
	 2376	 US Consumer Product Safety Commission 
Approaches to Estimating Chemical Exposures 
from Consumer Products

T. Thomas. US Consumer Product Safety Commission, Bethesda, 
MD. 

US Consumer Product Safety Commission (CPSC) is responsible for regu-
lating thousands of consumer products used in homes and schools that 
contain a wide range of chemicals. The general approaches for under-
standing the risks associated with chemical exposures from products 
are outlined in the CPSC Chronic Hazard Guidelines. The guidelines have 
been used to develop a range of exposure and risk assessments that 
address many consumer products, including recent examples such as 
drywall, wood products, children’s products, and products containing 
nanomaterials. These products may be manufactured domestically, and 
may be composed of recycled and/or novel materials. The CPSC staff 
is also exploring new approaches for identifying and prioritizing the 
potential implications of emerging technologies such as wearable tech-
nology, 3D printing and nano-enabled products.

	 2377	 Determining a No Effect Level for Selection of 
a Point of Departure for Risk Assessment of an 
Irritant Aerosol Using a 3D In Vitro Assay

A. J. Charlton1, B. Parr-Dobrzanski1, P. M. Hinderliter2, and D. C. 
Wolf2. 1Syngenta Crop Protection, Bracknell, United Kingdom; and 
2Syngenta Crop Protection, Greensboro, NC. 

Use of new technologies is essential to address increasingly complex risk 
and hazard characterization. The 3D in vitro model of the human respi-
ratory tract is a new tool for assessment of aerosol toxicity potential and 
accurate endpoint selection. MucilAir is an in vitro model of the human 
airway epithelium and provides a structurally and functionally accurate 
representation of the respiratory tract. When used in conjunction with 
computational fluid dynamics (CFD) model derived estimates of respi-
ratory surface concentrations it can accurately predict the outcome of 
repeat dose inhalation exposure for human risk assessment. Inhalation 
of chlorothalonil, a fungicide, causes respiratory tract irritation and 
associated lesions in acute and repeat dose inhalation studies in rats. As 
irritant responses to inhaled chlorothalonil occur locally in the respira-
tory tract the toxicity of chlorothalonil is particularly amenable to mod-
eling in vitro. Five sets of MucilAir tissues, each derived from a different 
human donor, were exposed to a commercially available chlorothalonil 
formulation for 24 hrs. Irritancy endpoints (trans-epithelial electrical 
resistance, lactate dehydrogenase release and resazurin metabolism) 
were assessed. Results indicated a good concordance of response across 
endpoints and that a high concentration of chlorothalonil was required 
to induce a significant irritant response irrespective of donor. To derive 
points of departure for risk assessment, benchmark dose (BMD) mod-
elling of MucilAir data was conducted to calculate 10% deviation from 
background (BMD10) and associated lower 95% confidence limit (BMDL) 
values. BMDL values were typically in the 50 - 100 g/L range across 
donors and endpoints. CFD modelling of tissue level concentrations 
indicate that BMDL estimates significantly exceed probable tissue level 
exposure concentrations in the human upper respiratory tract.

	 2378	 Effects on Pulmonary Host Defense following 
Acute Exposure to Diesel Emission Particulate 
and Crystalline Silica in Combination

B. Y. Farris2,1,, M. Barger1, J. S. Fedan2,1,, B. T. Chen2,1,, D. Schwegler-
Berry1, S. Friend1, J. M. Antonini2,1,, and J. R. Roberts2,1,. 1CDC/
NIOSH, Morgantown, WV; and 2West Virginia University, 
Morgantown, WV. 

