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SUMMARY: The  respiratory symptoms and vent i la tory lung 
funct ions of t h e  production-line workers  (F-exposed) at an  
aluminum plant  in China have been studied. The da ta  w e r e  
compared  with those obtained from t h e  o f f i ce  workers  
(controls). F-exposed groups had a higher prevalence of respir-  
a to ry  symptoms  than controls  and their  complaints  of phlegm 
w e r e  s ignif icant ly  increased in t h e  o lde r  subjects. Whereas 
several  cases of chronic  bronchitis  w e r e  observed in t h e  
F-exposed groups, none could be found in the controls. The 
expiratory flow r a t e  at 25% of the  vi ta l  capaci ty/height  
(325/HT), which is sensi t ive in the  detect ion of small  a i rway 
obstruct ion,  w a s  decreased. 
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Introduction 

Inhaled airborne fluorides, par t icular ly  gaseous fluorides such a s  HF, as 
they c o m e  in c o n t a c t  with the respiratory t r ac t ,  may act as highly i r r i ta t ive 
and r eac t ive  mater ia ls ,  thus d i r ec t ly  a f f ec t ing  t h e  respiratory system. As 
a p a r t  of t h e  hea l th  survey conducted on workers  of an aluminum refinery 
in China reported previously (11, w e  ca r r i ed  out a s tudy on t h e  respiratory 
symptoms and vent i la tory funct ions of t h e  workers  at  t h e  plant ,  w h e r e  airborne 
F levels in t h e  work environment  w e r e  a t  or below the  TLV of ACGIH. The 
d a t a  were  then co r re l a t ed  with t h e  history of exposure to fluoride. 

Mater ia ls  and Methods 

The  par t ic ipants  in this s tudy (99 F-exposed and 47 controls)  w e r e  the  
s a m e  as r epor t ed  previously (1). T h e  F-exposed group was fu r the r  divided 
in to  four age-groups, A, B, C,  and D and age-matched controls  were  used 
for comparison. To obtain information concerning respiratory symptoms,  inter-  
views were  conducted by par t ic ipat ing Chinese physicians at the t i m e  of exam- 
ination using the  Brit ish Medical Resea rch  Council (BMRC)-approved question- 
na i r e  (2). Ventilatory function t e s t s  w e r e  carr ied out by following the  flow- 
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volume curves drawn on a spirometer ,  model Microspiro HI-229 (manufac tu red  
by Chest,  Tokyo). 

Resul ts  

The prevalence of respiratory symptoms  was  generally higher in t h e  
F-exposed groups than in the  controls  (Table  1). The  highest number of subjects  
with the symptoms was  found in Group D, the  oldest  among t h e  F-exposed 
groups. Significant differences were  observed between Group D and i t s  counter-  
par t  concerning phlegm: 1 1  workers  in Group D w e r e  diagnosed as belonging 
to grade 2, compared to none in the control.  In grade 2, phlegm is manifested 
in the morning, during dayt ime,  and a t  night on most days, for  as long as 
th ree  months in the  winter  each  year  (3). Moreover,  whereas  none of t h e  
off ice  workers  had chronic bronchitis  syndrome, seven of the F-exposed group 
were  found to have this disorder. 

The pe rcen t  vi ta l  capac i ty  (O/OVC) shown by t h e  F-exposed group w a s  
high as .a whole, but t he  expiratory flow r a t e  at 25% of the  vi ta l  capac i ty /  
height (V25/HT) was  found to be generally lowered. Whereas f ive  cases of 
ventilatory lung disfunction, all  of obstruct ive disorders,  were  identified in 
Group D, t h e r e  were  also five such cases in the  con t ro l  group, four with 
obstruct ive disorders and one with mixed disorders. Although t h e  means  of 
FEVl.O% and 025/HT were  found to dec rease  with length of F-exposure, t h e r e  
were no significant differences between t h e  F-exposed and the  control  group. 

Table 1 

Prevalence of Respiratory Symptoms 
~~ 

Cough Phlegm Persistent Chronic 
Grade Grade cough and bronchitis 

Group N Age 1 2 1 2 phlegm syndrome 

A 29 26.7 21.8 2a 3 2 3 3 1 
(6.9) (10.3) (6.9) (10.3) (10.3) (3.4) 

Control 14 26.5 22.1 2 1 1 2 3 0 
(14.3) (7.1) (7.1) (14.3) (21.4) (0)  

0 22 32.0 21.4 0 0 1 1 0 0 
(0) ( 0 )  (4.5) (4.5) (0 )  (0)  

C 19 36.9 +1.3 2 1 2 3 2 2 

Control 16 36.2 t2.5 0 0 0 0 0 0 
(0) (0) (0) (0) (0) (0)  

