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The following memorandum provides information on taking wipe samples of settled dusts inside
buildings in Lower Manhattan that resulted from the collapse of the World Trade Center (WTC).
Studies are discussed which correlate the amount of asbestos that will become airborne
(resuspended)ecause of agities such as sveping, athletic &ivities, etc. Iformation is

provided on the cumulative exposures (total doses) found by the Agency for Toxic Substances
and Disease Registry (ATSDR) to be associated with asbestos-related health effects, and
examples are given how to use this information to calculate doses of asbestos from the WTC
disaster. Finally, a brief section explains the different methods for analyzing and reporting
asbestos levels.

The analyses, projections, and opinions in this memorandum represent my own professional
judgement and are not intended to be construed as any official position or recommendation by
the U.S. Environmdal Protection Agecy. This memoratum is not intendedsaany final risk
assessment risks from continued and past exposures to asbestos, and has not been reviewed by
EPA. The data is too incomplete at this time for any complete projection of risks, and there are
too many methods aNable for perfoming such projdmons. My attempt waintended only as a
point of discussionrr to more rigapus assessments.



CONTRADICTORY ASBE STOS TESTING GUIDANCE

Impossible instructions from NYC DEP

The NYC Department of Environmental Protection (NYC DEP) gave impossible and unsafe
instructions to owners of buildings. Furthermore, the instructions violated the standards set by
the federal EPA. The NYC DEP advised building owhtrsest dusts inside buildings to see if

they were over 1%. They said that if the dusts were over 1%, a professional asbestos abatement
contractor should be used for the cleanup:

EPA is using the 1% definition in evaluating exterior dust samples in the Lower Manhattan area
near the World Trade Center. All affected landlords have been instructed to test dust samples
within their buildings utilizing this standard. Landlords were notified that they should not reopen
any building until a competent professional had properly inspected their premise. If more than 1%
asbestos was found and testing and cleaning was necessary, it had to be performed by certified
personnel.

Unless the windowsere blown out byhie blast, interiodusts are in too thia layer to enable
them to be scooped up into a jar or bag. Only dusts that are in “bulk” form, which can be put
into a bag or jar, can be tested for the percentage of asbestos.

If there is only ahin, visible surfaee dusting, or evean invisible layeof dust, you aréorced to

use what are called “wipe” samples or “microvacuum” samples. Wipe samples can only be
tested for the number of asbestos fibers per area, not a percentagstosashbe total dust.
Microvacuum samples are also typically only analyzed for number of structures per area,
although there is a rarely used, very expensive ASTM method for microvacuum samples that can
sometimes be empleg to give mass coaetration - pemnt values.

Laboratory results for settled dust layers are reported as “asbestos structures/square centimeter
(structures/cif).” This cannot beonverted into agrcentage ofsbestos. Thus, it isnaost

impossible for builohg owners to evetest for the 1% leal in the first plae. See the last

section of this memmandum for morenformation on aslsos sampling and alysis techniques

NYC DEP instructions also contrary to stated EPA standard for the cleanup

The NYC DEP instru@ns also reveesl the decision bihe federal EPAhat asbestos lelge

should be non-detectable. After the disaster, the federal EPA declared that it was applying the
most stringent standard, namely the 70 asbestos structures per millimeter of air in the Asbestos
Hazard Emergency Response Act (AHERAJhis “70" level is the lowest level that can be

detected in air using the AHERA test method, because of the background level of asbestos in the
filter through which the air is drawn. In other words, the level EPA stated that it required was

NO detectable asbestos, not 1% or lower.

EPA regulations apply the 1% level to the asbestos containing materials themselves, such as
insulation or asbestos floor tiles, not to the dusts that would result from the presence somewhere
in the building of asbestos containing materials (ACM). EPA assumed that the dusts resulting
from the presence of these ACM somewhere in the building would have much lower levels of
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asbestos than 1%. And it is these dusts themselves that are considered to be the ultimate hazard
by EPA, even though they have levels lower than 1%. The U.S. EPA has clearly stated that
levels lower thai% could presentazards’

Levels of 1% or less could presenta risk where there is enough activity to stir up soil and cause
asbestos fibers to become airborne.

The NYC DEP also excised no overght over building wners to insure thahey did test their
premises, or used a professional asbestos abatement firm for remediation.

TAKING WIPE SAMPLES OF INTERIOR SURFACES

Practicality of taking wipe samples

Taking a wipe or microvacuum sample may be the only practical way to quickly see if a building
is contaminated inside, or if cleanup is complete. Air sampling is highly variable depending on
the time, the exact location, the amount of activity stirring up dusts, etc. Furthermore, a large
amount of specialed equipment iquired. Even i&ir sampling showsondetectable asitos,

there could still be a substantial reservoir in settled dusts somewhere waiting to become airborne
under the right conditions. Air sampling cannot be used in lieu of a complete removal of the
asbestos-contanmated dusts.

