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• The amount of asbestos in abandoned
residential homes (ARDs) has not been
characterized.

• We sampled a database of ARDs in De-
troit to assess asbestos-containing ma-
terial (ACM) and abatement costs.

• ACM was present in about 95% of the
sampled ARDs.

• The majority of asbestos in the sampled
ARDs was nonfriable chrysotile asbes-
tos.

• Abatement accounted for about 20% of
the total demolition cost of the sampled
ARDs
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Objective: The efforts of manymunicipalities to demolish abandoned residential dwellings (ARDs) are hampered
by the presence of asbestos-containing materials (ACMs) in these structures. However, the extent of such mate-
rials is unknown. Our study sought to characterize ACMs present in ARDs demolished in Detroit.
Methods:Working with the City of Detroit, we obtained information on all ARDs demolished from 2014 to 2017.
We randomly sampled 605 ARDs and analyzed the presence, type, and amount of ACM present, and the associ-
ated abatement and demolition costs.
Results:Asbestoswas present in about 95% of the sampled ARDs. Themost common types of ACMswere flooring,
roofing, siding, and duct insulation. Thematerial containing the greatest fraction of asbestos was duct insulation.
The type of asbestos generally presentwas chrysotile. Only eight (1%) ARDs contained commercial amphibole as-
bestos; another 36 contained vermiculite. The total cost of demolition averaged $13,645 per home, of which
20.1% was asbestos abatement.
Conclusions: The majority of the ACM in the ARDs was nonfriable and consisted of chrysotile. This study contrib-
utes information about the nature and extent of ACM in ARDs, which can provide part of the foundation formak-
ing an assessment of possible asbestos-containing air emissions during the demolitions of ARDs, and the nature
or extent of pre-demolition abatement that may be needed (if any) to protect the public's health.

© 2020 Elsevier B.V. All rights reserved.
D, abandoned residential dwelling; DBA, Detroit Building Authority; EPA, Environmental Protection Agency; NESHAP, National
egulated asbestos-containing material.
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1. Introduction
In 1950, the population in Detroit was 1.85 million, making the city
the 5th most populous in the US (Quick Facts: Detroit City, Michigan,
2019). However, since that era, the city's population has declined by al-
most two-thirds, dropping to 673,000 in 2018 (MacDonald, 2016; Quick
Facts: Detroit City, Michigan, 2019). Not surprisingly, this severe and
rapid decline in population has resulted in a large number of abandoned
residential dwellings (ARDs) in almost every neighborhood. As of Febru-
ary 2016, it was estimated that Detroit had almost 53,000 ARDs, which
translated into the highest percentage (18.6%) of vacant residential
dwellings of any city in the US (Abbey-Lambertz, 2016). Vacant, aban-
doned properties have been associated with a variety of urban problems,
including fires, crime, and decreased property values (Accordino and
Johnson, 2000; FEMA, 2015; Larson et al., 2019; Neavling, 2016). Addi-
tionally, ARDs are more common in low-income communities and com-
munities of color, thus constituting an important environmental justice
issue (Accordino and Johnson, 2000; Kotelchuck et al., 2006; Rauh et al.,
2008). Many cities in the US (Farfel et al., 2003, 2005; Mucha et al.,
2009), as well as in other countries (Advisor, 2015; Kakooei and
Normohammadi, 2014), are engaged in demolition programs to remove
ARDs (Accordino and Johnson, 2000; Keene and Ruel, 2013) as a means
to resolve urban blight and revitalize city centers. From January 1, 2014
to July 3, 2019, the City of Detroit demolished 18,304 ARDs (Detroit
Building Authority, 2019) at a cost of $310million (City of Detroit, 2019).

