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Abstract
Background

PM2.5 is associated with increased risk of mortality for a variety of cancers and all subjects, including
breast cancer in females, and lung cancer in males. This study investigates the effects of water-extracted
PM2.5 on a triple-negative breast cancer (TNBC) cell line, MDA-MB-231, by sampling suspended
particulates around a building demolition site.

Methods

PM2.5 particles were obtained using a high-�ow TISCH sampler. Being water-soluble, they were extracted
from sampled �lters using an ultrasonic oscillator and then freeze-dried. The heavy metal components of
soluble PM2.5 particle was analyzed by ICP-MS. Cell viability was evaluated by MTT assay for cells that
were exposed to PM2.5. Wound healing and transwell cell migration and invasion assays were used to
measure cell motility and the invasiveness of cancer cells that had been exposed to PM2.5 into a chemo-
attractant substance. Possible mechanisms of cancer malignancy were analyzed by Western blot analysis.

Results

The results revealed that nearby PM2.5 concentrations increased signi�cantly during the deconstruction of
buildings, and the Cd, Cu, Pb, Zn and Cr contents of soluble PM2.5 also signi�cantly increased. Following
exposure to PM2.5, the survival rate of breast cancer cells was signi�cantly higher than that of the control
group. Soluble PM2.5-treated cells also had a higher migration capacity, as determined by wound healing
and transwell migration assays. The signaling pathway of FAK/PI3K/AKT proteins was more activated in
PM2.5-treated cells than the control group. The data show that increased levels of Aurora B and Bcl-2 were
associated with cell proliferation. Elevated levels of cathepsins D, β-catenin, N-cadherin, vimentin and
MMP-9 were associated with breast cancer cell metastasis

Conclusion

Soluble PM2.5 that is generated in building demolition may have a role in the promotion/progression of
surviving in TNBC cells, increasing the malignancy of breast cancer. The prevention of environmental
PM2.5 from deconstruction is strongly recommended.

Introduction
The demolition of a building can produce large amounts of particulate matter (PM), usually seriously
degrading ambient air quality in implosion areas (Beck et al. 2003). An extremely high concentration of PM
that is generated during the demolition of buildings may be inhaled by �eld workers and people who live
nearby (Farhad Azarmi 2016). The assessment of possible pathogenicity under such environmental
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exposure to speci�c substances with aerodynamic diameters of less than 2.5 µm (PM2.5) remains an
important issue. Studies of the impact of PM2.5 at real-world demolition sites, especially on breast cancer,
are still very limited.

The collapse of the New York World Trade Center (WTC) Twin Towers on September 11, 2001, led to an
estimated release of 10 million tons of material, exposing more than 300,000 rescue workers and New York
City (NYC) residents and local workers to WTC particulate matter (Aldrich et al., 2010; Claudio, 2001;
Landrigan, 2001). After the collapse of the WTC building, many neighboring places were stuck in the initial
dust/smoke cloud (4 to 8 h) and Lower Manhattan was brie�y exposed to PM2.5 levels in air in the mg/m3

(thousands of µg/m3) range (Lippmann et al., 2015). The toxicological and physical properties of WTC-PM
have been described elsewhere (Lioy et al., 2002; McGee et al., 2003). WTC-PM comprised mostly powered
concrete, plastics and other hydrocarbons. WTC-PM was found to be highly alkaline, with pH 9–11 (Lioy et
al., 2006; McGee et al., 2003). Exposure to �ne (PM2.5) and coarse (PM53, > 53 microns) PM has been
associated with the development of lung injuries and high sensitive immune responses (Rom et al., 2002;
Weiden et al. 2015).