During hydraulic fracturing operations, workers are exposed to respi-
rable crystalline silica (SIL; MIN-U-Sil®5) and diesel exhaust (DE), which, 
when combined, may increase risk for adverse respiratory health effects. 
The goal of this study was to investigate effects of acute pulmonary 
co-exposures to SIL and DE particulate (DEP; NIST SRM 2975) in vivo on 
host defense using a model of respiratory infection. Rats were exposed 
by a single intratracheal instillation (IT) of phosphate-buffered saline 
(PBS) as vehicle or one of the following doses of particles: 50 μg DEP, 233 
μg SIL, 233 μg of carbon black (CB; Printex® 90), SIL and DEP combined 
(50 μg DEP/233 μg SIL or 233 μg DEP/233 μg SIL), or 233 μg SIL/233 μg 
CB combined (control for particle load). One week following particle 
exposure, rats were inoculated IT with ~5x105 cfu L. monocytogenes. At 
1, 3, 5, 7 and 14 days post-infection (d.p.i.), bronchoalveolar lavage fluid 
(BALF) and cells were collected to assess pulmonary injury, inflamma-
tion, and immune response. Left lung was harvested and cultured to 
determine bacterial clearance. A previous study of acute SIL and DEP 

particle exposure showed that at 1 wk after exposure, the time point 
coinciding with bacterial inoculation in the current study, DEP and SIL 
in combination increased lung injury and inflammation as compared 
to DEP only or vehicle control. For the 233 μg SIL and all combination 
groups, lung injury, neutrophils and lymphocytes were increased in 
the lung as compared to PBS, 50 or 233 μg DEP, or 233 μg CB groups. 
Clearance of bacteria from the lung of rats exposed to the 233 μg 
DEP/233 μg SIL combination group showed a trend for increased bac-
terial clearance at 1 d.p.i., with increased clearance at 3 d.p.i when com-
pared to PBS, 50 or 233 μg DEP, and 50 μg DEP/ 233 μg DEP SIL groups. 
When comparing the 233 μg CB/ 233 μg SIL combination group with the 
233 μg DEP/233 μg SIL combination group, there were no differences 
in bacterial clearance or parameters of injury, inflammation, or immune 
response. The data suggest that the high particle doses in combination 
enhanced the innate immune response to infection, and that effects on 
host defense following acute exposure to a combination of DEP and SIL 
particles were more likely related to particle load than composition of 
DEP at the doses and time points examined.

	 2379	 An Alternative Approach for Evaluating the 
Human Health Risk from Exposure to an Irritant 
Aerosol

P. M. Hinderliter3, R. Corley1, S. Kabilan1, A. Kuprat1, S. Suffield1, 
S. Flack3, T. Ramanarayanan3, A. J. Charlton2, B. Parr-Dobrzanski2, 
and D. C. Wolf3. 1Pacific Northwest National Laboratory, Richland, 
WA; 2Syngenta Crop Protection, Bracknell, United Kingdom; and 
3Syngenta Crop Protection, Greensboro, NC. 

Modernizing strategies for evaluating human health risk from pesticide 
exposure requires new approaches that increase our ability for an inte-
grated evaluation of exposure and hazard. Accurate and relevant risk 
evaluation based on actual inhalation exposure scenarios and target 
site-specific respiratory surface concentrations is one such strategy to 
describe human health risks. Exposure data that includes measured 
aerosol characteristics of non-volatile pesticide formulations provides 
an improved input to exposure models. To improve target site-specific 
dosimetry, previously developed computational fluid dynamics (CFD) 
models for the rat and human were used to calculate surface concentra-
tions of deposited aerosol formulations in discrete regions of the respi-
ratory tract using a Lagrangian (stochastic) aerosol transport approach 
coupled with the CFD airflow model under realistic exposure conditions. 
By incorporating the physical/chemical properties of the formulation, 
the resulting CFD model predictions of airway deposition are transfer-
able to multiple pesticide compositions or active ingredients for formu-
lations with similar properties. For formulations that typically produce 
aerosols >10 μm mass median aerodynamic diameter (MMAD), the 
majority of human respiratory tissue exposures are to the anterior nasal 
cavity including the vestibule, which alone accounts for 69, 86, and 97% 
of total deposition of inhalable aerosols at 15, 20, and 30 µm MMAD, 
respectively. Resulting surface concentrations of active ingredients (for-
mulation-specific) at these aerosol sizes can vary widely, ranging from 
ng/cm2 in areas of greatest deposition in the nose to pg/cm2 or less in 
the larynx with very little aerosol penetration to the lung. We used the 
calculated surface concentrations of active ingredients in high deposi-
tion areas as a dose metric to directly compare with similar target tissue 
deposited doses in animal bioassays as well as applied doses from in 
vitro studies using primary human respiratory epithelial cells grown in 
3D cultures. Both methods provide points of departure (POD) for bench-
mark dose (BMD) modeling of the response and human equivalent 
exposure concentrations for establishing exposure.

