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An Outbreak of Acute Beryllium Diseasein a Compound Metal Alloy Factory

Hyunjoo Kim, Woo-Chul Jeong”, Young Koo Jee?, Dae Seong Kim®, Seong-Kyu Kang?,
Sangchul Roh, Kyutag Cho?, Donghyun Kim?

Department of Occupational and Environmental Medicine, College of Medicine, Dankook University,
Surgeon General’ s Office, ROKAF?, Department of Internal Medicine, College of Medicine,
Dankook University?, Korea Occupational Safety and Health Agency?,

Department of Occupational and Environmental Medicine, Dankook University Hospital®

Objectives: We conducted an epidemiological survey to inquire into an outbreak of acute pneumonitis
after two reported cases of interstitial lung disease.

Methods: The study subjects were 45 workers from a compound metal alloy factory. We reviewed the
factory’s industrial hygiene data along with the results of a special health examination, including pul-
monary function tests, simple chest X-rays, and high resolution computed tomography.

Results: The air concentrations of beryllium ranged from 0.42 xg/m? to 112.3 pg/m?, and the mean
concentration of urinary beryllium were 1.53+0.79 ¢g/g of creatinine in the molding workers, 1.41+
0.50 ug/g of creatinine in the casting workers, and 1.16+0.53 u«g/g of creatinine in the sorting workers.
The rates for cough (p=0.054), dyspnea (p=0.030), and the use of medical services (p=0.018) were higher
in the molding workers than in the non-molding workers. The incidence rate of acute interstitial lung dis-
ease was higher for the molding process (32.0%) than for the non-molding process (5.0%) (p=0.012).
The time of employment for all patients was prior to December 1%, 2002.

Conclusions: Since most of the patients were molding workers, and all of the patients had worked
without a ventilation system, this outbreak of acute interstitial lung disease was regarded as acute berylli-
um disease. Although the direct cause of the epidemic was the beryllium fumes, the fundamental cause
was improper control of the work environment. Therefore, the means for preventing avoidable epidemics
of occupational diseases are discussed.

Key Words: Beryllium, Acuteinterstitial lung disease
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Ao grAo= (amorphous alloy)?l ZA=wE 5 F(liquid

AR Aoz A igs

o]F F&ol e A& 8ot . 1y 2005 Ei= metal alloy ingot)E A4bsh= dAl= 20024 10€+
AFwEAN AW PAR w Ao @ wraE  © Bl FEsl Adas,

B2, 20069 DMFel & S4ztgoz Qg o] Fiw A 2AE AR Qs AR, dAs 99, 8,
A AP S ARRH o Z EAZE HAE Al & 5. AV T 3 &5 5o MU ﬂ%oﬂE &3l
T AdZo] HAEAQl FetA qold 9T YA A o} FETHS B2 TN ol FoiHAL, 1€ 2FH &
Z oM 2o 153 DSt Q). FH oA 2o U3t = et 2EFF3e] TelHa, &aFA %iuﬂml*éol
AR o7 oy ded Holt oA ¢AIN o] AL AR =R, AVEEH S AeTE SslEdH Fite] &
5o AiAse Bdste] A ohd gk |- Ae B 2lEe sl

JAUD, AR AR 5 A A UFE el AUBASEE 2003 28 109 AN o) =
A F kA= S Aol Tl AL A fEiiztE AR E wWEE, Ud, A23E, 7

20034 19, @ dbEel e 2% AvE wgae €. Hebe 3l okl ojsEgnes AR 24,
IEEY, nEVAE FAR G99 20419 A At AJANE 7] A RS AHSIAY. Ao (& 9%
A P F4 AEA AASs Adista of BE $ MAAE ANFH 71 (Air Sampling Systems, Gilair-3
28 w24 3ol T dYdsle] e AFS Aghuglo RC, Gillian, USA)S %2 2.0 I/Ee|den, H=
¥ SAEe Zxolg Wk A 2L A7} Als o FFEA (calibration)& 348 A, Fo FEFEA7]
A Gy B2 A F H)2d Z=4o] gl Aol of (Gilibrator 2, Gilian, USA)E o] &3] AAg & &
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FAEo] dd R AR g oI, AYS 29 ZF 6A17F o] WEH<Q FE (GelmanSciences,
&R oy Sz n 2o ARy e A GN-4 37 mm 0.8 sm, Metricel Membrane Filter)
FREZAS TS Ao] gt a8 ouloA AiEA S Abgsted 2R § FeAdEdznt AR
o] FHefAIZolgt & 5 U (ICP-MS: Inductively Coupled Plasma-Mass

