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Using exterior building surface films to assess human exposure
and health risks from PCDD/Fs in New York City, USA,
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Abstract

Concentrations of tetra- through octa-chlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) were determined in exterior window
films from Manhattan and Brooklyn in New York City (NYC), USA, 6 weeks after the World Trade Center (WTC) attacks of 11 September 2001.
High concentrations of the 2,3,7,8-substituted congeners (P2378CDD/Fs) were observed, at levels up to 6600 pg-TEQ g−1 nearest the WTC site.
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An equilibrium partitioning model was developed to reconstruct total gas + particle-phase atmospheric concentrations of P2378CDD/Fs at eac
site. The reconstructed atmospheric and window film concentrations were subsequently used in a preliminary human health risk as
estimate the potential cancer and non-cancer risks posed to residents of lower Manhattan from these contaminants over the 6 we
period between the WTC attacks and sampling dates. Residents of lower Manhattan appear to have a slightly elevated cancer risk
increase over background) and increased P2378CDD/F body burden (up to 8.0% increase over background) because of above-bac
exposure to high concentrations of P2378CDD/Fs produced from the WTC attacks during the short period between 11 September 20
window film sampling 6 weeks later.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The World Trade Center (WTC) attacks in New York City
(NYC) on 11 September 2001 destroyed the twin towers and
adjacent structures of this complex and resulted in the death
of nearly 3000 persons. Previous work has shown increased
exposure to numerous contaminant classes, both organic and
inorganic, for residents and worker in affected areas of NYC
from these terrorist attacks[1–3]. Among the various or-
ganic contaminants of concern are polychlorinated dibenzo-
p-dioxins and dibenzofurans (PCDD/Fs) which are the focus
of the current study. Six weeks following the attacks of 11
September 2001, window films on building exteriors at seven
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NYC sites in Lower Manhattan and one site in Brooklyn w
sampled[4]. Window films such as these provide a sam
of the complex mixture of semivolatile organic compou
(SVOCs; e.g. PCBs, PCDD/Fs, PAHs) that humans and
are exposed to in urban and rural environments. Pre
analyses of these window films demonstrated extremely
concentrations of PCDD/Fs, at levels near the WTC tha
among the highest ever reported PCDD/F concentratio
abiotic compartments and are in the upper range of eve
most contaminated incinerator ash[4]. However, the poten
tial human health risks of these high PCDD/F concentrat
particularly the 2,3,7,8-substituted congeners (P2378CDD/F),
were not considered in detail in this previous work. Thus
present study aims to provide a more complete estima
potential atmospheric P2378CDD/F levels in lower Manha
tan following the WTC attacks of 11 September 2001, an
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examine the potential health risks posed by such high levels
of these contaminants residing in close proximity to residents
of the affected areas.

2. Methods

2.1. Sampling and analysis

Organic film samples were collected from the outside of
windows at eight sites (seeFig. 1 for locations) in lower
Manhattan and Brooklyn, NYC, USA, by scrubbing the
surfaces with pre-cleaned laboratory Kimwipes® soaked in
HPLC grade isopropanol. All sampling locations were on
window surfaces facing the WTC site. Sampling was con-
ducted between 27 and 29 October 2001. Average air tem-
peratures over the period from 11 September 2001 to 27
October 2001 were calculated using meteorological data
provided by the National Weather Service and available at
http://www.nws.bnl.gov/climate.html. The average temper-
ature of 290.1 K is the geometric mean of daily average
temperatures over this period. Samples were collected from
either ground level or second story windows and a 10 cm
border was left on all windows to prevent direct contami-
nation from building materials. Following collection, sam-
ples were stored in pre-cleaned glass jars in the dark and
f ec-
t ith
q and
v lysis
b tion
m here
[

mpling

2.2. Atmospheric concentration reconstruction

Concentrations of the 17 P2378CDD/F analytes at each
sampling location in units of pg analyte per gram of ex-
terior window film (pg g−1) are provided inTable 1, and
are also available elsewhere[4]. Analyte concentrations in
pg g−1 were converted to toxic equivalents (TEQs) through
multiplication by the respective World Health Organization
toxic equivalence factors (TEFs) for each analyte[6,7] and
are also provided inTable 1. Window film concentrations
in units of pg analyte per square meter of window surface
(pg m−2), available in previous work from our group[4], were
converted to units of pg analyte per cubic meter of window
film (pg m−3) through multiplication by the average window
film thickness of 1.2× 10−7 m (120 nm) and are presented
in Table 2. Octanol-air partition coefficients at the average
daily temperature in NYC (290.1 K) over the period from
11th September through 25 October 2003, were calculated
for each analyte using the regression equations provided else-
where[8] and are presented inTable 2. Gas phase atmospheric
concentrations of each analyte were subsequently calculated
using the following relationship[4],