	 2380	 Effects of Acute Inhalation of Crude Oil Vapor on 
Pulmonary Function

J. A. Thompson, K. R. A. Russ, W. G. McKinney, M. C. Jackson, B. F. 
Law, and J. S. Fedan. NIOSH, Morgantown, WV. Sponsor: K. Russ.

Workers in the oil and gas industry are routinely exposed to hydro-
carbon vapors and volatile organic compounds (VOCs). Exposures occur 
while oil workers open the “thief hatch” of oil tanks during manual 
measurement or removal of crude oil samples. The effects of crude oil 
vapor (COV) inhalation upon the pulmonary system are unknown, and 
several aspects of its possible effects on the lungs were investigated 
in this study. Rats were placed in whole body chambers and exposed 
to a single 6 h inhalation exposure of 300 ppm total VOCs produced 
from Deep Water Horizon surrogate crude oil at a temperature of 75° 
F. Control animals were exposed to air and endpoints were measured 
at 18 h and 28 d post-exposure. Total VOCs, benzene, toluene, ethyl-
benzene and xylene concentrations were monitored and regulated 
during inhalation exposures to maintain COV concentration constancy. 
In anesthetized rats, vapor had no effect upon basal lung resistance (RL), 
basal dynamic compliance (Cdyn) or reactivity to inhaled methacholine 
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(MCh). Transepithelial potential difference, short-circuit current and 
transepithelial resistance were measured using tracheas mounted in 
Ussing chambers and treated with the ion transport inhibitors amiloride 
(Na+ channel blocker), NPPB (Cl- channel blocker) and ouabain (Na+, 
K+ -pump blocker). There was no effect of COV treatment on basal or 
inhibitor-mediated bioelectric responses, indicating that ion transport 
and tight junction integrity in the airway epithelium were unaffected 
by COV. In isolated, perfused tracheas COV had no effect on reactivity 
to methacholine applied extraluminally or intraluminally indicating that 
epithelial integrity was intact and airway smooth muscle contractility 
was unchanged. Measurement of isometric contractions using isolated 
tracheal strips stimulated with electric field stimulation indicated that 
neural innervation of tracheal smooth muscle was not affected by COV. 
In conclusion, a 6 h exposure to COV did not alter function in the systems 
investigated in this study.

