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Abstract: Problem statement: Respiratory complications have been linked withasxpe to dust
particulates after the tragedy of September 11@012at the World Trade Center (WTC) site.
Approach: The purpose of these experiments was to investiaeextent of cellular damage
resulting from WTC dust exposurBesults: This research project was conducted with human lung
fibroblast cells exposed to WTC dust. To deternifrezll proliferation levels were affected, cultdre
cells were exposed to WTC dust at various concgotr® in simulated physiological stress
environments via decreased serum levels. Resulisaited that cell proliferation levels decreased as
WTC dust concentrations increased. This patterrsigted regardless of serum level. The serum
concentrations used were 10% Fetal Bovine SerunS)F#hich represented a non-stressed system,
with 2.5 and 1% FBS concentrations used to simukitessed environments. Assessment for
apoptosis, programmed cell death, resulted in higfen baseline levels in cells exposed to WTC dust
in both MRC-5 and WI-38 human lung fibroblas€@onclusion/Recommendations: In summary,
results showed that exposure to WTC dust led toedsed cell proliferation and increased apoptosis
levels. These findings evidence need for futureeassh regarding mutagenic properties of World
Trade Center dust.
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INTRODUCTION also suggested that diesel was correlated witle#sed
levels of lung cancéf’. The dust sample used for this
On September 11, 2001, a large quantity of dusstudy was provided by Li&} and was originally
filled the air following the collapse of the Worldtade  obtained from the hood of a parked vehicle on Marke
Center Towers. Once the dust began to settlevdred  Street. This dust contained the materials rescukes®
a large portion of lower Manhattan. A research teanwould have been most likely to have inhaled.
from Rutgers University, directed by Lidy examined Occupational inhalation of heavy metals is
various collections of World Trade Center dust toassociated with lung cancBts Materials within the
determine its chemical composition. They analyzedNTC dust included lead, asbestos, glass, as well as
samples containing different particle sizes. Thgds, ~ numerous  aromatic ring compoufitis The
heavier particles settled before the lighter smalleInternational Agency for Research on Cancer has
particles. The lighter particles remained in theasid  categorized certain heavy metals as carcindgefibe
floated a greater distance from the World Tradet&@en respiratory system is a direct target of possible
(WTC) site than the larger particles. The collectiites  environmental carcinogefs Lungs respond to inhaled
for dust analyzed in this study were Market Streetagents in a variety of ways. Inhaled agents mag tea
Cherry Street and Cortlandt Street. The samples aofonstriction of air passages as well as destruation
WTC dust analyzed contained numerous heavy metalsing tissu€'. For example, the inhalation of nickel-
as well as jet fuel hydrocarbdfsIn a study on diesel containing substances has been shown to be limked t
fuel conducted in Massachusetts, it was found thatise in Transforming Growth Factor Beta (TGF-B)
higher diesel particulate matter levels in an aredevels, yielding morphological changes in the lung
coincided with increased levels of asthma. Thiglgtu tissue. These changes to the lung tissue may essdt r
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in respiratory failureY. Inflammation of the lung monolayer in the subcultured flasks, the MRC-5 and
tissues as a result of inhaled toxins is also ciemed to  WI-38 cells were placed into the wells of a flattbm
be a lung cancer risk factdr 96 well plate and grown in MEM with 10% FBS until
“World Trade Center Cough” first surfaced within confluent monolayers formed. Upon formation of a
24 h after the building collapses. Rescue workergonfluent monolayer in each well, the MEM with 10%
assessed during a 6 month period following theFBS was removed and specific test media were added.
incident, presented symptoms which resulted in the&ll cells were exposed to the test media for aqubof
diagnosis of Reactive Airway Dysfunction Syndrome24 h, incubated at 37°C with 5% g@uring that time.
(RADS). Symptoms of RADS include wheezing, The proliferation portion of this study was condagtt
difficulty breathing, bronchial constriction, redat using lower percentages of FBS in the media to
lung volume capacity, as well as possible abnotieali simulate the effects of physiological stress ondéis.
in the morphology of cells lining the air passdges The lower FBS levels used were 2.5% and 1%. The
Lung carcinomas are the leading cause of canceéhslea proliferation study used only MRC-5 cells. Prold&on
throughout the worfl. Cancerous cells contain an assessment utilized the Promega CellTiter 96 Agsieou
unstable genome, which may include fragmented DNANon-Radioactive Cell Proliferation Assay (Cat.
Genomic damage to a cell can be used to indicake ri #G5421), following Promega technical bulletin
for inducing cancer in exposed célls #TB169. Readings at 490nm were taken after
The cell cycle summarizes cell activity from its incubation. To normalize data, control value was
initial formation to its death. The cell cycle is subtracted.
comprised of the following phasesi/Gy, S, G and M. The apoptosis study was performed using both
The progression of the cell cycle is dependent upoMRC-5 and WI-38 cells. Promega Caspase-Glo 3/7
signals originating from DNA, cyclins, cyclin Assay (Cat. #G8091), following Promega technical
dependent kinases and various inhibitors. If DNA isbulletin #TB323, was used for the assessment of
damaged beyond repair and the, @hase is not apoptosis. Arrangement within 96-well plates was
activated, the cell may undergo apopt8si€hanges in  similar to the proliferation study. However, only225
a cell’'s morphology, cytoskeletal structure and DNAand 250 ppm concentrations of WTC dust were used
damage are indicators of cells which may undergdollowing the assessment of the proliferation stuigy
apoptosi€l. Identifying WTC dust as a potential addition, the same concentrations were used with
mutagen/carcinogen may aid in better identificattdn household dust and gypsum for comparison to WTC
those who may be at an elevated risk for lung aancedust. Gypsum is a component of dry wall used intmos
This may also assist in understanding a potentiabuildings. Household dust was assessed as it is a
occupational hazard arising from building demofitio substance that is normally inhaled on a daily basi$
cannot be avoided. Following exposure of 24 h & te
MATERIALSAND METHODS media, luminescence readings were taken. As wih th
proliferation study, the control value was subtedcto
MRC-5 and WI-38 Human Lung Fibroblast Cells normalize the data.
were initially grown in Eagle’s Minimum Essential Particle size analysis was conducted to ensute tha
Medium (MEM), supplemented with 10% Fetal Bovine particles of each sample were of comparable sipe. T
Serum (FBS) in T-25 flasks. Subculturing was particle size analysis was conducted using a Msigtar
consistently performed via scraping, following the 2000 unit with a Hydro 2000 MU Unit Accessory by
formation of a confluent monolayer of cells. Alagks  Malvern Instruments. Millipore filtered water wased
containing cells were incubated at 37°C in anto take a background measurement before each sample
environment with 5% C@ Sterile conditions were was analyzed. These background measurements were
maintained throughout the duration of the projectthen cancelled out from the household dust, gypsum
Preparation of a stock solution of WTC dust withand World Trade Center dust readings. Analysis of
media was made by measuring out 100 mg of WTC DustVTC dust and household dust was performed using the
under a fume hood and adding sufficient MEM (with Carbon Standard Operating Procedure (SOP). Gypsum
10% FBS) to bring the overall volume up to 100 mL.was analyzed using the Gypsum SOP.
This stock solution represents a 1000 ppm
concentration of WTC dust. Appropriate dilutionsreve RESULTS
performed to make 250, 125, 25, 12.5, 2.8 B@5
ppm WTC dust solutions. As a control, MEM with 10% Proliferation: Figure 1 shows the corrected data
FBS was used. Following the formation of a conftuen (control subtracted from each experimental condjtio
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for all test conditions of the proliferation assay increases, a drop in proliferation is seen in axprately
conducted with MRC-5 human lung fibroblast cells. equal levels regardless of FBS concentration inAfieC
Higher negative absorbance values indicate dealeaselust media. 10% FBS simulates normal (non-stressed)
proliferation. conditions, while 2.5% and 1% FBS conditions sirtaila
a stressed environment on the MRC-5 lung cells by
Apoptosis:  Figure 2 shows the apoptosis datadepriving the cells of nutrients available to thefine
normalized against 10% FBS media + reagent, lackinglata indicates a similar level of decreased pralifen
cells. The empty column on the far left of eachpbra regardless of stress conditions placed on the. cells
represents the normalized data. The reading for the Assessment of the MRC-5 and WI-38 lung cell lines
column is near 0 with minimal error. Baseline apsgt  for apoptotic activity (Fig. 2) suggests that apg is
levels are represented in the column on the fdt@§  occurring at higher than baseline levels in MRCAE a

