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EFFECTS OF COAL DUST ON LUNG FUNCTION 

I. Introduction 

Over the past five years our laboratory has been engaged in 

an extensive program of investigation of the effects of coal mine 

dust on cardiopulmonary function of underground coal miners. We 

began by studying symptomatic miners in order to see what kinds 

of impairments existed. Later we employed the dual approach in­

volving a large epidemiological study of working miners for the 

purpose of gathering both cross-sectional data on prevalence and 

longitudinal data on progression of pneumoconiosis, respiratory 

symptoms and airway obstruction, and detailed examination of 

selected and subsamples in the laboratory. 

My presentation of our findings to date will be made accord­

ing to the type of impairments found and whether they were studied 

in subjects who were symptomatic or among working miners who were 

selected more or less randomly. 

II. Dynamic Lung Volumes 

The subjects for this study were 8,555 working bituminous coal 

miners who were selected from 29 mines widely scattered throughout 

the United States. The mines were chosen to represent different 

mining methods, expected to have a working life of at least ten 

years, employed at least 100 miners, and as often as possible 

should have had retrospective dust exposure data available. The 

8,555 men comprised 90.8 percent of the men em~loyed at the 29 mines. 
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The relationship of airwaY. obstruction, as determined by the 

ratio of observed FEV l. 0 to predicted FEV l. 0 , and the miner.-' s job 

and smoking habits is shown in Table 1. Since the predicted FEVl. 0 

is corrected for age and height of the subject, any changes noted 

are related to either job (and, hence, dust exposure) or smoking 

habits. Dust sampling by the U. s. Bureau of Mines has shown that 

the highest concentrations of respirable dust (0.5 to 5.0 p. par­

ticle size) occur in face operations and the lowest at surface op­

erations with intermediate levels for the operations between depend­

ing largely upon proximity to the face. 

The results show that nonsmoking miners who worked predomi­

nantly at the face have significantly more airway obstruction than 

their counterparts who worked at the surface. The same is true of 

fonner smokers within these job categories. On the other hand, 

amen~ current smokers there was no detectable gradient of increas­

ing airway obstruction from surface to face operations. Within job 

categories there was significantly more obstruction among smokers 

and ex-smokers than among nonsmokers for all except maintenance 

workers. It appears that both coal dust exposure and smoking status 

affect airway obstruction in working miners. 

III. Static Lung Volumes 

The residual volume and total lung capacity of 1455 working 

miners from six mines in central and western Pennsylvania were 

determined. This group represented a subsample of the previously , 

described cohort and comprised 96 percent of the men working at 
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these mines. Total lung capacity was determined by the radiolog-

ical method of Barnhart and associates, and the residual volume 

was calculated by subtracting the forced vital capacity obtained 

from a spirometric tracing from the total lung capacity determined 

by the radiographic method. 

The miners were subdivided into six groups according to their 

radiological category and the presence or absence of airway ob-

struc tion, viz. : 

1. Non-obstructed subjects without evidence of CWP. 

2. Obstructed subjects without evidence of CWP. 

3. Non-obstructed subjects with Category 1 CWP. 

4. Obstructed subjects with Category 1 CWP. 

5. Non-obstructed subjects with Categories 2 and 3 CWP. 

6. Obstructed subjects with Categories 2 and 3 CWP. 

Subjects with an FEV /FVC ratio of less than 70 percent were 
1.0 

considered obstructed; whereas, those with a ratio of greater than 

70 percent were considered non-obstructed. 

The mean ratio of observed residual volume to predicted resid­

ual volume (RVo/RVP) expressed as a percentage for each group is 

shown in Figure 2. It is apparent that the subjects with obstruc­

tion have a higher RVO/RVP ratio than do those without obstruction. 

Of more interest is t.11e fact that the non-obstructed subjects with 

Category 1 and with Categories 2 and 3 have significantly increased 

RV0 /RV when compared to the non-obstructed subjects with no 
p 



pneumoconiosis. This seems to indicate that radiological evi­

dence of CWP is associated with an increased residual volume in 

the absence of obstruction as usually <letermined . A similar 

trend of increased RVo/RV with increasing category of CWP was p 

found among the obstructed miners. This cannot be attributed to 

increasing severity of obstruction since the mean FEV1 . 0/FVC 

ratio was virtually the same in all groups. Figure 3 shows the 

mean observed total lung capacity and predicted total lung capa­

city for each of the groups. A slight upward trend in observed 

TLC was noted with increasing radiographic CWP that was signifi­

cant only for the non-obstructed miners. 
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When the miners without obstruction were diviaed into smokers, 

ex-smokers, and nonsmokers, and the mean RVc/RVP% for each group 

was plotted against radiographic category of CWP 1 there was a con-

stant upward trend noted regardless of smokin,3 habits (Figure 4). 

