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Executive Summary 

     A well developed infrastructure exists for the reuse and recycling of automotive parts and 
materials.  At the end of a vehicle’s useful life many parts are removed and sold for reuse and 
fluids are recovered for recycling or proper disposal. What remains is shredded, along with other 
metal bearing scrap such as home appliances, demolition debris and process equipment, and the 
metals are separated out and recycled.  The remainder of the vehicle materials is call shredder 
residue which ends up in the landfill. 

     As energy and natural resources becomes more treasured, increased effort has been afforded 
to find ways to reduce energy consumption and minimize the use of our limited resources.  Many 
of the materials found in shredder residue could be recovered and help offset the use of energy 
and material consumption.  For example, the energy content of the plastics and rubbers currently 
landfilled with the shredder residue is equivalent to 16 million barrels of oil per year.  However, 
in the United States, the recovered materials, primarily polymers, cannot be recycled due to 
current regulatory barriers which preclude the re-introduction into commerce of certain materials 
because of residual contamination with substances of concern (SOCs) such as polychlorinated 
biphenyls (PCBs).    

     The source of the PCBs is not well understood.  Old transformers, capacitors, white goods 
and ballasts from lighting fixtures are likely contributing factors. The project was designed to 
evaluate whether vehicles of varying age and manufacturing origin contribute to the PCB content 
in shredder residue.  Additionally, the project was designed to determine if there are any trends 
in material composition of the shredder residue from varied age and manufacturing groups.  This 
information would aid in future material recovery facility strategy and design. 

     The test utilized a newly installed shredder plant to shred four categories of automobiles.  The 
categories were defined by vehicle age and the manufacturing company and location.  Each 
category of vehicles was processed individually through the shredder plant and the resulting 
shredder residue was analyzed for its materials composition and presence of PCBs and leachable 
metals 

     The results show that shredder residue from all vehicle categories tested are not significant 
contributors of PCBs and leachable metals.  It was evident that leachable cadmium levels have 
decreased in newer vehicles.  The composition of the shredder residue from each of the four 
categories is similar to the others.  In addition, these compositions are approximately equal to the 
composition of typical shredder residues, not limited to automotive materials. 
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1. Introduction  
 
1.1. Objectives 

 
The objectives of this project are: 
 

1. Analyze and evaluate the composition of shredder residue generated during the 
shredding and recycling of four distinct categories of automobiles with no other 
source materials mixed with the vehicles. Specific vehicles included in each of the 
categories are listed in Appendix A. 
 

2. Conduct TCLP and PCB analyses on the resulting shredder residues from the four 
vehicle categories; late model domestic, late model transplant, normal end-of-life 
and late model import vehicles. 
 

1.2. Background 
 

     The current infrastructure for vehicle recycling includes de-polluting, dismantling to 
retrieve useable or remanufacturable parts for resale, followed by shredding for metals 
recovery.  The typical de-polluting process for a vehicle involves removal of the battery, 
mercury switches, air conditioning refrigerant, gasoline and other fluids.  Tires are often 
removed and air bags are sometimes deployed as well.  Removal of parts for reuse or 
remanufacturing is driven by market demand.  Typical parts that are removed include 
engines, transmissions, body panels, interior items and even entire vehicle sections 
including frames and structural body pillars.  What remains of the vehicle after these 
phases is the hulk.  The hulk is sent to a shredder where it is fed, along with other metal 
bearing scrap including home appliances, demolition debris and process equipment, to a 
large hammermill that reduces the vehicle into pieces the size of a person’s fist.  This 
scrap is then processed to separate out the ferrous and non-ferrous metals.  What remains 
is the shredder residue which goes to landfill.   
 
     Considerable work has been performed to extract recyclable materials from this waste 
stream.  However, in the United States, the recovered materials, primarily polymers, 
cannot be recycled due to current regulatory barriers which preclude the re-introduction 
into commerce of certain materials because of residual contamination with substances of 
concern (SOCs) such as polychlorinated biphenyls (PCBs).    

     Historically, shredder residue contains various SOCs, including PCBs.  The source of 
the PCBs is not well understood.  Old transformers, capacitors, white goods and ballasts 
from lighting fixtures are likely contributing factors. The project was designed to evaluate 
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whether vehicles of varying age and manufacturing origin contribute to the PCB content in 
shredder residue.   

