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The Office of Pesticides and Toxic Substances (OPTS) and the
Office of Solid Waste and Emergency Response (OSWER) have
released the "Fluff Pilot Study" (attached). The I''_ot Study was
initiated in 1988 to determine the extent of PCB, lead and
cadmium contamination in appliance and auto shredder residue,
commonly known as "“fluff."

The results of the pilot study indicate that shredders may
generate waste contaminated at levels above regulatory concern.
However, differences in raw materials, shredding operations, and
the presence of conflicting data suggest that not all shredders
are generators of regulated waste materials. Information
obtained to date indicates that the levels of constituents of
concern associated with the generation of fluff are not uniform.
The potential risk depends on the constituent makeup of the fluff
and the characteristics of the sites at which the fluff is
generated or disposed.

EPA supports metal recycling activities when conducted in an
environmentally sound manner. As such, both OPTS and OSWER have
identified a need to evaluate the current disposal requirements
as they relate to fluff. OPTS will be publishing an Advanced
Notice of Proposed Rulemaking to solicit public comment on an
amendment to the PCB regulations, which could authorize
alternative methods of disposal for fluff. The fluff issue may
also be discussed during RCRA reauthorization.
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In the interim, because shredding operations that are well
managed and conducted in an environmentally sound manner provide
valuable environmental benefits, OPTS and OSWER are recommending
that enforcement be focused on shredding facilities which pose
significant environmental problems. Such operations could
‘include inprcpsr use of fluff as fill material in wetlands or
other environmentally sensitive areas, or in residential
settings. Other criteria to evaluate sites that generate fluff
include location (e.g., sites in 100-year floodplains, near
surface water or surface water discharge, over a drinking water
aquifer or wellhead protection areas); and operation (e.g., the
absence of activities designed to address blowing fluff piles,
the absence of worker protection measures, the absence of run-
on/run-off controls, and leachate generation).

This list is intended only as a guide to indicate when
shredding operations and fluff disposal may warrant enforcement.
It is not an exhaustive list of situations where enforcement may
be appropriate. Further guidance to assist the regions in
determining where to focus enforcement will be developed by the
Office of Compliance Monitoring and the Office of Solid wWaste and
Emergency Response.

Attachment
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PCB, Lead, and Cadmium Levels in Shredder
Waste Materials: A Pilot Study
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Summary

Prior o this pilot sudy. the United States
Environmental Protcction Agency (EPA)
reecived information from state and local
cavironmental agencics which indicated the
shredding of automobiles and other pro-
ducts for metal recyeling may produce
waste- materials contaminated with poly-
chlorinated biphenyls (PCBs), lcad. and
cadmium. The intormation availablc was
insufficient to cstablish the svurces and
extent of the contamination or what regu-
latory action. if any. would be approriate.
Consequently. EPA’s Otfice of Toxic Sub-
stances and Office of Solid Waste planned
and conducted this study 1o gain more
knowledge sbout shredder operation and
characteristics of the waste output.

Samples of shredder output material were
collected at seven shredder sites from
across the conuncntal United  States.
Measurable concentrations of PCBs. lead,
and cadmium were tound in shredder out-
put at all sites.  The anatyses of these

samples indicated that over 9R77 of the
PCBs found in shredder output were asso-
ciated with flull, the nonmetallic wase
output.  The average PCB concentration
for fufl produced durning the sampling
visits was 43 ppm.

To obtain information on the leachabiluy
of PCBs from fluff. EPA conducted a hy-
pothetical "worst casc® hot water extraction
test.  In this test, only OL.KT737 of the
PCBs present were releascd from the Nulf
samples. The hot water Icachabitity data
indicate that PCBs adhere to ull more
strongly (less likely to lecach out) than to a
wide range of soils.

Leachability of lead and cadmium trom
shredder luflf was another major focus of
the pitot study. Using the (then standard)
EPTOX extraction test. EPA determined
that the average lead leachate concentrg-
tion.was 7.2 mg/L for fresh ull The
average cadmium leachate concentration in
fresh flulfl was (.84 mg/L.



The results of this study allow EPA to
makc a prcliminary assessment of
potenuial PCB. Icad. and cadmium
contamination and to providé valu-
ablc information for the design of
future studies. It is important to
acknowledge that this was a pilot
study and the study results may oot
nceessarily be representative of the
shredder recycling industry as a whole.
Only scven shredder sites  were
included in the study. and some
numerical estimates are based on a
limitcd number of samples. For
practical reasons, some restrictions
were imposed on the random selec-
tion of sites, although EPA has no
reason 1o belicve that bias was
introduced by the sampling plan.

INTRODUCTION

The United States Metal Shredding
Industry generates approximately 12
o 14 million tons of steel scrap for
recyeling each year. About 9U% of
the steel output is from the 8 to 10
million cars, trucks, and vans which
are disposed of every year. The
remaining steel salvage resuits {rom
the recycling of scveral  million
discarded houschold appliances and a
variety of other industrial,
commercial. and houschold scrap.

EPA recognizes the major environ-
mcntal bencflits of recycling as a
national environmental policy and
strongly fosters and supports all
recyeling cfforts which are eaviron-
mentally sound.  Metal recycling
results in a (wo-thirds to three-
quarters reduction in the volume of
space required in land(ilis to deposit
waste automaobiles and appliances, a
substantial reduction in  cnergy
required to recyele metal instead of
producing it trom raw ores. and a
reduction in air pollution assaciated
with metal production. The commer-
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cial value of recycled metal, over S1.5
billion per year, is considcrable.