We interpret these findings of hyperinflation in the absence 

of obstruction in the usual sense, particularly in the nonsmoking 

miners and relating to increasing category of CWP, as evid£nce for 

the presence of either an elevated resistance within small airways 

or focal emphysema, either of which could be a consequence of dust 

deposition within the lungs. 

IV. Diffusing Caoacity 

The diffusing capacity for carbon monoxide (DLCO) was deter­

mined by the single breath technique in 25 wor king miners from 
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three bituminous mines in nor~ern West Virginia and southwestern 

Pennsylvania. The criteria for selection were: 

1. The miner must have been a nonsmoker for at least 

ten years. 

2. He must have Category 2 or 3 simple CWP with the 

predominant opacity being p or q. 

3. He must have an FEV
1

_
0

/FVC ratio of 70 percent or 

greater. 

4. He must be free of other cardiorespiratory disease. 

Of the 25 chosen, 15 had micronodular (q) opacities, while ten had 

the pinpoint (p) opacities. The results are shown in Figure 5. 

One subject had a DI.CO that fell outside the norma~ range. However, 

if the mean DI.CO for subjects with p opacities is compared with that 

for the subjects with q opacities a significantly lower value was 

obtained in the former subjects. This finding confirmed the find­

ings of other workers (Lyons et al, Sartorelli, et al) that the p 

type of CWP is associated with a slightly lower DLCO than the q type 

of CWP. The reasons for this difference remain unknown at this time. 

V. Gas Exchange 

Fifty-one miners who professed respirato~y symptoms but had 

normal spirometry underwent studies of gas exchange. The results 

are shown in Table 2. Subjects with Categories O and 1 CWP showed 

mean arterial oxygen tensions which were on the lower side of normal 

but which improved with exercise. The mean v2.lue for alveolar­

arterial oxygen difference [(A-a) 002] was abnormally elevated in 
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the subjects with Category O; nowever, this decreased with exer­

cise into the normal range. The physiological dead space/tidal 

volume ratio was abnormally elevated at rest in all groups, but 

returned to normal with exercise.except in the group with Category 

3 and in those with complicated CWP. Similarly, the only subjects 

showing hyperventilation during exercise were those who had either 

Category 3 or complicated CWP. 

VI. Pulmonary Hemodynamics 

Cardiac catheterization was carried out in 47 syr,1ptollllltic coal 

miners from the Pennsylvania and West Virginia coal mining regions. 

Of the 47, 24 had airway obstruction as recognized by an FEV1/FVC 

of less than 70 percent. Seven of these (Figure 6) had elevation 

of pulmonary artery pressures which could be accounted for by 

either obstruction or the presence of complicated pneumoconiosis. 

Of the 23 without obstruction, many of whom had minor abnormaliti es 

of gas exchange (Figure 7), only one had minimal elevation of pul­

monary artery pressure at rest. Three others developed elevations 

of pulmonary artery pressure during exercise. All four of these 

subjects had the "p" or pinhead type of opacity. Two of the four 

had considerable exposure to silica as well as coal dust and, in 

this connection, silicosis is known to lead to occlusive pulmonary 

vascular disease. 

Lung perfusion scanning using macroaggregated human serum 

albumin tagged with 131r was performed in 37 symptomatic coal 
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workers. We found areas of absent and decreased perfusion related 

to areas of conglomerate fibrosis and bullae in all of the 16 sub­

jects with complicated pneumoconiosis, but only minor abnormalities 

in two out of 21 subjects with simple pneumoconiosis. 

VII. Lung Mechanics 

Lung mechanical properties were investigated in 62 symptom­

atic coal miners with normal spirometry. Twenty had Category O, 

23 had Category 1, 14 had Category 2, and 5 had Category 3 chest 

radiographs. No significant differences in age, years under-

ground, or smoking habits was seen between tho,5e with no CWP and 

those with CWP. Total lung capacity and residual volume tended to 

be higher than predicted (Table 3); findings that have already 

been commented upon. No tendency for either a reduced or increased 

static compliance with increasing category was noted. There did 

appear to be an increasing prevalence of abnoLrnally low coefficient 

of retraction (Pel/TLC) with increasing category of CWP. Among sub­

jects with complicated CWP the number with elevated coefficient of 

retraction appeared to increase with stage of 2neumoconiosis. 