Because thereillvprobably be a@ntinued demand ev for at least #gnnext year, if nomore, to

test areas in Lower Manhattan, it might be a good time for certain individuals to learn wipe
sampling techniques. Probably an individual should not take this on her/himself for only a one-
time sampling event. Even for wipe sampling, there is a fairly rigorous standardized procedure
to follow with wiping methods and placing of the wipe in containers for transport, etc.

This might be an option for staff at environmental and occupational safety and health groups.
Chemists, pharmacists, other scientists and health professionals might want to learn this type of
sampling. The labatory which will @ the actual angsis will usually wok with the person to

get her/him the rigt materials. The appear to beo insurmountableundles to setting ufo

provide these types of services. Workshops and training sessions could be held by various
groups.

An alternative tavipe sampling is usgha microvacuum teample settled dsst This would
involve purchasing a pump designed for personal monitoring of workers under OSHA,
calibrating it, and adapting it to the sampling technique. These pumps cost from $1500 to $3000.
This is a less practical option, and also does not transfer as much asbestos from surface into the
sample to be tested. The detection limit also appears to be better than the microvacuum method.

Description of ASTM method D-6480-99

EPA does not have any wipe, or even microvacuum methods for asbestos. However, the
American Society of Testing and Materials (ASTM) has developed method D-648T+39.
required materials include particle-free wipe material (commonly made availabledior c
room supplies, cldd a “clean rom wiper,” availdle from major labratory safetygpply

-3-



vendors), speally filtered paticle-free wéer, dust free dposable glovesnd a high purity
alcohol. The laboratory that will perform the actual test typically will work with you to get you
these supplies.

Finding a Laboratory

First, choose a laboratory which is accredited by the EPA to perform TEM (transmission electron
microscopy) aslsos analyses. Téelabs are posten the web at:
http://ts.nist.gov/ts/htdocs/210/214/scopes/temtm.htm. Or, contact the National Institute for
Standards and Tleweology (NIST) Laoratory Accrditation Administréion, Gaithersbuyy, MD

20899 (telephone 301-975-4016). There are about 60 accredited labs. Since wipe samples
cannot be usedifoegulatory pyvoses, it is irrekeant whether thab also has an e®ditation in

New York State. ¥u can use any oof-state lab that convenient.

Using TEM instead PCMnalyses is impontain terms of compason of the wipe saple with
the TEM air leveldsting requirednder the asbest@dHERA standard. tlis particularly
important to use TENbr the WTC dusts lsause the ashes in them is veryiie. A PCM
analysis will only dect larger paicles.

Contact the lab to sevhat type of wipesamples they a@pable or willig to perform. Ask

whether they will perform TEM analyses on samples that were collected by American Society of
Testing and Materials (ASTM) wipe Method D 6480 (wipe). Ask advice on sample preparation,
handling, etc.

Interpreting the results of settled dust levels, wipe samples or microvacuum samples

Industrial hygienists and other health professionals recommend professional asbestos abatement
procedures when a wipe sample is over the detection limit, or background, of 26fbsigipe
samples, or over 1000 s/éfior a microvacuum sample.

If there are any elevated levels of asbestos on surfaces, then landlords should bel ematacte
asbestos abatenteby trained, céified professioals should be institat. Also, contadiealth
and environmental agencies and elected officials so that they are aware obtbe@and can
provide assistaecand intervent provide assistee to others in therea who are pbably
contaminated asell. Contact locahon-profit envionmental and ocpational safetand health
organizations as well for assistance and advice.

PREDICTING AIR CON CENTRATIONS FROM  SETTLED DUST LE VELS

To predict the amount of asbestos which will be in the air from a given settled dust level is not an
exact science. Until such time as adequate air monitoring is available, the following may be the
only viable method. Settled asbestos dusts get resuspended into the air inside buildings as the
result of activities such as sweeping, walking around, moving heavy equipment, etc.

What is needed are factors, or numbers, to multiply the settled dust levels by to estimate the
airborne levels. The following presents such a methodology. First, the conversion factors for an
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experimental study are given. Then, the conversion factors are estimated for WTC asbestos
dusts.

Settled dust level conversion factors found from controlled study

A study was performed by Millette and Hays to provide a correlation between the level of
asbestos in settletlists and the amowwhich will becomeirborne (resspended) as thesult

of certain actities. This study usk real world situ#ons of asbestootamination, priny

after the San Francisco earthquake. Table 1 shows the experimental results, along with the
calculated “K-factor”, the factor for multiplying the settled dust level by to find the air level. As
can be seen, ttar concentradns increase ake activity levelncreases.

