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Abstract

Two kinds of CNC machines, tunnel type and enclosure type, were chosen for
investigation of the operating conditions of mist recycling machines in workplaces using
metalworking fluids (MWFs). Bioaerosol samples in workplaces near the CNC machines
were collected using an MAS-100 bacteria bioaerosol sampler when the mist recycling
machines were working and again when they were shut down. Recovered colonies were
identified using an apiTM Identification Kit (bioMerieux, Inc., Hazelood, MO).
Measurement of air flow rates was conducted at the vents of the mist recycling machines,
and the concentrations of dust were determined by a dual-channel direct-reading dust meter
(Met One). Finally, information about the management of ventilation and personal protection
technology for workplaces using MWFs was compiled into a manual.

Six workplaces using MWFs were selected, including one tunnel type and five of the
enclosure type. The values of bacterial bioaerosol concentrations were lower than the indoor
air quality standard of 1,500 CFU/m3 as stipulated by Taiwan’s Environmental Protection
Administration. Concentrationsins in half of the workplace samples were found to be lower
than outdoors. The tunnel type CNC mist recycling machine was found able to reduce
bacterial bioaerosol concentrations at the discharge port of the tunnel by 21.2%, and at the
workplace in front of the machine by 12.8%. Staphylococcus hominis was found to be the
dominant strain among the bacterial bioaerosol colonies. During continuous operation, the
concentration of particles >2.5 pum at the discharge port was found to drop from
87,791+52,231 #/L to 1,164 + 491 #/L when the LE device was turned on.

The results of bioaerosol concentration measurement revealed that for enclosure type
CNC machines, the rising trend of concentrations when the front door of the enclosed CNC
was open slowed down when the LE was turned on, and that turning it on removed 46% to
72% of the bacteria bioaerosols in most of the workplaces. Identification of recovered
bacteria showed that S. capitis, Aeromonas hydrophila, and Chryseobacterium indologenes
were the dominant strains. The reduction of the rising trend was also found in the
measurement of mist emitted from the front door of the enclosure type CNC machines when
the LE device turned on. The measured flow rate of the mist recycling machines was found
to be 37% to 86% of the design air volume. Both the value of the flow rate and the flow rate

ratio were found to be positively correlated with the value of the efficiency of bacterial
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bioaerosol removal by the mist recycling machines. On-site audits of the operation and
management of mist recycling machines found most of the machines to be well-designed and
installed, but lacking a sound checking and maintenance system after installation. The LE
device can reduce both the emission of bacterial bioaerosol from the openings of enclosure
type CNC machines and the concentrations of dust in workplaces, bringing the
concentrations in half of the measured workplaces to less than that of the outdoors
concentrations. The wearing of personal protective equipment was found to be not very
popular, especially in small-scale factories, while most of the workers in larger factories
wear masks. In addition, the workers in some institutions wore cotton gloves. The companies
covered generally lacked professional managers and automated inspection systems for the
maintenance and management of mist recycling machines; we recommend, therefore, that

automated inspection be promoted and implemented.

Keywords: metalworking fluid, bacterial bioaerosol, mist recycling machine
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= CNC %f » 15E ;:[J?Z FE@E&%{ (u{gﬂl 9) > ig&v VR TERER T F T RO VR R

& ELF fl’?‘):”ﬁjﬂ’\(fi AR ¥ o IS lﬁé]ﬁ:k IE NS S IR
%é[l’:?) F[%Fltrl_lgl“ ‘Fl%&:"' LﬁéIH'J}&SF[E[UT | Fi'[’ r'vaﬂ&'ﬁE FJ
?@?ﬁ%?ﬂﬂ@“%ﬁﬁj o PUFSEL PU 1T 5 CE[Jjp lﬁff&‘%[ S EER - ONC #7)

)RR TR CNC B 1 bl #E;»%ifgr VRS 7.3 mY/min o SREE  Bp - IHE
7 TRIIEE 27.8°C ~ 28.2°C » | ~ JHAVAHSERESE (RH) ST H[E 55.7% ~ 54.1% -

AL R SR VAP A IR 11 Fi o A RCRES 20 m’/min > fl1zk 10 § 5
WE £ ES 7.3 m’/min > £ %ﬁw U 37% o

it E'J@I%ﬁ?“ SEPEPSBFH(Met One, GT-521) » 317 (2 g b B g I » i
BOLGR 12 BT S STRHSR R 3 LY S < U LRI SRR A 4

HIFG > dp>2.5 pm 0 dp>5.0 pm VEEIEE SIS 87,791552,231 #/L 1 11,534£9,784

l[!L

#IL o ST PROAERIBTT % > dp>2.5 pm M dp>5.0 pum JREROURE 05 B Il = 2L
1164+491 #/L % 150+50 #/L o f ARG R4+ (7 I > dp>2.5 pm % dp>5.0
um VAP EIE A 5T BIIES 5944190 #/L K 92431 #/L - HJAFFWE%};% ? % > dp>2.5 ym ¥
dp>5.0 pm VHEPEEEA 55 HIPSEE RS S11+142 #/L % 90+16 #/L o

CNC FH7 (Y At P Bl MAS-100 &5 ik > EHRA HIEEHR I
15 Fr o EL{ERE [RES 10 CFU/Mm’ » 5 ffi 7] SRR - ORI AT P15
TR B9l 1E- 247 £ 430 CFU/m’ - TP SRR > ORI A P IR i
B[ £ 227 £ 302 CFU/m’® « F 194 % 407+73 CFU/m’ -