Twenty-five working bituminous coal miners who had at least 

Category 2 or 3 simple CWP and were either lifelong nonsmokers or 

had not smoked for at least 10 years underwent detailed lung mech­

anics studies including measurements of dynami>~ compliance at fre­

quencies up to 60 breaths per minute. All of these had normal 

spirometry, lung volumes, airway resistance, static compliance, and 

pulmonary recoil pressure at TLC. Seventeen 0 £ the 25 demonstrated 
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a significant fall in dynamic compliance at faster respiratory 

frequencies (Figure 8); whereas, none of six controls of compar­

able age but with no mining exposure had compliances that fell at 

similar frequencies. Ten of the 25 miners had symptoms of bron­

chitis; whereas, 15 had none, yet the presence or absence of bron­

chitis did not seem to explain the findings of frequency dependence 

of dynamic compliance. Six of the 10 with bronchitis (Figure 9) 

showed a fall in compliance at rapid respiratory rates, and 11 of 

the 15 (Figure 10} nonbronchitic subjects demonstrated this change. 

That the phenomenon of frequency dependence of dynamic compli­

ance is a consequence of simple CWP seems apparent from studies 

just completed among working miners with Category 1 and Category 0 

CWP (Table 4). One of 11 subjects with Categ,-:iry O, and 5 of 17 sub­

jects with Category 1 CWP were shown to demonstrate frequency depend­

ence of compliance. 

VIII. Summary 

In order to ascertain the chronic effects of coal dust deposi­

tion on lung function it is necessary to study a population of 

miners who have no other concomitant respirat ory disease. This 

situation is best achieved by first excluding subjects with demon­

strable disease of the larger airw~ys as manifested by abnormal 

spirometric findings and, secondly, by using only nonsmoking subjects. 



Using this approach, we have demonstrated that subjects with 

simple cwl? may have certain respiratory impairments, namely: 

L That their residual volume is often larger than the 

predicted value, and that the ratio of observed to. 

predicted RV increases with increasing category of 

simple CWP. 

2. That minor abnormalities of gas exchange are often 

present. Some increase in the physiological dead 
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space to tic3.al vci.lume ratio and alveolar to arterial 

oxygen difference occurs as a consequence 0£ ventilation:­

perfusion abnormalities. 

3. That subjects with the pinhead (p} type of small opacity 

tend to have a somewhat lower diffusing capacity than 

do those with the micronodular (q) opacities. Nonethe.,­

less, clinically significant reductions in diffusing 

capacity are rare in our experience ,0,hen a miner has 

simple CWP and no other pulmonary disease. 

4. That a slightly elevated pulmonary artery pressure is 

sometimes found, 

5. That the mechanical properties of the lungs are occasion­

ally altered. The retractive forces in some miners are 

somewhat diminished, although they mere often remain 

within .normal limits. 



6. That a proportion of miners with simple CWP demon­

strate a decr!:'!ase in lung compliance with increasing 

frequency of respiration. This phenomenbn appears 
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to increase in prevalence with increasing category of 

CWP. It may :be a consequence of ei t½er an increase in 

the resistance of upstream peripheral small airways 

or of unequal time constants owing to the focal em­

.phy,sema associa te¢l with the coal macules. 
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Table e.--Mean Observed FEV

1
/Pred. FEV

1 
percentage according to principal job* 

\ 

Smokers Exsrnokers Nonsmokers 
Principal , 

Job Total, Mean,* Total, Mean,* Total., Mean,* 
no. pct. no. pct. no. pct. 

't 
t • 

Face ' 2046 92.l ±17.05** 952 93.9 ±18.30** 759 98.1 ±16.33** 

' Transportation 868 ·. 89.8 ±17.64' 331 94.2 ±18.90 244 97.9 ±15.12 

Maintenance 772 93.0 ±16.45 34 7 98.0 ±15.62 289 100.0 :±16.93 

II 

Miscellaneous 389 92.9 ±15.41 156 96.8 ±15.44 159 101.6 ±15.32 

Surface 563 91.8 ±17.07 387 98.~ ±17.07 268 102.4 :!:16.17 

* Mean (obs. FEV1 ) 
Prcd. FEV

1 
X lOO 

* Standard Deviation 



Fia, A 
fungJ in coal minerJ 587 588 W. K. C. Morgan, D. B. Burg, 

150 

.. 
E i f20 
> 

0 
~ 110 
·;;; ... 
0:: 