In addition 10 recvcled metal. shred-
der operations produce 3 million
tons of non-metallic waste matcrial
each year. This non-metallic waste is
usually referred 10 as "Wl or "auto
shredder residuc” (ASR). The shred-
ding of a car. for example, produces
about 5(X) pounds of Qull on average.
Fluff is typically compused of a
variety of materials, including
plastics, rubber, foam, fabric, woud,
insulation, glass, road dirt, and small
metal (ragments. Little, if any, of
this matcrial is preseatly recycled.
Most (luff is disposed of in municipal
landlills.

Preliminary and anccedotal informa-
tion reccived by the EPA before this
study indicated that PCBs, lead. and
cadmium arc dispersed during the
shredding of various scrap materials.
resulting in the contamination of
Null by these substances. Some of
the reported contamination levels
cxcecdcd the Federal regulatory
levets sct under the Toxic Substances
Control Act (TSCA) and the
Resource Conscrvation and Recovery
Act (RCRA). Shredder wastes which
contain these contaminants in con-
centrations  cxcecding prescribed
TSCA and RCRA rcgulatory levels
must, under Federal regulations, be
managed in approved disposal sites.
This would result in considerably
greater ¢cost to the recyeler (shredder
aperator).  In addition, the TSCA
landfill capacvty would quickly be
filled il a large proponion of
shredder Null proved w0 be PCB-
contaminated. Similac  c2pacity

concerns cust oy RCRA disposal

facilitics,

Since PCBs were commonly used as
diclectric  fluids  in clectrical
transformers and capacitors. many

scrap mctal  shredder  operators
assumecd that capacitogs 1n motorized
consumcer applignces (called “white
gouds™) were the primary source of
PCB contamination in sheedder fluff.

These operators. therefore. siopped
accepting  appliances for  recyeling.
This decision not 1o accept and pro-
cess “white goods® created a solid
waste disposal predicament in several
statcs when refrigerators. stoves, wash-
ing machines, and other appliances
frequently were abandoned and began
accumulating along strects or in
vacant lots.

Due to the lack of general knowledge
about shredder operations and conclu-
sive information regarding contami-
nation sources. the EPA's Office of
Toxic Substances (OTS) and Office of
Solid Wasic (OSW) undcriook this
pilot study. Of specific injerest was
the examination of PCB. lead. and
cadmium levels in shredder output
strcams: the lcachability of these sub-
stances: and the identification of con-
tamination sources, il possible. The
results of the pilot study will be used
to evaluate the need lor additional
Agency action and (0 design future
studies il they are required.

OBJECTIVLES

The specific objectives of the study
were:

e To cstimate ranges of PCB. lead.
and cadmium fevels n flutl, the
metallic outputs. and 10 il
collected from where  utfl is
storcd by the shredder:

e To determine how readily PCB.
lead. and cadmuum wall fcach (e
dissolve out by percolation) trom
fuffl o pose a poteatal threa
to human hcalth iand the eaviron
ment:



* To cxamine the relationship be-
tween shredder input materials
and levels of PCBs. lcad. and
cadmium in the resulting full
output; and

* To develop and test procedures
for field sampling. sample prep-
aration. and labotatory analysis
which vicld more precise and
accurate mcasurement of PCB.
lcad. and cadmium lcvels in
shredder output matcrials.

PROJECT
METIIODS AND DESIGN
Site Selection and Description

Based on statistical and cost con-
siderations. EPA decided that seven
shredder sites from  geographically
diverse regions of the continental
United States would be included in
the Flulf Pilot Study. Because of the
time and expense required to relocate
a sampling crew in the event that a
shreddcr operator would not or could
not participate in the program (e.g.
due to breakdown). it was essential
that EPA prcarrange conveniently
located alternate shredder sites prior
to the commencement of sampling.

To implement random procedures for
site selection, to the extent possible,
and 10 have substitute sites readily
avpildble. EPA began the process of
selecting the seven sites to be
included in the pilot study by first
wentitying clustiers of shredder sites
throughout the country. Each of the
seven peographic clusters chasen for
the pilot study consisted of three or
more sites and all sites. within cach
cluster. were within about 1(X) miles
of one another.  Each cluster of sites
was located in a scparatc EPA region
(there arc ten EPA regions).  From
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within each gcographic cluster, one
primary and two alternate sites were
randomly sclected.

EPA sent advance letters 10 the
owner/operators of sclecied shredder
sites. asking for their cooperation
with the Pilot Study. promising them
anonymity if thcey participated. In
addition. the metat recycling trade
association. the Institute of Scrap
Recycling Industries (ISRI). provided
the sampling teams with lctters
endorsing the study and soliciting
cooperation from its members. (All
shredder  sités  visited were ISRI
members.) The ficld sampling team
gave thesc letters 1o site owners/
operators at the beginning of sam-
pling visits.

Four of the scven primary sites parti-
cipated in the study. while three sites
were unable or unwilling to take part
and were replaced with alternate sites
from the same geographic cluster as
the primary site. While the site se-
lection process imposed sume restric-
tion on the random selection of
shreddcr sites. EPA has no indication
that bias was introduced by this sam-
pling plan.