Cgas-phase= Cfilm

Koa × Fom

whereCgas−phaseandCfilm are the analyte concentrations (in
p terior
w -
e
i ork
h rox-
i
a t the
rozen at−20◦C until analysis. Further details on the coll
ion of urban organic films using this method, along w
uality control/quality assurance (QA/QC) protocols
alidation for SVOCs, and sample processing and ana
y high-resolution gas-chromatography with high-resolu
ass spectrometry (HRGC–HRMS) are provided elsew

4,5].

Fig. 1. Exterior window film sa
 locations in New York City, USA.

g m−3) in the gas phase of the atmosphere and the ex
indow film, respectively,Koa is the octanol-air partition co
fficient at the temperature of interest (i.e. 290.1 K), andfom

s the fraction of organic matter in the film. Previous w
as shown exterior building surface films to contain app

mately 20% organic matter by weight[5,9], hencefom was
ssumed to equal 0.2 for the present study. To conver

http://www.nws.bnl.gov/climate.html
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gas phase concentrations into gas + particle-phase concen-
trations, the following relationship was used[8],

Cgas+particle-phase= Cgas-phase

(1 − φ)

whereϕ is the fraction of total contaminant on particulates
(i.e. (1 − ϕ) is the fraction of total contaminant in the gas
phase). To calculate (1− ϕ), the particle–gas partitioning
constant (KP) was first calculated using the following rela-
tionship: logKP = logKoa + log fom − 11.91[8]. Assuming
an average total suspended particulate concentration (TSP) of
70�g m−3 in the sampling region over the period of interest
[2], (1 − ϕ) may be calculated using the following formula
[8],

1 − φ = 1 −
[

KP × TSP

(KP × TSP)+ 1

]

whereϕ is the fraction of contaminant on suspended particu-
lates,KP is the particle–gas partition coefficient, and TSP is
the total suspended particulate concentration. To convert the
gas phase analyte concentrations calculated above into gas +
particle-phase concentrations, the gas phase concentrations
were divided by (1− ϕ) as follows:

Cgas+particle-phase= Cgas-phase

(1 − φ)
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The reconstructed gas + particle-phase concentratio
oth units of fg m−3 and fg-TEQ m−3 are presented inTable
.

.3. Human exposure and risk assessment

The daily inhalation exposure dose can be calculate
Din = [IN × HRD × C × ABS]/BW where DD is the dail
ose (pg-TEQ kg−1 d−1), IN is the inhalation rate (m3 h−1),
RD is the hours per day of inhalation (h),C is the analyte
oncentration (pg-TEQ m−3; equal toCgas+ particle−phaseas
efined above), ABS is the fraction of contaminant inh
hich is absorbed (dimensionless; assumed to equal
nd BW is the body mass (kg) assumed to be 70 kg fo
verage adult)[2]. The soil ingestion exposure dose can
alculated as DDsi = SIR× C × ABS/BW where SIR is th
oil ingestion rate (g d−1; assumed to equal 0.050 g d−1), C
s the analyte concentration (pg-TEQ g−1; equal toCfilm as
efined above), ABS is the fraction of contaminant inge
ith soil which is absorbed (dimensionless; assumed to e
.0), and BW is the body mass (assumed to be 70 k

he average adult)[7]. The soil dermal contact absorpti
ose can be calculated as DDsdc = SCR× C × ABS/BW
here SCR is the soil contact rate (g d−1; assumed to equ
2 g d−1), C is the analyte concentration (pg-TEQ g−1; equa

oCfilm as defined above), ABS is the fraction of contamin
ontacted dermally in soil which is subsequently abso
dimensionless; assumed to equal 9.93× 10−4), and BW is
he body mass (assumed to be 70 kg for the average adu[7].
he average daily dose (ADD; pg-TEQ kg−1 d−1) for each o
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these exposure pathways is the geometric mean of daily doses
over the period of exposure. For the purposes of preliminary
exposure modeling, the individual resident/worker at each
site was exposed 24 h per day, 7 days per week, over the 43
day period from 11th September through 25 October, 2003.