Evidence that causally links air pollution to breast cancer risk remains controversial. A recent study
addressed increased breast cancer risk that is associated with environmental air pollutants, including
nitrogen dioxide (NO2), polycyclic aromatic hydrocarbons (PAHs), carbon monoxide, sulfur dioxide, volatile
organic compounds and PM2.5 (Crouse et al., 2010; Hystad et al., 2015; Parikh and Wei, 2016; Wei et al.,
2012). A positive relationship between PM2.5 and the risk of death from breast cancer has been mentioned
(Tagliabue et al., 2016). Mammographic breast density is a well-established strong risk indicator for breast
cancer and women are at higher risk of developing breast cancer because they are exposed to a higher
mean of PM2.5 concentration (Yaghjyan et al., 2017). However, some works have found no signi�cant
correlation between breast cancer and PM2.5 (Andersen et al., 2017; Hart et al., 2016; Reding et al., 2015).
Interestingly, women who are estrogen receptor-positive (ER+) may develop breast cancer upon prolonged
exposure to a xenoestrogenic compound, leading to the tumorigenesis of mammary epithelial cells (Huo et
al., 2013). Positive correlations exist between exposure to environmental estrogen-expelling agents and
hormone receptor-positive breast cancer risk, and between levels of cadmium compounds to which a
person is exposed and risk of hormone receptor-negative tumors (Liu et al., 2015). Approximately 15% of
all invasive breast cancers are triple-negative breast cancers (TNBC) that lack estrogen receptor (ER),
progesterone receptor (PR), and HER2 (human epidermal growth factor receptor 2) expression, and exhibit
a distinct pattern of recurrence with unfavorable outcomes (Dent et al., 2007). To identify the underlying
molecular mechanism by which PM2.5 acts on TNBC tumor cell malignancies, concentrations of PM2.5

were measured during building demolition following the collection of smaller particles than PM2.5 as
exposure sources. In this investigation, invasive MDA-MB-231 cells were treated with water-soluble
extracted PM2.5. PM2.5-induced cancer characteristics were studied by cell viability and migration assays.
The results demonstrated the carcinogenic potential of PM2.5 particles in building demolition environments
to exacerbate the progression of tumor cells. These �ndings can improve our understanding of the need
for optimal air quality management during building demolition to prevent cancer cell malignancy.
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Materials And Methods

Collection of the PM2.5 that is generated by building
demolition
Airborne particles were obtained using a TISCH high-�ow sampler (TE-6070) and a high-volume cascade
impactor (TE-231, Tisch Environmental, Cleves, Ohio. USA). Suspended particulates enter the cascade
impactor through the �rst set of parallel slots in the �rst stage. Particulates with high inertial force that are
too large to pass to the next stage are impacted on the quartz �ber �lter (Pall, USA) and the smaller
particles remain in the air stream and travel to the next stage. The slots become successively smaller and
most of the particulates eventually become impacted on one of the collection stages in the �lter. Beyond
the last stage, the smallest particles will be collected on the backup �lter, which will be weighed to
determine PM content. The �lter was dried at 50 oC for 24 h and then incubated in a humidi�er for 24 h.
PM10 − 2.5 (< 10 − 2.5 µm) and PM2.5 (< 2.5 µm) were collected using 5.625”x 5.375” and 8”x10” �lters,
respectively. To evaluate concentrations of PM, collection was carried out in an open area next to a
demolition site at a constant �ow rate of 1.3 m3/min for 24 h. PM was collected during demolition from
December 23, 2016 to January 13, 2017. For comparison with the demolition-generated PM, airborne PM
was collected at the same collection site 14 months later (2018-03-20 to 2018-03-30).

Preparation of water-soluble PM2.5 extracts
The sampled PM2.5 �lter was weighed; cut into small pieces, and then transferred into a 50 ml tube that
contained enough double-distilled water for a 30 min sonication. The PM2.5 suspension was centrifuged at

13,000 x g for 10 min at 4 oC and �ltered using a 0.22 µm syringe �lter. To obtain concentrated PM, the
�ltered suspension was dried in a vacuum dryer (VIRTIS) at 50 oC until completely dry. A total of
101.556 mg of PM2.5 was estimated for initial sonication and 27.368 mg of PM2.5 was recovered and
dissolved in 100 mL double-distilled water to perform an in vitro assay. The control for the assay was
prepared from a blank quartz �ber �lter that was went through all the steps of extraction except for
exposure to PM.

Cell culture
The triple-negative breast cancer cell line MDA-MB-231 was purchased from the Bioresources Collection
and Research Center (Hsinchu, Taiwan). Cells were maintained in Dulbecco’s modi�ed Eagle’s medium
(DMEM; Gibco, Carlsbad, CA) with 10% fetal bovine serum (FBS, Gibco), 100 IU/mL penicillin G, and
100 g/mL streptomycin in a humidi�ed 37 oC environment with 5% CO2.

