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WE: BH D5 ARH R 5500 e 12 Ml 03 2 /KCE I SRR 9 52 ), BT R —%(fL &l (fractional exhaled
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FE B IIRES, HAARRIRRE AR ST ES . &R 5 4F TR Fras < rh 5500 e A 45 5L 1%
T Z RO DA bR e, 32 il 28 /%9 FH 1 Bl 6 i (forced vital capacity , FVC) | 55 —F0 FH J7 IS (forced expiratory volume
in first second , FEV, )3 & F X 4L, FEV,/FVC IR FXF 4, 2 5 B G124 5 (P < 0.001) o 42 fil 2 AT AL FeNO
K2 F LT F5 X (P> 0.05), Hft S TIRE < 7 4E4] FEV/FVC & T = 7 4E41(P < 0.05) , (HPIZ FeNO 7K ¢
ZRTGITE L (P> 0.05). A FeNO KF- T Jifi Uy R84 Wi 48 45 22 S ¥ LG22 B L (P > 0.05) . 192 £ HEfil 4 T
AH LA 13 % A5 FeNO 5 F 50 ppb(1 ppb = 1 x 107°), 45 9 Af7 365K, o 3 ABHYE. 48 FEV/FVC
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Study on fractional exhaled nitric oxide and lung function in workers exposed to

isocyanate at low concentration HOU Qiang, XIE Min, SHAO Yueting, HAO Yongqiang, ZHANG Xuetao
(Shanghai Institute of Occupational Disease for Chemical Industry, Shanghai 200041, China)

Abstract: Objective To investigate the adverse effects of low —concentration isocyanate exposure on airway inflammation
and lung function and to explore the application of fractional exhaled nitric oxide (FeNO) in occupational health
examinations of isocyanate —exposed workers. Methods From 2016 to 2017, a total of 192 workers exposed to isocyanates
were selected as the exposure group, and 91 with similar age and gender composition (office and/or logistics personnel)
without any exposure to occupational hazards (as references) were studied. Monitoring data of airborne isocyanate
concentration in workplaces in the past 5 years were collected. The basic information of all workers was collected, and
their lung function, FeNO, and salbutamol bronchial dilation tests were performed. The differences in various indicators
among these two groups of workers were compared. Results The airborne isocyanate concentration in workplaces over the
past 5 years was significantly lower than the national occupational exposure limit. The forced vital capacity (FVC) and
forced expiratory volume in first second (FEV,) of the exposed workers were higher than those of the reference group, while
FEV,/FVC was lower than that of the reference group, and the differences were statistically significant (P < 0.001). There
was no significant difference in FeNO levels between the exposed workers and the reference workers (P > 0.05). The
FEV,/FVC ratio was higher in the exposed workers with exposure time < 7 years than workers with exposure time = 7

years (P < 0.05), while there was no significant difference in FeNO levels between these two groups (P > 0.05). There
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was no significant difference in various indicators of lung function among different workers grouped according to the FeNO
levels (P > 0.05). Among 192 exposed workers, 13 had FeNO levels higher than 50 ppb (1 ppb = 1 x 107°), and among

9 workers receiving bronchial dilation tests 3 workers were positive. Conclusions FEV /FVC could better reflect the adverse

effect of isocyanate, a type of asthmagens, on lung function. FeNO levels cannot indicate the occupational low —level

isocyanate exposure, while positive changes shown by bronchial dilation tests in exposed populations occur earlier than

changes in lung function. The combination of FeNO measurement and bronchial dilation tests could have certain predictive

value for diagnosing and screening occupational asthma.

