
180 Second Street  Chelsea, Massachusetts  02150  Tel:  (617) 887-2300  l  Fax:  (617) 887-0399
Cover Printed on Recycled Paper Manufactured in Massachusetts  x

Technical Report #8

A Survey of Foundry Participation in the
Massachusetts

Beneficial Use Determination Process

March 1999



A Survey of Foundry Participation in the Massachusetts
Beneficial Use Determination Process

Eric Winkler, Ph.D. - Principal Investigator
Beka Kosanovic, Ph.D. - Co-Investigator

Tom Genovese - Project Engineer
Ian Roth - Project Engineer

The Center for Energy Efficiency and Renewable Energy
University of Massachusetts Amherst

Department of Mechanical and Industrial Engineering

CHELSEA CENTER FOR RECYCLING AND ECONOMIC DEVELOPMENT

TECHNICAL RESEARCH PROGRAM

March 1999

This report has been reviewed by the Chelsea Center for Recycling and Economic Development and approved for publication.
Approval does not signify that the contents necessarily reflect the views and policies of the Chelsea Center, nor does the
mention of trade names or commercial products constitute endorsement or recommendation for use.

All rights to this report belong to the Chelsea Center for Recycling and Economic Development.  The material may be duplicated
with permission by contacting the Chelsea Center. This project was funded by EOEA through the Clean Environment Fund,
which is comprised of unredeemed bottle deposits.

The Chelsea Center for Recycling and Economic Development, a part of the University of Massachusetts’ Center for
Environmentally Appropriate Materials, was created by the Commonwealth of Massachusetts in 1995 to create jobs, support
recycling efforts, and help the economy and the environment by increasing the use of recyclables by manufacturers.  The
mission of the Chelsea Center is to develop an infrastructure for a sustainable materials economy in Massachusetts, where
businesses will thrive that rely on locally discarded goods as their feedstock and that minimize pressure on the environment by
reducing waste, pollution, dependence on virgin materials, and dependence on disposal facilities.  Further information can be
obtained by writing the Chelsea Center for Recycling and Economic Development, 180 Second Street, Chelsea, MA  02150.

© Chelsea Center for Recycling and Economic Development, University of Massachusetts Lowell



Center for Energy Efficiency and Renewable EnergyCenter for Energy Efficiency and Renewable Energy

The Center for Energy Efficiency and Renewable Energy (CEERE) is located at the University of
Massachusetts at Amherst campus and administered within the Department of Mechanical and Industrial
Engineering.  The center works with issues of energy and its use, production, economics and
environmental impact. CEERE's primary mission is to promote energy efficient technologies, practices and
the use of renewable energy resources while minimizing negative impacts on the environment. CEERE's
activities are designed to support state, federal and private stakeholders that deal with issues of energy and
its environmental impact.

Address:
Center for Energy Efficiency and Renewable Energy

University of  Massachusetts at Amherst
201D Engineering Laboratory Building

Amherst, MA 01003-2210

Email: ceere@ceere.org
Phone: 413-545-2853

Fax: 413-545-1027



TABLE OF CONTENTS

INTRODUCTION ...................................................................................................................... 1

Purpose ............................................................................................................................ 1
Sand Casting Background.............................................................................................. 1
Barriers to Successful Reuse .......................................................................................... 3

DATA GATHERING PROCESS ................................................................................................. 6

Foundry Questionnaire ................................................................................................... 6
Massachusetts DEP and Market.................................................................................... 6
Computational Methods ................................................................................................. 6

RESULTS: CURRENT PRACTICES ........................................................................................... 8

Foundries ......................................................................................................................... 8
Products....................................................................................................................... 8
Fresh Sand ................................................................................................................... 9
Binder Characteristics............................................................................................... 10
Residual Sand ............................................................................................................ 11
Sand Disposal............................................................................................................ 12

Markets for Residual Sand........................................................................................... 14
Geotechnical Fill....................................................................................................... 14
Asphalt ...................................................................................................................... 15
Rock Wool................................................................................................................. 16
Smelting Flux............................................................................................................ 17
Portland Cement ........................................................................................................ 17
Concrete Production.................................................................................................. 17
External Parties to Beneficial Use............................................................................. 19

PUBLIC HEALTH AND ENVIRONMENTAL ISSUES ................................................................. 20

Industrial Waste Classification.................................................................................... 20
Illinois........................................................................................................................ 21
Indiana ....................................................................................................................... 24
Wisconsin.................................................................................................................. 25
Other states................................................................................................................ 25

Beneficial Use Practices................................................................................................ 25

ECONOMIC IMPLICATIONS .................................................................................................. 32

Sand Reclamation.......................................................................................................... 32
Sand Use as a Raw Material......................................................................................... 35

CONCLUSIONS ...................................................................................................................... 37

FUTURE WORK..................................................................................................................... 39

REFERENCES ........................................................................................................................ 40

APPENDIX 1........................................................................................................................... 41

APPENDIX 2........................................................................................................................... 46



LIST OF FIGURES

 1.  The sand casting process........................................................................................................... 2

 2.  Reduction of barriers to beneficial use...................................................................................... 5

 3.  Foundries categorized by gross annual sales............................................................................. 8

 4.  Products cast in Massachusetts foundries ................................................................................. 9

 5.  Percentages of sand sent to foundries ..................................................................................... 10

 6.  Deposition of residual sand from Massachusetts foundries.................................................... 13

 7.  Locations of asphalt producers in the Northeast ..................................................................... 16

 8.  Locations of Portland cement plants in the Northeast............................................................. 18

 9.  Locations of clay brick manufacturers in the Northeast ......................................................... 18

 10.  Massachusetts classification of industrial waste ................................................................... 20

 11.  Illinois tier grading classification system.............................................................................. 21

 12.  Locations of Massachusetts foundries................................................................................... 33

 13.  Sand consumption by area..................................................................................................... 33

 14.  Green sand foundries using reclaim...................................................................................... 34

 15.  No-bake foundries using reclaim........................................................................................... 34

 16.  Waste sand disposal vs. transportation costs for reuse.......................................................... 36

LIST OF TABLES

Table 1.  Foundry questionnaire...................................................................................................... 6

Table 2.  Compositional makeup of residual sand ........................................................................ 11

Table 3.  Optimized spent sand mix percentages in asphalt.......................................................... 15

Table 4.  Overall hazard rankings for components of foundry waste ........................................... 22

Table 5.  Proposed Illinois tier system for ranking waste ............................................................. 23

Table 6.  Rankings for components of foundry waste under proposed Illinois regulation........... 23

Table 7.  Indiana tier system for ranking waste ............................................................................ 24

Table 8.  Other state test methods for BUD.................................................................................. 26

Table 9.  Summary of state beneficial use policies for foundry waste sand ................................. 26

Table 10.  Beneficial use application requirements ...................................................................... 28

Table 11.  Common beneficial use practices for various states .................................................... 28



ABSTRACT

The Massachusetts foundry industry currently recycles or reclaims only a small portion of the
spent sand from their metal casting processes.  Typical reclamation practices yield recovery of
80% of  reusable sand.  Waste sand must be disposed of or may be used in other practices which
utilize sand fines.  Organic and metal contaminants are common residuals in the waste sand.
Reuse of waste products is regulated in Massachusetts by the Department of Environmental
Protection (MA DEP) under Beneficial Use Determinations (BUDs).  Current BUDs applied to
spent foundry sand include wide use as intermediate cover in landfills and limited use in
construction practices.  The long term sustainability and economics of the current disposal and
reuse practices suggests that alternative use practices must be investigated.  The purpose of this
report was to investigate the barriers to reuse practices of spent foundry sand in Massachusetts.

A questionnaire was sent to all foundries in Massachusetts in order to categorize them by sand
type used, foundry process, and disposal practice as a means to establishing the state of foundry
sand reuse or disposal.  Beneficial use practices were examined to evaluate whether technical
barriers to reuse of spent foundry sand exist.  Experiences of the BUD process as it pertains to
foundry sand were solicited from foundries and MA DEP to determine whether institutional
barriers exist in Massachusetts.  A geographical analysis of foundries in Massachusetts was
performed to examine economic viability of  combined reclamation or reuse applications.  The
Massachusetts foundry industry and state regulations were compared to other states, and
particularly states where beneficial use is more prominent.

Technical barriers for reuse of spent sand do not appear to limit reuse in Massachusetts.
Regulatory practices in other states suggests that permit issues may limit reuse.  Long term
environmental and human health  effects from common reuse practices are still being studied and
are not well documented.  With some reuse practices, sand processes and binders used, risk may
be minimized.  Barriers in Massachusetts were perceived by the foundry industry as coming
from the BUD process.  Regulatory barriers, expressed by MA DEP, included a lack of
quantitative data supporting environmental health risk assessment of reuse practices.  Analysis of
the Massachusetts foundry industry suggests that foundries without reclaim equipment would
reduce their sand consumption and disposal by up to 90%.  Further analysis indicates that
purchase of sand reclamation equipment may be an economically feasible solution.
Recommendations for additional work include: data gathering in support of BUDs for selected
materials, risk analysis of reuse practices needs to be performed to minimize potential human
health and environmental harm, identification of markets for spent sand materials, and permit
coordination between the foundries, spent sand users, and state regulatory agencies.  Projected
changes in solid waste disposal practices and economics suggests that benefits from beneficial
reuse practices may be realized by Massachusetts foundries warranting further study.
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INTRODUCTION

Purpose

The purpose of this report is to describe the current practice of spent sand disposal from
Massachusetts foundries and discuss beneficial means of reuse applicable to Massachusetts.
Furthermore this work was designed to investigate the barriers to reuse practices of spent
foundry sand in Massachusetts, including: technical, regulatory, and economic barriers.

The research contained herein builds on the previous work of research institutions in
Pennsylvania, Illinois, and Wisconsin, and the work of the American Foundrymen’s Society
(AFS).  Economic and environmental concerns dominate the issue of recycling foundry sand.
The presently accepted practice of spent sand disposal in landfills is becoming an economic
burden for foundries as landfills close and regulations grow stricter.  This economic burden may
in turn encourage foundries to move into states with regulations more favorable to beneficial
reuse.  However, there is also a concern over the environmental ramifications of applying
material that may contain toxic substances to a usage where it can be exposed to people or the
environment.  Furthermore, technical and economic feasibility issues are raised for foundries that
want to reuse their spent sands.  Institutional barriers, such as market, business, and regulatory
realities and perceptions hinder the transition to beneficial reuse of foundry sand. The
significance of barriers to reuse are discussed in order to clarify the real and perceived problems
associated with the reuse of foundry residuals and to promote further discussion among members
involved in beneficial use and help eliminate artificial barriers.  Reuse practices in other states
have demonstrated that spent foundry sand can be used in manufacturing processes with varying
degrees of success in terms of physical, environmental, and economic feasibility.  These projects
are reported to illustrate research efforts in support of advancing reuse practices in
Massachusetts.