Shredder Operation

Shredder operations invariably have
several  important  (catures  in
common (see Figures 1 and 2).
Automobiles, appliances, and other
objects are fed o a hammermill
which shreds them into fist-sized
picces. Powerful magnets and
coaveyor belts  then sceparate  the
ferrous (iron-containing) metals from
non-ferrous ocomponents. Next, using
cither air ovelone or water “flotation®

scparation. metalitic components are -

scgregated from the. generally less
dense, Null. in this way, all shredder
output is divided into piles of ferrous
mctal. non-ferrous metal. and flufl.

EPA developed standard procedures
for collecting specificd quantities of
shredder output (Mluff, ferrous, and
non-ferrous metal, cie.) before the
start of saumpling.

Onc of the objectives of the pilot
study was to investigate the relation-
ships between the input materials
being shredded and the concentra-
tions of PCBs. lcad. and cadmium
measured in the shredder ouput
strcams. In order 1o investigate this
rclationship. shredder  operators
segregated their input matcrials into
three groups and madc scparate “runs®
of the shredder, by matenial tvpe. lor
the sampling team. Each “run” con-
sisted of the shredding of a predeter-
mincd quantity of scrap material {rom
one of three categories of input.

The three categorics of input matenal
were:

e Automobiles. including trucks and
vans;

e White Goods, which nctuded
refrigerators. washing machines.
and other similar appliances: and

e Mixed Inputs. which included 2a
variety of mixed scrap materials,
such as those which come lrom
demolition sites and may have
contained parts or  all of some
automobiles or white goods.

What consituted a “run” depended on
the category ol input matcrial being
processed.  For example. the shred-
ding of two cars was delined as one
*run® for automobiles. whercas cight
home appliances cqualed o “run’ lor
whitc goods.  Onc S-gallon bucket
(samplc) of ull was aormally col-
lected atter cach “run® using the
sample coliccton protel developed
for the study (describod bodow)
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Schematic illustration of the Shredding Process
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Sample Collection

Because of the heterogeneous nature
of the (luffl output stream, considcr-
able cffort was devoted in this study
to the development of methods for
sampling flull. Standard procedures
for cullecting specified guantities of
Mulf and other shredder output
(ferrous or non-ferrous metal, ete.)
were carefully developed prior to the
commencement of sampling. For
frcsh flulf sampling, a frontcnd
loader caught the fluff output stream
as it tumbled off the end of a
conveyor belt or dropped from an air
cyclone funnel. The sampling team
spread this fluff over a 1arp to create
a 1" deep 9 x 9" square pile. This pile
was subdivided into a nine square grid
of 3 by 3 squares. A five galion
samplc of the fuff was cullected by
compositing a roughly equal portion
of flulf from ncar the center of each
of thc nine squares.

T Jeveloped other sampling proce-
dures for piles of stored Aulf. Ouff
that spilled off conveyor belts (spill-
over), and soil from the vicinity of
flulf piles.  Descriptions of all
sampling protoculs are detailed in the
full report.

The following types of samples were
collected at each shredder site:

¢ FEresh fiuff One sample of "{resh®
Nuff, Auff as it was produced by

~ the shreddcr, was cullected from
cach run of the shredder. De-
pending on what type(s) of input
matcrial were processed. there
were generally between eight and
twelve runs at each site.

*  Ferrous metals Twe ferrous metat
output samples wcre collected
from cach site, one trom cach of
two 1nput runs.

S

* Non-ferrous_metals Two non-
ferrous metal samples were col-
lected trom each site, one (rom
cach of two input runs.

e Spillover Fluff which fell or blew
off conveyor belts during process-
ing and accumulated on the
ground around shredding machin-
cry and conveyor belts was sam-
pled. Two samples of this spill-
over fiuff were collected from
cach site.

¢ Stored Fluff Five of the seven
shredder sites visited had piles of
stored Mulf that had accumulated
during normal operation prior to
the arrival of the sampling team.
At each of these sites. the sam-
pling tcam coliccted (our samples
of stored fluff.

¢ Soil The sampling team collected
four soil samples from each site
from locations where fluff typi-
cally accumulated. These samples
were used 1o investigate the po-
tential for migration of contami-
nants from fuff to soil. These
samples were also taken from be-
neath stored fluff piles, if they
were present.

Sample Analyses
Sample Preparation

Before analysis. cach five gallon
(samplic) bucket of flull was divided
into approximately cight to ten 450
to 5(X) gram “represeniative Sub-
samples® for chemical analysis.
These subsamples were carefully
constructed such that every
subsamplce contained all the basic

physical components of fufl (glass,

foam. plastics, fabrics, dirt, ctc) in
proportions ncarly identical (o those
found in the original sample. The
goal was to create subsamples which,
in their nhvsical compaosition. were

very similar 1o the other subsamples
(from the same bucket) and to the
original sample. The actual steps
involved in the crecation of the
"representative  subsamples”  arc
described in the full report

Each 450 10 50U gram subsample was
placed into a I-gallon large mouth
glass jar for storage. Depending upon
the quantity of sample matcrial
required for chemical extraction/
analysis, thc subsamples were split
further, sieved and/or mifled. Addi-
tional details describing <amplc
preparation for cach type of chemical
extraction/analysis can be found in the
full report.