U PR PR SRR - AR R 2 70 50 TER S WY T BTl 15 177 2] 360
CFU/m” - IR %fp’a’f?la » FFHAFTA S P s IR B RIS [ A 170 = 292
CFU/m’ V] = ©191 8% 4% 407473 CFU/m’ > (PR £ E TR (5 o TORIT T

%ﬁ/%[ié% P £y 21.2+411.3% (Fo @ ¢ 8.1%~27.9%) » %«F[m F'FJ?EU%TJ/ T 1 Forsk £,
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Micrococcus & » Py %{’:zﬁg“t GPC - [ S. hominis % F1 57 Fairfed - 64.5%%]
89.7% > g?ﬁ@#gr FLE A iﬁﬁgjﬁlﬁf«%@ o £ 7% » Micrococcus A 15T Faafal - 6%
Z| 30.1% > S. xylosus &% Fi 55 F=ad @l 1E- 0.6% %] 10.2% - %Jf 7 L1 2R A A L
Arthrobacter('gf GPB) > S. capitis » &% F15] '—*Eiﬁ ML 1.5%% 3.8% o Hyldh [ B4
[= I8 S. hominis ~ Micrococcus & ~ S. xylosus » S. capitis 9} > HTWEJ DRI S.

saprophyticus » £ Fi5) Eﬁﬁq LS 1.6% °
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o

CNC #57; [

CNC #57; [

Il
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L | B | 6l ONe P LB
2 MWF & A 30
i 2 PRI 3 [
4 | EREE |1 MRS LT BT LR ISR st
5| Rt ;%%% FIBIET S P
F'}%B#E@ HOHEED = 7.3 m’/min
6 el ] PU By AR T ER T
7| B 27.8+0.4°C |
8 | k(4R RH 55.7+1.2%
9 | MYt 28.240.1°C
10 | "9t RH 54.140.7%

¥
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EIEES

B9 AT H g oyl

Fo 1L AT R AR S i P A
fE[E | j‘jj}r PT;’: 7 [ R ?ﬁfzﬁﬁ LD H@ﬁ I]%TE{'I F‘[@Eﬁ r%}rﬂ;f@nill
F[Ff it kW mm \Y Hz rpm

dB mmAq m’/min

gefd 0.6 148 220 50 3400 70 295 20
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F 12 AL R B B (/L) =2 P2 35

ﬁﬂ%ﬁ LE >2.5 um >5.0 um =T
FrisT 148D MFTIY BT I94SD MR TS
HURIET off 87,791 + 52,231 78,849 11,534 + 9,784 8954 3
on 1164 + 491 1,078 150 + 50 144 3
el g 98.7% 98.6% 98.7% 98.4%
AIfl off 594 + 190 574 92 + 31 9 3
on 511 + 142 499 90 + 16 89 3
FEfR I 14.0% 13.1% 2.2% 1.1%

1000 1000
100 100 ; p— .
10 10 ™ (e |
1 X ™ ]
\
5 \}6\ Q \@ w{b\ ,.L_‘J \*‘0 . Q \}(0 0-.‘«\0’
v y §O 7 &
87 87 J & 77 N
& m kI LE off 50\50 = 57F9LE off
o
@5‘05 m H#HO LE on 9;\0'“?} m BiF9 LE on

[ 10 AT g et Ui iph 4 Po5a TRIS A 5
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% 13 AL Hr CNC Y| (e SUBA P S P50 TS W A2R o

B [FRA | LE | R B | S0 (CFUMY)* | FEEE3E(%) | 51(%)
| off 2 417 # -
on 2 302
SR 2 off | 2 430 # 27.9 2124113
on 2 310
; off 2 247 -
on 2 227
| off 2 332 157
on 2 280
o off 2 360
HIJF[FJ 2 o 5 0 18.9 12.8+7.9
3 off 2 177 40
on 2 170
i - - 6 407+73 F O A T B
* Ty (ERE) s % 10 CFU/MY "

o 14 AL VAR S PR B 55 7 (%)

R i
2 3 1 2 3 4t
o |LE|LE |LE |LE |LE |LE | LE |LE |LE | LE | LE | LE
[A7E S
on |off | on [off | on | off | on | off | on | off [ on | off
Arthrobacter spp.|GPB| 0.6 0.6 0.6] 0.8] 1.5] 1.3| 0.6 0.9 0.3
Micrococcus spp. |GPC| 7.9| 7.9] 9.0(11.4{16.0(16.3[19.9({10.2(11.5( 9.5(20.4|30.1| 6.7
Staphylococcus
o GPC 1.1 0.8 2.0 1.7] 0.6 221 3.8
capitis
S.hominis GPC|89.7(88.8(81.9186.4176.8(79.3|74.8185.8| 79(86.2168.5164.5| 80.4
S. saprophyticus |GPC 1.6] 0.7| 0.7
S. xylosus GPC| 1.8 3.3| 8.4] 0.6] 4.0 2.2] 1.3] 1.7| 89| 4.2]10.2] 3.2| 8.7
e GPB| 0.6 0.6 0.6] 0.8] 1.5] 1.3( 0.6 0.9 0.3
=
i GPC|(99.4(100(99.4199.4(99.2(98.5198.7199.4( 100( 100[99.1] 100| 99.7
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A2 T R O 1L R R BRI 15 B o e JF%"PE | 4 F ; CNC
BT1 o I9E RIESCAER (W 12) > FRE P2 T kR f (8 fjiRfk > BRI
1:20- ?FJ%%’F'}%U‘EL EYH 3 & (BT T S 2 ’FVF@‘%’F}?@@EU  EERT S
T N A e e R R b U ﬁﬁ%ﬂ = TR A T
AP BT ELPAEORS > F RN - E S - ONC By - TSR RIF B
PR B D 6.2mY/hr + RBE - Rel'] ~ SHEE SRS 28.9°C ~ 29.1°C ~ %P
IF PUAESERESE (RH) ST HIIES 67% ~ 65.7% -

