
• Inhalation Hazard to Coal Miners 

Acceleration in coal mining activities to satisfy present and future energy needs may be 
constrained by potentially severe health hazards. Coal workers' pneumoconiosis (CWP), a 
chronic debilitating disease associated with coal mine dust, is one known entity; additional 
inhalation hazards may occur with the proposed extensive use of diesel engines in coal mines. 

The objectives of this project are to evaluate the biological effects of specific mine air 
contaminants in experimental animals and to study the progression of chronic respiratory 
pathologic changes that occur with coal dusts and/or diesel exhaust fume inhalation. 
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Rats were killed at 4, 8, 16 and 20 mo after the start of exposures to inhaled high-CWP 
bituminous coal mine dust separately and combined with unscrubbed exhaust fumes from a diesel 
engine operated under load-rpm cycling. General health and hematologic parameters were 
normal. Lung lesions and accumulations of particulate matter increased with length and type 
of exposure; however, no animals have developed lung tumors or precancerous tissue changes up 
to 16 mo postexposure. 

We described the development and opera
tion of an automated diesel engine exhaust 
fume exposure system and a whole-body 
rodent coal dust inhalation exposure system 
in the previous Annual Report (1977). 
These integrated systems have allowed us to 
study the biological effects of inhaled 
coal dust, diesel exhaust and a combination 
of these aerosols as shown in Table 1.1. 

In addition to monitoring the chamber 
parameters described, animals are weighed 
every two weeks; hematologic analysis is 
used to determine general health and specific 
blood cell response; and six animals per 
group are killed periodically to observe 
progression of possible pulmonary disease. 
Aerosol particle size distribution and 
characterization is monitored in all exposure 
chambers. Figure 1.1 presents an electron 
micrograph of a typical aerosol sample 
taken from one of these chambers. 

1.1 

Rats (6 per exposure group; 30 per time 
interval) were killed at 4, 8, 16 and 20 mo 
postexposure; however, only gross clinical 
necropsy results and carboxyhemoglobin 
levels are available for the 20-mo group 
at this time. Relevant results from the 
study include: 

(1) Carboxyhemoglobin levels in rats 
exposed to diesel exhaust fumes, and 
coal dust plus diesel exhaust fumes, 
at all postexposure times are approxi
mately two times greater than those 
of control animals. 

(2) Hematologic and serum clinical 
chemistry results show no abnormal 
trends in exposure groups versus 
control animals up to 16 mo. 

(3) The control group and all exposure 
groups except the diesel-exhaust-



TABLE 1.1. Experimental Protocol. 

Group(a) Exposure Regimen(b) 

Inefficient diesel engine exhaust fumes 
(50 ppm CO, 8.3 ± 2.0 mg/m3 soot)(c) 

2 High-CWP bituminous coal at 5.8 ± 3.5 mg/m3 
plus inefficient diesel engine exhaust fumes 
at 8.3 ± 2.0 mg/m3 soot = 13.5 ± 4.0 mg/m3 
total particulate 

3 High-CWP bituminous coal at 6.6 ± 1.9 mg/m3 

4 High-CWP bituminous coal at 14.9 ± 6.2 mg/m3 
total particulate 

5 Controls (identical exposure times and handling, 
with room air only) 

(a)48 male 5PF rats per group 
(b) Six hours/day; 5 days/week 
(c)Mean ± 5D 

Chamber parameters measured: 

1. CO (continuous monitoring) 
2. Respirable and total coal or soot mass concentrations 
3. Aerosol particle size distributions 
4. NO, N02 and 502 in diesel exhaust fume chambers 
5. Temperature and humidity in all chambers 

fumes-only animals, show similar 
weight curves up to 20 mo postexposure. 
Gradual weight gains occurred up to 
400-450 days; a leveling off and slight 
decline in weight was then apparent up 
to 600 days; the diesel-exhaust-fumes
only group did not show this slight 
weight loss. 

(4) Histopathologic results for rats 
killed after 4 or 8 mo of exposure 
were described in a previous Annual 
Report (1977). Pathologic lesions were 
similar, though slightly more severe, 
in all groups except controls after 
16 mo of exposure. The lungs had 
exposure-related lesions that included 
bronchiolization of alveoli, inter
stitial fibrosis, alveolar emphysema, 
alveolar histiocytosis and accumula
tions of black aggregates of inhaled 
particles in alveolar histiocytes. 

The most severe lesions occurred in rats 
inhaling diesel exhaust fumes only and 
diesel exhaust fumes plus coal dust at all 

1.2 

sacrifice times up to 16 mo. For these 
two groups the lesions were similar in 
severity. Rats exposed to only coal dust 
showed similar lesions, with those in the 
high-level coal dust group being only 
slightly more pronounced than those exposed 
to low-level coal dust. There were no 
apparent exposure-related lesions found in 
the nasal turbinates, larynx, trachea, 
esophagus, nasal cavity, or stomach of the 
rodents in any of these groups. No respira
tory tract lesions indicative of carcinogenic 
changes have occurred in any of the animals 
exposed up to 16 mo. 

Gross clinical examination of the lungs 
from all groups of rats exposed for 20 mo 
showed more extensive accumulations of 
black particulate matter and less normal 
(pink) coloration than seen at earlier 
sacrifice periods. Diesel-fumes-only
exposed rats showed almost completely black 
discoloration of the lungs (Figure 1.2), with 
possible extensive fibrotic lesions; however, 
histopathologic examination of these tissues 
is not complete at this time. 



FICURE 1.1. Electron Micrograph Showing l uge, Irregular-Shaped COOII 
Dust Particles and Smaller, Spherical Diesel Sool Paniculate. 3S,oooX. 
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FIGURE 1~ Normal lungs of Control Rat (right) and Diffusely Discolored 
l ungs of Ra t hposed to Diesel hhaust fo r 20 mo (left). 
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