Development
Prucedures

of PCB Extruction

Solvent Extraction

Existing laboratory procedures for the
preparation and chemical analysis ot
fluff samples (or PCBs were judged to
be deficient.  The conventional pro-
cedure for measuring PCB concentra-
tions prescribes that a relatively small
quantity of matcrial (often 20 grams
or less) be subjected to solvent cx-
traction before instrument analysis.
Using such a small quantity of a
heterogeneous material (such as lull)
has historically resulted in  high
measurcment  variability  between
subsamples from the same samplc. as
reported by many state and indepen-
dent laboratorics. In praclical terms.
this mcans that the actual esumate of
the PCB concentration for any sample
depends 0 a great cxient on the
specific aliquot of Quil used for
cxtraction and analysis.  Datlerent
portions of fufl from the same sam-
ple often produce sery  ditlerent
results which make overall estimates
for cach sample highly sanable and
potentially inaccurate.



Two mcethods were developed in the
pilot program to reduce this source of
sampling crror: (1) the technique for
creating "Represcentative Subsamples”
from the initial S-gallon buckets. and
(2) thc gquantity of the subsample
matcrial subjected to chemical extrac-
tion/analysis was greatly increased.

Two innovative procedures  for
increasing the quantity of material
subjected o hexane/acetone extraction
were developed, tested, and compared
for the Pilot Study. These techniques
were (1) a tumbler (slurry) extraction
using an agitation apparatus, and (2)
a large-volume Soxhlet (50U cc Soxh-
ict) capable of extracting PCBs {rom
up to 100 grams of flufl.

A systemaltic comparison of measure-
ments from matched subsamples ana-
lyzed by the two praocedures was con-
ducted. On the basis of this com-
parison, the tumbler (slurry) proce-
dure was selected on the basis of its
overall superiot” Mo be used as the
standard cxtraction method for the
remainder of the PCB analyses. This
ncw lechnique allowed cxtraction of
(lull samples weighing between 450
to 500 grams, as opposed to 20 gram
samplcs uscd in the conventional
soxhiet. or the 100 gram samples used
with the large Soxhiet.

Water Extraction (PCB Leachability)

in vorder 10 evaluatc the lcachability
ofPCBs from fuff using water as the
solvent, two additional extraction
techniques were developed.  Onc
technique [or room temperature water
used a slurry extraction apparatus and
the other technique for *hot® water
extraction used a Soxhlet extractor.
The Nuff saumples used in the “hot*
watcr cxtraction were milled t0 9.5
mm. A portion of the non-millable
fraction of the fluff was included in
cach sample. the quantity added being
based upon the appropriate weight
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fraction of non-millable versus
millable poruons (from the original
samplc).

For the room temperature extraction
(22°C). 80 grams of NufT (particle size
=< 9.5 mm) was placed with 2 liters
of high purity water into the slurry
cxtraction  apparatus  (dcscribed
previously) and tumbled for cight
continuous days. For the hot water
extraction (65°C), a similar 8) gram
sample was placed in a large Soxhlet
extractor and extracted over a period
of eight days with high purity water
at a temperature of 65°C. Alter
eight days, the extract from each of
the two procedures was filtered and
analyzed for PCBs.

Chemical Analyses

All chemical analyses were hased on
EPA mcthodology. The inorganic
analyses were done using Mcthods
213.1 or 7131 for Cd and 239.1 or
7421 for Ph.

Unless otherwise stated. PCB
analyses were performed using a
modificd gas chromatography/
electron capture detector (GC/ECD)
EPA Mcthod 8080.

The modified analytical method as
well as all other analytical methods
used in the Pilot Study can be found
in the Appendix section of the full
rcport.  Summarics are provided
herc.

¢ Total PCB Concentration The
total conceatration of PCBs in

each of the subsamptes analyzed

was  deicrmincd by extraction,

using a hexancfacctone solution, .
then analysis using a gas chroma- -
capture

tographyselectron
detection (GC/ECD)  method.,
The sumple particle sizes were
not reduced for any of the
tumbler  (slurry)  extractions,

however the samples undergmng
Soxhlel extraction were milled o
< 9.5 mm.

PCB Concentrations in {ndividual
Flufl Compoacnts Flulf subsam-
ples were divided into their physi-
cal components (glass, plastics,
fabrics. cic.). Each component was
individually analvzed (or 1otal PCB
concentration by EPA's National
Enforcement Investigation Center
(NEIC) in Denver, Colorado. The
analytical method cmploved was
EPA Method 60 "The Determi-
nation of Polychlorinated
Biphenyls in Oil. Soil and Surface
Samples®.  This analysis was
conducted to determine whether
PCB contamination was more
closcly associated with  specific
componcents of fufl.

PCB Leuchability EPA mcasured
the extent 10 which PCBs leach
from fluff. using water as a solvent,
to estimatc how likely they arc o
be released (rom shredder wastes
into the eavironment. To repre-
sent a *worst case” scenario. EPA
performed @ hot water extraction
of size-reduccd [lulf in a Soxhlct
extractor.  Samples  were  also
subjected 0 @ room-lemperature
water extraction. to represent
something closer o a “real world®
scenario.  These samples were
extracted using a slurry extraction
apparatus. The extracts from both
techniques were analyzed using the
GC/ECD method.