     Additionally, the project was designed to determine if there were any trends in material 
composition of the shredder residue from varied age and manufacturing groups.  This 
information would aid in future material recovery facility strategy and design. 

 

2. Facility Selection 

     A shredder facility, Garden Street Iron and Metal, in Fort Meyers, Florida was in its planning 
stages at the time the test was being planned.  The owner of the shredder was interested in the 
test and offered to let his new facility be used for the test once it had been built.  It was hoped 
that the vehicles for this test would be the first material that the facility would process, but it 
quickly became apparent that that would not be possible.  The start-up and debug of the facility 
required various feed materials and a quantity of material needed to be processed just to get the 
equipment operating properly.  Still, this would be the cleanest shredder the test would ever be 
able to take place.   

     The shredder facility had an automotive dismantler on the same property.  This facility was 
used to purchase and process all of the vehicles for the test.  The vehicles were grouped into their 
respective categories as the vehicles were obtained.  The vehicles were not crushed so they could 
be inspected prior to the test.  All vehicles were drained of their fluids, tires and rims were 
removed and mercury switches taken out.  All items that did not belong to the vehicle were 
removed.    

The four categories were: 

 Late Model “Big 3”, (2000-2005 models) 
 Late Model “Transplant”, (2000-2005 models) 
 “Normal-aged” Domestic, (pre-2000 models) 
 Late Model “Import”,  (2000-2005 models) 

 
The Late Model “Big 3” and “Normal-aged” Domestic categories included Ford, GM and 
Chrysler vehicles that were built in North America.  “Transplant” vehicles included autos 
manufactured by foreign companies that were built in North America specifically for use in the 
United States.  Late Model “Import” vehicles were built outside of North America. 
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3. Test Planning 
 

     Four categories of vehicles, with 40 vehicles in each category, were used for comparison.  
The test took place in a newly installed shredding facility with relatively clean equipment, 
grounds and surroundings.  This is an exception to a normal shredding plant.  The vehicles were 
manually inspected and all foreign, “non-auto” materials were removed. The vehicles used for 
this test were specifically chosen to make sure that damage did not prohibit inspection of the 
vehicles, see Figure 1 below.  This would not be feasible for vehicles that have been damaged in 
a collision or flattened for transportation. There is also cost that will be attributed to the time it 
takes for a worker to thoroughly go through a vehicle.  In addition, the vehicles chosen for this 
test were only a select few.  The oldest vehicle was a 1983 model year; after the ban on PCBs 
had already taken place.  There are still pre-ban vehicles being shredded today.  Also, since the 
test was limited to the number of vehicles it could shred, many manufacturers were not included 
in the test.   

Figure 1. Vehicle Storage Area before the Test.  Note the minimal damage to the vehicles. 
 
     Each category was fed separately through the shredding plant and all output material streams 
were kept separate from one another.  The shredder residue from each category was analyzed for 
TCLP (Metals), PCBs and material composition.  Shredder residue consisted of two fractions: a 
coarse fraction (between 12 mm and 6 inches) and a fine fraction (smaller than 12 mm).  Tree 
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limbs were used as a separator material between each category to purge and clean the system of 
residual materials.   
 
     The TCLP and PCB analyses were performed by W. Z. Baumgartner and Associates, Inc.  
Argonne National Laboratory determined the material composition of the coarse shredder 
residues.  Energy Anew, Inc. determined the material composition of the fine shredder residues 
(fines) fraction. 
      
 
4. Test and Evaluation Procedures 

     Before the vehicle shredding began, swipe samples were taken by W. Z. Baumgartner and 
Associates, Inc. from various parts of the shredding equipment.  Swipe samples were also taken 
from heavy mobile equipment and the floor of the dismantling area.  These swipe tests were used 
to determine if anything was contaminated with PCBs before the test was started. 

     All of the actual vehicle shredding was completed in one day.  First, the shredder equipment 
was started up and ran until no more residual debris was left in the system.  The entire grounds 
were then cleaned of all materials from previous operation.  A load of tree limbs was fed into the 
shredder and allowed to travel through the system.  This was done to help remove debris 
remaining in the equipment and to provide a visual aid in identifying when all of debris had run 
out of the system.  The wood shred was then removed and the Late Model “Transplant” vehicle 
category was fed to the shredder.  Samples of the fine and coarse residues were obtained for PCB 
analysis during the discharge of the material from the system.  At the conclusion of the category 
the fines and coarse residues were set aside.  All of the bunkers were cleaned out and another 
round of tree limbs was fed to the shredder.  The wood shred was removed from the bunkers and 
the next category of vehicles, Late Model “Big 3”, were fed to the shredder.  The same 
procedures were used for this category as well as for the “Normal-aged” Domestic and Late 
Model “Import” vehicle categories. 