Sand Casting Background

The process of sand casting has remained relatively unchanged throughout this century.
Foundries begin the sand casting process by melting a metal which is either ferrous (iron or steel)
or non-ferrous (e.g. aluminum, brass). There are several different ways the metal can be melted.
Gas furnaces use direct- or indirect-fired heat from the combustion of natural gas to bring the
metal to its melting point and hold it there until it is ready to be poured into the molds.  Electric
induction furnaces operate by inducing a strong current in the metal placed within it, resulting in
a great deal of resistive heat generation that melts the metal.  Cupolas, another option, work by
mixing coke (a form of coal) and raw metal and then burning the coke.  The molten metal is then
extracted from the cupola.  Other techniques exist, and foundries choose among them based on
their process and product.

While the metal is being melted, sand molds are created with a pattern.  Sand’s high melting
point and relatively low cost make it a favorable material for mold creation.  Binder additives are
mixed with the sand to help the mold hold its shape while the metal is poured into it. Using a
pattern, a cavity of the desired shape is formed in a mixture of sand and binder additives. In
“green sand” processes, clay is used as a binder, whereas in “no-bake” processes, chemical resins
are more typical.
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Once a piece has been cast, it must cool before the mold is removed.  Castings, along with their
surrounding molds, are removed from the boxes and the sand and binder mixture is removed
manually or mechanically. Castings are cleaned and finished, while the sand is either reused in
the process again or treated as a waste stream.  A simplified flow diagram illustrating the sand
casting process is shown in Figure 1.

Figure 1.  The sand casting process
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Foundries may use mechanical and/or thermal reclaim units that allow them to reuse sand in the
casting process.  Mechanical units work by breaking up the sand molds into single grains.  In
some cases, the sand is also heated or cooled so that it emerges from the reclaim unit at a
specified process temperature.  After a number of cycles, repeated thermal expansion causes the
sand grains to crack and break apart, creating small dust particles that find their way into the
plant air or can be collected in the reclaim unit.  These sand fines are no longer useful in molding
process and are treated as a waste stream.  While mechanical reclaim units break up the mold,
leaving both sand and binder resin parts, thermal reclaim units have the added benefit of
removing all of the resin from the sand.  These latter units heat the mold material to temperatures
over 1,000oF and combust the resin.

Reclaim units allow foundries to reuse mold sand and thereby generate less spent sand product.
Grain cracking limits the amount of reclamation to approximately 75-90%; even foundries using
reclaim units send sand out as a waste stream. Since foundries require sand of relatively high
quality for their processes6, there are many markets that could use the lower quality sand no
longer usable in the casting process.  For example, the construction market typically uses lower
quality sand products in fill, concrete products, and pavement. These markets represent
opportunities for using the spent sand from a foundry’s reclaim process or from foundries that do
not have a reclaim process.

The regulations that govern the ability of a solid waste from an industry to become a commercial
product or commodity are supplied by the Solid Waste Management team under the Bureau of
Waste Prevention within the Mass DEP.  They have devised the Beneficial Use Determination
(BUD) process as a way to allow suppliers or potential users to show that a residual waste will
not have a deleterious effect on public health or the environment. Once a material has been
approved for a beneficial use, it is no longer classified as a solid waste, although it may be
limited in use to a specific location or application.  Unless the BUD is issued for a one-time use
or is limited by a time constraint, the determination of a beneficial use does not have a time limit.

Barriers to Successful Reuse

Despite the expectations of casting industry analysts and leaders, the reuse of spent foundry sand
is not a common practice in the US1.  As state landfills grow more limited in space, the societal
costs of dealing with waste will grow, and the issue of recycling over landfill disposal will be
crucial.  Anecdotal evidence suggests that states with a large foundry industry aggressively have
sought beneficial reuse options for their waste materials. The economic viability of many
industries is known to be dependant upon compliance with environmental regulation and
minimization of waste.  In Massachusetts, the foundry industry may be shrinking or exhibit slow
growth as operators move to more favorable locations, where beneficial reuse is implemented.
There is a significant incentive for the private and public sectors to work together to overcome
the technical and institutional barriers preventing progress in Massachusetts’ adoption of
beneficial reuse.

While there are many technical barriers associated with introducing a new material into the
marketplace, such as accommodating physical characteristics and managing quantities of the
material.  These barriers and the associated economic issues have been favorable addressed in
studies performed in other states such as Illinois, Wisconsin, Pennsylvania, and Michigan1.
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Comparisons to these states, where the foundry industry is dominated by a few very large
foundries may have limitations since the Massachusetts foundry industry is dominated by many
small foundries.  Nevertheless, the opportunities demonstrated in these studies could be realized
and often made economically feasible. Environmental consequences associated with these
practices are continuously being assessed in an effort to more fully understand the life cycle risks
posed by material reuse.

Institutional barriers include: market, business, and regulatory realities and perceptions that
hinder the transition to beneficial use of foundry sand.  For instance, foundries may not fully
understand where there may be an appropriate application for its waste stream. Cooperative
efforts between foundries and markets have not been established and represent an institutional
barrier.  Market development may require the assistance of a processor, such as the recycling
industry or an independent broker, to work effectively. Limited information on waste stream
characteristics and environmental risks have limited foundry participation in wider beneficial use
practices. Regulatory uncertainty surrounding acceptable levels of risk and environmental
consequence from reuse practices further limits reuse in Massachusetts.  For example, the level
of analytical detail and risk factors appears to be open-ended under the BUD process.  These
barriers will not be overcome without an understanding across all sectors of the industry of the
technical, economical, and environmental limitations as they pertain to the reuse of foundry
waste sand.

The reduction of barriers to beneficial use is shown pictorially in Figure 2.  Currently, the three
key sectors are separated and may not overcome the barriers to a beneficial use, (Figure 2a).  In
this case, even if one sector of the operation is optimized for reuse, the barriers between the other
sectors will not allow beneficial use to take place.  For instance, if a Massachusetts foundry
prepares testing of its sand and researches potential markets where its sand product can be used,
it will not realize the beneficial use if the market is not prepared to receive the new sand product
and the regulators remain uncertain or don't have a standard for the sand’s characteristics.
Figure 2b represents the reduction of barriers and the resulting cooperation that promotes the
beneficial use process.  The shaded portion in Figure 2b represents a successful approach in
which all three sectors work together, and beneficial use is realized.  This process can be thought
of as the optimization of the system working toward a goal rather than the optimization of an
individual sector where barriers exist.
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Figure 2.  Reduction of barriers to beneficial use
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DATA GATHERING PROCESS

Foundry Questionnaire

A questionnaire was prepared for Massachusetts foundries in order to assess their current status
with regard to beneficial use.  The questions were designed to categorize the foundries according
to products produced, types of sand used, binder characteristics, spent sand characteristics, and
means of spent sand disposal.  The questions were also used to find the total cost of spent sand
disposal for Massachusetts foundries and the barriers to beneficial use as perceived at the
foundry level.  The questions asked are shown in Table 1.

Data for the questionnaire were collected from 22 Massachusetts foundry sources (see Appendix
1).  Detailed analysis reports from testing facilities were also obtained from two foundries.
These are included in Appendix 2.  The reports consisted of total metals and other tests
characterizing a particular foundry’s spent sand.  Additionally, annual sales data were collected
for 60 Massachusetts foundries.

Table 1.  Foundry questionnaire

I.  Plant process
   A.  Materials cast
   B.  Types of sand used

II.  Fresh sand
   A.   Quantity used
   B.   Source  (location/company name)
   C.   Costs  (material + delivery)
   D.   Characteristics   (size, mineralogy, etc)
   E.   Methods for storage
   F.   Methods for handling

III.  Binders/additives
   A.   Types used
   B.   Volumes
   C.   Costs
   D.   Methods for adding to mixture

IV.   Spent sand
   A.   Rate of production
   B.   Characteristics
      1.  Size
      2.  Contaminants present (including any analysis reports)

V.   Present means of disposal/reuse
   A.  Costs
     1.  Storage
     2.  Transportation
     3.  Testing
     4.  Labor
     5.  Paperwork
   B.  Beneficial Use Permits (BUPs) granted or denied
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Massachusetts Department of  Environmental Protection and Market

Further data and related reports were collected from members of the Mass DEP relating to the
BUD policy as it applies to the foundry industry.  Data were also obtained from one potential
residuals user – a portland cement plant in Maine that has been working with foundries in
Massachusetts toward a beneficial use goal.

Computational Methods

The foundries were divided into descriptive categories based on similarities of products and
processes.  Since most foundries failed to provide chemical characterization reports for their
waste streams, a cluster analysis to describe the leachability and bulk content of metals and
organic compounds in spent systems sand was not possible.  This analytical tool is useful for
compacting data from different foundries according to similarities in the chemical makeup of
their residual materials.  Chemical analyses from the same testing station are more easily
categorized together since there is assurance of the same testing criteria and methods.  Because
the data collected from Massachusetts foundry tests varied considerably between different
foundries and none used the same testing station, a statistical analysis of data was not possible.
Therefore, a simple comparison of available chemical tests from Massachusetts foundries was
used to classify those foundries as similar to ones categorized more successfully in studies from
Pennsylvania3 and Illinois2.  These studies then became the source for chemical characterization,
with the expectation that spent sand characteristics of Massachusetts foundries are well-
represented by the statistical analyses of these studies.
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RESULTS: CURRENT PRACTICES

Foundries

There are approximately 60 foundries in Massachusetts10. These are categorized by size
according to 1996 gross sales in Figure 3.  With one-third of its foundries reporting annual sales
less than $500,000, the case of beneficial reuse in Massachusetts is unique compared to states
dominated by foundries with annual sales exceeding $24 million.  Small quantities of residual
material are more difficult to market in the construction industry, which typically requires a
large, constant flow of raw materials in its processes.  Economic feasibility of a reuse project
may require that the residuals of some smaller foundries be collected together to create a more
constant flow of product to the industry.

Figure 3.  Foundries categorized by gross annual sales

Products

Approximately half of the 22 foundries that responded to the questionnaire are ferrous casting
foundries and half are non-ferrous.  Some perform both types of casting.  The various types of
products produced by Massachusetts foundries and the approximate percentage of each type is
presented in Figure 4.