MTT assay
Human MDA-MB-231 cells were seeded in 24-well plates (3 × 104 cells/well) for 20 h and then treated with
0.5 mL of PM2.5 (200, 400 and 600 ∝g/mL) in fresh medium. The MTT assay (Sigma Aldrich, USA) was
used to determine relative cell growth after 48 h. Following removal of the culture medium, 200 ∝L of
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0.5 mg/mL MTT in fresh medium was added and then incubation was performed for 3 h at 37 oC. Any
remaining crystals were dissolved in 500 µL isopropanol. The absorbance (A) was measured in a
microplate reader (Biotek, Winooski, VT, USA) at a wavelength of 570 nm.

Colony formation assay
MDA-MB-231 cells were seeded in a 60 mm dish (5 × 105 cells/well) and treated with 600 µg/mL of PM2.5

or a control for 24 h at 37 oC of incubation. The cells were trypsinized and collected. A total of 1000 cells
were seeded in a 60 mm dish and eventually cultured for seven days. The colonies thus formed were �xed
with ice-cold methanol for 15 min and then stained with 0.4% crystal violet for 15 min, before being
washed in phosphate buffered saline (PBS) solution. Survival fractions were calculated by normalization
to the appropriate control group.

Wound healing assay
MDA-MB-231 cells were treated with 600 µg/mL of PM2.5 or a control for 24 h and collected as described

above. Cells were counted and adjusted to a concentration of 3 × 105 cells/mL. The culture-insert (ibidi
80206, Martinsried, Germany) was loaded into a 60 mm dish; then 100 µL of the prepared cells was added
to both chambers to yield a total of 3 × 104 cells. The dish was maintained at 37 °C, 5% CO2 for 24 h and
then the culture-insert was carefully removed. The chambers were then rinsed using PBS solution. The �rst
photograph was taken as 0 h and 1% FBS in fresh medium (4 mL) was added to induce would healing.
After 16 h of incubation, the medium was removed and rinsed in PBS, and then the second photograph
was taken. Microscopic images of a representative �eld of the cell-free space were obtained at 0 and 16 h,
and the numbers of cells were calculated in ImageJ software (Java 1.8.0_112, imagej.nih.gov).

Transwell migration assay
MDA-MB-231 cells migration was characterized using a transwell migration assay with 24-well hanging-
inserts that were �tted with an 8 µm-pore-size membrane (Millicell Cell Culture Inserts Category No.
MCEP24H48). A total of 5 × 104 serum free cells (200 µL) were seeded in triplicate in culture medium onto
the apical surface of each hanging-insert and placed into wells that contained 10% FBS in culture medium
(500 µL). The plate was incubated for 16 h and the lower surface of the insert was �xed with 100%
methanol and stained with 0.4% crystal violet for 15 min. Non-migrating cells were removed from the upper
surface using a cotton stick and the migrated cells were counted.

Western blot analysis
Proteins (20 ∝g) that had been separated by SDS-PAGE were transferred onto an Immobilon-P membrane
that was then subjected to western blotting using a suitable primary antibody against human FAK (Gene
Tex), p-FAK(Y925), p38, p-p38, ERK1/2, pERK1/2, JNK, pJNK and vimentin (Cell Signaling Technology,
Danvers, MA), PI3K p110, PI3K p85α, Akt1/2/3, N-cadherin, BCL2 and β-catenin (Santa Cruz Biotechnology,
Dallas, TX). Anti-Aurora B, -cathepsin D, -MMP9 were purchased from Abcam. The antibody against
GAPDH (Cell Signaling Technology) was the endogenous control to which the expression of the proteins of
interest was normalized. An appropriate horseradish peroxidase–conjugated secondary antibody was
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used to detect each immunoreactive protein and was visualized with an enhanced chemiluminescence
assay (Western Blotting Luminol Reagent; Santa Cruz Biotechnology). Band intensity was quanti�ed by
densitometry (Digital Protein DNA Imagineware, Huntington Station, NY).

Analysis of metal components of water-extracted PM2.5

The vacuum-dried pellet of PM2.5 was resuspended with double-distilled water and analyzed by ICP-MS
(PerkinElmer/NexION 300X).

Statistical analysis
Data are presented as mean ± standard deviation (S.D.). All cell-based experiments were performed in
triplicate for each group of assay test. The statistical signi�cance of difference in results among test
groups was determined using Student’s t-test. The p-values are represented as *, < 0.05; **, < 0.01; and ***,
< 0.001.