Total Lead and Cadmium Concen-
trations The total concentrations
of lcad and cadmium were deter-
mincd by digesting the sumple in
acid and analyzing the digestate by
Flame Atomic Adsorplion Spec-
troscopy (FLAA).  Sumples with
lead or cadmium coRCCRLRETONS S0
fow that they could not be de-

tected by the FLAA muethod were




analyzed by Graphite Furnace
Atomic Adsorption Spectroscopy
(GFAA). Thc sample particle sizc
used for the digestion and analysis
was < 9.5 mm.

e Lead and Cadmium Leachability
EPA Method 1310 Extraction Pro-
cedure Toxicity Test (EPTOX)
was used 10 measure how readily
lead and cadmium will lcach from
Mufl to cstimate the potential
release of these substances from
shredder wastes into the
cavironment. The EPTOX
extracts were analyzed for lead
and cadmium concentrations using
thc FLAA and GFAA methods.
The sample size requirements
were that the particle size be
< 9.5 mm and/or have a surface
area to weight ratio of 2 3.1 cm
squared per gram.

* PCBs in_Ferrous and Non-fer-
rous_Meial Metal samples were
analyzed for total PCB cor - -'ra-
tion by extraction foltowed by
analysis with the GC/ECD meth-
od. Subsamples of mctal samplcs
were also analyzed for quality
assurance purposes and archived.

® Analysis of Sovil Sample Soil
samples were analyzed for total

PCB concentration, PCB composi-
tion. and (otal lead and cadmium
concentrations. Subsamples of
soil samples were analyzed in
accordance  with the quality
assurance program and others
were archived.

Quality Assurunce

The Quulity Assurance Project Plan
(QAP;jP) presents the (catures of the
quality assurance design for the pilot
study. The QAPjP was developed in
three phases: Phase I-Field Sampling,
Phasc H-Chemical Analysis and Phase
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ill-Statistical Dawa Processing and
Analysis. A more dectailed
description of what cach phase
included follows.

Field _Sampling As previously
described, a  grid-type sampling

scheme was employed to increase the
likclihood of obtaining represcntative
samples. A standard operating pro-
cedure (SOP) was also developed for
the sampling of piles of stored flufl.
The QAPjJP alsu stated specific
details for the tracking of field
samples including the use of log
books for sampling dciails and chain-
of-custady sheets for sample tracking.
Duplicate samples were taken in
order 1o assess field sampling
variability.

Chemical _Analysis Before  the
laboratory analysis of any samples,
chcmical analysis mcethods  were
carcfulty reviewed for their adequacy
in meeting the project’s data quality
objectives (DQOs). The DQO for
accuracy was equal 1o or greater than
6% recovery for spiked samples.
The DQO for precision was + or -
SU0% relative standard deviation for
replicate samplcs. The measurement
of the cxperimental accuracy and
precision was done through labora-
tory quality control samples which
included method blanks, replicate
samples. licld duplicates. and matrix
spike samples. All standards used for
spiking were truceable (o their manu-
facturing source.  The data quality
objectives were met for all but a few
samples.  Sphits were ubtgined from
[0 ol the samples. the splits being
sent 10 an external laboratory for
analvsis (EPA Environmental Moni-

tonng Swwiems Laboratory - Las

Vegus) (EMSL-LV).

Analvsis A great deal of cffort was
cxpended in order to assure that the

data generated by the taboratory were
caorrectly transferred to the contractor
conducting the statistical analysis of
the data. The correctness of data
valucs generated by the laboratory was
crss  checked by the  contractor
conducting the statistical analyses
once they were keved into a matrix
filc.

Onc other important aspect of the
project’s quality assurance program
was the use of audits. Three types of
audits were conductcd during the
project:  system  audits 10 assure
standard operating procedures were
being followed. performance audits
using performance audit samples so
that the laboratory could demonstrate
its ability to accuratcly analyzc for the
analyte(s) of interest, and data audits
which reviewed portions of the data
for error.

RESULTS

The results of the Pilot Study provide
a preliminary ¢valuation ol the waste
characteristics of Mulf and saluable
information for the design of future
studies. Caution must be excrased
when generalizing from these findings.
As noted earlier. the Pilot Study
results are based on limited data and
do not pecessarily represent the metal
shredding industry as 3 whole,

Tatal PCB Concentrations in Flufl,
Metals and Soil

PCBs were detected in all shredder
output materials analyzed  Over UR77
of PCBs arc cstimated (o ¢nd up n
the Rfull waste stecam. PCB concen-
trations in both the terrous and
noalerrous  metals  were weny low
(means of 0.21 ppm tor the lcrrous
metal and 0% ppm lor 1he non-
ferrous metal). The mean PCB con-
centration (or atl fresh flull was 43



ppm. Using a bootstrap resampling
proccdurc. an approximate 95%
confidence interval for this mcan was
calculated to he 22 ppm to 120 ppm.
Table | displays the avcrage PCB
concentratton 1n parts per million
along with the standard deviation for
cach catcgory of sampled matcrial.
Also presented are median, minimum,
and maximum concentrations and the
number of samplces and sites upon
which these statistics are based.

