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A Study on the Occupational Lung Diseases

— Standard Methods of Lung Function Test—

Jung Keun Choi, Jung Oh Lee, Kyeong Seon Ko, Hee Gon Kim

Department of Health Management and Research
Industrial Health Research Institute
Korea Industrial Safety Corporation

34- 4 Kusan-Dong, Pupyeong—Ku, Incheon, Korea

— Abstract—

Lung function test can be influenced by technical methods, and the quality control
of test has been stressed as an important part of lung function test program. This
study was done to standard the performance of lung function test methods for
workers’ health examination in Korea.

Sixty Workers’ Health Examination Institutes and 9 Pneumoconiosis Referral
Centers were investigated for their lung function tester, types of spirometers, and
performance of technicians.

Among surveyed Institutes, only 23 are performed lung function test, and only
39%6(9/23) are performing any calibration of spirometers. Centers are all performed
lung function test, and 1009 are performing any calibration of spirometers, and most
of those calibrations are done automatically by the machine. All the surveyed
Institutes and Centers obtain acceptable tests no more than 2 times. The background
of technicians include office workers and nurse aids without an adequate training in
pulmonary physiology, and the testing posture and formats vary among Institutes
and Centers. When the types of pulmonary dysfunction under the definition of the
Ministry of Labor were compared between those obtained with and without quality
control guidelines.

Quality Control(QC) program for spirometer or Quality Assurence(QA) program for
technicians and doctors that diagnosis results of lung function tests was required,



also standard lung function test was needed.

This study was investigated institutes and centers to perform lung function test,
and developed standard lung function test for Korean technicians and doctors depend
on American Thoracic Society published in 1979, 1987, 1991, 1994.

key words : Standard lung function test, Quality control program, Quality
assurence program
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A7) 54 BF S 9 5o npAlE A 22F

£% 42 59 up4
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5) Aol A= HZIsAA A9

71 o g2 Al3iE 33 o]Ae] volume-time curveY flow-volume

A8
[e}

curveS. ZHH 7Hg HAAX T & 2719 FVCS FEVI1e] 5% o|uje] zkol(¢F 200 ml
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6) H7lsAAe 34
AHatelt w75 HAS H A3 335 AAEor &y, FVCe FEV19 F x| ¢t It
2] ZFo]7F 200 ml oJujoleof gt} HFo A= FHAS 539 A|=E Qsta o

v, 88lo] ARE 87sE AFE Ak A5 Bobd £% ALVl Ak A A
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1994 ATSOlM = A A7l dA7ls AAA AT M7 gl= Abge )
AskaL oW F 7)ol dFS A= = I A4S stk dasta vk
1994 ATSeIA = #A7s HAAE Al o 542 Aol = AAAE ¢
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1) =384 H&ZF(FVC, Forced Vital Capacity)

4ol Hujd 22 FAT F AL w2 Bolu B9 AdFe wa

FVCE AW 754807 d 2% F88 dAAolth 4o Hste] vk 2
e d7k 323 AP 5 g U GvBth Z s FAast Qo) SuAw
23 BT+ Gk £F T FFolut A1FEel ol AEFe] FAT FSE §yo]

o AGE A SHAT o FolA Aol @] izt AAL@T,
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gt Ay Al Aol i 49 time-volume curvelt
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(2) B AAAZHH FEV1e] A&

gel - AeE 3709 HAALREE FEVIC] 7HE 2 HWiA o] AFol7k 200 ml HE= 5%
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(2) ¥}t}3F extrapolated volume®] AF&

Aol ey £7] WWOoE AFE] Aol BolW 719 F2 warh

s

extrapolated volumeS FVC tH] 5 % EE 150 mlE ¥ sl s kg diE 3l

Bev w8y SV A o Ao AV AR AAE w FA g
4) FVC d4] FEV19] percent(1%2%, FEV1/FVC%)2] A=

Aol 1t FVCe AALA o] H]ato] FEV1o]l dwpit xpA|star iAol thste] Zgkrt. 7
A s de A Jde] £ AANATE "ok AN A= 125 F 37
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(FEF25-75%)