The rapid removal of ARDs is complicated by the possible presence
of asbestos. The primary diseases associated with exposure to asbestos
are asbestosis, lung cancer andmesothelioma (EPA, 1986). However, as-
bestosis has generally been associated only with “higher levels of expo-
sure commonly found in workplace settings and is not expected to
contribute substantially to potential risks associated with environmen-
tal asbestos exposure” (EPA, 2003). Hence, lung cancer and mesotheli-
oma are the most important risks associated with low levels of
exposure to asbestos (EPA, 2003). And, while all forms of asbestos are
capable of causing cancer, amphibole forms of asbestos have higher po-
tency than chrysotile fibers, particularly in relation to mesothelioma
(Berman and Crump, 2008; Garabrandt and Pastula, 2018; Hodgson
and Darnton, 2000; Korchevskiy et al., 2019). For mesothelioma, the
risk ratio for the most prevalent commercial fiber types has been esti-
mated to be in the range of 1:100:500 for chrysotile, amosite and crocid-
olite, respectively (Hodgson and Darnton, 2000; Korchevskiy et al.,
2019). For lung cancer, the risk differential between chrysotile and the
twomain commercial amphiboles (amosite and crocidolite) is between
1:10 and 1:50 (Hodgson and Darnton, 2000).

Asbestos was used in a variety of common construction materials,
including duct and pipe insulation, cement, siding, flooring, roofing,
and in sealants, caulks, and glazes, throughout the 20th century, until
it was partially banned in the 1970s (Allen et al., 2018). Asbestos may
also be present in vermiculite insulation. Although not all vermiculite
contains asbestiform amphibole fibers, nearly 80% of the vermiculite
used world-wide came from Libby, Montana, which contained a variety
of asbestiform amphibole fibers, including winchite, richterite and
tremolite (collectively labeled ‘Libby amphibole’) (Hilbert et al., 2013;
Lockey et al., 2015). Consequently, in 2004, the EPA issued a statement:
“the EPA is informing the public to consider all vermiculite insulation as
asbestos-containing material” (EPA, 2004).

In the initial asbestos NESHAP (National Emission Standards for Haz-
ardous Air Pollutants) (U.S. Environmental Protection Agency (EPA),
1973) ruling, building materials were divided into two types, friable
and nonfriable, based on the likelihood of the release of asbestos fibers.
Friable materials were materials containing N1% asbestos (as deter-
mined by Polarized Light Microscopy (PLM)) that could be crumbled
by hand. In contrast, nonfriable materials were materials containing
N1% asbestos that could not be similarly crumbled. Nonfriable materials
can be further subdivided into Category I and Category II materials. Cat-
egory I includes packing, gasket, floor covering and roofing products,
whereas Category II includes asbestos cement piping. Regulated
asbestos-containing material (RACM) is friable material or nonfriable
material (both Category I and II) that has become friable, or that has
been or will be subjected to forces that crumble or pulverize it in the
course of demolition or renovation operations. While many construc-
tionmaterialsmay contain asbestos, many are not friable or likely to be-
come friable duringmanipulation or demolition; for example, asbestos-
containing floor tiles (Lange, 2002) and roofing materials (Sheehan
et al., 2010) have not been shown to create elevated levels of airborne
asbestos during abatement and scraping, respectively. In fact, the use
of respirators is not required during the abatement of floor tile andmas-
tic, as the exposures remain well below that specified by OSHA (Lange
and Thomulka, 2000). Furthermore, studies of airborne-asbestos emis-
sions during demolition of several partially-abated structures did not
show a significant increase in airborne-asbestos concentrations
(Perkins et al., 2007; Wilmoth et al., 1994).

The NESHAP regulations require that all RACM be removed prior to
demolition of all buildings with an exemption for residential buildings
of four or fewer dwelling units, based on aNational Academy of Sciences
study stating “…single-family residential structures contain only small
amounts of asbestos…” (National Research Council, 1971). However,
in 1990, the US Environmental Protection Agency (EPA) issued a state-
ment in which it said that it “does not consider residential structures
that are demolished or renovated as part of a commercial or public pro-
ject to be exempt from this rule” (EPA, 1990). Hence, cities have been
required to comply with the full asbestos inspection and abatement re-
quirements of NESHAP as part of their ARD demolition program, despite
EPA's determination that the NESHAP requirements apply to buildings
at a single demolition site (U.S. Environmental Protection Agency
(EPA), 1995).