Table 1. Resuspension K-Factors for settled asbestos dusts determined from controlled asbestos
studies by Millette and Hays. °

ACTIVITY SETTLED DUST AIR LEVEL K-FACTORS
LEVEL structures/milliliter multiply the settled dust
structures/square (s/mL) level by this number to
centimeter (s/cm?) get the air level
Carpet cleaning 23,000 0.09 3.9x10°
(ordinary vacuum) (0.0000039)
Broom Sweeping 760,000 53.6 7.1x10°
(0.000071)
Cleaning Storage Area 870,000 2.7 3.1x10°
(10.0000031)
Gym-Athletic Activities 9,700 0.23 2.4x10°
(0.000024)
Cable Pull 2,000,000 28.9 1.4x 107
(0.000014)

Resuspension factors for settled dusts from World Trade Center

The Millette and Hys study can be udéo predict airbme levels of th&VTC dusts. Data is

available from th Ground Zero Tsk Force study famwo apartment budings® Settled asbestos

levels along with airborne asbestos levels were measured under passive conditions. Estimations
are then made of the fraction of the settled dust which will become resuspended.

The WTC dusts are unusual in that the particles of asbestos are smaller than usually, having a
greater likelihood of becoming resuspendedhis appears to be the case. The actual measured
fraction of asbestos that was suspended in air over settled dusts under passive conditions (no
activities taking place to stir them up) were HIGHER than measured in the Millette and Hays
study when a carpet was being vacuumed. It is reasonable and prudent to predict that if the WTC
dusts were being vacuumed, the resuspension factor would be higher than actually measured
under passive conditions, which means they would be higher than found in the Millette and Hays
study. The resuspension factor for the WTC dusts have been predicted to be 10 times higher
under vacuuming conditions than under passive conditions, which is 10 times higher than found
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in the Millette and ldys study. All of th@ther Millette andHays resuspensidactors havelso

been increased by 10 for the WTC asbestos dusts. Table 2 provides the actual resuspension

factor found by t&ting for WTC dustsnder passive calitions, along with ta predicted air
levels under a veety of activities with the modifiedasuspension féars, called the WC-

Factors:

Table 2. Resuspension WTC-Factors for setied dusts from World Trade Center using actual
measurements for passive conditions and modifications to K-Factors found in Millette and Hays study

SETTLED DUST
LEVEL
(s/cm?)

AIR LEVEL
(s/mL)

WTC-FACTORS

Multiply the settled dust level by
this number to predict air levels

passive conditions

HIGH EXPOSURE BUILDING, 250 South End Ave. Heavy visible dustlayer, could still read addresses
on envelopes on table and see the lines on a yellow legal pad onthe table. Windows had been blown
out some places. Dust level from living room high boy side table, living room airlevel measured under

Passive conditions, 640,000 2.56 4x10° (measured)

found by testing (0.000004 )

Carpet cleaning (ordinary 640,000 24.96 3.9x10° (estimated)

vacuum) (0.000039)

Broom Sweeping 640,000 454.40 7.1x 10" (estimated)
(0.00071)

Cleaning storage area 640,000 19.84 3.1x107 (estimated)
(0.000031)

Gym-Athletic Activities 640,000 153.60 2.4x 10" (estimated)
(0.00024)

Cable Pull 640,000 89.60 1.4 x 10 (estimated)
(0.00014)

LOW EXPO SURE BUILDING, 45 Warren St., dust layer visible on dark table, grain of wood still visible.
5 blocks from Ground Zero, building faced north. Dust level from living room table, living room air level
measured under passive conditions

Passive conditions, found 29,000 0.12 4x10° (measured)

by testing (0.000004)

Carpet cleaning (ordinary 29,000 1.13 3.9x 10° (estimated)

vacuum) (0.000039)

Broom Sweeping 29,000 20.59 7.1x 10" (estimated)
(0.00071)

Cleaning storage area 29,000 0.90 3.1x10° (estimated)
(0.000031)

Gym-Athletic Activities 29,000 6.96 2.4x 10" (estimated)
(0.00024)

Cable Pull 29,000 4.06 1.4 x 10 (estmated)
(0.00014)




Predicting air levels if cleanup is inadequate

Air levels might also be predicted if the cleanup is inadequate. As discussed in my December 6
memorandum, the BPdetermined thateither conventnal nor HEPA vaoums were capéd

of removing signitant amounts ofsbestos from cpet. Only the weéxtraction HEPA

vacuums removed the asbestos particles which adhere to the cargetieg the wet-extraction
HEPA vacuums did not remove all of the asbestos, only about 60%.

Thus, the same or similar levels of asbestos could remain in the carpets as their were before the
cleanup. Aftecleanup, the alevels could rema as high as projéed in Table 2. Thdust in

both of the apartments in the Ground Zero Task Force study (Table 2) was not that thick, only a
fine dusting where you could still read the writing on papers on a table even in the high exposure
building.. This small amount of dust could easily work its way into the carpet and remain.