     The day after the test, samples of the coarse shredder residues were put into gaylord boxes 
and prepared for shipment to Argonne.  Samples of the fines were put into bins and prepared for 
shipment to Energy anew. 

 

5. Results 
 
5.1. Material Separation at the Shredder Plant   

     A general flowchart of the shredder’s plant is shown in Figure 2.  The basic operations 
of the plant include shredding, magnetic separation of the ferrous materials, trommeling to 
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separate materials by size (for improved separation efficiencies downstream), non-ferrous 
metal recovery, and stainless steel recovery.   

     The steel shred and non-ferrous metal fractions generated by the system are usually 
sold as-is.  The trommel ferrous material is produced by a magnetic head pulley on the 
conveyor feeding the trommel and contained just over 50% ferrous metal.  This ferrous 
rich material can be re-fed to the front end of the system in order to recover the ferrous 
metals in this fraction.  The >6 inch trommel material is that which is larger than the 6 
inch holes in the trommel and therefore falls off the end of the trommel barrel.  The 
stainless metal fraction is generated by a piece of equipment which detects metals on a 
moving belt and then ejects them from the other material using high pressure air jet pulses.  
The composition of the trommel ferrous, >6 inch trommel material and stainless metal 
fractions are presented in section 4.4. of this report. 
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Figure 2. Simplified Flow Chart of the Shredder Facility. 

     The weights of the output streams for this test are shown in Table 1.  The weight of the 
feed material was obtained by driving the vehicles, loaded on a flatbed trailer, over a truck 
scale.  The weight of the recovered ferrous fraction was obtained using a belt scale.  The 
non-ferrous fraction was weighed using the truck scale.  All other fractions were weighed 
using a scale on a front end loader.  The measurements were approximate so caution 
should be taken regarding the accuracy of the values.  The non-ferrous fraction from the 
Late Model Imports category was inadvertently dumped before a weight was obtained.  
Also, the percentage of ferrous metal from the Late Model Big 3 is abnormally high while 

Shredder Trommel (1.5" and 6")Magnetic 
Separation

Steel Shred
(ferrous metals)

>6" Trommel 
Material

Screener (12 mm)

Eddy Current Separator

Non-Ferrous Metal

< 12 mm Fines
To Energy Anew

Inductive Sorter for 
Stainless Steel 

Recovery

Stainless Metal

Coarse Shredder Residue 
To Argonne (12 mm to 6")

Trommel Ferrous
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that of the Late Model Transplant is abnormally low.  The reason for this is unknown, but 
the two weights may have potentially been switched.  This would generate more 
reasonable percentages.  The weight of the coarse shredder residue is very dependent upon 
moisture content.  Because the amount of water injected into the shredder is highly 
variable the moisture content of the shredder residues varies.  The roll-off values in Table 
1 show weights after they had been sitting for several months.  This would have allowed 
the moisture content in the roll-offs to equalize to some degree.   The weights of the >6 
inch trommel material were obtained by taking the total weight of all of this material 
throughout the entire test and dividing proportionally among the categories.  

 

Table 1. Weights of the Different Fractions Encountered in the Shredding and Separation 
Processes of the Different Vehicle Categories. 

  

 

5.2. Composition of the <12 mm Fine Shredder Residue  

     The fines fraction was generated using a Bivi-tec screener with a 12 mm perforated 
screen.  A picture of the screener is shown in Figure 3.  This fraction was sent to Energy 
Anew, Inc. for processing, and ultimately for determination of its material composition.   
A separate report was generated by Energy Anew, Inc.  The information here was taken 
from that report. 

     The <12 mm fines represent an average of about 2.5% of the feed material entering the 
shredder.  Table 2, from Energy Anew’s report (Allen, 2009), shows the composition of 
this material from the various vehicle categories.   

