Windsor
Scholarship at UWindsor

International Joint Commission (IJC) Digital Archive

1990-03-01

Proceedings of the Technology Transfer
Symposium for the Remediation of Contaminated
Sediments in the Great Lakes Basin, October
25-28, Canada Centre for Inland Waters,
Burlington, Ontario
Canada Centre for Inland Waters

International Joint Commission. Great Lakes Regional Office

Michael A. Zarull

Follow this and additional works at: http://scholar.uwindsor.ca/ijcarchive

This Report is brought to you for free and open access by Scholarship at UWindsor. It has been accepted for inclusion in International Joint
Commission (IJC) Digital Archive by an authorized administrator of Scholarship at UWindsor. For more information, please contact
scholarship@uwindsor.ca.

Recommended Citation
Canada Centre for Inland Waters, International Joint Commission. Great Lakes Regional Office, & Zarull, M. A. (1990). Proceedings
of the Technology Transfer Symposium for the Remediation of Contaminated Sediments in the Great Lakes Basin, October 25-28,
Canada Centre for Inland Waters, Burlington, Ontario. International Joint Commission (IJC) Digital Archive.
http://scholar.uwindsor.ca/ijcarchive/373

http://scholar.uwindsor.ca?utm_source=scholar.uwindsor.ca%2Fijcarchive%2F373&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/ijcarchive?utm_source=scholar.uwindsor.ca%2Fijcarchive%2F373&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/ijcarchive?utm_source=scholar.uwindsor.ca%2Fijcarchive%2F373&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/ijcarchive/373?utm_source=scholar.uwindsor.ca%2Fijcarchive%2F373&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca


 

00373

 

Report to the Sediment Subcommittee

of the Great Lakes Water Quality Board Q LC 22 9 1'3; , 92 90 ENG--

        

Proceedings of the
Technology Transfer Symposium
for the Remediation of

Contaminated Sediments in the

Great Lakes Basin

                        



 

Report to the Sediment Subcommittee

 

of the Great Lakes Water Quality Board

Proceedings of the
Technology Transfer Symposium
for the Remediation of
Contaminated Sediments in the
Great Lakes Basin

October 25-28, 1988

Canada Centre for Inland Waters
Burlington, Ontario

Symposium Chairman and
Proceedings Editor,
Michael A. Zarull

International Joint Commission
Great Lakes Regional Office
Windsor, Ontario

March 1990

  



 International Joint Commission

Proceedings of the Tehnology Transfer Symposium for the

Remediation of Contaminated Sediments in the Great Lakes Basin

1990. ISBN 1 895085 06-3



 

DISCLAIMER

The views expressed in this report are those of the Workshop participants and are not
necessarily those of the Great Lakes Water Quality Board or the International Joint
Commission. .

   





ACKNOWLEDGEMENTS

The Remedial Options Work Group and the Symposium Chairman wish to express theirappreciation to Mr. G. McRae, Dr. .I. Hartig, Dr. D. Rathke, Ms. M.A. Morin, and
especially Ms. C. Trautrim from the IIC's Great Lakes Regional Office for their
dedication and contribution to this work. In addition, we wish to express our appreciation
to Mrs. A. Mudroch (National Water Research Institute) for her contributions to the
development and organization of this symposium. We also wish to thank Mr. D. Egar
(NWRI) for the use of the facilities at the Canada Centre for Inland Waters. The RegionalOffice editorial team included Ms. P. Murray and Dr. J. Hartig; however, any remaining
errors are the responsibility of the Chairman.

iii

  





 

FOREWORD

In the Great Lakes our interest in, and our experience with, contaminated sedimentsdeveloped from the dredging and disposal of material for navigational purposes. Theannual volumes of dredged material vary considerably, but the amounts disposed of in openwaters has diminished in recent years because of concern for environmental impacts.

While it was once thought that sediment associated contaminants were lost from thesystem, subsequent research has shown that natural processes, such as physical resuspension, bioturbation and uptake by biota, as well as human activities, such as shipping anddredging, can significantly affect contaminant availability, cycling and impact. In
addition, as more data have become available from the nearshore and open lake areas, it isobvious that the sediments are extensively contaminated with a variety of compounds.The concentrations of most contaminants are often higher in the nearshore and
embayment areas than in the open lake depositional basins.

Since 1985, numerous meetings and workshops have been held in Canada and the
United States, which have addressed not only navigational dredging concerns, but also theassessment and amelioration of in place pollutants. In addition, several reports and
scientific papers have recently been released on these subjects.

In order to examine recent developments in the Great Lakes, and to address thebroader issue of managing contaminated sediments, the Great Lakes Water Quality Boardof the International Joint Commission established an expert committee. This SedimentSubcommittee (SSC) was directed to review existing protocols for the assessment ofcontaminated sediments and technologies for the remediation of identified problems. In
addition, the SSC was to recommend a standard approach to assesSment and remediationfor use in the Great Lakes.

One of the SSC reports, "Options for the Remediation of Contaminated Sediments inthe Great Lakes", concluded that while both the technology and experience necessary fordredging large volumes of sediment exist, the disposal of this material remains a primaryproblem in the Great Lakes basin. They also concluded that dredging contaminatedsediments and disposing of the entire quantity of material removed in confined disposalfacilities (CDFs) was the only existing remediation technique in the Great Lakes.However, the increasing lack of available and suitable sites to build CDFs and locate safelandfills, as well as certain technological and environmental considerations present amajor dilemma. This situation clearly demonstrates the urgent need for the developmentof optional techniques. A number of technologies for in situ isolation or decontaminationof sediments are available in West Germany, The Netherlands and elsewhere in the UnitedStates.

The purpose of this symposium was to obtain detailed information on the applicability, utility and transferability of these technologies to the Great Lakes basin. It ishoped that theseproceedings will not only expedite remediation efforts but will also avoidthe duplication of costly research and technology development.
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INTRODUCTORY REMARKS

by

M.A. Zarull
Symposium Chairman

Good afternoon and welcome to the Technology Transfer Symposium for the
Remediation of Contaminated Sediments in the Great Lakes.

We are here, I suspect, for many and different reasons. One common reason for
participation is that we are all looking for technological absolution from past, present and
future sins. In this pursuit, technologists such as ourselves are forced to take a narrow
view of problems and their solutions in order to achieve progress in a particular area. In
doing so, both the broader perspective in which the problem is imbedded and the
opportunity for building a constituency for the most logical solution are frequently lost. In
the context of this particular technological meeting, we have been indeed fortunate to
have the financial support, encouragement and broader problem management perspective
of both the International Joint Commission and its Great Lakes Water Quality Board.

This symposium represents the partial fulfillment of the Sediment Subcommittee's
terms of reference and the next logical step (having recently completed a report on
options for remediating contaminated sediments) in providing information on contam~
inated sediments to those involved in the development of remedial action plans (RAPs) for
Areas of Concern. Here we will be dealing exclusively with the technology of remedia
tion. Implicit in this presentation is that sediment associated problems within an area will
have already been adequately defined through an assessment process recommended by the
Sediment Subcommittee in its report "Procedures for the Assessment of Contaminated
Sediment Problems in the Great Lakes". In addition, it should be understood that
technological feasibility, which includes cost, is only one of many factors which is likely to
influence the remedial option selected for the amelioration of contaminant related
sediment problems.

This symposium will attempt to examine the applicability, utility and transferability
of technologies to the Great Lakes basin which have been developed or utilized in West
Germany, The Netherlands and elsewhere in the United States. The program is divided
into four parts, with a panel discussion period at the end of each section.

In part one (I) - Existing Options for Remediating Contaminated Sediments in the
Great Lakes, we should hear about existing options for dealing with contaminated
sediments in the Great Lakes. In addition, specific information should be provided on what
non-navigational actions (if any) have taken place to date; what factors affect their
application and whether they are suitable or adequate to solve the perceived problem in
Areas of Concern; and what the management implications are for utilizing these
approaches.

In part two (II) - Case Studies and New Technologies, we will learn about the
technologies being applied elsewhere in North America and western Europe; how
successful their application has been; and whether these technologies could be used, in the
near future, in the Great Lakes. In addition, we should also learn about those technologies
currently undergoing research and development and their potential for application in the
next few years.   



 

In part three (111) Great Lakes Areas of Concern, we will focus once again on the
Great Lakes. We will be hearing presentations on Waukegan Harbor, Illinois and Hamilton
Harbour, Ontario. What are the differences and similarities between the problems and

potential solutions for these two Areas of Concern? How does the U.S. "Superfund"
program help the RAP process, and what factors need to be evaluated when considering
remedial actions for these areas?

In the final phase of this program, part four (IV) - Remediation, Research and
Development in the Great Lakes: The Immediate Future, we will hear what research and
development programs, and demonstration projects are planned for the next five years in
both Canada and the United States. Based on this information we might be able to
ascertain whether the planned level of support and activity, as well as its direction, is
adequate to meet the perceived needs.

While the speakers will undoubtedly provide us with information which is highly
pertinent to our interests, it is incumbent upon you, the participants, to take full

advantage of the panel discussion periods and pursue the answers to questions which will
assist you in the preparation of your remedial action plan.
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WELCOME AND INTRODUCTORY REMARKS

by

P.A. Bissonnette
Chairman, Canadian Section

International Joint Commission

Thank you for inviting me to this important event.

On behalf of the International Joint Commission, I would like to take this opportunity

to welcome all of you to this workshop. I would also like to express the Commission's

appreciation for the overwhelming support that you and others have given to the whole

process of developing remedial action plans (RAPs). It is hard to overestimate the

importance and significance of this unique international experiment in rehabilitating Areas

of Concern in the Great Lakes system. It is also hard to imagine any group with a more

central role to play than the group that is gathered here today.

This is the third gathering of the RAP co ordinators and I am sure that those of you

who are RAP co ordinators have all occasionally been somewhat intimidated by the scope

and magnitude of your respective tasks. Likewise, those of you who are here as scientific

and technical experts must also, at times, be a bit overwhelmed with all the scientific

questions and uncertainties that influence the role and management of sediments in the

Great Lakes system.

The purpose of this symposium and workshop is to transfer information concerning the

management of contaminated sediments. While each Area of Concern has its unique

features, those of you who are RAP co ordinators will have realized that contaminated

sediments are an important aspect of the problem that you are all addressing. A difficult

aspect of your task is to somehow develop a sense of the nature, extent and significance of

contaminated sediments in relation to the other scientific, social, economic and political

considerations which are also part of the RAP process. Your job is formidable and there

will be the inevitable setbacks and false starts that are part of most important

undertakings. However, there will also be successes and there will be satisfaction in

knowing that you have the opportunity to contribute to an unprecedented international

effort to restore and maintain the integrity of the Great Lakes Basin Ecosystem.

Those of you who are here as "experts" in the management of contaminated sediments

also have an extremely important role to play in this international experiment. To a large

extent, it will be your advice, based on what you know and learn, that will define and

assess the alternative options which are available. You will also be called upon to help

conceptualize and explain the scientific investigations that will be needed to help refine

and evaluate alternative options. At the same time many of the questions that you are

addressing are likely to have direct application to sediment management issues that

extend into broader lake management consideration. Sedimentation processes are directly

linked to both water quality and water quantity considerations. Shoreline erosion, channel

and harbour dredging, and the transport and deposition of sediments in the Great Lakes

system are sediment management issues that are of considerable importance within the

Commission's present study of fluctuating water levels in the Great Lakes St. Lawrence

River system. The potential links between water levels, harbour dredging, contaminated
sediments and remedial action plans will need to be recognized.



 

While the magnitude of the problem continues to be intimidating, there are manyencouraging signs. The Great Lakes Water Quality Agreement, as amended on November18, 1987 contains several additions that reinforce the importance of what you are doing.Annex 2 on Remedial Action Plans and Lakewide Management Plans is a major newcommitment. Annex 14 on contaminated sediments is a recognition of the importancethat is placed on the management of contaminated sediments in the Great Lakes system.
Annex 17 on Research and Development is another important annex: this annex is a clearrecognition of the need to develop and sustain a strong scientific effort that is focussed on
maintaining and restoring the integrity of the Great Lakes Basin Ecosystem.

Finally, the Prime Minister announced on October 19 details of a $125 million action
plan to clean up the Great Lakes St. Lawrence River Basin. The plan is composed of a $75
million fund to be devoted to clean up 17 environmental "hot spots". These 17 "hot spots"
are, of course, well known to you as Areas of Concern, to which is attached a remedial
action plan. $50 million will be used to develop the scientific and technological knowledge
necessary to maintain the quality of the Great Lakes and to prevent future pollution. The
Prime Minister made clear that this money was in addition to the $110 million St.
Lawrence Action Plan announced last June.

The Great Lakes Water Quality Agreement is an evolving instrument for ecosystem
management. Those of you who are here for the workshop are to address some of the most
challenging and complex commitments included in that Agreement. I am confident that
your discussions and deliberations over these next few days will contribute significantly to
meeting these challenges.

Good luck to you all.

  





PART I

EXISTING OPTIONS FOR REMEDIATING CONTAMINATED
SEDIMENTS IN THE GREAT LAKES

  





  

In view of the Current focus on remedial action plans and the fact that 41 of 42 areas

are characterized by contaminated sediment problems to varying degrees, it is evident

that the rehabilitation plans for these areas Will have to address sediment treatment in a

non navigational context.

What contaminated sediment remediation has taken place in a non navigational context?

In a non-navigational context, sediment remediation has not been addressed, except in

instances of environmental emergencies and spills in watercourses, where removal of the

contaminant also necessitates treatment and restoration of the sediment.

In the near future, the Windemere Basin portion of Hamilton Harbour will be dredged

and the sediment confined behind berms on site. A number of pollutants have become

entrapped in the sediment and, consequently, the basin is a source of pollutants in the

harbour.

Under high flows (during spring runoff and during major storm events), sections of the

basin scour and it is likely that the material is carried through to Hamilton Harbour and

western Lake Ontario, causing further degradation.

The basin is too shallow to be of any navigational value and is being dredged for

non navigational purposes.

What Options for remediation are available for immediate application?

At present, the remedial options available in the Great Lakes basin for handling

contaminated sediments involve the mechanical dredging of material (either hydraulically

or clamshell) and disposal into a containment facility located in the nearshore zone or

disposal at an upland location. In the latter case, the material must meet all regulatory

requirements.

A considerable amount of baseline information exists on the suitability and applica

tion of these options.

Criteria for the long term management of containment facilities will be released

shortly. Similar criteria exist for the upland placement of dredged material.

The option of leaving material in place has received attention lately. Although

referred to as a "do nothing" option, this option involves the natural sedimentation of

clean material through source control as well as the possible supplement or enhancement

of the natural sedementary processes.

Remedial options other than those mentioned above do exist on a pilot scale or

theoretical level, meaning that the process works for soil or has been shown to work in the

laboratory. A fair amount of field testing and validation before implementation is needed.

Other sources of viable options are the treatment and management techniques used by

our European counterparts, who were forced to consider innovative treatment options

when faced with diminishing land area for locating containment and upland facilities.

What are the management implications of using these approaches?

The management implications of these options involve both the costs and the

development of technology to treat millions of cubic meters of sediment.

-12-



A lot of these options are simply not implementable at present. They need to bevalidated in the field or adapted to suit the requirements of a particular RAP. Someprocesses will not be considered viable because of the spatial limitations associated withthe treatment, reuse or disposal of the material.

Socio economic analysis and environmental screening of the acceptability of theseoptions will have to be incorporated into the RAP development and implementationprocess.

-13-
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UPLAND DISPOSAL OF CONTAMINATED DREDGED MATERIAL

by

C. R. Lee
US. Army Engineer Waterways Experiment Station

Vicksburg, Mississippi

ABSTRA T

Dredged material is a resource whether contaminated or not. The key to the successful management of dredged material is the understanding of the processes governing con-taminant mobility within and from dredged material. Only then can management strategies be formulated to control contaminant mobility and achieve reuse of this resource.Examples of dredged material reuse are restoration of acid mine spoil, improvement ofmarginal farmland, silviculture, recreational parks, greenbelts, wildlife habitat and landfillcover material. Certain contaminated dredged sediments may require selected treatmenttechnologies, such as immobilization, stabilization and/or placement in a controlled,confined disposal facility as appropriate management.

INTRODUCTION

 

It is unfortunate that the word "spoil" has been used for dredged material. Spoilconnotes a bad waste product. Dredged material is essentially soil and other constituents,including pollutants. The trick is to manage dredged material appropriately to control thepollutants and to realize a productive use for this resource. This task can be done! It willrequire effort as shown in Figure l, but it can be done! We just have to manage the "P"(pollution) out of it!

This paper will cite some productive uses of dredged material and give examples.Then a discussion will be presented on how a decision can be made about dredged materialmanagement and documents will be cited that describe an approach that the U.S. ArmyEngineer Waterways Experiment Station (WES) has developed and is continuing to improve.

PRODUCTIVE USES OF DREDGED MATERIAL

Strip Mine Reclamation

Acid mine waste in Illinois is a good example of what spoil is. There are numerousexisting sites where surface runoff hasa pH of 2.9, which is extremely toxic to plant life.After 50 years, there is only sparse vegetation colonizing these sites. This is spoil in thetruest sense of the word! What can be done to a site such as this? How can we managesuch a site in a productive manner?

 

A site at Ottawa, Illinois was selected during the Dredged Material Research Program(DMRP) in 1975 to demonstrate the use of dredged material to restore acid surface minewaste sites. A three foot (one meter) layer of dredged material from Chicago's CalumetRiver was placed over acid mine spoil and vegetated with grasses by the Chicago Districtof the Corps through the WES. In recent years other management strategies have beenimplemented by the Rock Island District through the WES. The management strategiesevaluated included prairie restoration and the production of corn and soybeans. Themanagement of grasses included mowing, burning and fallow. This work showed that acidsurface runoff could be eliminated using dredged material; acid mine spoil could bevegetated; and the site could be converted for agricultural production.
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DREDGED SPOIL
(A WASTE, SOMETHING BAD)
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w I MANAGE THE "P" OUT OF IT !
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DREDGED SOIL
(A PRODUCTIVE RESOURCE)

FIGURE ] CONVERSION OF DREDGED SEDIMENT TO A PRODUCTIVE RESOURCE



material could be realized and the land converted for productive uses.

 

Agricultural Prg uction

Dredged material can be used to enhance agricultural land, especially marginal lands.There are approximately 16 million hectares of marginal agricultural land in the US. Onemillion hectares are along waterways. The application of three feet (one meter) of dredgedmaterial to these lands would result in disposal sites for approximately 12 x109 cubic yards (9 x 109 m3) of dredged material. The benefits realized would be anincrease in site elevation, improved growth media for crop production, and numerousdisposal sites.

 

An example of the enhancement of agricultural land is the use of dredged materialfrom the Yazoo River in Mississippi to increase the elevation of lowland soybean fields andthe creation of higher cotton land. The goal of this project is to create cotton land thatequals prime cotton land in Mississippi, using dredged material.

Other examples can be cited of successful agricultural activities, such as corn andcabbage production along the Columbia River in Oregon, 3 feed lot south of Portland,Oregon, and cattle production and a cottonwood plantation in Louisiana.

Multipurpose Use

One of the largest intensively managed confined disposal facilities (CDF) in the worldis located near Rotterdam, The Netherlands. This site, called the Broekpolder, is anupland CDF for contaminated dredged material from Rotterdam Harbor. The site hasforested areas, a family park for residents of Rotterdam, a golf course and agriculturalcrop production areas. Dutch scientists at The Netherlands Organization for AppliedScientific Research (TNO) have been conducting cooperative research with the WES toevaluate contaminant mobility through the different management strategies.

The Times Beach CDF in Buffalo, N. Y. is similar to the Broekpolder in contamina-tion and in ecology. This CDF has potential as a recreational park and includes an aquaticarea, a wetland area and an upland forested area. Studies are currently being conductedat Times Beach to evaluate the mobility of contaminants in each of the three ecologicalareas. Contaminant mobility in the upland area is being compared to that being studied atthe Broekpolder to better understand the movement of contaminants under differentmanagement strategies.
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Wildlife Habitat Enhancement

Numerous examples can be cited for wildlife habitat use of dredged material disposal

facilities. The CDF at Pointe Mouillee, on Lake Erie, near Detroit, Michigan is perhaps

the largest wetland creation project in the United States. This project has enhanced

waterfowl in the area substantially. Dredged material has been used to stabilize eroding

lakeshore at Sterling State Park, Michigan. This procedure has also improved the park and

the Canada goose population has increased. The Saginaw River Diked Disposal Project has

developed an upland environment that was quickly colonized by native plants and provided

nesting for wildlife. At the Malleable Upland Disposal Site for St. Joseph Harbor,

Michigan, the existing dump site could be converted into a site for prairie grasses and

wildflowers. The last example is that of Toronto Harbour, Ontario, which is a multipurpose

project that uses dredged material as a resource in the development of multipurpose land.

The list of examples could continue. However, these projects give a good indication of the

potential that exists for the productive use of dredged material.

MANAGEMENT STRATEGY FOR DREDGED MATERIAL

How can we realize the potential benefits of dredged material as a resource? First,

we need to understand the processes governing the mobility of contaminants within and

from dredged material. Only then can management strategies be formulated to control

contaminant mobility and to achieve the reuse of this resource. The processes occurring

at a CDF are shown in Figure 2. A management strategy for dredged material has been

developed to evaluate each of the processes shown in Figure 2. (Francingues et. al. 1985).

A decision making framework (DMF) has been formulated based on this management

strategy to interpret results of tests designed to evaluate pathways of contaminant

mobility (Peddicord et. a1. 1986). The following list gives the test protocol and the

corresponding pathway that it evaluates:

Test Protocol Pathway of Contaminant Mobility

Effluent Quality Effluent Discharge

Surface Runoff Quality Runoff

Leachate Quality Leachate
Seepage
Soluble diffusion, Seepage.
Soluble Convection Through Tidal Pumping
Capillary
Mobility Between Layers

Plant Uptake Bioturbation By Plants

Animal Uptake Bioturbation By Animals

-13-



  

          

     
   

BIOTURBATION SURFACE

CAPI LLARY RUNOFF.

UPLAND UNSATURATED
GROUND
WATER

EFFLUENT
QUALITY

HIGFiTlDE

  
    

   

  

  

   

SOLUBLE

comvecnom

I . #INTERMEDIATE g ggLCAEFLEYD :LlJ g'ISQL_ _ _ _ _ _ _. _ LOW TIDE
SOLUBLE

~ d FLOODED SATURATED WFFU$ON

SEEPAGE

  

I
" EXISTING

LEACHATE SEEPAGE BOTTOM

    

FIGURE 2 NEARSHORE CONFINED DISPOSAL FACILITY CONTAMINANT PATHWAYS
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There are three general disposal environments in which dredged material can be

placed: aquatic, i

each disposal environment. The technical approach consists of nine steps as listed below:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Select Implemen-

0
Initial evaluation

Select Disposal
Alternative

Identify Potential
Problems

Apply Testing
Protocol

Assess Need for °
Restrictions

tation Strategy

Identify Control

Options

Examine Design
Considerations

Choose Appropriate
Control Measures

ntertidal, and upland. The WES management strategy can be applied to

Considers all available information and includes

sediment bulk chemical analysis. Based on this

information, is there reason to think that the

sediment is contaminated?

If there is reason to think that the sediment is

contaminated, consider the disposal environment to

be selected: aquatic, intertidal, and/or upland.

Aquatic Disposal: Water Column Impacts
Benthic Impacts

Upland Disposal: Effluent Quality
Surface Runoff Quality
Leachate Quality
Plant Uptake
Animal Uptake

Utilize the Decisionmaking Framework

(DMF) to interpret test results.

Utilize the Dredged Material Alternative

Selection Strategy (DMASS), Cullinane et al. 1986.

Guidance for accomplishing Steps 6 through 9 can be found in DMASS (Cullinane

et. al. 1986). Copies of the DMF and DMASS are available upon request from the author.

This technical approach has been adopted by the Corps of Engineers and is being

applied throughout the Corps districts. This approach can evaluate any contaminated

dredged material. It is conceivable that certain highly contaminated dredged sediments

may require special treatment technologies, immobilization, stabilization and/or place

ment in a controlled confined disposal facility that is equipped with multiple liners and

leachate collection and treatment capabilities.

Dredged material is a resource. It might take some effort to manage the "P"

(pollution) out of it, but it can be done as shown in Figure 1.
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PANEL DISCUSSION AND SELECTED COMMENTS

1. Under the US. Environmental Protection Agency's (US. EPA) Section 118 Program,the WES Decisionmaking Framework (DMF) will be modified to include the evaluationof i_n in; contaminated sediments that lie outside of the Corps navigation channels.The DMF will describe how to test and interpret results to determine if i_n g;sediments are causing a problem. It will also describe how to evaluate potentialiii m treatment of contaminated sediment. If the sediment requires removal, theexisting DMF would be the appropriate approach to evaluate impacts on the disposalenvironment.

2. The two documents handed out at registration entitled "Procedures for the Assessment of Contaminated Sediment Problems in the Great Lakes" and "Options for theRemediation of Contaminated Sediments in the Great Lakes" are excellent startingpoints for the modification of the WES DMF. The information in these documents willbe considered, modified, where necessary, and incorporated, as appropriate.

3. Mr. Keith Madill's paper on "Upland Disposal" suggests the use of bulk sedimentchemical analysis as a criterion for determining problem sediments. As Mr. AnsarKhan states, since its adoption in the mid 19705, this method has been an extremelypoor criterion on which to base a decision. Research has shown that bulk sediment
chemistry does not always relate to adverse biological effects. The DMF uses bulk
sediment analysis to establish an inventory of contaminants and to assist in answeringthe question "Is there reason to think that the sediment is contaminated? If there isreason to think that the sediment is contaminated, then additional testing, according ito the DMF protocols, is required before a decision can be made.

 

4. Mr. Keith Madill's paper on "Upland Disposal" also suggests a special management fordredging slurries. This effort is not necessary. The DMF describes a test protocol forevaluating CDF effluent water quality during a dredging and disposal operation. This
test protocol has been developed especially for CDF effluent discharges and has been isuccessfully verified in the field. The test protocol is described in detail by Palermo ?(1985). Based on the results of this test, a CDF can be designed to retain suspendedsolids and contaminants.
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HANDLING CONTAMINATED DREDGED MATERIALS ON THE

CANADIAN SECTION OF THE GREAT LAKES

by

M.A.K. Khan

Public Works Canada

Ontario Region

ABSTRACT

 

The Ontario Region of Public Works Canada carries out the bulk of marine construc-

tion and dredging activities on behalf of other federal departments and agencies in the

Canadian portions of the Great Lakes. The paper describes current practices with regard

to dredging, and particularly the disposal of dredged material, which have changed

significantly since the early 19705. Up until that time, dredging followed by open lake

disposal was the established practice. However, with the "discovery" of pollution in the

Great Lakes waters and their bottom sediments, restrictions were placed on the open lake

disposal of dredged material. This practice has resulted in a steady increase in the use of

upland disposal sites and specially constructed containment facilities for the disposal of

contaminated dredged sediments.

This paper presents an overview of environmental guidelines and criteria used for the

assessment and classification of sediments to be dredged. The currently used guidelines

consist of numerical concentration values for sediments, based on bulk physical and

chemical characterization. The application of a single set of guidelines for all the Great

Lakes, which have widely varying background levels of various contaminants present in

their bottom sediments, has been a subject of controversy over the years including the

various criteria (leachate/bioassessment techniques) used for sediment classification.

Some contaminated dredged materials are disposed of away from aquatic environ

ments in suitable upland disposal sites, but most are placed in shore based "confined

disposal facilities" (CDFs). This paper outlines the process and associated complexities

involved in the selection, acquisition and meeting of environmental approval requirements

for the construction of such dredged material containment facilities. The use of privately

owned sites for the disposal of contaminated dredged material presents a unique challenge

from the viewpoint of regulatory approval.