Cancer risks were estimated as LADD = ADD× [ED/LT]
where LADD is the lifetime daily dose (pg-TEQ kg−1 d−1),
ADD is the average daily dose during the period of exposure
(pg-TEQ kg−1 d−1), ED is the exposure duration (d; equal
to 43 days), and LT is the individual’s lifetime (d; equal to
25,568 days). The cancer risk may then be calculated as Risk
= LADD × SF where Risk is the upper bound incremental
excess cancer risk that results from an exposure described
by LADD, and SF is the upper bound cancer slope factor
expressed in inverse units to LADD (kg d pg-TEQ−1; equal
to 1.56× 10−4 kg d pg-TEQ−1) [2].

For non-cancer risks, the United States Environmen-
tal Protection Agency (USEPA) recommends a concentra-
tion based, or body burden, approach where the contam-
inant concentration is expressed on a lipid weight basis.
With the assumption that humans are 25% lipids by weight,
whole weight concentrations can be converted to lipid weight
through division by 0.25. Assumptions inherent in this ap-
proach are that P2378CDD/Fs have a half-life of 7 years in
humans, and that the current estimated P2378CDD/F body
burden in adults from the United States is 18 pg-TEQ per
g ar-
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p tem-
ram of body lipid[2]. A one-compartment, first order ph
acokinetic model can be used to estimate the body bu

esulting from a defined intake regime. For an exposu
nite time, the non-steady state form of the model to pre
n increment in body burden (IBB) from a constant int
ose is

BB = ADD

(k × LW)
× (1 − e−kt)

here IBB is the increment of body burden on a lipid b
pg g−1 LW), ADD is the average daily dose expressed
n a body weight basis (pg-TEQ d−1), k is the first order dis
ipation rate constant (d−1), LW is the weight of body lipid
g; equivalent to full body weight multiplied by 0.25), andt is
he exposure duration (d). Values of 17,500 g for lipid we
i.e. 70 kg× 0.25) and ak of 2.67× 10−4 d−1 (equivalen
o a 7.1 years half-life) are used for an average adult.
ercent increase in body burden can then be calculat

IBB/BK] × 100% where BK is the background body b
en of 18 pg-TEQ per gram of body lipid[10]. This method
xplicitly accounts for how the limited duration exposure
esidents and workers in NYC to PCDD/Fs produced by

TC attacks affects an otherwise normal lifetime PCD
xposure.

. Results and discussion

Sampling of exterior window films in New York City a
roximately 6 weeks after the terrorist attacks of 11 Sep
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Table 3
Estimated PCDD/F-TEQ based human exposure and assessed health risks for residents in New York City following the World Trade Center attacks

Exposure route US average
background
intake

Brooklyn NYC resident

Manhattan
(Church &
Warren)

Manhattan
(Broadway
& Worth)

Manhattan
(Smithsonian
NMAI)

Manhattan
(Broadway
& Canal)

Manhattan
(City Hall
Station)

Manhattan
(16th Street &
3rd Avenue)

Manhattan
(NYU-Grey
Art Gallery)

Soil ingestion 0.47 3.7 330 160 110 55 44 42 1.0
Soil dermal contact 0.11 0.89 78 37 26 13 11 10 0.25
Freshwater fish and

shellfish
13 13 13 13 13 13 13 13 13

Marine fish and
shellfish

4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9

Inhalation 1.6 1.1 120 49 37 17 13 13 0.31
Milk 8 .4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
Dairy 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8
Eggs 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Beef 13 13 13 13 13 13 13 13 13
Pork 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Poultry 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3
Vegetable fat 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Water 0.00077 0.00077 0.00077 0.00077 0.00077 0.00077 0.00077 0.00077 0.00077
Total 65 69 590 306 230 150 130 130 64
Percent of daily

intake via soil
0.9 6.8 69.1 63.4 57.2 46.2 42.1 41.1 2.0

Percent of daily
intake via food +
water

96.6 91.6 10.6 20.4 26.9 42.2 48.1 48.9 97.5

Percent of daily
intake via
inhalation

2.5 1.6 20.3 16.1 15.9 11.5 9.8 10.0 0.5

ADD 0.92 0.97 8.4 4.4 3.3 2.1 1.9 1.8 0.91
LADD 0.0016 0.0016 0.014 0.0073 0.0056 0.0036 0.0031 0.0031 0.0015
Cancer risk 2.4 × 10−7 2.6 × 10−7 2.2 × 10−6 1.1 × 10−6 8.7 × 10−7 5.5 × 10−7 4.9 × 10−7 4.8 × 10−7 2.4 × 10−7