Weight Percentage Weight Percentage Weight Percentage Weight Percentage Average
Feed 126,400 105,320 123,920 112,440

Steel Shred (ferrous metal) 76,000 60% 84,000 80% 86,000 69% 76,000 68% 69%
Trommel Ferrous 12,200 10% 12,000 11% 13,400 11% 10,200 9% 10%
>6"Trommel Output 1,250 1.0% 1,050 1.0% 1,230 1.0% 1,110 1.0% 1%
<12 mm Bivi-tec Fines (total) 2,798 2.2% 2,696 2.6% 3,099 2.5% 3,040 2.7% 2%

Bunker 2,526 2,415 2,826 2,766
Energy Anew 249 260 245 248

Argonne 23 21 28 26
Eddy Current Non-Ferrous 5,540 4.4% 4,320 4.1% 4,400 3.6% 0.0% 3%
Long Throw Non-Ferrous 1,380 1.1% 980 0.9% 1,060 0.9% 1,090 1.0% 1%
Induction Sorter Stainless 1,200 0.9% 1,520 1.4% 3,000 2.4% 1,640 1.5% 2%
Coarse Shredder Residue (total) 20,400 16.1% 17,800 16.9% 19,600 15.8% 21,000 18.7% 17%

Roll-off 11,360 11,100 13,020 12,760
Remainder 4,400 5,320 2,360 6,640

Energy Anew 991 249 404 294
Argonne 3,640 1,179 3,777 1,259

Late Model Big 3 Late Model Transplant Pre-2000 Domestic ELV Federalized Imports
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Figure 3. Picture of the Bivi-tec Screener Utilizing a 12 mm Perforated Screen  

 

Table 2. Material Composition of the Fine Shredder Residue Fraction by Vehicle Grouping 
(Taken from the Energy Anew Report-Appendix B) (Allen, 2009).   

 

[Note: The Polyolefin Concentrates and Styrenic Polymer Concentrate are designated as “NA” 
because “No polyolefin or styrenic polymer concentrate could be produced from the finest fraction 
because the fraction contained an insufficient quantity to create an acceptable concentrate” per 
Energy Anew’s report.] 

 
 

<12mm (Fines) Big 3 Transplant
Pre-2000 
Domestic Import Average

Fluff, Fines, Dust 22.0% 22.2% 19.8% 19.7% 21%
Weak Fe/SS/rusty fluff 11.6% 20.6% 16.1% 11.9% 15%
Polyolefin Concentrate NA NA NA NA NA
Styrenic Polymer Conc. NA NA NA NA NA
Mixed Polymer 43.1% 39.7% 47.9% 49.9% 45%
Glass/Rock/ Heavy Polymer 5.2% 3.5% 5.7% 6.0% 5%
Mixed Metal 6.3% 4.6% 5.3% 5.8% 5%
Other(proc. loss/moisture) 11.8% 9.5% 5.2% 6.8% 8%

100.0% 100.0% 100.0% 100.0% 100%

Material Composition by Vehicle Grouping and Size Range
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5.3. Composition of the Coarse Shredder Residue 

     The coarse shredder residue was the “non-metallic” residue, between 12 mm and 6 
inches, remaining after the metal removal and screening operations were performed.  This 
fraction represented about 17% of the feed material.  This material was sent to Argonne 
National Laboratory for processing, and ultimately, for determination of its composition.  

     The material shipped to Argonne was processed in Argonne’s pilot plant which 
consists of two stages.  The first stage is a mechanical process that separates the shredder 
residue into several fractions.  One of the fractions, the polymer concentrate, is then fed to 
the next stage of the process which separates the polymers into concentrated, compatible 
fractions. 

     All four categories of vehicles were processed through the mechanical system.  The 
output fractions of each category are summarized in Figure 4.  The “Oversized Heavies” 
fraction shown in Figure 4 was hand-picked and contained large pieces of metal and other 
hard objects which would potentially damage downstream equipment.  The “Oversized 
Foam” was hand-picked as well.  This material was seat foam and was removed due to its 
tendency to slow the throughput of the installed shredder.  The “Ferrous Concentrate” was 
separated using a magnetic head pulley and contained about 90% ferrous metal.  The 
“Non-Ferrous Concentrate” was recovered using an eddy current separator.  This material, 
which is predominately aluminum, varied from 23% metal content in the Late Model 
Transplant category to 62% in the Normal Domestic ELV category.  Typically, the ferrous 
fraction was 1% of the shredder residue by weight and the non-ferrous was about 2% on 
average.  A little less than 10% of the shredder residue reported as a “Light Fraction”.  
This fraction includes materials such as foam and fiber.  Dust collectors were emptied at 
the end of processing each category and this material was about 10% of the shredder 
residue in each of the categories.  The moisture content of the shredder residue was 
determined by moisture loss through heating 10 to 15 gallon samples of the as-received 
residues in a large oven set to 200 ºF.   