no obstruction 
,.IJ 

rt' , 
/ , 

($ 

co .___,...-,---..--
0 1 2+3 

Rodioqrophic cofeqory 

10 

.... 
8 _, -

~ 
-g b i I a. 
0 u 

r .,. 
4 C 

I 

..2 

°E 
i-2 2 

u.ooociv.:.P~Hl:;!C: ...... ..,....r..1:...i...,-i- i..,..i.::...1...,-1.-LL..,....i,...l..l......J..U_ 
CATEC0~1: 0 0 1 1 2+3 2+3 PMF 

rn ,oostr. dis tr ro obs tr. oostr no cbs tr. obstt 

no. 0 Refalion of Residual vofume (obs.) to radiographic 
Re:;id11al 1·0/11me (pred.) 

FIG. '- ,\Feun /Ota/ lung capacfty (B.T.P.S.) of seven 
groups of miners. 

category. 

•ss, N, L. Lapp, and A. Seaton 3 
J:i5uYP,£ 

160 fi.g.J1' lbO 

f. 150 150 .., ... --- tmok.ers 
~2 -u-smok.eri 
~'ii 140 -x•• ron-smokers • 140 
~ .. 
~ L. 
0 Q. ., 130 130 
E 
::, 

0 ,.. 
120 120 

0 
" 1 110 110 ... 

<>::: 

ICO --~-------- ICO i..--------
0 1 2•3 

Rodioqrophic coteqory 
0 2+3 

TIO. • Relation of Residual 1·0/ume (obs.) in no~ 
Resid11al 1"0l11me (pred.) 

obstructed miners ,o radiographic ra1egory. 

no. Cl Relation of Re.1id11al 1·of111ne (,1bJ·.) i11 obsrrucud 
Re1 idua i w.,/wne (pred.J 

miners to radiographic catei:ory. 



Refattonship of p11/mo11aty ir11pair1nent In simple CWP fiJ type. of radiographic opacity 53 
F,~ UY~ s • 

130 • 8 

• 41 
120 

00 

• e 

!10 IJ 7 
~ 

e 

V 
100 & 

Cl -- 0 

Transfer f"actor i i,.;........o:. 

Tronsfer Factor 
90 

II e 6 ... 
(% Predicted) e • Total Lung Capacity 0 • I • e • o 80 -.!..--, a 

• 
70 Cl .. 

5 

• e 
0 

60 

5·0 4 
p q p q 

Radiographic lesion 
AGllRE Values for transfer factor aiid iran,fer fador(tota! fong capacity in miners with p.arid q opacities: 



Radio- Xumbcr 
gr;1phic of 
category p:itients 

0 12 Me-3.n 
S.D. 

1 23 '.\lcah 
S.D.·, 

2 11 
~lean 
S.D. 

3 and A 5·'.'.\lcan 
"'D I':· • 

.. 

. 
' .· ~ ... , .. ~ 

T1t81-.E ~ 
T . .\BLE 

G.\S E:1:e·,1.~sm: 1s Sn,n:c·rs \\'J•rtt ~rnru: CWP 

:-.finute 
(A-a) 01 P.O. vl•ntil:i.t ion 
(mm Hg) (mm Hg) Yo/\'T (I,/min/1111 ) 

Age TI est Excr. flt"st Excr. Best Bxcr. Hc;; t Excr. 

53 32 25 76 81 0.43 0.35 6.6() J!l.73 
(12 ,2) (12.8) (7 .8) (11.1) (6.5) {0 .10) (0. 15} (I. 40) (4 . 76) 
59 24 2-1 77 so 0 . 45 0.35 6, 18 rn . 13 
(4.9) (12.3) (ll. 9) (!LS) {!l. 1) (0.12) (0. CY.l) (1.54) (8.21) 
55 24 30 81 82 0.4!) 0.:J7 6.S6 20.!!3 
(7 .4) (12 . -1) (Hl.4) (8.4) (8.5) (0.08) (0. 11) (2.41) (7.CY.l) 
55 27 30 82 81 0.40 0.40 5.67 27.37 
(!l.5) {S.6) (IS. l) (0.1) (16 . 7) (0. 00) {0.1-1) (I .61) (11. GO) 

174 N. L.•R. Lapp and A. Seatoo 

8~ f 70 
E 36 
E 

60 .,. 
J: 
.; 
! 50 ., 
~ 
:U 40 
Q. ,.., 
~ 30 " 
a ,.., 
§ 20 
E 
3 
Q. 