$1-9 million

$500,000-1 million

$10-24 million

< $500,000

(6)

(30)
(20)

(4)



9

Figure 4.  Products cast in Massachusetts foundries

Fresh Sand

The fresh sand that is used for casting these products is typically a high silica sand of various
grades of quality and particle sizes.  The quality of a sand is determined by the shape of its
particles and affects the amount of binder required in the mold as well as the useful life of the
sand.  More spherical sand grains have a lower surface area to volume ratio than angular or sub-
angular sands, and thus require less binder to achieve required mold strengths.  The rounded sand
grains are also reported to be more resistant to fracture during mechanical and thermal
reclamation.

Some foundries purchase fresh sand that is pre-coated with a resin.  This “shell sand” contains a
proprietary blend of binders appropriate for the particular shell molding and core-making
processes of that foundry.

The amount of fresh sand delivered to Massachusetts foundries varies depending on the size of
the plant, products cast, the quality of the sand, and the amount of reclamation.  Based on
questionnaire responses, an estimated 40,000 tons of fresh sand are delivered to Massachusetts
foundries annually at a cost of about $1.2 million.   The percent of various sands sent to the
different types of foundries are summarized in Figure 5.  Since these figures are extrapolated
from a cross section of the industry representing only one third of all Massachusetts foundries,
the degree of uncertainty is high.
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The majority of foundries receive their fresh sand from companies in Rhode Island or New York.
However, some foundries have found an economical advantage in purchasing higher quality sand
from as far as Ohio and Illinois.  The higher shipping costs are justified by reduced binder costs
and disposal costs of spent sand.

Binder Characteristics

Fresh sand is typically held in outdoor silos or indoor storage tanks before it is fed by gravity or
pneumatic feed into the mold.   The sand is mixed in a specific weight proportion with binder
and additives.  The amount of binder required is usually determined by the quality of the sand
being used.  Foundries using high quality sand typically require less binder to achieve desired
shaping abilities in the mold.  Although the production variables of each particular plant result in
the use of many different types of binders, there are two basic binder systems: clay-bonded sand
(“green sand”) and “chemically bonded sand”2.  The former is used heavily in iron foundries
whereas the latter is used primarily in non-ferrous casting.  Chemical binders include phenolic,
furfurol alcohol, and other inorganic binders.  Other additives include a catalyst to promote the
binding process.

Figure 5.  Percentages of sand sent to foundries
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Although foundries usually receive Material Safety Data Sheets (MSDSs) from binder and
additive suppliers, these data were not available for this study.  Consequently, characteristics of
sand used in the casting process is not known currently.  Additionally, the sand characteristics
may be part of proprietary processes.  The casting process causes pyrolization and other
chemical reactions that change the chemical form of the binders and additives in the sand.  Spent
sand must receive its own MSDS if it is to be considered a raw material for a new market.
Furthermore, there is a need for the foundry to update its MSDSs in the case of manufacturing
changes, such as the use of different sands, binders, or additives.2

Residual Sand

The makeup of residual sand material for iron and non-ferrous foundries in Massachusetts is
typical to other states.  The physical properties of a green sand residual are presented in Table 2.
Based on Illinois foundry data, temporal and process variability can be expected from a single
foundry's waste stream.3

Table 2.  Compositional makeup of residual sand

Component/Property Range

Sand 70-80%

Water 2-4%

Clay 5-15%

Additives 2-5%

Moisture 0-4%

Carbon Loss on Ignition 0.2-8%

pH 3-12

AFS-Grain Fineness No. 40-150

% Fines (Passes 200 Mesh Sieve) 1-12% (higher for brass)

Density 1.0-1.6 g/cm3 (zircon: 2.6 g/cm3)

While quantification of physical properties is important for the marketability of spent sand,
chemical properties are essential in the determination of the sand product as an environmentally
benign material. A study of the chemical characteristics of spent sand among 54 Pennsylvania
foundries yielded three important results: 5
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• the chemical characteristics of spent sand were similar across the foundries involved in the
study, regardless of the metals cast,

• Toxic Characteristic Leaching Procedure (TCLP€) for heavy metals revealed less of an
environmental impact than anticipated in the study, but a universally accepted criteria for
establishing an environmental impact has not yet been established, and

• pooling approved materials from a number of foundries for a single use application may
provide environmental security by facilitating quality monitoring of the combined material.
Pooling also provides marketing benefits

Two major chemical characteristics that are of key environmental concern are the presence of
regulated metals and the presence of certain organic compounds – in particular, mono and
polynuclear aromatic hydrocarbons (PAHs).  The detailed chemical reports from two
Massachusetts foundries contained figures for regulated metals that were at or below those found
in Pennsylvania foundries (see Appendix 2).  However, neither report contained TCLP or other
leach test data, which is more important for risk assessment of the metals.

Pennsylvania foundries reported phenol content generally at or below the detection limit of 1
ppm.  One Massachusetts foundry provided phenol data; these were again below those levels
found in Pennsylvania foundries.  It is reported, however, that foundries using increased amounts
of chemically-bonded sands may have elevated organic levels5.  Specific regulated chemicals
and elements are discussed in more detail in the Industrial Waste Classification section of this
report.

Sand Disposal

Figure 6 summarizes methods and costs of spent sand disposal according to questionnaire
responses.  Four categories for the deposition of residual sand were identified: landfill disposal,
stored waste on-site, in state or out of state BUDs, and hazardous waste disposal.  Cost figures
represent the average cost for all foundries in the given category.

Disposal in a landfill as a cover is the only statewide beneficial use option allowed by current
BUD policy.  Costs for this option will increase as more landfills close and regulations on
dumping get stricter. Most foundries specified that their material was being used for daily or
intermediate cover rather than being merely dumped.  However, few provided information about
receiving a permit, which raises questions about how much knowledge foundry managers have
regarding the BUD process and the final resting place of their waste sand product.

The second practice listed is storage of residuals or complete reuse in the foundry processes.
On-site storage was noted as only a temporary solution available for smaller foundries with space
to store spent sand. Once space runs out or the casting process renders the sand completely
unusable, these foundries will have to find a suitable means of disposal.  Future disposal plans
were not indicated for these foundries.

                                                                
€€  TCLP measures leachability under conditions similar to those commonly found in a landfill.  The test is used to
determine if a waste material is to be considered a hazardous waste.  TCLP does not quantify the hazard potential or
toxicity of a waste under all environmental conditions.
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Figure 6.  Deposition of residual sand from Massachusetts foundries
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Markets for Residual Sand

There are several markets available for the foundry industry’s residual products. Other states
have aggressively studied the effects of using residual material in place of virgin material in
various construction processes, and many have published quantified results.2

Several parameters must be considered when residuals are to be used in a potential market:

• Physical and chemical properties of the residual material are important in determining its
usefulness in different applications;

• Intermediate storage may be necessary due to seasonally varying need for aggregates;
• An intermediate party, or sand "broker", may be needed to ensure product quality and

regulatory compliance;
• There must be an economic incentive to choose the reuse option.  Processing, testing, and

transporting the waste sand may currently exceed costs for landfill disposal.  However,
concerns over future waste regulation and the security of landfill disposal are factors to be
considered.

A detailed discussion of useful applications follows.

Geotechnical Fill

Geotechnical fill applications include landfill and construction aggregate.  Examples include
engineered fill material such as base, sub-base coarse, pipe bedding, embankment fill, and fill for
mines.  Tests with waste sand have shown that it is a feasible substitute for virgin material.
Different material characteristics are required for different applications.  Whereas compaction,
workability, and strength are required for all applications but landfills, special characteristics are
required for particular applications.  Sand use in landfills requires unique hydraulic
characteristics, including the ability to transmit water and/or act as a drainage barrier.  Active
clay, found particularly in green sand, inhibits transmission of moisture9.

Whereas sand not contaminated with clay-sized particles may be used with little processing, the
beneficiation process for sand containing clay is difficult2.  A thermal process may be used to
deactivate the clay.  At a price of approximately $17-26/ton, this process is comparable to the
cost of thermal reclaim for reuse in the foundry.  Another test involved the process of scalping,
or removing sand fines to enhance moisture conductivity.  While this process had little effect on
active clay content, it beneficiated the sand for some geotechnical applications.

Mechanical scrubbing along with fines removal has the effect of reducing active clay content.
However, the degree of beneficiation through this process is questionable, as samples did not
achieve desired transmission characteristics at tested rates of scrubbing.  Furthermore, swelling
characteristics of tested samples indicated the material was not acceptable for most structural fill
applications.

High-clay waste sand has been an acceptable material in slurry trench construction backfill and
in landfill final and daily cover.  The Illinois Department of Transportation (IDOT) determines
the acceptability of foundry sand based on the product having lumps screened or crushed and
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magnetic particles separated. DOT aggregate suppliers may be a good resource to help a foundry
determine the potential of using its product in this application.

Foundry waste sand usually meets the required characteristics for final cover in a landfill.
Sanitary landfills require approximately 225 tons of foundry waste sand for each covered acre.
The potential for beneficial use is high for this application.  However, the future of this
application is questionable as landfill closure increases2.  Also, potential uses of foundry sand in
the final cap may be difficult to approve because the runoff is not contained within the landfill.

Asphalt

Research in Illinois has indicated that use of foundry waste sand contributed to deterioration of
wet tensile strength in asphalt.  The Asphalt Institute advised use of this material only when
given a careful mix design.  A test project gave optimum mix percentages based on the type of
sand given in Table 3.

Table 3.  Optimized spent sand mix percentages in asphalt

Type of sand Optimized mix %

Clay bonded 26

Washed/classified 15

Thermally/mechanically processed 26

Chemically bonded **

**  Data from the Illinois study was not available.

Furthermore, asphalt production may benefit from the sub angular shape of foundry waste sand.
Currently, many state DOTs are discouraging the use of rounded river bottom aggregate and are
instead using more angular, manufactured aggregates.  Foundry sand could potentially meet the
needs of this market. However, a broker could be required again to match the supply needs of the
asphalt industry with the disposal requirements  of the foundry industry.  Also, the processing of
waste sand containing organics could impact emissions negatively for the asphalt plant.  A
successful decade-long project using waste sand has been demonstrated in Canada2.  Locations
of asphalt producers in the northeast are shown in Figure 7.
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Figure 7.  Locations of asphalt producers in the Northeast

Rock Wool

Rock wool is a material similar to fiberglass used in building materials, insulation, and
agriculture.  Foundry waste sand may be used for its silica, a basic component in the production
of rock wool.  The percentage of silica in foundry waste sand (approximately 83%) nearly
matches that of sandstone (93%), which sells for about $30 per ton.  However, the waste sand
would require intermediate processing to form briquettes.  The geometrical forms would need to
be shaped with portland cement binder to be received into the 3200F combustion zone of the
manufacturing process.  Some rock wool manufacturers have an in-house briquetting operation
that would facilitate implementation of foundry waste sand.