     A <1/4 inch fines fraction consistently accounted for about 20% of the shredder 
residue.  The largest quantity of the shredder residue from each category reported to the 
“Polymer Concentrate” fraction.  This fraction, amounting to roughly 40% of the coarse 
residue fed to the system, contains many different types of polymers, including different 
plastics and elastomers.  It also contains small amounts of glass, rock, wood, foam, metal, 
and other materials.  Though there is a slight difference in weight percent between the 
categories, the amount of polymer concentrate is roughly the same.   
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* - Moisture and dust were recorded together as a loss for the typical shredder residue data.  To better compare the five categories the loss of 11% 
was therefore separated into dust and moisture in a proportion equal to the average of the four vehicle categories.   

Figure 4. Output Streams from Argonne’s Mechanical Pilot Plant 

 

     The shredder residue compositions of the four categories generated in Argonne’s pilot 
plant are only slightly different from that of “typical” shredder residues processed through 
the same pilot plant.  The fractions showing the most difference were the Polymer 
Concentrates, Oversized Heavies, Ferrous Concentrates and Fines.  The Polymer 
Concentrate generated from strictly automotive residues was on the higher end of 
percentages seen from “typical” shredder residues.  This is due to the fact that automobiles 
contain a high percentage of polymers compared to most other metal bearing scrap that is 
fed to a shredder.  The decrease seen in the Oversized Heavies and Ferrous Concentrates 
are likely due to the larger sized metal chunks generated by industrial metal scrap.  It is 
typical to see large knuckles and gears in “typical” shredder residue because it is difficult 
for magnets to suspend the large pieces due to their large mass and spherical type shapes.  
The average percentages of the Oversized Heavies and Ferrous Concentrates in “typical” 
shredder residues processed through Argonne’s pilot plant are 9% and 8%, respectively.  
The larger percentage of Fines in the “typical” shredder residue, averaging 32%, is 
because of two factors.  One being that the <12 mm fraction is present in the typical 
shredder residue while it is absent for the vehicle categories.  The other is that the feed 
material typically seen by shredders usually contains dirt, rock, and gravel while the 
vehicles used for this test were relatively clean and free of this type of material 
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Late Model Big 3 % of ASR 0.3% 1% 1% 3% 10% 8% 21% 13% 43%
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Normal Domestic ELV % of ASR 1% 3% 1% 1% 8% 13% 21% 12% 40%
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5.3.a. Composition of the Polymer Concentrate 
 

     Analysis of the polymer concentrate was performed on all four categories.  Figure 
5 shows that the relative amount of polymer, non-polymer, and metal is about the 
same among the categories.  Polymer concentrates generated in Argonne’s pilot plant 
using “typical” shredder residue contained the same ranges of materials.  One 
hundred pieces of polymer were randomly chosen from each category and scanned 
using FTIR analysis.  The results are shown in the second chart of Figure 4. 
 
     The polymer concentrates generated in Argonne’s pilot plant while processing 
“typical” shredder residues contained the same polymers as the auto-only polymer 
concentrate.  The most notable differences in quantities were in the amount of rubber 
and polypropylene.  The “typical” shredder residues generally contain between 20% 
and 40% rubber while the polymer concentrates from this test contained from 7% to 
17%.  The tires for this test, which generally account for 3-5% of a car’s mass, were 
removed.  The large increase in polypropylene with the auto-only polymer 
concentrates is because these are very commonly used plastics in vehicles.  In fact, 
polypropylene, primarily filled polypropylene, is replacing other polymers in newer 
vehicle applications.  Typical shredder residue polymer concentrates produced in 
Argonne’s pilot plant contain an average of 11% polypropylene. 
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Figure 5. Composition of the Polymer Concentrate and Polymers in the Polymer 
Concentrate Generated from each of the Four Categories 