Keywords : isocyanate; low—concentration exposure; fractional exhaled nitric oxide; lung function; occupational asthma
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fib 22 Gt B 7 BB (CHC JJURESE A IR 55 ) 5 (3)
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By IR A fioh sl BIEAE S AH DB FE S IR R
PO A RREAS AT - A5 ()02 MRS A A | I 0RO R
I TR A 20 ML T BT I RE O T i S RE L R
X 4% 7 VA K& FeNO il 7E .
1.2.2 FeNO &

K G B 14 K BE 7 WL 5 ey A3 PR =) AR 7 Y
A A R — U BTN R SEAL P100, Hh 23 %
M ARBE I BA AR AR TR A9 Ll R 51 1
TR AR, MR OSE [ M BRSSO T e 2
( American Society/European  Respiratory
Society , ATS/ERS)2005 4F-$& i (19 3¢ F NO Wl 22 4 R
N TE B e A v AR HE A7 R DL, ORISR A K-
AR, Je R I il N R, T DR 5
ARSI S s, BRE LA 50 mL/s 1 3 P BRI
Jits A, HEACI TR 5R 22 10 s, BRGE H 843 i I
RO, 0 E 25 R 2L ppb (1 ppb = 1 x 107) g 3 it B
Ao AT 1 h AESHR ZE R o FeNO A6 I 75 il D) B 2
B, P TAIBE 0.5 ho SR IR £ ik 4141l A B3 LA BE
HiA I FeNO i .

FeNO {16 5L : AR 4 2011 4F 3 [# g Bl 24 2 & %
4 P 1 S — A A U PRV T 45 B, FeNO < 25 ppb
ARG RRYE R AE , 25 ~ 50 ppb Ay Al BEE R IERAE , >
50 ppb N REERTE R AE? .
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RN GO TTARAE , 7 A% 48 o AR AR o L 98 A
FiRZENER . BRAEE NN 3 K, B EE A A
ML 5%, WURAEAE . 3 LA 48 5 o F g Jifi % 4t
(forced vital capacity,FVC) . % —# H J3 ' R &
(forced expiratory volume in first second, FEV,) | H—
B0 T3S i A 2 EE (FEVI/FVC) .
I 5 2R DL SR o5 BOHEL R @ 20 R, E AR
PG AR B R BT AR R R R
1.2.4 VT el S UE & kR

Xt FeNO %2 fH > 50 ppb #, % i th g4k
173 E PRI . 2 R AR R A S PR 22 ) 2%
Jits Dy R b 2H ] 5 1) S U T ok s e 4 R R gk
b T e me S UE ST iR . SR AT IR
400 pg YT HEEEA SN . el E SRR I P R L SRR
W AT T e B 55 7] 400 pg, 15 min J5 & FEV,,
WAV T BB 5 FEV, o3 i 129 55
b, 5k FEV, 48X B0 > 200 mL, W W7 3248
w7 kg P
1.2.5 ARk 3 i £ 3 T8 28 A6

A o A ) M A L 3 BT A A I 1 5, A T
VEG BT B il 5 kL : 223 T 5 4R AR 37 Fir
o e T R A I 45 2R A Mk N B34 i ks ] 0 )7 477 4
Jiti 55 o WO g fa 3 PR B AR 5 5 1% i GBZ 2.1—
2019 (LAEG A & W RBOL AR 26 13
o3 AT F IR ) HE
1.2.6  gGEitsaori

N EpiData 3.1 #4247 5cdli s A, FH SPSS
21.0 AR AT et 2 b 3. THECTOR AR 0N 1
HIES TR FORER R + b2 (v 2 5)
FON W2 8] 22 5 LU R FH IS AR AS ¢ 4G 36 o A6 B 7K
HEH a =0.05,

RS
2.1 —f&FH

AW IR G B R -2, 4- WK
fi (toluene diisocyanate , TDI) , — 48 Bk H g — 55 iR
fig (4,4 —diphenylmethane diisocyanate, MDI) I 1,6-
CL — 5 U2 I (1,6 —diisocyanatohexane , HDI ) , 3% fiil
T 73N, & 119 A, FH4ER (35.61 = 6.84)%
-y T (5.29 £ 3.99)4F ; Xt R4 28 A, &
63 N, AR (34.32 + 4.59) % . BidibERI 2257 K
Giilh# R L (@ = 1.415,P > 0.05) 4 22 R R 45t
THEE X (1= 1.863,P > 0.05),
2.2 ARk TS SUER B A 25 R