A2 R S L A IR 16 T o U RN 105 m’/min > [113 15 5
e BN ES 6.2 m*/min > £ bR 58% -

({0 T =N SEppER 3Rt (Met One, GT-521) » &7 [ i Bt RS I - 5
P 19 B o ISR - (R R 10 BRF - S S LY A
(R (== AT o B dp>2.5 m VROREME, AR A IR LR
BV £ 14,773+2458 #/L o JisklplIES ] f];m B EJEL AR [ 4T 6,127+1003 #/L © F
dp>5.0 pum VECREO[E, - ISFEEA U] 2 ONC S MBI R BRE B
1104:+213 #/L » SR ES B ?uﬂ » PR [ = 4424118 #/L o

CNC 57 BRIV AT P15 T8 | MAS-100 2& 7 Ffs  HORG IR I
20 - o I9HR £ 152 CFU/M? » (B SRR 7 B 19 iy - o 5 il 7 CUiLEER
LERIIIRT - I B BAr 2 o5 BB ST - B TRARTRN - 70 2] 112 CFU/Mm® » 2
Bffish 91 CFU/Mm’ - PRSI - T R el TP 2 05 SR BT - B
ffi &I 17 £ 50 CFU/m® » = $5(ffi £ 38 CFU/m’ » HHHRR IS L 58% o SR
REERLRL I EY - CNC PRI R rfl i R - S5O PR e - (1
I LE [ HTPENRCD 58% o BN E o BIRIRE AR MBS S P BRI R T
FEHE > PR 13 e
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AL AL PU BB T HIA 19 B e :'ﬁ;%EﬂﬁfF[}iS;n%f ﬂ?,‘?ﬁw [ =&
?ﬁt’lfﬁ » FTE AR 157E L Staphylococcus warneri - L H[[EL GPC > 'ﬂi%@ﬁﬁqﬁl@
PRFE > BRI T ) PRI 68.5%E] 97.3% o pi- FERY "fﬂ | VSR PRI L Tt
GPC [iv Micrococcus g » EIJEA 7157 Eaifal i 0%E] 31.5% o {,Jrrfurgﬂ [OPAFERL S,
capitis = S. caprae > “Jﬁﬂﬂ GPC » A F15] E‘ﬁﬁq@wﬂ 4.3%% 1.7% ° Hylsn | B4

[="s" S. warneri ~ Micrococcus & ~ S. capitis & S. caprae > %flf’/hﬁféﬂﬂ[ﬁ% S. hominis

(0.7%) -
B < (R T
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BT
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A T H—
R

J:rrnt b b R T |
o S M B )
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e 15 A2 R By

L I 11 CIA wi
BT |47l ONC ¥t AR
MWF | F 555 iRk JI7REe=1: 20
S 3 2 M LB IR EY 0 1M T R
o | e |LHHD 2 4 RS
SEEER e £ = 6.2 m’/min

6 B P T A R
7 | BHEETE | 28.9+0.1°C
8 | #(HH RH 67+0.6%
9 | FiyhRdE 29.1+0.2°C
10 | "9t RH 65.7+1.2%

ﬁgﬁl 12 A2 ’gﬁ[fjiﬁ[l%&“q&%
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%16 A2 %Jgr;f/?El%‘f—g[pill’izi“%?%ﬁ%%ﬁrﬁ

FEC R R [E (RS ak EE B PR e

Hi b kW mm \% Hz rmpm dB  mmAq m’/min
gefm 02 148 220 60 3485 715 137 10.5

F 17 A2 RS TR s S il e (/L) M PR I

dp>2.5 pm dp > 5.0 um
LE JroeT 159+SD M fip 45 BT 154D RN
off 14,77342,458 14,642 1,104+213 1,092
on 6,127+1,003 6,071 442+118 432
PRI 58.5% 58.5% 60.0% 60.4%

A 18 A2HCNC By | [ IO A 2 50 RIS WP s

=1 o-c* o-CTi4 [’f&’l ?’Fﬁ:
RV LE FIf] A | CFU/M® | CFU/m® | CFU/m’ %
2 %
i on close/C 260 47
open/O 2 307 *
lose/C 2 157 *
2 on close 50 38
open/O 2 207 *
lose/C 2 197 *
3 on |—>¢ 17 58
open/O 2 213 *
2 %
4 off close/C 203 70
open/O 2 273 * 91
1 2 163 *
5 off close/C 63 112
open/O 2 275 *
|- : 4| 12 [ R