The CDFs, both those for short and long-term use, are usually shore attached

facilities constructed in the vicinity of project sites frequently dredged. The paper

describes the basic environmental and engineering criteria which must be met in the

design and construction of CDFs. A brief description of various long term disposal

facilities in the Canadian section of the Great Lakes, including discussion of special design

features and construction costs of each, is presented in the paper. An environmental

monitoring program has been implemented at some CDF locations to monitor their overall

performance and to ensure against any leaking or leaching of contaminants from the

facility. The monitoring programmes have been designed in keeping with the type and

nature of contaminated sediments deposited in various facilities. The paper presents a

brief synopsis of the results of such environmental monitorings undertaken at various long

term CDF sites.
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In conclusion, this paper critically assesses the present situation, in view of the
increasing public and regulatory resistance to this mode of disposal. CDFs, however,
remain the only proven disposal technique for contaminated dredged material in the
Canadian Great Lakes. There is thus an urgent need to enhance CDF monitoring activities
to establish their long- and short term impacts in order to assess their regulatory and
public acceptability. Otherwise, the disposal of contaminated dredged material may
literally come to a standstill until a more environmentally acceptable and economically
viable alternative is found.

MANUSC RIPT UNAVAILABLE

 



 

CONFINED DISPOSAL FACILITIES (CDFs) ON THE GREAT LAKES
IN THE UNITED STATES '

by

R. J. Deda
US. Army Corps of Engineers

North Central Division

ABSTRACT

Confined disposal facilities (CDFs) have been constructed for the disposal of
contaminated dredged material from Great Lakes navigation projects since the 19805. The
majority of sites have been constructed since 1970 under the Diked Disposal Program for
the Great Lakes, authorized in 1970. The design of CDFs has evolved over the years as
experience has been gained and advances in technology have been made. Design variables
include location, wave climate, material to be dredged and level of contamination. Long
term maintenance is generally required. The technical and environmental feasibility of
CDFs has been demonstrated over the years. CDF construction is expected to continue at
some level in the future for the disposal of dredged material from Great Lakes navigation -
projects.

INTRODUQTION

Prior to the late 1960s, essentially all dredged material was disposed of in the open
lake, much of it by hopper dredges. As a consequence of rapid industrial and urban growth
in areas adjoining the Great Lakes, a concern developed over the possible adverse effects
that open-lake disposal of dredged material might have on water quality and lake ecology.
As a result, in 1966, Congress requested the Corps of Engineers to conduct an
investigation into the feasibility of using alternative methods of disposal at selected
harbors on the Great Lakes. The results of the investigation indicated that additional
study was needed and that, in the meantime, the containment of polluted dredged material
would be a step in the direction of improving water quality.

From 1968 to 1970, the US. Environmental Protection Agency (U.S. EPA) took
bottom sediment samples in all the navigation channels and harbors in the Great Lakes.
The bottom sediments of 77 of the 129 harbors sampled were classified as unsuitable for
open lake disposal.

In 1970, Section 123 of PL 91-611 of the Rivers and Harbors Act authorized the Corps
to construct, operate and maintain CDFs to contain polluted maintenance dredging for ten
years subsequent to construction. Excepting the Great Lakes connecting channels, local
participation was required. For connecting channels projects, the Corps would construct,
operate and maintain the facility. For projects involving local cooperation, local interests
would pay 25% of the construction costs, unless they were participating in and in compli
ance with a USEPA approved plan to clean up the sources of pollution. If local interests
were in compliance, the government would pay 100% of the cost of construction. To date,
all CDFs built under this authorization have been constructed with 100% federal funding.
Local interests have been required to furnish necessary real estate and assurances that
they would maintain the CDF after filling.

In April 1977, Region V of the USEPA came out with its "Guidelines for the Pollu
tional Classification of Great Lakes Sediments", based upon bulk chemical analysis.
Ranges of concentrations for various parameters were established to classify sediments as
unpolluted, moderately polluted or heavily polluted. Based upon this classification,
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elutriate test results and sometimes on bioassays or specific analysis for persistantorganics thought to be present, a determination is made as to whether confinement isrequired. The level of contamination for the majority of dredged material disposed of inCorps CDFs falls between clean lake sand or topsoil and solid waste or sewage sludge. Thelevel of contamination is similar to that of flyash or slag.

DF PRO RAM

There are currently 36 projects in the CDF program from the 77 originally classifiedas polluted. Twenty seven CDF sites have been constructed under this program to servethese 36 projects. Including CDFs not constructed under the authority of PL 91 611, atotal of 32 CDF sites have been constructed on the Great Lakes. Of these 32 sites, 22would be considered confined disposal facilities, that is, they are in-.-lake facilitiesadjacent to land or island facilities. The remaining 10 would be considered upland disposalsites, although in close proximity to a waterway.

The CDF program under PL 91 611 is winding down, with no new starts scheduledcurrently, although two sites are still being considered for construction under theprogram. New CDF sites at other projects are still being pursued under the authorities forindividual projects. Those will be discussed later in this presentation. The total federalcost for the CDF Program to date is $293 million.

DESIQN

The normal design for these sites is to provide dikes on public lands or bottom landshigh enough and encompassing an area large enough to contain ten years of dredgedmaterial, together with any backlog material that might have accumulated. Also, spacefor private, permitted dredging is provided at cost in these sites. CDF dikes are generallytrapezoidal in section, with sufficient top width for maintenance vehicles. Armor stone isprovided in areas subject to wave attack.

A number of different designs have been used for CDF dikes over the years; however,the basic goal has been the same: to prevent polluted sediment from entering thegroundwater or the waters of the Great Lakes, while allowing the facility to dewater.Dike designs have included graded limestone, interlocking steel sheetpiling, filter cloth,sand, clay and synthetic membranes to decrease permeability. Trench walls of bentonitecement slurry through the center of a stone dike are being considered for two sites still inthe design phase.

For dewatering, a weir withan oil skimmer or, if needed, a filtration system (usuallysand, or sand and charcoal) is provided to control overflow from the site and ensure thatapplicable water quality standards are not violated. In many areas a short section ofc0rrugated metal pipe (CMP) with an outlet that passes through the dike into the lake isused. The weir boards can be set at various elevations to control the settling time of finesoil particles. The CMP outlet then works like a drop manhole.

Filter cells are used where there is concern for the quality of effluent from the CDF.One example is at Monroe, Michigan (Sterling State Park), where there is a nearbyswimming beach. As the effluent approaches the weep holes in the steel sheet piling, thefilter medium becomes progressively finer. The holes are covered with plastic filters toprevent loss of the finer graded medium. We have also used separate filter cells, whichreqnired pumping excess water from the CDF to the filter cells; the effluent is dischargedback into the waterway, after passing through the filter medium in the cells.
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TYPICAL DESIGNS AND BENEFICIAL USES

Attempts are made to make the best use of dredged material in marsh reclamation,

recreation, wildlife enhancement and marina development. Some of the beneficial uses as

well as typical designs at Great Lakes harbors are discussed in the following paragraphs.

At Buffalo, New York the CDF was built using an existing breakwater as one leg, and

ties into the shoreline alongside. In addition to reducing costs, this approach protects a

vital stretch of shoreline from erosion. The CDF dike includes a pile cutoff wall of steel

sheet and a sand filter.

The Times Beach site in Buffalo was built prior to PL 91 611. Although filling of this

site was terminated, it is a heavily used wildlife area and considerable research and

development on the long term effects of dredged material disposal is going on there.

At Erie, Pennsylvania we again used a breakwater for one side of the CDF and upland

for the second side. Easy access to the area is provided by the Federal Navigation

Channel alongside the CDF.

At Cleveland Harbor we have used a series of CDFs over the years. A site adjacent

to the Lake Front Airport has been used, and when filled, will provide land to expand the

airport.

Area #14 at Cleveland, Ohio is currently being filled and will provide added park

space in an urban area in need of open space.

At Lorain Harbor, Ohio we used the outer breakwater and the efficiency of a

semi circle to provide the needed capacity.

Huron Harbor, Ohio has a similar design against the outer breakwater. Circular steel

sheet pile cells with fill were used for much of the dike.

At the end of Lake Erie, at Toledo Harbor, Ohio the CDF is located out in Maumee

Bay. When filled, it will provide much needed space for the port authority. The space

between our CDF and the shore will be filled by the port authority to complete this

expansion of the Port of Toledo. The CDF dike includes prepared limestone and clay.

At Pte. Mouille, Michigan there is a 3 1/2 mile long CDF, replacing an eroded barrier

reef to restore a 3500 acre wetland. The area will be managed in cooperation with the

State of Michigan. Water levels will be controlled in the area behind the CDF to promote

marsh and habitat development. The CDF dike includes prepared limestone and filter

sheets.

The Monroe, Michigan CDF is located at Sterling State Park, about two miles from

the harbor. The CDF is expected to provide an excellent fisheries habitat, with armor

stone facing Lake Michigan. After filling, it will be developed by the state as a scenic

overlook, camping, recreation, and habitat area.

Grassy Island and Dickinson Island were constructed on the connecting channels near

Detroit and will serve as wildlife areas.

Our CDF for the Saginaw River is a kidney shaped island in Saginaw Bay, Michigan.

The CDF dike includes a prepared limestone core and plastic filter cloth. Currently,

research on bioassessment methods is being performed at this site by the US.
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Environmental Protection Agency and the Waterways Experiment Station of the Corps of
Engineers. 7

The CDF at Holland Harbor, Michigan is a good example of site adaptation. The local
community is proud of its many flower beds and windmills. Our two sites, both of which ,
are upland, blend into this development. One site was designed to receive material
directly from the dredge. After the material dried it was trucked to the second site for 1
park development.

upland site, was doublehandled and trucked to the site.
Most of the material in the Michigan City Harbor (Indiana) CDF, which is actually an

l
The Chicago Area CDF is located in Chicago, adjacent to the port authorities lake 1

front terminal. When filled, it will provide additional storage space for the terminal. The
CDF dike includes a prepared limestone core, filter cloth and a synthetic membrane.

At Kenosha, Wisconsin a harbor pier is used as one leg of the CDF. This pier also
provides a platform for the dredged material to be unloaded.

The Milwaukee, Wisconsin CDF also uses a pier for one leg of the CDF. The CDF dike
includes granular fill and plastic filter cloth. Filter cells were used at this CDF.

The Manitowoc, Wisconsin CDF provides protection for a small boat harbor,
constructed shoreward of the area. The CDF dike includes bedding stone, sand and a steel
sheet pile wall.

Our CDF for Green Bay Harbor, Wisconsin is a kidney shaped island located just
offshore. This site is now full. Although an addition to the site has been proposed, it has f:
not been approved for construction because of local concerns. The addition includes a
bentonite cement slurry trench as part of the CDF dike. The existing CDF dike includes
bedding stone and a steel sheet pile wall.

The Duluth Superior CDF is at the western extremity of Lake Superior. This area has i
no discharge of water back into the harbor. Evaporation provides the means of drying out
the area. I

l
l

DISPOSAL

Where appropriate, containment areas are provided with mooring and dredge pumpout
facilities. Most CDFs for deep water harbors were designed to be used by Corps of s
Engineers hopper dredges. Private industry now has several such dredges on the Great 3
Lakes, and the Corps dredges have been discontinued. A pipeline is used to distribute the l
dredge material around the facility.

Bucket dredges and scows are often used to dredge material and transport it to
disposal facilities. This process requires rehandling of the material at the disposal site ;
with a small pump or a crane. 3

Cutter head dredges can also be used where the CDFs are close enough to the
dredging to make that arrangement practical. Such arrangements have been the exception
rather than the rule. Some sites are not readily accessible to marine plant pipelines either
because of the distances involved or because of environmental problems and booster
stations are not practical. In these situations, trucks become a part of the transportation
system.
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In some cases, depending on the nature of the dredged material, the material can be

offloaded from barges directly onto trucks. However, in situations where the dredge

material is so soft and saturated that it must be dewatered before trucking, interim sites

are employed. These interim sites are designed to hold enough material for one season of

dredging.

COSTS AND CAPACITIES

The size and costs of CDFs constructed on the Great Lakes is demonstrated by the

following information. The construction costs range from about $124,000 to almost $51

million, with a mean of $7.8 million. The capacities range from 19,500 cubic yards (14,910

m3) to 18.6 million cubic yards (14.2 million m3), with a mean of 2.8 million yd3 (2.14

million m3). The CDFs vary in size from as little as 3.3 acres to 685 acres (1.3 to 277

hectares). It should be noted that the averages are somewhat large because of a few

extremely large projects such as Pte. Mouille, which is the largest in all three categories.

The construction cost has ranged from $0.50/cubic yard ($0.65/m3) to $15.00/cubic yard

($19.62/m3). The majority of the CDFs, however, fall in the range from $1.00/cubic yard

to $5.00/cubic yard ($1.30 to $6.55/m3). The cost of operating and maintaining CDFs

after construction varies extensively, depending on location and wave climate.

SITE SELECTION

Site selection has been a continuing problem in the confined disposal program. This

problem is generally related to environmental concerns. Most of the disposal facilities

are, for economic reasons, located in or near the water, close to dredging areas. Potential

marine sites are easy to identify since they are, for the most part, publicly owned. Upland

sites have often been preferred for environmental reasons, but such sites are hard to find;

access is difficult; and they can be expensive. However, as our experience and that of the

other concerned agencies grows, tradeoffs have been developed to facilitate the site

selection process. All concerned agencies are involved early in site selection, through a

site selection committee, composed of representatives from the U.S. Environmental

Protection Agency, U.S. Fish and Wildlife Service, the local states' Department of Natural

Resources and the Corps of Engineers. Public workshops are employed extensively to

guide the selection process and to obtain local acceptance of the selection decision. A

general problem in terms of local involvement is that no one wants a CDF in his

"backyard". Also, there has been increasing opposition to locating CDFs in the water;

concerns center on contaminants entering aquatic organisms or drinking water.

Once site selection has been completed, there are still a number of steps prior to

completion of a CDF, including completion of environmental documentation, real estate

acquisition, design analysis, plans and specifications, and award and completion of a

contract. The entire process is a time consuming effort, requiring extensive coordina-

tion. In some cases, on controversial projects, some of the steps may be performed more

than once.

ENVIRONMENTAL CONCERNS

There are a number of common environmental concerns involving the construction of

CDFs. Individual concerns may vary considerably by site; some of the more common

concerns are listed below.

° Structural integrity There is concern over the possible catastrophic breaching

of dikes in the marine environment and the loss of contents into adjacent waters.
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CDFs leaking There is concern that low levels of contaminants belowdetection limits may escape from CDFs and have an adverse environmentaleffect on aquatic life or drinking water supplies, if the CDF is near a waterintake pipe. Aquatic life may bioaccumulate these low level contaminants atunacceptable levels. This bioaccumulation is of further concern because dikesare an attractive habitat to fish and invertebrates.

Volatilization There is concern that volatile contaminants enter theatmosphere from dredged material, especially in an upland site or when materialis mounded above the water line and exposed to the atmosphere in a CDF.

Ground water contamination There is concern, especially for upland sites, that lcontaminants from overlying dredge material may leach into the groundwater. ;This situation is most likely to occur as material dries and oxidizes; the resulting condition might lead to the mobilization of contaminants which were tightly ibound to sediment particles (in a reducing environment).

° Fishing and food chain effects - There is concern over the presence of fish inponded portions of CDFs and of fishing inside CDFs despite warning signs.
Likewise, there is concern over the uptake of contaminants inside the CDF byplants or animals living in the dredged material, and of the contaminants beingpassed through the food chain.

These and similar environmental concerns must be addressed in terms of any CDF. iAnswers to these concerns have been provided for existing CDFs. Proper design, andlong-term maintenance and repairs, work to assure structural integrity. Dikes have beensealed, with sand layers in most cases, to reduce permeability where there has been
excessive flow through the dikes. Sites have been capped after filling, and vegetationcontrol techniques used, if needed, to prevent the uptake of contaminants. Where therehave been problems with fishing inside CDFs, fish populations have been reduced by the ;application of control agents. Furthermore, the testing and monitoring of sediment, water }and groundwater during and after the disposal of dredged material are essential to ensure §that CDFs are operating effectively.

Continued research and testing are being done by the Corps of Engineers on the longterm effects of dredged material disposal. The U.S. Environmental Protection Agency andother federal and state agencies are also performing research on CDFs and their impacts.Generally, Corps of Engineers laboratory and field verification studies have demonstratedthat containment of contaminated sediments can be effective. However, detailed
research continues, especially in bioassessment techniques. The Water Resources
Development Act of 1988 authorizes new testing and monitoring of CDFs.

 

FUTURE

It is now administrative policy to discontinue the use of Public Law 91-611 on the
Great Lakes, on the basis that it was an interim program. Any further CDFs constructedwill be authorized and funded under the basic project authority for the individual projects,as has been done all along in the rest of the United States. Cost sharing will be inaccordance with cost sharing measures for an individual. Currently, there are only twosites still being considered under PL 91 611, second sites at Green Bay Harbor, Wisconsinand on the Saginaw River, Michigan. The Saginaw River CDF is back in the site selectionphase after the previous selected site was found unacceptable.

  



   

Work is continuing on other CDFs under project authorities. Some of the projects

being worked on are Ashtabula, Cleveland and Toledo, Ohio; Indiana Harbor, Indiana and

Waukegan Harbor, Illinois. The new Toledo Harbor CDF is the closest to the construction

phase. It should be noted that the sites being constructed that do not already have a CDF

in place, generally include highly contaminated sediments, including material classified as

toxic. Considerable planning for handling such material has taken place, although approval

for CDF construction for it has not been obtained. Studies on handling this material are

continuing and design is proceeding, especially at Ashtabula Harbor, Indiana Harbor and

Waukegan Harbor.

Alternative technologies are being reviewed as part of this design effort, but to date

technically feasible, cost effective means of disposal on a large scale have not been

available.

SUMMARY

CDF construction on the Great Lakes is expected to continue as a viable option for

the disposal of dredged material from navigation projects, although on a more limited

basis, as long term management strategies are developed on the Great Lakes. Future

CDFs will likely be larger as under project authorities there is no 10 year limit on

capacity as there was under PL 91-611. Economies of scale can be realized and the

process will not require repeating every ten years. In addition, the life of existing CDFs

will be extended as much as possible by careful management, including consolidation and

reuse of material, where possible.

With careful design, appropriate testing and monitoring, and planned long term

maintenance, confined disposal facilities are considered to be a viable option for Areas of

Concern as the material of concern, in many cases, will be similar to the material which is

dredged and disposed of for the purposes of navigation.
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CHAIRMAN'S SUMMARY PART I

The only proven technology for remediating or mitigating problems associated withcontaminated sediments in the Great Lakes is dredging and the disposal of the entirevolume of material in confined disposal facilities (CDFs). Our experience with thistechnology has been gained solely from its application to navigational requirements.In all cases, material had to be removed and relocated.

Criteria for determining the suitability of contaminated sediments for upland reuse orsecure confinement are still being developed. Also, there remain a number ofenvironmental concerns, such as the mobility and biological uptake of the sediment-associated contaminants, which need to be addressed. In addition to the environ-mental concerns, there are a number of technological considerations which requirefurther investigation, such as the upland transport of large volumes of sedimentslurries, as well as the choice of suitable locations with sufficient disposal capacity.

Based on our limited knowledge of impacts, engineering, transportation and the costsinvolved, the consensus was that extensive use of this disposal technique could not berecommended.

The disposal technique (for contaminated sediments) for which we have both
experience and some confidence is the use of shore-based CDFs. However, our
present information on the acceptability (based on biological effects) of CDFs as long
term isolation mechanisms is inadequate. In addition, the proposed use of CDFs for
non navigationally dredged material will require the construction of a number of new
and large facilities. New facilities are required due to the large volumes of material
involved and also due to the legal restriction on the use of existing CDFs for
navigational purposes. The construction of these facilities will have impacts on
existing wetland and littoral zone areas as well as human and societal implications
expressed in the NIMBY or "not in my back yard" syndrome.

 

Participants agreed that the use of CDFs should be only an interim measure and that
a long term management plan was required.

It was apparent that source control and an adequate assessment or definition of the
problem are the first steps required. These steps should be followed by an assessment
and evaluation of the proposed solutions. These assessments need to go beyond the
realm of bulk chemical analysis into the area of biological effects. While an adequate
assessment can be expensive, it will ultimately save money.

 

First, assess the problem; then and only then, fix it.

 

Editor's Note:

information on the location, size and environmental inputs of CDFs in the Canadian
portion of the Great Lakes.

Dobos, R., S. Painter and A. Mudroch. 1990. Contaminants in vegetation and sediments

Dobos, R., S. Painter and A. Mudroch. 1990. Contaminants in wildlife utilizing confined

Recently, Environment Canada has released two reports which provide further

disposed in confined disposal facilities on the Canadian Great Lakes. NWRI Report.

disposal facilities. NWRI Report. '
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PART H

CASE STUDIES AND NEW TECHNOLOGIES

 





REMEDIATION OF PCB CONTAMINATED SEDIMENT
IN THE HUDSON RIVER, NEW YORK

by

MP. Brown, R. Sloan, R. Mt. Pleasant and C. James
New York State Department of Environmental Conservation

ABSTRAQT

PCBs discharged by two capacitor factories contaminate the water, sediment andbiota throughout a 200 mile (320 km) section of the Hudson River. Large scale surveyingand monitoring programs were begun in the mid-19705 to determine the extent of contam-ination and to assist in the development and planning of remedial options. Remedialactivities, including the elimination of the discharge and the removal and stabilization ofcontaminated river bank and river bed sediment deposits, produced a dramatic decline inPCB levels in fish, water and surficial sediment between 1977 and 1981. Subsequently,PCB levels in fish, which remain the impetus for remediation, have declined at a muchslower rate and persist at unacceptably high levels. The release and downstream transport of PCBs from the bed of the upper Hudson River, particularly in the region of theformer industrial discharge, sustains the contamination of the fishery.

 

Sediment removal was selected as the remedial approach in the late 1970s. Theoriginal scope of the remedial project included the dredging and landfilling of 1.5 millioncubic yards (2 million m3) of river sediment along with contaminated river bank depositsand dredge spoil sites in a facility designed to accommodate 2.3 million cubic yards
(3 million m3) of material. Because of funding limitations and the requirement that
disposal be done in a hazardous waste landfill, the scope of proposed remedial activitiesnow includes the dredging and disposal of 380,000 cubic yards (497,000 m3) of riversediment and the removal of the river bank deposits. This procedure will replace in placecontainment, if pending permits for the hazardous waste landfill are approved. Theselection of the general pro'ect area was based upon measurements of PCB transport.Within the project area, sediment deposits were specified for removal, based on PCBconcentration and erodibility.

Sediment removal was found to be ineligible for support under the Superfund
program. Funds for dredging and landfill construction are provided by the Clean WaterAct and the State of New York. The Superfund program will remediate the contaminatedriver bank deposits. The PCB Reclamation Demonstration Project is scheduled for
completion in 1991. The major obstacle to completion of the project has been public
opposition to the siting of the hazardous waste landfill. Related issues include the
availability of detoxification technology and project effectiveness.

MANUSC RIPT UNAVAILABLE

 



  

 
  

PCB CONTAMINATED SEDIMENTS IN NEW BEDFORD HARBOR, MASSACHUSETTS:

APPLICATION OF A MODELING APPROACH TO SUPPORT FOR SELECTION OF

REMEDIAL ALTERNATIVES

 

by

R.A. McGrath

Battelle Ocean Sciences

The Acushnet River estuary and adjacent areas of New Bedford Harbor and Buzzards

Bay, Massachusetts, are severely contaminated with polychlorinated biphenyls (PCBs),

thought to be derived from electrical component manufacturing in the area from approx

imately 1945 to 1976. The problem was first identified in the late 19705 during routine

monitoring of contaminant levels in commercial fishery species by the Massachusetts

Division of Marine Fisheries, and the site was subsequently added to the National Priority

List as one of the few estuarine Superfund sites. After designation, several surveys of the

harbor were conducted to delineate and quantify the extent of the contamination and to

provide data for the Remedial Investigation/Feasibility Study (RI/FS).

Sediments containing PCBs in concentrations exceeding the federal waste criterion of

50 parts per million (ppm) are widely distributed in the harbor; the major area of contam

ination is identified as a "hot spot" of approximately 16,000 m2 (4 acres) with PCB levels

exceeding 4,000 ppm. Isolated samples exceeding 100,000 ppm have been reported from

this area. Acting as a source of PCBs for the rest of the harbor and bay system, these

contaminated sediments result in PCB concentrations in the overlying water exceeding

1,000 ng/L (parts per trillion or ppt) at the hot spot and in excess of the 30 ppt federal

guideline throughout most of the rest of the harbor. The PCBs are concentrated by the

local biota to levels above the U.S. Food and Drug Administration (FDA) guideline of

2 ppm for edible tissue. In the absence of fishing restrictions for the last decade, the

ingestion of local fish and shellfish would probably constitute the major route for human

exposure.

Because of the technical and logistic complexity of the New Bedford problem, the
selection of appropriate remedial action is difficult, particularly in view of the significant
potential for resuspension and accelerated transport of contaminated sediments during
remediation. As an integral part of the Superfund Rl/FS, linked mathematical models for
hydrodynamic/sediment transport and food chain transport, respectively, are being used to
evaluate remedial action alternatives as compared with the no action case.

The physical/chemical transport and fate of PCBs and three heavy metals in the New
Bedford Harbor/Buzzards Bay system are being modeled by the time varying three
dimensional model FLESCOT, developed by Battelle Pacific Northwest Laboratories. The
model 15 being used to predict the distribution of PCBs and metals dissolved in the water
column, sorbed to suspended sediments, and in bed sediments. The WASTOX model code,
developed by HydroQual, Inc., is using the output of the FLESCOT model and the age/
Size-dependent bioenergetics of typical food-chain members to predict the movement of
contaminants through key components of the food chain, culminating in lobster and winter
flounder, the spec1es of most importance for human exposure.

calibration of the models was completed in the late summer of 1988 following
approxtmately four years of field sampling and analysis, and application of the models to
the evaluation of remedial alternatives has recently been initiated. Preliminary results
confirm'that the modeling approach is a valuable tool for comparative evaluation of
alternatives. However, development of such a complex model requires time and resources
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that may be available only at the largest sites. Even when the resources are available,
managers must carefully evaluate the ultimate purposesof the modeling and undertake
only the minimum effort consistent with those goals. Focus on the objectives throughout
the project is necessary to ensure cost effectiveness.

The degree of sophistication available through the New Bedford Harbor models is
unprecedented in this type of investigation. Although originally conceived strictly as a
means of evaluating several remedial alternatives, the models and their supporting data
development tasks have evolved into both a pragmatic solution to the unique problem at
New Bedford and an investigation into the practical limits of modeling as a tool in
remedial investigations. As a result, the complex refinements incorporated into the
models, primarily the physical/chemical model, will probably exceed the minimum
necessary to support a choice among the practical remedial options.

Although some of these approaches, such as modeling by level-of-chlorination
homolog and determining site-specific adsorption/desorption analytical methodology, may
ultimately prove to be unnecessary for the evaluation of remedial alternatives, they will
serve as a valuable guide for similar programs in the future. To ensure cost effective
ness, however, future investigations must define their objectives carefully and select the
minimum level of modeling sophistication consistent with those objectives.

MANUSCRIPT UNAVAILABLE
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BENCH lPILOT SCALE STUDIES TO SUPPORT THE EVALUATION

OF REMEDIAL ALTERNATIVES FOR THE PCB CONTAMINATED SEDIMENTS

IN NEW BEDFORD HARBOR, MASSACHUSETTS

by

D. C. Allen

C-E Environmental

E.C. Jordan Eastern Region

ABST RA T

A feasibility study (FS) is being conducted for New Bedford Harbor (Massachusetts)

under the US. Environmental Protection Agency (USEPA) Superfund program. The goal of

this study is to present the USEPA with remedial alternatives which address the cleanup of

PCBs and metals in New Bedford Harbor sediments. The current emphasis in the

Superfund program is on the development of remedial alternatives which provide a

permanent remedy for the site problem.

The size and complexity of the New Bedford Harbor site, and the commensurate

potential costs of cleanup have necessitated the incorporation of bench and pilot-scale

studies into the evaluation of remedial alternatives.

These bench /pilot-scale studies will provide information to reduce the uncertainties

inherent in evaluating the effectiveness, implementation and cost of a particular remedial

alternative prior to its actual design and construction.

A pilot-scale study of the dredging and disposal of contaminated sediment is currently

being conducted to evaluate the effectiveness of three different dredges on removing

PCB and metal contaminated sediment, and the feasibility and effectiveness of disposing

of contaminated sediments in a confined disposal facility (CDF) and a confined aquatic

disposal (CAD) cell.

Bench- and pilot-scale tests of treatment technologies are being conducted to provide

performance data on treating New Bedford Harbor sediments. The treatment technologies

which are being tested are alkali metal dechlorination, biological treatment, solidification,

solvent extraction, liquified gas extraction and vitrification.