Results
Figure 1 Schematic diagram of demolition location and regional monitoring stations around sampling site.
A four-�oor building was demolished from 2016-12-29 to 2017-01-13. The PM concentration at a
demolition site depends strongly on numerous factors, including local and regional PM sources,
meteorological conditions and geography. To con�rm the concentration of PM in air that was generated by
various sources, measurements were made at the building demolition site and the local monitoring
stations (station A and station B) before and after the deconstruction process, as indicated in Table 1. The
factors were wind speed, temperature and relative humidity (RH). Based on meteorological data from
2016-12-29, 2018-03-20 and 2018-03-21, high-velocity wind might have reduced PM2.5 levels in the local
air, this �nding is consistent with the low PM2.5 concentration that was derived from a correlation analysis
that was based on 22 months of observation at 68 major cities in seven geographical regions in China
(Yang et al., 2017). Wind speed has similarly been negatively correlated with PM2.5 level. During the
demolition process, the concentration of PM2.5 at the collection point signi�cantly exceeded that in the
surrounding area (Fig. 2A). Fourteen months later, PM2.5 concentrations in the air at the collection point
were normally lower than in the local surrounding area (Fig. 2B).

To assess the effect of PM2.5 on the progression of breast cancer cells, MDA-MB-231 breast cancer cells
were treated with water-extracted PM2.5 for 48 h and analyzed using an MTT survival assay (Fig. 3A). The
higher PM2.5 concentrations resulted in a tumor cell viability of double that of the control group. The
proliferation capacity of breast cancer cells was examined using a colony formation assay. After 24 h of
exposure to 600 µg/mL PM2.5, the number of colonies of the PM2.5-treated breast cancer cells signi�cantly
exceeded that in the control group after seven days of incubation (Fig. 3B). These data provide strong
evidence that water-extracted PM2.5 enhances the survival of MDA-MB-231 breast cancer cells.
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The metastatic potential of breast cancer is associated with poor prognosis in patients with a short
survival time and high recurrence rate (Stovgaard et al., 2018). Therefore, the effect of PM2.5 on the
motility of MDA-MB-231 cells was determined using a wound healing assay (Figs. 4A and B). Similarly,
treatment with 600 µg/mL PM2.5 signi�cantly enhanced the motility of MDA-MB-231 cells following
incubation for 16 h. The results of transwell migration assays showed that PM2.5 promotes the vertical
migration capacity of the cells, verifying that water-extracted PM2.5 increases the invasiveness of breast
cancer cells (Fig. 4C).

During tumor metastasis, cancer cells undergo an epithelial-mesenchymal transition (EMT) in which
epithelial tumor parts are converted into aggressive and metastatic ones, which are known as a
mesenchymal tumor phenotype with the loss of cell-cell adhesive function (Liao and Yang, 2017; Thiery et
al., 2009). Focal adhesion kinase (FAK) is a cytoplasmic non-receptor tyrosine kinase whose
phosphorylation at the Tyr397 residue by integrins results in the activation of the phosphoinositide 3-
kinase (PI3K)/AKT signaling pathway that promotes tumor cell adhesion and invasion during EMT. The
consequence is cancer cell metastasis (Behmoaram et al. 2008) (LoRusso 2016). As expected, after 48 h
of treatment with water-extracted PM2.5 increased phosphorylation of FAK at Tyr925 (p-FAK-Y925) is
correlated with high levels of both PI3K p85α and p110 subunits as well as the overexpression of
phosphorylated-AKT (Fig. 5A). In contrast, water-extracted PM2.5 that is produced by building demolition
has no signi�cant effect on ERK, JNK or p38 MMPK expressions (Fig. 5A).

The characteristics of EMT include reduced intercellular adhesion, acquisition of mesenchymal markers
(including vimentin and N-cadherin) and loss of epithelial markers (such as E-cadherin) (Lamouille et al.,
2014). Aurora B kinase is one of the major kinases that is responsible for the �delity of mitosis. An
elevated level of Aurora B kinase contributes to chemoresistance and predicts poor prognosis of breast
cancer (Zhang et al. 2015). As presented in Fig. 5B, the upregulation of Aurora B kinase and Bcl-2 supports
higher viability and proliferation (Fig. 3). PM2.5 treatment signi�cantly increased the level of β-catenin, as
resulted in the overexpression of N-cadherin, vimentin and MMP-9 proteins. Therefore, Fig. 5C displays a
hypothetical model of the induction of TNBC migration by PM2.5, which demonstrates that exposure to
PM2.5 activates the FAK/PI3K/AKT signaling pathway to regulate the process of EMT with the help of
cathepsin D, β-catenin, N-cadherin, vimentin and MMP-9, increasing migration.