Tablc | shows that fresh flull from
mixed inputs had higher PCB concen-
trations than fresh fluff resulting from
whilc goads or automobiles, and this
difference is statistically sigaificant.

PCB cuoncentrations in the non-
ferrous waste metals were roughly S0
times lower than those in flufl PCB
concentrations  in  ferrous waste
streams were approximately 200 times
lower than those in flufl. No samples
from the ferrous and non-ferrous
mctal strcams had PCB concentra-
tions anywhere approaching the EPA
TSCA disposal threshold of 50 ppm.
(The highest PCB concentration for
ferrous metal was 0.42 ppm and for
non-fcrrous metal, 2.6 ppm.) It is
notable that ferrous metal output is
very "Ciean." In contrast 0 non-
ferrous metal which cannot be sepa-
rated primarily with magnets, ferrous
metal output contains practically no
Muff. The non-fcrrous metal typically
contains much higher proportions of
noh-metallic waste (fluff). which may
cxplain the somewhat higher PCB
levels in the non-ferrous output.

PCB concentrations in soils were in
the same range as those in stored
flufll. Some soil samples had PCB
concentrations exceeding the SO ppm
EPA dispasal threshold. but. soil
samples had PCB concentrations. on
the average, shightly below  the
disposal threshold. How PCBs got
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into the soil is unclear. The PCB
concentrations found in these soil
samples may rcflect the migration of
PCBs from fluff which regularly
accumulated ncarby. or "soil” samples
may contain a substantial amount of
fluff material which had become
mixed with the soil over time. The
soil sampling protocol prescribed
that if the demarkation between soil
and Nuff residucs was not distinet,
"soil® samples should cuntain a
minimum of 50% soil. From the
accounts of sampling crew members,
the distinction between soil and flufl
sometimes was unclear. Soil samples
cvollccted in acvordance with the
sampling protocol may often have
contained some portion of fluff.

PCB Composition In Flufl

The flull samples were analyzed for
the specific concentrations of PCB
Aroclors 1242, 1254, and 1260. to
explore the possibility that sources of
PC? .ntamination could be identi-
fied by PCB composition. This
approach was considered [casible
because diffcrent PCB Aroclors were
developed for specific uses. This
analysis for specific PCB Aroclors
revealed that Aroclor 1242 was domi-
nant in almost every sample, making
up morc than half of the PCBs in
cach samplie catcgory. While this
part of the pilot study yielded some
general information on the propor-
tions of the three most commonly
used Arocior mixtures, it produced
no defintte information on sources of
PCB cuntamination.

PCR Concentrutions In Individual
Fluff Compunents

Subsamples from four fresh Quff

samples  (two  resulting  from
automobile shredding, one resulting
from the shredding of white goods,
and one resulting from the shredding

of mixed inputs) were divided into the
following componcents:

e Metals, wire and glass;

e Suft plastics, foams. solt rubber,
and vinyl:

¢ Fabrics, paper and wood:

* Hard malcrials. hard plastics, and
hard rubber;

e Fine matcrials oo small to
classily, dirt, and dust: and

e Othcr, not classifiable, materials.

All components, cxcept for the
*Other, not classifiablc™ materials were
analyzed scparately for towal PCB
content. Table 2 shows the percent.
by weight, of each compunent n the

four samples. and the PCB
concentrations found in cach
componcnt.

Total PCB concentrations in (resh
Nuff samples, as well as the relatve
concentrations of the PCBs in dif-
ferent compaonents, varied with input
matcrial. They also varied between
the two samples produced (rom the
same input material (i.c. automaobile).
In onc samplc from automobile in-
puts, the highest PCB concentration
occurred in materials in the “Soft
plastics, [oams. soft rubber and vinyl®
category.  In the other (matching)
automobile sample. the highest PCB
concentrations were in matcrials in
the °Fine matcrials oo small o
classify. dirt. and dust® categon.

The highest PCB concentrations in
Nuff from white goods were il lound
in materials in the "Fine materials (oo
small 10 clasify. dirt, and dust®
category. while full trom mined inputs
showed the highest PCB coneentra-
tions in the "metals, wire and glaw®
category.
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Table 1. Summary of Total PCB Concentrations {(ppm) by Semple Type
Number Number
Sample Input . Standard of of
Type Type Mean Devaation Median Mimimum Maamum  Samples Sites
Fresh fluff Auto 32 443 13 1.7 210 28 7
Fresh fluff white Coods 80 190 21 0.67 760 15 S
Fresh fluff Maxed 1nput 160 170 -] 12 S00 9 3
Stored fluff 68 4 52 16 150 10 5
Spallover 28 r= 28 4 65 5 5
Ferrous 0.2 0.11 0.21 0.1 0.42 8 6
Non-ferrous 1 1.1 0.9 0.13 2.6 S 3
sol 44 38 32 0.13 100 8 4
Table 2. Total PCB Concentrations (ppm) in Five Fluff Components
Input Material
Automobi le Automoba le
Sample 1 Sample 2 vhite Goods Muxed Inputs
% of ¥CB S of PCB % of PCB % of
Total Concen- Total Concen- Total Concen- Total
Sample tration Sample tration = Sample tration Sample PCB
Concentration '
Component (by wWeight) (ppm) (by Weight) (ppm) (by wWeight) (ppm) (by weight) (ppm)
Metals, wire,
and glass 11% 13 by 9.9 3% 0.6 2% 390
Soft plastics,
foams, soft
rubber, vinyl 17% 66 14% 7 ) ] 35 17% 260
Fabrics, paper,
and wood 17% »n 28% 12 9% 24 26% 63
Hard materials,
hard plastics,
hard rubber 9% 11 b3 ) 24 108 5.5 1 ) 46
Fines too small
to classify,
dirt, dust 408 4 k) ) 29 65% 62 4S8 140
Other, not
analyzed 6% 16% S8 S%
Total sample
weight (gm) 1090 1260 859 1080