INTRQDUCTIQN

New Bedford Harbor is an urban tidal estuary located at the head of Buzzards Bay in

southeastern Massachusetts. The harbor is the home port of one of the largest commercial

fishing fleets in the United States. Industrial process wastes containing polychlorinated
biphenyls (PCBs) used in the manufacture of electronic components were discharged into
the harbor from the late 19405 to the late 19705. Field studies conducted over the last
decade show PCB concentrations in the marine sediments over a 4,000,000 m2 area (980
acres) to range from a few milligrams per kilogram to over 100,000 mg/kg. Water column
concentrations of PCBs have been found in excess of federal water quality criteria (30
parts per trillion) and fish/shellfish concentrations of PCBs have been found in excess of
ghe US. Food and Drug Administration guideline (2 mg/kg) for edible tissue. In addition to
_ CBs, heavy metals (notably cadmium, copper and lead) have been found in the sediments
in concentrations ranging from a few mg/kg to over 5,000 mg/kg. As a result of the
widespread contamination, New Bedford Ha boNational Priority List in 1982. r r was added to the USEPA Superfund
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A FS is currently being conducted for New Bedford Harbor under the USEPA
Superfund program. The goal of this study is to present the EPA with remedial
alternatives which address the cleanup of PCBs and metals in New Bedford Harbor. The
FS is being conducted in accordance with EPA CERCLA PS Guidelines (USEPA OSWER
1988), the National Contingency Plan, and the Superfund Amendments and Reauthorization
Act (SARA) of 1986.

 

Remedial technologies or response actions are the basic components of remedial
alternatives. Technologies are combined to form alternatives that provide a complete
solution to address the site problem and to achieve cleanup objectives. For example, a
remedial alternative might consist of the following response actions: removal of
contaminated sediment by dredging; destruction of the contaminants in the sediment by
incineration; and disposal of the treated residue in a land disposal facility.

The remedial alternatives are being evaluated, using three basic criteria:
effectiveness, implementation and cost. Effectiveness is being assessed by the degree of
permanence which the alternative achieves, compliance with federal and state regulations,
and short-term and long term risks to human health and the environment. Implementation
is being assessed on the technical, institutional and operational feasibility of installing,
monitoring and maintaining the remedial alternative. Cost estimates are based on direct
and indirect capital costs, and operation and maintenance expenses.

The size and complexity of the New Bedford Harbor Superfund site and the
commensurate potential costs of cleanup have necessitated the incorporation of bench
and pilot-scale studies into the F5 in order to better define the applicability and
anticipated performance of response actions that comprise the remedial alternatives being
considered for New Bedford Harbor.

ITE AND WA TE NDITI N AT NEW BEDF RD HARB R

The New Bedford Harbor FS is divided into three geographical study areas: the Hot
Spot, the Acushnet River Estuary, and the Lower Harbor and Upper Buzzards Bay
(Figure 1).

The Hot Spot is an area of approximately 4 acres, located along the western bank of
the Acushnet River, directly adjacent to the Aerovox Corporation facility. The water
bottom slopes gently from the shoreline towards the center of the river channel. Low tide
exposes much of the Hot Spot area as mudflats. Mean low water depths range from -l.6
to 2.2 feet ( 0.49 to 0.67 m). Sediment PCB concentrations in this area range from 4,000
ppm to over 100,000 ppm. Sediment-metals (cadmium, copper and lead) concentrations
range from below detection to approximately 4,000 ppm. Potential sediment volumes
requiring remediation range from 10,000 to 15,000 cubic yards (7,646 to 11,469 m3).

 
The Acushnet River Estuary is an area of approximately 200 acres (81 hectares -

excluding the Hot Spot), extending from the Wood Street Bridge on the north to the
Coggeshall Street Bridge on the south. Water depths in the estuary vary considerably,
ranging from 18 feet at the Coggeshall Street Bridge to 2 feet at the estuary head.
Sedlment-PCB concentrations in this area range from below detection to approximately
5,000 ppm. Sediment metals concentrations range from below detection to Over 7,000
Ppm. Potential sediment volumes requiring remediation (based on the final target level of
residual PCBs left in the estuary) range from 600,000 to 1,200,000 cubic yards (458,760 to
1 million m3).
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Physical characterization tests indicate that the sediments in the estuary (including

lower harbor at depths of 30 to 35 feet (9.1 to 10.7 m). Sediment-PCB concentrationsrange from below detection to over 100 ppm. Sediment metals concentrations range frombelow detection to approximately 3,000 ppm. For the purposes of remedial action, anadditional area, extending from the Hurricane Barrier south to the Butler Flats

sediment volumes requiring remediation (based on the final target level of residual PCBsleft in the Lower Harbor) range from 7,000 to 1,500,000 cubic yards (5,352 to 1.1 millionm3).

Physical characterization tests indicate that the sediments in the Lower Harbor andUpper Buzzards Bay are predominantly silty sands: 60 percent sands within the upperportion of the Lower Harbor, increasing to 90 percent sands in a seaward direction.

In summary, the remedial alternatives developed for New Bedford Harbor will have toaccommodate potentially large volumes of marine sediments located in varying waterdepths. Physical characteristics of the sediment range from fine grain silts and clays to
over 100,000 ppm, and the sediment metals (Cd, Cu and Pb) concentrations, located withthe PCBs, range from a few parts per million to over 7,000 ppm.

BENCH- AND PILOT SCALE STUDIES OF DREDGING AND DISPOSAL OPTIONS

Remedial alternatives currently being evaluated for New Bedford Harbor include theremoval and disposal of [untreated] contaminated sediment as well as the removal andtreatment of contaminated sediment, and the disposal of the treated residue. A detailedevaluation of these alternatives must consider not only the technical feasibility ofsediment removal and disposal (implementation), but the potential adverse impacts on theenvironment because of the release or migration of PCBs and metals during the removaloperations and from the disposal facility (effectiveness).

 

Information and data on sediment removal and disposal is being generated andanalyzed by the U.S. Army Corps of Engineers (USACE) as part of their EngineeringFeasibility Study (EF S) of Dredging and Dredged Material Disposal Alternatives for NewBedford Harbor. An overview of the EFS has been described by Averett and Francingues(1988). Bench-scale and laboratory-scale studies conducted for the EFS include:numerical modeling of sediment and contaminant transport during dredging; studies ofestuary sediment characterization, leachate and surface runoff from confined disposalfactlities (CDFs), subaqueous capping, solidification/stabilization technologies and settlingand chemical clarification; and conceptual designs of CDFs and confined aquatic disposal(CAD) areas. The results of the EFS are currently being published as a series of twelvetechnical reports (USACE).
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In addition to the bench and laboratory scale studies, the USACE is at present

conducting a pilot scale study of dredging and disposal of a small volume (approximately

10,000 cubic yards or 7,646 m3) of contaminated sediment. An overview of this pilot study

has been described by Otis and Averett (I988). The pilot study, located in a small cove in

the upper Acushnet River Estuary, has been designed to evaluate three dredges and two

disposal technologies. Contaminated sediments are being dredged, using a mudcat, a

cutterhead and a matchbox dredge. The sediments are being deposited in a shoreline CDF

and in a CAD, both located in the immediate vicinity of the dredging operation.

Concurrent with the USACE dredging operations, aquatic and air monitoring programs

are being conducted. These programs will provide data to evaluate the effectiveness of

the dredging and disposal operations and of the protection afforded marine resources and

public health. The aquatic monitoring is being conducted by the US EPA Environmental

Research Laboratory (Narragansett, Rhode Island). Air monitoring, as it relates to human

health, is being conducted by Ebasco Services. An overview of the monitoring program has

been described elsewhere (Phelps et a1. 1988).

The results of the pilot dredging study, which are expected to become available in the

spring of 1989, are an important part of the New Bedford Harbor FS and will be used to

determine:

0 The efficiency of the three dredges in removing PCB contaminated sediment

o The degree of sediment resuspension and contaminant release during

construction, dredging and disposal operations

0 The feasibility and effectiveness of contaminated sediment disposal in CDFs and

CADs

0 Actual cost data for dredging and disposal operations

BENCH AND PILOT SCALE STUDIES OF TREATMENT TECHNOLOGIES

Current Superfund legislation (SARA 1986) emphasizes a preference for remedial

alternatives that permanently and significantly reduce the mobility, toxicity or volume of

hazardous substances. EPA directives require the consideration of 'innovative' or

'alternative' (and often unproven) technologies, that could be implemented to provide

better, more effective treatment at lower cost than demonstrated technologies.

Technologies for treating hazardous wastes fall into four general categories: physical,

chemical, biological and thermal. A survey was conducted to compile all known tech-

nologies in each of the categories being used or being considered in treating hazardous

wastes. The survey resulted in a list of nearly 60 treatment technologies. Ten sediment

treatment technologies and four water treatment technologies were selected from this list

as being applicable for the site and waste specific characteristics of New Bedford Harbor

(Figure 2). Details of the identification, screening and evaluation process used to select

these treatment technologies have been reported elsewhere (Allen and Ikalainen, 1988;

EC. Jordan/Ebasco, 1987).

Demonstrated performance on a bench scale, pilot scale, or full scale was found to

be a key indicator of the level of development for the treatment technologies considered

for New Bedford Harbor. Of the ten sediment PCB treatment technologies, six have not

been demonstrated beyond the bench lpilot scale. The available performance data for

-42_

 



 

these technologies looked promising for New Bedford Harbor, even though the site andwaste specific conditions were often dramatically different from New Bedford. Based onthese results, one pilot scale and five bench-scale treatment tests were conducted toprovide performance data specifically for New Bedford Harbor sediments. A brief
description of these treatment technologies is given below. Technical reports summarizing the details and results of these tests will become available by the spring of 1989.

Solidification

A bench scale study of solidification/stabilization was conducted by the USACEWaterways Experiment Station as part of their EFS. Composite sediment samples
containing PCBs and metals were processed using three solidification/stabilization
technologies: Portland cement, Portland cement with Firmex proprietary additive and
Silicate Technology Corporation proprietary additive. The treated sediments were
subjected to physical strength and chemical leach tests to evaluate the effectiveness of
solidification/stabilization.

Solvent Extraction

The Resource Conservation Company (RCC, Bellevue, Washington) conducted a
bench-scale study of their B.E.S.T. solvent extraction process on a sample of New BedfordHarbor sediment. The B.E.S.T. process employs the inverse miscibility property of the
solvent triethylamine (TEA) to separate PCB contaminated sediments into PCB/oil, water
and solids fractions. Sediments containing PCBs are mixed with TEA at a temperature of
about 40° F (5°C). At this temperature, the TEA freely mixes with the water and the
PCB/oil fraction of the sediment matrix. After a'suitable reaction period, the PCB free
solids are removed from the reaction mixture by centrifugation. The remaining liquid
containing water, TEA and PCB/oil is then heated to 150° F (66°C). At this elevated
temperature, the water separates from the TEA/PCB/oil fraction. The TEA solvent is
recovered from the PCB/oil fraction and reused. The PCB/oil fraction is disposed of,
usually by incineration. The B.E.S.T. process was the only treatment technology tested in
the New Bedford Harbor program, which has been developed beyond pilot scale. In 1984,
RCC successfully used a 100 ton per day (90.7 tonnes) extraction unit to remediate a
Georgia Superfund site. Similar field operations are currently underway.

Alkali Metal Dechlorination

Galson Research Corporation (East Syracuse, New York) conducted a bench scale
study of their KPEG process. In the KPEG process, a potassium hydroxide/polyethylene
glycol (KPEG) reagent is mixed with PCB contaminated sediments to form a slurry. The
mixture is heated, causing the dechlorination of PCBs to biphenyl ether. The biphenyl
ether end product is not acutely toxic, does not bioaccumulate and is not mutagenic.

Vitrification

 

Battelle Pacific Northwest Laboratories (Richland, Washington) conducted a bench
scale test of the vitrification of New Bedford Harbor sediments. In the vitrification
process, an electric current is applied to molybdenum electrodes inserted in PCB-
contaminated sediment. A temperature in excess of 3600°F (2000°C) destroys the
organics (PCBs) and encapsulates the metals in a glass like solid matrix.
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FIGURE 2
TREATMENT TECHNOLOGIES RETAINED FOR DETAILED EVALUATION
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Biological Treatment

Radian Corporation (Milwaukee, Wisconsin) conducted a bench scale study of advanced biological treatment of New Bedford Harbor sediments containing PCBs. In their study,

testing was conducted to determine if any observed net loss was due to microbialmetabolism.

Liduified Gas Extraction

In July 1988, the EPA Superfund Innovative Technology Evaluation (SITE) programselected New Bedford Harbor as the demonstration site for a pilot-scale test of CFSystem's (Waltham, Massachusetts) liquified gas extraction process. CF Systems usespropane, which is heated and compressed to a liquid state. The combined properties of gasdiffusivity and liquid solvency allow the liquified propane to mix readily with PCB-contaminated sediment, dissolving and extracting the PCBs.

The results of the bench and pilot-scale treatment tests will be used to determine:

0 The effectiveness of the treatment technologies in treating PCB andmetal contaminated sediment from New Bedford Harbor

0 Potential material handling problems and process rate limiting features thatmight develop during scale up of the treatment process

0 Refined cost estimates for treating New Bedford Harbor sediments

INCORPORATING BENCH lPILOT SCALE STUDIES INTO THE NEW BEDFORDHARBQR F§

Feasibility studies for hazardous waste remediation have historically been conceptualin content. Although Superfund legislation and USEPA guidelines have established aprescribed format for developing and evaluating remedial alternatives, it has only beenrecently that F55 have included supporting bench-lpilot scale studies to provide informa-tion to reduce the uncertainties inherent in evaluating the effectiveness, implementationand cost of a particular remedial alternative prior to the actual design and construction.Site and waste specific characteristics unique to every hazardous waste site make itdifficult to assess the applicability and anticipated performance of remedial alternativesor component response actions that have been considered for and/or applied to other sites.

EPA CERCLA guidelines for conducting feasibility studies now provide a template fordetermining what information and data are necessary to evaluate thoroughly the.effectiveness, implementation and cost of an alternative. Effectiveness evaluationsshould consider factors such as:

o Permanence of the remedy selected

0 Time until beneficial effects of the remedy are achieved

0 Nature and duration of adverse environmental impacts
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o Magnitude of residual risk to humans and environmental biota

Implementation evaluations should consider technical factors such as:

0 Technical difficulties and unknowns in applying a new and innovative technology

or a known technology under new conditions

0 Extent that new and innovative technologies are proven in full scale operation

0 Technology capabilities in meeting specified operation rates and performance

standards. Materials handling and the time likely to be required to solve

operational problems also needs to be considered

0 Availability of treatment, storage capacity, and disposal services

0 Availability of equipment and experienced operators

Administrative factors, such as permitting and regulatory agency coordination time, and

institutional factors, such as community acceptance also need to be considered in

evaluating implementation.

Costs estimated for a remedial alternative should include:

0 Direct capital costs for construction, equipment, buildings and services, and

disposal costs

0 Indirect capital costs for engineering, start-up and Shakedown, and contingency

allowances

0 Operation and maintenance expenses during site remediation and monitoring

expenses after site remediation

Cost estimates developed for Superfund feasibility studies are expected to provide an

accuracy of +50 percent to 30 percent.

The bench and pilot scale studies that have been conducted for the New Bedford

Harbor FS will provide a wealth of information and data which will specifically address the

remedial alternative evaluation factors discussed previously. This process will result in a

much higher degree of confidence that the remedial alternative(s) ultimately selected as

the site remedy by the EPA can be implemented and will be cost effective.

Detailed evaluation of the remedial alternatives for New Bedford Harbor will be

completed in the spring of 1989. Public review and comment on the New Bedford Harbor

FS occurred during the summer of 1989. A Record of Decision (ROD) was scheduled for

the fall of 1989.

The approach used for the New Bedford Harbor FS will yield an extensive information

database, which will prove invaluable in developing remedial plans for sites with similar

site and waste characteristics.
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ASSESSING THE ENVIRONMENTAL IMPACTS FROM CONTAMINATEDSEDIMENTS IN THE NETHERLANDS

by

J.M. Marquenie
RWS DGW, NL 2500 EX The Hague

ABSTRACT

The Netherlands are situated at the out ow of the rivers Rhine, Meuse and Scheldt.Due to increased industrialization and agricultural activity in western Europe, these riversbecame the main sources of contaminants in the North Sea. Since many contaminantseasily adsorb to suspended particulates, areas with high deposition rates eventuallybecome contaminated. Generally, theseareas are divided into three groups: open seadepressions, such as the German Bight; tidal flats, such as the Wadden Sea and WesternScheldt and harbours, such as the area around Rotterdam Harbor. All these areas areknown to be contaminated. In several areas, adverse effects, such as the depletion ofoxygen, fish diseases and reduced reproduction of seals have occurred. At a recentministerial conference (London 1987), it was decided that reduction of the contaminationin the North Sea should be pursued as far as possible. As a result, the disposal of contaminated sediments will be reduced. This paper will focus on Rotterdam, which dredges 20million cubic meters annually.

Since 1985, the most contaminated portion of these sediments (50%) is stored in aconfined disposal site in the North Sea (Slufter). The costs of maintaining this site arehigh and its capacity is limited to 15 years. The rest, which originated from densityundercurrents in the sea, is returned and disposed of three miles offshore. The silt frac-tion of this material is still contaminated and washed away in a northerly direction.

Present research activities are aimed at achieving three goals:

0 To assess the mechanisms and routes of sediment transport.

It will be shown that density undercurrents concentrate the silt in the coastalzone, forming a pathway to the productive Wadden Sea. Moreover, contamina
tion of sediments from this area reflects that of the River Rhine.

0 To assess alternative disposal grounds.

 
The use of North Sea transport models has shown that disposal 80 miles offshore
is likely to prevent contaminated silt from entering the Wadden Sea. However,
this procedure may yield adverse effects elsewhere and the costs of transport do
not permit building a new disposal site. '

0 To assess the effects of contaminated sediments on organisms.

 

Historical studies have revealed strong shifts in species composition in the last
fifty years. Cases in which disposal of dredged material .may_ have contributed a.
to these shifts will be discussed, based on experiments w1th tidal flat mesocosms. 1.,

It will be shown that eutrophication and the presence of organic contaminants
are principal factors in the disturbance of ecosystems.
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INT RODUQTIQN

The Netherlands enclose the delta of several European rivers. In the south, the river

Scheldt discharges through the Western Scheldt Estuary into the North Sea; about 80 km

north, the rivers Rhine and Meuse discharge through the Haringvliet Basin and directly

through the port of Rotterdam. The river IJssel, branching from the Rhine, flows into

Lake IJssel, its waters finally entering the Wadden Sea through discharge sluice gates. In

the northeast, the river Ems discharges into the Ems-Dollart Estuary.

Clearly, free waterways for shipping are of prime economic importance. However,

open canals also form the central network to regulate water distribution in a country with

over 50% of its area below average sea level. Moreover, because this country is situated

downstream of many heavily industrialized and populated areas in western Europe, it has

become the depositional area for any upstream emissions.

Apart from inland dredging, annual dredging in estuaries and offshore yields over 65

million cubic meters. The main dredging activities are concentrated on the Rotterdam

harbours (60%), Western Scheldt and Ems-Dollart (15% each). Since undercurrents induced

by salinity differences prevail in Western Scheldt and EMS-Dollart estuaries,

environmental disturbances induced by dredging are mainly of local importance. Most of

the sediments are dredged to insure a free shipping route to and from Rotterdam and

disposed of at sea which may have a much wider impact.

Dredging activities in Rotterdam are rather complicated. A North Sea trench is

maintained through the offshore displacement of roughly 20 million cubic meters of

marine sediments. About half of this amount has to be dredged from the interconnecting

waterway and disposed of three km offshore, while another 10 million cubic meters is

dredged further upstream and from the harbours, and is disposed of in a 200 X 105m3

confined disposal site, built into the North Sea (Slufterdam). -

ENVIR NMENTAL IMPA T

Only the fraction of sediments actively transported and disposed of at 3 km offshore

is regarded of environmental significance in this context. Most of this sediment originates

from the North Sea, transported inland through density undercurrents. The contribution of

contaminated riverine sediments in the disposed dredgings is estimated at 10%. Once

disposed of in the high energy North Sea environment, the fine fraction is lost, while the

coarse fraction remains on the dumpsite.

The main current along the Dutch coast runs in a northerly direction. Because of the

incomplete mixing of discharged river waters in a region dominated by south west winds,

strong density undercurrents perpendicular to the coastline have been determined to

exist. As a result, the silt fraction is trapped in a narrow coastal zone and moves into the

Wadden Sea. This silt can be regarded as the bulk carrier for several contaminants.

In a recent evaluation of the natural value of Dutch coastal waters, dramatic

contaminant induced changes in ecological communities were observed. They included the

effects of strongly increased nutrients (N and P), polyaromatic hydrocarbons (PAHs) and

organotins (TBTO). These effects might be regarded as globally important and are,

therefore, discussed in further detail.

-50..



  

Several effects were noticed in the group fed on contaminated mussels: The number of

eggs per female was reduced by 30%, and the size of the eggs was somewhat reduced

(Table 1). Moreover, in 1984, embryo mortality was observed and finally, in both

reproductive years, breeding behaviour was completely impaired.

TABLE 1

AVERAGES OF BIRD AND ORGAN WEIGHTS, INCLUDING REPRODUCTION

PARAMETERS. THE STANDARD DEVIATION IS SHOWN

IN PARENTHESIS

  

LAKE MARKEN HARINGVLIET

Body Weight (g) 582 (33) 547 (38)

Liver Weight (g) 13.5 (0.6) 12.7 (0.5)

Kidney Weight (g) 4.7 (0.5) 3.6 (0.4)

Egg Length (ea) 60.1 (0.8) 57.5 (0.7)

Egg Weight (g) 50.1 (2.3) 47.0 (2.4)

Clutch Size 8.7 (0.6) 6.0 (0.8)

 

Reduction in egg production was also reported for pheasants (Dahlgren et al. 1972):

loss of next attentiveness for doves (Peakall and Peakall, 1973), both in relation to the

dose of PCBs. Moreover, large numbers of seal puppies are yearly found to be deserted in

the Wadden Sea. The ducks and their eggs from this feeding experiment also showed

increased concentrations of PCBs (Table 2).

Although lower chlorinated PCBs were clearly discernible in the mussels, they were

not detected in birds or eggs (Renzoni et a1. 1986). In addition, an active musselwatch

program was conducted in the spring of 1985 in a confined disposal site for dredged

materials in the United States. The mussel, Eliptio dilatata, was used to assess the

bioavailability of PCBs. It showed the presence of lower chlorinated PCBs in

concentrations comparable to the mussels from the Haringvliet, but much lower

concentrations of the more highly chlorinated PCBs (Marquenie et a1. 1986). Young ducks,

Anas carolinensis, that had hatched at the Haringvliet site were collected prior to fledging

and analyzed. They also showed the absence of lower chlorinated PCBs and for PCB 153

concentrations comparable to those in the ducks fed on mussels from Lark Marken.

Since bird life is closely watched at the Haringvliet site and there are no indications

of reproductive disturbances, it is concluded that the observed impairment is due to the

presence of higher chlorinated PCBs. A more detailed paper on this case study is in

preparation (Marquenie and Kay, unpublished).

The same conclusion can be drawn from another feeding study, using harbour seals and

fish (Reijnders 1987). Two groups of seals were fed for two years on fish with different

degrees of PCB contamination. One group (the control) received fish from the Atlantic

(daily intake 0.22 mg PCB) and the other, fish from the Wadden Sea (daily intake 1.5 mg

PCB). As in the duck feeding experiment, feeding on contaminated food resulted in

reproductive impairment. In another experiment, the group that was fed on contaminated

fish was was then fed on fish from the Atlantic for two more years. Results from this

work showed that reproductive capacity slowly recovered (Table 3).
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TABLE 2

CONCENTRATIONS OF CONTAMINANTS (pg-g 1 ash free dry weight) 1N LIVERS AND EGGS OF DUCKS FED ON MUSSELS
FROM TWO SOURCES. THE STANDARD DEVIATION IS IN PARENTHESIS

 

LAKE MARKEN HARINGVLIET
CONTAMINANT MUSSELS LIVERS (1985) MUSSELS LIVERS (1985) EGGS (1984) EGGS (1985)

 

Cadmium 0.75 (0.18) 1.8 1.90 (0.37) <0.025 <0.030
Copper 80 (23) 20 210 (30) 3.15 (0.35) 3.43 (2.28)Mercury 0.30 (0.05) 0.28 0.46 (0.07) 0.172 (0.002) 0.115 (0.038)Zinc 170 (31) 220 230 (12) 66.5 (0.7) 89.3 (1.7)I PCB 138 0.056 (0.004) 0.09 (0.02) 0.405 (0.028) 0.47 (0.11) 1.31 (0.27) 1.00 (0.03)U1 PCB 153 0.039 (0.012) 0.09 (0.03) 0.544 (0.044) 0.52 (0.15) 2.33 (0.33) 2.15 (0.14)w PCB 180 0.015 (0.002) 0.04 (0.01) 0.193 (0.019) 0.16 (0.02) 0.45 (0.05) 0.46 (0.05). Total PCB 0.22 0.47 2.28 2.29 8.18 7.20op DDE <0.001 <0.010 0.239 (0.011) 0.10 (0.04) 0.65 (0.16) 0.43 (0.08)pp DDE 0.012 (0.005) <0.012 0.077 (0.082) 0.075 (0.028) 0.49 (0.13) 0.36 (0.01)HCB 0.030 (0.009) 0.185 (0.117) 0.120 (0.008) 0.62 (0.24) 0.50 (0.20) 0.074 (0.047)

 

n

Metals
Organics

   



  

TABLE 3

FEEDING STUDY WITH 12 FEMALE HARBOUR SEALS (AFTER REIJNDERS 1987)

 

ATLANTIC WADDEN SEA TRANSFERRED TO ATLANTIC

 

82/84 82/84 84/85 85/86

Number ovulating 12 12 12 12

Number pregnant 10 4 6 8

 

As with birds, mainly higher chlorinated PCBs were found in the seals' blood (Boon

et al. 1987). Therefore, it can be assumed that the slow recovery (more than two years) of

reproduction is caused by the release of PCBs from fat deposits within the seal. However,

since lower chlorinated PCBs were absent from the blood during accumulation, the

observed effects are likely due to the presence of higher chlorinated, non-

metabolizable PCBs.

METABOLIZATION AND TOXICITY

 

Many lower chlorinated PCBs were absent in blood samples from the seals in 1984, a

finding in contrast with the fish patterns.

The investigators (Boon and Eijqenraam, 1988) concluded that the presence of vicinal

H-atoms in both meta and para positions is essential for metabolization. Also, congeners

with these H-atoms in ortho and meta positions were metabolized, provided that no more

than one ortho chlorine was present. Their studies further indicated the absence of

PCB metabolic activity in bivalves (Magoma balthica).

In addition to bacteria, other groups of organisms seem capable of metabolizing these

PCB congeners. In 1984, Fries and Lee (Fries and Lee, 1984) reported a clear increase in

mixed function oxydase (MFO) activity in polychaetes (Nereis virens) exposed to PCB

contaminated food. Since then, increasing evidence has become available for the

interaction between specific PCBs and MFO induction. Only one year later, Aularich and

co workers (Aulerich et a1. 1985) reported a study of the toxicodynamics of three

symmetrical hexachlorobiphenyls (PCBs 136, 153 and 169) and Aroclor 1254 in mink. The

coplanar PCB, PCB 169, killed 50% of the mink during a three month exposure to a (wet)

diet containing 0.1 ppm and no kits were welped. Exposure to a 2.5 ppm diet of Aroclor

1254 resulted in no mortality and only a single kit. Other congeners at concentrations up

to 5 ppm showed no effect based on these parameters. However, all treatments showed

effects based on the other parameters that were assessed, including MFO. The extreme

potential for toxicity of coplanar PCBs was most convincingly assessed by Tanabe et a1.