 

5.3.b. Polymer Concentrate Separation  

     The polymer concentrate from the Late Model Big 3 and Normal ELV categories 
were processed in Argonne’s wet based sink-float/froth flotation pilot plant.  The 
process uses a series of sink/float style tanks to achieve polymer separations.  The 
first tank separates out a polyolefin concentrate fraction.  This fraction, which is 
usually between 60% and 75% olefin, was then purified in another Argonne process.  
This process produced a 92% and 95% pure olefin product for the Late Model Big 3 
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and Normal ELV categories, respectively.  The amount of olefin product produced 
was 10% of the coarse shredder residue for the Late Model Big 3 category, but only 
7% for the Normal ELV category.  Though this was a relatively small quantity of 
material to process, it is apparent that the recoverable olefins are of greater quantity in 
the newer vehicles.   

     The material which sank in the first tank was then processed in another tank which 
targets a styrenics concentrate.  The material separated out contained 32% styrenics 
plastics from the Late Model Big 3 category and 36% from the Normal ELV.  The 
plastics considered to be styrenics include polystyrene, acrylonitrile-butadiene-
styrene (ABS) and polycarbonate/ABS alloys.  Further purification was not pursued 
by Argonne for this work. 

     The material which sank in the first two tanks was then processed in a third tank. 
This produced a rubber rich fraction.  The Late Model Big 3 category’s material 
contained 34% rubber while the Normal ELV contained 40%.  Further separation of 
the rubber was not pursued by Argonne for this work.       
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5.4. Various Shredder Output Fractions Hand Separated at Argonne 
 
     Several fractions produced at the shredder plant were not analyzed in detail for this 
study.  These streams, however, were characterized for their material composition.  
 

5.4.a. Trommel Ferrous Fraction from the Shredding Plant 
 

     The belt conveyor feeding the trommel at the shredder site had a magnetic head 
pulley.  This operation takes place after the vast majority of the ferrous material has 
been removed by the primary magnetic separation operation.  This material represents 
about 10% of the outputted material from the shredder’s plant.  The composition of 
this fraction is shown in Figure 6. It was assumed that this fraction’s ferrous content 
would not vary between vehicle categories, but the material analyzed was specifically 
from a 282 lb sample of the Late Model Big 3 category.  It is assumed that the 
shredder re-feeds this material and recovers much of the ferrous metals. 
 

Figure 6. Composition of the Typical Trommel Ferrous Fraction Content Generated at the 
Shredding Site 
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5.4.b. >6 inch Trommel Fraction from the Shredding Plant      
 

The shredder plant used a 2-stage trommel to aid in non-ferrous metal recovery by 
separating the material into size groupings.  The first stage had 1.5” openings and the 
second had 6 inch openings.  The material that is larger than 6 inches is an output 
stream providing about 1% of the feed material (Table 1).  Figure 7 shows the 
composition of this fraction.  The sample that was analyzed was a 173 lb and was a 
mixture of all four vehicle categories.  There is a large percentage of plastic in this 
fraction.  It is not known if the shredder re-feeds this material to the shredder. 
 
 

Figure 7. Composition of the >6 inch Trommel Fraction Content Generated at the 
Shredding Site 

 

 

 

 

 

Ferrous Metals
1%

Non-Ferrous Metals
13%

Plastics
41%Rubber 

Compounds
12%

Foams and Fibers
19%

Wood
8%

Others (Lots of wires)
6%

Composition of >6" Trommel Material



20 
 

5.4.c. Stainless Steel Fraction Generated at the Shredding Plant    
 

The shredder plant used an inductive type sorter to separate out non-ferrous metals 
that the eddy current separators missed.  This operation is predominately used to 
produce a stainless steel rich fraction because the eddy current separators and 
magnets do not separate these types of metals very effectively.  During normal plant 
operation this material is typically re-fed through downstream separation equipment 
to produce cleaner metal fractions, but for this test it was not.  Much of the metal in 
this fraction, largely stainless steel, is recovered and not landfilled with the shredder 
residue.  Figure 8 summarizes the results of the hand separation of a 123 lb sample 
from the Late Model Big 3 vehicle category.  The other three vehicle categories are 
expected to have contained the same basic composition.   
 