7 IR CONELS W61 RHIIF (O % -
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F 19 A2 Ry Fefil B | VA 2 PO BT 5T 71 (%)

LE on LE off .
1 2 3 4 5 .
TAES ¥Wllcxlolc|lo|lc| o |lc|lo|cCc]|o i
Micrococcus spp. | GPC 31.5| 43| 09| 2.8 2.5 5.00 2.7 47| 2.7 4.7
Staphylococcus
capitis GPC| 4.2 43| 2.6] 0.7 0.8] 1.7 0.9 0.6
S. caprae GPC 1.7 0.9 1.7
S. hominis GPC 0.7 0.7
S. warneri GPC | 95.8|68.5|91.3196.5|95.8| 96.6/91.7/97.3193.4/97.3|93.0
ﬁ?f GPC| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100
* C FA CNCT%‘-* p[FTJ TEdT R
b
1,000 4
100 /
10
U -
1 5\\@ A\ \ﬁ& Cﬁ\’)\{&\ mLE off
o’ o’ ot s LE on

[ 13 A2 Hip b B g 10 2 P BRI A 5

A3 i RN 14 5 B BRI 20 B B [RE] 6 ) ONC
B o 39F RIS (R 15) > RIS I R AL 8l o R
F10 o SRS RS EIH A TR T M R L B LR FERL S
EEATINNER %’yﬁﬁﬂ%‘fﬁfﬁﬁﬂ i A (5 Eﬁﬁfﬁﬂ T TR A R
SRR o $p G PUFET - AIRLE T EPERT B &R - ONC ST » [ R E R EIFHE
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I SRR RS 6.1 m/min o FREE > W] SHEVE TR 32.6°C - 36°C -
E) > 9 FUATISERES (RED ST RS 62.7% ~ 51.7% -

A3 Rl PSR PRI 2 5 RS - HAPRSYI 21 e o RN, 12
m*/min > [11% 22 8 AIE0H R ENES 6.1 m’/min PURRHEELD 65% -

B BRI ke 22 57« S dp>2.5 pm W BERE [ Z o B D
Mo 2 ONCRSEFIRAIIR - RERPVRE 1S 2,049+2031 #/L < MRS - RERRIRE
FHETES 13,253+8 31W/L « W JEMIEI Ry L i i ONC A7 PHRRFIR - #ERR
" 1L 184441281 #/L © [T i o BT REIRE ETEL 5,72745,645#/L

5 dp>5.0 pm VEERET o AEEpERS A L) 2 CNCiﬁ&;F‘[FrJF'FFTJBfEﬂj FERTIR
M8 337+225 #L - [T R A o REREECE TN IR 181721 118#/L » S AR

Bl - Hi ONC BT IR - RERERE K 2532185 #IL » 7 & - R ErIRE

ST 8384597 #/L o STV[F G FOIR"G [SFSIEEA YA A 7 I

CNC #§7; (= VAL & Pr BRI NI 23 e - PP £ 133
CFU/’ » [E ARG F7ET9HRS (5 - b PR SERTRL 1 T - CNC TR
s A R ISP FARTI] R« PR SRR - TR
APIPH & PSR TR > BPfESTRICE- 5 5] 25 CFU/m’ > T 140k 15 CFU/M’ = 3 ff
FURb AR PR HERITAI] > i IHTT B AR P 2 050 TR R SO0kl > Befifl SR 15 40 2]
50CFU/m’ » T I4{if £, 43 CFU/m’ » Ep.kﬁ[ﬁ}ésia}*’#j:% 65% > ﬁléﬂj&&ﬁﬂ#ﬁﬁ%&fﬁfﬂ/ U
ﬁﬁ’bﬁ&}‘fil”'}iﬁ’?ﬁﬁi 05N El » BN Fy B BRI R (SRR 1 P R A
S > Y 16 T

PRI PUS B PATET T ke 24 B o SRAIERRAER AL VTR >
CNC K57 i [TRL IR > fL2 5 219t B BcA B4 L1 Vibrio alginolyticus - £1 21

IES GNB » [EH R T FLA R s > IR 0T I 23.1%5]] 95.6% o bl 7Eisy
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\—*"ﬁﬁﬁﬂ’,}ﬁﬁbﬁ%l@ﬁ Bacillus pumilus » £ Fi55 Faafil iE- 0%%] 42.9% - $l- *EEF’?H&
HpIpAFERL Aeromonas hydrophila » [ g GPB » ¥4 Fi5] Pt T HIRL 30.0% < =i
JHEH = fIRL A hydrophila (51.3%)% Bacillussp.(37.5%) » =4 A. alginolyticus [

8.8% - EIf[1 A. hydrophila & RG2 -

I 3
—>
I =
L
i
i -
o “H
i 74
| —
ES
| —
2]
BOAL R @ FER

A 14 A3 Ryl
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# 20 A3 il U e

IR R PJ?‘I’ STHE|
1 B 6 71Tz ONC [l AI PR
2 MWF T s =1 10
4 * ELIEEST =t
3 i 5 | f g ? H
4 MBS |1 SRE LT (BRSBTS T RS
o ENCLERNEHIEY = E RN
5 IR G e ? R D %ﬁ
PR if/iﬁufﬁ“E' = 6.1m’/min
6 U] PU Bty PAIESLE T ZREfR
7| HRIEE 32.6+0.1°C
8 | #H(IHH RH 62.7+0.8%
9 P19t 36 36.0+0.2°C
10 "9t RH 51.7+0.8%