Aol FVCe F7Hi-(mid-expiratory flow rate or MMEF)2] #Hi &4 37| &
bigcias o
Hl% FEVIEG #7]5e] o3& ®iztet/Al uetbliAnt, FVCH FEVIET AR 9
W37t Alste] W7t Ao gkt
ATSAIM = FEFs50 AAMA Sl 282 #H7]%5 ool dvta Add 45y g A
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7F Agst A 7ls AZAY A S “7HE £ HARA(Best Curve)'E A4 gk}

“7V¢ & HAARA(Best Curve)’s= FVC + FEV1ZF 7v & Fx|olt}. tif-& “714
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& A (Best Curve)'&= 7Hd & FVCS 457 &
. FVCY 25%9F 75%%E AlLtstoh
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FEF2»s 7509 &84 A8 Ao #2213 (Screening Program)oll 3 5 7
AFE3E = glthE Aot H]E FEVI1Y] Bléle] =84 % (Voluntary Effort)ol] <3S 2
Al WA RE FEFos 7502 A1 E| A o] Atk A7 o] qith
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Aol BgHE A9 GAARY 4908 5 FAFE AAAE ol §ate] obg Y 247}
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el FEFs 8l o4& ZAWel @ oabe] o|ste] &gslolof gk,

6) BTPS(Body Temperature(37%=C) Ambient Pressure Saturated with Water

vapor)2| W3l

A7l A O] 2= AWl 2:=7h ofyn] EF Hue] F7]= 719 100% E3he
Aoz By H7IFHAA Y F7)E 100% 37 oyt wEha ol i 2o

f

AFEE o83 AVSAAIE ole @ WEE Aoz Asste] UEhFAY 5
FA o8 A7 EPAE ABstelof @t

HE A7 SRl bl SR #eke] B F ek 6-10% A A thebich. wheba]
BTPS®] 442 WgA Ao} g},

HBA Ak sk H 7S] FAE

7} FVC, FEVL, FEFs 70 & 3719 %(volume)E WEE= 574

U4 FEVI/FVC %% W& Yetzl 3719 48 dehdls FX7 ofyrnz dad g
a7F fith

(1) |

7} Fol A ¥ 2l (Conversion Factor)E ZH=t)
U, A& Wslacls 3t}

(
=

t}. BTPS 3}¢] #7]%& A=x1rc) @},
+Eow 243 A5 BIPSE dastolo} ki, A@ede g P



F 6. A7l HAA ZHE BTPS®2 Wg a9l

S=(AHA) kgl
18 1.114
19 1.111
20 1.102
21 1.096
22 1.091
23 1.085
24 1.080
25 1.075
26 1.068
27 1.063
28 1.057
29 1.051
30 1.045
31 1.039
32 1.032
33 1.026
34 1.020
35 1.014
36 1.007
37 1.000

7) AZs A ] AA 83



D 2% wheystel 1] Aol& A&s] 7] 5shal AHgdnh

2) #1715 AHE 17-40% Abolol A Al &g,

3) ®E 23=4 olgtelA  HAE= 49 FEVIH Peak flowe]l 2#/E &
R A 7T},
(2) & a<le] 19

71k Z1stelu H7lsHA] el 89, el BS VI5A vAE 4F Tl 1y

sjojof gk
4. A 715 A9 o 5A]
1) 447 4]

H7)5 A e A= asr = 34 #H7)s AA 9 vast ALY QA o =) 9k

A Aok ofm g Aol M FaE A Ao A vhdolal, dRbH

a8y AR QIFE H Ao Hste] ALY =k wkeke] FVCY FEV1e] ¢S Ry
I H7lEAAAE A "W g & ¢ vk 1991d ATSE
LLN(Lower Limit of Normal)< AF-&3}o] o] 3 AAJS FEF=d ol BE A+