10 

60 

70 .; 
I 
E 

60 ~ ., 
-~ 
<,> 

50 ; 
~ 

"' 40 ~ 
"' .. 
"' ii 

30 >, 
~ 

"' ... 
a 

20 ~ 
C 
0 
E 

10 ~ 

0 ":'----:"':----::L---'----------'----'-- --'-----'---.J 
50 60 70 80 90 100 60 70 80 90 100 

Pa Oz 50 P0 Oi 

\ reslingl (e•ercisel 
mmHg) (mm Hg) 

Oxygen uptnke 
(L/min/m1 ) 

Best Exer. 

0.158 0.587 
(0.Q:27) (0. lGS) 
0 . 156 0.540 
(0.034) (0.171) 
0 . 15:? 0 .555 
(0.040) (0. 327) 
0.134 0.62'J 
(0.01S) (0. 152) 



8. Pulmonary Functioa Fl~ l,AY~ ? 175 

80 80 

.,. 
J: 70 70 
E .,. 
E ::c 

.;. 60 
E 

60 E 
.!: .; 
"' "' 1 50 50 ·~ ., 11 
:i ~ "' "' 40 

., 
~ 40 :i 
Q.. "' .,, 
>- ., 
~ 30 30 

0. 
0 ~ 
>, t 
0 " C: 20 20 >, 
0 i5 E C: 

"3 0 

a. 10 10 E 
"3 
a. 

0 
50 60 70 80 90 100 60 70 80 90 100 

Pa 02 50 p~ ~ 
{resting) ( e,erc,se) 
(mm Hg) (mm Hg) 

1/tBLE 3 
'f ADLE 

Uta/I Data 011 Subjrds in Group IA 

!';umb(r Functional 
Rad iographk of Time FEV, Total ?1'011 Ru!dual RV re,idual 

cat.tc:ory suhj~Cl!I A~e undcr~round Cigatel\es F\'C ('3;Jla.i;"~ty volume ··f[c cap-.cily 

yr yY pock :,r 'lo % pw!,cl<J % pr,Jitt~d ~f litfr1 

u 20 Mean S! 28 19 8U IU 134 4J 4.S 
SD 'J !I 20 7 20 S6 1J 1..1 

2J ~leiln 5!1 Jl l~ 110 l lZ 114 41 "·' SD 1 9 21 5 H 4J 11 !.1 
2 14 Mean 55 JU JS 78 11.! I07 37 ,.i 

SD 1 IO 16 s 1,1', 3~ II U.'l 

J 5 ~lean 5J Jl 11 78 llS lll JS 4.S 
SD 7 IJ !5 4 16 50 15 o.s 



140 

130 

120 

110 

Cdyn 
---'--- •1. 100 
fniliol C dyn ° 

90 

80 

70 

8 

0 

0 

RESPIRATORY FREQUENCY (8re01h$/Minute) 

Fir.URE • Dynamic compliance at dificrcnt rcs[)iratory rates cx[)resscd as a percentage 
of the initial tlynamic com [)I iancc ( normal controls), 

Lung Mccliauics ancl Frequency Dependence of Compliance i11 Coal Miners 

120 

Cdyn 
.. I C •J. 1n,t10 dyn 

RESPIRATORY FREQUENCY (Breo1hs/Mir,,,~>.I 

F1r.t'Rt: 0 Dynamic com[)!iance at different respiratory raks C:'t['ressetl :.-.; a percentage of the 
initial tlynn m ic comp! ia1 ,cc ( ,1·orkin~ mi ncrs, rn ,n bronchitic). 



)(J 

tlOr 

IQ0<i 

0 

90 

Cdyn 
80 

lniiiol Cdyn '% 
7b ., 

0 

60 
' f')~-

,,. ~ 
50 •· 

, 

• 0 

i'. 

. ·.o 
1.5 20 25 30 35 -.0 60 65 70 

RESPIRATORY FREQUENCY ( Brea ths/M inu!e) 

Fir.mu:: 0 Dynamic compliance at !l i fferent re~i)ira tory ra \es expre~se,l as a percentage of the 
initial dynamic coinp!iance (working ri1intrs tvith bronchitis). • • • 

A. Sra!on; N. L f,app, antl iV. K. C, ,\!organ 



TABLE 4 

No. Radiographic 
Subjects Category 

Controls 7 0 51.3 

Miners 11 0 54.2 

Miners 17 1 52.3 

Height 

175.6 

174.2 

176.1 

EVl.O 

% Pred. 

110.0 

95.4 

107.3 

No. ~ Cdyn. 

0 

1 

5 