Growing evidence shows that prolonged exposure to heavy metals is associated with a poor prognosis of
cancer. The effects of MAPK and PI3K/AKT signaling pathways on heavy metal-induced carcinogenesis in
tumors in the lung have been reported (Ohgami et al., 2015). Accordingly, metal species in water-soluble
PM2.5 that promote the development of cancer cells by activating the FAK/PI3K/AKT pathway, and thereby,
enhance cell proliferation, migration, and metastasis. Inductively coupled plasma mass spectrometry (ICP-
MS) analysis revealed that the amounts of the �ve heavy metals, cadmium (Cd), copper (Cu), lead (Pb),
zinc (Zn) and chromium (Cr) were higher in the water-soluble PM2.5 extracts that were generated by
building demolition than in the post-control sample from the surrounding area (Table 2). The data on the
heavy metals were normalized using the environmental factors that are listed in Table 3. Interestingly, our
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hypothesis was supported by observations that increased concentrations of Cd and Cu in the water-soluble
PM2.5 extracts that were obtained from a building demolition site adversely affected colony formation by,
and the motility of, MDA-MB-231 cells through activation of the PI3K/AKT pathway.

Discussion And Conclusion
Several investigations have addressed the effect of water-soluble PM2.5 on the development of cancer
cells, considering the close relationship between human exposure to PM2.5 and the risk of circulating
PM2.5, which promotes lung tumor invasiveness, including the promotion and progression of the tumor
during EMT. The effects of building demolition PM2.5 on breast cancer cells was also examined. In this

study, 1872 m3 of air was analyzed over nine days of demolition and 101.556 mg of PM2.5 was obtained.
A total of 27.368 mg PM2.5 was obtained after extraction with water, freeze-drying and resuspension.
Although some meteorological factors affect PM2.5 concentration, building demolition clearly generates a
high level of ambient PM2.5 in the surroundings. The fact that the level of PM2.5 in the cellular model herein
exceeds the ambient PM2.5 level is a serious unavoidable shortcoming of the model. For example, a

200 µg/mL water-extracted PM2.5 is equivalent to 53.88 g/m3 ambient PM2.5, which represents more than
ten years of exposure to ambient PM2.5 levels following the collapse of the WTC buildings during the 911
event. Notably, although this extraordinary high PM2.5 exposure does not occur in the real world, molecular
evidence reveals a potentially high risk of cancer malignancy, especially for women with breast cancer,
upon exposure to relatively high ambient PM2.5 levels.

The underlying cause of death in the majority of breast cancer patients is metastasis (Narod et al., 2015),
of which the main characteristic is EMT. The MDA-MB-231 cell line has a high capacity for distant
metastasis, and manifestation with malignant mesenchymal features arises from the loss of E-cadherin
(Luo et al., 2018). The biochemical data herein reveal that E-cadherin loss the overexpression of N-cadherin
and β-catenin screening in cells that had been treated with PM2.5. PM2.5-treated MDA-MB-231 cells
exhibited an increased level of cathepsin D with overexpression of Aurora kinase B, vimentin and MMP-9,
which promotes metastasis. The overexpression of cathepsin D enhanced breast cancer cell metastasis by
inducing the expression of intercellular cell adhesion molecule-1 (ICAM-1) (Zhang et al. 2018) and has
been used as an independent marker of a poor prognosis of breast cancer (Dey et al., 2013; Foekens et al.
1999). Many studies have shown that exposure to PM2.5 stimulates lung cancer and epithelium cell