FZ filh 2 #2 il 1) TDI B 18] i BOF- 389 25 5 W

(PC-TWA )} 0.1 mg/m*, MDI } 0.05 mg/m*, HDI “}
0.03 mg/m’. A B 44 BEHL 2 1 JE A b 37 i Rl
s e T R 20 ARSI, i S 5 AR I 1l 3 BT A
i35 7R TDI 8 B [ AT R B (G ) 47 0.002 ~
0.044 mg/m*, MDI B Cpys 4 < 0.015 mg/m?, HDI £9
Crwn ¥ < 0.004 mg/m*, 5H#FE N 100%. T A H% T
VErp ¥ 2 8B & 11 B FE M T AR .
2.3 MizhAe L 5 FUER B AR GG X A
2.3.1 PN B EhRE A

b 58 2 fio 21 00Xk BECZEL 19 i 1) BB 114 45 T 46 b (1
DU BOHE R E 2 bt ), 453 BoR 241 FVC
FEV, I AE ¥ & T X% B8 4L, FEV/FVC Ik T X5 8 41,
RS EE L (P<0.001), WK1,

R AR R IR L T R LA

(x +5)

Al ANE FVC/% FEV /% FEV/FVC/%
Befhl 192 9730+ 15.26  98.60 + 14.34 86.77  6.21
Xof HE 2 91  89.24+9.72 93.24 + 10.04  89.60 + 4.98
(18 5.375 3.633 - 4.110
P1H <0.001 <0.001 <0.001
2.3.2  AN[EFEE T T S RENE i

F N B He e TR il = 7 AR < 74F
4, WEPLL N G REFR bR 2= 5. I AFVC,
FEV, Z R TGH#E L (P> 0.05),< 7 F4HFEV/
FVC & T =27 4, 27 A 515 & X (P<005),

2 OPAMAARREEE TR TAIGELE (v +5)
E N8 FVC/% FEV./% FEV/FVC/%
T4
<7 146 9776 £ 14.98  98.75+13.62  87.46 +5.52
=7 46 9586 +16.18  98.13+16.56  85.53 +4.05
X 0.736 0.256 2.567
P{E 0.463 0.798 0.012

2.4 REBFALHF R T R FeNO #il 45 R
2.4.1 FeNO 55| AR 1)K R

PR sERT , BHEAIE 101 A, &tk 182
Ao 1% FeNO K5 AE y (22.39 + 12.01)ppb, i T
2R (17.10 £ 8.98 )ppb, Z R A G122 E X (1 =
3.771,P < 0.01), i#F— 03 AR 0 il 3 4, A
AR IT TR 52 FeNO (B 22 5 E G124 B L (P >
0.05). L% 3.

R 3 ANRFERBIFFEAT S FeNO KE A (v +5)

R N FeNO/pph
<29 57 18.68 + 10.40
30 ~ 39 150 18.34 + 10.10
= 40 76 20.50 + 11.72
F1{H 1.067
P1H 0.345

—_— www.oher.com.cn —_—



-412- WOl A 5 A %0E 2023 4E 8 J1 45 41 545 4 11

Occup Health & Emerg Rescue, Aug. 2023 Vol.41 No.4

2.4.2 SEIRFRIEZEMALS FeNO K45 81X &

FEfil2H FeNO A {24 (19.39 + 9.49)ppb, Xf
HEZH M (18.16 + 12.70))ppb, ZH LG5 E L (1 =
0.815,P > 0.05) . B fil 41 e 425 T 9 i = 7 4F
A < 7AEH G R TR = T F 4 FeNO K E N
(19.87 + 9.49 )ppb, < 7 441 47 (18.16 + 12.70 )ppb,
ER LG ¥ (1 =0.815,P>0.05).

2.5 FeNO 5 Mishaees % %

L FeNO ¥:MI{E 25 ppb g 20 A, ¥ BT Ao
AL, 53 BT AN TR FeNO 7K it i BE 6 22 51 Ol
45 5L W N PO AL B Il T B 45 AR A 22 S R g
HEN(P>0.05), WE 4.