	 2381	 Silica Inhalation-Altered Expression of Telomere 
Maintenance Genes in Lung Tissue of Rats

J. M. Antonini, P. Joseph, V. Kodali, C. Umbright, J. R. Roberts, A. 
Erdely, and M. Shoeb. NIOSH, Morgantown, WV. 

Occupational exposure to silica causes severe health effects, such as pul-
monary fibrosis and lung carcinoma. Identification of molecular targets 
and mechanisms of silica-induced pulmonary toxicity is important 
for intervention and prevention of lung disease. Telomeres consist 
of tandem repeats of TTAGGG DNA sequences and are located at the 
end of chromosomes, preventing chromosomal fusion and degrada-
tion. Telomeres shorten with cell division leading to genomic instability 
and cellular senescence. Shelterin (e.g., POT1) and other proteins (e.g., 
TTI2, RTEL1) involved in telomere maintenance play an important role 
in maintaining telomere length and integrity. The goal was to assess the 
effect of silica exposure on the regulation of different genes involved in 
telomere maintenance in an animal model. Male Fischer 344 rats were 
exposed by inhalation to silica using two regimens: (1) 15 mg/m3 for 
6 hr/d x 3, 6, and 12 wk, assessed 1 d post-exposure; (2) 15 mg/m3 for 
6 hr/d x 1 wk, assessed 44 wk post-exposure. After exposure, portions 
of right lungs were homogenized, total RNA was isolated, cDNA was 
obtained, and expression of telomere maintenance genes was assessed. 
At all time points post-exposure, mRNA expression of POT1, RTEL1, and 
TTTI2 was significantly decreased in lung tissue of silica-exposed animals 
compared to air controls. Reduced expression of these genes causes dis-
ruption of assembly of the telomere and induces DNA damage. Analysis 
of a focused array for genes associated with telomere function and reg-
ulation indicated a reduced expression (p<0.01) of 49 genes after 3 wk 
post-exposure. However, by 44 wk after a 1 wk exposure, 10 of these 
genes were overexpressed, whereas 29 of these genes remained down-
regulated. Array findings indicated acute and subchronic effects on telo-
mere-associated genes after silica exposure. This study indicates that 
measurement of genes involved in telomere maintenance may serve 
as a potential biomarker related to silica exposure and also may offer 
insight into the mechanism of silica-induced lung disease and tumori-
geneses.

	 2382	 Quantification of Lung Injury with Phase 
Contrast Analysis in a Rodent Model of Postnatal 
Hyperoxia-Induced Pulmonary Dysplasia

L. Ooi, Q. Zhang, A. Ebrahimnejad, F. Paniagua, R. Sukhu, C. 
Meschter, and D. Warren. Comparative Biosciences, Sunnyvale, CA. 

Hyperoxia-induced lung injury is well characterized in neonatal rats; 
hallmarked by alveolar wall fibrosis, alveolar space enlargement and 
inflammation. The fibrotic and alveolar changes provide a model for 
bronchopulmonary dysplasia in human neonates, smoke-inhalation 
injury, and other conditions involving alveolar wall fibrosis. In non-clin-
ical phases of pharmaceutical development, histopathology provides 
a robust assessment of pulmonary changes following hyperoxia. To 
supplement this, quantitative assessments of alveolar changes facilitate 
evaluation of potential pharmaceutical therapies. Traditionally, Mean 
Linear Intercept (MLI) measurements of lung sections are used to assess 
alveolar airspace, by measuring linear distance between septal walls on a 
structured grid. Such MLI measures are laborious (~30 min/section) and 
do not portray the complexity of pulmonary changes following hyper-
oxia. We describe an improved method of quantitative alveolar assess-
ment involving Phase Contrast Image Analysis (PCA) that is efficient 
(~5 min/section), robust, and broadly captures the profile of alveolar 
changes than MLI measurements. For induction, newborn pups were 
exposed to 95% oxygen conditions for 10 days followed by normoxic air 
for 14 days. Lungs were evaluated by histopathology and PCA. Induced 
pulmonary changes are characterized by inflammation with multifocal 
to diffuse distribution of lesions, fibrotic thickening of alveolar walls 
(10-60 µm, normal 5-10 µm) and expansion of the alveolar diameter. 

PCA assesses the area of alveolar airspace as percentage of total tissue 
area: first, RGB images of lung sections are converted to binary images 
using pixel thresholds to differentiate airspace and adjacent tissue. Pixel 
areas are presented as % alveolar space and % septum respectively. In 
hyperoxic lungs, alveolar space is significantly decreased (-7.4%) while 
septum area is significantly increased (+8.0%) relative to normoxic con-
trols, consistent with reported changes. Anti-inflammatory therapeutics 
are under evaluation for demonstration of PCA as a primary endpoint. 
PCA provides a robust and efficient quantitative measure of pulmonary 
response dynamics with improved descriptions of alveolar landscapes.