Missing from this discussion is information on the types and preva-
lence of ACM in ARDs.We are not aware of any previous reports that de-
scribe features of ARDs that have been demolished, and the ACM
associated with such structures. Using publicly available data, the pres-
ent study examined the nature of ARDs demolished in Detroit from
2014 to 2017, seeking to describe key features of these structures.
Knowing the extent and types of ACMpresent can help inmaking an as-
sessment of the possibility of asbestos-containing air emissions during
the demolitions of ARDs, and the nature and extent of pre-demolition
abatement that may be needed to protect the public's health.

2. Methods

The City of Detroit maintains an on-line, downloadable, publicly
available database of all demolitions completed since January 1, 2014,
which is updated on a daily basis (Detroit Building Authority, 2019).
In addition, the Detroit Building Authority (DBA) maintains records of
pre-demolition inspection reports that describe the results of EPA-
mandated asbestos inspections and testing for RACM in the ARDs. The
pre-demolition inspection reports and publicly-accessible database in-
clude a variety of details about each ARD, such as: address, date of de-
molition, total cost of the demolition, date of construction of the
house, square footage of the house, the cost of asbestos inspection and
abatement, and a description of the type and quantity of ACM in each
ARD. However, not every ARD in the demolition database has a com-
pleted pre-demolition inspection report, usually because such struc-
tures were too unsafe or hazardous for inspectors and/or abatement
workers to enter the premises. Such hazardous ARDs are considered
“emergency demolitions”, and represent about 10% of all demolitions
listed in the database. The remaining ARDs in the database (about
90%) generally have a completed pre-demolition inspection report of
RACM and are the focus of this investigation.

On February 14, 2017, the on-line demolition database was
downloaded; on this date, there were 11,043 ARDs in the database.
After removing the emergency demolitions, each of the remaining
9811 ARDs was assigned a random decimal value between 0 and 1.
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Starting from 0, the ARDs with the lowest-assigned random numbers
were selected for inclusion until a total of 605 ARDs were identified.
We initially targeted a sample size of 600, but oversampled slightly to
account for potential missing data in the selected ARDs. With the coop-
eration and assistance of the City, the pre-demolition inspection reports
were downloaded or requested for each.

The Detroit Land Bank Authority (DLBA) contracts with accredited
asbestos inspectors (State of Michigan, 1999), who visually inspect the
inside and outside of the house to identify potential ACM, measure the
approximate quantity of suspected ACM and take bulk samples of
each type of material suspected of containing asbestos, and record all
findings in a written report. Bulk samples are sent to a laboratory
accredited by the National Voluntary Laboratory Accreditation Program
(NVLAP) (National Institute of Standards and Technology, 2019) and
analyzed using polarized light microscopy (PLM) to quantify the per-
cent asbestos content, and to determine the type of asbestos
(i.e., actinolite, amosite, anthophyllite, chrysotile, crocidolite, and/or
tremolite asbestos) in accordance with NIOSH Method 9002 (National
Institute for Occupational Safety and Health (NIOSH), 1994). The esti-
mated limit of detection (LOD) for this method is 1% asbestos content
of the bulk sample (National Institute for Occupational Safety and
Health (NIOSH), 1994), as 1% is the minimum content necessary for a
material to be designated as ACM. Pre-demolition inspection reports in-
clude the written summary of the inspector (with a listing of all
suspected ACM), as well as the results of the analyses performed by
the accredited laboratory. Pre-demolition abatement of ARDs involves
removal of all RACM, identified on the basis of the inspection and labo-
ratory confirmation of an asbestos content above 1% by PLM, by a
Table 1
Characteristics of 605 abandoned residential dwellings in Detroit demolished after asbestos ab

Variable Category

Number of floors Single story
Two stories

Total square footage b1000 sq ft
1000 to 1499 sq ft
1500 to 1999 sq ft
≥2000 sq ft

Year built 1885–1914
1915–1919
1920–1924
1925 or later

Occupied home to right? Yes
No
Unknown

Occupied home to left? Yes
No
Unknown

Limited access to areas/materials? Yes
No

Asbestos present Yes
No
No report in records

Amphibole asbestos present Yes
No
Missing

Vermiculite noted Yes
No

Abatement cost b$800
$800–$3000
N$3000
Unknown

Demolition cost b$9000
$9000–$12,000
N$12,000
Unknown

Total cost b$11,000
$11,000–$15,000
N$15,000
Unknown

a One home contained vermiculite which was not analyzed, but was assumed to contain asb
licensed, certified, and registered asbestos abatement contractor, as re-
quired by the Occupational Safety and Health Administration (OSHA,
1994).