Figure 8. Composition of the Stainless Steel Fraction Separated by an Inductive Sorter at 
the Shredder Site 
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5.5. PCBs and TCLP 
 

5.5.a. Swipe Tests Analysis  
 

Before any of the testing began W.Z. Baumgartner & Associates (WZB) performed 
swipe tests from various locations at the shredder site.  This was done to verify that 
the shredder plant did not contain significant PCB contamination.  A picture of the 
swipe sample template and an example of a swipe test location are shown in Figure 9.  
A list of all the swipe test locations is shown in Appendix C.  In addition to 
equipment being tested for surface contamination, the dismantling area and several 
bumpers from vehicles to be shredded during the test were swipe tested as well.   

     The results are presented in Appendix D.  The samples were analyzed per EPA 
method 8082.  For reference, e-CFR §761.79 indicates that decontamination of non-
porous surfaces for unrestricted use was successful if measured below 10 µg/wipe.  
All swipe tests of the vehicles to be shredded and the dismantling area reported as 
non-detects with a detection limit of 5.00 µg/wipe.  Of all the 42 swipes that were 
taken on shredder plant belts and feeders, eight of them contained detectable levels of 
PCBs.  Of these eight, two of them were above 10 µg/wipe, 10.8 µg/wipe and 16.6 
µg/wipe.      
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Figure 9.  A Picture of the Sample Size Template for a Swipe Test and an 
Example Location of this Type of Sample 

 
 

5.5.b. Fine and Coarse Material Sample Analysis  
 

Ten samples of the <12 mm fines and 10 samples of the coarse shredder residue were 
obtained from each of the four categories of vehicles.  Of these, three from each 
group were randomly selected for analysis and then an average concentration was 
determined.  Figures 10 and 11 show the sample location fine and coarse shredder 
residues, respectively.  The results are presented in Appendix E.  Many of the 
samples contained non-detectable amounts of PCBs (detection limit of 0.3 ppm).  
Only one <12 mm fines sample contained a detectable level of PCBs (1.77 ppm).  
This sample was from the Late Model Big 3 category.  Only one coarse shredder 
residue sample contained a detectable level of PCBs (2.17 ppm).  This sample was 
from the Late Model Transplant category.  The EPA limit for PCBs is 50 ppm before 
the waste is considered hazardous.  For comparison, a study found that shredder 
residues from seven different facilities in California contained 16-82 ppm (Boughton, 
2006). 
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Figure 10.  Sampling location for the <12 mm fines residue. 
 

 
Figure 11.  Sampling location for the coarse shredder residue. 
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5.5.c. Polymer Concentrate Sample Analysis 
 

Samples of a polymer concentrate generated using Argonne’s material separation 
pilot plant were sent out for PCB analysis by a different company.   The results are 
presented in Appendix F. All analyses performed returned non-detectable levels of 
PCBs.  Note the elevated detection limit for the 1254 and 1260 Aroclors.  The 
analytical company struggled to segregate two overlapping peaks in this range and 
therefore could not provide a lower detection limit. 
 

5.5.d. TCLP Analysis 
 

A randomly selected sample, one from each category’s <12 mm fines and coarse 
shredder residue, was selected for TCLP metals analysis.  Three samples were taken 
for lead and cadmium.  The results along with the EPA limit, per Baumgartner and 
Associates, are presented in Appendix G and are summarized in Table 3.  One 
cadmium sample came back abnormally high as 3.91 mg/L.   The sample was retested 
and the result was 0.33 mg/L.  It is believed that the first analysis may not have been 
a representative sample.  It can be seen that the average cadmium concentrations for 
the three late model categories ranged from 0.02 to 0.07 mg/L while the Normal ELV 
category produced 0.22 mg/L for the fine shredder residue and 0.32 mg/L for the 
coarse shredder residue.  Zinc was analyzed twice from the coarse shredder residue of 
the Late Model Big 3 category.  Both came back with a result of 178 mg/L.   One of 
the Late Model Import Category lead samples contained an elevated concentration.  It 
was 10 times that of any other sample taken.  This sample was not tested further. 
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Table 3. Results of the TCLP Analysis 

          