9 Bate] Fx02 Ea AW AWRyssAS Spectrometry, Agilent 7500a, USA)E A}g3t] %
o1x gt & tish Yol AH AT To) A AW EAREA ZF BT B4 %2212 plasma gas flow rate 15.0
of AstzAle] WAL A7|EAT. AW =EARAE L/min, Aux. gas flow rate 1.0 L/min, carrier gas
o] AtFAo] AAtARARN sy B WEE flow rate 1.22 L/min, RF power 1600 W,
sle] &71kr] 2o AHdi 2dFAL AR A Nebulizer PEEK, Babington-type, spray chamber
A WEsIN I, ARSI viA A A A4 glass, double pass, ICP torch injector quartz, 2.5
£ 9y mm °|${E}

ol A7 AT A BEF FA A4 weAEe] wEd deted T g AddE Y
HAgke] A AL gt AdBe] S ote Aoz defd WMEEe] e ZUHYE fd)
ety Y& Aol tiske] A|etslaat sk} A A 29 At A dF ZFFold Adar

4382 e A9 85 F &S AFSH] micro

CHAF Tl e wave (Milstone, Microwave Report Code 241)%

Axeg % ICP-MS(Inductively Coupled Plasma

1. CHAL Mass Spectrometx, Agilent 7500a, USA)Z 3=
BAS AAsligth, B4 218 plasma gas flow rate

gl AF A A ZHEsI= AR B2} 459 ALES 14.0 L/min, Aux. gas flow rate 0.7 L/min, car-
AFiAdoe =2 T, rier gas flow rate 1.2 L/min, RF power 1200 W,

Nebulizer Concentric, spray chamber cyclone,
ICP torch injector standard 1t}
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Table 1. General characteristics of the workers (N=45)

Characteristics N (%)
Sex Male 38 (84.4)
Female 7 (15.6)
Age (years) 20-29 27 (60.0)
30-39 11 (24.4)
>40 7 (15.6)
Smoking Yes 32(71.1)
No 13(28.9)
Type of job Molding 25 (55.5)
Casting 11 (24.4)
Sorting 9(20.0)
Employment time Before December 1¢ 27 (60.0)
After December 1% 18 (40.0)
Grinding experience* No 32(71.1)
Yes 13(28.9)
Wearing respirator Always 16 (35.6)
Not always 29 (64.4)

*: intermittent process.
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A }% G271 3878 (84.4%), AR} TH(15.6%)
olAaL, g 20t07F 279 (60.0%), 307t 119
(24.4%), 40EH o]go] T (15.6%)°lAth. AR = 32

B(T1.1%)el93, FTAF AL &l 3ol 254
(55.5%). H83%°l 119 (24.4%). AdFol 99
(20.0%)°193L, AAFLo] 2002 12¢ o]# Sl Algho]
2778(60.0%), 1 °]%<0 Akgo]l 18%(40.0%)°lA L,
ZF A0l ZH ol dAnpae] AR 139(28.9%). ¥ A
A7 329 (71.1%)°019 1, 538 2372 4 24
Z7F 16 (35.6%), 183 i—}% 7+ 297 (64.6%)°1%
H(Table 1).

2003 29 AAIg A SH AR HEH &

< 179 Z7H R A7 dARE 9% AR
g} §9lstn TR JMEste] §8ATe THOE
FA 549% 3719k HES Fafof ab] wiiel

FTHEE o]&ste ErHE AWMUl F7E AASL
=, 2 A8AT)= FES AR, olw] A<
g o] % ol ¢k 450 mmHgel =
o &= 800~900TCHY. Y
AR oz wsT] g8 2

=

4@01]"1 %QJ— &’lt 652 ] g 37 = &
=2 gk A3 wlEgol 0.42~ 112 3 ng/m’, YAol
0.31~208.8 pg/m’, ElEbE©] 0.34~40.13 #g/m’, +
2|7} 3.73~458.4 pg/m’, A=23E°] 0.68~44.83
g/m’, Aol 6.18~42.10 pg/m’e2 FAZEHJT}. °lE
FEEY 75 FEE AR ST e AE¢S
HAxn, 2840 FHQA AupaAdA 7 =3t
(Table 2).