(R 15 A3 R apl s S0 gy
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F 21 A3 Rl BRI SRR A

AEC kRO O EE ESE B PE REH
I kW mm V Hz 1mpm dB Pa m’/min
gril 0.2 148 220 60 3485 68 137 12
F22 A3 i BT IR (/L) W PRI
dp > 2.5 um dp > 5.0 um
FTJHf F]"JF'FJF'#J?% FTJHf F"JF'FJF'#J?%
T A Rl il T AR e A
LE Ty gy gy oy gy Ty iy Ty
off ~ 2949+2031 2200 1325348311 10782 3374225 262 1817+1118 1487
on 1844+1281 1503 5727+5645 3795 2534185 202  838+597 718
FERRISHE (%) 375 317 56.8 64.8 249 229 539 517
.23 A3HECNC B9y | (2 FUBFURFIPA & 150 RS WL P
) O-C* | O-C 7 #5fifi | P& 5
S | LE il BAgr| CFUMm’ | CFUm’ | CFUMm’ %
1 on close/C 2 65 )5
open/O 2 90
close/C 2 105
2 on 5 15
open/O 2 110 *
1 2 4
3 on close/C 0 15
open/O 2 55 65
4 off close/C 2 30 40
open/O 2 70
lose/C 2 40
5 | off ¢ 50 43
open/O 2 90
1 2 2
6 off close/C 0 40
open/O 2 60
Ei 6 133 440 [* 4P IR & (609 S0
RN O T TR O % -
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Heeeefll

,Lg;@ ,Ls\@ 29 v“‘
& & @&

\'Q

_7

@

b ‘3\@0 S
o\ B LE off
= LE on

(B! 16 A3 BBt He==af Ifa 2 P05 L A [~ 15

F24 A3 R R | VAR S Prsa BB R ST T il (%)
LE on LE off
1 2 3 4 5 6 191
B | HHljcr|o|clojc|lo|c|o|lclo|lcC]|oO
Aeromonas
., | GNB 30.0 2.0{25.0] 9.1/ 9.1} 2.2]16.7 30.0| 8.75
hydrophila
Vibrio
) ) GNB [23.1/55.0/52.4/95.6/50.0{54.5|63.6/88.1]50.0| 28.6/88.9/40.0|51.25
alginolyticus
Bacillus
] GPB [38.5/10.0{28.6| 0.5/25.0{18.2|18.2| 8.9 42.9(11.1120.0, 2.5
pumilus
Bacillus sp. | GPB |38.5| 5.0/19.0| 2.0 18.2] 9.1f 0.7/33.3|28.6 10.0] 37.5
- GPB [76.9/15.0(47.6| 2.4|25.0{36.4|27.3| 9.6/33.3|71.4/11.1{30.0] 40.0
=
F GNB [23.1/85.0/52.4{97.6|75.0/63.6/72.7/90.4|66.7| 28.6/ 88.9| 70.0| 60.0
* C %A CNC?ISE*‘-* plﬁrgﬁf O%&ﬁ ” EEa: 1H1 -
* O RG2 Eﬂ%ﬁ‘[
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Bl Fgfiu %ﬁﬁjfﬁwpﬁl 17 Fr. ’%ﬁaﬁﬁéﬁ?fﬁvp% 25 Fra. o %,}WJF%?J 6 11
Ti0 Wi S| F,}%{#B@%{’Fﬂ v CNC([f' 18) % 1 7~ HEIB R > BRIV b
FIZRBCSERD « £R7 P2 T e Bhf £ 55 Il > FOeREEE 1210 fﬁﬁzﬂ%‘;‘pﬁél’e
SRS R (RS LML T RO BRSO T
RS e BT 20 P R RSB B o R - ONC B¢ TR RIFH RN
CNC B7 Wil PBSER VR B 5.6 m/hr o SR - W] > IHEE TR 33.5°C
34.0°C > 7| ~ I pUAFISERERE (RH) ST ]IS 65.0% ~ 62.5% -

Bl %ﬁ.}ﬁﬂ}égﬁ%‘ﬁgft@j' 2 R B A - E ’%F“f%w%& 26 Hra. e F%?rtﬁ“
£ 5 9 m’/min > [l 25 @ I HAH] R S 5.6 m/min > FURRH U ELY 62% -

EJ%%‘*EEIV?%@ WIEAENI 27 B o B dp>2.5 pm R 2 ARy 4
P15 CNCRST MR » BEBIRE 15 2043353 #IL - fMIT R R HARE
HTEL 13016+5001#/L « T TREIEBARUYS.Y i Hi ONC 57 FITRTFIRG » BB e 13
11352192 #/L = [T Bl i< > B REidE 57 2837+2324/L -

S dp>5.0 pm VECRIE, - IR [T 2 CNC BT IR - RSk
R EL 154434 #/L < AT REREIRIE NRETEL 1037£349#/L W SR
Vi o i ONC S MIRRIFIRG » RE RIS 15 137235 #1L « 7 REGRE STES
249451 #/L = TR FOIRE ESFSIEp RS A (2 I -