D 29 50.4 23.0 3 8 1 11 9 4 

Control 17 48.5 23.2 0 2 1 0 1 0 
(0)  (11.8) (5.9) (0) (5.9) (0) 

(10.5) (5.3) (10.5) (15.8) (10.5) (10.5) 

(10.3) (27.6) (3.4) (37.9) (31.0) (13.8) 

a N u m b e r  of cases. Values in parentheses indicate prevalence rate. 
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Table 2 

Ventilatory Lung Function 
W 

A 29 26.7 i l.aa 162.8 i6.2 106.9 i12.1 85.1 t7.6 7.99 i1.40 3.97 i1.30 1.82 i0.69 1.12 i0.42 4 

5 
Ir: 
v) Control 14 26.5 i2.1 164.3 i5.2 100.8 i8.7 86.2 i6.6 7.62 i1.31 3.95 t1.01 1.91 i0.59 1.17 i0.37 

B 22 32.0 i1.4 166.7 t4.1 106.9 i9.8 80.7 i5.4 7.23 i1.31 3.61 i1.33 1.49 i0.58 0.90 i0.35 -g 
C 19 36.9 i1.3 166.2 i4.0 107.3 t14.2 81.8 i4.8 7.78 i1.28 3.53 i0.79 1.37 i0.57 0.83 iO.35 f 

3 

Control 16 36.2 i2.5 162.2 t4.6 111.8 t3.5 82.0 i3.7 7.39 i0.76 3.82 i1.03 1.36 i0.39 0.84 i0.24 2 

D 29 50.4 i3.0 162.8 t6.0 106.9 i11.6 76.3 i10.1 6.28 i1.71 2.42 i0.95 0.96 i0.46 0.59 i0.28 

Control 17 48.5 i3.2 163.0 i5.5 109.3 t15.1 74.5 i9.5 6.93 i1.93 2.73 i1.27 0.91 i0.49 0.56 i0.31 
~~ 

a Values are Mean iS.D. 
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Discussion 

The  present  epidemiological s tudy on t h e  prevalence of respiratory disease 
was ca r r i ed  ou t  according t o  t h e  most widely and comprehensively validated 
MRC questionnaire.  T h e  quest ionnaire  is  cha rac t e r i zed  by i ts  making group 
comparison of t h e  prevalence of individual symptoms singly or in combination, 
instead of searching for names  of specif ic  diseases  such a s  bronchitis. The 
resul ts  obtained from this s tudy clear ly  indicate  t h e  effect of working environ- 
ment  on t h e  respiratory sys t em of workers  (Tables 1 and 2)  and confirm the  
ear l ier  findings r epor t ed  on Japanese  aluminum ref inery workers (4 ) .  A g r e a t e r  
number of t h e  pot-l ine workers  had cough and phlegm than office workers  
a t  t h e  refinery.  This is  par t icular ly  t r u e  in Group D with an ave rage  age  
of 50.4 years. Compared  with t h e  controls ,  a higher pe rcen tage  of subjects  
in this group complained of cough and phlegm. 

The  means of '?25/HT given by the  F-exposed group (Table 2) w e r e  lower 
than tha t  reported elsewhere (5). I t  i s  important  t h a t  this cr i ter ion r e f l ec t s  
t h e  severi ty  of t h e  sma l l  airway obstruct ion result ing from F-exposure,  an 
observation supported by t h e  high prevalence of chronic  bronchitis  syndrome 
found in the  F-exposed group (Table 1). Saric  et al. (6) r epor t ed  b r o n c h e  
constr ic t ive symptoms  among workers  employed a t  an aluminum plant  in 
Yugoslavia. Similarly,  Wergeland et al. (7)  observed persons working in the  
potrooms in a pr imary aluminum production plant in Norway t o  su f fe r  from 
"potroom asthma." A f t e r  cessat ion of exposure,  these workers  st i l l  had respira- 
t o ry  dysfunction such as morning cough, dyspnea on exert ion,  and wheezing. 
Further  evidence of t h e  linkage between fluoride a i r  pollution and respiratory 
symptoms  and lung funct ion w a s  shown in a s tudy  which surveyed North 
American Indian children living on a reservat ion adjacent  to  an aluminum 
s m e l t e r  (8). 

Resul ts  of t h e  interviews in this s tudy showed t h a t  about two-thirds of 
the  subjects  w e r e  c i g a r e t t e  s m o k e r s  Analysis of our d a t a  did not  show tha t  
smoking i tself  con t r ibu ted  to t h e  prevalence of respiratory symptoms  or 
impairment  of vent i la tory function. 
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