I'CB Extractability From Fluff

Subsamples (rom seven differcnt fresh
flufl samples found to have high total
. PCB concentrations were extracted.
using haot water as solvent. 10 estimate
how readily PCBs migrate from the
fuff waste stream to the surrounding
environment.  The hot water (65°C)
extraction provides a  theoretical
"worst  case”  estimaic of PCB
extractability. An average of 0.0073%
of the PCBs in the samples was
extracted using the hot water
extraction described carlier.

Using other subsamples from the
same scven high PCB flull samples.
an average of 0.0050% of the PCBs in
the samples was extracted using a
room temperature (22°C)  waler
extraction. These results suggest that
PCBs are less likely to leach (dissolve
out by pereolation) from Nuff than
from a wide range of soils.

Total lead And Cadmium
Concentrations In Fiuff and Soil

Total lcad cuncentrations in most
flutl samples ranged trom 1000 w0
100 ppm.  Total cadmium con-
centrations in most (lufl samples were
substantially lower, falling between 10
and 1(X) ppm.

Table 3 presents total lead concen-
trations for each type of flulf and soil
sampit’ analysed. The Table shows
the mean. standard deviation. median,
minimum, and maximum lead
coacentration values, as well as the
numbers ‘of samples and sites on
which the results were based. The
total lead concentration data for fresh
Muff from automobiles. white goods
and mixed inputs were combined to
produce an average for all fresh fluff
which was then comparcd  with
spillover and stored fluff. The mean
total lead concentration in all types of

1)

fresh flufl (combined) is 2.8(0 ppm.
The approximate 95% (hootstrap)
confidence interval for this mcan is
L8(X) ppm 10 4,100 ppm. Total lead
concentrations in spillover fluff are
greater than in stored Nufl. which in
turn are greater than in all types of
fresh fluff combined. These difler-
ences  arc  statistically  significant.
Lead concentrations in soil are statis-
tically significantly lower than in all
types of Nuff combined.

Table 4 presents the total cadmium
coacentrations in each type of Nlufl
and soil. It gives the mean, standard
deviation. median, minimum, and
maximum lcad cunccatration valucs,
as well as the numbers of samples
and sites on which the results were
bascd.

The data for fresh flulf from auto-
mobiles. white goods, and mixed in-
puts were combined to compare total
cadmium concentrations in fresi:.
spillover. and stored Mufl. The mesa
cadmium concentration for all tvpes
ol fresh Mull combined is 47 ppm.
The approximate 95% (bootstrap)
confidence interval for this mean is
31 ppm to 65 ppm. Dillerences
between cadmium concentrations in
the different types of fluff are not
statistically  significant. Total
cadmium concentrations in soil arce
statistically significantly iower than in
all types of Mufl combined.

lead and Cadmivm Leachability
From Flufl

Of considerably greater interest, .

environmentally, than total lead and
cadmium concentrations is  how
readily fead and cadmium leach from
flulf to contaminate the cavironment.
Lead and cadmium concentrations in
lcachute were measured using the
EPTOX procecdure tor samples from
all categories of Nufl.

The EPTOX procedure was the
standard EPA mcthod for  deter-
mining Icachability at the time these
lcad and cadmium analyses were
conducted.  In March (9, EPA
replaced the EPTOX with the TCLP
(Toxicity Characteristic  Leaching
Procedure) as the standard method for
deteemining  leachability. EPA
comparison analyses have shown littde
difference between the results of the
EPTOX and TCLP mcthuds.

Table S summarizes the resulis for
lcad in lcachate from the EPTOX
extraction. The Table presents the
mean. standard deviation. mcdian,
minimum and maximum conrcentra-
tion of lead in the EPTOX cextract for
fresh fluff from autamobiles. white
goads and mixed input: as well as (or
stored and spillover Mulf. Table 6 also
presents the number of sampics and
sites represented in the calculavon of
each statistic.

Lead concentration values 1 the
EPTOX extract ranged from 08 to
220 ppm. with an average ol above 6
ppm for cvery type of flufl. While the
highest EPTOX lcad concentrations
were associated with stored [Tufl. fresh
Muff from mixed input and spillover
Nuff. the differences between average
conccntrations as preseated in the
Table arc not statistically sigaaficant,
The mean EPTOX lcad concentration
for all wypes of fresh Nuil combined is
7.2 ppm. The approximate 957
(boot-strup) conflidence intenal lor
this mcan is 4.8 ppm 0 13 ppm.