CNC 57 (= I VAl & Pr RS WG NI 28 B o I9Hg KL 147
CFU/m’ » (= ARG [ 1F] 1 57150 CFUAM)E=T 90 iy - kLt o T gzl
B 4TI ONC iII=mg - i PRasRihl ARy - CNC iR sl e
SR WIS PR BT » AT B SRR 2 P R ST e -
it e 0 £ 55 CFU/m’ > 3555 22 CFU/M?® » 5 [ ™ [R5 RSeSER ] - fifr

R AT S P R B B B A A 15 E] 35 CFUM® » TS Eg 27
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CFU/m’ » TIPSR SFEE) 19% « TR 7, - 0 BRre /b [yt & P g i -
B > UL 19

I PIRIEPAIE ) 101 20 T - (8] 3 AP - SRR L T -
“J%ﬁm CNC fé\%’ﬁﬁ@ﬁﬂﬁ?} F'#J’Eif’ [ = EJ?F 191 s F’?Ej)f;z?t Jr‘:*"E tIi25l Staphylococcus
capitis - | ¥% GPC > '@ﬁ CRLIR A f i TR > ERDE o) TR - 41,292
100% ° 1= ?E_HF’?E SHpYpRIZRL Bacillus stearothermophilus % Micrococcus & » 53 j||gf
¥ GPB = GPC » ?{1&@?; F“ﬁﬁﬁ ST HIRL 47.1% % 41.2%  F19HAEA {E 2 ?Elf%l ’

capitis (68.2%) % Micrococcus 5§(31.8%) » # 58l B. stearothermophilus -

e = ’
il o [@ =
I;;_eg,
( / F | .
fr : -
—
\E r

CNC
)

efﬁ‘gf

—j‘ﬁrﬁ %ﬁ I b E‘EE [ Tl I’FIJ

— ~m —

BET A

A1 17 B R )
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# 25 BI Rl Rl UL

FA A R
1 fF‘p HERE =Y CNC &S}T‘,
2 MWF F Al =110
3 a8 5 x t“%‘ﬁﬂﬁ‘;pﬁé (=5 ES
4 = ¢ I MRIET ST [ BRIEIORS T B
S S kst AR IR R IR D
[EEER e £1=5.6 m’/min
6 el o] PU Pty PRIRSLE SLEA BT
7 I ES 33.540.3°C
8 155 RH 65.0+0.6%
9 E19f 5d6 34.0+0.1°C
10 =19t RH 62.5+0.5%

[ 18 BI it = gl B PRy
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#26 B Ry BB A

FECOEBE pek e[ RS EF MR g EiR REs HE
Hi5 TypeNo. kW mm V Hz rmpm dB A mmAq m’/min
B LG-200A  0.37 100 220 60 3500 56 1.5 150 9
% 27 B1 Qmsgaﬁgwg@ (#HL) W PR 55
dp > 2.5 um dp > 5.0 um
PR MR 1R AR
LE U L1 R 4 (R
iy ot iy iy o1y 4y Ty 42y
off 2043+353 2021 130165001 12045 154434 151 1037349 992
on 1135£192 1345 28374232 2831 137435 134 249451 245
%5,533?9?: (%) 444 334 78.2 76.9 11.0 113 76.0 753
% 28 B1 #-CNC *ﬁ\}*’“ [ SR AR TR & P s AR bfiﬁ%ﬁ*ﬁz
L) 0-C* | O-CTi5ffi |FEassge
WWHE | LE i 48| CFUM’ | CFU/MmM’|  CFU/m’ %
close/C 2 80*
1 on 15
open/O 2 95%*
close/C 2 55
2 on 10 10
open/O 2 65
close/C 2 55
3 on 5
open/O 2 60
63
close/C 2 70
4 off 15
open/O 2 85%
close/C 2 115%*
5 off 35 27
open/O 2 150 *
close/C 2 55
6 off 30
open/O 2 85%
19t - - 6 73425 |* WL AT I

7 BT CONFL% W6 RIS OO L% -

49



1000.00

100.00

10.00

1.00

M LE off
B LEon
™
‘1 =
N A\ 2\ 2\
o¥ L o¥ 1 e
& @

) @
1&? ﬁ%

O SR T ST

[ 19 B g B G esp h 2 Prsa BRE A [~ 5

%< 29 BI R il 2 |V APIA 2 P50 BB APE 5T (%)

LE on LE off
2 3 4 5 194
B | HHllc|o|lclo|lclo|c|lofc|lo|cC]|oO
Bacillus GPB
~|21.1]10.5 9.1 |13.6| 7.1 [47.1| 2.7 | 1.3 |18.2
stearothermophilus
Micrococcus
GPC [ 15.8|21.1 38.5(27.3127.335.7|11.8 16.7(27.3141.2|31.8
Spp.
Staphylococcus
N 63.2168.4(100{61.5(63.6|59.1|57.1|41.2|{73.9| 80 |54.5|58.8|68.2
capitis GPC
s GPB [21.1|10.5 9.1 [13.6] 7.1 |47.1| 2.7 | 1.3 |18.2
=
F GPC |78.9189.5(100] 100 {90.986.4192.9|52.9|73.9(96.7|81.8| 100 | 100

C A CNCHST Vi BIF] O A e B -
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B2 HgfiuT %ﬁﬁjfg,'yp[ﬁi 20 Hr o R B YFIR 30 B o Rief? JF%P?J 14 189