(I have been informed that typically, in asbestos abatement, carpeting is removed and discarded
because of the inability to remove all the asbestos. More documentation on recommendations
and this practice is requested. Information on actually testing or test methods for asbestos
contaminated carpeting is also solicited. jenkins.cate@epa.gov)

CALCULATING TOTAL DOSE FROM ATSDR’s
CUMULATIVE EXPOSURE INDEX

Cumulative, or total dose, found by ATSDR to be related to health effects

The Agency for Toxic Substances and Disease Registry (ATSDR) is part of the Centers for
Disease Control. It develops toxicological profiles in response to the Comprehensives
Environmental Rgwnse, Compensatipand Liability A¢ (CERCLA, or Supetind). These

profiles are subjected to extensive review by the most prestigious scientists as well as being
reviewed and commented upon by affected industries and the public. The ATSDR found that the
“cumulative expsure,” or total dee, was valid fopredicting the mbability of suffeing health

effects from asestos. There wano “threshold” osafe level.

A number of researchers have found thatthe occurrence of asbestosis and lung cancer correlates
with cumulative exposure (that is, the product of concentration [PCM fibers/mL] multiplied by
years of exposure). Therefore, human exposures are expressed below as PCM f-yr/mL.

[A] number of other studies indicate that lung cancer risk s linearly related to cumulative dose
without any obvious threshold

In other words, it does not matter whether or not you got the same total dose over a short period
of time at higher levels, or a long period of time at lower levels. The health effects will be the
same. The ATSDR dsexplain that theris no absolute calation of the t@l dose with health
effects, but useit as a valid methad evaluate het risks.

Table 3 lists some of the “cumulative doses” found by the ATSDR to be associated with asbestos

health effects. The table also gives examples of what the air asbestos levels are required for
different time periods to achieve this dose.
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Table 3. CUMULATIVE EXPOSURES OF ASBESTOS ASSOCIATED WITH HEALTH EFFECTS
From the ATSDR Toxicological Profile for Asbestos,’* including examples of air levels and the amount of
time needed to accumulate the dose

_ EQUIVALENT AIR LEVEL (in fibers per milliliter - f/mL)
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Cumulative Exposure is given inthe number |1 week 3 months 6 months 1 year 2 years 50 years
of fibers per milliliter times the years of
exposure (f-yr/mL), measured by PCM
Risk Level is the number of excess cancer
cases or cases of other health effects for a
given population
lung cancer, 0.00035 1 cancer 0.018 0.0014 0.0007 0.00035 0.000175 0.000007
smokers, per million
EPA risk levels
0.0035 1 cancer 0.183 0.014 0.007 0.0035 0.00175 0.00007
per 100,000
0.035 1 cancer 1.825 0.14 0.07 0.035 0.0175 0.0007
per 10,000
lung cancer, 0.0035 1 cancer 0.183 0.014 0.007 0.0035 0.00175 0.00007
non-smokers, per million
EPA risk levels
0.035 1 cancer 1.825 0.14 0.07 0.035 0.0175 0.0007
per 100,000
0.35 1 cancer 18.250 1.4 0.7 0.35 0.175 0.007
per 10,000
mesothelioma, 0.00031 1 cancer 0.016 0.00124 0.00062 0.00031 0.000155 0.0000062
EPA risk levels per million
0.0031 1 cancer 0.162 0.0124 0.0062 0.0031 0.00155 0.000062
per 100,000
0.031 1 cancer 1.616 0.124 0.062 0.031 0.0155 0.00062
per 10,000
asbestosis 2.6 no effect 135.571 10.4 5.2 2.6 1.3 0.052
level
4.5 1 case per |234.643 18 9 4.5 2.25 0.09
1000
abnormal 0.12 3.7 per 100 | 6.257 0.48 0.24 0.12 0.06 0.0024
radiological
findings




How to use Table 3

First, look for the health effect that will occur at the lowest levels of asbestos. This would be
mesothelioma, a type of cancer that affects the cavity of the thorax, and also lung cancer if you
are also a smokeif a person inHas the equivald@rof 0.00031 fibes of asbestos/milltier of air

for one year, then their increased risk of getting mesothelioma is 1 in a million. If they breathe
10 times that much for one year (0.0031 f-yr/mL), then the chance is increased to 1 in 100,000.
Then, go over to the right hand columns which give a range of different time periods. Say you
are interested in those exposures which will increase mesothelioma cancer risks by 1 in 10,000.
A person would nekto breath the fldwing concentrions of asbesto®f the following time

periods to increase the risk by 1 in 10,000:

Total dose required toincrease risk of mesothelioma by 1 in 10,000

fibers/milliliter time period
1.616 1 week
0.124 3 months
0.062 6 months
0.031 1 year
0.0155 2 years
0.00062 50 years

If a different time period is needed than shown in the table, multiply the one-year cumulative
exposure index by the time period. For 2 weeks, multiply by 14/365, etc.

Precautions when using Table 3

Confusion over the way asbestos is reported.
The first and fagmost precautiom using Table 3 is thi

DO NOT CONFUSE ASBESJS LEVELS REPORTED &:
“structures pesquare millineter” ( s/mn?) WITH “structues per millliter” ( s/mL)

These are very different things, although to the unwary, they appear to be the same. ,However
“structures per square milliliter” (s/mL) are the same thing as “structures per cubic centimeter”

(s/cé). See the last section of this memo for more information on the way asbestos levels are

reported.