each graph (labeled cells + 10% + reagent). WI-38 cells exposed to 250 and 25 ppm WT1u&d
Particle size analysis: Figure 3 shows the size analysis i e i
obtained from the Mastersizer 2000 with the Hydro 3 005 .
2000 MU Unit Accessory by Malvern Instruments. The % 10
tallest peaks represent the highest concentratidhea £ -1
size level. g o2
5 025
DISCUSSION £ 030
© 035
The proliferation study (Fig. 1) shows that e Concestration of WTC dust (PPMD)

12.5 ppm and higher concentrations of WTC dust will
definitely inhibit continuation of MRC-5 human lung Fig. 1: Corrected absorbances of WTC dust treated
fibroblast cell proliferation. As ppm of VT dust cells
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Fig. 2: (a) MRC-5 apoptosis assessment; (b) WI{38ptosis assessment; (c) MRC-5 apoptosis assesgingrit
reading); (d) WI-38 apoptosis assessment (1.5 dimgh
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Fig. 3: Particle size distribution. (a) Householgsd (b) gypsum; (c) world trade center dust

WI-38 human lung fibroblast cells were used in theany difference in apoptosis and proliferation idlsce
assessment to further validate the preliminaryifigd  Equal size range indicates that the effects of the
of the MRC-5 human lung fibroblast cells. It shoblel substances on the cells are a result of the chémica
emphasized that at 25 ppm WTC dust, decreasedomposition of each test media and not the redult o
proliferation and increased apoptosis presentethén particle size related issues stemming from physical
MRC-5 cells, suggesting a correlation. The decréase contact.

proliferation as well as an increase in apoptotiiviy

of the lung cells following exposure to WTC dust CONCLUSION
provides evidence towards the possibility of having
WTC dust classified as a mutagenic substance. In summary, the results indicate that low doses of

The analysis is shown in Fig. 3, which shows thathis contaminant have an effect on cell viabilityda
all three samples contained particles ranging #e si stimulate an increase in apoptosis levels as Waiis
from 10-1000 um in size. The WTC dust reading showslata correlates with the lung damage that is nakel
one large peak between 10 and 100 um, with a small¢o rescuers that worked at the WTC site followihg t
peak between 100 and 1000 um. This indicates ligat t tragedy. Lead, cadmium, zinc and mercury are same o
majority of particles in this sample were betwedh 1 the heavy metals known to be present in WTC dust. |
and 100 pum in size, with a smaller, but still sfgaint  future experiments, the mutagenic properties odhe
portion of the sample ranging from 100-1000 um inheavy metals should also be compared to WTC dust.
size. The majority of particles in the householdstdu
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