Percent cancer risk
increase

0.17 0.18 1.6 0.82 0.62 0.40 0.35 0.34 0.17

IBB 0.16 0.17 1.4 0.75 0.57 0.36 0.32 0.31 0.16
Percent IBB in-

crease
0.88 0.93 8.0 4.2 3.2 2.0 1.8 1.7 0.87

ber 2001 revealed high concentrations of P2378CDD/Fs close
to the former site of the World Trade Center (Fig. 1andTable
1). Exterior window film concentrations near the WTC site
ranged up to 6600 pg-TEQ g−1, in sharp contrast to back-
ground samples in mid-Manhattan and Brooklyn having con-
centrations of 75 and 21 pg-TEQ g−1. The concentrations of
all P2378CDD/F congeners were greatly elevated in exterior
window films near the WTC site, as discussed more exten-
sively elsewhere[4], ranging up to 80,000 pg g−1 compared
to background concentrations of 620–5700 pg g−1. A model
for reconstructing atmospheric contaminant concentrations
from exterior building surface films was subsequently devel-
oped to estimate the total gas + particle-phase P2378CDD/F
concentrations in regions of lower Manhattan and Brooklyn
near where sampling sites were located. Using this model,
total gas + particle-phase atmospheric P2378CDD/F concen-
trations exhibited a similar spatial pattern to that observed in
the exterior window films, with high concentrations near the
WTC site (up to 4800 fg-TEQ m−3 or 41,000 fg m−3) declin-
ing to background levels of 12 fg-TEQ m−3 (or 250 fg m−3)
and 45 fg-TEQ m−3 (or 2200 fg m−3) in mid-Manhattan and
Brooklyn, respectively (Table 2). These reconstructed atmo-

spheric P2378CDD/F concentrations are in the range of values
given by the USEPA monitoring stations near the WTC site
(340–139,000 fg-TEQ m−3) [2], appearing to lend credibility
to the modeling approach. Thus, estimated atmospheric con-
centrations of P2378CDD/Fs near the WTC site at the time
of sampling 6 weeks after the building collapses were up
to 2.6 orders of magnitude higher than background levels
only a few kilometers away. A rudimentary human health
risk assessment was then performed using the exterior win-
dow film and reconstructed gas + particle-phase atmospheric
P2378CDD/F concentrations to examine the potential cancer
and non-cancer risks in regions impacted by the WTC con-
taminant plume from this limited duration contaminant ex-
posure. Assuming a continuous (i.e. 24 h per day) exposure
duration of 43 days from 11 September to 25 October 2001
(first of the 2 days of window film sampling) a percent cancer
risk increase of 1.6% is estimated for residents closest to the
WTC site (Table 3). In contrast, residents of mid-Manhattan
and Brooklyn would only experience an estimated 0.17%
increase in cancer risk from P2378CDD/F exposure over this
time period. In addition, residents nearest the WTC site would
experience an estimated 8.0% increase in P2378CDD/F body
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burden from this initial 43 day exposure period, compared to
increases of 0.87 and 0.88% for residents of mid-Manhattan
and Brooklyn, respectively. Hence, the WTC attacks appear
to have increased incremental cancer and non-cancer risks by
up to one order of magnitude over normal background levels
for those residents near the WTC site.

Several assumptions have been made in both reconstruct-
ing atmospheric P2378CDD/F concentrations and in assess-
ing exposure routes that may have led to either overall under-
or over-estimates of actual risk in the current study. As an
equilibrium partitioning model was used to reconstruct atmo-
spheric concentrations, equilibrium between the atmosphere
and the exterior window films had to be assumed. Previ-
ous work has shown such equilibrium to be achieved rather
quickly (i.e. within a few days)[11]; thus, the equilibrium
assumption appears to be reasonably valid for the purpose
served. In addition, all exterior building surfaces near each
site were assumed to have organic films with approximately
the same P2378CDD/F concentrations as were observed in
the window films. In the event that windows were preferen-
tial “kinetic sinks” for atmospheric phase P2378CDD/Fs, and
nearby exterior surfaces (e.g. concrete, wood, plastic, metal,
asphalt) did not accumulate the contaminants to the same
degree, then local equilibrium would not be attained and a
continuing redistribution of P2378CDD/Fs would be occur-
ring over time to equilibrate concentrations in all local sur-
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ambient levels of 30�g m−3 at rural sites[8]. Hence, overall
atmospheric P2378CDD/F concentrations are likely underes-
timated as the model does not account for the extremely high
TSP concentrations in the first few days after the WTC at-
tacks.