	 2383	 Persistent and Progressive Lung Injury Is Linked 
to Recurring DNA Damage, Cellular Senescence, 
and a Pro-Fibrotic Epithelial Response

T. Beach, C. Johnston, A. Groves, J. Williams, and J. Finkelstein. 
University of Rochester, Rochester, NY. 

Radiation induced lung injury (RILI) is a common outcome in patients 
requiring radiation treatment for lung cancer. Approximately 43% of 
patients receiving radiation treatment at a dose of 15 Gy or greater 
will experience some type of RILI, either in the form of acute pneumo-
nitis and/or late onset pulmonary fibrosis. Known effects of radiation 
injury include DNA damage, inflammation, and a cellular senescence 
among the exposed cell population, events associated with onset and 
progression of fibrosis in lung tissue. Resident Club cells and Type 2 
Alveolar Epithelial cells (AEC2) play an active role in tissue repair through 
their ability to proliferate in response to injury. Therefore, we sought 
to determine the role of pulmonary epithelia in the development and 
progression of radiation induced pulmonary fibrosis (RIPF). We have 
hypothesized that following radiation induced immediate and recur-
rent DNA damage, there is continuous cellular senescence, and both 
a pro-fibrotic and inflammatory phenotype in the surviving epithelial 
cells. Whole lung tissue and isolated pulmonary (CD326+) epithelia were 
collected from fibrosis prone C57BL/6J female mice exposed to12.5Gy 
thorax only γ-radiation and examined at 24 hrs, 1,4,12, and 32 weeks 
post radiation treatment by RNA sequencing and histological analysis. 
Following radiation exposure we observed a loss of both Club cells and 
Type 2 epithelia. DNA damage as evidenced by γH2A.X foci was per-
sistently increased in whole lung tissue compared to non-irradiated con-
trols, and this data was further supported by an increased abundance 
of DNA Damage Response (DDR) associated transcripts such as p53bp1 
and xrcc1. Senescence associated β-galactosidase and transcripts 
indicating cell cycle arrest such as cyclin dependent kinase inhibitors 
Cdkn1a, and Cdkn2b were similarly upregulated in both whole lung 
tissue and pulmonary epithelia following RT. Epithelial transcripts asso-
ciated with mediating the immune/injury response appear to diminish 
over time. In contrast growth factors Ctgf, Vegf, Fgf, and Pgdf are per-
sistently increased in transcript abundance following radiation, and are 
potentially important contributors of fibrosis. These initial results have 
revealed ROS production and activity, as well as stimulation or suppres-
sion of immune responses as possible targets for mitigation of fibrotic 
outcomes following radiation exposure.

	 2384	 Effects of Inhaled Aerosolized Carfentanil on 
Real-Time Physiological Responses in Mice

B. Wong, M. W. Perkins, J. Tressler, A. Rodriguez, J. Devorak, and A. 
M. Sciuto. USAMRICD, Gunpowder, MD. 

This study examined the real-time exposure-response effects of aerosol-
ized carfentanil (CRF) on opioid-induced toxicity, respiratory dynamics, 
and cardiac function in mice. Unrestrained, conscious male CD-1 mice 
(25-30 g) were exposed to 0.4 or 4.0 mg/m3 of aerosolized CRF for 15 min 
(Ct = 6 or 60 mg×min/m3) in a whole-body plethysmograph chamber, 
in which minute volume (MV) was recorded in real-time. Various clin-
ical observations of classical opioid-induced toxicity were recorded 
during exposure and up to 24 hr post-exposure. Core body tempera-
ture (Tc), mean arterial blood pressure (MAP), and heart rate (HR) were 
evaluated in telemeter-implanted animals exposed to CRF or sterile 
H2O. Loss of consciousness and Straub tail were observed in < 1 min 
following exposure initiation to 6 or 60 mg×min/m3 of CRF. Clinical signs 
of opioid-induced toxicity were observed in a dose-dependent manner 
during exposure and at 24 hr post-exposure to CRF. Exposure to 6 or 
60 mg×min/m3 of CRF resulted in decreases in MV, MAP, HR, and Tc, as 
compared to controls. Post-exposure administration of naloxone (NX, 
0.05 mg/kg, i.m.) did not increase the MV of animals exposed to CRF to 
control levels within 24 hr but decreased the intensity and total number 
of clinical signs of opioid-induced toxicity as well as total time of respi-
ratory depression. This is the first study to evaluate real-time respiratory 
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