AL BUHY 23 83 wdES &8(1.53+
0.79 #g/g. creatinine), 5% (1.41+0.50 pg/g. crea-
tinine), AM&(1.16+0.53 pg/g. creatinine) o2
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Table 2. The air concentration of the metals Unit: pg/m?
Type of job Be Ni Ti Cu Zr Fe
Molding (A*1) 3.73 7.27 2.00 19.03 1.62 42.10
Molding (A2) 0.42 0.31 0.34 373 0.79 6.18
Molding (P'1) 4.66 7.86 244 19.53 3.46 19.83
Molding (P2) 4.80 9.20 242 21.99 3.99 24.66
Sorting (P3) 0.70 159 1.50 5.84 5.80 20.44
Sorting (P4) 0.49 1.10 8.32 4.68 0.68 12.75
Sorting (P5) 0.70 142 0.70 5.99 3.90 7.82
Sorting (P6) 3.13 6.41 2.59 14.39 16.05 17.02
Grinding (P7) 112.30 208.80 40.13 458.40 44.83 50.45

*: A, areasampling, ': P, personal sampling

Table 3. Urinary concentration of beryllium (N=43)
Unit: M + SD (u«g/g creatinine)

Urinary concentration N Be p-value

Type of job Sorting 9 1.16+0.53 0.386
Casting 11 1.41+0.50
Molding 23 1.53+0.79

Employment time Before December 1¢ 23 1.20+0.52 0.011
After December 1¢ 18 1.72+0.76

Grinding experience No 30 1.33+0.65 0.786
Yes 13 1.63+£0.75

Wearing respirator Always 16 1.33+0.68 0.488
Not always 27 1.48+0.69

Total 43 1.42+0.68

p value by ANOVA

Table 4. Results of the specia health examination by job type (N=45)

Non-molding
Clinical characteristics Molding (n=25) p-value
Sorting (n=9) Casting (n=11)

Symptoms (n, %) Dyspnea 0 1( 99 8(32.0) 0.030
Cough 1(111) 2(18.2) 11 (44.0) 0.054
Sputum 0 4( 36.4) 8(32.0) 0.502
Chest discomfort 0 2(18.2) 7(28.0) 0.260
Past medication 3(33.3) 1( 92 14 (56.0) 0.018

Simple chest (n, %) Abnormal 0 1( 91 5(21.7) 0.141

HRCT' (n, %) Abnormal - 1(100.0) 8(66.7) -

Pulmonary function test FvC 131.7+£9.6 11514247 120.8+22.3 0.221*

(M+SD) Fevl 119.0+11.6 106.5+19.9 107.4+19.6 0.237*
FVC/FeV1 83.0+6.0 85.6+5.4 85.8+6.7 0.489*
DLCO' -f 43.9 65.2-20.3 -

p value was calculated by Fisher's exact test for molding vs non-molding group except pulmonary function test

*:p value was calculated by ANOVA

1:13 persons were checked including 11 suspected cases at primary specia health examination and 2 hospitalized patients). p value
was not calculated because there are one casting worker and 12 molding workers.

*:Not checked
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Table 5. Incidence of acute interstitial lung disease by job characteristics (N=45) Unit: n (%)

Job characteristics Non-case Case p-value

Type of job Non molding 19 ( 95.0) 1( 5.0 0.012
Molding 17 ( 68.0) 8(32.0)

Employment time Before December 1¢ 18 ( 66.7) 9(33.3) <0.001
After December 1 18 (100.0) 0

Grinding experience No 25( 83.3) 5(16.7) 0.464
Yes 11( 73.3) 4(26.7)

Wearing respirators Always 23( 79.3) 6 (20.7) 0.876
Not aways 13( 81.2) 3(18.8)

Total 36 ( 80.0) 9(20.0)

*: p value by Fisher’s exact test

=9k, ZH713e kA E 129 ol YA 1.20+
0.52 pg/g.creatinine, = o] JARAZ}F 1.72+0.76 ¢
g/g creatinine®® 1 ©o]|& AR} B E=U%1
(p=0.011), AvkiZ el whe 85 WdE
AntA A @At v AR =5k
2ZHgo] W2 93 WUFY T &
A Z-8217F B E=%tH(Table 3).
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