T1 8 4 71F RIAIESRSERID CNCR 21) ~ 6 {2 RHIEBRSERID CNC % 4 -
A FV”“%‘&*FI S L TE AR FIJT'F[FBE“%E S IE /USSR ) I’?f “Ifil

FOPCEEEL 1010 « FUBFGr =S fIL 1005 o (R 1 M= 1 Sy R
M BB ™ S TR I DRSS = e BT 20 (R PR S IR g e - = Rl
e J’?Siﬁj F“%lfﬁ @ BIRELASPATET A LR - R - CNC AT >
FPRER BIFHEN CNC BT AR L e B 5D 7.8 m/hr  FREEH] - Hel®) ~ 9HEVR
STRIES 32.0°C ~ 31.4°C » #P| ~ 9 pUAERERIE (RH) S H]IES 66.5% ~ 68.5% «

B2 Hubfl RS VRS i BECOEE A lﬂtﬂ’rﬁﬁ[@ 31 B e ?aﬂriﬁ‘
EIEL 9 m’/min o ik 32 HIHAH]E EES 7.8 mY/min - t'rﬁ%ﬁfﬁ‘fg% IV 72% o

CNC By (=R FURY AL 2 P05 IR WG T 32 A« Hi9HRE £ 375
CFU/m® » {22 BFmEA ) 3 Srgpf =9t B iﬁﬂf&t“ﬁ&*?? PR AS » ©
F7IH ONC iR R o XGPS RL VY » ONC i PR e T A
R TR R J??F'J TR - ks PR FYﬁF H] o AT B Al T 4 P B
TR - Gl if-70 £ 80 CFU/m’® » 35k 75 CFU/Mm® « o ™ ARt
ST o P B Al 1A 2 P R TPl BT 15 190 £ 335 CFU/Mm® » T 14l
£%, 268 CFU/m’ PRI 72% ¢

AP PR B Tk 33 B RS AT
CNC *ﬁ“-}‘*f}ﬁ’]ﬁﬂﬂ?} ﬁﬂ?f ’ El%ﬁlﬁﬁ Ei9t o A4 L Aeromonas hydrophila
Staphylococcus hominis = Vibrio fluvialis » 55 }||gf#* GNB ~ GPC » GNB - £l A
hydrophila 34 F 157 FgyTiaalEd (- 46.2%%] 70.5% > S. hominis Y24 F 157 F Rl adi! -
1.1%Z]] 15.8% > V. fluvialis Y& F 155 FRlefilifaas! - 15.9%2]] 48.4% - Mrf“ LAV RL

Bacillus licheniformis > Staphylococcus spp. » HIij[57 [[|5% GPB » GPC » ¥4 F 155 Fjs
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i EHIRL 4.4%% 5.9% - B2 Rl % P15 > I') GNB fﬁ%g(r’ W% F o7 Pl e

(£-78.9%%]] 94.5% o

AEEF
HMI TR LT I —
i ;;; = / it
e [F
oNeY ""i
D = = CNC H-gg
R |5F CNC ==
- HE )
2 E %3
o I eNe o XL
| | o
L l SEEE. ;:
b s
e fif[! S BEY
A g
TEEHERER
[ 20 B2 e H i 7 e i
F 30 B2 Ryl tn B v
F) CiE il i)
1 %’F, 14 "”‘ F”;ﬁ Eég?gﬁ:&,' I *:r;f—‘ CNC
67 Fl“ ”f F'ng?&f;ffg .V CNC
4H e JV““CNC&&H
2 MWF F A =1 : 10
3 e 10 T ERSREAS L H(  F
4 (=¥ NS Bt Jf'ﬁv%ﬁ" " B EIES G D BRS
FI ;t:r E oy, y Forl TEj
- B Il ‘W F
50| EEE i Elﬂf?lﬁ[
EEEER A= £1=7.8 m’/min
1 —
6 Py R IS PR
7 | B AR 32+0.1°C
8 | [ RH 66.5+0.6%
9 ET9Y 536 31.4+0.1°C
10 E19 RH 68.5+1.1%
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[ 21 B2 W o= iy e B0 n Ry

* 31 B2 fe AR A

T T T S T E S T T T A

i Type No. kW mm V Hz rmpm dB A mmAq m’/min

Heffi - LG-200B 0.37 100 220 60 3500 56 1.5 150 9

e 32 B2 fly CNC B7 | [ RO IPA S 1250 TR W Pl 35

2L O-C* | O-CTisff | FefEsse
WS | LE Al | 248 | CFUm® | CFUm® | CFU/Mm’® %
1 2 *
i on close/C 270 20
open/O 2 350* 75
close/C 2 225%
2 on 70
open/O 2 295*
lose/C 2 120
3| off [ 280 72
open/O 2 400 *
lose/C 2 205*
4 | off |22 335 268
open/O 2 540 *
lose/C 2 295%
5 | off [ 190
open/O 2 485 *
9 - - 4 188 % UL k19t I

"5k BT )R 8 TG )oY 1%
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e 33 B2 el | VAR I 2 PR B AR 5] ] (%)