motility. Exposure to PM2.5 (50 µg/cm2 concentrations of PM2.5 for 72 h) induces the proliferation and
motility of cells of various lung cancer cell lines (Yang et al., 2016). At PM2.5 dose ≥ 60 µg/mL, cell
apoptosis is evaded, promoting cell proliferation and sustained angiogenesis through the activation of the
PI3K-AKT signaling pathway (Zheng et al., 2017). Five components (organic carbon, PAH, Zn, As, V) of
PM2.5 mostly from tra�c emissions were strongly associated with cancer progression, and Zn has a
critical role in the activation of PI3K-AKT signal transduction (Zheng et al., 2017; Chen et al., 2013).
According to our data and above reports, Zn in water-extracted PM2.5 strongly promotes TNBC malignancy.
The particles and their solvent extracts had a range of effects on the cell lines, such as the generation of
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reactive oxygen species (ROS) and an increase in DNA strand breakage (which is concentration-
dependent). Additionally, PM pollution as a result of demolition activity has an adverse effect on the health
of people who live close to the demolition sites, especially since exposure to a high dose of PM2.5 is
associated with FAK/PI3K/AKT signaling activation and enhanced EMT in breast cancer cells. These
�ndings are supported by health assessments that demonstrate that exposure to PM2.5 becomes more
important when the surroundings are densely built residential areas or sensitive areas, such as schools
and hospitals (Farhad &Azarmi, 2016; Azarmi et al., 2016).

Scienti�c research into the effects of airborne particulates that are generated by building demolition since
the September 11th event in New York city have shown that the demolition of buildings generates large
quantities of PM, which can be inhaled by on-site workers and people who live in the neighborhood.
Evidence suggests that long-term exposure to airborne particles triggers cell mutations and increase the
risk of breast cancer, but the toxicological mechanisms are unclear. The discovery of estrogen-mimicking
compounds in the environment and the synergistic activity of many of these on estrogen receptors have
led researchers to hypothesize the role of xenoestrogenic substances in the environment that mimic
estrogen in increasing breast cancer risk (Arnold et al., 1996). However, not all breast cancers are
responsive to this hormone and its analogs in environmental pollutants. Based on the breast cancer
subtypes estrogen receptor (ER) and progesterone receptor (PR) status, ER-positive (ER(+)) and ER-
negative (ER(-)) breast cancers have distinctly different risk factors and possibly, therefore, different
etiologies (Althuis et al., 2004). Depending on the etiological differences between breast cancer subtypes,
ER(+) breast cancers are associated with estrogen-related factors, including early menarche, number of
pregnancies, and late-age childbearing (Chen et al., 2013). However, the incidence rate of ER(-) breast
cancers in Western populations has been shown to be related to county-level environmental factors, such
as pesticide use, toxic air emissions, and pollution from urban activities. In this investigation, MDA-MB-231
invasive, rather than ER(+),breast cancer cells were used to study the effect of water-extracted building
demolition PM2.5 on ER(-) breast cancer cell progression. Exposure to water-extracted PM2.5 enhanced the
PI3K/Akt signal transduction pathway in MDA-MB-231 cells, favoring breast cancer cell invasiveness.
Moreover, the signi�cantly elevated concentrations of the heavy metals cadmium, copper, lead, zinc and
chromium were found in the water-extracted PM2.5 during building demolition. Long-term exposure to
PM2.5 in Italy has been associated with increased risk of death due to breast cancer (Tagliabue et al.,
2016). Interestingly, the �ndings herein are consistent with the previous epidemiological observations of
Italian women who live near incinerators, who have been found to have an elevated risk of breast cancer
mortality. These women live in areas with a very high total concentration (> 2 ng/m3) of heavy metals,
including lead, cadmium, chromium, cobalt, and copper. The lowest measured ambient concentrations of
these heavy metals are of the order of < 0.5 ng/m3 (Ranzi et al. 2011). Beyond this investigation of the
effects of ambient exposure to coarse and �ne particle emissions from building demolition sites on breast
cancer, identifying genetic factors that respond to ambient air pollution and breast cancer would be very
informative (Brody et al. 2007). Polycyclic aromatic hydrocarbons (PAHs), which can cause oxidative
stress (Mordukhovich et al. 2010), stimulate cell proliferation and mammary tumors in laboratory animals,
leading to neoplasia in breast cancer, warrant particular attention. To the best of our knowledge, this
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investigation is the �rst to highlight the promotion by building demolition PM2.5 of breast tumor
progression, mediated by PI3K signaling, enhancing the invasion and migration of ER(-) breast cancer
cells. This information may contribute to better estimates of ambient air pollution to identify areas that
experience disproportionate effects of outdoor air pollution.
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Tables
Table 1. Sampling duration and monitoring sites with PM2.5 concentrations and meteorological data.
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Date of
Sampling