An additional important assumption is the temporal pat-
tern of P2378CDD/Fs within the window films. The recon-
structed atmospheric concentrations assume that the window
films had unchanging P2378CDD/F concentrations over the
6 weeks after the WTC attacks. Monitoring data from the
USEPA showed clearly that atmospheric P2378CDD/F con-
centrations declined by nearly an order of magnitude within
several weeks of 11 September 2001. Assuming a short time
for equilibrium to be established between the atmosphere
and window films suggests that the window films acted as a
P2378CDD/F “sink” for the initial few weeks after the WTC
attacks, and may have been acting as a P2378CDD/F “source”
around the time of sampling. Thus, the P2378CDD/F concen-
trations in the window films could have been significantly
higher during the initial portion of the 6 week exposure pe-
riod modeled in the current study, and hence, the risk assess-
ment presented here may in fact significantly underestimate
the actual exposure to P2378CDD/Fs by residents of lower
Manhattan.

An additional assumption with regard to the prelimi-
nary risk assessment is that the PCDD/Fs produced
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oncentrations would be expected to be relatively consta
ny given time within a local area and up to a height app

mately equivalent to that the mean value for nearby b
ngs. Diurnal and daily temperature variations would
nfluence the atmospheric concentrations through a cha
ctanol-air partition coefficient (Koa) value, which decreas
ith increasing temperature. However, given the othe
umptions within the model, use of an overall daily ave
ir temperature over the exposure period of interest w

ikely not introduce any unreasonable error. It must be n
hat because of nocturnal cooling and daytime heating
stimated nighttime and daytime atmospheric P2378CDD/F
oncentrations would be expected to be higher and lo
espectively, than the mean values presented above.

Furthermore, the actual atmospheric particulate con
rations play a major role in estimating the particle-ph
2378CDD/F concentrations shown inTable 2, with higher
SP concentrations resulting in correspondingly hig
2378CDD/F concentrations as illustrated above in the
vant governing equations. The mean TSP concentrati
0�g m−3 used in the model is based on USEPA monito
ata throughout Manhattan during the period of interes[2],
nd is likely a conservative estimate because several “sp
f TSP concentrations >100–200�g m−3 were observed i

ower Manhattan in the first few days and weeks follow
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y the WTC attacks did not affect the intake quant
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ot affected by the WTC attacks. However, those resid
onsuming “home-grown” vegetables in areas near the W
ttacks may have experienced elevated dietary intak
2378CDD/Fs are well known to partition onto exterior ve
tative surfaces. Thus, asTable 3indicates, exposure intak

rom food sources were set to equal the US average
round intake values for residents of NYC. As well, N
eceives much of its water supply from upper New Y
tate in the Catskill/Delaware and Croton watersheds
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ot affected by contaminants from the WTC attacks,
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concentrations. As there is of yet no work reporting PCDD/F
levels in soils from near the WTC site, it is unclear how us-
ing window films as a surrogate for soils influences the risk
assessment results. Furthermore, polychlorinated biphenyls
(PCBs) may contribute to TEQ exposure and should be con-
sidered in any risk assessment once the data becomes avail-
able. While total PCB concentrations in dusts and the at-
mosphere have been reported elsewhere[1,2], the congener
specific concentrations needed to calculate PCB–TEQ expo-
sure from the WTC attacks for residents of varying regions
of NYC are not available.

Inhalation, soil ingestion, and soil dermal exposures
to P2378CDD/Fs are all increased in approximately equal
amounts near the WTC site, each by up to 2.6 orders of mag-
nitude over background levels in mid-Manhattan and Brook-
lyn. Whereas the average US resident receives∼97% of his
daily intake via food and (to a much lesser extent) water, with
only 1.0% from soil ingestion or dermal exposure and 2.5%
via inhalation, residents nearest the WTC are estimated to
receive up to 70% of their daily intake via soil derived routes
and up to 20% via inhalation during the time period under
study. Thus, the PCDD/Fs produced from the WTC attacks
are expected to shift exposure dominance from food to soil
and inhalation intake routes for this short duration period.
Background regions of Brooklyn and Manhattan have very
similar intake patterns and quantities to the US average over
t od
+ ion,
a
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and non-cancer health risks to residents and workers near the
WTC site.