An exception to the above process involves vermiculite insulation. In
2004, the EPA noted that the PLM method “is not accurate and yields
false negatives when used on vermiculite insulation” (EPA, 2004). Nev-
ertheless, in the same memo the EPA stated that, if used correctly, the
standard PLM method would “satisfy EPA's minimum requirement for
the analysis of asbestos in vermiculite loose fill insulation.” This asser-
tion that PLM is not an accurate means of determiningwhether vermic-
ulite is ACM, with the simultaneous endorsement of continued use of
the PLM as the measurement method, was adopted as policy by the
MichiganDepartment of Environmental Quality (MDEQ) in amemo ad-
dressed to asbestos inspectors (MDEQ, 2017). Hence, when vermiculite
insulationwas visually identified by inspectors working on behalf of the
City of Detroit, some took samples for analysis (though nonewere actu-
ally analyzed by the labs), while others did not, simply assuming the
vermiculite to be ACM.

From the on-line database and from the pre-demolition inspection
reports, we abstracted data describing various features of ARDs that
were demolished in the City of Detroit between January 1, 2014, and
February 14, 2017, focusing on the types and quantity of major catego-
ries of ACM. To avoid the possibility of differential error in our abstrac-
tion process, all data abstractors were trained on the identification and
the recording of information about ACM in the reports. We used
scatterplots and histograms to examine trends and determine potential
outliers. Pearson correlation coefficientswere used to evaluate the asso-
ciations between abatement, demolition, and total (i.e., abatement plus
atement.

N (%) Mean (SD)
[range]

188 (31%)
417 (69%)

–

233 (39%)
231 (38%)
71 (12%)
70 (12%)

1270 (732)
[404–11,800]

92 (15%)
75 (12%)
127 (21%)
311 (51%)

1929 (15)
[1885–1974]

74 (12%)
207 (34%)
324 (54%)

–

81 (13%)
206 (34%)
318 (53%)

–

177 (31%)
398 (69%)

–

566 (94%)a

30 (5%)
9 (1%)

–

8 (1%)
587 (97%)
10 (2%)

–

36 (6%)
569 (94%)

–

175 (29%)
196 (32%)
140 (23%)
94 (16%)

$2740 ($3441)
[$0–$18,400]

171 (28%)
165 (27%)
175 (29%)
94 (16%)

$10,927 ($3418)
[$3550–$30,030]

188 (31%)
212 (35%)
167 (28%)
38 (6%)

$13,645 ($4758)
[$4722–$39,700]

estos; otherwise, this home was free of ACM.



Table 2
Amount and type of asbestos containing materials found in 605 abandoned residential dwellings in Detroit.

Material type Homes containing material
N (%)

Amount among homes containing the material Amount among all 605 homes

Mean (SD) Median Range
[min, max]

Mean (SD) Median Range
[min, max]

Flooring (sq ft) 310 (51%) 436 (621) 211 [4, 6600] 221 (493) 10 [0, 6600]
Roofing (sq ft) 291 (48%) 1350 (824) 1355 [3, 5000] 653 (890) 0 [0, 5000]
Siding (sq ft) 204 (34%) 2093 (1517) 1800 [1, 10,500] 610 (1244) 0 [0, 10,500]
Othera (sq or linear ft) 200 (33%) – –
Duct insulation (sq ft) 192 (32%) 78 (167) 30 [1, 1650] 24 (99) 0 [0, 1650]
Window glaze (sq ft) 181 (30%) 270 (1092) 120 [1, 570] 19 (73) 0 [0, 570]
Caulk (linear ft) 171 (28%) 362 (276) 310 [25, 1700] 57 (171) 0 [0, 1700]
Cement (sq ft) 136 (22%) 4.1 (2.5) 4.0 [1, 10] 0
Sealant (linear ft) 135 (22%) 210 (189) 200 [2, 1000] 34 (109) 0 [0, 1000]
Pipe insulation (sq ft) 115 (19%) 262 (339) 125 [1, 2000] 41 (162) 0 [0, 2000]
Plaster (sq ft) 91 (15%) 4398 (2432) 4400 [10, 11,300] 521 (1647) 0 [0, 11,300]

