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Effects of Refractory Ceramic Fibers on Workers’ Pulmonary Ventilation Function ZHU Xiao-jun,
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Abstract: [ Objective ] To explore the effects of refractory ceramic fibers on workers’ pulmonary ventilation function. [ Methods |
This study enrolled 265 manufacturing and processing workers as the exposure group and another 273 workers only exposed to noise as
the control group. All subjects accepted pulmonary function test with indicators including forced vital capacity (FVC), forced expiratory
volume in 1s (FEV1.0), and FEV1.0/ FVC, represented in percentages of measured values over expected values (FVC%, FEV1.0%,
FEV1.0/FVC%). Low, medium, and high exposure subgroups were divided by the number concentration of fiber <0.1, 0.1-0.5, and >0.5 /mL
and by the gravimetric concentration of total dust <1, 1-5, and >5mg/m’. Specifically, 81 workers were classified into the low fiber and
low total dust subgroup, 123 workers in the medium fiber and medium total dust subgroup, 30 workers in the medium fiber and high
total dust subgroup, and 31 workers in the high fiber and high total dust subgroup. [ Results | Compared with the control group,
the exposure group had significantly lower mean values of FVC%, FEV1.0%, and FEV1.0/FVC% (P <0.05). The subgroup with high
number concentration of fiber and high gravimetric concentration of total dust had significantly greater reduction of FVC% and FEV1.0%
than other three subgroups (P <0.05). Subgroups with different exposure age had no differences in the values of FVC%, FEV1.0%, and
FEV1.0/EVC% (P>0.05). The positive rates of restrictive, obstructive, and mixed pulmonary dysfunction were 58.9%, 4.5%, and 3.8% in
the exposure group respectively and 10.9%, 5.1% and 4.0% in the control group respectively, and only the positive restrictive pulmonary
dysfunction rate showed significant difference between the two groups (P <0.05). The restrictive pulmonary dysfunction was associated
with the number concentration of fiber and the exposure age (P<0.05), and not with the gravimetric concentration of total dust or smoking
habit (P>0.05). [ Conclusion ] Exposure to refractory ceramic fibers can harm the pulmonary ventilation function, mainly restrictive
pulmonary dysfunction. The positive rate of restrictive pulmonary dysfunction has a positive correlation with the cumulative number
concentration of fiber, and shows superior correlation with the number concentration of fiber to the gravimetric concentration of total dust.
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Table 1 Characteristics of refractory ceramic fiber exposure group

and control group

A5 Pk (n=265 )

Variable

Fi (Xxs, B)

X (n=273)

Exposure group Control group

Age(F £, yoar) 319+64 322472
P L EENSIE =
P51 ( Gender )*
% (Male ) 161(61% ) 222(81% )
4 ( Female ) 104(39% ) 51(19%)
I 4K ( Smoking )
J&=(Yes) 114(43% ) 122(45% )
7 (No) 151(57% ) 151(55% )

[ ]*: &2 8%, S EALE, P<0.05,

[ Note ]#: Chi-square test, compared with the control group, P<0.05.

R2 M NE S SRR R E AT 40 T 88 R AR
Table 2 Mean values and distribution of exposure age across

refractory ceramic fiber exposure subgroups

LB (AR )2

Exposure age distribution

Hefih T (X2 s, 4F)"

Exposure age

L4, Bk) A

Group( Fiber, total dust ) n

(¥xs, year) 0~5 6~10 11~
i, i ( Low, low) 81 8.1£5.1 28 29 24
1, #1( Medium, medium ) 123 84+4.8 35 67 21
1, & ( Medium, high ) 30 8.8+5.0 9 11 10
T, 7 (High, high) 31 5.6=4.1 16 10 5
[VE ]%: 200, AELE, P<0.05, A: 27255, HIE
P<0.05,

[ Note | *: Analysis of variance, compared within the subgroups, P <0.05.

A: Chi-square test, compared within the subgroups, P<0.05.

2.2 BfiE A T AR AR AR

% filt 4 FVC% . FEV1.0% 1 FEV1.0/FVC% (1)
BIGRTXRA, 2R 4501 2F 8 X (¥ P<0.05 )( £
3 ). %2 4 SR TR MR E I ZE 9 O E A, S
= 2HAH L, LT 4 AR A FVC% R FEV1.0% /Y

PRI, T FEV1.0/FVC% 4 Y84 2 ( P<0.05 );
Fefihd vp 3 AN Tl B ok T 0 40 Ho AR, B FRbR 2 5
WG =F2 L (P>0.05)( %4 ),

R3 MHAPREFLEEMA S X R A B ST B IEIRKIE
S5t EREE (T +s)
Table 3 Ratios of measured values and expected values of
pulmonary ventilation function indicators in refractory ceramic

fiber exposure group and control group

5 BEOIN ; ; FEVL.0/

Group Number of subjects FVe%  FEVL0% FVC%
HEfih 4 ( Exposure group ) 265 77.3+9.8" 84.1+9.9* 109.2+7.9*
Xif HEZH ( Control group ) 273 87.7+11.8 92.7+12.9 128.1+9.9

[ ] Zoeoly, GAFRALE, P<0.05,
[ Note ]*: T-test, compared with the control group, P<0.05.