1987. They compared the in vitro induction of two microsomal enzymes-aryl hydrocarbon

hydroxylase (AHH) and ethoxyresorufin D deathylase (EROD), by coplanar PCBs, dioxins

and dibenzofurans, using concentrations encountered in humans. The results indicate that

coplanar PCBs, especially PCB 126, but also PCB 77 and PCB 169, pose a greater threat

to humans and wildlife than do dioxins. Further work compared the relative activity of

PCB-metabolizing enzymes in different mammals and birds (Tanabe et a1. 1988). In

conclusion, several species, such as small whales and mink, are at high risk because of

their low enzyme activity and consequent increased body burden.
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THE LOWER END OF FOOD CHAINS

Environmental hazards at the base of food chains have never been reported in relationto PCB contamination. At the same time, laboratory studies have shown PCBs to be toxicor to impair reproduction at all trophic levels. Maki and Johnson (1975) reported reduced ,reproduction in dephnids. In experiments with contaminated dredged material, thelugwormW marina) strongly accumulated PCBs and produced fewer eggs per unitweight of worm' than a control population (Bomer and Marquenie, 1988). Theseexperiments also showed a clear seasonal trend in accumulated PCBs, related to thereproductive cycle. A selection of congeners is shown in Figure l.

The large increase of PCB body burden in September coincides with the ripening of
eggs. Of strong interest is the simultaneous shift in the ratio metabolizable/non
metabolizable congeners. It is speculated that this shift is caused by reduced MFO
activity during reproduction.

The potential significance of this finding is threefold: first of all the exposure ofpredators varies with the season; maximum body burden occurs during the sensitive
reproductive period (decreased metabolization) and comparison of data can be hamperedamong species or among years (monitoring). It is, therefore, stressed that seasonal
variations in the accumulation of contaminants be closely investigated before routine
monitoring programs are started.

Also, at the terrestrial basis of food chains, PCB accumulation was observed.
Earthworms exposed to contaminated dredged material readily accumulated them
(Marquenie et al. 1987). From the reported data no clear indications were found for
metabolization. Moreover, the concentrations in earthworms were comparable to those in
mussels. These concentrations caused impaired reproduction in ducks. Since mammals in
general are far more sensitive than other animals, soil contamination may well pose
problems for those mammals with a limited range such as shrews and voles.

INTEGRATION OF BIOLOGICAL EFFECT STUDIES

Considerable literature has been produced during the last two decades on PCBs - their
concentrations in organisms and their toxicity. PCBs show an impact on enzymatic and
hormonal processes or immunosuppression at the lowest concentrations detectable.
However, at certain concentrations they appear to have no effect on population
parameters.

Certain mammals and birds, which share a complex enzym steroid hormone system,
are reported as extremely sensitive. This sensitivity is apparently due to a combination of
factors. The intake of fat foods exposes them to high doses of PCBs, while enhanced
metabolization of internal fat deposits in the reproductive phase may well mobilize vast
amounts of these PCBs. An additional PCB increase in this phase is caused by the
simultaneously reduced MFO activity, allowing metabolizable congeners to rise. Species
with naturally low MFO activity, or those lacking specific enzymes are the first to be
affected. Moreover, in many handbooks on ecology, populations of such species are shown
to depend strongly on the number of youngs produced. Organisms at the basis of food
chains, such as polychaetes and daphnids, may be equally affected in their reproductive
output. However, these organisms follow a quite different strategy (r-strategists).
Population size does not depend as much on reproductive output as on food, space and
Predation. Adverse effects are, therefore, unlikely to become apparent at this trophic
level. Seasonal variations in MFO activity and fat content along with wide differences
among species in absolute value, all of them following their own phasic rhythm, Will place
strong demands on the ability to compare PCB patterns effectively among speCies.
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FIGURE 1 SEASONAL VARIATION OF SELECTED PCB CONGENERS IN THE LUGNORM.
MAM. CONCENTRATIONS IN pQO l

    

A.



 

Furthermore, food chains represent complex networks throughout the ecosystem.Predators and prey may migrate, transporting contaminants over vast distances.Predators may shift prey during a season. In a hypothetical worst case scenario,polychaetes in their reproductive phase are heavily preyed upon by ripening fish, which inturn are preyed upon by seals at the onset of their own reproduction. Therefore, aprediction based on seals eating immature fish that in turn have fed on shrimp or bivalvesmay underestimate the problem. All these factors complicate environmental hazardassessments. One simplification, however, is to select common organisms or life stageswith low MFO activity, at the base of food chains. Examples of such organisms includemussels, which are widely used in monitoring, or earthworms, which are used in bioassays.Another simplification is to use these organisms as indicators for bioavailable PCBs. Thisprocess may also improve analytical comparability since the matrices will be comparable.The final simplification is to use certain congeners to set critical levels.

Although the effects of "congener added toxicity" certainly should not be under-estimated, the strongest evidence for detrimental effects is available for non-metabolizable, MFG inducing congeners, of which the coplanar ones are the most toxic. Moreover,because they are resistant to degradation, they pose a long-term, global hazard ofincreasing magnitude. To set criteria for these congeners is desirable but not realistic,since analyses are not routinely conducted for them. The significant relation observedbetween the concentrations of coplanar PCBs and "total PCB" in mammals (Tanabe et al.1988) justifies the choice of other relatively stable congeners.

To assist those involved in the evaluation of data from musselwatch programs,
bioassays, or related activities, critical concentrations of PCB congeners in mussels arepresented in Table 4. The concentrations were derived from the duck feeding study andfrom mussels collected in the Dutch Wadden Sea. An estimate had to be made for a noeffect level in seals, based on the concentration differences in the blood of seals from
both test groups.

TABLE 4

CONCENTRATIONS OF ROUTINELY ASSESSED HIGHER CHLORINATED
PCB CONGENERSIN MUSSELS (tthg 1 ash-free dry weight)

WHICH CAN BE RELATED TO
IMPAIRMENT OF REPRODUCTION IN A DIRECT PREDATOR (B) AND

IN A FISH CONSUMING FOOD CHAIN (A)

 

NORMAL REPRODUCTION REPRODUCTION IMPAIRED
A B A B

PCB CONGENER (ESTIMATE)

 

PCB 138 0.020 0.054 0.092 0.41
PCB 153 0.015 0.039 0.071 0.54
PCB 180 0.005 0.015 0.024 0.19

 

Surprisingly, if these independant (A and B) effect scales are compared, taking into
account that fish, on the average, contain about three times as muchfat as mussels, the
data become highly comparable. This comparison might further credit their value.
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DUMPING CRITERIA

Marquenie and Bowmer (1986) studied the bioaccumulation of contaminants in the

lugworm Aranicola marina. The sediments were supplied by the Rotterdam harbour

authorities and were dredged from two harbour entrances, Waalhaven and Botlek. Over

90% of the sediments from Waalhaven originate from the River Rhine (Class 3), while the

lesser contaminated sediments from Botlek are a 50/50 mixture with marine sediments

(Class 2). The sediments (10 m3 each, 40 60% dry matter) were suspended in seawater,

using a cement mixer to achieve 22% dry matter and seived over a 2 mm screen before

hydrocyclonage. The hydrocyclone, a small model 0.5 m height with variable apex

diameter and developed for experimental use, had a capacity of 7 m3 hr . The original

sediment and the coarse fraction were directly fed into the bioassay tanks; the fines were

first trapped in a reservoir and distributed after initial settlement. Tanks were set up in

duplicate; one series was used for bioturbation. In the second experiment, one series was

used for bioturbation. In that same experiment, the sediments from one pair of tanks

(Waalhaven coarse) was replaced by sediments from the Wadden Sea. In addition,

sediments from one series of tanks were fully resuspended three times and after

settlement the water was renewed (washing).

 

The bioassay tanks used were round and made of polyester (diameter 2 m, height 0.8

mL). Each tank was supplied with l m of substrate and 1.5 m3 of natural, but filtered

seawater, continuously supplied at an exchange rate of 2% hr . After consolidation of

the fines had slowed down (two weeks), organisms were exposed for 60 days at natural

densities. In each use duplicate tanks were used and 140 Hytilus edulis, 75 Macuaa

belthiga and 90 Arenigula marina were exposed in a single series to study the effect of

bioturbation. After collection, A. marina was allowed to depurate for 24 hours.

 

The effectiveness of hydrocyclone treatment is obvious. On a dry weight basis,

contaminant concentrations in the sandy fraction are only 30%, compared with the "bulk"

sediment. However, as might be expected on the basis of organic content the

concentrations remained the same (Table 5). The use of hydrocyclones can be beneficial in

reducing the load and dispersal of silt and associated contaminants disposed of in open

water environments, or in reducing the volume of material to be placed in confined

disposal sites, depending on the sand/silt ratio of the dredged material. However,

hydrocyclones are not effective in reducing bioaccumulation (Table 6).

TABLE 5

CONCENTRATIONS (dry weight) OF SELECTED CONTAMINANTS IN BOTLEK

SEDIMENTS AND ITS TWO FRACTIONS. CONCENTRATIONS IN SEDIMENTS
FROM WAALHAVEN ARE ABOUT THREE TIMES HIGHER
(Hg and organic contaminants), THE SAND FRACTION IS

1/3 LOWER. CONCENTRATIONS BASED ON ORGANIC MATTER
ARE GIVEN IN PARENTHESIS.

  

Cd Hg PCBSZ PCBl55 BaP
mg/kg mg/kg ug/kg ug/kg ug/kg

Fine. 1 (71) 2.30 (14) 59.8 (360) (280) 705 (4200)
Original (38) 1.70 (13) 37.9 (230) (210) 585 (4300)

(190) 175 (2600)
(240) 35 (1400)
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SEASONAL VARIATION OF PCB 153 (pg-g 1 ash-free dry weight) INA. marina EXPOSED TO DIFFERENT SEDIMENTS

  

FEB. MAY JUNE AUG. SEPT. OCT. DEC.

 

j. t

y.
3.

21.!»

5.}
.Fine 0.17 0.99 0.47 0.17Original 0.41 0.70 0.31 0.17Coarse 0.20 0.67 0.43 0.24Wadden Sea

0.29 0.28

 

Concentrations of PCBs and PAHs strongly increased above background levels in A.marina. In addition, PCBs increased far above concentrations harmful for top predators.As indicated in the previous section, they show a clear variation with the reproductivecycle. However, hardly any differences were found in concentrations related to treatment(hydrocyclonage, Table 6; bioturbation, or washing). A comparison of the concentrationsof organic contaminants in exposed organisms with those concentrations in the differentsubstrates shows that biouptake is affected by the presence of the organic matter in thesubstrate. This conclusion is in agreement with results from other studies (Rubinstein etal. 1983; Langston 1982).

  

f

It may be concluded that the final concentration in the organism is a function oftissue composition (fat, glycogen, etc.) and the organism's ability to metabolize specificcompounds.
, 1'};

As a consequence, the criteria for PCB contaminated sediments should be formulatedas concentrations based on organic .matter. Concentrations based on dry weight are 15;worthless from any point of view.

 

A VIEW TO THE FUTURE: EXTINCTION OF ALL FISH-EATING MAMMALS {it

Polychlorinated biphenyls is the name for an assembly of 209 theoretical congeners.Their production started in 1929 and they have become widely used in several technical mymixtures since the early fifties. Due to the severe environmental effects which they havecaused, restrictive legislation was introduced in the mid seventies. However, point sourcedischarges still exist and the reproduction of top predators continues to be affected overlarge geographic areas. Moreover, despite severe warnings, PCBs are still being producedand used. An estimate of the world's production is shown in Table 7.

 

Roughly l/3 of this production "disappeared" in the environment: PCBs were spilledin accidents, they leaked or were used in so-called "open systems" such as paints and
plastics. Provided that the other 2/3 are secure, the above information can be used for aglobal risk assessment.

It was shown that fish-eating mammals are at great risk. From studies in the .
Netherlands, it was concluded that only 35% of the female seals became pregnant With a
PCB bOdy burden of 700 ug-g 1 of fat. In a study of a population from much further north
reproduction seemed normal (85% pregnant females) at a concentration of 70 ugfgj'l fat.
H°W§Ven at this level California sea lions were giving birth prematurely. In addition,
warnings were given for dolphins, which are extremely sensitive due to their low MFOactivity.

 



 

TABLE 7

WORLD PRODUCTION OF PCBs IN kg

  

PERIOD AMOUNT PRODUCED

1929 1960 0.75 X 109

1960 1970 0.35 X 109

1970 1980 0.28 X 109

1980-1990 0.15 X 109 (1)

TOTAL 1.53 X 109

 

(1)Estimated from decline in production
l980(-l984) 16.5 X 106 kg-yr 1
l984( l990) 10.0 X 106 kg-yr 1

The application of a normal safety factor of 10 to reported no effect concentrations

yields a "safe" level of around 7 pg-g 1 of fat. According to two recent papers (Thomas

and Robinson, 1988; de Kock and Lord, 1988), this level has now been reached by seals

from Baffin Island and penguins from Antarctica. Since the first environmental effects of

PCBs were noticed in the early sixties, the global rise in PCBs is estimated at 35 ug-g 1

of fat, per century. As a result, no effect levels in seals may be reached in 200 years and

in dolphins within the next century throughout the world.

Since studies have shown that organic matter is the key factor determining the

bioavailability of PCBs, global budgets should be calculated on an organic matter basis. If

we assume an average of 0.1 g organic carbon per m3 of water, this yields an estimate of

1.37 x 101 kg organic carbon for all marine waters. If we assume an average sediment

mixing zone of 10 cm, with 10 organic carbon content for the top 1 cm and 0.1% for the

next 9 cm, and a density 1550 kg-m3, this yields an estimate for global sediment organic
carbon of 1.12 X 101 kg. The present levels in polar organisms may be related to the
concentrations of organic carbon in their environment (10 ugog'l). Based on these

calculations, at least 0.2% of the world production has reached the oceans. However, at

present 30% of that amount can no longer be accounted for. Therefore, the potential

exists for marine mammals worldwide to reach levels far above 1000 pug-g"1 of fat if they
survxve.
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AB§TRAQT

In the Netherlands pollution of aquatic sediments is a high priority problem. The

disposal of dredged material is complicated by sediment pollution, which presents a

potential long term threat to aquatic life. The main problems are concentrated in the

sedimentation zones of the rivers Rhine, Meuse and Scheldt, but local point sources and

diffuse sources also cause sediment contamination in regional waters.

Apart from the studies on processes in water systems, top priority is given to the

national policy and research into reducing pollution sources. Furthermore, an important

part of the research is focussed on treatment methods for the reduction and disposal of

the enormous quantities of contaminated sediments, which have to be dredged annually for

navigational purposes. Some methods are currently available, but high costs, lack of

disposal sites and a low acceptance level of certain solutions by society demand additional

research to tackle these problems.

Treatment means processing the contaminated sediment to minimize the contamina

tion content in order to make reuse possible, and/or to minimize the volume of the

material that has to be disposed of.

Investigation into the treatment of contaminated sediments started in 1983, with the

development of an inventory of techniques to achieve the aim. At present, the

investigation programs involve testing and upscaling selected techniques. Some of the

techniques have full scale application.

Experimental research into the techniques has resulted in the development of a

scheme for the processing of contaminated sediment. The process consists of two stages:

hydrocyclone separation followed by dewatering or decontamination of the slime (fine

particles and organic matter).

First, the sediment is subjected to hydrocyclone classification. Hydrocyclones

separate the sediment in an underflow consisting mainly of sand and an overflow consisting

of slime. It is known that, compared with the coarse sand fraction, contaminant

concentrations are high in fine and organic materials. Hence, the hydrocyclone separation

divides the sediment into a relatively "clean" part (sand) and a part in which contamination

is concentrated (slime).

Dewatering of the contaminated slime fraction results in a volume reduction of the

material to be disposed of. Dewatering of sludges is often applied in environmental

technology.

Known techniques are: sedimentation, centrifugation, belt press filtration and

press-filter filtration.
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In order to reach a high volume reduction, a mechanical dewatering technique is oftenused. Large mechanical dewatering equipment has a maximum capacity of about 50[11301], 50 integration of slime dewatering in the dredging operation (50-200 m ah) cancause a capacity problem. Multiplying the number of dewatering apparatus is not feasiblebecause of high costs and the space required by such equipment.

Decontamination means a separation of the contaminant from the sediment particles.There is no universal method to treat all possible contaminants. The techniques that maybe applied are divided into techniques for removing heavy metals, and techniques forremoving organic contaminants.

Heavy metal removal from soils and sediments can be achieved by the application ofseveral techniques: leaching by acid, leaching by complexing agents, biological leachingby Thiobacillus, 599. and an electrochemical method.

The results strongly depend on the pollutant involved (e.g. leaching of cadmium andzinc is very successful, whereas the results for mercury are minor).

Techniques for the removal of organic contaminants can be divided into concentrationand destruction techniques.

 

Concentration techniques Destruction techniques

solvent extraction incineration
flotation biodegradation
steam stripping hydrolysis
washing

As an example of an organic contaminant, Polynuclear Aromatic Hydrocarbons (PAHs)are chosen. Techniques investigated so far are solvent extraction, washing and
biodegradation.

INTRODUCTION

In the Netherlands pollution of aquatic sediments is a high priority problem. Thedisposal of dredged material is complicated as sediment pollution presents a potentiallong term threat to aquatic life. The main problems areas are the sedimentation zones ofthe rivers Rhine, Meuse and Scheldt; local point sources and diffuse sources, however,have also caused sediment contamination in regional waters.

This paper will pay attention to Dutch research into this problem and particularly toresearch into remediation technology.

RESEARCH INTO CONTAMINATED SEDIMENTS

In the sixties we were confronted with the pollution of rivers and other watercourses
by heavy metals and organic micropollutants. It was not realized at the time that not only
the water, but also the sediment was polluted. In the Rotterdam area, in the seventies,
People became aware that the dredged material was polluted in such a way that dispersmn
of the sediment into the environment was not acceptable. We now know that 100 million
13 of sediment is contaminated, 5 to 10 million of which is heavily contaminated. This
new environmental problem demands a national, probably even an international, policy.
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Our former minister of the Environment, Mr. Winsemius, described the development

of an environmental policy with the policy lifecycle (Figure 1). Starting with the

identification of the problem, the consecutive phases are:

identification

policy formulation
- solution

management

Identification includes a survey of polluted sediments and their environmental

effects. Policy formulation requires knowledge of the origin of the pollution and involves

the setting of standards which define the composition of nonpolluted aquatic soils and the

acceptable contaminant levels for different sites. Providing a solution means the

technological abatement of pollution sources and sediment restoration.

In the management phase, pollution control has been achieved and the preceding

phases have been optimized.

Research is needed in each phase of the policy lifecycle. Figure 1 illustrates the

research effort in the various stages. During the identification and the policy formulation,

this effort increases to a maximum at the end of the policy formulation phase. In the

management phase, the research effort level is constant.

Not only the research effort, but also the type of research differs from one phase to

the other. Surveying polluted sediments and basic research are topics at the start of the

lifecycle; later on, the topics are restoration and control.

The policy status in The Netherlands can be distinguished by two cases: the policy

development in the Rotterdam area and in the rest of The Netherlands. In Rotterdam

solutions have been found for the disposal of dredged sludges up to the year 2000. For the

rest of the Netherlands, policy is only in the identification phase.

The Rotterdam solutions are:

- Slightly contaminated sediment is disposed of at sea.

Moderately contaminated sediment is disposed of in the Slufter. This is a

disposal site in the North Sea enclosed by a dike. Its capacity is about 200

million m3. The disposal costs are about $1.00 (Canadian)-m3.

- Heavily contaminated sediment from harbours is disposed of in a special disposal

facility on land, the Parrotbeak. Emission of pollutants into the soil is

restricted by a foil. Here the disposal costs are about $10.00 to $15.00

(Canadian)°m3. The capacity of this disposal site is about 1.5 million m3. It is

a temporary dumpsite to be cleaned once technology is available.

The most important part of the Rotterdam policy is the prevention of pollution in the

Rhine, in order to minimize sediment contamination.

Dutch research into contaminated terrestrial and aquatic soils is brought together in a

National Research Program. This coordinating program is in addition to existing

research. It is funded by the Ministries of Science, Environment, Agriculture and Water

Management. The total budget is about $35 million (Canadian dollars) for four years. The

fact. that research into both terrestrial and aquatic soils is included, can be regarded as an

important aspect.
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The program is divided into two main fields:

_ The first is basic research into terrestrial and aquatic soils, including theanalysis of soil functions and processes. It can be distinguished by threecategories, that is,

o variability of sediment quality
0 physical and chemical processes
0 environmental effects

.. The other main field of the program is the development of a technology forpollution prevention and remedial action, as well as the development of a policy
instrument to weigh alternative solutions.

This paper will not pay much attention to the basic research, but ratherto the
development of technology.

TANDARD

Standards are not a matter of research alone, but of political decision which is partly
based on environmental research. The Dutch environmental pollution standards are
traditionally based on contaminant contents. The advantages of such standards are
simplicity and absence of ambiguity. A disadvantage is the lack of ecological impact.

The draft national standards for contaminated aquatic soils suggest that not only the
total contaminant contents should be used, but also contents related to the sorption
properties of the soil. It is known that heavy metals are mainly adsorbed by the clay
fraction and the organic matter in the soil, whereas the hydrophobic organic
micropollutants are mainly adsorbed by the organic matter. The content of clay and
organic matter, therefore, defines the sorption properties of the soil.

The draft standards are based on a standard sediment with a clay (<2 um) content of -
25% by weight and an organic content of 10%. The actual contaminant content of any
sediment is converted to the standard sediment by a correction of the clay and organic
matter content.

Considerable discussion has taken place on values or contaminant concentrations.
Two values have to be defined. Firstof all, the target value, this is the contaminant level
that is accepted as a natural level. The other value is the limit value when contaminant
concentrations exceed this level, remedial action has to be taken.

In Rotterdam policymakers could not wait for national standards, because'they had to
take action. Therefore, some years ago, contaminant concentrations were defined With
respect to the destination of the sediment after dredging, that is, sea, Slufter or
Parrotbeak on land. Table 1 shows these values for some contaminants.

DEVELOPMENT OF TECHNOLOGY

Technology can be divided into:

- technology to prevent pollution
- remedial technology
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Research into prevention is directed towards the reduction of pollution due to point

sources as well as diffuse sources. To prevent pollution by point sources means waste

water treatment, clean technology and so on. Remedial action means, for instance,

development of restoration technology and studies on the disposal possibilities of

contaminated sediments. Also very important is the development of instruments for

policymakers and decisionmakers to make the right choice.

Some examples of research projects in the field of prevention are mentioned here.

First, the results of an investigation into the relation of shipyard activities and sediment

pollution. At a shipyard in the Rotterdam area, a mass balance of contaminants and

sediment has been made over a period of six months. Table 2 shows the contribution of

various shipyard activities to sediment pollution in a qualitative way. It appears that grit

blasting and overspraying during paint application are the main sources of sediment

pollution. It must be emphasized that this investigation was carried out at a shipyard

where already far reaching measures to reduce pollution had been taken. Further

research is focussed on the reduction of emissions by grit blasting and overspray.

Another example of research into prevention is that into diffuse sources. Knowledge

of sources is, of course, essential for preventive actions. In this respect, an inventory of

various diffuse sources in relation to various contaminants has been made (Table 3).

Remarkable is the high contribution of atmospheric deposition to water pollution.

Finally, the National Research Program on Soils also includes a decision model.

Water management in the Netherlands is very complex. There are about forty water

authorities on different political levels. Thus, there are many decisionmakers in the

Netherlands dealing with sediment management. An instrument will be evolved to support

local decisionmakers. This instrument involves:

the generation of alternatives

- an estimation of the environmental effects of the alternatives

the costs of these alternatives

The instrument has not yet been completed. It could be possible that the knowledge

needed to make a decision is so complex and diverse that it will be impossible for local

decisionmakers to make decisions. In that case, we are thinking of creating a knowledge

center to support the decisionmaker.

DEVELOPMENT OF REMEDIATION TECHNOLOGY

general

The development of remediation technology is focussed on treating the dredged

material. I_n _s_it_u remediation has hardly been investigated so far, because in the

Netherlands the actual problems mainly involve waterways that have to be dredged as a

result of maintenance reasons. In sit_u remediation is part of the new research program.

Treatment of dredged sediment can consist of processing in order to obtain a -_

decontaminated sediment or using the sediment in, say, bricks or tiles. Apart from the

environmental impact, the success of this reuse depends on social acceptance of these 5

products made from polluted sediment. In the Netherlands this acceptance is rather low. A

  



  

Research into the processing of contaminated dredged material was started in 1983.

At first, an inventory of treatment techniques and their feasibility was compiled. One of

the conclusions of this study was that dredged material can be separated by hydrocyclones

into two fractions: one of which is relatively clean, and the other in which the contam

inants are concentrated. Investigations in Germany and Belgium have led to the same

conclusion.

Today research projects in this field are focussed on further treatment of the fraction

in which the contaminants are concentrated.

The annual research budget until now was about $700,000 (Canadian dollars). The

budget up to 1991 is approximately $1.8 million (Canadian dollars). Most of the research is

being carried out by The Netherlands Organization for Applied Scientific Research (TNO).

The investigations have led to the practical application of two techniques: hydrocyclones

and mechanical dewatering.

Technology aims at improving the quality of the dredged material or at reducing the

quantity of the material that has to be disposed of, for instance by dewatering.

With regard to quality improvement, it is very important how quality is defined. The

definition of quality depends on the definition of guidelines. For instance, when standards

are based on contaminant content, then quality improvement means reduction of the

contaminant content.

With respect to the definition of quality, various techniques are applicable. For

instance, immobilization is applicable if standards are based on leaching tests. However,

in the Netherlands standards are based on contaminant contents, which means that

immobilization is not a quality improving technique.

For the Dutch situation, a scenario for the treatment of dredged material is being

developed. This scenario (Figure 2) consists of two major routes: hydrocyclone classifica

tion and dewatering, route A B and hydrocyclone classification and decontamination,

route A C. Both routes start with a hydrocyclone classification which divides the

sediment into two fractions: one with a low contaminant content, the underflow (this

fraction is mainly sand), while the actual contaminants are concentrated in the other

fraction, the overflow; the latter is called the slime fraction and consists of fine grain and

organic material.

The second step in these routes is dewatering or decontamination. Dewatering is a

volume reducing step. Decontamination is a contaminant level reducing step.

Classification is not always successful and is dependant upon the type of sediment

(silt/sand ratio). In some cases hydrocyclonage is not applied and the total sediment is

dewatered or decontaminated.

Hydrocyclones

Classification is carried out by hydrocyclones (Figure 3). A hydrocyclone has one

inlet and two outlets, the vortex finder and the apex nozzle. The outlet flows are called

overflow and underflow.

The fluid feed enters the cyclone tangentially; bringing about a downstream

circulating flow at the wall of the cyclone. Near the apex the flow reverses into an

upstream in the center of the cyclone and leaves the cyclone through the vortex finder.
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When a heavy particle is brought into the feed, this particle moves to the wall of thecyclone in the downstream by centrifugal force. The particle leaves the cyclone throughthe apex. A less heavy particle has not enough time to reach the wall of the cyclone andtherefore, leaves the cyclone with the water through the overflow. So a hydrocyclone ,
classifies sediment into heavy (sand) particles, fines and organic material,

The fines and organic material have a high contaminant content compared with thesand, due to their differences in sorption properties. Therefore, hydrocyclones separate arelatively clean, sand fraction from the slime fraction in which the contaminants areconcentrated. '

When applying hydrocyclones, it is very important to create an underflow with a drymatter content, as high as possible, because the water in the underflow always containssome highly contaminated particles of the slime fraction. Thus, the water represents ahigh contaminant content. So a higher water content of the underflow involves a highercontaminant content. In applying hydrocyclones, it is, therefore, very important to createan underflow with a dry matter content as high as possible. With regard to this dry mattercontent, the diameter of the apex nozzle is very important. This diameter has to be
adjusted to the feed.

In our laboratory we tested the applicability of hydrocyclone classification for severalsediments. Table 4 gives the results for eight sediments. E is the cyclone efficiency; thisis the part of the feed that is separated in the underflow. The dry solids efficiency (Eds)should be high and the contaminant efficiency (Ex) low. Then most of the'dry matter inthe feed is separated, with a low contamination content in the underflow.

In Figure 4, the results of Table 3 are given in a diagram; vertically, the part of
contaminant in the underflow, horizontally the part of the dry solids in the underflow. Thehydrocyclone results are better when the dot is closer to the origin of the diagram. So the
results for sediments 3 and 7 are excellent and for sediment 5 poor.

The reason for these different results can be explained partly by the particle size
distribution and contaminant distribution. Figure 5 shows some sieve test results.
Vertically in the diagram, the cumulative contaminant mass is given; horizontally, the
cumulative dry matter mass. The example diagram gives two lines: A and B. Line A
means that the contaminants are concentrated in the fine fraction; line B means a
concentration of the contaminants in the coarse fraction.