At its web site, EPA only reported concentrations as “structures/square millirieTérey

could have given the asbestos concentration as “structures/milliliter” but did not. Thus, it is not
easy to compare the EPA data unless you look at the actual lab sheets, which are posted on the
internet at the NYELJP web sité.



Conversion of TEM nasurements of WTC shs to the PCM measments used for thealth
studies.

A problem, or perhaps more an uncertainty, in using Table 3 arises from the fact that the human
health studies are correlated to asbestos that was measured by the PCM method, which does not
detect smaller fibers. The WTC dusts were measured by EPA using the more sensitive TEM
method, which doedetect these sriher fibers.

Since TEM analyseof WTC dusts give @her reading diibers/structugs asbestos tharP&M
reading, some wdd argue that allfiahe WTC asbestdsvels should be dided by some

number (made smaller) to make them comparable to the ATSDR studies which used PCM. For
the WTC dusts, the ratio of TEM fibers/structures to PCM-equivalent fibers/structures was high,
around 80 to 9¢

I have chosen not to attempt any conversion of TEM measurements to PCM-equivalent
measurements for several reasons. First, the older PCM measures used in studies cited by the
ATSDR may not, in fact, be smaller than a TEM measurement of the actual asbestos to which the
humans were exposed. This is because PCM cannot distinguish between asbestos and other
fibrous minerals. Thus, the studies of humans using PCM measurements may actually have
overestimatedrue asbestos exposures because they included non-asbestos fibers. Also, the
asbestos fibers to which persons were exposed in these older studies may not have included a
substantial fraon of the smallefibers like the WT dusts.

Second, as a matter of policy, the federal EPA has issued no guidelines or standards
recommending the use of such a conversion in asbestos risk assessments. If such a
recommendation were to be issued, it would first undergo extensive internal and external peer
review, and be subjected to due process through a notice and comment period. As an individual
staff scientist, | would not take it upon myself to lower a risk assessment until such final
guidance is issued. As prudent public policy, however, it is always valid for anyone to upgrade a
risk assessment based on new, even if untested, data indicating a greater hazard.

Claim that fine asbestos particles are not hazardous

Some may argue ththe smaller WTCilbers are less hardous than tharger fibers.To my

knowledge, the fiteral EPA has notdressed this sciéfic theory andssued any guidaado

discount any cancerous effects of fine asbestos fibers. If such a recommendaitnbee

issued, it would first undergo extensive internal and external peer review, and be subjected to due
process through a notice and comment period. Until such time as this occurs, as a matter of
prudent public health policy, it would be inappropriate to downgrade a risk assessment based on
this theory. | have also been informed that EPA has no intention of downgrading the risk based
on this theory.
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ESTIMATING INCREASED HEALTH RISKS FROM
VARIOUS WTC EXPOSURE SCENARIOS

The following represents my efforts as a staff scientist to characterize any eleadtedsies

from exposures t&/TC asbestos-cteminated dusts. Astated at the bagiing of this

memorandum, this risk assessment does not represent any official EPA analysis or position and
does not necessarily reflect EPA policy. It has not been reviewed by EPA. There are many
alternate wayotperform a riskssessment other théhe one presesd below. This risk

assessment has a wide range of uncertainty both because of the limited data and the many
assumptions that were utilized.

The EPA does not consider any exposure to a man-made carcinogen to be acceptable, but does
base its actions irnxisting exposure &iations accordg to the degred elevated risk.The EPA
chooses a degree of protection, or risk level, as a criteria for abating exposures.

The EPA generally considers an upper-bound lifetime cancer risk to an individual of between
10* and1® as a safe range. A risk oflfepresents a probability that there may be one extra
cancer case in a population of 10,000 (1 per 10,000).Aidl0is the probability that there may

be one extra cancer case in a population of one million people over a lifetime of exposure (1 per
1,000,000. The National Contingency Plan (NCP) (Superfund) requires that’thskll@vel

should be the poinff @eparture; thgoal in any resp@e by the EPA to ametate exposureto
carcinogens from man-made sources. A response action is generally warrantedrnifulagive
excess carcimgenic risk for ap single individual tiected by a sitexposing humans to

carcinogens exceeds 1 in 10,000 (th# i€k level) using reasonable maximum exposure
assumptions for either the current or reasonably anticipated future exp&sures.

Scenario 1 - VVolunteer at Ground Zero for two weeks

A person volunteered to provide refreshments to the rescue workers on the perimedandf Gr
Zero for two weeks. The volunteer spent 12-hour days, going home to Brooklyn at night. S/he
stayed outdoors for the majority of the time, but came inside to one of the adjacent evacuated
hotels for shelter from the elements, to rest, and to eat. Approximately 3 hours per day were
spent inside this building.

This person also lived/may live in an urban environment for a life of 85 years, with and exposure
level of 6 x 1@ (0.000006) s/ml*>

From Table 2, the asbestos level inside the contaminated building near Ground Zero is estimated
to be 10 s/mL, midway between the “passive” conditions tested in the high-exposure building
near Ground Zero, and the level estimated for cleaning out a storage room.