Building
demolition

PM2.5

(μg/m3)

Wuri

station

PM2.5

(μg/m3) 

Changhua
station

PM2.5

(μg/m3)

Wind
speed 
 (m/sec)

Wind
direction

Average
temperature
(℃)

Relative
humidity

 (RH, %)

2016.12.23 47.40  42.58 37.37 2.92  North 20.3  58.1 

2016.12.24 73.77  45.83 27.09 1.99  North 20.6  67.0 

2016.12.25 66.42  39.21 35.04 2.00  East-
North

21.6  77.0 

2016.12.29 30.29  14.58 10.91 4.15  East-
North-
East

15.7  66.3 

2016.12.30 54.66  28.30 19.79 2.01  North 18.4  70.3 

2016.12.31 49.74  24.21 22.41 1.88  North 19.9  78.2 

2017.01.01 78.05  40.83 29.41 1.88  North 20.8  80.0 

2017.01.08 48.41  21.75 34.29 2.28  North 20.7  74.3 

2017.01.13 39.55  15.75 56.50 3.13 North 16.1  76.5 

2018.03.20 12.93  15.10  9.86  7.28  North 19.7  81.8 

2018.03.21 14.80  16.50  17.00  7.65  North 17.1  59.3 

2018.03.22 24.40  27.48  30.86  4.56  North 18.4  60.8 

2018.03.23 22.71  27.88  28.29  3.97  North 21.0  48.5 

2018.03.26 43.14  35.79  30.57  3.91  North 22.3  74.4 

2018.03.27 41.24  40.04  40.43  5.07  North 22.3  78.8 

2018.03.28 35.06  37.25  44.71  6.35  North 23.2  81.4 

2018.03.29 49.58  58.95  67.57  3.22  North 23.7  81.3 

2018.03.30 27.79  36.00  35.43  3.68  North 25.0  69.4 

 

Table 2. Components of heavy metals identi�ed by ICP-MS.
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    Cd Cu Hg Pb Ni As Zn Cr V

Control mg/L N.D. 2.38 N.D. 1.2 N.D. N.D. 49.0 4.30 N.D.

PM2.5 mg/L 61.9 1780 N.D. 927 160 111 10800 307 110

Post-Ctl mg/L 32.9 1400 N.D. 655 189 112 7040 133 445

 

Table 3. Concentrations of heavy metals in PM2.5 collected at building demolition site.

    Cd Cu Hg Pb Ni As Zn Cr V

PM2.5 ng/L 0.367 10.565 N.D. 5.502 0.95 0.659 64.103 1.822 0.65

Post-Ctl ng/L 0.195 8.31 N.D. 3.888 1.122 0.665 41.785 0.789 2.641

Figures
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Figure 1

Site map showing location of demolition building sampling site and local monitor stations. (A) Open circle
indicates high-�ow sampler and open square indicates demolition building location. (B) Monitoring Wuri
station (close circle) is to the northeast and monitoring Changhua station (close circle) is to the southwest
of the demolition site (close star).
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Figure 2

Comparison of PM2.5 concentrations at demolition site and local area. (A) PM2.5 concentrations at
demolition site and in local area during demolition process. (B) PM2.5 concentrations at demolition site
and in local area post-demolition.
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Figure 3

Effects of PM2.5 on viability and proliferation of MDA-MB-231 cells. (A) Viabilities of cells were evaluated
by MTT assay after 48 h of exposure to PM2.5 and the detected absorbance was normalized to control
group as the ratio of cell viability. (B) Representative photographs of colony formation assay by cells that
were treated with PM2.5 for 24 h and then incubated for 7 days.
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Figure 4

Effects of PM2.5 on migration of MDA-MB-231 cells. (A) PM2.5-treated cells were analyzed using wound
healing assay and the representative photographs are displayed. (B) Cells that migrated across the solid
line were counted. (C) Representative photographs of transwell migration assay are shown. Cells were
treated with PM2.5 for 24 h and allowed to migrate for 16 h before staining.
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Figure 5

Association of PM2.5 with signaling pathways and regulation of migration of MDA-MB-231 cells. (A)
Expression of various signal protein kinases that may be activated by PM2.5, analyzed by western blot. (B)
Expression of migration markers, analyzed by western blot. (C) Summary of effects of PM2.5 on TNBC
migration.