o o 5% HEE oldAen FRATIE BAH 7ol et



A 2HA g o], wid =) &2 &4

Crapo(18-, 1981) 0.06%2174 - 0.0214%1}0] - 4.650

Morris(18-, 1971) 0.0583+417% - 0.025%o] - 4.241

Kory (18-, 1961) 0.0524x417% - 0.022%1+e] - 3.60

Knudson(18-19, 1983) 0.0590%41% + 0.0739*%1}°] - 6.89

(20—, 1983) 0.0844x417F - 0.0298+1}0] - 878

Cherniack (18-, 1972) 0.0477+417% - 0.0136*1f°] - 3.184

ECCS(18-25, 1983) 0.0576%417% - 0.026%10] - 4.34
(25-70, 1983) 0.0575+417 - 0.026%1}Fo] - 4.345

Baldwin(18-, 1948) (27.63-0.112x1} o] )*41 /1000

o] 53k (20-49, 1962) (2.830-34*1}9])*xBody Surface Area

(29.14-0.061#1}©] )41 %/1000

9 Q1(-20, 1965) (7.15+0.82+ 1+ 0] )41 7¢/1000
(20-, 1965) (29.43-0.186 1} ] )41 %/1000
A5-8(1967) (2977-12.5+1}0])*BSA(m2)

(29.6-0.126%1}©])=41%/1000

LA ol F5 (1977) 0.058%217¢ - 0.0201+1}Fo] - 4.90
9 g (A = AL 1994) -4.207 + 0.055 = 4174 - 0.020 * o]




& 8. FEVi9 <54 &4

AR (o], ERd ) 54 &4
Crapo(18-, 1981) 0.0414%217 - 0.0244x1Fe] - 2.190
Morris(18-, 1971) 0.0326%417 - 0.032«1}°] - 1.260
Kory(18-, 1961) 0.0370%217¢ - 0.028%1o] - 1.59
Knudson(18-19, 1983) 0.0519%217¢ + 0.0636+1}0] - 6.12
(20-, 1983) 0.0665+417 - 0.0292x1Fo] - 6.51
Cherniack(18-, 1972) 0.0359+417 - 0.0232«1Fe] - 1.507
ECCS(18-25, 1983) 0.0430%217¢ - 0.029x}o] - 2.49
(25-70, 1983) 0.04301%41 7% - 0.029«1}0] - 2.492
Berglund(18-, 1963) 0.0344%217¢ - 0.033%1o] - 1
W3E3(20-50, 1983) -4.281-0.021 1} 0] +0.051 %41 &
W vy (A = AL 1994) -2.282 + 0.040 = 417 - 0.028 * 1o

E 9. FEVi%9] &4 &4

A ZH(A] G 1po], R R) of| S| 32

Berglund(18-, 1963) 91.79 - (0.373%14}9])

25 (20-50, 1983) 96.06-0.2452% 1} 0] -0.0124 A1

Z & T7H(20-69, 1980) 99.5-0.3011}0]+0.027*21 &

Wl (A 2 A 1994) 103.74 - 0.090 * 217 - 0.213 * 1}9]




2) A=A e A

Aol WA ofzrel o A7k Gehth AN EAAE ARE AR duel 454

F40] gow AU Fou} aFA Baht Aeol: A 2R dFAE AHEst]

| AR
of )
Haw AFH Bo] HEF FFNA FeH A=A Agol B EF o FX

E 7% WAVl HAVIE AEShs Aol dadd HAaT A3

#
AE Ask SAF AV SAANE AESHAEA Helo] Baste

E 10, AFEAATF LN AREE A 5A FA

w4 20 - 60 Al
FVC (L) = -4.256 + 0.055 * Height - 0.021 * Age
FEVI (L) = -2561 + 0.041 * Height - 0.025 * Age
FEV1% (%)= 87.33 - 0.171 * Age

o4 30 - 60 Al

0513 + 0.021 * Height - 0.021 * Age

FVC (L)
0.536 + 0.018 * Height - 0.022 * Age

FEV1 (L)
FEV1% (%)= 91.14 - 0.231 = Age

3) AFAel vA= FF

o Zz%®ute] ofuet #7]%% HAA ] dFS wAE QAL TSI P

7F vrol 1 ol”el 2 RE v 27|7AA H7eS F7METh BHE 20-30thel #H7]
Tol Fasty] AlFEt

U A o 77 2 AEe #ArleAE Atk aey 7)Ee #7|E H$dt

FEV1/FVC%+= %t}

o A GAdE R H7]E A7 A



G QF o wES Wl wste] ofxseld olFF  Fele FVCs)
FEVISl A17b o 15% 4= sk o] <lo] thelsh wale] ulste] Ao} Fohe
Aol make] A7) wEolth FAFE FAF WxE ANEAE 25