The level at the refreshment stand on the perimeter of Ground Zero is estimated to be 0.16 s/mL,

towards the high side of EPA’s air readings outdoors near Ground Zero in the month of October,
but low for the month of September..

-11 -



s/mL X  time period (years) = total dose (s-year/mL)

0.16 (14/365)x( 9/24) 0.0023
10 (14/365)x(3/24) 0.0479
0.000006 85 0.0005
total dose (cumulative exposure) 0.0507

From Table 3, the increased risk of getting mesothelioma will be almost 2 per 100,000 for the
one week volunteer service in New York City. The whole life in an urban setting contributed
very little to this risk. Going indoors to the contaminated building for 3 hours a day, rather than
staying outside, represents essentially all of this risk.

If the volunteehad stayed outsider the whole timgthe risks would bas follows:

s/mL x  time period (years) = total dose (s-year/mL)
0.16 (14/365)x(12/24) 0.0031
0.000006 85 0.0005
total dose (cumulative exposure) 0.0036

The increased risk of mesothelioma would be around 1 in 100,000, due almost entirely to the 2
weeks serviceniNYC.

Scenario 2 - Resident of Lower Manhattan in contaminated building

A resident worksn lower Manhatta and was presenearby during theollapse of the \Wld

Trade Center, but not in a building whose windows were blown out. The resident was engulfed
by the dust cloud while walking up to Warren Street to her/his apartment. The resident stayed
one night with no electricity and water because of 3 cats before leaving for two days, returning
September 14 after restoration of services. There was no forcedtmraotithe apartment

building, many residents remained even when there was no electricity or water.

The landlord was in the process of cleaning common areas, which were primarily carpeted, by
common cleaning techniques, vacuuming and dusting, starting September 14, for 4 days. The
resident perfaned her/his own a@ptment cleaningnd has remained place. The sdent only
wore a dust mask, as recommended by the New York City Department of Health (NYC DOH)
while cleaning thepartment® which provided no protection against the asbestos.

The apartment building interiors only had a minimal, small amounts of dust from the WTC.
Walter Mugdan, Counsel for EPA’s Region 2, stated that the NYC DOH Recommendations
should be followedh situations with mimnhal, small amounts &/TC dust’ An apartment

with just such minimalsmall amount of WT dusts was the subjeof the Ground Ze Task

Force study, and the asbestos concentrations, and may be found in Table 2. A color photograph
of a dark table is included in this study, showing what would be considered “small amounts” and
“minimal” dusts by most peopfé.

The office in Lower Manhattan where the resident works had similar cleaning measures

-12 -



implemented by the landlord, although in this case individual offices were cleaned by the
landlord. Here also the dusting from the WTC was minimal and fine. No windows were broken
in either the apartment building or the office building.

The resident wais a very high-cotamination situatio for 2 days. Uporeturning to her/lsi

apartment, the citizen was in another 4 day high contamination exposure while cleaning the
apartment and being present while cleaning was going on of other apartments and common areas.
The resident has remained in contaminated circumstances while at home and in the office for
approximately 3 muths after inadguate cleaningrpcedures.

The levels of asbestos exposure during the first two days exposure is estimated to be 500 s/mL.
This level is 100 times the highest level found by the HP Environmental study in passive
conditions in two buildings damaged but still standing near the World Trade €e&teA did

not appear to have monitoring equipment in place at this time. If it had, the portals could have
been occluded with heavy dusts and no readings would have been possible.

The level of asbestos during the 4 days cleaning and living in the apartment is estimated to be 10
s/mL, a point midway between vacuum cleaning and broom cleaning from Table 2 for the low
exposure building.

The level of askstos for the balae of the time, a Bionth period at hormand at an equally
contaminated office, is estimated to be 0.10 s/mL. This is the same as the air level actually found
in an apartment owarren Streetdfore the cleaup, but under paise conditions. Thisevel is
assumed to apply to the apartment now under active conditions after some minimal cleanup,
where the cagis retain most ohe original asbéss. The cumulativexposure is as flolws:

s/mL X time period (years) = total dose (s-year/mL)
500 2/365 2.74

10 4/365 0.11

1.0 1/4 yr 0.25

total dose (cumulative exposure) 3.1

The increased risk for mesothelioma is 1 in 100. The increased risk for lung cancer is 1 in 1000.
The person has a risk of nearly 1/1000 for developing asbestosis, and would probably have
abnormal radiolgical findings of tk chest.

To continue this scenario, the resident continues to live in the apartment for another 15 years
before moving to Azona becausef decreased hg function. Thegaditional exposuré
asbestos, addedto the exposurds date, are agfows:

s/mL X time period (yea) = total dose (s-year/mL)
cumulative dose from above = 3.1

1.0 15 15

total dose (cumulative exposure) 18.1
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This resident has almost a 1 in 10 risk of mesothelioma. The person has a risk of nearly 4/1000
for developing asbestosis, and would probably have abnormal radiological findings of the chest.