According to studies performed in Europe, the use of foundry sand could negatively impact
emissions from manufacturing plants2.  Since supply needs are relatively small, and there are few
rock wool production plants in the northeast, the use of foundry sand for this application could
only offset a portion of the spent sand being sent to landfills3.
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Smelting Flux

Another potential use for large amounts of silica is as a fluxing agent in smelting operations.
Individual smelting operations are reported to use as much as 100 tons per day of silica.  An
Illinois study reported one smelter using foundry sand reclaimed from the state of California3.
Sands from both brass and steel foundries were deemed acceptable for this practice due to their
high silica content.  Long distances between smelters and foundries could mean large hauling
fees.  Also, 24 hour smelter operation would require a very reliable supply of foundry sand and
may necessitate the use of a broker to coordinate the needs of the supplier and user2.

Portland Cement

A recent study in Illinois demonstrated the feasibility of foundry waste sand use in the
manufacture of portland cement.  Several successful working projects were reported2.  Some of
the problems noted in these studies include the supply needs of the cement kiln, disposal needs
of the foundry, and handling and transportation costs.  Cement kilns have begun charging
handling fees for the waste streams they receive as landfill disposal has grown more costly and
restricted.  The establishment of a relationship between a foundry or a consortium of smaller
foundries and a cement manufacturer could provide a secure, long-term alternative to landfill
disposal.  Locations of cement kilns in the northeast are shown in Figure 8.

Illinois cement manufacturers require tests to establish the compatibility of waste sand with other
raw materials.  The tests include chemical oxide analysis and TCLP, along with the annual
volume generated, and a sample of the waste sand.  Chemical oxide analysis is used to determine
the level of silica present in the sand, and the TCLP is used to determine the leachability on
metals.

Issues regarding emissions or volatile organic contaminants are also a concern in the use of
foundry sand for portland cement.  While this concern has not prevented the use of sand in other
areas of the US, plants must maintain compliance to air quality standards.

Concrete Production

Foundry waste sand has been used in successful portland cement concrete projects, for both
normal weight mixtures and lower strength mixtures, as in flowable fill, grouts, sub-bases, and
45% waste shell sand3.  Initial tests using fine aggregate with green sand showed that a mix of
9% produced acceptable concrete.  Higher mix percentages could be used in lower strength
applications.  For example, a 50% substitution of clay bonded waste sand produced a high
quality brick for a production cost of seven cents.  Typical selling price for these bricks is 26
cents a piece.  Locations of such manufacturers in the northeast are shown in Figure 9.
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Figure 8.  Locations of Portland cement plants in the Northeast

Figure 9.  Locations of clay brick manufacturers in the Northeast
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Foundry sand used in this process requires preparation including screening, crushing, and/or
magnetic particle separation9.  As with other applications, these research projects underscore the
importance of segregation to prevent technical problems associated with a commingled product.
Wisconsin Department of Natural Resources views the use of waste sand as similar to class F fly
ash.  The application is feasible but with limits on the amount of sand that can be used per
project3.

External Parties to Beneficial Use

Other companies that have expressed interest in beneficial use efforts include waste management
companies.  It has been reported that these companies have offered to provide the testing of the
sand in order to obtain a BUD.  Beneficial use options for these companies allow for more
competitive pricing.  Waste management companies may act as brokers, working between
foundries and the markets using their sand to accommodate the different schedules and sand
quantities of each.  A system that would be advantageous to foundries would be to have the
supply of fresh sand coincide with the pick up of spent sand intended for another user. In this
manner, transportation and labor charges are minimized.  The spent sand may be stored in large
quantities in one place, facilitating sales to interested parties9.
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PUBLIC HEALTH AND ENVIRONMENTAL ISSUES

Policies and regulations concerning the environmental effects of beneficial use of spent foundry
sand can be summarized under the headings of Industrial Waste Classification and Beneficial
Use Policies.  Waste classifications are used in order to specify the procedures by which wastes
should be handled and stored so as to minimize danger to human health and environmental
quality.  States develop Beneficial Use Policies to ensure that materials that are capable of being
reused in different markets are applied in ways that do not cause harm to human health or
degrade environmental quality.  While the studies reported in the previous section show that
foundry waste sand is physically suitable for many applications, long term environmental effects
are not as well known or documented.

Industrial Waste Classification

Industrial wastes generally have a wide variety of characteristics and hazard level associated
with them.  Federal and state waste regulations are designed to determine how the wastes should
be handled and disposed or recycled. Where reuse is allowed, human exposure and
environmental quality are tantamount to the decision making process. Federal drinking water
standards stipulate threshold levels for numerous metals and organic substances.  In general, a
waste with a TCLP test level 100 times over the drinking water standard is considered hazardous
waste7. Some states have more rigorous definitions of hazardous waste than federal standard.

The classification of industrial waste for the state of Massachusetts is described in Figure 10.
Foundry sand classified as non-hazardous waste is eligible for a BUD.

Figure 10.  Massachusetts classification of industrial waste1

While many states have set beneficial use standards1, Georgia, Massachusetts, and New York in
particular do not stipulate specific test parameters for either metals or organic materials.  In
Massachusetts, TCLP and total metals content are used to classify foundry sand as a

Special waste
(requires special control of

handling and disposal)

Industrial Waste

Hazardous Non hazardous

Conventional waste
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conventional industrial solid waste.  However, specific metals or organic compound test levels
are used for categorizing it as a beneficial use material.  Measurement of eight RCRA metals and
EPA method 8270 for organic analysis may be suitable for determining risk.

States use different means of classifying a waste's degree of hazard.  In general, states with
multi-tiered classification systems, or systems with several "grades" of hazard level, have set
standards by which waste materials can "pass or fail" as an acceptable beneficial reuse material.
Examples of classification systems are given below by state.

Illinois

In Illinois, a score is given to each constituent of the waste based on TCLP, pH, and waste
stream size.  Values are compared to a toxicological database compiled from the Registry of
Toxic Effects of Chemical Substances (RTECS) and other sources to give an equivalent toxicity
score.  These scores are then added to give a final ranking, as illustrated in Figure 11. Materials
that score a low or negligible rank are considered for beneficial reuse, after issues of liability and
special waste are addressed.

Figure 11.  Illinois tier grading classification system

Constituents measured in the TCLP are often present in various chemical forms in foundry
wastes.  Some of these include phenols, cadmium, and oxides of barium, arsenic, chromium,
lead, silver, mercury, and selenium.  These species were considered in the Illinois tests for
determining the level of hazard for foundry waste material3.

A computer program is available from the American Foundrymen's Association (AFS) that
enables foundries to find their equivalent toxicity rating according to the Illinois degree-of-
hazard system.  This program could be modified for other regional BUD processes.
Additionally, rating each constituent of the waste helps foundries determine whether a process
change can be incorporated to reduce the toxicity of that particular component3.

The usefulness of this classification system was demonstrated in an Illinois study of 75 samples
from independent foundries.  An assessment of the samples lead to two significant results:

1) Two samples from the same type of foundry had very different characteristics.  While one
sample tested "negligible" for hazard level, the other tested "high".  This result signifies that
the type of molding process, additives, type of charge (virgin or scrap) and type of metal

Hazard level:

Score:

High Negligible

High Moderate Low Negligible
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poured all lead to variations in degrees of hazard.  Therefore, broad characterization of
foundry waste sand based on process type or metal poured is not possible3.

2) A statistical analysis was performed on samples from four different components of foundry
sand waste: spent molding sand, core and other chemically bonded sand waste, baghouse
dust, and composite waste streams.  Characteristics representing the mean value of the
samples and the mean value plus three sigma were recorded, thus accounting for 99.7% of
the distribution.  The overall rankings, listed in Table 4, demonstrate that most samples rated
"low" or "negligible" on the Illinois hazard scale3.

Table 4.  Overall hazard rankings for components of foundry waste3

Degree-of-hazard ranking
component samples tested

mean value mean value +
3 sigma

spent molding sand 24 negligible low

core sand waste 16 negligible negligible

baghouse dust 9 negligible low

composite waste sand 22 negligible negligible

While these results suggest that foundry waste sand may generally be safe, specific application
of the sand must consider types of exposure.  Sand that has lower leaching exposure, such as in
cement, concrete, or asphalt, may have negligible environmental impact, whereas sand that is
used in a project that brings it directly in contact with the environment, such as fill, may have
significant consequences.  The Illinois Environmental Protection Agency (IEPA) accepts the use
of TCLP analysis for practices such as cement, concrete, or asphalt.  A leaching test that includes
primary and secondary drinking water standards using the ASTM water leach test is considered
appropriate for other applications3.

Illinois has proposed a classification system similar to Indiana's, establishing four tiers of
regulation with maximum allowable concentrations of parameters shown in Table 5.

For wastes qualifying as "Beneficially Usable", loads are certified by the generator and sent to
the end-user.  Annual waste analyses are provided to the IEPA to ensure compliance.
"Potentially Usable" wastes are sent to landfills where leachate is monitored.  Wastes are tested
for organic contaminants once every two years.  Loads are certified by the generator and subject
to random weekly load checks and one sample leach test per year3.

Under this classification system, Illinois tested 75 samples from independent foundry sources.
Samples had been tested using TCLP and EP Toxicity tests.  Toxicity ratings were higher than
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would be expected from the less aggressive ASTM method, which is mandated under this
classification system.  Ratings are shown in Table 6.  Since the only distinguishing characteristic
between "beneficially" and "potentially" usable rankings are zinc and manganese levels, these
rankings are not distinguished for waste sand.

Table 5.  Proposed Illinois tier system for ranking waste3

Waste type Chemical Low Risk Potentially
Usable

Beneficially
Usable

Hazard level Highest Lowest
Parameter Maximum allowed concentrations: Primary standards
Arsenic * .25 0.05 0.05
Barium * 5.0 1.0 1.0

Cadmium * 0.05 0.01 0.01
Chromium * 0.25 0.05 0.05

Lead * 0.25 0.05 0.05
Nitrate * 50 10 10

Selenium * 0.05 0.01 0.01
Silver * 20 4 4

Maximum allowed concentrations: Secondary standards
Chloride * 500 250 250

Manganese * 3.75 0.75 0.15
Copper * 10 5 5

Iron * 15 5 5
Sulfates * 800 400 400

Zinc * 50 10 5
Total Dissolved

Solids
* 5000 1200 1200

*   Wastes leaching above Low Risk levels would be considered Chemical Wastes and handled
under disposal requirements of a Chemical Waste.