A3

4) AFo w2 5EA3 gFA 7 = 459 A9
(OSHA Cotton Dust Standard)
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1’5 #AAA]  FVC, FEV1, FEF 2575
FAol EFask Hr|ls HAA  FEVI/FVC%
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@ Amoln AZSAAE 24 WMEAATL BrH ot
FAZAAN A FEVICl 15% olatz dhstt 4% A49%] 9g Aol e &
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2) FAAA o @ A 34
A7) 5ol elate] A Fel WA e 2L 2747 wol sl

b=l
bool| B ER AR )3 ER F(2F o) AAAE vwskes P
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Aol tigk F71A < HAA S WSt W sk U

3) AARA Wshe] Ay

A7 ] o@ 75 AR WELe o
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7} A3k
FA Al 23k %W sl= #A] AL 9 wlalEle]of g}

% 454 @A gdd

e

b A A o 93k W7 th 7k A A (expected annual decline)®] Ak
thole] ofgt 7t T wHT a9 iE
FEV1 ml/year, FVC ml/year
o FAHAA O 899 AE
7h) Al7gel Wt
) AlFel Wt
hH Fd5we ¥t 0 9L FEV1S] A5 HFAA] Hlgto] e HAH

eh) AldA deA 2l

gt AEA AV HAE a9t = A
7b) FEV1 = FVC7F FA AR 15% o3 Had B5-(ATS oA= b3t 15%

o] M7k = A vl Aoz dd), & 5d oY So] FHg Aol ARl

(n]

) FEV1 =+ FVC =¥ FEV1l/ FVC%7} LLN ©o]3el 7%
) EF2 AT D)F EF2 (2 )9 AARAIZE 10% °)d Aozt v S
(OSHA Cotton Dust Standardol A& 5% o4l AFol7b A+ v FEVI1e] 150 ml

o9 Aol gl A% AAAFES Ax)

6. A715AAF An)9 ®F3}

ATS Standardol] <Ast=AE HES & 19
Elass
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A5 A E Thehe A
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tth. ATS Standard

1) A7 53A719 SA47 s Fe] E+3)



Az A4 & de &% HA4T 82H ooy, £x= 0 - 14 HE/2MA =

4 & & oglojof dry wI H2F 152744 FFH %S AT 5 glojor ik

128J8/%°] &71&=0A 15 cm HO/EH/Z By zhofop Fhoh( AlFe] ALSAE

3) Zero Time? ZAA

EL

wHA HEgEgs A7) Hdol zero times AAY 4 gdojoF FH  back

extrapolation®] ¢]ste] A A ¥ oo} 3t}

4) BTPS® W3

5) 434

7h B E A E AFRA T ool Al E RS & 4 glojof gt
. FVC T% FEV19 AFE= + 3% Hi 50 ml o] jo]ojof dir}
oh BAe A= + 3% B 50 ml o]o]ojof gt}
2}, FEF»s 7505 AM&8tE 49 A8Es + 5% L 200 ml oJwo]ojof 3o},

. B714E S49) JREE + 5% E 200 ml o]l ojof @},

6) H71sAA719] 7]

J&m
,g
Fm
z
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7}, HA 715 HA71E volume-time® time-flowS YWEFE &= glojof s}
. 7129 volume scale2 10 mm/], flow scale:x 5 mm, time scale® A% 2 cm/

Z ol Hojof F

ol Aol AL F FAHORE AASHH ATSOA A A st @acke w22 = 3o}
(% 11).
¥ 11. #A7153A19 =4
" } T :
(e} ] 3 L=y &} 7]
A He/ e e oy A ZH 71 %4 &2 Back AA A%
(BTPS) (S) Pressure
(L/s)
Ve 05 oA 8L reading® +3%% 0-14 |30 3L 749 A
= +0.050L & & # 2
05 oA 8L reading® +3%5 1.5cm H20/L/s°] 24 =l
FVC 0-14 |15 ] 3L 749 A
= +0.050L = & % 3 214

_ 1.5cm H20/L/s©]
05 oA 8L reading® +3%I ) .
FEV1 g 0-14 |1 |3k 24 BEFA
= +0.050L = & %

Time

FEVI Z7o] A A&t A3F |0-14 24
Z€10

AFE  reading9£10%

© _ reading <}+10% 1.5cm H20/L/s0] .