Scenario 3 - New resident moves into partially cleaned up apartment near Ground Zero

A new resident moves into an apartment near Ground Zero that had been heavily contaminated
because windowsad been brokesut. The former teant had died in theollapse of the \afld

Trade Center. The apartment had wall-to-wall carpeting, which was incompletely cleaned by
using only an avage suction capdy dry type HEPA sacuum. The cagting had been ne so

was not replaced for another 30 years. Other carpeting in common areas of the building also was
not replaced on average of 30 years after the event. Themovepecial duct cleaning or other
abatement measures. The resident was inside the apartment an average of 3/4 of her/his life.
This included extra time on weekends, but some occasional times away in the evenings and on
vacations. The resident was a smoker.

The asbestos air level is estimated to be 1 s/mL over the 30 year period. This assumes that the
level was probdi higher initially,near 2.56, the s# as the level ued passive conddns in

the high exposureuilding in Table 2 &fore cleanup After time, the Ieel decreasesomewhat,

but never to background.

s/mL X time period (years) = total dose (s-year/mL)
1 30 x (3/4) 22.5

The increased risk of both mesothelioma and lung cancer both is nearly 1 in 10. The person has
a risk of 5/1000 for developing asbestosis, and would probably have abnormal radiological
findings of the chs.

Scenario 4 - Laborer works as janitor cleaning buildings in Lower Manhattan for 3 months

A laborer works as a janitor for 3 months cleaning up buildings and apartments in Lower
Manhattan for 3 mahs. He sometimesone a dust mask, boever a HEPA spirator. He also
sleeps in buildings wch have not beecleaned up durg this period to savmoney. He is also
a heavy smoker. His average exposure is 229 s/mL, which is midway between the passive
conditions and the broom sweeping for the high exposure building in Table 2.

s/mL X time period (years) = total dose (s-year/mL)
229 1/4 57

His increased risk of mesothelioma and lung cancer both is about 1 in 5. The person has a risk of
over 50/1000 for developing asbestosis, and would probably have abnormal radiological findings
of the chest.

Scenario 5 - Firefighter works rescue operation from September 11 until October 11

A firefighter is engaged in the rescue and recovery operation for one month, starting on
September 11. He works 12 hours a day, sleeping in an adjacent hotel for 9 hours a night and
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also taking breaks at this adjacent hotel for another 3 hours a day. He is a smoker.

The levels of outdoor asbestos exposure during the first 2.5 weeks exposure is estimated to be
500 s/mL. He is both ithe open air and iconfined space This level is 100mes the highest

level found by the HP Environmental study in passive conditions in two buildings damaged but
still standing near the World Trade CerifeEPA did not have matairing equipment in

confined spaces, although it did eventually on the perimeter of Ground Zero. OSHA does not
appear to havedd personal monitmg equipment onrefighters, onlystationary monitang in

open areas around Ground Zero.

The level of outdor asbestos expa is estimated tioe 0.50 s/mL durindhe second 2.5 wke,

al level consistent with many EPA readings at Ground Zero during the first month. Actually,
there would have been a gradual decline of the initial 500 to 0.50 s/mL levels over the month, but
the 2-time period per exposure level is convenient for calculations.

From Table 2, the asbestos level inside the contaminated building near Ground Zero is estimated
to be 10 s/mL, midway between the “passive” conditions tested in the high-exposure building
near Ground Zer and the levelstimated for cleang out a storag@om.

s/mL x  time period (years) = total dose (s-year/mL)
500 (15/365)x(12/24) 10.2740
0.50 (15/365)x(12/24) 0.0103
10 (30/365)x(12/24) 0.4110
total dose (cumulative exposure) 10.6952

His increased risk is 1 in 30 for both mesothelioma and lung cancer. The firefighter has a risk of
over 2/1000 for developing asbestosis, and would probably have abnormal radiological findings
of the chest.

LAB METHODS FOR ASBESTOS, WAYS OF REPORTING RESULTS

This section may be helpful for interpreting the many different ways that asbestos levels are
measured analytically, and also the many different ways these levels are reported.

PCM methods for air and bulk samples

The older methodf measuring asbts in air was by @ise contrast miescopy (PCM). PCM
measurementseareported asthier structurestilliliter ( s/mL ) orfibers/milliliter {mL). PCM
cannot detect fibers and structures with diameters smaller than 0.5 micrometers ©0.&.5
um ). PCM cannot distinguish asbestos fibers from non-asbestos fibers.