Table 6.  Rankings for components of foundry waste under proposed Illinois regulation3

Ranking

Component Chemical Low risk
Potentially/

beneficially usable
Spent molding sand 7/28 15/28 6/28

Core sand waste 3/17 10/17 4/17
Baghouse dust 4/10 3/10 3/10

Composite waste sand 11/20 5/20 4/20
total 25/75 (33%) 33/75 (44%) 17/75 (23%)
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Indiana

Indiana uses a four tier system for classifying waste based on the Extraction Procedure (EP)
Toxicity Test, the predecessor to the TCLP, and on the leaching test method and pH of the
waste3.  The maximum allowed concentrations for regulated parameters are listed in Table 7.
Under this classification system, wastes qualifying as type III or IV may be approved for certain
beneficial reuses3.

Table 7.  Indiana tier system for ranking waste3

Waste type I II III IV
Hazard level Highest lowest
Parameter Maximum allowed concentrations: EP Toxicity Test
Arsenic 5.0 1.25 0.5 0.05
Barium 100 25 10 1

Cadmium 1.0 0.25 0.1 0.01
Chromium 5.0 1.25 0.5 0.05

Lead 5.0 1.25 0.5 0.05
Mercury 0.2 0.05 0.02 0.002
Selenium 1.0 0.25 0.1 0.01

Silver 5.0 1.25 0.5 0.05
Maximum allowed concentrations: Leaching Method Test

Barium * 25 10 1
Boron * 50 20 2

Chlorides * 6.250 2.500 250
Copper * 6.25 2.5 .25

Cyanide, total * 5 2 .2
Fluoride * 35 14 1.4

Iron * * 15 1.5
Manganese * * .5 .05

Nickel * 5 2 .2
Phenols * 7.5 3 .3
Sodium * 6.250 2.500 250
Sulfate * 6.250 2.500 250

Sulfide, total * 12.5 5 1
Total Dissolved

Solids
* 12.500 5.000 500

Zinc * 62.5 25 2.5
Acceptable range (standard units)

pH * 4-11 5-10 6-9
 
 *  Testing is not required for these parameters.
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Wisconsin

Wisconsin also uses a four tier classification for foundry wastes based on a detailed
characterization of foundry by-products.  Test methods include a comprehensive three part
analysis.  Wastes are tested by TCLP, bulk chemical analysis, and ASTM D3987 standards.

Foundries must also submit process flow diagrams, proposed application, and annual tonnage to
the Wisconsin Department of Natural Resources (DNR).  Beneficial use is determined against a
benchmark set by the Wisconsin preventive action limit (PALS) ground water standard.  This
benchmark, typically 10% or 20% of the drinking water standard, is the "not to exceed" target in
groundwater.  The ASTM water leach test is considered the most useful indicator in evaluating
the potential impact of a proposed beneficial use.  Larger foundries (>100 employees) are
required to retest annually or upon a change in process1.

Aggressive efforts have been made in the cooperative work of Wisconsin DNR, Wisconsin
Department of Transportation (DOT), local foundries, and the University of Wisconsin (UW)3.
Tests comparing foundry sand and native soils showed that drinking water standards for iron
were exceeded under the TCLP test.  Other differences were observed in total dissolved solids,
pH, and zinc content.  While the waste material was determined to be relatively clean (rating "8"
on a scale with "10" being "cleanest"), the DNR approved the use of the material with
restrictions to uphold the drinking water standards.  Operational and design controls, such as a
clay cap, were used to mitigate any leachate and protect the groundwater3.

Other states

Table 8 summarizes the BUD testing procedures for other states with a foundry presence.

Beneficial Use Practices

In Massachusetts, BUDs are approved for statewide use out of the DEP Boston office, regional
or site-specific use out of the DEP regional offices.  A statewide BUD has been approved for
foundry sand specifically for the application as landfill cover.  However, policies have not been
developed for foundry sand as a reusable material, as they have in many other states.

A 1995 Penn State University study documented the beneficial use regulations for thirteen states
with significant foundry operations.  While some policies may have changed since the study, the
findings summarized in this section are useful in comparing different states' regulations on
beneficial use.  Data in Table 9 compares the specificity of beneficial use policies toward
foundry waste sand.  Generally, states that have successfully realized beneficial use of foundry
waste have specific beneficial use regulations or specific policies for use of foundry sand1.
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Table 8.  Other state test methods for BUD1

Alabama Material must meet 50% TCLP test standard.  Retesting is required on a quarterly basis
or whenever the process changes.

California A broader definition of hazardous waste is used based on three tests: the TCLP, the
California Waste Extraction Test (WET), and the Total Threshold Limit Concentration
(TTLC).  WET evaluates organic and inorganic toxic substances based on a Soluble
Threshold Limit Concentration (STLC).  Wastes eligible for reuse must not produce
leachate beyond virgin materials.  Any other metals or organics not covered under
California tests are still subject to testing if they are present in the waste sand.  Waste
generators are responsible for knowing elements and compounds present in their
material and testing for them.

Georgia Bulk analysis test is used first, then TCLP if warranted based on bulk analysis results.
Iowa Sand with leachate levels up to 90% of TCLP and a pH range of 5.0 to 10.0 is

considered acceptable for reuse.
Michigan TCLP or synthetic leaching procedure is used to mimic what would actually happen to a

waste in nature.  TCLP organic test is only required if they are introduced or created in
any part of the process.  Other parameters are tested (e.g. phenols) if there is reason to
believe they may be present.

New York Generally, TCLP, total metals, and physical characterization are required as part of the
testing requirements.  Regular verification may be required to insure material
composition has not changed.

Pennsylvania TCLP and/or synthetic test and total chemical analysis are used to chemically and
physically characterize the waste.

Texas TCLP test, neutral leachate test, and total elemental analysis, along with complete
physical characterization and description are required.

Table 9.  Summary of state beneficial use policies for foundry waste sand1

State Specific
regulations

Determination
by specific case Specific policy* Other application policies

Alabama X Special waste management
California X Use constituting disposal
Georgia X Recovered material

Iowa X X
Illinois X X X
Indiana X X X

Massachusetts X X Beneficial Use
Determinations

Michigan X X

New York X X Beneficial Use
Determinations

Ohio X X X
Pennsylvania X

Texas X X X Co product
Wisconsin X X X

*   A specific policy must be more comprehensive than a reference to foundry sand in a regulation.
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The BUD process in Massachusetts allows producers of conventional solid waste, with certain
exceptions, to apply for a permit to reuse their waste.  Following application, Mass DEP reviews
the case and determines whether the waste is suitable for reuse.  If more characterization is
needed to make a determination, a response is solicited from the applicant.  Two particular
factors identified by Mass DEP that hinder the determination process for foundry sand are:

1) Full risk assessment
Mass DEP has generally found the characterization reports of spent sand from foundries to
be inadequate in determining the risk of reuse materials on public health or the environment.
A full risk assessment, including metal and organic contaminants, is needed to characterize
the spent sand, and

2) Life cycle analysis
Changes in use of a building or road structure, for example, may result in exposures not
specified in the original use determination.  While leachable metals or organics may be
locked into a solid substance such as concrete, reducing the risk of environmental contact, a
structure that is demolished has a renewed risk potential that may not be expected.

The BUD application requires specific chemical, physical, and biological characterization of the
waste material.  The process also requires a general discussion of potential threats to human
health or the environment.  BUD application requirements are tabulated in Table 10 and
compared to questions posed in the state of Illinois beneficial use determination questionnaire.
While some Massachusetts foundries provided waste characterizations in the questionnaire sent
out for this report, none provided waste information that would adequately fulfill the
requirements of the Massachusetts BUD application.
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Table 10.  Beneficial use application requirements

Question category Mass BUD requirements Illinois procedure requirements

Process Specific description of process generating waste.

Quantity Volume or tonnage of waste material.

Handling Demonstration that transportation, storage, and process methods will not
cause environmental contamination.

Characterization: General description of waste. Approximate percentage of each
component present totaling 100%,
with an indication of organic and
inorganic substances.

physical Size, density, percent solids, liquid
content.

Description, discussion of odor.

chemical pH, reactivity, leachability (TCLP),
total metals, VOCs, other
appropriate constituents.

Percent moisture, ignitability,
corrosivity, solubility, reactivity,
toxicity, other constituents, including
appropriate MSDS information.

biological Pathogens (if applicable).

Intended application General description of use and
location of use.

Detailed description of use.
Demonstration of market for the
material.

Toxicity Discussion of health/environmental
impacts.

Method such as degree-of-hazard
used to categorize toxicity.
Groundwater monitoring data if
available.

Specific beneficial use practices for various states are summarized in Table 11.

Table 11.  Common beneficial use practices for various states1

Alabama Waste sand is specifically addressed in special waste management regulations.
Restrictions are placed on applications in flood plains, residential areas, wetlands, and
areas less than five feet above the seasonal high ground water level.  Foundries are
required to maintain records of disposal sites and volumes.  In cases where more than
one foundry combine their materials, each must maintain its own record base.

California Specific details apply on a case by case basis.  If a generator meets the conditions of a
recycling exclusion, then an approval is not needed.  Every generator of over 26,000
pounds of hazardous waste (under California tests) per year is required to develop and
maintain a waste reduction plan.
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Georgia Case by case determinations are made based on federal standards.  Recovered material
is a category of waste exempt from solid waste regulations.  Material in this category
must be removed from the solid waste stream and used in a known and feasible
application.  Permits and applications are not stipulated under present regulations.

Indiana Beneficial use of Type III sand in road bed use is stipulated, but other uses are
considered.

Illinois Beneficial use is allowed without a permit based on the content of the stream and the
use intended.  Materials are approved on a case by case basis, either for specific uses or
for broad, such as road base in a county.  Beneficially useable waste produces a leachate
less than drinking water standards, and may be used as a road ballast, construction fill,
and generally as a substitute for commercially available materials including soils used
for reclamation.

