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Calcite as a Preventive Agent for Coal Workers’ Pneumoconiosis

Xi Huang, Meena Aladdin, Qing Yang, Jinlong Jian, Lung Chi Chen
New York University School of Medicine, New York, NY, USA

Abstract

Background: Coal remains a major energy resource worldwide. While energy costs from a new coal power plant are
low, both health and environmental costs, including occupational lung disease compensation, can render coal a more
expensive energy option. Underground coal miners are at risk of developing coal workers’ pneumoconiosis (CWP). We
have previously shown that bioavailable iron (BAI) in the coal is one of the factors responsible for coal dust toxicity,
and that differences in levels of BAI probably contribute to the regional differences in the prevalence of CWP. BAI
originated from oxidation of pyrite (FeS,), a typical component of coal dusts. The stability of BAI is pH-dependent.
Coals containing high levels of calcite (CaCO,) have high pH but low BALI. Calcite is present in most of the Western
coals, such as Utah and Colorado and workers in these mines also experience low CWP.

Objectives: In the present study, we tested a hypothesis that, when dust reduction has been maximized at the work
setting by the current dust control technologies, using calcite to decrease the BAI and toxicity of coal dust effectively
prevents CWP.

Methods: We determined the minimal effective doses of calcite needed to eliminate BAI in the Eastern coal dusts that
also inhibited BAI-induced inflammation and fibrosis in mice.

Results: Adding calcite into water takes 5-20 min to neutralize BAI in the coal compared to calcite in buffered solution
that mimics the phagolysosomes of the cells, which takes up to 4 weeks. Calcite also reduces epithelial mesenchymal
transition markers such as alpha-smooth muscle actin and fibroblast specific protein-1 in mice. Although minimal doses
of calcite depend upon the levels of BAI in the coals, 10% calcite (w/w) in the respirable fraction appears sufficient to
reduce all BAI.

Conclusions: Based on these data, we expect that introduction of calcite to high BAIl-containing coals, such as those

in the Eastern coalmine region will have a long lasting protective effect on underground coalminers susceptible to

CWHP. Calcite is the main constituent of rock dust and widely used in underground mines for prevention of explosions
and in the treatment of acid mine drainage. Hence, introduction of calcite to coal during mining causes no environmental
concerns to the coal industry. Most importantly, calcite treatment could provide a cost-effective solution to prevent CWP
and significantly enhance the health of underground coal workers. As a result, this could reduce coal-produced energy
costs and benefit the coal industry financially. Supported by NIOSH R01 OH009771
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Complex Profile of Mechanical Responses of Guinea-Pig Isolated Airways to the Popcorn Butter Flavorings,
Diacetyl and 2,3-Pentanedione

Jeffrey Fedan?, Janet Thompson?, Eric Zaccone*?, Ann Hubbs?
INIOSH Health Effects Laboratry Division, Morgantown, WV, USA, 2Department of Basic Pharmaceutical Sciences, West
Virginia University, Morgantown, WV, USA

Abstract

Objectives: Inhalation of microwave popcorn butter flavorings in the workplace induces a bronchiolitis obliterans-

like obstructive disease in workers, termed “popcorn workers’ lung.” In animal models inhalation of popcorn butter
flavoring, its constituent flavoring, diacetyl (D), or diacetyl substitute, 2,3-pentanedione (2,3-P), evoke marked damage
to the epithelium of upper airways and large lower airways. While the toxicity of these flavorings on airway epithelium
is now acknowledged, nothing is known about the effects of D and 2,3-P on airway smooth muscle. Therefore, we
investigated the pharmacological activity of D and 2,3-P on isolated airways.

Methods: The isolated, perfused trachea preparation was used; this method allows separate addition of agents to the
mucosal surface [intraluminal (IL) bath] or serosal surface [extraluminal (EL) bath] of the airway. Tracheas removed
from anesthetized guinea pigs were mounted on holders to allow perfusion of the lumen with modified Krebs-Henseleit
solution while measuring mechanical responses, i.e., change in diameter, from inlet minus outlet pressure difference
(AP; cm H,0). RESULTS. In unstimulated tracheas, or in tracheas first contracted with EL methacholine (3x107

M; EL EC, ), D applied to the IL bath elicited contraction (1 - 3 mM); higher concentrations (10 - 30 mM) elicited
contraction followed by relaxation. The relaxation component of the response could have been mediated by the release
of epithelium-derived relaxing factor (EpDRF), which is triggered by elevations in IL osmolarity greater than 3 mosM.
This possibility was investigated by adding D intraluminally to tracheas from which the epithelium had been removed,
and by adding D to the EL bath. In both instances responses to D were obtained that did not differ from epithelium-
containing tracheas following the addition of D to the IL bath. Responses to IL and EL 2,3-P mimicked those to D over
the same concentration range, and were not affected by epithelium removal.

Conclusions: The concentrations of D that elicit contractile responses of the trachea have been calculated through
modeling to exist in the airway wall of exposed rats, and are associated with epithelial damage. D and 2,3-P are nearly
identical in their activities as bronchoconstricting and bronchodilating agents in this in vitro model. The relaxant
responses to the two flavorings in higher concentrations are not attributable to the elevation in osmolarity and the release
of EpDRF. The results suggest that the direct effects of the two flavorings on airway smooth muscle of workers may be
comparable.
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NORA Symposium Attendees

It is my pleasure to welcome you to the 2011 National Occupational Research Agenda (NORA)
Symposium: Achieving Impact through Research and Partnerships. This is the seventh NORA
Symposium. Like its predecessors, the 7" NORA Symposium will showcase excellence in
occupational safety and health research, and the application of that research to prevent work-
related injury and illness. This year we are focusing on research and partnerships. The sector-
based structure of the second decade of NORA has fostered the creation of many exciting
partnership opportunities among many diverse organizations.

New partnerships with practitioners have significantly enhanced the NIOSH Research-to-
Practice (r2p) initiative, which helps us assure that the products of our research ultimately benefit
the health and well-being of workers. These benefits extend as well to workers’ families, their
communities, businesses, and society as a whole.

In addition to recognizing 15 years of NORA, 2011 also marks the 40™ anniversary of NIOSH
and the Occupational Safety and Health Administration (OSHA) under the Occupational Safety
and Health Act of 1970. Please join us Tuesday evening for a reception in commemoration of
this important date in history.

Finally, I would like to thank our co-sponsor, the University of Cincinnati, for their efforts in
organizing this year’s symposium as well as each of our participants and attendees for joining us
here in Cincinnati for the 2011 NORA Symposium. | wish each of you a successful Symposium.

John Howard, M.D.
Director