Thus, TEM measuneents will give highereadings of agstos fibers thaRCM measurements

if most of the fibers are actually asbestos, and if the asbestos fibers themselves have a significant
fraction that are smaller than 0.&. In WTC dusts, all the data | have seen indicates that TEM
measurements are higher than PCM measurements of the same sample.
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PCM is still used to determine whether workers are under the permissible exposure limit (PEL)
by OSHA. The OSHA method requires reporting only of single fibers, not structures of asbestos
(bundles and clumps of asbestos). The OSHA method also only alloys the counting of fibers 5.0
: m in length or longerThe OSHA method as TEM in conjunctin with PCM, but only toule

out those fibers found by PCM which were not asbestos. The TEM part of the OSHA wethod
notused to detect thrmmaller fibers tht were not fountdy PCM.

PLM measurements for percent asbestos in bulk dust only

Polarized light mimscopy (PLM) is usd for bulk buildingnaterials, dust adebris samples to
determine the percentage of asbestos.

Wipe and micro-vacuum samples for settled dusts

For thin settled dust layers, there is not enough to scoop up or place in a jar or bag. Thus, the
PLM method above cannot be used. The settled dust must be sampled by either wiping or with a
microvacuum. A microvacuum is a modified personal air sampling pump.

There are no EPAethods for eithrewvipe samples or iero-vacuum saples. ASTM methods
D-6480 (wipe sanmimg) and D-5755rticrovacuum) wllmost commonly give tresults in
units of structures/square centimeter. This is not a mass concentration - percentage.

Generally speaking, there is no readily available method to determine a mass percentage of
asbestos in these settled dust layers, as you can using the PLM method above. There is one
method, ASTM D-5756a microvacuum ntleod, which is desitged to give resultas mass
concentration percentage, bahis method is rahgused, and veryetious and expene in

terms of laboraty time and effdr

TEM method for air samples and settled dust samples detects smaller fibers and structures

The best method of measuring asbestos in air is by transmission electron microscopy (TEM).
TEM is a newer, more costly technique that can detect fibers smaller than 0.5 micrometers (0.5

: mor 0.5 um), which are missed by PCM. Thus, TEM measurements will give higher readings
of asbestos fibers than PCM measurements if most of the fibers are actually asbestos, and if the
asbestos fibers themselves have a significant fraction that are smaller tham OrBWTC

dusts, all the datahave seen indates that TEM measements are hinggr than PCM

measurements of the same sample.

Difference between “fibers” of asbestos and “structures” of asbestos

Asbestos levels are given as “structures” or “fibers” or “structures + fibAsbéstos structures
include both individual fibers as well as bundles of fibers, clumps of fibers, and things like
particles of plaster with fibers sticking out. Since around the mid 1980's, methods have included
counting all struwires, since in thenvironment andfdody, these casasily break dowinto

individual fibers.
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Reporting TEM air measurements in either “structures/square millimeter” or
“structures/milliliter”

To complicate thigs further, in th&VTC disaster, EPA’web sit& has only been reporting

TEM measurementa the units of “stratures/square it metef ( s/mnt), which IS NOT THE

SAME as “structws/milliliter ( s/mL )”. The actual lab sheets, which were obtained by a
Freedom of Information Act request and posted at the New York Environmental Law and Justice
Project web sifé gave the asbestdevels in both units.

The “structuresnm?” unit refers to the number of structures on a given area of a filter through
which the air dnan. There is no ag way to convertstructures/squa millimeter” to
“fibers/milliliter"unless you havehe volume of air sapled from the origal lab sheet. Thiis
because you ndéehe air volume toanvert fibers/mlimeter to fibershilliliter, and this wlume

is not always the same. Any level reported as structures/square millimeter will always be much
higher than the structures/milliliter, usually by a factor of at least 100.

The “70 structures or less” AHERA clearance standard for air

In the World Trade Center disaster, EPA has said that it is using the level of 70 or fewer
asbestos structures/square millimeter standard required by the Asbestos Hazard Emergency
Response Act (ABRA). This 70 or feer structuresaks not correspal to any level food to

be related to héth effects. Insad, it is the equalent to detecting structures in 108BM grid
openings in a filter through which air has been drawn.

The AHERA “Standard” for clearance is - “A response action is determined toripdeted by

TEM when the abatement area has been cleaned and the airbostesastiecentration inside

the abatement area is no higher than concentrations at locations outside the abatement area.” The
70 structures criterion is an intermediate standard designed to reduce the number of analyses (and
costs) by stating that if the average loading on the five samples collected inside the abatement
does not exceed&tructures.mithe samples are below filter backgrounds and there is no need

to analyze the five outside samples and perform the “Z-test.”

The filters used to collect the asbestos in air are always contaminated with low levels of asbestos.
The fibers found as background on the filter were present without any air being drawn through
the filter. Thus,Htis 70 structuresgsiare millimeter arresponds roudynto a generadhboratory

method backgrounkbvel of 0.02 structures/milliliter.

“cc” and “mL” are the same thing, “um” and “: m” are the same thing

Milliliters ( mL ) are the same as cubic centimeters ). cAir concentrations are sometimes
reported using cubic centimeters instead of milliliters, as in “fibers/cc” or “fibers/mL".

Micrometers arabbreviated dier as *m” with the Greek “ ” or as “ um”.
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