Acknowledgments

Thanks are extended to Matthew Lorber of the United
States Environmental Protection Agency for helpful discus-
sions and encouragement on the manuscript. The author is
grateful to those residents and building owners of New York
City who allowed our research group to sample at the site
locations described above.

References

[1] P.J. Lioy, C.P. Weisel, J.R. Millette, S. Eisenreich, D. Vallero, J.
Offenberg, B. Buckley, B. Turpin, M.H. Zhong, M.D. Cohen, C.
Prophete, I. Yang, R. Stiles, G. Chee, W. Johnson, R. Porcja, S.
Alimokhtari, R.C. Hale, C. Weschler, L.C. Chen, Environ. Health
Perspect. 110 (2002) 703–714.

[2] National Center for Environmental Assessment, Exposure and Hu-
man Health Evaluation of Airborne Pollution from the World Trade
Center Disaster, United States Environmental Protection Agency,
Washington, DC, USA, 2002.

[3] J.H. Offenberg, S.J. Eisenreich, L.C. Chen, M.D. Cohen, G. Chee,
C. Prophete, C. Weisel, P.J. Lioy, Environ. Sci. Technol. 37 (2003)
502–508.

ng,

.A.
ci.

m,
S.W.
.D.

k, D.
n.

Hu-

l Pro-

. 34

01)

01)
he study period, with from 91.6 to 97.5% arriving via fo
water, from 2.0 to 6.8% via soil contact and/or ingest

nd from 0.5 to 1.6% via inhalation.
The results presented above suggest that PCDD/Fs

ng in exterior surface films and soils from lower Manha
roduced from the WTC attacks may pose a human h

hreat, with residents nearest the WTC site potentially ex
ncing P2378CDD/F intakes via soil and inhalation up to 2
rders of magnitude higher than typical background le
easured in mid-Manhattan and Brooklyn during the t
eriod under study. Furthermore, total exposures at site
ated near the WTC are estimated to increase cancer ris
p to 1.6% and to increase total P2378CDD/F body burden
y up to 8.0% over background levels. Continuing expo

o high P2378CDD/F levels after the initial 6 week period fo
owing the WTC attacks, and the inability to fully acco
or the even higher P2378CDD/F levels immediately follow
ng the building collapses, may have resulted in greater ca
[4] S. Rayne, M.G. Ikonomou, C.M. Butt, M.L. Diamond, J. Truo
Environ. Sci. Technol. (2004), in press.

[5] M.L. Diamond, S.E. Gingrich, K. Fertuck, B.E. McCarry, G
Stern, B. Billeck, B. Grift, D. Brooker, T.D. Yager, Environ. S
Technol. 34 (2000) 2900–2908.

[6] M. Van den Berg, L. Birnbaum, A.T.C. Bosveld, B. Brunstro
P. Cook, M. Feeley, J.P. Giesy, A. Hanberg, R. Hasegawa,
Kennedy, T. Kubiak, J.C. Larsen, F.X.R. van Leeuwen, A.K
Liem, C. Nolt, R.E. Peterson, L. Poellinger, S. Safe, D. Schren
Tillitt, M. Tysklind, M. Younes, F. Waern, T. Zacharewski, Enviro
Health Perspect. 106 (1998) 775–792.

[7] National Center for Environmental Assessment, Exposure and
man Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD) and Related Compounds, United States Environmenta
tection Agency, Washington, DC, USA, 2000.

[8] T. Harner, N.J.L. Green, K.C. Jones, Environ. Sci. Technol
(2000) 3109–3114.

[9] S.E. Gingrich, M.L. Diamond, Environ. Sci. Technol. 35 (20
4031–4037.

[10] M. Lorber, Sci. Total Environ. 288 (2002) 81–95.
[11] M.L. Diamond, D.A. Priemer, N.L. Law, Chemosphere 44 (20

1655–1667.


	Using exterior building surface films to assess human exposure and health risks from PCDD/Fs in New York City, USA, after the World Trade Center attacks
	Introduction
	Methods
	Sampling and analysis
	Atmospheric concentration reconstruction
	Human exposure and risk assessment

	Results and discussion
	Acknowledgments
	References