F4 WAPGE LT HE4EM A AR B I A MBS T8 SMES BT
EREE(x£s)
Table 4 Ratios of measured values and expected values of
pulmonary ventilation function indicators in refractory ceramic fiber
exposure subgroups

AL i*ﬁl)\z&f FVC% FEV1.0% FEVLO/
Group umbero ’ e FVC%

subjects

TEAMRAAE (2748, Bb)

Exposure feature( Fiber, total dust )

i, & (Low, low) 81  804+107 87.0+10.0 1083+9.1

1, 1 ( Medium, medium ) 123 762+9.6 828+9.5 108.8=7.5

1, 75 ( Medium, high ) 30 77.6+78 848+85 109.8+7.2

5, 75 (High, high) 31 728+102" 81.5+11.0" 1128+6.0"
Hefih TS (48 )

Exposure age( Years )

0~ 88  77.1+103 833+104 108489
6~ 117 78.1+95 852+98 110.0+6.6
11~ 60 762+97 83.6+92 109.1+84

[ J+: ZSNKEHHILE, §5HEMm=4th%, P<0.05.

[ Note ] #: Analysis of variance, compared with other subgroups, P<0.05.
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Table 5 Pulmonary dysfunction positive rates in refractory ceramic fiber exposure group and control group

) o RS LR 2 R
AL B2 IN Restrictive dysfunction Obstructive dysfunction Mixed dysfunction
Group Number of subjects — — —
N (n) % NE(n) % NE(n) %
41 ( Exposure group ) 265 156 58.9" 12 4.5 10 3.8
X HEZ ( Control group ) 273 30 10.9 14 5.1 11 4.0

[ ] & //H%, SxEALE, P<0.05,

[ Note |- Chi-square test, compared with the control group, P<0.05.

R 6 N FRE LT e 40 R B 0 28 HY BR 1 1M i@ S Th g
PEESHE HZ
Table 6 Restrictive pulmonary dysfunction positive rates in

refractory ceramic fiber exposure subgroups

TRAB KA

subjects positive
SRR (274, k)
Exposure feature ( Fiber, total dust )
fi%, MK (Low, low) 81 40 49.4
i1, 1 ( Medium, medium ) 123 73 59.4*
H, 75 ( Medium, high ) 30 20 66.7"
i, i (High, high) 31 23 742"
$fih T % ( 4 )( Exposure age, years )
0~ 88 52 59.1
6~ 117 57 48.7
ilil= 60 47 783

[ ] &y #H0K, P<0.05,
[ Note |- Chi-square trend test, P<0.05.

<8 MHAFHEAFYE(E T ARSI A ST AR 2 I E = 1IEE 4 logistic BIFH# ( BHiE )

2.4 TRA)VMINIE A )AL AT 00 R0 B R

B AR AR AT (x ) BB R4 ik (xo )| 42
fi T Covs )y ST WA (e ) AR A AR T8 AE 251
logistic [AIEACRY A8 5 AR L3 7, DA A1k ik T
i fS , AR BRSO (x ) A
FEfh T (s ), BEBRIFVS SR [ R B A G B
SL(P<0.05); SRR 42 b7k (x ) WO (xg ) R
ABEL (8 ),

®7 BEEMER

Table 7 Independent variables assignment

AR 54 (Variable ) AU ( Assignment )

LT YR filK 7 0=XJ B4 ( Control ); 1=K ( Low, <0.1f/mL ); 2=H
Exposure level of fiber, x, (Medium, 0.1~0.5f/mL ); 3=75( High, >0.5 {/mL )
B JE K S 0=XJ it ( Control ); 1=1IK( Low, <l mg/m®); 2=H1

Exposure level of total dust, x, ( Medium, 1~5 mg/m3 ); 3= ( High, >5 mg/m3 )
T P e A e fh T
Exposure age, x3

6 ( Smoking, x4)

0=XJ B4 ( Control ); 1= 0~54F( 0-5 years ); 2=6~10
E(6-10 years ); 3=114EKLL E(>11 years )

0=75(No); 1=/E(Yes)

Table 8 Logistic regression analysis ( stepwise ) for risk factors of restrictive pulmonary dysfunction

A5t Wald 156 ( Wald test ) 8K ELR G ( Likelihood ratio test )
Variable b Sy Wald P Ve r P
A5 B AT AR RS ( Variables included in the model without selected ) 151.5 4 <0.0001
HOBOT ( Intercept ) -2.0506 0.2045 100.5998  <0.0001
X 0.6260 0.4675 17933 0.1805
X2 0.2068 0.4196 0.2429 0.6221
X3 0.4196 0.1318 10.1358 0.0015
X 0.1807 0.2331 0.6008 0.4383
AR R 5 AOAS Y ( Variables included in the model by stepwise method ) 149.2 2 <0.000 1
HBO ( Intercept ) -1.9663 0.1749 126.4 <0.0001
o 0.8396* 0.1472 325 <0.0001
5% 0.3998% 0.1300 9.4 0.0021

[ V£ ]*: OR=2.313, 95%CI % 1.732~3.089, A: OR=1.508, 95%CI 77 1.167~1.949,
[ Note ] *: OR=2.313, 95%Cl is 1.732-3.089. A: OR=1.508, 95%ClI is 1.167-1.949.
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