a “Other” category contains heat shield (n= 34), penetration mud (n = 28), millboard (n= 18), drywall joint compound (n= 17), wallboard system (n= 15), glue pods (n= 14),
chimney wrap or mortar (n = 13), mastic (n = 12), construction adhesive (n = 11), vermiculite insulation (n = 36), and other miscellaneous materials.
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demolition) costs by type of ACM-containingmaterial. All analyseswere
conducted in SPSS version 25 (SPSS Inc., Chicago, IL) and SAS version 9.4
(SAS Institute Inc., Cary, NC).

3. Results

Based on the 605 ARDs examined in this study, the typical ARD in
Detroit was a single-family house consisting of two stories, with almost
90% comprising b2000 square feet (Table 1). The year of construction
ranged from 1885 to 1974, with the mean being 1929. Whether there
was an occupied dwelling adjacent to the ARD was not recorded in
over 50% of the cases. Where such information was recorded, over half
of ARDs (51%) were not adjacent to an occupied dwelling on either
side, while a third (34%) were adjacent to only one occupied dwelling.
Information about the presence of asbestos was missing for only 9 of
the 605 ARDs, or 1.5% of the sample in this study. Asbestos was docu-
mented to be present in 95% of the ARDs, with the vast bulk of asbestos
consisting of chrysotile; commercial amphibole was found in only 8, or
1%. In addition, vermiculite was found in 36 ARDs, or 6%. The estimated
or bid cost for the demolition of these ARDs ranged from about $3500 to
$30,000, with the mean just under $11,000. The mean abatement cost
was $2740 (Table 1), and the mean total cost, including abatement
and demolition, was $13,645, with a range of $4722 to $39,700.

The ten most prevalent types of ACM found in these ARDs are sum-
marized in Table 2, including flooring (51% of homes), roofing (48%),
siding (34%), and duct insulation (32%). In addition to these ACMs,
200 of the ARDs contained other ACM including: mastic or glue; chim-
ney mortar; drywall/joint compound or tape; textured ceiling; unspec-
ified debris; heat shield; stair tread; chimney wrap; and stucco. Each of
these other forms of ACMwas found in b6% of ARDs. The total amount of
each of the major types of ACM found in homes varied considerably,
Table 3
Percent chrysotile content in samples collected from 605 abated abandoned residential dwellin

Material type Number of samples containing chrysotile

Duct insulation 195
Pipe insulation 146
Siding 158
Cement 104
Flooring 530
Roofing 60
Sealant 181
Caulk 205
Window glaze 212
Plaster 94
Othera 252

a “Other” category contains heat shield, penetration mud, millboard, drywall joint compoun
vermiculite insulation, and other miscellaneous materials.
with many homes containing multiple types of ACM. For example, the
mean square footage of asbestos-containing plaster in homes found to
have this material (n = 95) was nearly 4400 square feet, while the
mean square footage in homes found to have asbestos-containing ce-
ment (n= 106)was only 4.1 square feet. When all homes were consid-
ered, mean and median amounts were lower by a factor of 2–5,
depending on the specific ACM considered (Table 2).

Chrysotile was found in the vast majority of samples; a summary of
the percent chrysotile content of the major types of ACM found in the
ARDs is shown in Table 3. The mean percent chrysotile content varied
considerably, from to 54.9% (duct insulation) to 1.6% (plaster), with a
similar, though not identical, pattern for the medians. The characteris-
tics of the eight ARDs found to have commercial (i.e., amosite or crocid-
olite) amphibole asbestos are given in Table 4. The range of year of
construction was 1924–1969, with 1937 as the mean. Each ARD with
commercial amphibole had only one type of ACM that contained such
amphibole, with the content ranging from 2% to 40%. Generally, the am-
phibole was only amosite; in one case both amosite and crocidolite
were identified. In four of the five cases in which the location was de-
scribed, the ACMwas located in the basement, and the amount was rel-
atively small (up to 23 square feet). The exception was one ARD that
had 1400 square feet of exterior transite siding containing 2% amosite.