Iowa Waste sand is approved in uses of the same kind as coal combustion residue.  These
include landfill cover, road ballast, architectural (such as building fill), and construction
fill applications (such as parking lot or road fill).  Constraints apply regarding testing,
storage, and local water geology.  Other proposed uses must be submitted to the agency
and are permitted if no objection is provided within 30 days.  Annual reports to the
agency are required.  Reuse of sand in encapsulated form such as flowable fill or asphalt
does not require authorization

Massachusetts BUDs are issued on a site specific or state wide basis.  Approval is issued on a case by
case basis based on material testing and the proposed use.  A specific case for use of
foundry sand as a landfill cover has been approved.

Michigan Material for reuse must demonstrate one of the following: 1) hazardous content below
the environmental background level or the detection limit, or 2) less hazard than the
virgin material when bound as a component of concrete, mortar, grout, or casting molds.
Beneficial uses are approved in landfill cover, fill material, and as a fine aggregate in
asphalt production

New York NYSDEC determines BUDs based on chemical and physical characterization  of the
material and its proposed use on a case by case basis.  Waste sand can be approved,
disapproved, or subject to conditions imposed by the department.  Conditions can
include requirements for special testing, record keeping, and storage.  Materials
permitted for beneficial use are no longer defined as a solid waste.  BUDs have been
issued for concrete, flowable fill, and as a landfill cover.

Ohio Waste sand is included in a policy with other wastes such as bottom ash and fly ash.
Material covered under this policy does not require a permit to be used beneficially.  A
total of fourteen beneficial uses are defined, including manufacturing, composting, soil
blending, anti skid and road surface preparation, landfill cover, structural fill, pipe
bedding, and other similar applications.  There are three beneficial use categories based
on chemical/metal content, material volumes, environmental impact, and use history.
The first category requires no review or notification. The second and third categories
require annual reports, isolation distances from water and additional criteria.

Pennsylvania General permits are issued based on chemical and physical characteristics, and the
intended use of the waste.  Beneficial use involving direct land contact is considered
when tests demonstrate contaminant levels of 25 times or less of ground water
standards.  Annual retesting or recertification is required.  Once a permit is issued, other
firms producing a similar waste may apply for a "determination of applicability" if their
waste and use is consistent with the original general permit.
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Texas Waste sand categorized as class 2 or 3 with less than 500 ppm total petroleum
hydrocarbon (TPH) qualifies as a co-product and can be used in applications such as
cement, concrete, brick, pipe, block, sand blast material, non-skid material, liner or
structural material, and road base.  Class 2 material not meeting the TPH requirement
may be used as a co-product in asphalt.  Reuse material must meet criteria that show it is
a feasible replacement for raw material. Notification of beneficial use is encouraged, but
it is not required for class 3 sand used as a road bed or pipe and brick manufacturing.

Wisconsin General waste exemption permits are allowed for waste sand for beneficial reuse as
commercial industrial building sub-base, concrete, asphalt substitute, landfill daily
cover, road sub base, and  road embankment.  For each of these applications, there are
stipulations for restrictions and reporting requirements.  Specific projects approved by
DNR include landfill daily cover and department of transportation projects.

Penn State University identified several institutional barriers to broader acceptance of foundry
waste sand as a beneficially usable material1.  These are cited and explained in terms of
Massachusetts goals in the following:

1) The wide variety of regulatory and test systems employed by states to manage industrial
wastes present many inconsistencies.  Threshold levels of leachable metals and organic
compounds in industrial wastes can vary by factors of 30 or more. Environmental differences
between states such as soil type and climate often are reflected in policy differences.
However, similar broad policy goals -- namely, protection of human health and short- and
long-term environmental quality, should promote efforts to bring some level of uniformity.

2) No universally accepted practice exists to evaluate the hazard posed by beneficially used
foundry waste.  Decision science tools, such as total life cycle or risk analysis method, would
make the beneficial use approval process more comprehensive and capable of assessing
overall risks and benefits.

3) State agencies do not have coordinated regulations that achieve both short and long-term
objectives.  A good example of a potentially beneficial coordinated policy would be between
the Mass DEP and Massachusetts Department of Transportation to address reuse of sand for
transportation material related applications.

4) Test standards in Massachusetts do not consider background concentrations of contaminants
(particularly metals) in native soils.  As a result, a recycled material may be subject to more
stringent test standards than the natural soil.

5) Environmental regulations and policies are complex and difficult for the business community
to understand.  This deters foundries from seeking beneficial reuse permits, especially among
small foundries with limited personnel.

Comprehensive programs to initiate and develop beneficial use have been undertaken in other
states and serve as a model for the sectors working toward beneficial use in Massachusetts.  The
most important effort put forth by Pennsylvania foundries has been the cooperative effort by all
foundries working together toward reuse.  The American Foundrymen’s Society represents a
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large union of foundries with similar interests working together.  Undoubtedly, the presence of
the AFS has helped propel Pennsylvania foundries into the position of leaders in the beneficial
use movement.  By consolidating their materials and normalizing the testing procedures, they
have removed the barriers that are present with small samples and inconsistent test methods.

The New Jersey Department of Transportation has instituted another model program.  By setting
up a recycling office using a full time employee of the DEP, they were able to optimize
communication among the various sectors and develop a system that works efficiently toward
beneficial use8.
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ECONOMIC IMPLICATIONS

The success of a foundry sand reuse program in Massachusetts will depend upon its economic
feasibility.  Once a BUD is granted, foundries and potential users will only pursue options for
reducing the quantities of sand sent to Massachusetts landfills if it is in their best economic
interest.  As discussed above, options for reuse include mechanical and thermal reclamation and
use of spent sand as a raw material by other industries.  Economic factors that need to be
considered include capital costs of reclamation units, transportation and disposal costs,
infrastructure, testing, and permit application.

Sand Reclamation

Many foundries in Massachusetts are currently using mechanical reclamation units to reuse sand
within their plants.  About 60% of green sand foundries already reclaim sand, while about 55%
of no-bake foundries do so.  For green sand processes, reclaiming the sand may be as simple as
capturing it once the metal casting is removed and returning it directly to the beginning of the
process.  Other green sand processes may require mechanical lump reduction to separate the sand
into reusable grains.

Based on our analysis of foundries using green sand casting processes, several more could
benefit from purchasing their own reclaim systems.  Capital costs for a lump reducers vary from
$30,000 to $60,000 for a system that can process 3-5 tons per hour (tph).  Since these systems
reclaim all of the sand, except for small amounts that are lost onto the floor, foundries should
compare the capital cost of purchasing a reclaim unit with their annual disposal costs plus their
annual fresh sand costs and assess whether or not such a purchase is justified.  Foundries that do
not need lump reduction could incorporate sand recycling as part of their process, which may and
may not require purchasing additional equipment.

Another option for foundries is to either share a unit or arrange to use another company’s reclaim
system. This would require a balance of transportation costs with capital costs of reclaim units.
Figures 12 and 13 indicate the geographic distribution of foundries and how much sand is being
consumed in a particular area.  They suggest that shared resources may be possible in some
locations in the state.  Several companies that responded to the questionnaire have a green sand
process and reclaim or reuse their sand

Foundries using a no-bake process have similar options.  However, since the no-bake process
uses resins to bind the sand together, a lump reducer is always required.  Several foundries
responding to our survey could benefit economically from purchasing and using a mechanical
reclaim system.  Initial estimates of reduction in cost for fresh sand and disposal costs is
approximately 80%.  Capital costs for lump reducers vary from $30,000-$60,000 for a 3-5 tph
system up to $125,000 for a 20-30 tph system.  No-bake foundries that are not currently using
reclaim systems may also benefit from sharing a reclaim unit.  This could mean purchasing a
large central unit and shipping sand from several foundries to it for processing.  The geographic
distribution of foundries using no-bake casting processes with reclaim units is presented in
Figure 15.
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Figure 12.  Locations of Massachusetts foundries

Figure 13.  Sand consumption by area
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Figure 14.  Green sand foundries using reclaim

Figure 15.  No-bake foundries using reclaim
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No-bake sand can also be thermally reclaimed, although this is quite uncommon.  Thermal
reclamation units are expensive and only one foundry in Massachusetts was found to have one.
These units allow nearly 100% of the sand to be reclaimed.  At a cost of about $300,000, benefits
from purchasing such a unit could be spread among several foundries.  A thermal reclamation
unit that could operate from a central location may be economically feasible even after paying
shipping costs.

Sand Use as a Raw Material

The economic advantages of sending spent sand out for use as raw material by another company
is highly dependent upon both transportation and disposal costs.  If the decision whether or not to
ship to a potential user is to be made on a simple and direct economic basis, the cost to ship it to
a potential user less any remuneration for materials must be less than disposal costs.

Disposal costs vary considerably among the foundries in Massachusetts.  In this context, disposal
costs include costs to store the sand, transportation, labor, and other directly related costs.  Some
foundries pay less than $10/ton while a more typical cost is about $25/ton.  Massachusetts
average costs are on the low end of national costs which range from $15-75 per ton3.

Several transportation companies were contacted in order to determine the costs that would be
associated with shipping spent sand to potential users.  Many companies charge by the hour at
rates between $45 and $75 for dump trucks that can carry up to about 32 tons of sand.  Weight
limits on trucks are set by individual states.  The limit in Massachusetts is about 32 tons while in
Connecticut it is about 25 tons.  Hence, shipping within the state may be cheaper than shipping
out-of-state.  Using an average road speed of 50 mph, the cost of shipping sand ranges from
about $0.04 to $0.06 per ton per mile.

Other trucking companies quote rates in dollars per mile ranging from $2.50 to $3.00 per mile.
Given the restrictions on load limits dictated by states, this is equivalent to between $0.08 and
$0.12 per ton per mile.  These rates are usually used for “over road” shipping distances (i.e.
between towns or cities), whereas the hourly rates are for local hauls.

A simplified model for calculating economic advantages for reuse suggests that sand can be
shipped a considerable distance.  Given an average disposal cost of $25/ton and an average
transportation cost of $0.10/ton-mile for long distances, transportation costs exceed disposal
costs only after 250 miles. Figure 16 illustrates this graphically.  This assumes that the time taken
to load and unload the sand, regardless of whether or not it is reused or dumped, is the same.
Figures 7,8, and 9 suggest locations of some potential users in and around Massachusetts.

Another economic factor is the amount of money that will be paid for the spent sand.  Subject to
changing markets it is very difficult to report on how much companies will be willing to pay for
spent sand.  In one state, Illinois, cement kilns that once paid for spent sand began to charge to
take it once they became a service to enough foundries.

