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Exposure Assessment for Airborne Biological Agentsin Sawmills
HaeDong Parkt - HyunHeePark - InSeopLee

Occupational Safety and Health Research Indtitute, KOSHA

The objectives of this study are (a) to investigate the
digribution petterns and exposure concentrations of biologica
agents in sawmill industries and (b) to compare sampling
methods of biologicd agents.

The representative processes of 5 savmills were sdected to
meesure totd airborne bacteria, fungi, endotoxin aswell as dugt.
Airborne bacteria and fungi were measured with one stage
impactor, Sx stage impactor and gelatin filteration methods.
Endoatoxin was collected with polycarbonatefilters and andysed
by kinetic chromogenic Limulus Amebocyte Lysate method.

Geometric mean levels of arborne becteria, fungi, endotoxin
and dugt were 1,864 CFU/m', 2,252 CFU/mi', 315 EU/m’ ad
24 mg/m’. Theraiosof indoor/outdoor concentrationswere 3.7
for becteria, 4.1 for fungi, 3.3 for endotoxin and 9.7 for dugt. The
respiratory fractions of bacteriawere 68.0, 50.9, 49.2 and 45.1%
in band-saw, table-saw, rip-saw process and outdoor ar. The
respiratory fractions of fungi were 78.7, 90.8, 87.5and 84.8%in
band-saw, table-saw, rip-saw process and outdoor air,
respectively. There was no sgnificant differences in becterid
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concentrations among Single stage, Six Stage impection and
filteration methods. But, funga concentrations measured with
filtration methods were significantly higher than those with
impaction methods.

Geometric meen leves of arborne bacteria and fungi were
higher than the OSHA guiddline vaues of 1,000 CFU/m'. The
respiratory fractions of fungi were above 75%. The
concentrations of hiologica agents were Sgnificantly different
among culture-based sampling methods. In the exposure
asessments of biologica agents, further Sudies are nesded for
the comparisons of diverse sampling methods and the
investigations of environmenta factors

KeyWords:  Biological agent, bacteria, fungi, sawmill,

endatoxin, bicaerosol
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A A=A Gl 2714 gl 7F HA7H A
Ao F2 fralle2ehy B v Qlvh(Dukiewicz et d.,
1988). 9128 A HH A ellA A=sHA IAke} whd
sto] 1739 3e Bk A}, 127 AR el A 117 9] 2
WA T 96 Wt 7 HA TS saPen, 3] T Wit
FEIF71BA el el A T AR Htet
oL, T3 2 Rke] 67 %7t A= TS Taskal o A4
8o & FolA A= T3 E S wek o, #7154
AP A3bz dpo] Qellof 2% B EAlw sk #A7) gl
Ao 2 W1y vk QlthRuscaet d., 2008). == ¢o]of| A=
o] LA} 1 poredm’ o) FEI} 2R 557 Sodat B
0] Q)= 07 K 31¥ 9 O H(Eduard et d, 1994), A9 H o] &
A Aekzro) 2ol A 214 4200 CFU/m' 7} 747, 3&2d,
FEV1 o] 93kS = 7102 Bt Dahlgvig et d.,
1992). o]} Zo] &4date] 7o FFE v & = HA
AT LA AR heljA] Ao A = B2
o} Gkt A7 A AL QLo el A= oA A 1
97 9 107 el gl Al Ak vt gl

Y ARRA B 7]k AR (s 24 A12006-645)
3l 3379 thso] A1 52 Aule7 1 d AU E Al
103125) el A= FH-frAlat o) Al S AF I 2 S, o
I, AEHE AA Sk gl om, AR Bfo) g 57}
(#1719 5, 2008) Y ko] g1 o] TR B7H &
Al 5, 2002 25 5, 2004, 717191 5, 2006)5 Aul 1A
AFoM = T2 FEel ek A SAH TS AH-eka
Atk FEH A o] Fhdsta njgo] AA AQHE T
Aol ook, A iAol A v =2 Y AFE ¢
& Al ZAF A ZFO] 100 &) & Al ghg whom, n] 5o 5
E7h 2 AFolle Al EAF A B B stofof gt

Table 1. Characteristics of investigated factory
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2 v A= AAFS Frkshs Wil wol A7tE a1 gl
O v, w2 A F 7P R v AT A 21
5] 31 QI THEH=3, 2009).