Table 5 shows the characteristics of the 36 ARDs found to contain
vermiculite. These ARDswere slightly smaller and older than the overall
sample, andmore likely to be single story. Of these 36 homes, 28 had re-
ports which noted, “roof system and vermiculite insulationmaterial not
sampled,” while another eight reports stated that the vermiculite was
sampled. For these eight homes, the labs did not actually test for asbes-
tos, but simply noted, “Assumed.” Abatement costs in the homes with
vermiculite were slightly lower than the overall sample, while total de-
molition costs were slightly higher.
gs in Detroit, by type of material.

Mean (SD) Median Range
[min, max]

54.9% (18.5) 65% [(4, 98)]
49.1% (21.0) 55% [(1.25, 95)]
19.0% (9.3) 20% [(0, 43)]
15.8% (18.5) 9% [(1.5, 75)]
9.9% (11.1) 5% [(0, 75)]
9.0% (3.8) 10% [(0, 20)]
6.1% (3.7) 5% [(0, 20)]
6.0% (4.5) 5% [(0, 25)]
2.7% (2.0) 2% [(0, 15)]
1.6% (1.2) 2% [(0, 6.25)]
25.9% (27.5) 10% [(0, 98)]

d, wallboard system, glue pods, chimney wrap or mortar, mastic, construction adhesive,



Table 4
Characteristics of eight abandoned residential dwellings found to contain amphibole asbestos.

House Multi-story? Year built Total sq ft Type of ACM Location in house Amount of ACM Asbestos content

1 Yes 1950 1250 Transite siding Exterior 1400 sq ft 18% chrysotile
2% amosite

2 Yes 1924 1800 Pipe joint insulation 23 sq fta 20% chrysotile
5% amosite
10% crocidolite

3 Yes 1939 1800 Penetration mud Basement; vent covers 20 sq ft 5% chrysotile
40% amosite

4 No 1938 901 Heat shield 10 sq ft 5% chrysotile
15% amosite

5 Yes 1941 1000 Millboard Basement at vents 8 sq ft 8% chrysotile
12% amosite

6 Yes 1969 1000 Stack cement 6 sq ft 15% chrysotile
5% amosite

7 Yes 1926 2278 Cement patch Basement 2 sq ft 60% chrysotile
5% amosite

8 No 1912 966 Cement patch Basement 1 sq ft 10% chrysotile
10% amosite

a Report indicates “metric ft”, but value assumed to be square ft.
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Fig. 1 shows the relationship between total cost and abatement cost
(1a), and between abatement cost and square footage (1b), for the 605
ARDs in the sample. There was a positive correlation between total cost
and abatement cost (Fig. 1a, r = 0.71, p b 0.001); however, only a mar-
ginal association was observed between abatement cost and total
square footage (Fig. 1b) (r=0.09, p=0.054).We also examined the as-
sociations between age of ARD and total cost, and between age of ARD
and abatement cost (data not shown). Correlation coefficients for both
associations were negative (approximately −0.09) and marginally sig-
nificant (p= 0.03–0.04). Table 6 provides a summary of Pearson corre-
lations of the total amount of ACM by type, with abatement costs and
with total costs. Four types of ACM, flooring, siding, plaster and the
“other” category, were each significantly correlated with abatement
costs and the total cost of the removal of the ARD. In addition,
asbestos-containing roofing was significantly correlated with total
cost, but not abatement cost.

4. Discussion

To our knowledge, this is the first study to document the nature and
extent of ACM in ARDs in any city in theUS. Based on the large sample of
605 ARDs in Detroit that we analyzed, one or more types of ACM (and
Table 5
Characteristics of 36 abandoned residential dwellings in Detroit found to contain vermiculite.