The other diagrams give the results of sieve tests for five different sediments. For
Dommel and Maas (Meuse) there is a concentration of contaminants in the fines; for the
Amstel/Drecht (A/D) canal (this is mainly peat) and for Kampen there is a concentration
in the coarse fraction. For the Eems canal there is no concentration at all in a specific
raction.

. Hydrocyclones operate very well when the contaminants are concentrated in a small
fine fraction. Such is the case, for instance, for the Dommel sample,.but not for the A/D
canal sample. Generally speaking, hydrocyclone classification is most successful in sandy
sediments.

Table 5 shows some full scale results of the hydrocyclone process. It shows that in
Practice, a concentration of the contaminants can be reached (1.6. a low Ex).
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Deming

Dewatering is a process in which the volume of the overflow is reduced. Since TNOwants to develop a treatment process that can be integrated into the dredging operation,only mention is made here of mechanical dewatering, and not of dewatering in largelagoons.

Dewatering processes can roughly be divided into two types, that is, high efficiencyand low efficiency machines. In the high efficiency dewatering process, mechanical forcesare involved. Such processes are, for instance, high speed centrifugation and pressurefiltration. Low efficiency dewatering processes are mostly based on gravity; examples aresedimentation and drainage.

The capacity of dredgers varies from 100 up to 15,000 m3°h. The capacity ofhydrocyclones can easily be adjusted to the dredging capacity by multiplying the numberof cyclones, because of the relatively low price of cyclones. Such is not the case fordewatering; increasing the capacity by applying more dewatering machines is expensive.A dewatering unit, in general, has a maximum capacity of about 50 m3-h (except lowspeed decantors which, in our opinion, are not suitable), and cost about $200,000 (Canadiandollars).

Serial connection of a dredging and a dewatering process, therefore, gives problemswhen the dredger capacity is high.

A combination of dewatering processes might be a solution for this problem. Forinstance, first a low efficiency process to get rid of most of the water; secondly, a highefficiency process to reach a high cake dry matter content.

To what extent dewatering is necessary depends on the destination after dewatering.If it is incineration, then the dry matter content after dewatering should be as high aspossible. If the destination is disposal, then, of course, volume reduction is important.

Figure 6 shows the volume reduction in relation to the dry matter content. Byincreasing the dry matter content from S to 10 per cent, a volume reduction of 50% hasbeen reached. However, the difference in volume reduction between 40 and 45% drymatter is relatively small. As the cost for dewatering increases for higher dry mattercontents, it is not attractive to dewater up to high dry matter contents when only volumereduction is important.

Hydrocyclonage/dewatering aims at reducing the volume. Table 6 presents some
laboratory and full-scale results. Reductions of 70 to 95% have been reached. Furtherexperiments and full scale applications indicate that in most cases a reduction of at least70% can be obtained.

The costs (capital and operating costs for hydrocyclonage and mechanical dewatering
by Sieve belt presses) are approximately $7.00-m3 for 100 m3°h and approximately
$5.00-m3 for 1000 m3-h (Canadian dollars). It must be emphasized that this does not
include the costs for:

- Civil works
- Pontoons for a floating plant

Buildings
- Central automatization

Electrical installation
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Decontamination

Decontamination means: separating the contaminant and the sediment particles.There is no universal method to treat all contaminants possibly present. The techniquesfor possible application can roughly be divided into:

Techniques for removing heavy metals
Techniques for removing organic contaminants

With respect to heavy metals, possible treatment methods are:

Acid leaching
- Biological leaching by Thiobacillus spp.

Evaporation (& recovery), in particular for mercury

Dutch investigations so far have been focussed mainly on the list 'one' contaminants,that is, cadmium and mercury. Acid leaching and biological leaching by Thiobacillus spp.appear to be good methods for dissolving cadmium. Once the cadmium is dissolved, it isthe intention to purify the leaching fluid by, for instance, ion exchange or precipitation.

The use of cation exchange resin is often not suitable, due to the high lime content ofthe sediment. In that case an anion exchange resin is used to sorb the cadmium ascadmium chloride complex.

Biological leaching is a process based on biological oxidization of sulfur compoundsinto sulfuric acid. For some sediments this method is very successful; the results arecomparable to acid leaching.

Investigations on mercury containing soil and sediment have proved that highdecontamination levels can be reached only by evaporating the mercury. A techniqueprobably suitable for thermal treatment of mercury polluted sediments is steamstripping.An advantage of this technique is that the vapour, after thermal treatment, is stronglyreduced in volume by cooling. Other types of thermal treatment result in avapour containing mercury, which requires treatment before being discharged into the
atmosphere.

Techniques for the removal of organic contaminants can be divided into concentrationand destruction techniques.

W Destruction techni ues

Solvent extraction Incineration
Washing Biodegradation

As mentioned previously, our investigations were directed towards list 'one'
Contaminants. As an example of an organic contaminant, Polynuclear Aromatic
Hydrocarbons (PAH) were chosen. Techniques which have been investigated so far, aresolvent extraction, washing and biodegradation.

Table 7 shows some results of laboratory decontamination tests. According to this
table. high contaminant reductions have been reached: 80 to 90% for cadmium by ac1d
1eaChing. and 95% for mercury by evaporation.
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Table 4. Laboratory-scale

hydrocyclone results

 

Table 5. Full-scale
hydrocyclone results
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Concerning the organic contaminants, two methods appear to be successful: solventextraction and biodegradation. Depending on the type of sediment, the latter method isnot always successful, as follows from the results obtained on a bench-scale. Furtherresearch IS focussed on ac1d leacmg/ion exchange, solvent extraction and biodegradation,

Acid Leaching/Ion Exchange

Figure 7 gives the principal process scheme for acid leaching/ion exchange. It startswith the leaching by, for instance, hydrochloric acid. After acidification, there are twopossibilities: the first possibility starts with separating the sediment particles from theleaching blend, followed by ion exchange. The second is the other way around.

The advantage of the first route is that the ion exchange process is fed with a clean(particle-free) fluid. The advantage of the second route is that after separation the fluidaround the particles is metal free, so that no backwashing of the separated dry matter isnecessary.

The ion exchange resin has, of course, to be regenerated, a process which results in aconcentrated metal solution that can be either reused or disposed of after dewatering.
More research is necessary to develop the process. It is anticipated that next year two
projects will be started in The Netherlands.

The first project involves basic research to increase the applicability to more metals
and more soils, in particular clay and peat. The other project concerns the upscaling of
the process for treating sandy sediments polluted with cadmium and zinc.

§olvent extraction

On account of the costs involved, solvent extraction will be used only when biodegra
dation fails. Such is, for instance, the case when we are dealing with chlorinated
compounds which are hardly biodegradable.

Figure 8 gives a scheme for solvent extraction. A suitable solvent is mixed with the
overflow. There are two types of solvents: water soluble and non water soluble solvents.

The advantage of a water soluble solvent is that the contaminant solves more easily;
the disadvantage is that the separation of solvent and overflow in the second process step
demands a rather expensive technique, such as destillation. The results in Table 7 were
reached in experiments where triethylamine was used as a solvent. Triethylamine solves
in water at a temperature of 20°C and lower, and dissolves at higher temperatures. Thus,
the overflow was mixed with triethylamine at 15°C and the separation was established at
a temperature of 25°C.

The solvent used has to be regenerated or refreshed. The part with the contaminants
can be destroyed, for instance by incineration.

Research projects scheduled to start in July 1989, will focus on the selection of
solvents, as well as mixing and separation techniques.

Biodegradation

The last decontamination technique for discussion is biodegradation. Figure.9
Presents a general rate of biodegradation for a dozen contaminated $0115 and sedlment
samples. The major reason for the differences between, for instance, Geulhaven and
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more than 80%.

Biodegradation is considered to be a technique with great practical potential for thefollowing reasons:

0 After this treatment, the sediment, from an environmental point of view, is amore acceptable product than it would be after, for instance, physicochemicalor thermal treatment.

0 The biodegradation method is expected to be less expensive than othertechniques.

Because of the expected great potential of this technique, TNO is now draftingscenarios aimed at its practical implementation. Hereby, two scenarios are worked out:small-scale and large-scale field operation.

The small-scale process can be carried out in a batch bioreactor with a maximum ofabout 500 m3. This scenario is characterized by a short treatment time, an intensiveoperation and a hydrocyclone. A coarse/fine separation step is not needed.

The large scale option starts with a coarse/fine separation by hydrocyclones. Thefine fraction is treated in an aerated lagoon and the coarse fraction can be landfarmed,meaning a long treatment time and an extensive operation.

A scheme of the two scenarios is shown in Figure 10. It shows the general approachto the practical application of biodegradation.

Because much importance is attached to biodegradation, the research into thedevelopment of this technique is in full swing. Topics of the research program are:

0 The aforementioned large-scale treatment route

0 Research into the biodegradation of other (than oil and PAH) contaminants, such
as chlorinated hydrocarbons

0 Some fundamental aspects with regard to the biodegradation rate and
bioavailability of the pollutants

FINAL REMARKS

The Dutch Ministry of Traffic and Public Works tried to accelerate the development
0f technology through competition. Dredging companies and contractors were asked to
make plans for the sanitation of ten sites with contaminated sediments. The reward for
the companies with the best plans is an invitation to make a quotation. There_were about
0 Participants in the competition and about 10 winners. The winning companies can

receive a subsidy for technology development research, if needed.
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implies the danger of wrong choices being made
even applied.

This paper is dedicated to research
remediation. Further research is necessary
of technology is international cooperation. When knowle
in integrated research programs, money and time is saved.
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THE MANAGEMENT OF CONTAMINATED SEDIMENTS
IN THE FEDERAL REPUBLIC OF GERMANY

by

1.. Tent
Bezirksamt Wandsbek, Hamburg 70, F.R.G.

ABSTRACT

To maintain navigable water depths in estuaries, rivers and harbour areas of the

Federal Republic of Germany, about 55 million m3 of sediment is dredged annually.

Approximately 50% is coarse materials (stones, gravel and sand), while most of the

remaining material is mud, originating from the sea. These sediments are usually dredged

and dumped near the dredging site. Agitation dredging is another regularly applied

method. The riverine suspended matter and fine grained sediments are sinks for pol-

lutants, such as heavy metals and organic compounds. While dredging and disposal of

sediments have always been a quantitative task, it was not until the late seventies that the

ecological consequences of handling this material became known.
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Concern was evidenced by the installation of an interdisciplininary team that set up a

Dredged Material Research Program in the Free and Hanseatic City of Hamburg. The

program addresses the following points: reasons and origin of sedimentation, contam

inants in sediments, effects and consequences of disposal alternatives and techniques for k

the treatment, disposal and utilization of harbour mud.

Prior to recognition of the contaminant problem in the 19705, sands, in part, were
used for industrial sites, and muds mixed with sediments were used for agriculture. Older
polder disposal sites had a problem with high metal uptake by plants due to the decreasing
pH levels. Experimentation with liming demonstrated increased crop productivity and
reduced metal mobility. Liming, however, can be only a temporary solution to the
problem. .

Another concern has been the production of large volumes of wastewater by hydraulic
transport of the fine grained sediments to the disposal sites. The transport water often ,
contains high concentrations of suspended solids and ammonium, which result in large
oxygen deficits in the receiving waters. To alleviate this problem, circulation of the
transport water, combined with flocculation/sedimentation and nitrification treatment
have been implemented.

To minimize the contaminated sediment volumes, hydrocycloning, additional washing
of the sand, and further dewatering of the mud fraction have been studied and success
fully implemented, thus reducing the amount of hazardous dredged material that must be
placeltli special disposal sites. Separation units, on a technical scale, have already been
insta e .

Several alternatives for further handling of the contaminated fraction have been
discussed and investigated. In the interim a hillshaped deposit will be constructed, being
sealed with special layers of consolidated and draining layers to minimize groundwater
pollution. The hill will be topped with an additional barrier to prevent root penetration
and then be covered with cultivable materials. An additional plan involves subsurface
disposal in a pit in the North Sea and capping it with a sealing layer.  .- 30..



A possible long-term solution may be thermal treatment (i.e. incineration) of theclassified dewatered mud, resulting in pellets. This process has been dlaboratories of the Central Research and Development Department of Lurgi GmbH and ofBattelle, both Frankfurt, in cooperation with Strom und Hafenbau, Hamburg. In thismethod, the organic contaminants are burned off and most of the heavy metals are boundinto pellets. Volatile compounds (NOX, $02, Hg, etc.) must be recovered before leavingthe smokestack. The pellets do not leach contaminants and can be used as a gravelsubstitute in construction or can be deposited.
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; but also in heavy metals and organic contaminants. Appreciation of the ecological dangers5 brings in its wake, initially, extensive research programmes and, finally, wide rangingsafeguards for each of the options for coping with the materials. International contactsshow that solutions adapted to individual cases prevail (BWVL 1984; Kay and Marquenie,1986; Forstner and Salomons, 1988; Wolf et al. 1988). The main result is, however; thatdredging only makes the problem visible; it does not cause it. The zero emission ofcontaminants is the one solution which those responsible will persistently have to strive toachieve, before large ecosystems - in Europe, the North Sea, for example - have reachedthe "point of no return." It is only in this way that those involved on the periphery suchas authorities carrying out the necessary dredging - can be protected from an intolerableburden.

Dredged material from waters in the F .R.G. arises from a number of differentoperations. The bulk of this material is dredged by the authority responsible for thefederal waterways, followed by that for the sea ports. Further quantities of sedimentoutside the scope of this paper - arise from the clearance of rainwater reservoirs, lakesand storage dams as well as during the restoration of stagnant waters. It should, however,not ever be forgotten that these sediments can give rise to considerable local problems.
DREDGED MATERIAL FROM THE FEDERAL WATERWAYS

The total annual quantity of approximately 55 million m3 is predominantly removedfrom the shipping channels in the rivers Rhine, Main, Neckar, Ems, Weser and Elbe. .Forty nine million m3 of this material is dredged in the Ems, Weser and Elbe estuaries.The sand and mud largely originating from the sea and the margins of the rivers' lowercourses are generally excavated and taken to a dumping site at the side of the waterway(Figure 1). Where it appears to be economically favourable, the method of sediment-harrowing is employed: this involves the bed of the river or estuary being agitated at ahydrologically favourable time and the sediment being transported by the current. As inthe case of dumping, this agitation is done with the full knowledge that the materlalsettles randomly and to some extent must be handled several times.
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FIGURE 1 DISTRIBUTION OF THE DREDGING QUANTITIES AND THE POSITIONS 0F
RESITING AND DUMPING IN THE COASTAL AND TIDAL REGIONS
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, butthese are not w1thout cr1t1c1sm The heavy metal concentrations quoted in the "SewageSludge Regulation for Soils" (AbelarV 1982, Table 1) are used as prov1s1onal reference

The latter comment disregards the fact that the material, is in any case, carriedfurther seawards with the natural solid transport of the rivers. From an ecological

the Rhine into the Netherlands; from the River Weser and River Elbe into the federalstates and ports of Bremen and Hamburg, respectively. The latter, according to thefederal government's opinion, are now not to engage in resiting (KNOPP 1984) as thiswould cause problems in the vicinity of the sea.

Alternative methods also took into account solutions to particular local problems, e.g.as already developed on the River Neckar, although these methods have not yet beenemployed (Beitinger et al. 1985; MUller 1988).

DREDGED MATERIAL FROM THE ELBE AND HARBOUR REGIONS OF HAMBURG
The Port of Hamburg

With respect to its turnover figures, Hamburg belongs to the ten largest ports in theworld. The maintenance of its functions, therefore, bears considerable significance forthe economic power of North Germany. Until the end of the 19705, the marsh areasprovided a seemingly trouble free site for the disposal of dredged material. Sand was usedfor elevating the land in harbour development areas. The fine grained sediments werepumped onto agricultural areas, thus creating high-yielding areas of arable land frompastures (Figure 2).

It soon became clear, however, that this purely quantitative consideration had to giveway to the question of sediment quality (K hn and Mb'nninghoff, 1978; d'Angremond et al.1978). After initial investigations into the composition of the sediment in the 19705/19805and after a failure, in the short term, to find new areas for sediment placement, 3Systematic programme of investigation into dredged material was launched (Freie undHansestadt Hamburg 1981, Christiansen et a1. 1982, GWhren 1982, Tent 1987).
The Dredged Material Research Programme

The main aim of the dredged material research programme was to find ecologicallyacceptable solutions for the placement or utilisation of that material Within as short aPeI lOd of time as possible. The Technical Port Administration set up a prOJect group for

gr m; 



TABLE I

 

GUIDELINES FOR THE HEAVY METAL CONTAMINATION OF SEDIMENTS

  

Clay Soil Arable Land Limit for Improvement Sewage Sludge

Standard Standard Investigations (NL) Limit

' (AbfklarV) (Abfkl-arV)

Arsenic (9) (20) 50 (200)

Lead 20 100 600 1.200

Cadmium 0.3 3 20 20

Chromium 90 100 800 1.200

Copper 45 100 500 1.200

Nickel (*) (50) 500 200

Mercury 0.4 2 10 25

Zinc 95 300 3.000 3.000

 

Numbers in parenthesis are proposed.

*Under development.
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this purpose, which until 1984 was manned by a dredging technologist, a hydrologist and an
ecologist. Since 1984 a chemical engineer, a soil mechanics engineer and an ecologist

have been added to the staff. This project team worked together with consulting

companies as well as with institutes from the university and private sectors.

Initially, ideas for solutions were gathered during a series of conferences with the aid

of creativity techniques. They were gradually narrowed down to those options which
seemed technically practicable and ecologically acceptable (Battelle 1982). An impression
of this stage is given by Table 2 and Figure 3. Those criteria which appeared essential are

reproduced in Table 3, without, however, the system of weighting which was employed

during the assessment stage. The alternatives which remained as worthy of closer

investigation (Table 4) stood out significantly from the rest. Variation of the criteria

weighting merely resulted in shifts within the "hit list."

Parallel to this development, investigations were taking place on the disposal methods

which had previously been employed. These results were used to direct further
investigations and develop new solutions (Tent 1987).

Crucial topics included impact on the natural environment and the human food chain

via the carrier water of the dredged material and the groundwater from the disposal sites,

uptake of pollutants by plants, gas formation in the mud, to name but a few. Beyond the

foreseeable effects, the question of long term effects was continuously being raised.

Thus, it came about within a very short time, that a major reduction in the harmful

effects of the disposal procedure could be obtained by minimizing the contaminated

volumes. Knowledge of the field pumping process was used to achieve decontamination in
existing dredging operations by separation of the pollutant-free sand fraction
(Christiansen et a1. 1985): rinsing operation with a classifying field to extract sand
(Figure 4) and a large number of dewatering fields for the mud.

Owing to the weaknesses present in this system, it was apparent that it could only be
regarded as an optimised procedure for a temporary period: clean, usable sand is yielded
by only a limited section of the classifying field, even the soil from the sand/mud
transition zone in the absence of further treatment - has to be disposed of along with
the mud. Figure 5 supports this conclusion with the example of cadmium and zinc
distribution in the longitudinal section of the field. Additional fundamental problems are
presented by the area required for the dewatering fields; the time involved in dewatering
up to a maximum water content of 60% (even under optimal charging conditions); and the
potential threat to the groundwater supply resulting from this area intensive operation.

Tests on mechaniCal procedures were, therefore, run in parallel with the above using
hydrocyclones and up current classifiers as well as various dewatering techniques. These
methods make it possible to achieve a good separation of contaminated mud from the sand.

Figure 6 shows with the example of cadmium that hydrocycloning alone is not
sufficient to obtain an ecologically acceptable material. Subsequent washing of the coarse
fraction in the up-current classifier does, however, yield the clean sand desired.

A possible flow diagram, according to KrWning (1988) is shown in Figure 7. All
further considerations of options for accommodating or utilizing the dredged material
were based on this reduced volume of mud.
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TABLE 2

GENERAL APPROACH TO DEVELOPING SOLUTIONS FORDREDGED MATERIAL HANDLING IN THE PORT OF HAMBURG

 

APPROACH METHOD

 

STAGE I

100 Ideas

25 Approaches to
solving the problem

10 Potential solutions

Creativity techniques

Expert reports

Multivariate expert evaluation

 

STAGE II

6 Potential solutions
investigated in detail

Variations

Integrated overall
concept

Laboratory experiments /
market analyses / profitability
analysis

Pilot experiments
Integrated planning skills
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TABLE 3

ASSESSMENT SCHEME FOR THE POTENTIAL SOLUTIONS
TO THE PROBLEM OF DREDGED MATERIAL

  

SUGGESTED SOLUTION

                      

' HEIGHTING ' ' I I
TARGET ' OF CRITERIA ' PARTIAL ' l 2 ' 3

HFIGHTING ' I
Legal ' National difficult (readily) no objections'situation International to solve ' soluble I IEcological ' Air serious medium slight / noI

consequences ' consequences consequences
' Hater ' " - I «I I _« _ -

. . Soil . u I u _ . - u 4 .

Noise I n I _ n . _ u _ .

Technical ' Actual problem conceivable practicable available
practicability ' to be eliminated ' ' '

' side issues ' ' I

Time period ' ' lO ' 5 - 10 5 '
(years) ' '

'

Political National dirficult (readily) no objections
' to solve ' soluble '

' International ' ' " ' " '

Material ' Amount of dredged <l00 ' lOO 500 >500 '
(catered for) material / year '

I I m3) I I I I

Benefits ' net profit none ' low high '

' market appeal low ' medium high '

' ' beneficial side low medium high '
' ' effects ' '

Costs ' Investment ' high ' medium ' low

' ' (approx. ' > 50 ' 10 50 < 10
millions of DM) ' ' '

' ' Running costs ' > 20 ' 15'20 ' 15 '
' DM/m3 (ex material ' ' '
' ' treatment plant) '

Resources I I Availability or ' not partially ' available
' ' technical equipment available ' available '

DH west German Mark

Quantity of

staff

Staff know how

89

  



TABLE 4

FOLLOW UP ON SELECTED POTENTIAL SOLUTIONS

 

SEQUENCE POTENTIAL SOLUTIONS

 

10

Application of dredged material as a filling material in the

harbour area

Transport of dredged material to deep sea regions

Dredged material as a gravel substitute

Solidification for further utilization

Dredged material as an additive in the manufacture of cement

Dredged material as an additive in the manufacture of bricks

Disposal of dredged material below the mud flat level

Solidification as a means for subsequent disposal

Disposal of dredged material in surface pits

Dredged material as a fibre substitute for insulating materials
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Interim Develooments Special Seminar on Dredged Material 1984

Aims of the Seminar

 

A special seminar was held in Hamburg from 27 Feb. to 1 March 1984 -Dredged Material from Harbours and Waterways Ecological and EconomicOptions for Their Solution" (BWVL 1984).

"Disposal of
Problems

The seminar was an attempt to present the experience gained from investigationscarried out in Hamburg and to compare it with that of other institutions responsible forthe maintenance of waterways and harbours. It was also aimed at bringing recentlyrecognised problems (e. g. the possible effects on groundwater and surface waters) to theattention of the greatest possible number of institutions involved, in order to inciteresearch programmes there.

As the disposal of dredged material has become difficult, all participants were awarethat a relaxation of the situation can only be achieved by a drastic improvement in thesediment quality. To this end, all the authorities and industries involved were called uponto make their contribution. The following section summarizes those parts that dealt withthe Port of Hamburg, excluding the treatment and dewatering (refer to The DredgedMaterial Research Proaramme, above). Individual contributions are not quoted; furtherdetails are given in part by Wolf et a1. (1988).

Pollutants in Harbour Mud

Investigations carried out over several years into the agricultural reuse of landformerly used for the pumping operations have revealed that the different areas exhibitwide deviations in soil characteristics and pollutant content due to separation of thedredged material components into coarse and fine fractions.

Plant specific differences for pollutant build up were found amongst the cropscultivated. For example, in some plants the cadmium content might exceed the standardvalue for food (celery, kale, oats, wheat, corn), whereas in others, low concentrations weremeasured (cabbage, turnip, and beans). A decontamination of the soil by stronglybioaccumulating plants is not possible within foreseeable periods.

The question of the effect of pumping contaminated sediments on the ground waterhas also been investigated in full detail, whereas these investigations had formerly been
confined to testing inspection wells. Other methods have now been incorporated: duringfield studies the movement of water and pollutants were measured for typical variants of
mud polders (confined disposal facility). Depending on the particular subsoil chosen and
according to the degree of compaction of partly existing clay horizons, widely varying
concentrations of the parameters examined can be found. The readily mobile ions are
chloride as well as Na+, Mg and Ca2+. Other ions are adsorbed initially. There have
also been programmes to enable the importance of organic pollutants, such as chlorinated
hydrocarbons, polynuclear aromatics and dialkylene phthalates in solid and aqueous phases
to be judged.

The high organic content of harbour mud points to the fact that this material may
still be undergoing biological reaction. To comment on this, it is, above all, necessary to
determine whether noxious effects from gas production result from the disposal of dredged
material. A research programme into this question has been initiated and includes the
determination of both potential gas formation rates and actual resnlts from field studies.
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Procedures to Minimize the Environmental Effects

Various groups have been working on methods for the recovery of the metals
contained in dredged material. Most of the methods are based on acid extraction, but
employ different acids and methods of further treatment. So far none of these suggested
procedures has been able to fulfil the high requirements set for environmental accept-
ability. For example, it is not possible to keep the arable land standards for all metals
within those of the German sewage sludge regulation (AbelarV 1982). Additional disposal
problems are caused by the elements in the effluent. The question of how to treat the
resulting decontaminated sterile soil also awaits a satisfactory answer.

The problem of the agricultural reuse of polluted polders has already been mentioned.
As in Hamburg about 400 ha of such areas have been in use and in order to protect the
farms run on them, research into soil technological improvement measures has been
initiated. Amelioration liming, soil mixing and soil covering have been considered. Liming
of acidic areas has proved to be successful in increasing the yields and decreasing the
heavy metal content in plants. Contrary to expectations, "dilution" with sand did not have
the desired results; despite a reduction in their concentration, the heavy metals obviously
become more readily available to the plants. At present, covering the ground with
uncontaminated soil is regarded as being the only effective and long-lasting possibility of
reducing the uptake of heavy metals into the plants.

The purification of polder effluent water has become a major topic. Whereas it was
previously considered that the water used as a medium for pumping would return to the
source unchanged, measurements have verified severe water contamination. This
condidition primarily concerns solids in permanent suspension and the pollutants which
they contain as well as dissolved salt and oxygen consuming substances. Of the latter,
ammonium is of particular significance, as the River Elbe in the Hamburg area and
downstream suffers heavily due to i_n siJu nitrification processes. Investigations into
wastewater purification (flocculation/precipitation, filtration, nitrification in fixed-film
reactors) have been underway for a long time.

The first industrial scale sedimentation basins with connected flocculation have been
constructed and because of the expected high costs for the purification of the total water
volume, a transport water recycling system has been installed.

Reuse or Disnosal of Mud

The following contributions dealt with the disposal and reuse of harbour mud. A
concept for the storage of dewatered mud in hill configurations was workedout, and the
constructional and soil mechanical aspects were presented. The decisive factors were
defined as site characteristics, hill shape, mud consistency and functioning of the '
dewatering system. According to soil parameters, a 40 m high hill was designed with a
slope of 10°. Filter layers consisting of sand were incorporated in 1 5 m thick single
layers. To prevent ground water contamination, the design provides for an impermeable
layer at the base and on the surface of the hill. The slope and surface cover are to ensure
that the rainwater runs off the hill as close to the surface as possible.

According to initial investigations, the reuse of dewatered mud will be possible in the
medium term for among other things construction material. The engineering aspects have
been revised; the ecological consequences and the environmental safeguards which may be
required, have been examined. Despite their technical feasibility, some fields of applica-
tion were ruled out because of the very limited market. However, dewatered mud does

  



seem to be suitable in fibre form as an insulating material; as sintered, light aggregates
for concrete; as well as both a clay substitute and opening material for brick production,

Options for Solving the Problem

The procedures outlined for classifying the dredged material and purifying thepumping water have in the meantime largely been installed on a technical scale. A basis is

_ concentrated and monitored disposal in hill-shaped constructions
erosion proof, concentrated disposal in the Wadden Sea

thermal treatment of the mud: using the products as building or filler materials, orotherwise disposing of them in this form

Relevant publications can be found in Wolf et al. (1988). Additionally,sediment-harrowing has been practised as a stopgap solution.