Foundries may be able to use the above information to help determine an appropriate reuse
strategy.  Many will find that purchasing a sand reclamation unit is an economically feasible
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option that will reduce their sand consumption and disposal by up to 90%.  Transporting sand to
communal or shared units is also an option worth investigating.  Given the regular increases in
landfilling costs, all foundries will have an interest in analyzing the savings they may realize by
sending any spent sand to potential users.

Figure 16.  Waste sand disposal vs. transportation costs for reuse.
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CONCLUSIONS

Conclusions drawn from the results of this study are listed below:

Questionnaire Results Based on Respondents
• Foundries spend a total of about $1.2 million annually on fresh sand and $600,000

annually on sand disposal.
• Massachusetts foundries use about 40,000 tons of sand annually.
• Approximately half of all Massachusetts foundries send their spent sand to landfills,

while another 30% store it on site and the remainder have beneficial reuse permits.

Reuse Applications
• Tests with waste sand have shown that in geotechnical fill applications, spent foundry

sand is a feasible substitute for virgin material.
• Spent sand may be used in asphalt only when given a careful mix design.
• Foundry waste sand may be used for its silica in rock wool production.
• Sands from both brass and steel foundries were deemed acceptable as a fluxing agent

in smelting operations due to their high silica content.
• A recent study in Illinois demonstrated the feasibility of foundry waste sand use in the

manufacture of portland cement.  Several successful working projects were reported.

BUD Process
• Several states have set beneficial use standards.  However, Georgia, Massachusetts,

and New York do not stipulate specific test parameters for either metals or organic
materials.

• Generally, states that permit beneficial use of foundry waste have specific beneficial
use regulations or specific policies for use of foundry sand1.

• There is need for evidence to support minimization of risk to human health and the
environment in current beneficial use regulations.

• In Massachusetts, BUDs for site specific and statewide use have been issued for spent
foundry sand. In order to expand use practices in Massachusetts, material testing and
risk assessment is needed.

• There is a perceived need for further clarification of the Massachusetts BUD process
relative to acceptable risk or no risk status of technically viable reuse practices.

• Coordination and dialogue between industry and regulatory  parties may encourage
forward movement in this area.

Economic Implications
• Foundries which do not currently reclaim usable portions of process sand may realize

cost saving by purchasing a on-site sand reclamation units individually or with a
neighboring foundry.

• All foundries have an economic interest in analyzing the savings they may realize by
sending spent sand to potential users.

• Unknown costs are involved in pursuing permits for BUDs.  Further clarification from
MA DEP relating to test requirements may partially resolve these issues.
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Current Issues
• There is a significant incentive for the private and public sectors to work together to

overcome the technical and institutional barriers preventing progress in Massachusetts’
adoption of beneficial reuse

• Cooperative efforts between foundries and markets have not been established.
• Limited information on waste characteristics and risk limitations have limited use of

technically viable beneficial use practices.

The sustainability of current spent sand disposal practices appears to be in question.  Numerous
foundries dispose of sand using a statewide permit for intermediate landfill cover.  A small
portion of the foundries store waste sand on-site with no ultimate plans for disposal.  Cost
estimates for disposal of sand through current practices generally represent only a small portion
of total operating costs for a foundry.  However, the data collected in this study was not complete
and may not completely describe the current state of the industry.  In response to current trends
in landfill practices and benefits to reuse it is appropriate to consider a detailed exploration of
reuse practices  for spent sand.

Beneficial reuse of spent foundry sand is practiced in numerous states in the US. There are
several viable use practices for spent sand based on material characteristics and demand.
However, technical issues must first be resolved prior to implementation.  While reuse is not new
to the industry, it appears that regulated reuse is relatively new.  This is strongly evidenced in the
recent studies published on reuse practices in the US.  Results from the survey of Massachusetts
foundry participation in the beneficial reuse of spent sand suggest the need for further
clarification of several areas. Foremost, a complete characterization and assessment of risk to
human health and the environment must be made on sands relative to different reuse practices.
Additional guidance from MA DEP regarding risk assessment methods and concentration limits
is needed to coordinate efforts by the foundry industry and DEP.  While beneficial reuse
regulations in several states permit spent foundry sand reuse, it remains unclear upon which risk
criteria use practices are permitted and if they are the most protective of human health and the
environment.  MA DEP needs to develop a defensible policy on environmental degradation
relative to solid waste beneficial reuse.  Furthermore reuse applications such as road construction
and cement must be evaluated on a life cycle since ultimate deposition may be other than its
intermediate use application.  Perceptions from both industry and the regulatory regarding
problems with the BUD process may result in artificial barriers which may be overcome through
increased dialogue and policy making.
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FUTURE WORK

In order to move to the next level of foundry sand reuse, improved communication and
cooperation between the foundries, regulators and potential users is needed.  At this time,
discussions about the BUD process between DEP and the regulated industries are planned.  Also
needed is an evaluation of other states’ risk analysis and beneficial reuse practices relative to
Massachusetts policy.  The work contained herein suggests that one of the greatest potentials to
eliminate barriers to reuse practices lies in the detailed characterization and understanding of
potential risks associated with different use practices.  Further evaluation of material
characteristics, temporal variation and life cycle analysis will support  the regulatory process.
This work has the additional potential to map out practices which have the least potential to
cause environmental consequences.  This would save the foundry industry time and money
towards new statewide BUDs.

Potential  follow-on studies include:

1) An analytical survey of the properties of spent sand as it relates to potential risks associated
with beneficial reuse practices,

2) A pilot reuse project with several cooperating foundries. This may assist a few foundries
get through the BUD process. Also note that one of our recommendations was that
foundries in close proximity to each other work together to develop a supply,

3)    Develop a demand side analysis for spent sand to determine additional drivers or
impediments to the beneficial reuse of spent foundry sand, and

4)    Work on developing risk assessment tools for the bud process as it relates to spent foundry
sand and related products (a modification of item #1, above).
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Appendix 1a: Foundry Perceptions of Regulation and Reuse

• Lack of Collaborative effort between foundry generators and Massachusetts DEP which

could define specifications for various applications.

• Massachusetts DEP has a multiplicity of departments which are hesitant to define specific

control limits for residual constituents.

• Massachusetts DEP not aware or perhaps not concerned with the economics of the issue

• Potential end-users are hesitant to use spent foundry sand as substitute for other aggregates

because of: 1) an aversion to interface with the Massachusetts DEP, 2) a perception that

various sections of the DEP are inconsistent regarding applicability, and 3) an avoidance of

documentation requirements.

• DEP would not approve foundry sand for flowable fill, although no specific reason was

given.

• A firm that uses of foundry sand as flowable fill outside of Massachusetts has since

terminated its efforts to expand into Massachusetts, and is concentrating on other, more

cooperative states.

• Massachusetts should study reuse programs in other states and adopt the best features so that

reuse is possible in our state.

• AFS (American Foundrymen Society) & SFSA (Steel Founders’ Society of America) both

very active in promoting reuse of foundry waste

• All companies that can reuse the sand want to be paid to take it (approx. $30/ton).

• Massachusetts DEP has an ingrained aversion to allowing the material to be reused.

• The process is unclear and foundries do not know how to obtain permits.

• Reclaim equipment is very expensive (especially thermal units).

• Needs screening of material before reuse

• Mechanical reclaim 80% of no-bake, 20% with thermal reclaim.

• Spent material meets EPA standards as non-hazardous wastes.

• Potential users of the spent sand show little interest.

• There must be a steady flow to the end users so that they do not have to change their process

for a small quantity of spent foundry sand.
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• An asphalt company used to take spent sand, but obtaining a permit takes too long

(approximately nine months).

• Difficulty recycling spent sand because of small quantities.

• Tried sending it to a cement kiln in Maine (thermal reclaim), but quantity too small for ME

company to pick up.

• Talking about combining with 4 or 5 other New England foundries in some reuse effort.

• Fresh sand is too cheap in comparison to spent sand to make purchasing the latter

worthwhile.
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Appendix 2:    Foundry Residuals Lab Report (1)    Malleable Iron Casting
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Test Performed Method Units MDL Results
Composite: Black sand pile and
bag house dust

03/19/96
baghouse

03/19/96
N.E. Co #1

03/19/96
N.E. Co #2

RCRA 8 METALS
Arsenic 6010, EPA 1987 mg/Kg 2.5 3 2 2
Barium 6010, EPA 1987 mg/Kg 0.5 41 24 36
Cadmium 6010, EPA 1987 mg/Kg 0.2 ND ND ND
Chromium 6010, EPA 1987 mg/Kg 0.4 2.8 2.5 3.1
Lead 6010, EPA 1987 mg/Kg 5.0 10 7 8
Mercury 7470, EPA 1986 mg/Kg 0.01 .02 .02 .02
Selenium 6010, EPA 1987 mg/Kg 5 <5 <5 <5
Silver 6010, EPA 1987 mg/Kg 0.5 ND ND ND

B/NA EXTRACTABLES
Phenol EPA 8270 ug/Kg 700 ND ND ND
2-Chloroethyl ether EPA 8270 ug/Kg 300 ND ND ND
Chlorophenol EPA 8270 ug/Kg 500 ND ND ND
1,3 Dichlorobenzene EPA 8270 ug/Kg 100 ND ND ND
1,4 Dichlorobenzene EPA 8270 ug/Kg 100 ND ND ND
1,2 Dichlorobenzene EPA 8270 ug/Kg 100 ND ND ND
2-cholorisopropyl ether EPA 8270 ug/Kg 200 ND ND ND
Nitroso-di-n-propylamine EPA 8270 ug/Kg 300 ND ND ND
Hexachloroethane EPA 8270 ug/Kg 500 ND ND ND
Nitrobenzene EPA 8270 ug/Kg 200 ND ND ND
Isophorone EPA 8270 ug/Kg 200 ND ND ND
Nitrophenol EPA 8270 ug/Kg 200 ND ND ND
2,4-Dimethylphenol EPA 8270 ug/Kg 300 1180 650 616
2-chloroethoxy EPA 8270 ug/Kg 200 ND ND ND
2,4-Dichlorophenol EPA 8270 ug/Kg 200 ND ND ND
1,2,4-Trichlorobenzene EPA 8270 ug/Kg 200 ND ND ND
Naphthalene EPA 8270 ug/Kg 200 3000 1930 2150
Hexachlorobutadiene EPA 8270 ug/Kg 300 ND ND ND

continued on next page….
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Test Performed Method Units MDL Results
Composite: Black sand pile and bag
house dust