Variable Category

Number of floors Single story
Two stories

Total square footage b1000 sq ft
1000 to 1499 sq ft
1500 to 1999 sq ft
≥2000 sq ft

Year built 1885–1914
1915–1919
1920–1924
1925 or later

Abatement cost b$800
$800–$3000
N$3000
Unknown

Demolition cost b$9000
$9000–$12,000
N$12,000
Unknown

Total cost b$11,000
$11,000–$15,000
N$15,000
Unknown
usually multiple types of ACM) were present in 95% of demolished
ARDs. The materials most often found to contain asbestos included
flooring and roofing – both of which were the ACM in approximately
one-half of the sampled ARDs – as well as siding and duct insulation,
which were both found in approximately one-third of the ARDs. The
material containing the greatest fraction of chrysotile asbestos was
duct insulation. In almost 99% of ARDs in which asbestos was found to
be present, the asbestos consisted of chrysotile. Commercial
amphibole-containing material was found in only eight ARDs. For
these occurrences, therewas no clear pattern in terms of age of dwelling
or type of material; however, the amount of material was small, with
the basement being the prevalent location. Vermiculite was identified
in another 36 ARDs (6%), but the amount of vermiculite present was
not characterized.

Our finding that the vast majority (99%) of the 605 sampled ARDs
did not contain commercial amphiboles, but rather the substantially
less-hazardous chrysotile, reduces potential public health risk associ-
ated with ARD demolition. Disease risk for chrysotile in relation to me-
sothelioma and lung cancer is much lower than for commercial
amphibole forms of asbestos. Vermiculitewas noted to be present in an-
other 6% of ARDs. In each of these ARDs, the vermiculite was presumed
to contain asbestos. This suggests that amphibole material
N (%) Mean (SD)
[range]

9 (25%)
27 (75%)

–

16 (44%)
9 (25%)
7 (19%)
4 (11%)

1215 (489)
[404–2326]

5 (14%)
3 (8%)
12 (33%)
16 (44%)

1924 (12)
[1900–1951]

12 (33%)
8 (22%)
10 (28%)
6 (17%)

$2543 ($2779)
[$300–$11,000]

9 (25%)
10 (28%)
11 (31%)
6 (17%)

$11,209 ($3261)
[$6503–$21,545]

6 (17%)
15 (42%)
14 (39%)
1 (3%)

$14,261 ($4022)
[$7642–$22,925]



Fig. 1.Relationship between a) total cost and abatement cost and b) abatement cost and square footage of 605 abandoned residential dwellings. 1One observation at nearly 12,000 sq ft and
nearly $0 abatement cost has been omitted for better visibility of the majority of the data, but is included in the correlation coefficient.
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(i.e., commercial amphibole and/or Libby amphibole) is present in
about 7% of ARDs in Detroit (assuming that, if tested, all of the vermicu-
lite in ARDs actually contained amphibole asbestos and/or asbestiform
amphiboles).

ARD removal costs, either abatement and/or total, were positively
correlated with the predominant categories of ACM materials, flooring
(both abatement and total costs), siding (both abatement and total
costs), roofing (total costs), other (both abatement and total costs).
Many of these materials are considered to be Category I nonfriable, for
example, flooring tiles, siding and roofing. The only additional category
that shows a positive correlation with cost is asbestos- containing plas-
ter, which occurs in 15% of the homes. If such plaster is present, the
amount tends to be large, with a mean value of 4398 square feet.
Asbestos-containing plaster may be a Category II ACM meaning that it
may contain N1% asbestos and may become friable if deteriorated.

The costs associated with abating asbestos in ARDs are not trivial.
The cost of asbestos inspections and abatement among the 605 sampled
ARDs was $2740 on average, or 20.1% of the $13,645 average total cost
to remove an ARD. If this percentage holds true for all ARDs in Detroit
that have been demolished after asbestos abatement (roughly 90% of
the total), the cost of abatement would be roughly $56 million.