R4 R FeNO /KT HBFIE X G0 3 B He

FeNO/ppb N FVC/% FEV\/% FEV/FVC/%
<25 219 9491 +14.39  97.43 + 13.68 87.63 = 6.01
=25 64  94.03 £13.67 95.01 +11.96 86.17 + 5.66
18 -0.204 0.159 1.732
P{H 0.838 0.874 0.084

2.6 XAEAKKE

192 Z gl T A, A 13 #4 A 51 FeNO £l
B % F 50 ppb, iX 13 A, Bi 3 A K HA 0] 45 )2k H
N 1 Nl ) A R IR I TG VA AT SR AT K
RIS, & T 9 A RiTIRRIES 8 A, 1 A REH
SEPEE TR AT . FROARE RS R AT IR Y 4R
fE S S fE % (FEV, < 70%8% FEV,/FVC < 70% ) ,
5T R A G kR 0 A B T il < ) BE
AR R B2 W R 9 ASAT R R
R, Ho 1 AUESEE 2 Wb S0 B, 4y 8 A
H 2 A AE ARG B, 6 ABAME, BHIER 33.3%.

3 itig

HEAD 1 2 i 2 p T 2 R e T R M |
T P 12 Wiy, S 0 T T A HP o 2 1% iy o i DAL 1 S50
Wy 22—, L r 500 W £ A 4 k) - R O R IRV
JE 2 f e T S O e e A A URAIE ST P A LA
Ml A B4 il i DI MDI A1l HDI 24 32 1% F = HR Y
P Ml BRAE , A AR B 2 ok AT . 1989 4F NOISH %1
¥ TAE BIr TDI 45 i 76 )L AT BRI A K-, 61 T
v B A B2 2015 4E4% TA/ES i TDI /) PC-TWA #i
FE A 0.007 mg/m* ', PRI B 42 firh S 50RR 16 1l
N D3AGE RAE KT Kt Ty se R 00, A3 B by 2 ek
FRRERAE ML DL b7 1A 32 (LR 24K 4

REAEDF 9% 2 B, R 42 Al (IR ¥k B2 TDI mf S Uil
Difig TR, ABEoE 45 R R B2 fil I vk B TDI .
MDI  HDI 5 7E b A 53 il T RE 45 50 48 45 5 % 20

25 HE S UGS RN R, 2l Z] FVC.,
FEV, & T X B4 (P < 0.01), 7] RE 5 52 fuh 20 Ay 14 T
55 2 F A B A AR T 57 s A ¢, A g 3R
WA 57 2h & T 0 i i e AR D155 8h e o iz
fih2H FEV/FVC B 2K T X4, HBERFE TR
SER A FEAR I (P < 0.01), f AT WL, 75 K BIIK
WML T, FEV/FVC 3X — 48 47 BE B 45 Hh i ke 57t 9
12 T 2 550 M 400 XoF M ) R 114 52 )

4 TR 57 UL 930 87 5 s ) AN 3 ] (G R
Wit B 36 6 B ) SO A I g S — A ol BB 9
J2 22 P 4t e (6 45 0 1R MR 20 i A R At i T dkk
EL 200 R AR S LA M L A R 4 i
KM 5y ) 25518 W A8 1 P R E M5 .
FeNO 1E A 2 e 32 048 o f0bE 985 /KT 19 38 A, 1
YERIRYY S RE R i Fe bR o 1 H HTE N A
K FeNO £ Bl 4 22 0 1932 W36 7 v i g R B A0F 5
Wb o AU 5T A5 R R ARG e S R T A
YEME A Bt FeNO 7K Fxt B 22 53 o4t it 24 1 X
(P> 0.05); e fild] A GB35 #23% T A3, FeNO
TPl R WL 2 (P> 0.05) . 42 7 A1 ke J37 2 i 5 4
R g AN 2R AR A 5L FeNO K, SEANZ
TR 45 R AR — . MRS Jonaid &5 B
5%, FeNO /KPR A fig 5 AR FE R A ¢, U H 2 =
TRER R Sk gk (sIgE) FHYE ML T 41 FeNO
AKSEB B THR (P < 0.05), 1 5 53 FUR B sIgG FH 1
T o H UL AT DL, IRV B B2 il ) FeNO S BB S B 32
I M T DR S8 A T RE Y o