mebd, B ATE T AL thOR T v,
A== 5 PESHAA et = 00E fobstha of
F3 PP S v, BF LA ABUEE T B
D717 A D S 0 7 2ARE AT 3
et

I. A7q%8 2 9

1. e1chA

]

O}

N

AT AL ASH R BES Gl A
oA A2 5/l A& AALE AL, F25H
ti<HBand Saw), H|o]=(Table Saw) 3! 78 (Rip Saw)& 7
o sielon, 28 43t nusely, 34 9
A7 A} AP 7 247 2~37) A - o A 8BS £HE
o 95| Firof weh A4 Al A I A, S5 A A
2201w, AFAE HA7]7] 9 L3 Al A S <Table
1>3} At} 7F 3 FAEE A8 50 Bl o)
oL, o] 2 Fgo] AAF o] Qlom 2w FojjA] 1
2 $H3] e of npdat AA o] QL= o], ¢ 7] o

1
1

-
KN
=

o

o

Fectory Toedwood  Conutry of Origin Meching(ss) (m)
A Hard SwihExiAsa  Band Saw(l), Table San(l), Rip Saw(l) 1,000
B St NewZedand  BandSaw(l), Table Saw(1), Rip Saw(l) 2000
c Hard Indonesia Band Saw(1), Teble Saw(1), Rip Saw(1), Moldr() 2000
D St NewZedand  BadSaw(3) TableSaw(3), Rip San(3) 10000
E St Carata Band Saw(1), Teble Sav(1), Rip Saw(l) 2000
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37| F FrAld T F R 150 Method(1SODIS
16000-17, 18)°l] w2k o u% 1 wEe (400 hole,
Quicktake 30, KCInc, USA)E o]g-3to] M & 55 37}
a}aL, 61k SNl <= A2 (400 hole, Modd 1 0800 Anderson Inc.,
USA)E o] &-3te] wAE2] QW 28 ZAlqlth 6
SULE RS e A s Ll —1131 273 H 9l dage
1(>7.0 ym), dage 2(4.7-7.0 ym), Sage 3(3.3-4.7 1m), Sage 4(2.1-3.3
(m), stage 5(1.1-2.1 ym), Sage 6(0.65-1.1 ym)©] ™, 1~2 stagee]] &
A AL HS TR 36 dagee] THH A& TFAC
Z 28] YAREE FUISIITHA 71 5, 2000). =
& ZF 547820l 283 0 pmi 253 SRk Al 3} it
2 A7 (1000~ 16:00) 5 wheho 2R E] ok 1mE izl A4
oA A A5 FE = HH AT A+t Trypticase Soy
Agar (TSA, Komed, Koreg) il 4 5 ©]-8-3F51 1L, F3t(z3°])
& A9 472 ©1A15}7] 913 Chiorampheicd 100mg°] 3
7} Sabouraund Dextrose Agar (SDAC, Komed, Koreg) 5 AH8-
atoleh. A=l EH wiA= Ao 7§ 37 TollA]
24~48X 71, 71318 735 25 Col| A 48~T2A] 7F vl kA1 71 5
& JerE At e JekaE A+ o
o] o] v Eo] skl hdles Fall 25 = o] shute] &
A& o] Fv= A48 FEEH O vt BAste I
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Azl e (25mm, KC, USA) S %ﬁﬁﬂ Bl Eollo] A=Y
(Button ar sampler, SKC, USA)E 113 A8 A& 7)o A2
3o 3 ¢ pme] 402 oF 641t FF A sk Aete
e o EAS 18 ake] PC(Polycarbonate, 25 mm, 0.8 im,
SKC, USA)) B & F-HA A (Backing ped) = AHE-sF31C.
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A2 210 APTALE A 29} FUsh 53 - eyt
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AHg3to] 20 pme] 402 oF 6A17E ok A A3
o Zekg AL AA T AHg g on B 2 B
ek A0 Force) 2 AHE-3le] 38 FhAlEe] 238k
A B A7 weko 23 E ok 1m o}zl A HelA] 2|olA &
'5431?& AN 2 F4Cof| B3t AR 55 A