Table 6 summarizes the resulis ol the
EPTOX cadmium cxtraction,  This
Table gives the mean. approvimate
95z conlidence interval tor the mean,
standard deviation, median, minimum,
and maximum concentrations 1or the
ditferent types ol flutl: as well s the
aumbers  of samples  and  sies
represcnted by these statisties



Table 3. Summary of Total lead Concentrations (ppm) by Sample Type

Number Number

Sample Input Standard of of

Type Type Mean Deviation  Median Minimum Mpamum  Samples Sites
Fresh fluff Auto 2,700 2,200 2,400 570 12,000 28 7
Fresh fluff White Gocds 3,100 3,200 1,800 1,300 14,000 15 S
Fresh fluff Mixed 1input 4,600 3,500 3,600 1,100 12,000 13 3
Stored fluff 3,900 3,500 Z,600 1,300 13,000 20 4
Spillover 6,100 5,600 4,300 2,800 21,000 9 5
Soil 2,200 3,900 1,100 8.1 16,000 16 S

Table 4. Summary of Total Cedmium Concentrations (ppm) by Sample Type
Number  Numbet

Sample Input Standard of of

Type Type Mean Deviataon  Median Mimamum Maasum  Samples Sites
Fresh fluff Auto 47 36 40 14 200 28 7
Fresh fluff White Goods 48 19 47 23 87 15 S
Fresh fluff Mixed 1input 46 14 46 29 70 12 3
Stored fluff 35 13 - . 1] 16 59 20 5
Spillover 32 11 33 18 59 9 S
Soil 22 24 18 10 100 16 4

Table 5. Summary of EPTOX Lead Concentrations (ppm) by Sample Type

‘ Number  Number
Sample Input Standard of of

Type Type Mean Dewviation  Median Mimimum Mmamum  Samples Sites
Fresh fluff Auto 6.9 S.5 S .8 21 28 7
F:esh/flhff white Goods 6.1 5.0 )2 1.6 14 15 S
Fresh fluff Mued ainput 1) 24 13 3} 78 12 3
Stored fluff b 74 47 ) 16 220 20 S

Spillover 18 12 20 1.7 9 S
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Teble 6. Summary of EPTOX Cadmium Concentrations (ppm) by Sample Type
MNumber  Number
Sample Input Standard of of
Type Type Mean Deviation Median Minisum  Moamum  Samples Sites
Fresh fluff Auto 0.81 0.67 0.7 0.35 q 28 7
Fresh fluff white Goods 1.3 o.n 1.3 0.45 1.3 15 S
Fresh fluff Mixed 1nput 1 0.7 1 0.48 1.4 12 k}
Stored fluff 0.73 0.41 0.61 0.2 2 20 S
Spillover 0.45 0.26 0.3 0.18 0.81 9 S

The mean EPTOX cadmium concen-
tration for aill types of fresh fuff
combined is (.84 ppm. The approxi-
mate 95% (bootstrap) confidence
interval for this mean is 0.53 ppm to
1.2 ppm.

CONCLUSIONS

In this pilot study. EPA’s research
team:

Determined that PCBs were pre-
scat in all sampled materials at all
seven pilot study sites and that
over 98% of the PCBs in all
shredder output were associated
with flull: PCB concentrations in
Nuff ranged from 0.67 to 7&) ppm.

Determined that in the “worst
case” scenario of leachability, a

- liot water cxtraction, only .0073%

of the PCBs present leached from
the sample on average. In a
situation more closely rescmbling
“real world® conditions, room
lcmpcraturc  water  extraction
tcached (X507 of thc PCBs. on
average. from the flufl. in both
cascs, the obscrved Icachability of
PCBs from Qulf was lower than
usually found in a wide range of
sails;

Could not conclude that any
particular input material was the
source of the PCBs, Icad and
cadmium found in shredder out-
puts.  Cross-contamination of
samples within sitcs may have
masked the relationship between
input material and contamination
of resulting output matcrials.

For example, if PCBs were
rcicased onto shredder surfaces
during the shredding of PCB-
containing items, fluff produced
for some timc after the initial
release may have been contami-
nated as it came into contact with
parts of the shredder apparatus,
although no PCBs cxisted in the
input material associated with
this flull;

Found that lead and cadmium
leachate concentrations in fluff, as
determined by the EP TOX.
ranged from (0.8 1©0 220 ppm and
.18 tr 4 ppm. respectively.

Developed and tested ficld sam-

pling and sample preparation.
procedures to obtain represen- -
tative samples and subsamples of -
flufl. ferrous and  non-ferrous

metals and soil rom shredder

Sites: and

e Developed and tosted laboratory

protoculs to analyze very large
flufl samplcs (5(X) grams) for PCB
content.  This technique reduced
the sampling vdriability associated
with conventional PCB extraction
and analysis of flufl, and resulied
in more reliable esumatcs of PCB
concentration.

Determined that i+« limied size of
the samplc precwdes using the
analytical results from this Pilot
Study to characteriz¢ the shredder
industry as a whole: also identificd
the need o colleet and cvaluate
additional analytical data gene-
ratcd by Siatc agencics and indus-
try sources subscguent to comple-
tion of the Pilot Study. Care will
be taken to revicw sampling proce-
durcs and analytical methods used
in collecting data.

Identificd the need to oblun i bet-
ter understanding of the cconomic
viability of the shredder industry
and 10 asseww  the cconomic
impacts, il any. resulung  trom
viarious  approaches 10 resduat
wastec management.