A Stoogao Solution: Sediment Harrong

into regions where it does not disturb shipping. Even if it becomes necessary to move thesediment several times in this way, from purely cost considerations this method ofclearance is indeed favourable. The ecological questions associated with this method havebeen investigated in detail. Knowledge of the enormous release of oxygen-consumingsubstances has resulted in sediment resiting being restricted to the cold season. Far moreserious, however, is the fact that large quantities of persistent contaminants also movewith the mud towards the North Sea.

available in the shortest possible time, so that this type of sediment clearance will be .terminated. For the medium and long term solutions, only a change in the rights relatingto water use can offer a solution. Such an appeal is directed, above all, at the riparlan _states of the Elbe, the GDR and Czechoslovakia, who introduce the overwhelming majorityof the contaminants.

Storage in Hill shaped Qonstructions

Numerous investigations - expanding on the knowledge of dredged material in polders- have dealt with the disposal of mud in hill shaped constructions (BWVL 1984, Wolf et a1.8). These investigations have led to various planning opt10ns. '97 I



  

The fundamental principals of the options are to:

0 construct durable, rigid hills of approx. 30 40 m in height

0 avoid, or at least minimize, ground and surface water pollution

o attempt to blend the constructions in with the landscape and minimize the

influences on the immediate microclimate

o avoid local nuisance due to dust and noise

0 avoid the entry of contaminants into the food chain

An ecological risk analysis of the planning options showed that the merits of a

partiCular option varied according to which contaminant was considered. Consequently, a

critical overall assessment had to precede any decision. The medium-term concept

envisages two sites which have already been in service as polders for a number of years.

The storage capacity is put at 15 20 years. Figure 8 provides an outline of the scheme.

The base is an inclined, roof shaped impermeable layer of specially brought in mud,

combined with a plastic seal. Layers of harbour mud are stored on this base in such a

manner that the interlying drainage layers channel away the water which is pressed out.

The surface of the hill is sealed with another impermeable layer and provided with a

covering layer (Figure 9). The effectiveness of the safeguarding system is monitored by

means of effluent measuring equipment in the drainage layers and inspection wells in the

vicinity.

Erosion proof Disoosal in Off shore Areas

The accommodation of dredged material in off shore areas was investigated as a

further option for its long term disposal. In the initial considerations based on findings

from the fields of marine construction, geology and ecology, emphasis was placed on

establishing possible sites and types of construction. This procedure was followed by

laboratory experiments into the behaviour of freshwater mud in saltwater, with respect to

its chemical action, toxicity and accumulation of contaminants in organisms. The

construction shown in Figure 10 was the result (Tamminga et al. 1986). A closed circular

wall, constructed with the material excavated from an approximately 50 m deep pit,

protects the structure against unwanted intrusion of seawater during the filling operation.

The structure is then filled with the shipped-in mud and a covering layer, up to the

deepest possible horizon of erosion. The further development can then be entrusted to

nature.

It remains to be seen whether this idea can be realised. The long term stability and
acceptability is questionable from a soil mechanics and an ecological view point.

Encroachment into the vicinity of the Wadden Sea, or possibly even into the North Sea
itself, which this measure entails, raises questions as to its ability to be justified in view
of the increased environmental protection efforts centred on this sensitive area.

Thermal Treatment

Another basic consideration at the start of the dredged material research programme
was to examine conceivable options for using the material, with regard to their technical
feasibility and environmental acceptability. From several options examined contrary t0
the findings for mud from the River Neckar (c.f. Beitinger et al. 1985) interest came to
focus on the manufacture of small beads and pellets. A description of the procedure is
provided by Hampel et al. (1988) and an outline of it by Figure 11. The classified,
pre dried mud is formed into pellets and incinerated. Subsequent steps provide for a
separation of the hardened material from that which requires further incineration. These
soft pellets are ground and added to the unprocessed mud. The resulting "dilution" of the
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starting material is beneficial to the process, in that optimorganic content of the mud, whereas the mud had otherwise been found to exhibi

in the F.R.G.

SQMMARY

To maintain navigable water depths in estuaries, rivers and harbour areas of theFederal Republic of Germany, about 55 million m3 of sediments have to be dredgedannually. Roughly estimated, fifty percent of these are coarse materials (stones, gravel,

The most consistent reaction in the late 19705 was the installation of an inter-disc1 linary team to set up a Dredged Material Research Programme in the Free andHanseatic City of Hamburg, referring to the areas:

0 reasons and origin of sedimentation _ .o contaminants in sediments, effects and consequences of disposal alternatives0 techniques for the treatment, disposal and utilization of harbour mud

problem.

Another area of concern has been the production of large volumes of_ wastewater byhydraulic transport of the fine grained sediments to the disposal sites. High contents ofsuspended solids and ammonium are mainly responsible for huge oxygen demands 1n thereceiving waters. Thus, recycling of the transport water has been planned and Installed,Combined with treatment plants for flocculation/sedimentation as well as nitrification.
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To minimize the contaminated sediment volumes, hydrocycloning, additional washing
of the sand, and further dewatering of the mud fraction have been studied successfully,
thus reducing the amount of hazardous dredged material that must be placed in special
disposal sites. The separation units have already been installed on a technical scale.

Several alternatives for the further handling of the contaminated fraction have been
discussed and investigated. As a stopgap solution sediment-harrowing has been practised.
This practice has led to considerable protest from environmentalists and parliamentarians
as it further endangers the already highly-strained ecology in the Elbe estuary region. In
the medium term, a hill-shaped deposit will be constructed, sealed with special layers of
consolidated mud and draining layers to minimize groundwater pollution. The hill will be
topped with an additional barrier to prevent root penetration and then covered with
tillable materials. An additional plan involved subsurface disposal in a pit in the North Sea
and capping with a sealing layer.

A possible long term solution might be thermal treatment (i.e. incineration of the
classified, dewatered mud), resulting in pellets. This process has been developed at the
laboratories of the Central Research and development Department of Lurgi GmbH and of
Battelle, both Frankfurt, in cooperation with the Technical Port Administration (Strom
aund Hafenbau), Hamburg. In this method, the organic contaminants are burned off and
most of the heavy metals are bound into the pellets. Voaltile compounds (NOX, SOZ, Hg,
etc.) must be recovered before leaving the smokestack. Initial investigations have shown
that contaminants are not leached from the pellets. If contaminant containment can be
verified in systematic investigation, the pellets can be used as a gravel substitute in
construction or be otherwise disposed of.
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APPLICATION OF LIME TO EUTROPHIC SURFACE WATERS
AND CONTAMINATED SEDIMENTS

by

E.E. Prepas, Zoology Department, University of Alberta, Edmonton, Alberta
T.P. Murphy, Lakes Research Branch, NWRI, Burlington, Ontario

H. R. Hamilton, HydroQual Consultants, Calgary, Alberta

ABSTRAQT

Over the past two years we have developed technology to use lime (CaCO3 and/or
Ca(OH)2) to treat naturally eutrophic lakes, drinking water dugouts, and stormwater
retention lakes. Lime has been applied at rates up to 35 tonnes/day, and at dosages up to
250 mg/L. We have monitored the effects of these treatments on open water and
sediments. Long term (up to 18 mo.) changes in phosphorus mobility from contaminated
sediments after lime treatment have been documented. The impact of various dosages and
forms of lime on toxicity and nutrient mobility in the sediments and overlying water in
three storm water retention lakes in the city of Edmonton are being determined.

MANUSCRIPT UNAVAILABLE
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TECHNOLOGY UNDER RESEARCH AND DEVELOPMENT IN NORTH AMERICA
FOR POTENTIAL TREATMENT OF PCB CONTAMINATED SEDIMENT

by

C. J. Rogers
U.S. Environmental Protection Agency

AMA CI

The accumulation of polychlorinated biphenyls (PCBs) and polychlorinated dibenzo-P-
dioxins (PCDDs) in soil, sediment and living tissue is a serious problem that receivedconsiderable attention in recent years.

sediments.

In 1986 the U.S. Environmental Protection Agency (USEPA) initiated a study toidentify alternative technologies to chemical waste landfill and to incineration for on-site

One process, KPEG, identified in this study has recently undergone pilot scale testingon PCB contaminated soils in Guam. The process successfully reduced PCBs in soil from2000 mg/kg to less than 2 mg/kg. It offers great potential for the destruction of PCBs insediments.

MANUSCRIPT UNAVAILABLE
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CHAIRMAN'S SUMMARY PART 11

Programs in The Netherlands, West Germany, the Hudson River (New York), New
Bedford Harbor (Massachusetts) and elsewhere have given rise to a significant body of
information. These programs have provided data relating to the performance and
applicability of remediation technology at the bench and pilot scale, and to a lesser
degree, at the operational scale. We do, however, require more information on 'clean'
sediments from a biological rather than a chemical perspective. "How clean is clean
is not a number or a concentration but rather an effect."

The success of a remedial action program is dependent upon the establishment of
clear and concise objectives prior to taking action. Objectives may be many and
divergent, for example the restoration of a naturally reproducing fish community free
from human consumption advisories, and complete inactivation of the contaminated
material on-site. It is important that once a remedial action has begun new
objectives should not be introduced nor should established ones be changed.

The development of technologies and the choosing of remedial options requires
information and opinions from the public as well as from scientists and engineers.
The involvement of people with different perspectives and expertise is essential to
produce ideas and to select the most suitable solution. In addition, greater funding
and emphasis needs to be placed on the research and development of new tech
nologies.

In addition to developing and implementing suitable technologies for remediating
contaminated sediments, control of contaminants at their source was stressed. It was
agreed that benefits accrued from the cleanup of existing sediment problems would be
wasted if future contamination cannot be prevented.

Containment of contaminated sediments in CDFs is not a permanent solution. They
may represent a necessary storage and collection facility, but all of the material will
have to be treated eventually.

Practical experience gained in different countries has shown that the costs of
remediation projects can be rather easily and accurately specified; however, the
benefits, in a monetary sense, to be gained from such efforts are less easily specified
and, in some cases, unquantifiable. Furthermore, information gained through delays
in major projects has shown that the costs associated with sediment remediation
increase dramatically over short periods of time (i.e. it doesn't get any cheaper the
longer you wait to take action).

It would appear that some suitable technologies to deal with contaminated sediments
are available, such as incineration, biodegradation, hydrolysis, acid leaching, solvent
extraction, inm fixation and capping. Several technologies are under development.
The major obstacle to their final development and application, however, is the cost.
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WAUKEGAN HARBOR, ILLINOIS

by

H. Zar
US. Environmental Protection Agency

Region V

ABSTRACT UNAVAILABLE

W

resolution. Most particularly, in October 1988, a consent decree was lodged with the US.federal court which provides that the responsible party, Outboard Marine Corporation(OMC), will take the necessary steps to clean up the Waukegan Harbor site. These stepswill result in substantial control of PCBs. More than 99% of the PCBs in the harbor willbe removed and either destroyed or confined on site.

The sediment contamination problem in Waukegan was discovered in 1976. It resultedwhen PCB hydraulic fluids used in aluminum diecast machines were allowed by OMC to

and Lake Michigan.

The extent of the contamination is shown in Figure 1 of the fact sheet. Slip 3, themost contaminated portion of the harbor, contains approximately 300,000 pounds (136,000kg) of PCBs in 11,000 cubic yards (8411 m3) of sediments, with concentrations runningfrom 500 mg/kg to greater than 25,000 mg/kg. Upper Waukegan Harbor contains anadditional 5,000 pounds (2,268 kg) at concentrations from 50 to 500 mg/kg. The NorthDitch, at the top of Figure 1, contains approximately 500,000 lbs (226,796 kg) of PCB in70,000 cubic yards (53,522 m3), with concentrations ranging to more than 10,000 mg/kg.Finally, a contaminated parking lot area contains another 280,000 pounds (127,006 kg) in70,000 cubic yards (53,522 m3), with levels up to 10,000 mg/kg.

The contamination has had significant effects. Fish contaminant monitoring hasShown levels of PCBs in fish in the harbor exceeding 100 mg/kg with most valuesexceeding 5 ppm. In 1981, losses to Lake Michigan from the harbor and ditch wereestimated from 22 to 44 pounds (10-20 kg) of PCBs per year, contributing to an overallLake Michigan PCB problem. Historical losses to the lake were estimated to be far more,amounting to hundreds of thousands of pounds of PCBs.

The Lake Michigan problem was originally seen in the early 1970s. In 1971, the U5.Environmental Protection Agency (USEPA) found PCB concentrations from 2.7 to 15 ppmin fish. Restrictions or advisories on Lake Michigan fish as a result of PC135 began andhave continued to this day. Clean up of contamination at the Waukegan Site has beenViewed as an important step in Lake Michigan improvement.
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advantage in these disputes is on the side of the environment. A polluter may resistcleaning up his act, but sooner or later clean-up is going to have to occur.
The following has been abstracted from "Cleanup of Outboard Marine Corporation/Waukegan Harbor Site - Explanation of Significant Differences, September 1988" - apublication of the Of ce of Public Affairs, Region 5, Chicago, Illinois. '

SLTE HISTORY AND BACKGROUND

Outboard Marine Corporation operates a recreational marine products manufacturingplant located near the intersection of Grand Avenue and Sheridan Road on the west shore

From approximately 1961 to 1972, OMC purchased a hydraulic fluid used in thedle casting works that contained PCBs. Some of these fluids escaped through floordrains. The floor drains discharged into an oil interceptor system which in turn dischargedinto the North Ditch. Some of the PC35 escaped from a portion of the oil interceptor,
discharge was located in the western end of Slip 3, and the north property discharge was inthe Crescent Ditch. The discharge pipe to the harbor was sealed in 1976.

As a result of these discharges, large quantities of PCBs are in Waultegan Harbor and0 OMC property in the North Ditch/Oval Lagoon/Crescent Ditch area, m the parking lotand in Slip 3. It is estimated that there are over 700,000 pounds (317,510 kg) of PCBs onthe OMC property and approximately 300,000 pounds (136,000 kg) of PCBs 1n WaukeganHarbor. The range of PCB concentrations are set forth in Figure l.
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In 1984, after conducting numerous studies of PCB contamination at the site and
completing a Feasibility Study (FS), which analyzed various alternative remedies to clean
up the contamination, the EPA, in accordance with Superfund regulations, selected a
recommended remedial alternative to be implemented, using monies from the Hazardous
Substances Trust Fund (Superfund). This remedial selection is set forth in the 1984 Record
of Decision (ROD), authorizing expenditures of $21 million to clean up the site. That same
year the engineering design work for the selected remedial action was initiated. However,
in late 1985, design work on the project was suspended, pending the conclusion of litigation
between OMC and EPA regarding access to OMC's property, since such access was
essential to continue the design process.

While this litigation was pending before the courts, Superfund Amendments and
Reauthorization Act (SARA) was enacted and signed by the President. SARA amendments
call for "permanent remedies which reduce the mobility, toxicity, or volume of hazardous
substances." Although RODs signed prior to October 1986 are not required to meet these
new requirements, EPA decided to reevaluate the 1984 ROD to develop a remedy
consistent with SARA.

About the time EPA began reviewing the remedy set forth in the 1984 ROD, EPA and
OMC agreed to end ongoing access litigation. Shortly thereafter, OMC submitted a
proposal to clean up the site. The negotiations between OMC, EPA and the Illinois
Environmental Protection Agency since late 1986 have resulted in the present Consent
Decree. Under this decree, OMC will finance a trust to implement the cleanup and will
ensure performance of the trust. The Consent Decree establishes the areas to be
remediated, the methods to be used and the financial responsibility, both immediate and
long term, for the cleanup. A copy of the Consent Decree is available in the OMC site
information respositories.

BACKGROUND ON PCB CONTAMINATION

PCBs are compounds which belong to a broad family of organic chemicals known as
chlorinated hydrocarbons. Virtually all chlorinated hydrocarbons are synthetically
manufactured and are used for a wide variety of industrial and commercial purposes.
Manufacture of PCBs in the United States began in 1929, primarily by Monsanto
Company. PCBs have many useful properties, including an usually good chemical and
thermal stability, fire resistance, non conductivity and low solubility in water.

In the late 19605, evidence had accumulated that PCBs had toxic properties. One
incident of severe human contamination by extremely high levels of PCBs in Japan in
1968, led to world attention being focussed on the potential toxic effect of PCBs on
humans. Studies indicate that long term exposure to high levels of PCBs in humans can
lead to liver and dermal disorders, and may cause cancer. Tests on laboratory animals
show that PCBs can cause reproductive failures, liver disorders, skin lesions and tumors.

In 1971, industry limited its sales of PCBs to closed system uses (uses which do not
release fluids in the environment) and by 1977, PCBs were no longer manufactured in the
United States. However, although production was halted, most of the PCBs manufactured
between 1929 and 1971 are still in existence due to their unusual stability and persistence.
PCBs are usually found in higher concentrations in soils and sediments as the compound is
relatively insoluble in water, but readily adsorbs to soil. Humans are primarily exposed to
PCBs through accumulation in the food chain, or bioaccumulation.  114



  

SUMMARY OF THE 1984 RECORD OF DECISION (RQD)

The remedy selected in the 1984 ROD consisted of the following elements:
0 All PCB "hot spots" of 10,000 mg/kg and above were to be dredged from Slip 3,

dewatered, fixed and sent to an off site licensed chemical waste landfill.
o Remaining sediments in Slip 3 and the Upper Harbor were to be dredged, de-watered in large lagoons to be constructed on OMC property, and disposed of ina containment cell to be constructed above the parking lot area.
0 "Hot spots" (over 10,000 mg/kg) on the North Ditch area were to be removed,' fixed and transported for off-site disposal.

o The dredged material from Slip 3 and the Upper Harbor was to be placed on theparking lot area, encapsulated by slurry walls and capped with a layer of

o The North Ditch area was to be enclosed with slurry walls and capped withimpermeable clay.

SUMMARY OF 1988 PROPOSED REMEDY

1
addressed in the 1984 ROD (Slip 3 and the Upper Harbor; the North Ditch, CrescentDitch/Oval Lagoon area on OMC property and the OMC parking lot).

The following is a summary of the proposed steps to be taken in the remedial actionfor the site:

0 A new slip will be constructed on the east side of the Upper Harbor to replaceSlip 3 and Larsen Marine will be relocated from its present location to the newslip (see Figure 2).

o Slip 3 will be permanently isolated from the Upper Harbor by the constructionof a double walled, braced, and soil backfilled sheet pile cutoff wall. After theslip is isolated, an impermeable clay slurry wall with a minimum thickness ofthree feet will be constructed, which will be tied into the underlying clay till,and a permanent containment cell will be built in the slip.

o The most highly contaminated sediments from Slip 3, with PCB concentrationsin excess of 500 mg/kg, will be dredged from the slip and removed and isolatedfor treatment. The Upper Harbor will be dredged and the dredged materialsplaced in the newly constructed Slip 3 Containment Cell.
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ted from Slip 3 and the North Ditch, Crescent Ditchand Oval Lagoonareas deSIgnated for treatment will be subjected to an on-sitethermal or chemical extraction process. After startup, this treatment tech-

water will be discharged to the North Shore Sanitary District or to an on sitelocation approved by EPA.

0 When all materials have beendeposited in the cells, they will be closed andcapped with a high density polyethylene (HDPE) liner and soil cover. The cellswill include extraction well systems, which are designed to prevent the migra-tion of PCBs from the cells. The three cells will be operated and maintained byOMC (see Figure 4).

0 Throughout the construction and treatment processes, stringent measures willbe taken to protect public health and the environment. These health and safetymeasures will include air monitoring, dust suppression and all other necessaryprotective measures, which will be detailed during the design phase andsubmitted to EPA for approval before construction and remedial action areinitiated.

EXPLANATION OF DIFFERENCES

The major differences between the 1984 ROD and the 1988 Consent Decree are:

0 The 1988 decree provides for a new slip to be built to replace the old Slip 3 and
relocates Larsen Marine to the new slip.

0 The present remedy expands the definition of "hot spot" areas to include all
material in Waukegan Harbor measured at 500 mg/kg and above, thereby
including a larger amount of material.

0 The containment cells are built inground with protective slurry walls tied into
the clay till and extraction wells to maintain an inward hydraulic gradient (a
lower water level inside the cell than outside).
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o The "hot spot" material is to be treated on site in the manner discussed above,
rather than transported off site for disposal in a licensed PCB landfill. The
on site treatment eliminates the need for dewatering lagoons called for in the
1984 ROD.

The proposed remedy will greatly reduce existing risks to PCB exposure on OMC

property and will improve the water quality of Waukegan Harbor. The 1988 remedy will
result in protection of public health and the environment at least equivalent to that
associated with the 1984 ROD. The 1984 ROD determined that excavation and off site
disposal of hot spot areas was necessary to enhance the reliability of on site contain

ment. The proposed remedy expands the amount of material designated for removal and
treatment by including all contaminated materials in excess of 500 mg/kg, rather than the
1984 level of those in excess of 10,000 mg/kg.

The hot spot material, rather than being transported off site for disposal in a licensed

landfill, will be treated so that, after startup, at least 97% of the PCBs will be removed

and destroyed. The public will not be exposed to the risks involved in transporting large

amounts of contaminated materials off site. In addition, treatment of the PCBs in this

manner is consistent with the goal of SARA to permanently reduce the toxicity, mobility
and volume of hazardous materials.

Placing low concentration materials from the Upper Harbor in the Slip 3 Containment

Cell will provide an equivalent level of protection as the above ground vault specified in

the 1984 ROD. Containment in Slip 3 reduces the risks inherent in handling and transport-

ing the contaminated materials and eliminates the use of on site dewatering lagoons. This

containment alternative was previously recommended by EPA, but was withdrawn because

of the economic impact on the harbor. The 1988 proposed remedy allows the advantages
of this containment method while providing for the economic well-being of the businesses
affected. -

The containment cells actively prevent migration of PCBs through slurry walls by
maintaining an inward hydraulic gradient through a system of extraction wells. The
volume of sediments being placed into the cells is greater than in the 1984 remedy;
however, the sediments will have been treated on site and 97% of the PCBs extracted,
thus reducing the volume of PCBs in the cells. In addition, the cells will be capped with a
synthetic liner which will prohibit precipitation infiltrating from the outside. Samples will
be taken at regular intervals from monitoring wells outside the walls of the cells to ensure
that PCBs are not migrating into the surrounding soils and groundwater, thus safeguarding
the public health and environment.

Editor's Note:

On March 31, 1989, EPA Region V Administrator, V.V. Adamkus, signed the amended

Record of Decision (ROD), which contains the final remedial action plan adopted by the
EPA. In addition to the sediments, all soils in excess of 10,000 mg/kg of PCBs will also be
excavated and treated. Treatment will be on site by thermal extraction. The extracted
PCBs will be transported to an off-site facility for high temperature combustion (>2200°F
or 1214°C) in compliance with the Toxic Substances Control Act. No soils or sediments
that exceed 50 mg/kg PCBs will remain on-site, except those within the containment cells.
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THE CONTAMINATED SEDIMENTS OF HAMILTON HARBOUR1

by

S. Painter, T. Murphy, and D. BoydHamilton Harbour Remedial Action Plan Team

ABST RACT

From 1962 to 1985, loadings of conventional pollutants into Hamilton Harbour werereduced 60-95%. Water quality objectives for contaminants in the water column haverarely been exceeded during the last two years (1986 87). Benthic invertebrate populations have responded to the reduced loadings by occupying nearly the complete sediment

with others. Remedial actions dealing With the sediment have their own environmentalrisks and presumably are contemplated only after point source reductions can ensure anaccumulation of hazard free sediment. The sedimentation rate is approximately 3 mm peryear, largely due to erosion of "clean" soil from the watershed. Suspended particulates areonly slightly less contaminated than the present sediment surface. This phenomenon wouldindicate that the surficial sediments are not yet in equilibrium with the current loadingregime and that point source loadings are contaminating the suspended particulates abovebackground concentrations.

The management of contaminated sediments in the harbour requires answers to anumber of questions. Have the loadings of pollutants into the harbour been reducedsufficiently to warrant remedial actions for the contaminated sediments? If currentloadings continue, what will be the contaminant status and environmental significance ofthe sediments 10-30 years (3 10 cm) from now? Are the solutions worse than theproblem? What would be the environmental benefits of remedial actions on thecontaminated sediments?

INT RODQQTIQN

Hamilton Harbour is located at the west tip of Lake Ontario (Figure l). A sandbarseparates the harbour from Lake Ontario and exchange with the lake is accommodatedthrough the Burlington Ship Canal. The harbour is triangular in shape with an east-westaxis of 8 km and a north-south axis of 5 km. The surface area of Hamilton Harbour is2150 hectares. With a mean depth of 13 m and a maximum depth of 26 m, the harbour hasa theoretical residence time of over 400 days but exchange with Lake Ontario shortens theresidence time to an average of only 90 days.

\

1The information contained in this report has been condensed from the-March 198$
Remedial Action Plan for Hamilton Harbour, Goals, Problems and Options discuss10n
document. For further information, refer to the discussion document or contact the RAP
Team coordinator, Dr. G. K. Rodgers, Environment Canada, Burlington Ontario, L7R 4A6.
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The total drainage basin of Hamilton Harbour is 49,400 hectares. The drainage basinis felt to be an insignificant source of contaminants in Hamilton Harbour. The Hamiltonand Burlington sewage treatment plants (STPs) discharge 391,000 m3into Hamilton Harbour. All industries in Hamilton discharge their watreatment plant; however, both Stelco and Dofasco discharge a porti
directly into the harbour after on site treatment. Combined sewersrain events and result in sewage entering the harbour directly. Significant (60-95%)loading reductions in most contaminants have occurred over the last decade.

WATER ALITY

The majority of metal loadings are from the steel industries. Table 1 presentsaverage concentrations of trace metals in 1982 and 1984 87. In addition, the ProvincialWater Quality Objectives (PWQO) and the % exceedences of the Objectives are alsopresented.

 

TABLE 1
TRACE METAL CONCENTRATIONS 1982 AND 1984-87 (pg/1)

  

METAL CONCENTRATIONS PWQO % EXCEEDENCE
1982 1984-87 1982 1984-87 1986-87

Copper 7.6 3 5 69 ll <1Nickel 7.2 4 25 4 1 <1Zinc 23.3 17 30 30 6 2.7Cadmium <0.2 - ND 0.2 19 9 0
Lead 4.8 ND 25 1 0 0Iron 248.3 191 300 33 15 9Manganese 56.2 82 N/A N/A N/A
Mercury 0.07 0.2 2 -
Arsenic <1.0 - 100 0 -

 

N/A - Not available
ND Not detected

The average concentrations meet Water Quality Objectives. Loading reductions from
the iron and steel industries implemented in 1983/84 and continuing today, have translated
into decreased concentrations of trace metals as well as decreased frequency of exceed-
ences of the objectives. Except for iron, very few exceedences of the Water Quality
Objectives for trace metals have been observed since 1985. Manganese and iron are
occasionally released from the bottom sediments during summer and exceedences of the
Iron objective have been observed in the hypolimnetic water only.

Organic contaminants have been infrequently determined in the waters of Hamilton
Harbour. Concentrations of organics have been low, with few exceedences of water
cluality guidelines.

  



  

SEDIMENT ALITY

Existing data suggest that a large zone of similar sediments covers the entire
deep water area of the harbour. Pollutants have been gradually mixed and transported
towards the deep central basin. Other distinct zones occur near the Burlington Ship Cana1,
where the effects of lake harbour exchange are important, and along the north shore,
where shallow water silty sediments of lower pollutant concentrations are found. The
west end is distinct due to the influence of Cootes Paradise and Grindstone Creek. The
spatial pattern of surficial sediment concentrations of zinc, lead, copper, mercury,
polychlorinated biphenyls (PCBs) and polyaromatic hydrocarbons (PAHs) are presented in
Figures 2 7.

Most of the surficial sediments in Hamilton Harbour are gray to black, and rich in silt
and clay. Sandy sediments are found along the north shore, near the Ship Canal and at the
entrance to Cootes Paradise (Figure 8). The depth of recent sediments is presented in
Figure 9. The sedimentation rate is 3 mm/yr, with the majority of the suspended solids
originating from the watershed.

Comparison of suspended particulates and surficial sediments would suggest that an
equilibrium has been achieved between loadings and the accumlating sediment surface for
lead and nickel, but some improvement in the sediment is yet to be expected in iron, zinc,
copper and cadmium (Table 2). Manganese is released from the sediments into the
overlying water and the comparison between suspended particulates and the surficial
sediments illustrates the loss of manganese.