0.400L/s sl %k _ 26 Flow 3+
PEF . o

AE %D reading®]+5%  EE =2

0.200L/s =l &+ %k

. = 1.5cm H20/L/s©]
FEV25|reading®  7.0L/st5%  H+= _ .
14 |15 |3 24 =54

-75% [0.200L/s= & 2 #

1.5cm H20/1L/s9]

reading®] +14L/s+5% = + i Al Z 3] AF 2 H-
\% 0-14 |15 |3 _

0.200L/s% & % B <A

reading®] 10% WA, 2L<] 2.0Hz, 2L TVl

) 14 |12-1 __|Sine wave
MVV |[TVelA  250L/min, % =+ 2] 10cmH20°] 3}
) +3% |5 pump
15L/ming ol 3k o] 71t




7. AN SR Aol 84

1) A7l sAA 23] 34 A

7 eAAre] A= Aol gAY AEAde] glud i dex] & 53 9

% Ak A8E Annts AEgAde ouda 2429 F7t wol WA 5

gomz A3e AAwgel A e 2 A2 Y5 AnE AN

a9 12 AN SRA Ane) B #A

317157 Ake] A

(FVC 4"l et AA])

<«

B L 7P 2 gk FVCsE M 2 kel FEVIE 7HA A s

. 7F¢ 2 %<9 FVC + FEVIS 2 @ty 02 AAA HE

2) A3 AFARZAER) 7=
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X
e
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nh) &, o], ojwz i AA Fi= Gl 9ste] mpg-y o] uhg
F7F s Aol sidsh
7h QAakgH o] 71 & A %ol FVC 9 5% &2 01528 5B} 24

W) Hozr] FE7bA e Azke] 120ms o 2

v
£
dlo
&
ot
lo
ofy
S
o
fol

57|17} o] Fof X A5l sdErt.
6% o]A¢ 37| and / or plateau B4

=

7] 71%F & plateau B4

b AAT AGE 389 AAAT A A9l D@
7b) 74 & 5 e FVC Abelel 0228 o]de] atol7t LE7t?
) b 2 F Ale] FEVIAbelol 02218 o4kl Aol 7k 97}
. FVC, FEV1Y A7} 7)o wrow HAALS &
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7 2473 % of A &k 7ol
FEV1/FVC% FVC/FVC predicted%
4 > 69 > 80
73573 (1) 61-69 66-80
el () 45-60 51-65
L= 7a () < 45 < 3l

1984\d Intermountain Thoracic Society

) 24 73 7 of A g 7ol
FEV1/FVC% FVC/FVC predicted%
A% <1CI <1CI
78 573l () >=1-2 CI >=1-1.75 CI
5 &8l () >=2-4 CI >= 1.75-25 CI
AL =78l () >=4 CI >= 25 CI
1979 42 oA
FEV1 V25/Height FVC/FVC predicted%
8% < 1 SD= < 1 SDs#x < 80
73573 (1) >=1SD >=1 SD 60-80
aL= g8l () >= 2 SD >= 2 SD >= 60
SDx Male 7.19 Female 5.44
SDse Male 0.316 Female 0.336
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FEV1/FEV1 predicted%  FEV1/FVC% FVC/FVC predicted%

s > 80 > 70 > 80
A ) 60-79 > 60 60-79
T34 (h)  41-59 41-59 51-59
nEgs () < 4l < 41 < 51

1991'd National Institute for Occupational Safty and Health
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FEV1/FVC% FVC/FVC predicted%
s > LLN > LLN
78 573l () > 60 > 65
5 &8l () 45-60 51-65
e () < 45 < 51

1991 American Thoracin Society

7 2473 7ol A &g ol
8% 4% FEV1/FVC% 4 VC
H] g 4 FEV1/FEV1 predicted%  VC/VC predicted%
] A g3l (10 60 <=, < 170 60 <=, < 70
78 573l () 50 <=, < 60 50 <=, < 60
F 538l () 34 <= <50 34 <= <50
L5l (1) < 34 < 34
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