03/19/96
baghouse

03/19/96
N.E. Co #1

03/19/96
N.E. Co #2

4-Chloro-3-methylphenol EPA 8270 ug/Kg 200 ND ND ND
Hexachlorophenol EPA 8270 ug/Kg 100 ND ND ND
2,4,6-Trichlorophenol EPA 8270 ug/Kg 100 ND ND ND
2,4,5-Trichlorophenol EPA 8270 ug/Kg 100 ND ND ND
2-Chloronaphthalene EPA 8270 ug/Kg 200 ND ND ND
Dimethyl Phthalate EPA 8270 ug/Kg 100 ND ND ND
Acenaphthylene EPA 8270 ug/Kg 200 ND ND ND
Acenapthene EPA 8270 ug/Kg 200 ND ND ND
2,4-Acenapthene EPA 8270 ug/Kg 200 ND ND ND
4-Nicrophenol EPA 8270 ug/Kg 200 ND ND ND
2,4-Dinitrotoluene EPA 8270 ug/Kg 100 ND ND ND
Diethyl Phthalate EPA 8270 ug/Kg 200 ND ND ND
Fluorene EPA 8270 ug/Kg 300 ND ND ND
4-ChloroPhenyl Phenyl Ether EPA 8270 ug/Kg 200 ND ND ND
2-Methyl-4,6dinitrophenol EPA 8270 ug/Kg 200 ND ND ND
N-Nitrosodiphenylamine EPA 8270 ug/Kg 300 ND ND ND
4-Bromophenyl Phenyl Ether EPA 8270 ug/Kg 100 ND ND ND
Hexachlorobenzene EPA 8270 ug/Kg 200 ND ND ND
Pentachlorophenol EPA 8270 ug/Kg 100 ND ND ND
Phenanthrene EPA 8270 ug/Kg 100 850 560 745
Anthracene EPA 8270 ug/Kg 200 ND ND ND
Di-n-butylphthalate EPA 8270 ug/Kg 100 160 ND 731
Fluoranthene EPA 8270 ug/Kg 100 162 131 181
Benzidine EPA 8270 ug/Kg 500 ND ND ND
Pyrene EPA 8270 ug/Kg 300 ND ND ND
Butyle Benzyl Phthalate EPA 8270 ug/Kg 100 ND ND ND
Benzo (a) anthracene EPA 8270 ug/Kg 100 ND ND ND
3,3'-Dichlorbenzidine EPA 8270 ug/Kg 100 ND ND ND
Crysene EPA 8270 ug/Kg 100 ND ND ND
Bis(2-Ethylexyl)phthalate EPA 8270 ug/Kg 400 ND ND ND
Bi-n-octyl phthalate EPA 8270 ug/Kg 1000 ND ND ND
Benzo (b) fluoranthene EPA 8270 ug/Kg 500 ND ND ND
Benzo (k) fluoranthene EPA 8270 ug/Kg 500 ND ND ND
Benzo (a) pyrene EPA 8270 ug/Kg 100 ND ND ND
Indeno (1,2,3-cd)Pyrene EPA 8270 ug/Kg 100 ND ND ND
Dibenzo (a,h) Anthracena EPA 8270 ug/Kg 100 ND ND ND
Benzo (g,h,i) perylene EPA 8270 ug/Kg 100 ND ND ND
2-FLUOROPHENOL (SURR) %
PHENOL-D5 (SURR) %
NITROBENZENE-D5 (SURR) %
2-FLUOROBIPHENYL (SURR) %
2,4,6-TRIBROMOPHENOL (SURR) %
TERPHENYL-D14 (SURR) %
Formaldehyde MSTH,HAC

H
mg/L .1 8.93 5.33 8.26

….continued on next page….
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Test Performed Method Unit MDL Results
Composite: Black sand
pile and bag house dust

12/18/96 01/08/97 02/03/97 04/11/97 06/11/97

RCRA 8 METALS
Arsenic 6010, EPA 1987 mg/Kg 2.5 6.4 8.4 2.3 2.9 ND
Barium 6010, EPA 1987 mg/Kg 0.5 32.9 48.4 31.5 39.5 23.1
Cadmium 6010, EPA 1987 mg/Kg 0.2 ND ND .23 ND ND
Chromium 6010, EPA 1987 mg/Kg 0.4 4.8 3.5 3.1 4.2 1.4
Lead 6010, EPA 1987 mg/Kg 5.0 15 11 9 7 ND
Mercury 7470, EPA 1986 mg/Kg 0.01 ND .01 .02 .01 ND
Selenium 6010, EPA 1987 mg/Kg 5 ND ND ND ND ND
Silver 6010, EPA 1987 mg/Kg 0.5 ND ND ND ND ND

B/NA EXTRACTABLES
Phenol EPA 8270 ug/Kg 700 7200 5700 5510 5840 ND
2-Chloroethyl ether EPA 8270 ug/Kg 300 ND ND ND ND ND
Chlorophenol EPA 8270 ug/Kg 500 ND ND ND ND ND
1,3 Dichlorobenzene EPA 8270 ug/Kg 100 ND ND ND ND ND
1,4 Dichlorobenzene EPA 8270 ug/Kg 100 ND ND ND ND ND
1,2 Dichlorobenzene EPA 8270 ug/Kg 100 ND ND ND ND ND
2-cholorisopropyl ether EPA 8270 ug/Kg 200 ND ND ND ND ND
Nitroso-di-n-propylamine EPA 8270 ug/Kg 300 ND ND ND ND ND
Hexachloroethane EPA 8270 ug/Kg 500 ND ND ND ND ND
Nitrobenzene EPA 8270 ug/Kg 200 ND ND ND ND ND
Isophorone EPA 8270 ug/Kg 200 ND ND ND ND ND
Nitrophenol EPA 8270 ug/Kg 200 ND ND ND ND ND
2,4-Dimethylphenol EPA 8270 ug/Kg 300 2600 1600 930 1330 ND
2-chloroethoxy EPA 8270 ug/Kg 200 ND ND ND ND ND
2,4-Dichlorophenol EPA 8270 ug/Kg 200 ND ND ND ND ND
1,2,4-Trichlorobenzene EPA 8270 ug/Kg 200 ND ND ND ND ND
Napthtalene EPA 8270 ug/Kg 200 4600 3500 2360 2870 2140
Hexachlorobutadiene EPA 8270 ug/Kg 300 ND ND ND ND ND

Continued on next page…
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Test Performed Method Unit MDL Results
Composite: Black sand
pile and bag house dust

12/18/96 01/08/97 02/03/97 04/11/97 06/11/97

4-Chloro-3-methylphenol EPA 8270 ug/Kg 200 ND ND ND ND ND
Hexachlorophenol EPA 8270 ug/Kg 100 ND ND ND ND ND
2,4,6-Trichlorophenol EPA 8270 ug/Kg 100 ND ND ND ND ND
2,4,5-Trichlorophenol EPA 8270 ug/Kg 100 ND ND ND ND ND
2-Chloronaphthalene EPA 8270 ug/Kg 200 ND ND ND ND ND
Dimethyl Phthalate EPA 8270 ug/Kg 100 ND ND ND ND ND
Acenaphthylene EPA 8270 ug/Kg 200 ND ND ND ND ND
Acenapthene EPA 8270 ug/Kg 200 ND ND ND ND ND
2,4-Acenapthene EPA 8270 ug/Kg 200 ND ND ND ND ND
4-Nicrophenol EPA 8270 ug/Kg 200 ND ND ND ND ND
2,4-Dinitrotoluene EPA 8270 ug/Kg 100 ND ND ND ND ND
Diethyl Phthalate EPA 8270 ug/Kg 200 ND ND ND ND ND
Fluorene EPA 8270 ug/Kg 300 ND ND ND ND ND
4-ChloroPhenyl Phenyl
Ether

EPA 8270 ug/Kg 200 ND ND ND ND ND

2-Methyl-
4,6dinitrophenol

EPA 8270 ug/Kg 200 ND ND ND ND ND

N-Nitrosodiphenylamine EPA 8270 ug/Kg 300 ND ND ND ND ND
4-Bromophenyl Phenyl
Ether

EPA 8270 ug/Kg 100 ND ND ND ND ND

Hexachlorobenzene EPA 8270 ug/Kg 200 ND ND ND ND ND
Pentachlorophenol EPA 8270 ug/Kg 100 ND ND ND ND ND
Phenanthrene EPA 8270 ug/Kg 100 1800 980 640 790 ND
Anthracene EPA 8270 ug/Kg 200 ND ND ND ND ND
Di-n-butylphthalate EPA 8270 ug/Kg 100 360 ND ND ND ND
Fluoranthene EPA 8270 ug/Kg 100 430 160 ND ND ND
Benzidine EPA 8270 ug/Kg 500 ND ND ND ND ND
Pyrene EPA 8270 ug/Kg 300 320 ND ND ND ND
Butyle Benzyl Phthalate EPA 8270 ug/Kg 100 ND ND ND ND ND
Benzo (a) anthracene EPA 8270 ug/Kg 100 150 ND ND ND ND
3,3'-Dichlorbenzidine EPA 8270 ug/Kg 100 ND ND ND ND ND
Crysene EPA 8270 ug/Kg 100 230 140 ND ND ND
Bis(2-Ethylexyl)phthalate EPA 8270 ug/Kg 400 ND ND ND ND ND
Bi-n-octyl phthalate EPA 8270 ug/Kg 1000 300 ND ND ND ND
Benzo (b) fluoranthene EPA 8270 ug/Kg 500 ND ND ND ND ND
Benzo (k) fluoranthene EPA 8270 ug/Kg 500 ND ND ND ND ND
Benzo (a) pyrene EPA 8270 ug/Kg 100 ND ND ND ND ND
Indeno (1,2,3-cd)Pyrene EPA 8270 ug/Kg 100 ND ND ND ND ND
Dibenzo (a,h) Anthracena EPA 8270 ug/Kg 100 ND ND ND ND ND
Benzo (g,h,i) perylene EPA 8270 ug/Kg 100 ND ND ND ND ND
2-FLUOROPHENOL
(SURR)

% 64 67 52 94 108

PHENOL-D5 (SURR) % 77 76 55 99 106
NITROBENZENE-D5
(SURR)

% 65 62 43 75 52

2-FLUOROBIPHENYL
(SURR)

% 79 66 58 80 63

2,4,6-
TRIBROMOPHENOL
(SURR)

% 74 102 52 86 70

TERPHENYL-D14
(SURR)

% 82 73 67 75 56

Formaldehyde MSTH,HACH mg/L .1 <0.1 <0.1 <0.1 11.9 <.01
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Appendix 2a:  Foundry Residuals Lab Report (2)    Iron Casting
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