+=-20 ColA B3It 5mie] LAL waterol] 7717 &t
F R FQF 259k 2)(Sonication)sto] Al 55 FE3H3]
o} FZ 42 Lonzarl 2] Kinetic Chromogenic Limulus
Amebooyte LysateS ©]-8-51¢ Onset O.D.(Opticad Density)H] ©.
234 - Jrkeioit @ eA e FEE 1 AR
k9] 0.1, B 712 814)(0.025 EUfsample) 7] 2ko| itk

4) 771

A Algx5 2 2242 NIOSHS] manud of andyticd
methods (NMAM) #500 Particul ate otherwise regulated, total (2 1+
Aol whek A GA B2 AQFH 8 oM, afrF MEEE AL
&35t 2 Lpme] &5 AYARE F oF 6ARE st T
st Al B A FH = PVC(Ponvi nylchloride, 25 mm, 5.0 /m,
KC, USA)ZE| 2 1OM A 2412 7](1I0M sampler, KC, USA)
o 23] Ag gl oo, ZH A JHES Fola &
A8 Hasa] 98 54 4 - F A28 AL A5
A FAEE FAEE WA ALEst] AR FASE A
Fof] HAS skolth e 54 A, ol a5 5 10099
A4 &(UMT2, Mettler Toledo Ltd., Augrdia)$ o]-&-3to] F-7
& Scisic, S0 458 A 2ol 11 5 e
o el % A28 19203
< - Z1o] e o & - %
A7E ]% skl FAIE S8k

5) EAREA
AR 72 5757 ol hal] 7]8HE f (Geometric mean:
GM), 7]3}EH 4} (Geometric Sandard Devidtion: GSD), 1H <]
oo AFEskaL, A1 S AAlEITh 37 Haf 11k

OHH rum m{

o=

2po] 5 17| gJske] AL (ANOVA)S ARE-aF3 a1, AFS-
A CE Dumete] T AT & Aol T g
thekst SRS AREAE gl Slato] doj
A}k 54 (Pearson corrdlation) HH S 0] &5} o1, A1 8
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w237} Aol A7) A ] 7] E 5947 800
CRUmE 23eh= s 57t & W A 8=, 34 2488
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Table 2. Characteristics of investigated factory

AAG L] BEEHARAL (eZ A8 7} 277

-, 0S8HAS] 4)9] =% 7to| Epeld] 1(XJOCFU/m =33}
T EE7 S 0 AER FAY 208 tiA 5%,
Hlo] 5274 58%, 783 34 75 %3] ©.H, 10,000 CFU/m'
W= AR E 6717} =l tiabs A 37 Al s EﬂOl‘ﬂ ¥
2NN, 73 34 U ARSI IS4 4450
EUME 7502 34 2382 taa4 3B3%, Hol&
+740] 17 %31 0.7, 787 8% OH, 9] 7|= B 2384
o}olt}

;<L0476]-1,H Z;ﬂgﬂrii }m:g]r H] ] 7“'04?3'14] A
S7h S 9Bt Al 374, Rt 410, =54 338, 7
974l o] s=A 7= Ak

Y FEY TN A 2R Y F 5

L

9739 ¥

GM (Range)

Process n Batteria Fungi Endotoxin Dugt Temperaure Humidity
(CFUIm) (CFUIm) (EU/m) (ng/m) () (RH%)

Band Saw 12 3,326 2,750 431 214 240 378
(7106~21173)  (289~30954)  (120~1445)  (024~4062)  (03-27.1) (231673

TahleSav 12 2336 1,637 0.7 125 234 399
(0491000  (108-30954)  (96-655)  (042-350)  (203-267)  (B1-715)

Rip Saw 12 834 2537 231 533 241 383
(106~3922)  (289~3095)  (46-654)  (182-1950)  (203-267)  (231~701)

Qutdoor ar 12 503 547 95 025 248 36.6
(53~7123)  (425261)  (40~287)  (007~107)  (216~289)  (209-634)

pvaue <0001 0.066 <0.001 0.020 0433 0937

% GM(geometric mean), CFU(colony forming unit), EU(endotoxin unit, T EU = 1/15 ng), RH.(relative humidity), p-value for analysis of variance(ANOVA)

Mo readirable Reanirable
100%
B0% 1 50.9 49.2 45,1
e

6% 1
A% 1

_ 49,1 608 4.9
20% a0
(1%

Band saw Table saw Rip saw Out door

Mon reepirable Reeplrable
100%
B%
B% + NS 0.8 87 5 B4 B
dne 1
20%

21.3 _ ;