XFF FeNO /KF- SRl aR I 5E R , Olivieri 55101
IR W] FeNO 7KV 5 it I REJCOE . Malmberg 5517
X 114 2 fa e i AR Rf 5 BT 2 8 )L B AT 1T — W
7%, 2¢ 1 FeNO /KF5 FEV, #1 FVC 4 X1 {H A 5%, H
> it Ty B4 T ET 43 B R s B U TEAH OGP . Kovesi
SRS v B A Ml T R 48 X 5 X B AL B FeNO
A . ACHIE 5T Fi BE S [ M 2 25 (ATS ) R = 1
FeNO Iifi R N FH T8 B 153 9%, H4 FeNO /K42 1 =
25 ppb Fl < 25 ppb 43 AL, 25 2R K B0 24 18] A it
UIRE £ T 5 A5 22 T LG #3 L(P > 0.05) , R
RV 42 i S SRR TR Vb A B3 ) FeNO 7KK 15 il 2y
AE o5 TUHELR B A L ICAH G o 53 AN S AE RS
f’) FeNO > 50 ppb [ 9 A, HA 1 A FEV, & F
80% , H A M IEH , W] FeNO ZKF- T 5 il 2 6
MR FEARTAT S

X FeNO 1 Ay BRI 42 ik 0% 99 4l A 53 BRI
(9 AT SR (R AN (K7 A I ks o S ES S B MR P NS A K
T REWIE . Florentin Z5 i H FeNO i 25 i . Iif |
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2 Tl 3 U B U R Y OA ) v RUBS: A HE, 3R
FeNO 0 fiff Fi BF B0 1 o 78.9% , FF = PE R
42.8% , 454 W 2 40 8 A (8] 4 ] fif 15 Sk 32
7 80.5% , M BUBMEARFEA AR, T LLIAH FeNO 5
g5 5V R S A B A B T OOA 1Y A
Barbinova 2520038 13 0 5% 5 W A S TR TR I A& 3 56
HH 5 1 R S 8 W i o7 A R AR S SRR R I
P4 (bronchial hyperresponsiveness , BHR ) # [ FeNO 7K
SEARAE (A FeNO ) |, f TR S 550 15 2 fih A\ B3 1ifs RN
TE IR B, 45 5Nl FeNO il 5 45 352 Z Fh A &
B2 , AFeNO Fb L2k FeNO EAA B 5 6 380 00 41y
{8, JCHXT T M R R B4, 3048 A0 & S v
PEA I A 5 F IR R % & 55 5 A FeNO THim K F
50% Sy HRMb F2 fih S 50 R T S0 e 1 w8 f R 2R o AR
B9 2 i R R A S LR TR R 9 5 A FeNO
T & > 13 ppb 8% 17.5 ppb X} OA A4 18 & (1) #5004
{8 ] P A R HE A0 0 93 4548 1 12 ik T 5% %) 42 4
WFFE &% B FeNO 7K-F > 34 ppb B, X 5% {01 it 4 BF
FER G AT SORE & R, AT DL 4 A bl R B
T RHZE R RT3, oA ) 08 e o DR A O A
M F 2 BRI, ASBF 5T R BEXT FeNO 7E 25 ~ 50 ppb
Z Al B9 e AT SO UE AT IR, 2 FeNO
> 50 ppb 1y 9 NiAT T A G g, Hd 1 4
A2 W S B, 2 91 S AU kel BE L A6 S
HH 33.3%, 19 N HA 1 BIGThRE S E . Hit
ATLLE ), FeNO /KT S 2R T ek 2 . i F
FeNO K-V F i 52 B 2 & 52, BRI FeNO A1k H
o AR W AR bR (BAE N T & 48 bR, 3G SCRE
F ki B 2 W 5 0 A R M R, B I T R
B A

25 BRI i I v B R IR 2R BN )
15 0] 5 6 Bl B RE 48 bR (FEV/FEVC% ) 278 5 T
FeNO 7K - FF AN il Jiz e 53 50 1R TR 25 B0 ) A9 A K F
ek, 5P RE & O A S et Jo AR G L (H
2 finh 5 R TR N S0 RF ka3 2 R 19 B M
AR P RE A . B F FeNO KT H 28 £ A
FRMW, UL FeNO A& B S A2 Wi s A, A 2
L — W5 FeNO BB S &7 ol g0 % BRI
W% i 1) 12 W 5 1 5 1 i ({1

EER AT BR BB TE 19 ) £ vh 2%
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