  
Late Model Big 3 

Late Model 
Transplant Normal ELV Late Model Import 

Units = mg/L 
EPA 
Limit Coarse Fine Coarse Fine Coarse Fine Coarse Fine 

Arsenic 5 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 

Barium 100 0.6 0.6 1.0 1.2 0.8 0.7 1.0 1.2 

Cadmium 
1 

0.03 0.08 0.04 0.06 0.34 0.33* 0.04 0.01 

0.03 0.05 0.04 0.03 0.36 0.14 <0.01 0.02 

0.02 0.07 0.05 0.03 0.27 0.20 0.02 0.02 

Average 0.03 0.07 0.04 0.04 0.32 0.22 0.02 0.02 

Chromium (T) 5 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Copper 
 

0.12 <0.10 0.38 <0.10 0.31 <0.10 0.16 <0.10 

Lead 
5 

0.23 0.66 0.10 0.15 0.84 0.61 6.01 0.19 

0.39 0.56 0.37 0.08 0.29 0.06 0.21 0.58 

0.82 0.42 0.16 0.22 0.59 0.12 0.70 0.97 

Average 0.48 0.55 0.21 0.15 0.58 0.26 2.3 0.58 

Nickel 
 

0.89 1.28 0.45 0.54 0.71 0.65 1.26 1.10 

Mercury 0.2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Selenium 1 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 

Silver 5 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Zinc 
 

173 178** 145 99 201 71 53 133 

          * - Initial result 3.91 mg/L - uncharacteristic and unconfirmed 
    ** - Two samples tested.  Both coming back at 178 mg/L. 
     

5.5.e. Summary of PCB and TCLP analyses 

     The PCB concentrations which were detectable were 2.17 ppm for one sample and 
1.77 ppm for another. The other samples were below the detection limit. It is evident 
that automotive feed material is not a major source of PCBs in the shredder residue, 
bearing in mind that the oldest vehicle in this test was manufactured in 1983, after the 
ban on PCBs in the United States.    Most of the TCLP metals were non-detectable.  
As mentioned earlier, one sample tested abnormally high in cadmium.  Though this 
appears to be an anomaly, there is a noticeable difference in cadmium concentrations 
between the pre-2000 vehicle category and post-2000 vehicle categories.  The 
average cadmium concentrations for the three post-2000 categories ranged from 0.02 
to 0.07 mg/L while the pre-2000 category produced 0.22 mg/L for the fine shredder 
residue and 0.32 mg/L for the coarse shredder residue.  Also, a sample tested 
abnormally high on lead.  This sample was not retested.  The high concentration 
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could be due to an analytical error or the sample could have contained a piece of lead, 
perhaps from a seat belt actuator or other lead device. 

 

6. Conclusions 
 

     The results and conclusions drawn based on these results are based on processing a small 
number of vehicles and models that were very carefully de-polluted, inspected, and from which 
all non-auto materials were removed prior to shredding in a newly installed shredder.  These 
issues will have to be considered when interpreting the results. This study leads to several 
observations and conclusions. These are discussed below:   
 

1. The composition of shredder residue from each of the four categories is similar to the 
others. In addition, these compositions are approximately equal to the composition of 
typical shredder residue. 
 

2. When the materials were processed in Argonne’s pilot plant, the separated streams were 
essentially the same as what is produced from processing typical shredder residue. This is 
important because a process that is designed to handle today’s shredder residue will be 
able to handle shredder residue from recently built vehicles that will become obsolete in 
10-15 years. 
 

3. Shredder residue generated by shredding only autos contained very low levels of PCBs. 
This demonstrates that autos, at least newer than 1983 model year, are not a significant 
source of PCBs seen in shredder residue. 
 

4.  Shedder residue generated by shredding only autos contained low levels of TCLP metals.  
The cadmium concentration in the Normal ELV category was considerably higher than 
all of the late model categories, yet below the EPA limits per Baumgartner and 
Associates, Inc.   
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Appendix A. Lists of vehicles included in each of the four categories 

 

List of vehicles included in “Late Model Big 3” category 
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List of vehicles included in “Late Model Transplant” category 
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List of vehicles included in “Normal-aged Domestic” category 
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List of vehicles included in “Late Model Import” category 
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Appendix B. Lists of the swipe test locations 
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Appendix C. Swipe Test PCBs Analytical Results 
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Appendix D. Shredder Residue PCB Analytical Results  
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Appendix E. Polymer Concentrate (Produced by Argonne’s Mechanical Separation Pilot 
Plant) PCB Analytical Results 
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Appendix F. TCLP Analytical Results 
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