12.5 12,8
o 2.2
Band saw Table saw Hip saw Out door

Figure 1. Size distributions of bacteria

Figure 2. Size distributions of fungi
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Table 3. Statistics of bacteria and fungi between evaluation methods

Bacteria Fungi
Method n GM GM
(CFUIm) GSD pvaue (CRUIm) GSD pvaue
1 qageImpactor 48 1379 358 1595 512
6 Stage Impactor 36 1,858 358 0353 3,067 532 0025
Filter 24 1,143 443 4337 31
Im 108 1461 377 2472 491
% CM(geometric mean), CFU(colony forming unit), GSD(geometric standard deviation) p-value for analysis of variance(ANOVA)
Table 4. Corelation of biological agents and working environments
Bacteria Fungi _
Temp.  Temp. Endotoxin ~ Dugt
1Sege  6Sage Filter 1Sege 6Sege Filter
Temp. 1 136 109 -064 4707 -de4rr -B20k 013 -.288 -215
Humidity 1 065 026 -419 456 -30F 141 -157 - 484*
1Stege 1 8%6+* -095 093 080 328 Q72 -101
Batteria  6Stage 1 545 131 121 262 290 -452
Filter 1 066 -051 157 565F* A35*
1Sage 1 83 078 135 102
Fung  63age 1 o1 A5 484
Filter 1 19 157
Endoatoxin 1 890+*
Dug 1
*,p<0.05, **, p<0.01
A FoI8 Aolsk ROk AT, AREA, BA FEE 9 5EYYFIE 492-6800% 1|14 25k
FAHOR §ol3A Ao)7 AATHp<OE). A4 2
I, At e tiabsrgol 7873 &7l viste] frofshAl SYLUH |
=9k 31(p=0015, 0004), Ho]537d> £ 9] o] nlste] f-2)s}
Al 3 S tHp=0.016). =54 thak7d 3} Hlo]E¥ 4ol ) W QF R W]
9]7) ¢l v]ato] 2] 817 =9k (p=0.001, 0.002), #7173 ATt 2] 75 98% Al B ol A 1ek =1, 6 TE1 9

740 9] 7]ef vl ko] {2 5HA 3= THp=0008).
2. YEEX

878 Azl 559 4 1 &L 609 >
%X(509%)>7£%1Ja%1(492%) Zolgjom &

oL

P
A A7 79 354 47 nE go 1—‘2_1—%@(908%)>
7N 24875 %) > U }% (@87 %) =ollor, &

23917 n)go] 78, ~908%E Aﬂ]ﬂ

DP9 Bk A2 A Soleh =030,

T2 SPHIT AT S UG 4 2
PP BT AR FROp0025), 2122 573
P T RS 1 A 1 6
W3 AEA EAN 2 2 428 Ao} gt Wi
ek e WE o] 402 £2 3 9t

CD

9] 31(p<001), 7l



(p<00B). =
Al e 9 A4 65 =W 50 A HEAE vER
ATH(p<0.08).

At 19 FEHE Al 65k S5 3} vl 78k Ak
(r=08%)7} S 1, Ao 1k S5 W 6 S=H = vl
© 120 A7 A|(=0.835) 7} 9 Q1 THp<00). HHAE, Al D

1ek 9 Al 652} A 7F LAY
(r=0.072) F&H(r=0290) 71 ©. 7 H7}¥ 2l o}, Al e
(r=0565) 3! 27t 6 =73 (0486) 7= A7} Sl A
0.2 F7hE9) 3, s ok v A | (=0.890)
7} A HHp<0.02).

3) S7 ol whE o] Al 5(Coefficient Variance)

TUA A A ] 37 S gkl thgk Mol Al E S
o whet Ao 5w Allat 192 7-9- 502 %, Alat 62 75
505 %, A7t HEIH Q) 7% 459 %, P+ 152 7% 511 %,
A4t 65438 % A4 TEIH 419 %, A T=EA 301 %, £
307 %= LER, A& A 1A S L A =5 <2
H<F 59 =02 Hol7l A9l