While the sample size of 605 demolished ARDs is relatively large,
and was from among N10,000 ARDs removed in Detroit over a three-
year period, it is nevertheless possible that these results are biased in
some way. We believe this to be unlikely, as the homes included in
our analysis were randomly sampled, were located throughout the
City of Detroit, and represent a wide range of construction dates, build-
ing styles, and quality of construction. Asbestos samples from the 605
homes we examined were collected by inspectors from different com-
panies and analyzed by a number of different laboratories. Conse-
quently, the reports summarizing the ACM inspections were
characterized by different formats, styles, and ordering and presenta-
tion of ACM-related findings. While these differences could introduce
bias into our findings, the fact that all inspectors were licensed and



Table 6
Pearson correlations of total ACM material amount in 605 abandoned residential dwell-
ings, by ACM type, with abatement and total costs.

ACM type Abatement cost Total cost

Flooring 0.18⁎⁎ 0.28⁎⁎⁎

Pipe insulation 0.04 0.11
Siding 0.38⁎⁎⁎ 0.24⁎⁎

Caulk 0.16 0.16
Cement −0.18 0.12
Sealant 0.24⁎ 0.16
Duct insulation 0.00 0.05
Plaster 0.62⁎⁎⁎ 0.52⁎⁎⁎

Roofing 0.05 0.21⁎⁎⁎

Window glaze −0.04 0.09
Othera 0.50⁎⁎⁎ 0.38⁎⁎⁎

⁎ p b 0.05.
⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.

a “Other” category contains heat shield, penetration mud, millboard, drywall joint
compound, wallboard system, glue pods, chimney wrap or mortar, mastic, construction
adhesive, vermiculite insulation, and other miscellaneous materials.
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trained in a consistent manner, and that the labs were all externally
accredited, we believe any errors introduced by the different inspectors
and laboratories would be random and most likely bias our results to-
wards thenull. Finally, it is possible that vermiculitewasmore prevalent
thanwas noted in the ARD inspection reports. Some inspectorsmay not
have recorded vermiculite systematically (though we have no evidence
to suggest this), which would introduce bias into our estimates of the
presence of vermiculite and the associated potential for ACM. The
guidelines for inspection do call for recording the presence of vermicu-
lite, so we believe this to be a relatively low likelihood.
5. Conclusions

Our study appears to be the first to summarize the characteristics of
abandoned residential dwellings targeted in a large-scale urban demo-
lition effort. Our results indicate that asbestos is likely present in about
95% of ARDs in the City of Detroit. A similar fraction of ARDs in other
US cities that experienced substantial growth and development in the
late 19th to mid 20th century may contain asbestos. The predominant
form of asbestos was chrysotile asbestos and, in fact, it was the only
type of asbestos present in over 92% of the sampled homes (again, as-
suming that, if tested, all of the vermiculite in ARDs actually contained
amphibole asbestos and/or asbestiform amphiboles). This form of as-
bestos is much less potent than amphiboles in inducing lung cancer or
mesothelioma, the health outcomes of primary concern (Berman and
Crump, 2008; Garabrandt and Pastula, 2018; Hodgson and Darnton,
2000; Korchevskiy et al., 2019). Previous research has shown a low
probability of elevated exposures to asbestos after abatement and
scraping of nonfriable materials such as asbestos-containing floor tiles
(Lange, 2002) and roofing materials (Sheehan et al., 2010). Our study
showed that the majority of the potentially friable asbestos was inside
the home, with the few commercial amphibole ACMs located in the
basement. Furthermore, the homes are collapsed inward, and usually
sprayedwithwater during demolition, reducing the possibility of asbes-
tos airborne emissions. Published measurements of airborne asbestos
emissions during the demolition of partially-abated commercial or
non-residential structures showed minimal increases above back-
ground (Perkins et al., 2007; Wilmoth et al., 1994). However, there
have been no studies to assess asbestos emissions during demolition
of ARDs. To provide more conclusive evidence about the nature and ex-
tent of asbestos emissions during demolition of ARDs, it would be criti-
cal to make air measurements during the process. This study
contributes information about the nature and extent of ACM in ARDs,
which can provide part of the foundation for making an assessment of
possible asbestos-containing air emissions during the demolitions of
ARDs, and the nature or extent of pre-demolition abatement that may
be needed (if any) to protect the public's health.
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