 

TABLE 2
TRACE METALS IN SUSPENDED SOLIDS AND SURFICIAL

SEDIMENTS (1980 AND 1986)

  

METAL SUSPENDED PARTICULATES SURFICIAL SEDIMENTS
1982 1986 1980 1986

Iron mg/g 35 53 68 74
Manganese mg/g 20 9.6 1.9 2.1
Zinc ug/g 1050 1797 2700 2180
Lead pg/g 192 307 310 281
Copper pg/g 103 105 130 158
Cadmium ug/g - 6.3 5.7 14.1
Nickel pg/g 50 52 66 55

 

Metals

Metal levels in the surficial 1 cm slice of the sediment from the centre of the harbour
from 1976 and 1986 are presented in Table 3. Decreased loadings have translated into
decreased concentrations of metals in the surficial sediments. Based on the suspended
particulate data above, some further improvements can yet be expected in iron, zinc,
copper and cadmium.
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FIGURE 2

FIGURE 3
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ZINC CONCENTRATIONS IN THE SURFICIAL SEDIMENTS 0F HAMILTON HARBOUR(AFTER CAIRNS, DFO, BURLINGTON)
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LEAD CONCENTRATIONS IN THE SURFICIAL SEDIMENTS 0F HAMILTON HARBOUR
(AFTER CAIRNS, DFO, BURLINGTON)
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FIGURE 4 COPPER CONCENTRATIONS IN THE SURFICIAL SEDIMENTS OF HAMILTON
HARBOUR (AFTER CAIRNS, DFO, BURLINGTON)
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FIGURE 5 MERCURY CONCENTRATIONS IN THE SURFICIAL SEDIMENTS OF HAMILTON
HARBOUR (AFTER CAIRNS, DFO, BURLINGTON)  - 126 - . I
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FIGURE 6 PCB CONCENTRATIONS IN THE SURFICIAL SEDIMENTS OF HAMILTON HARBOUR(AFTER CAIRNS, DFO, BURLINGTON)
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FIGURE 7 PAH CONCENTRATIONS IN THE SURFICIAL SEDIMENTS OF HAMILTON HARBOUR
(AFTER CAIRNS. DFO, BURLINGTON)
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FIGURE 8 I SAND AND GRAVEL PRESENT IN THE SURFICIAL SEDIMENTS 0F HAMILTON
HARBOUR (AFTER CAIRNS, DFO, BURLINGTON)
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TABLE 3SUMMARY OF SURFICIAL SEDIMENT CHEMISTRY IN HAMILTON HAFOR 1976 AND 1986 RBOUR(All units in pg/g unless otherwise specified)

1976 1_9_3_§

Fe (mg/g) 101 ' 88Cu 215 155Cr 520 400Ni 105 60Zn 5800 3000Pb 710 400Cd 14 13Mn (mg/g) 3 2Co 36 16

 

Persistent Qrganics

Elevated levels of PCBs have been observed in the sediments from Windermere Basindue to STP discharges and storm water discharges. Elevated PCB concentrations have alsobeen observed along the north shore, particularly around the LaSalle Park Pier; the sourceis unknown. The mean concentration of PCBs in the harbour sediments is 0.2 0.44 ug/g.
The distribution of PAHs indicates that the steel mills were the main source and thatthe Hamilton STP was a minor source. Concentrations of 14 PAH compounds measured in

The levels of pesticides in sediments are low. The most frequently occurring pesticides were a and B-chlordane (5 and 7 ng/ , respectively) and a hexachlorocyclohexane(a BHC, 2 ng/g), which were found in 1/2 to 2/3 of all samples. Hexachlorobenzene (HCB<l ng/g), dichlorodiphenyltri chloroethane (op-DDT <5 ng/g), dichlorodiphenyldichloro-ethylene (pp DDE <1 ng/g) and B-BHC were found in 15-25% of the samples.

PROVINCIAL DREDGING GUIDELINES

The Ministry of Environment has Guidelines for the open water disposal of dredgedsediment (Table 4). If the sediments exceed the guidelines then the sediment must becontained in a confined disposal facility (CDF). The Hamilton Harbour Commissionmanages such a facility on the east shore of the harbour, south of the shipping canal. TheMinistry of Environment is in the process of drafting new sediment guidelines for thedredging of sediments. The guidelines have been expanded to include a higher set of .Contaminant concentrations for dredging and confinement in a restricted disposal fac11ity.A restricted CDF would differ from an unrestricted CDF, in that leachate tests would berequired on the dredgate and the area would have to be capped with clean material afterCompletion. These guidelines for restricted CDFs are not official as yet, but arebeing
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used by the regional staff when necessary. The rationale for the concentrations chosen in
the restricted CDF is that the sediment would not exceed the upper range of normality of
urban soils in Ontario. The US. Environmental Protection Agency (USEPA) also has
guidelines for the classification of contaminated sediments. The EPA heavily polluted
criteria are included in Table 4 for comparison. Other countries also have soil con
tamination guidelines and examples of acceptable targets are provided in Table 5.

 

TABLE 4
MOE AND USEPA GUIDELINES FOR DISPOSAL OF DREDGED SEDIMENT

(All units in pg/g unless otherwise specified)

   

UNRESTRICTED RESTRICTED EPA HEAVILY
CDF CDF POLLUTED

Iron mg/g 10 35 >25
Copper 25 100 >50
Chromium 25 120 >75
Nickel 25 60 >50
Zinc 100 500 >200
Lead 50 500 >60
Cadmium 1 4 >6
Mercury 0.3 0.5 >1
Arsenic 8 20 >8
PCBs 0.05 2 >1

BIOLOGY

Benthos

Johnson and Matheson (1968) sampled the benthic community of Hamilton Harbour in
1964. Their results indicated a severely degraded ecosystem, dominated by pollution
tolerant oligochaetes (worms). Limnodrillus hoffmeisteri occurred at all the sites sampled
and represented 50% of the total mature population of oligochaetes. Tubifex tubifex was
found at 85% of the sites and contributed 30% to the population. More sensitive species,
such as Quistadrillus multisetosus, made up less than 5% of the population and occurred at
less than 30% of the sample sites. Oligochaete abundance was highest in the area adjacent
to the Burlington Ship Canal suggesting a positive effect of Lake Ontario on Hamilton
Harbour water and/or sediment quality. Low abundance in the rest of the harbour,
particularly in a 2 km2 "toxic zone" close to the Ottawa Street slip, supported the
hypothesis that poor water quality and/or sediment toxicity was inhibiting the abundance
and distribution of oligochaetes in the harbour. Four genera of chironomids were reported
in the harbour in 1964.

 

The harbour was resampled in 1984 to determine the response of the benthic com
munity to remedial actions implemented between 1964 and 1984. The harbour was
dominated by oligochaetes. Abundance ranged from absent at the south end of the Ottawa
St. slip to 450,000 organisms m"2 in Windermere Basin and in the deep central basin.
Average biomass was between 10,000 and 100,000 oligochaetes m 2 (Figure 10).
Quistadrillus multisetosus, a pollution sensitive oligochaete was 42% of the total benthic
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'. TABLE 5
SOME EXAMPLES OF TARGET VALUES OR STANDARDS

FOR SOILS OR SEDIMENTS IN OTHER COUNTRIES

      

GERMANY B RITAIN NETHERLANDS (SEDIMENT) USDA
Soil Soil GERMANY Open Sea - Landfill soil

ppm CDF

As <20 <40 20
Cd <1 <2 3 <6 > 32 2.5
Cu <20 <60 100 <60 >370 125
Hg <1 2 <.3 > 10 5
Ni <50 <100 50 62
Pb <20 <150 100 <110 >660 500
Zn <50 <200 300 <370 >233 250

  

German Standards from: Kloke, A., D.R. Sauerbeck and H. Vetter. 1984. "The
contamination of plants and soils with heavy metals and the transport of metals in
terrestrial food chains." In: Changing Metal Cycles and Human Health, ed., J .O. Nriagu,
pp. 113 141.
British information from: Thornton I. and P. Abrahams. 1984. "Historical record of metal
pollution in the environment." In: Changing Metal Cycles and Human Health, ed. J .O.
Nriagu, pp. 7-25.

  

invertebrate population. Limnodrillus hoffmeisteri and Tubifex tubifex, pollution tolerant
oligochaetes, were 32 and 10% of the population. Chironomids were present at all the
littoral sites sampled. Mean abundance at the littoral sites was 302 organisms m z.
Visual surveys conducted in 1988 indicate the presence of extensive clam beds in the
shallow water between LaSalle Marina and the north east corner of the harbour.

Although the benthic community in Hamilton Harbour is indicative of a highly
eutrophic environment, substantial improvements have occurred in the abundance and
community composition since 1964. The "toxic zone" described in 1964 has been reduced
from 2 km2 to a small area at the south end of the Ottawa St. slip. Biomass throughout
the harbour has increased between 5 and 20 fold and the community composition has
shifted away from pollution tolerant species towards more pollution-sensitive species. An
additional four genera of Chironomids were found in 1984. Sphaerids (indicators of good
water quality), which were not found in the 1964 survey, occurred in 11 sites in 1984.

Elevated concentrations of contaminants in lake sediments are of concern because of
potential toxicity or food web related impacts on aquatic biota, particularly benthic
invertebrates. Effects on benthic organisms may be acute or chronic and in either case
may lead to an adverse impact on community structure. This impact may disrupt the
species diversity and numbers of predator organisms and ultimately lead to the loss of
desirable species at higher trophic levels (e. g. sport fish).

The profundal benthic community of Hamilton Harbour reflects the impact of low
dissolved oxygen during the summer months. Low hypolimnetic oxygen concentrations
from mid-June to mid-September limit the deep water benthos to species that can
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withstand low dissolved oxygen for prolonged periods. Although sediments in the deep
water basin are contaminated with organic and inorganic pollutants, the toxicity of these
chemicals to benthic invertebrates is masked by the adverse effects of low dissolved
oxygen. Attempts to correlate the abundance and composition of the benthic community
with contaminant concentrations failed because of auto correlations between contaminant
concentrations, organic composition of the sediment (grain size), depth and dissolved
oxygen-

Sediment extracts frOm 7 of 62 locations in Hamilton Harbour killed 70% or more of I
the zooplankter, Qapjmia magn_a_, within 48 hours (Figure ll). The more toxic sediments
were adjacent to the steel mills. The sediments from the northern and western portions of
the harbour were either not toxic or killed less than 30% of the Daphnia. Whole sediments
from near the steel mills greatly depressed the oxygen consumption of the bacterium,
Photobacterium, whereas other sediments were much less toxic. The oxygen demand of
the sediments was significantly correlated with the acute toxicity of the sediments to
Daphnia. The acute toxicity of the sediments to Daphnia was reduced by either bubbling
the sediments with oxygen for two days or by the addition of 10-200 mg/l of lime. The
concentrations of copper, iron and zinc in some sediment extracts exceeded levels known
to be toxic to Daphnia; however, a simple relationship between sediment toxicity and
metal concentration could not be found.

Elevated concentrations of zinc, lead, copper and iron in the deep water sediments
suggest that these sediments may be toxic to burrowing organisms such as Pgntopgreia and
thronomus. Dermott (unpub.) conducted bioassays to determine the acute toxicity of
various Hamilton Harbour sediments to the amphipod, Pontopgreia hg and to the
chironomid, Chironomus semireductus. Both species are dominant benthic invertebrates in
portions of Lake Ontario, with Q. semireductus being common in the shallow bays of the
lake. 2. m, an important food organism for Whitefish, was abundant in Hamilton Harbour
in the late 18005. '

Sediments from the deeper stations in Hamilton Harbour were acutely toxic to E. h_oLi
within 168 hours (65 85%). Exposure to sediments from Cootes Paradise, Lake Ontario,
the Bay of Quinte and the shallow water site on the north shore of the harbour caused less
than 15 percent mortality in 168 hours, with no significant difference in mortality
between these samples. Cause and effect relationships are difficult to establish from field
bioassays. However, concentrations of zinc, lead, iron and chromium were higher in the

more toxic sediments (Table 6).

Hamilton Harbour sediments were not acutely toxic to throngmus. Mortality ranged
from S to 32 percent. There was no significant difference in mortality of thrgngmus
exposed to the deep water station in Hamilton Harbour and those exposed to sediments

from Cootes Paradise. The sublethal effects of Hamilton Harbour sediments on the

feeding activity of Chirgnomus was determined by measuring the percent of gut filled with

food. Mugs exposed to Hamilton Harbour and Cootes sediments showed significant-

ly lower feeding activity (24%) than those exposed to Lake Ontario or the Bay of Quinte

sediments (72%).

 

Results from the acute Pontomreia bioassay indicate that the deep water sediments

of Hamilton Harbour are unsuitable for colonization by Pontomreia. Cause and effect

relationships are unknown and research is needed to identify the toxic agent(s) and develop

remedial actions. Results from the thronomus bioassay are more difficult to interpret.

Low acute toxicity in all harbour sediments suggests that throngmus would be successful

throughout the harbour if dissolved oxygen were not limiting. However, reduced feeding
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FIGURE 1] TOXICITY 0F HAMILTON HARBOUR SEDIMENTS T0 DAPHNIA MAQNA

Acute Toxicity of Hamilton Harbour Sediments
February 1, 1989
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Source= T.Murphy, Environment Canada

    



    

TABLE 6
MORTALITY OF Pontoporeia AND Chironomus, AND CONTAMINANTS

IN HAMILTON HARBOUR SEDIMENTS
(Units in mg/kg unless otherwise stated)

 

HIGH MORTALITY LOW MORTALITY
TO PQNTOPOREIA T P NTOP REIA

HAMILTON HARBOUR HARBOUR LAKE BAY OF COOTES
HIGH MORTALITY LOW MORT. ONT. QUINTE PARADISE

Pontoporeia

Mort.(%) 65 65 85 5 10 15 8

9111mm;
Mort.(°/o) 12 25 15 13 8 7 23

DEPTH (m) 11 23 19 5 125 5 2

Cd 3.9 5.2 0.2 2.9 2.0 1.4 1.0

Cr 62.7 122.6 150.7 30.7 17.6 10.5 10.9

Cu 76.0 101.0 274.6 73.8 68.7 26.7 43.3

Fe (mg/g) 14.2 23.2 25.4 10.7 10.4 10.5 10.3

Mn (mg/g) 1.5 2.0 2.0 0.6 1.6 0.6 0.7

Ni 28.7 35.0 0.6 13.9 41.0 16.0 12.7

Pb 181.7 292.3 336.0 56.2 87.0 54.2 69.3

Zn 1425.4 1999.7 2468.3 382 12.0 128.7 253.5

 

Metals as Acid Extracted Values

Source: R.M. Dermott, Department of Fisheries and Oceans, Burlington, Ontario

 

activity in the short term assay (192 hours) has implications for growth and long term

survival and it is not clear if thronomus could successfuly colonize the deep water

sediments.

Biomagnification of contaminants by benthic organisms may also be of concern

because of the potential for transmission to predator species and the subsequent

accumulation through the food web. Interpreting tissue concentrations in benthic

invertebrates and fish is difficult because of our lack of ability to separate the effects of

present contaminant loadings to the water from the effects of high contaminant

concentrations in the sediment as a result of past loadings. In other words, when

abatement actions at the sources are no longer effective at resolving the problem and

remedial measures to deal with the historical loadings become necessary.

Mobility of contaminants in the sediment due to physical resuspension ofsediment .

particles, bioturbation, geochemical reactions or biomagnification is poorly understood 1n

Hamilton Harbour. Only manganese and occasionally iron releases from the harbour

sediments have been documented. Biomagnification of contaminants into benthIc

invertebrates from Hamilton Harbour sediments is currently under study and the

significance to a warmwater fishery is unknown.
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Fish

Larval and juvenile fish surveys were conducted in 1985 and 1987 by the Departmentof Fisheries and Oceans in littoral and open water areas of both Hamilton Harbour andCootes Paradise. Forty-two species of larval fish were identified and the most commonlarval fish were gizzard shad, alewife, yellow perch, bluegill, pumpkinseed and whiteperch. Most species were caught in the west end of the harbour and in Cootes Paradise.

The Hamilton Harbour and Cootes Paradise fishery consists of two distinct speciesgroups. The first group, represented by crappies, sunfish, gizzard shad, and brownbullheads, remains in the harbour and marsh throughout the year. They tend to congregatein Cootes Paradise in the spring and move into the western end of Hamilton Harbour in thefall.

The second major group, represented by smelt, white sucker, yellow perch, browntrout, spottail shiners, herring, lake chub and Pacific salmon, migrate into Hamilton

Fish Qonsumption Guidelines

The Ontario Ministry of Environment, Ministry of Natural Resources and the Ministryof Labour cooperate in a monitoring program called the Sport Fish Testing Program.Annually the "Guide to Eating Ontario Sport Fish" is published, providing advice onrecommended levels of consumption of game or sport fish from over 1400 of Ontario'slakes, rivers and locations on the Great Lakes. The substances included in the monitoringprogram are: mercury, copper, nickel, zinc, cadmium, manganese, chromium, arsenic,selenium, lead, PCBs, DDT, mirex, Dioxin, HCB (hexachlorobenzene), Lindane, Heptachlor,Aldrin, Chlordane and Toxaphene.

Until 1985, sport fish collected from Hamilton Harbour for contaminant analysis hadbeen, thh a few exceptions, limited in numbers of specimens of any smgle species

Review of these results will enable the consumption advice contained in the 1987"Guide to Eating Ontario Sport Fish" to be upgraded from the five species given there(rainbow smelt, white perch, brown bullhead, carp and northern pike) to 12 species(rainbow smelt, white perch, brown bullhead, carp, northern pike, black crappie, whitesucker, yellow perch, white bass, channel catfish, brown trout and freshwater drum). Therevised consumption advice will be contained in the 1988 edition of the guide.
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Five of the 12 species have limitations on consumption of some sizes of those fish
Seven spec1es do not have any advised consumption limitations placed on them.
Consumption limitations arise from the presence of one or more of three contaminants
mercury, PCBs, and mirex. '

Mercury levels in freshwater drum (sheepshead) were found to average 0.56 mg/kg
ranging between 0.16 and 1.2 mg/kg. Statistical projection indicates that this species,
would exceed 0.5 mg/kg mercury in the 35 to 45 cm size range, and would also exceed 1.0
mg/kg mercury in the 45 to 55 cm size range. Assessment of the organic contaminant
data for this species showed mirex levels were calculated to exceed the 0.1 ppm federal
guideline in the 45 to 55 cm size range of fish in this sample, resulting in further advised
restrictions on the consumption of large freshwater drum.

In the case of the consumption advice on white perch, both PCB and mirex were found
to exceed the respective federal guidelines of 2.0 mg/kg PCB and 0.1 ppm mirex in the 25
to 30 cm length range. While in this same sample, mercury was calculated to exceed the
0.5 mg/kg guideline in the 30 to 35 cm size range; this exceedence is over ridden by the
exceedences for PCB and mirex.

Carp over 65 cm in length are advised for restricted consumption based on the
projection that PCB will exceed 2.0 mg/kg in specimens between 65 and 75 cm in length.

While the sample of channel catfish was small, the PCB and mirex levels in nearly all
individuals exceeded the federal guidelines. For this reason, all sizes of channel catfish
from Hamilton Harbour are advised for restricted consumption only. This restriction
includes specimens in the length range from 20 to 65 cm.

In the case of brown trout, again, a species collected only in small numbers, most of
the fish collected exceeded the federal guideline for mirex. Calculations indicated that
brown trout from 45 to 65 cm would exceed 0.1 mg/kg mirex. Brown trout in the size
range collected were calculated not to exceed the 2.0 mg/kg PCB or 0.5 mg/kg mercury
guidelines.

 

The other seven species (rainbow smelt, brown bullhead, northern pike, black crappie,
white sucker, white bass and yellow perch are considered as suitable for consumption in
regard to federal guidelines for mercury, PCB, mirex and DDT.

More recent data were collected in 1987 by Fisheries and Oceans. Composite whole
fish samples of carp, white perch, brown bullheads and white suckers (two pooled samples
of 10 large and 10 small fish of each species) were analyzed in 1987. The results indicate
that carp and white perch in Hamilton Harbour are accumulating PCBs. Concentrations
of mirex, DDT, DDE, HCB, chlordane, dieldrin and endrin were below consumption
advisory levels. PCB accumulation in carp occurs at several other sites on Lake Ontario
and consumption advisories (based on PCBs, mirex and pesticides) are in effect at five of
the nine sites sampled in Lake Ontario and the St. Lawrence River.

While fish have accumulated trace organics, the levels in edible portions (muscle?

have declined steadily between 1972 and 1981 and have been lower than observed in fish

from Lake Ontario. Table 7 illustrates the earliest record and the latest record for PCB

concentrations in Hamilton Harbour fish. Major reductiOns in the PCB content have

occurred.
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TABLE 7
PCB CONCENTRATIONS IN FISH FROM HAMILTON HARBOUR

(mg/kg wet)

  

1981FISH EARLIEST CONCENTRATION FISH CONCENTRATION

Pike - Pike 0.49Carp 1976 8.9 Carp 0.02Bullheads 1972 4.0 Bullheads 0.04Yellow Perch 1976 0.52 Y. Perch 0.1White Perch 1978 1.13 W. Perch 0.42Sunfish 1972 2.5 Pumpkinseed 0.02

 

Consumption Guideline is 2 mg/kg

 

Pacific salmon, lake trout, rainbow trout, brown trout, white perch, white suckers, yellowperch, American smelt, white bass, freshwater drum and carp, migrate into the harbourand Cootes Paradise from Lake Ontario. Some species, such as carp and white perch,remain in the harbour and Cootes Paradise from May to November and contaminantburdens during this period of maximum feeding are strongly influenced by local condi-tions. Trout and salmon enter the harbour for short periods in the spring and fall andcontaminant burdens in these species are more representative of Lake Ontario exposure.Consumption advisories for salmon and trout are in effect at most Lake Ontario sites.

Studies of blood lead levels have demonstrated little difference between HamiltonHarbour fish and those from other parts of the Great Lakes. In fact, fish from TorontoHarbour and other Lake Ontario locations were more contaminated. This situation wastrue even for benthic feeding species, which generally accumulate more lead than pelagicfeeders.

Tissue levels of PCBs and other organochlorines in white suckers from HamiltonHarbour were similar to levels in suckers from several sites along the north shore of LakeOntario (Table 8). These data suggest that contaminants in Hamilton Harbour fish,particularly non-resident species, are strongly influenced by Lake Ontario. Tissue burdensin non migratory harbour predators, such as pike and bass, are also affected by LakeOntario contaminants.

Fish Tumours

 

White suckers from Hamilton Harbour were affected with liver (cholangiolar andhepatocellular) lesions, including hyperplasia and several different types of carcinomas.The prevalence of total liver neoplasms was highest in Sixteen Mile Creek (10.1%) andlowest in Forty Mile Creek (0.7%) (Table 9). Surprisingly, white suckers from the controlsite on Manitoulin Island had a 3.5 percent prevalence of cholangiolar carcinomas. Anadditional survey conducted in 1987 (Cairns and Fitzsimons, 1988) observed cholangiolarcarcinomas in white suckers from eight sites tested on Lake Ontario (the prevalence
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TABLE 8
ORGANOCHLORINE CONCENTRATIONS (mg/kg) IN WHOLE WHITE SUCK

FROM SEVERAL SITES ON LAKE ONTARIO, 1983 ERS

    

HAMILTON BRONTE HUMBER GANARASKA BROCKVILLE

NO. or FISH 18 5 9 5 5

PCB 1.52 1.92 3.39 1.24 1.88
$0.42 $1.45 $1.22 $0.76 +1.77

213131 0.34 0.79 0.53 0.29 0.03"
$0.12 $1.26 $0.29 $0.16 +0.03

HCB 0.01 0.01 0.01 0.09 0.01
$0.01 $0.01 $0.01 $0.09 +0.00

MIREX 0.06 0.05 0.04 0.06 0.09
$0.05 $0.01 $0.03 $0.04 $0.07

DIELDRIN 0.02 0.02 0.03 0.02 <0.01
$0.02 $0.02 $0.02 $0.00

aCHLORDANE 0.004 ND ND ND ND
$0.002

 

ND Not detectable
Note: Fish from Hamilton, Bronte, Ganaraska and Brockville were 5 7 year old

males. Humber River fish were 5 7 year old females.
Source: V.W. Cairns, Department of Fisheries and Oceans.

 

ranged from 0.7 percent at Forty Mile Creek to 9.2% in the Ganaraska/Coburg Rivers).
The occurrence of cholangiolar lesions at all sites suggests a background prevalence of
cholangiolar anomalies in white suckers from the Great Lakes. Hepatocellular tumours
were found only in white suckers from Hamilton Harbour, Sixten Mile Creek and the
Humber River. Analysis of Hamilton Harbour sediments revealed the presence of
mammalian carcinogens (PAHs). A tumour induction experiment was conducted in which
Hamilton Harbour sediment extracts were injected into the yolk sacs of developing

, rainbow trout fry. Twelve percent of the fry developed tumours within 14 months,
following a single exposure (Metcalfe et a1. 1988). Although chemical exposure to
carcinogens in the harbour is complicated by availability, fish movement, routes and
susceptibility of the host, the induction trial combined with the chemical analysis suggests
a potential for carcinogenesis.

Other tumours on other fish have also been observed. Table 10 summarizes the type
and prevalence of lesions for white sucker, brown bullhead, goldfish, carp and wh1te perch.

 

Birds

The earliest studies of contaminants in birds from Hamilton Harbour date from 1970

when Gilbertson (1972) reported HCB, dieldrin, BBB and PCBs in Common Tern (_S_t_.er_n§_

hirundo) eggs from the Hydro Islands. This was the first reported instance 0f HCB 1 awan
tissue. In 1971, Gilbertson (1974) conducted further investigations, which ShOWEd that the
terns which nested on the Hydro Islands returned in the spring relatively free of
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TABLE 9
THE OCCURRENCE OF LIVER TUMOURS IN WHITE SUCKERSFROM LAKE ONTARIO AND MCLELLAN CREEK ON MANITOULIN ISLAND

 

SITE PREVALENCE (°/o)(SAMPLE SIZE) CHOLANGIOLAR HEPATOCELLULAR

  

FORTY MILE CREEK
(134) 0.7 carcinoma 0 carcinomaHAMILTON HARBOUR
(113) 1.7 carcinoma 0.9 carcinoma

1 melanohistiocytoma 0.9 adenomaSIXTEEN MILE CREEK
(612)a 7.0 carcinoma 1.5 carcinoma

1.6 adenomaMCCLELLAN CREEK
(228) 3.5 carcinoma 0 carcinoma

 

a Only 554 of the 629 fish were examined histologically. The remaining 75 fish had noapparent anomalies. All fish were collected during the spring spawning rims of 1984 and1985.

 

earlier sampling period. In 1981, DDE, PCBs and mirex levels were 11,79 and 1.9 ppm (wetweight), respectively. In 1986-87, those same contaminants were 4.0, 25 and 0.7l ppm,respectively (C.W.S. unpublished), a reduction of 63 68% (CWS unpublished).

should be noted that levels in gulls probably represent the integretion of levels in foodfrom distances within 5 10 miles from the colony site. Thus, levels in Hamilton Harbourgulls are not indicative of only Hamilton Harbour.
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TABLE 10

SUMMARY OF LESIONS REPORTED IN HAMILTON HARBOUR FISH

   

SPECIES LESION PREVALENCE (°/o) SAMPLE SIZE

WHITE SUCKER
lip lip neoplasia 39 1200

skin skin neoplasia1 23 1200

hyperplasia 0.6 1200

papilloma/carcinoma 1.7 1200

liver liver neoplasia2 4.3 113

carcinoma 2.7 113

adenoma 0.8 113

melanohistiocytoma 0.8 113

granuloma 4.4 113

gonad testicular lesions3 4.2 71

seminoma 1.4 71

hypertrophy 2.8 71

bladder fibrosarcoma 1 113

BROWN BULLHEAD
lip lip neoplasia 25.4 480

skin body neoplasia4 7 480

barbel asymmetry 72 480

ulcer 5 480

liver gross anomaliess 10.5 380

cholangiolar carcinoma 1.6 124

GOLDFISH
skin ulcer 50 80 N/A

kidney granuloma
51 29

polycystic
6.3 80

gonad neoplasia
30 13

CARP
gonad neoplasia

0.9 220

CARP X GOLDFISH
gonad neoplasia

52 79

hermaphrodism
6.3 79

WHITE PERCH
kidney glomerular nephritis 100 43

 

1Total skin lesions

2Total liver lesions

3Total testiCular lesions

4Total number of raised papillomas/carcinomas. Of the 33 o

17 were analyzed. Ten of these were diagnosed as squamous cell c

remainder as benign papillomas.

bserved body neoplasms,

arcinomas and the

5A total of 380 livers were observed. One hundred and twenty four were analyzed

histologically. Two were diagnosed as ch01
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A die off of wild waterfowl occurred in Windermere Basin in March, 1986
(A.McLarty, MOE, Pers. Comm.). In a 1986 study of flightless, domestic ducks released
into Windermere Basin and two other sites, those at Windermere accumulated PCB
residues almost 50 times greater than ducks at the other locations. Lead levels were also
greatly elevated in Windermere Basin birds compared with those from the other sites.
There are strong suggestions that lead was the prime cause of the die offs of both the
domestic ducks and the wild ducks at Windermere (CWS and MOE, unpubl., respectively).