X

[¢]
A &=%(MAS-100)= ©] 83
Oppliger & d.(2005)2] 41 3,650 CFU/m' (1<) : 429
~ 19375 CRU/m) &} H]523t o)l om, S ol AHS-H
e 2y S TS AR 2 A7 dE L
T FJrhet Al s (7158 1,749 CRUM, A3+ 3440
CPU/m’):= MCE Z E] o] ¥33} 11 3% 91(0.1% peptone, 0.05%
Tween20, 2% Inositol)S- ©]-2-5Fo] Nutrient agarel] Hi k3t Alwis
et d.(1999)°] AF174HE Ak 5 & 519021430 CFU/m'©]
Bl A= W o]l o, FE S, F 2N, A E77T
T A9 Aol7k gtk B AT A= AFEEHA] GRS
u} ol A& o] &3 Duchdne e d.(2000)2] A2 A A 24
oA 7ket Alats ] Y 21,620 CRUmM = &

21,173CFU/m’)+= TSA
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T L AEH R 52 02 HaFg o, o=
=

S Ao] o] gJel = ZHF Yol F2 v|Eo] Bo)
AT FAAAT IS B 0.2 YA

A =

A3t e] A¢, FEHoE 73 w2 (7|88 1t : 2,252
CRUIY, AF= 3t 1 6,480CFU/m, 9] - 108 ~ 30,954 CFU/mr)
T SEWOE F71st Oppliger e d.(2009)2] AT-A T (A=
355 1 14,776 CFUMY, ¥1$) : 4,318 ~ 35130 CFU/m) ]| 1]
& Ak qro] Yk 0] 9l o, ARt 27 An] o) wjA]
7S 2 A7) FHY S o] &8k FrHA Rk At
5931 CFU/m', A3 4t : 7470 CFU/m') = Alwis e d.(1999) 2
A A s R (AT v 3340 ~ 50,160 CFU/Mm') 9}
B8 08 AR, FHE, AE T 2ko]7F 9
Atk

AL 2t A28 F7pio] 254 o& 4
7FiobA A A Q1 H i of el A 0 & i wetd,
B4t 7)83 o5 £ (315 EU/m')= Dutkiewicz et
a.(20018)¢] 3600 2 60,000 EU/m'(PVC ZE], AS50 sampler,
LAL gd doti-4]), Duchaine e d.(2000)2] %3k 1,081 EU/m
9} Duchaine & d.(2001) 9] 7] 815 15 188 EU/m'(PVCZ E],
|OM sampler) 2 740 EU/m (4] 224]) ofl vl A] w5~ w2
Z3=0]3lt}h. Rongo et d.(2004)¢] 7]514 1 91 EU/m'(PAS6
sampler, 5 mL Tween 20 extraction, chromogenic kinetic LAL
A1) 9k Alwis et d.(1999) 0] 51/ 31 o A 645 EU/m'(Casell
seven-hole sampler, PC 2 H), 354 &% oA 9.75 EU/m'
(CadlaHiggins- cydone sampler, PC 2 E]) &)= 1] 523k 59|
], Oppliger et d.(2005)2] At 7 58 EU/m’ (PC &, 10 mL
pyrogen-ree water extraction) 2 12.7 EU/m' (U= A 5H)ell B] )
A& A Bk

A7 A=A QA sk S-S Atk =
T4 T Aol 9o wgTS W dld s o
T, S ] Apo](AHEA], A= HFH1T5), A
Adul e zto] @ £7]9) afo] 5o HARQl g 4ol 9%
Ao AYzren,

B2 9] 35 (244 ng/m')= Rongo et d.(2004)2) E4
22 7181 33 mg/m' (H<] : 045~ 67.0 mg/m’) ¥} Oppliger et
d.(2005)2] %+ 17 mg/m' (02~85mg/m' )2 FrAF8HS Tk,

T FRAME Hx2 e3P dAsgol v el
Bl A Allat 2 =B o] 7] F7hE g, o] A
Dutkiewicz e d.(20018)2] 4579 3 +(20,200 CFU/m’) K.t}
AAAA 2 A A A 2 ol A 42,100 CFUMm' 2} 39,800 CAU/
w2 =5 7 2 Dutkiewicz et d.(2001h) 2] %7127 (Chipping)
o] 27|57 (Forming )Rt} 557} & A3 vlSeskSith
SA7FES] 271840 37| F ARG FETF E2 AL T
Z nEe] A9 A4 5 Edel Adska g7 Wil
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7} 7150l A G- Gk TS AR A7
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A A ellA gﬂ*v‘i—ﬁJ H] 0] 2 31 6325 W(71 4,
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