THE CONTAMINATED SEDIMENT ISSUE

The current loadings from industrial and municipal sources would appear to have
achieved acceptable water quality concentrations for contaminants in Hamilton Harbour.
The fish caught in Hamilton Harbour are linked with fish consumption advisories. To
achieve an edible fishery, action will be required, but the relative contribution of
Hamilton Harbour as compared with Lake Ontario as a whole to the fish consumption
advisories is unknown. The relative contribution of present loadings of contaminants
versus historical loadings, which have accumulated in the sediments of the harbour is,
therefore, also difficult to assess.

Some of the fish tumours appear to be related to chemical irritation, possibly by
PAHs. PAH loadings have been dramatically reduced, but PAHs still persist in the
sediments.

Benthic invertebrates have increased in abundance, diversity and extent since 1964,
but bioassays indicate that some of the sediments are toxic to some organisms but not
others. Toxicity of the sediments to some organisms is alleviated by aeration of the
sediment extracts. There are no data available describing contaminant concentrations in
benthic organisms in the profundal sediments of Hamilton Harbour. Research is needed to
determine the bioaccumulation of organic and inorganic contaminants by benthic
organisms throughout the harbour. This work is ongoing and will be continued in 1988.

The Ontario Ministry of the Environment is currently developing biologically based
sediment quality guidelines with the assistance of the Canada-Ontario Agreement Polluted
Sediment Committee. The new guidelines are to become available during 1988 and will
replace the existing dredging guidelines for open water disposal of dredged material. The
intent of these new guidelines is the protection of aquatic life and human health by
ensuring no biological impact from i_nm contaminants. The new guidelines will identify
sediments where an unacceptable degree of sediment contamination exists, thereby
requiring a remedial action without the need to demonstrate site specific biological
impacts. These guidelines will be used to evaluate all sediments, not just in the context of
dredging projects.

In anticipation of these revised guidelines, the following activities were recommended:

0 Completion of the detailed resolution of the sediment area and volume
potentially requiring remedial action (based on sediment toxicity, and the
mobility and bioavailability of contaminants associated in sediments)

0 Additional confirmation that biological effects are due to contaminants in the
sediments and not to continued point source loadings or the anaerobic nature of
the sediments, irrespective of the contaminant concentrations
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Other sediment treatments are:

0 Cover and Capping with sand, clay, silt, synthetic liners or active cover
material (limestone, greenstone, oyster shells, gypsum, ferric sulfate, alum,
alumina, activated carbon, ion exchange resins)

0 Stabilization by grouting and sealing with cement, quicklime, silicates, bentonite

o Sorbents and Gels such as activated charcoal, resins, zeolites, polymers, foams
and fibers

0 Sophisticated dredging by treatment and replacement

A detailed discussion of each of these treatments is beyond the scope of this report,
but a few comments would be useful. Capping would require at least 50 cm of material to
isolate the contaminated sediments from the effects of benthic invertebrates. Sealing of
the sediments is probably undesirable at present. Sorbents and gels have been used for the
cleanup of spills and as pretreatment prior to dredging, but notfor the decontamination of
sediments.

Dredging of contaminated sediments followed by separation and confinement or
treatment of the most contaminated material and open water disposal of the less contam
inated sediments is practiced in Europe where space is limited for building confined
disposal facilities. '

Pilot scale demonstration projects are being proposed for some of the Great Lakes'
Areas of Concern since the treatment of contaminated sediments is a common concern. In
Hamilton Harbour, volume reduction, using hydrocyclone technology does not appear to be
advantageous since sand represents a small portion of the contaminated sediments.

Dredging of the severe, high and intermediate toxicity zones, identified earlier and
costed in Table 11, would require a CDF roughly twice the size of the current one in the
harbour. Even though the contaminated sediments are estimated to be only 33 cm deep,
current dredging practices are not that precise. The dredgate volume is therefore at least
twice if not three times the volume of the contaminated sediments. The construction of
the berm wall of the CDF would be difficult because of the deep water north of the cur-
rent CDF. A CDF could be constructed beside the CCIW complex if sufficient volume
were available. The cost estimate provided assumes that the Harbour Commission's CDF
would accept the first 1 million cubic meters of dredgate. This is the remaining capacity
of the Hamilton Harbour Commission's CDF.

Dredging of the severe and high toxicity zones, placing the dredged material in the
deep basin and then capping with intermediate toxicity sediments is a procedure which has
not been discussed in detail. The concept has some attractive advantages. The severe and
high toxicity zones would be eliminated and the deep basin would have only an inter
mediate toxicity, leaving approximately 75% of the harbour with low toxicity. The major
expense in most dredging projects is the construction of a confined disposal facility; deep
basin deposition would not require a CDF and, therefore, would be much less expensive.
The creation of another CDF in Hamilton Harbour would eliminate further habitat and
hence be undesirable. Deep basin deposition has disadvantages. The potential for the
resuspension of sediments and the possible release of contaminants into the water column
during deep basin placement would require expensive technologies to prevent such release.
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TABLE 11

ESTIMATES FOR DIRECT TREATMENT OF HAMILTON HARBOUR SEDIMENTS

OPTION

 

COST (3; Millions) COMMENTS

Dredging

3% of Harbour 3-9 The most toxic sediments

11% " 4 52 highly toxic

33% " 50-150 intermediate toxicity

Chemical Treatment of the Sediments (one time costs/ repeats necessary)

alum
ferric
calcium
nitrate

Capping of Sediment

Fly Ash
Burial

Aeration of water column

air

hypo
oxygen

Uncertain effect

never used to reduce toxicity

but will slow release of metals

into water column

Availability of clean soil

and costs unknown

Oxidation of sediments unlikely

to take place but will slow release

of contaminants into water column

   



 

CHAIRMAN'S SUMMARY PART III
1. The application of Superfund programs (Superfund Amendments and ReauthorizationAct - SARA, which amends the Comprehensive Environmental Response, Compensation and Liability Act CERCLA) for the remediation of contaminated sediments(United States portion of the Great Lakes only) may represent a substantial component of restoration in some Areas of Concern. However, it is unlikely to solve allof the contaminated sediment related problems in these areas.

2. Information and experience gained through the evaluation of remedial options and theapplication of a thermal destruction technology in Waukegan Harbor, Illinois, willprove invaluable for other areas in the Great Lakes.

3. Abundant data are available on the bulk chemistry of the surficial sediments ofHamilton Harbour. In addition, some data on the distribution of benthic macro-

proposes an action threshold or objective.

   



 

PART IV

AND DEVELOPMENT IN THE GREAT LAKES:

REMEDIATION, RESEARCH
THE IMMEDIATE FUTURE
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ENVIRONMENT CANADA ACTIVITIES ON RESEARCH AND DEVELOPMENT

RELATING TO CONTAMINATED SEDIMENTS IN THE GREAT LAKES

by

R. Shimizu, Director

Great Lakes Environment Office

Environment Canada

ABSTRACT

 

The report of the Remedial Options Work Group identified a broad range of techno

logical treatment methods which wouldhave application to Areas of Concern. The

Canadian Parties have initiated action to establish priorities for these options, according

to their applicability on the Canadian portion of the Great Lakes. In 1989, Canada and

Ontario will identify suitable options for each area. Bench testing of a selected option

(hydrocyclones) will likely be undertaken jointly with the US. Environmental Protection

Agency (USEPA) in late 1989.

Discussions are also planned with our Environment Canada counterparts in Quebec to

arrange for joint research and development activities relating to the clean up of the St.

Lawrence River. Other programs likely to receive support involve: solidification, extrac

tion, biological treatment and improvements to mechanical removal.

It is recognized that considerable funds are necessary for the initial development of

these unique technologies, even though these technologies have been used internationally,

or been used for materials other than sediment. Canada and Ontario will promote co op

erative efforts with other provincial jurisdictions as well as with our US. counterparts.

Additional funds will be allocated from the Great Lakes Water Quality Agreement for one

or two options at a time.

INT RODLJ CTION

In addressing the rehabilitation of areas degraded by sediment contamination, the

immediate expectation is for some technological fix that will be wheeled out of the

research and development laboratories and applied universally and with assured success

throughout the Great Lakes. That situation, as we are all well aware, is not reality. Most

of our efforts have been and continue to be expended in how we define the problem,

Characterize the environmental relationships which exist, and thereby determine the need

for and nature of ameliorating techniques which may be tested and applied.

When examining the immediate future research and development possibilities on the

Great Lakes, it is worthwhile to consider how we got to where we are now. The Great

Lakes Water Quality Agreement, originally signed by Canada and the leted States in

1972, committed the governments to "restore and enhance water quality in the Great

Lakes system". Article V of that Agreement introduced the aspect of sediment contam

ination, but only as it related to a requirement to reduce pollution from dredging I

activities. The Agreement signalled that human activities in the Great Lakes basm should

be more cognizant of environmental implications, particularly as they pertained to water

Quality. Dredging, involving the translocation of substantial amounts of sediment usually

from urban/industrial areas with their associated contaminant problems, was one of the

Specific activities identified. Dredging was occurring, of course, not as a restoration

measure but as an activity to maintain navigational channels. In the course of this

Symposium you will have learned that the environmental requirements imposed on the

   



  

handling and disposition of dredged sediments have substantially affected the dredging
industry on the Great Lakes.

There have been dredging activities undertaken to restore localized degraded areas,
particularly areas affected by spills or leaks from industrial operations. However, these
activities have been limited both in number and scope.

It is also worthwhile noting that the 1972 Agreement required the development of
compatible criteria for the identification of polluted sediment. This requirement has not
been realized and the shortcoming is probably more a function of the existing state of
knowledge on sediment contaminants and environmental effects than of a lack of effort or
good intentions by the governments. However, the resource allotment and the level of
effort by jurisdictions in terms of sediment standards, criteria and guidelines development}
is still relatively small, particularly when compared with similar efforts in the water
quality field. Ensuring compatibility of criteria is also a formidable task and the variation
among jurisdictional water quality criteria, even within the Great Lakes basin, is well
known.

  

The renegotiation of the 1972 Great Lakes Water Quality Agreement in 1978 and
again in 1987 continued the historical commitment to pollution abatement initiatives.
However, there has been increasing interest in restorative measures, particularly as they
might be applied to the more degraded locations on the Great Lakes or to the Areas of \
Concern. As well, Great Lakes fisheries management agencies are attempting to l
rejuvenate fish stocks and maintain existing or restore degraded fish habitats.

RE§EARQH AND DEVELOPMENT

Within Environment Canada, research and development of remedial approaches to
degraded sediments in the Great Lakes are led by staff of the National Water Research
Institute (NWRI), located at the Canada Centre for Inland Waters. A major part of this
effort has been, and will continue to be, directed towards the broader research field of
environmental pathways, fate and effects of contaminants, research which forms the
underpining for how we define an environmental problem and determine intervention and
restoration requirements.

 

The scientific and technical expertise based at NWRI is being employed in both the
development and assessment of sediment treatment technologies and techniques. The
application of such techniques would occur in cooperation with the regulatory and
environmental management components of Environment Canada and the Province of
Ontario.

At the demonstration level, one research and development technique is currently
being field tested in Hamilton Harbour. It involves the injection of oxygen to ensure
precipitation and binding of sediment bound metals. This technique might also be appliedto prevent phosphorus release from sediments and thereby control algal growth.

Studies are expected to commence soon to determine the potential application in theGreat Lakes of hydrocyclones to separate contaminated sediment from cleaner material,
thereby reducing treatment and disposal requirements. This technology has been widelyused in Europe and achieved a fair degree of success. It is considered that only minormodifications may be required to adapt the equipment to Great Lakes situations.
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A suitable pilot site will be discussed with the teams currently developing remedial

action plans in the Areas of Concern. A subsequent project will be designed and conducted

with our counterparts in the Province of Ontario and in consultation with the US.

Environmental Protection Agency and Environment Canada personnel in Quebec.

FUTURE ACTION

It is Environment Canada's intention to review the techniques described in the

recently released report of the Sediment Subcommittee of the Great Lakes Water Quality

Board. Both this report, which is entitled "Options for the Remediation of Contaminated

Sediments in the Great Lakes" and the proceedings from this symposium will have to be

evaluated in terms of the emerging needs, as defined by the remedial action teams in the

Areas of Concern.

Options which show promise and are likely to be scrutinized are solidification,

extraction, biological treatment and improvements to mechanical removal.

In many respects, the level of effort that will be devoted to research and development

for the remediation of contaminated sediments will be conditioned by the specific needs

which are defined in the remedial action plans under development in the various Areas of

Concern. While contaminated sediments are invariably found in these areas, it is far from

clear what remedial approaches will be advocated. It is almost certain, given the highly

variable nature of environmental conditions in the Areas of Concern, that no one

technique or approach will be universally applicable. Thus, where need is determined,

site specific assessment of remedial options will be required.

The linkages between the remedial activity and the derived environmental benefits

will have to be defined. What is also clear is that effective pollution abatement measures

will have to be introduced, such that persistence or reoccurrence of sediment

contamination will be unlikely.

At present, Environment Canada spends about $8.5 million throughout the Great

Lakes region. Although our present system of bookkeeping does not allow a presentation

of what allocation is provided to sediment related problems, a cursory review of individual

project summaries suggests that a substantial portion has a direct or indirect sediment

interest. Further allocations or reallocations will be determined by the needs defined

through the remedial planning process at Areas of Concern.
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U.S. EPA'S PROGRAM TO ADDRESS CONTAMINATED SEDIMENT PROBLEMSIN THE GREAT LAKES

by

C. Finch, Director
Great Lakes National Program OfficeUS Environmental Protection Agency

ABSTRACT

 

Until recently, concern over sediment contamination was limited to questions ofdredging and dredged material disposal. Lately, there is a focus on i_n m sedimentcontamination, where environmental risks may be present even when sediments are notdisturbed or removed. The UC has identified 42 Areas of Concern (AOCs), where pollutionimpacts are evident, in the Great Lakes basin. In nearly all of these AOCs, contaminatedsediments are a major problem.

to identify problems, standardize methods, share information and develop a coherentstrategy for the control and removal of sediment contamination.

It is clear that we need to improve our ability to predict the impacts of variousclean-up options (including the "no-action" alternative), the effectiveness and cost ofavailable remedial technologies, and the time course of post remedial recovery. Thesediment clean ups will be very costly, and priority decisions, such as full orpartial/phased actions and cost effectiveness trade-offs, will have to be made.
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INTRODUCTION_________
- -

In the time alloted me today, I would like to give you a brief overview of contam-

inated sediment issues affecting the Great Lakes and how the US. EPA is dealing with

them. I will outline some recent legislative developments and describe how they affect

our current strategies. Finally, I will discuss a case that illustrates some of these points.

For many years, most of the concerns about sediment contamination had to do with

navigational dredging. The removal of sediments, and the methods and sites for their

disposal, were the subjects of intensive research, resulting in an array of guidelines and

regulations. On the other hand, sediments that were not going to be dredged, relocated or

otherwise disturbed were not generally thought to be hazardous. Recent research has

shown, however, that pollutants in undisturbed sediments can be a source of contamin

ation to the aquatic food chain and, potentially, a human health risk. This finding moves

us into a new set of research and regulation questions: what to do about in situ sediment

contamination.

As you have heard from previous speakers, the International Joint Commission has

identified 42 Areas of Concern, or AOCs for short, in the Great Lakes basin. These are

harbors, river mouths and connecting channels where pollution problems have led to

serious environmental degradation (see Figure I).

In nearly all of these areas, contaminated sediments are a major part of the problem.

Some AOCs in the US. come under the authority of our Superfund legislation.

Potential Superfund sites are scored on 3 Hazard Ranking System, and those that qualify

become high-priority sites for enforced clean up.

Waukegan Harbor, Illinois; Sheboygan Harbor, Wisconsin and the Ashtabula'River,

Ohio are three AOCs that have been classified as Superfund sites under the current

ranking system. There are proposed changes to this hazard ranking system that would

include human health risks from exposure through the food chain. If these changes were

approved, then more AOCs could conceivably become Superfund sites when they were

ranked under the new system. Clean-up of these non Superfund AOCs is, however, still a

concern for EPA.

The 1987 revisions to the Great Lakes Water Quality Agreement include a completely

new section, called Annex 14. Annex 14 calls for the two Parties, the US. and Canada, to

work with their state and provincial governments to identify the nature and extent of

sediment pollution in the Great Lakes system. It goes on to mandate the development of

methods to evaluate both the ecosystem impacts of sediment pollution and the

technological capabilities for their remediation. The information gained from these

programs will help to guide the development of remedial action plans and Lakew1de

Management Plans.

There is new US. legislation that relates directly to Annex 14.. Section 118(c)(3) of

the Clean Water Act of 1987 calls for the US. EPA to carry out a five year Study and

Demonstration Program for the control and removal of toxic pollutants from the Great

Lakes, with emphasis on contaminated bottom sediments. The Act spec1f1cally designates.

5 AOCs for 'priority consideration': Saginaw Bay, Michigan; Sheboygan Harbor, I Vlsconsm,

the Grand Calumet River, Indiana; the Ashtabula River, Ohio; and the Buffalo River, New

York.
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FIGURE 1 AREAS OF CONCERN IN THE GREAT LAKES BASIN
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EPA GREAT LAKES PROGRAM FOR CONTAMINATED SEDIMENTS
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FIGURE 2: MANAGEMENT STRUCTURE FOR ASSESSMENT AND REMEDIATION OFCONTAMINATED SEDIMENTS (ARCS) PROGRAM
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While the work groups will do much of the final synthesis of information, much of the

experimental work Will be contracted. We will negotiate Interagency Agreements with the

U.S. Army Corps of Engineers and the U.S. Fish and Wildlife Service to handle much of

this work in their respective areas of expertise. In addition, some of the work will be

aSSigned through open solicitations.

As you can see from the timetable presented in Figure 3, we have a very ambitious

schedule, and a lot of work ahead of us. So far we are more or less on track, but the major

work unitshave not started yet. There are two points I would like to clarify before I go

further. First, the ARCS program is M a clean up. Our entire budget for the duration of

the prOJect would not be enough to clean up even one of the AOCs. Our purpose is to

answer questions that will help to guide governments as they formulate remedial action

plans. There Will be some on site technology demonstrations, but on a very restricted

scale. The funding for the actual clean-ups is not even in the same ballpark.

second, the list of priority areas for demonstrations, as named in the Act, is not

excluswe or restrictive. While we hope to have some activities in each of these five

areas, there may be work carried out at other AOCs. These decisions will be partly based

on cost considerations. Field scale demonstrations are prohibitively expensive, so we will

be forced to coordinate our demonstrations with dredging activities that are proceeding

independently of our program. In this way, we will be able to accomplish more by

'piggy backing' on other programs.

There have been many technologies proposed for the remediation of contaminated

sediments: extraction methods, particle size separation, imposition of physical barrier

layers, immobilization, and so on. They have been discussed here at this workshop by

experts in the field, who are far more knowledgeable than I. But there is one last point I

would like to make by means of an example.

Sue Louisnathan and Howard Zar gave an in-depth presentation on one of our worst

Superfund sites, Waukegan Harbor. Those of you who heard their talk will recall that the

harbor is severely contaminated with PCBs, and that a Consent Decree for remedial action

has recently been signed.

What I want to emphasize here is that the clean up will deal with the contaminated

sediments in three classes.

First in priority is the most highly contaminated class, above 500 ppm of PCBs. These

are all in Slip 3, so a cut off wall will be built at the end of Slip 3, isolating it from the

rest of the harbor. These sediments will be dredged out and isolated for treatment at an

on site facility. Treatment will use the Taciuk Method, which was developed in Alberta,

Canada for extracting petroleum compounds from oil sands. This method has been adapted

for PCB extraction, and is expected to remove at least 97% of the PCBs in the dredged

sediments. Treated sediments will be placed in the West Containment Call, and extracted

PCBs will be transported for off-site disposal.

 

Second priority will be the sediments in the Upper Harbor, which have PCB concentra

tions between 50 and 500 ppm. They will be moved into a newly constructed Slip No. 3

Containment Cell, with no other treatment applied.

Finally, sediments with PCB levels below 50 ppm will be dredged under existing

guidelines for dredged materials, and relocated for open-lake disposal, in lake confined

disposal, or upland disposal as their contamination levels dictate.
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FIGURE 3: TENTATIVE SCHEDULE FOR FIVE YEAR STUDY ANDDEMONSTRATION PROGRAM
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The lesson here is that the solution involved a blend of technologies. Few, if any, of

our AOCs are going to have a homogeneous distribution of contamination. It would be

neither appropriate nor cost efflcient to use the same technology throughout. Further-

more, funding considerations may dictate a phased approach for some remedial action

plans. The most critical, or perhaps the most accessible, zones of an area will be dealt

with first, with subsequent remediation to follow later on.

In view of these considerations, it seems vital that AOC assessment sampling designs

be sufficiently detailed to permit regional classifications within an area. An ideal assess-.-

ment will include biological, chemical and physical studies. The resulting data base will be

complex, and it is likely that some results will contradict others. The EPA's Office of

Research and Development's Large Lakes Research Station in Grosse Ile, Michigan is

working on a method to make sense of such complex and potentially conflicting arrays of

information, which they are calling the Sediment Action Index (SAI). The SAI has already

been tested on sediments in the Trenton Channel (Detroit River). EPA is now proceeding

with further tests of the SAI on the Fox River (Green Bay, Wisconsin), and it will soon be

applied to the Grand Calumet River Indiana Harbor Canal area.

It is also important that the RAP decision-making teams have an adequate knowledge

of the cost and effectiveness of the various remedial alternatives, including no-action

scenarios, before they begin developing their plans. Toward that end, we are funding

research on particle dynamics and contaminant fluxes in an effort to support risk assess

ment models in both no-action and clean up scenarios. In other words, we hope to be able

to say "This is what will happen if nothing lS done, and this is how much improvement you

can expect if you take remedial action."
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CHAIRMAN'S SUMMARY - PART IV

At present, Environment Canada has neither a national nor a regional program in
place, either to mitigate (non navigational) contaminated sediment problems or to
develop/demonstrate new technologies. They are currently awaiting the development
of the RAP documents to identify the needs for such programs in the Great Lakes.
The participants indicated that this approach seemed to be backwards since RAPs, by
definition, should include actions.

The United States Environmental Protection Agency, under sections of the Clean
Water Act, should have over five million dollars per year for their demonstration
program. However, the exact amount available for these purposes, in any particular
year, is not guaranteed.

Five sites, all Areas of Concern, are specifically designated under the Clean Water
Act for priority consideration: Saginaw Bay, Michigan; the Buffalo River, New York;
Sheboygan Harbor, Wisconsin; the Grand Calumet River, Indiana and Ashtabula River,
Ohio. It was noted that the latter three sites have also had portions designated as
'Superfund' sites, based on sediment contaminant levels. Therefore, it was question-
ed whether these sites were appropriate for the demonstration program. Participants
suggested that since these areas, or at least portions of these areas, were already
slated for remediation, that greater information would likely be gained by the
comparative testing of technologies in one or two areas only.

EPA's ARCS (Assessment and Remediation of Contaminated Sediments) program is
currently in the planning phase, and it is unknown as yet how RAP coordinators or the
jurisdictions are to become involved. In addition, the demonstration/research pro-
gram has a five year time frame and no indication of what happens, procedurally,
afterwards was provided (i.e. unclear if complete Areas of Concern clean up would
then be enacted, using one or more of the demonstrated technologies).

After hearing presentations from both agencies, participants recommended that
further technology research and development (including scale demonstrations) be
actively supported; however, they also advised against "reinventing the wheel." It was
recommended that the agencies build upon the results of this symposium, other Great
Lakes' reports (e.g. the SSC reports1 and the Areas of Concern report?) and the
programs elsewhere in North America and Europe.

1Procedures for the Assessment of Contaminated Sediment Problems in the Great
Lakes. Report by the Sediment Subcommittee and its Assessment Work Group to the
Great Lakes Water Quality Board, International Joint Commission, Windsor, Ontario,
December 1988.

Options for the Remediation of Contaminated Sediments in the Great Lakes. Report by
the Sediment Subcommittee and its Remedial Options Work Group to the Great Lakes
Water Quality Board, International Joint Commission, Windsor, Ontario, December 1988.

2Guidance on Characterization of Toxic Substances Problems in Areas of Concern in
the Great Lakes Basin. A Report from the Surveillance Work Group to the Great Lakes
Water Quality Board, International Joint Commission, Windsor, Ontario, March 1987.
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SYMPOSIUM SUMMARY
AND CONCLUSIONS

by

M.A. Zarull

Symposium Chairman

Control of contaminants at source remains the primary imperative for actions. The

long-term success of contaminated sediment remediation is entirely dependent upon

the absence of further contamination. In addition, remedial action should also be

preceded by a detailed assessment of the problem(s).

At present, in .the Great Lakes, our only interventionist option for dealing with con

taminated sediments is to remove them and dispose of the entire volume of material

111 confined disposal facilities.

Our lack of a functional program and of knowledge of contaminant mobility and bio

logical uptake/ transfer processes restricts the use of upland disposal to a limited and

possibly experimental basis.

While containment of the dredged material in CDFs is possible, there remain several

problems surrounding their further construction and use. Even if they are construct

ed in an environmentally sound manner, they cannot be Viewed as anything but a

temporary storage measure, pending the development of a viable treatment procedure.

Elsewhere, in North America and Europe, remedial actions are and have been under

taken which involve both the reduction in volume and the treatment of contaminated

sediments. We in the Great Lakes have much to learn from this knowledge and

experience. It is essential that we apply this knowledge to both our remediation and

research efforts.

Several speakers described the need for both an assessment and a remediation

strategy. It seems, however, that a new strategy must be invented each time a

country or a region acknowledges that it has a contaminated sediment problem. This

tendency to reinvent the wheel represents a waste of resources (both human and

financial) as well as of time. It is imperative that we learn from one another and

accept previous knowledge as being credible and applicable.

It was apparent, that our greatest, if not our only practical experience in dealing with

contaminated sediments in the Great Lakes comes from dredging. Therefore, we have

little information or experience with i_I _l situ remediation, even though it may be both

necessary and desirable in many areas of the Great Lakes. Therefore, more work is

urgently required to develop and test i_n s u remediation techniques.

Costs were described many times as the bottom line or major factor governing

decisions to remediate, since they are often astronomically high. However, costs

have been shown to escalate dramatically over a short period. Therefore, to delay

action based upon costs represents a false economy.

Neither the United States nor Canada has a program in place (as of October 1988) for

research, development and demonstration of remediation technologies for contam-

inated sediments in the Great Lakes. The United States is currently developing a

program and will have funding over the next five years, via the Clean Water Act.

However, the next step after the completion of this program, has yet to be determin-

ed. Canada, on the other hand, is awaiting results from RAPs.
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10. Throughout this symposium, several speakers and participants related the need for

further research. At the same time, others have stated that the public is tired of the

insistence on more research and wants action immediately. We must, therefore,

distinguish between research to obtain answers to well defined questions (which would

proceed under a hierarchial program with adequate financial support and a specific

time frame) and research which is used as an excuse for inaction. We have a

responsibility to the public to demonstrate the difference.

There is no substitute for the right kind of data and there will be no progress unless

we are resolute in our actions. In the words of Franklin Delano Roosevelt, "The first

essential to seeing a job done well is the wish to see the job done at all."
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