LE no LE off
1 2 1 2 3 |F
TAE] Mllcx|o*| clo|lc|lo|c|lo|c|oO
Aeromonas hydrophila* |GNB|65.4|53.7| 70.5| 59.6| 50.0| 51.3| 46.2| 64.4| 61.8] 46.2| 43.2
Vibrio fluvialis GNB|25.0(35.8] 15.919.3|41.7|39.5| 46.2| 18.8| 32.7| 48.4| 54.1
Bacillus licheniformis GPB| 19| 15 2.6/ 3.0 1.8] 44
Staphylococcus hominis  |GPC| 7.7\ 7.5/13.6/15.8] 8.3| 7.9| 5.1| 7.9| 3.6| 1.1| 2.7
Staphylococcus spp. GPC 1.5 53 1.3 5.9
GPB| 19| 1.5 2.6/ 3.0 1.8 44
f[nf GPC| 7.7/ 9.0{13.6|21.1| 83| 9.2| 5.1/13.9] 3.6/ 1.1} 2.7
GNB|90.4| 89.6| 86.4| 78.9| 91.7| 90.8| 92.3| 83.2| 94.5| 94.5| 97.3

C #. CNC*&*&*F[ PIFTJFJ/]F » O FA JPITT o
¥t RG2 TAE

C Hfo= RN 22 03 BB BUREYRp 34 BT o BT 1) ONC
Bi1 - 9T RIS (AT 23) » FRPIRYE R R iR 5 il F
P20 o ST MRS EIHOL R (RN T M R L B LR FOEREL S
(ERORSE T BB « Rl e Rl 1 20 i P PR RO g 2R T R o BoAS ey
B9+ BIGE PEDPARRT - MR - ONC R )R BIFH A T EER S
EIEL 3.2 m'/hr - PR o Ref? ] JHEVE ST HIEY 31.5°C ~ 33.2°C ~ 7]~ ISR
(RH)73 {IF% 49.5% ~ 50.3%  C R b RS RS2 S0 /sty - ARSI
35 i o RHEEIE 8.3 m’/min » [113 36 HENEREN S 3.2 mP/min > 53 bR
39% o
CNC B¢ (B MY A1 & P BIRG I ERE N Ik 36 F o FI9P e 1 238
CFU/m’ » [ AR [ 1) 1 27253 CFU/M)ET9hgrd i - RLTE AP -

7B ONC RIS - bR R 1y CNC. ) B e P Y i
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b IS AR e o R ERRSE R BRI - T B A e 2 P05 PR
R IETUED o BRI 12 £ 33 CFU/M’ » 1 15(fi 5% 21 CFU/m’ - 4 ffli " Ep.yﬁ[nggagggwg
SRS, > i P BEEGAT T 2 P05 R BT P ) > Bl 1532 2] 48 CFU/M® » 1 14fiisg

38 CFUIM’ » RHIRISA A1 46% -

FEAF A PO BRI 37 e T %Jﬁﬂ#ﬁ?&%iﬁu’ﬂ?fﬁéﬁ » =2 CNC 5
FIIMIRL Y BRAE 2 S gt ARk 359 e 3 A R J YR AL
Chryseobacterium indologenes » LIAj[5% GNB » ERE T 153 E1E-74.1%2] 91.6% » 418
i By e bl kL GNB fUR7ELRL Aeromonas hydrophila - ¥&4 157 F#aE[El fg-3.7%%])
18.8% - &7 @“Jﬁﬁ HEHPURPELRL S, capitis - EERIEL GPC > A F157E 0.7%Z]
5.9%./[if] = Bacillus pumilus 8-t R e 5 (1> S URL 5.9% o Rplan [

£ J3HtH Pantoea spp.(2.4%) ~ Micrococcus spp.(1.0%~1.2%) » £ Ki[J[[£% GNB » GPC - #&
B> FBRE AT HERL GNB - fff 90.6%~98.6% » [NELIRE S fifiv 2 FE AT P

GNB -

5P
H‘/ - - -

P
i =
i
i

@
1 [ I
T - INETY
e
& EH4EE

| sreznzarAs

[l 22 C Rt 7 1
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F 34 C Hie s RO
SEL 1A ]
1 BT L Fiilflz" CNC SRS
2 MWF + Gk =1 20
3 N g 1 AT =
4 (|1 M= 7T P BRTHIES T R BES
PR AOHE AN = 3.2 mP/min
6 By PU B9F5 AIE T E R
7| B 31.5£0.3°C
8 | (= RH 49.5+0.8%
9 STt 56 33.2+0.3°C
10 | 19 RH 50.3+0.1%

[l 23 C Rl & [0
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F< 35 C Ry TSB48RS

2 T2 O < L AT = S 5 T
b kW mm \Y% Hz dB m*/min
Hef 0.55 15 220 60 65 8.3

% 36 C i CNC BT | (=R LB S Pr5 IR W ssge

=t O-C* | O-Ci5fli | F2[EIsE
W | LE fH [+ 8 CFU/m’ | CFU/m’ CFU/m’ %
close/C 2 172
1 on 17
open/O 2 188
close/C 2 220
2 on 33 21
open/O 2 253 *
close/C 2 218
3 on 12
open/O 2 230
46
close/C 2 140
4 off 48
open/O 2 188
close/C 2 200
5 off 33 38
open/O 2 233
close/C 2 190
6 off 32
open/O 2 222
St - - 6 238+34 | IRE {9 S

7 IR CON LS W61 RHITIF (O % -
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e 37 C el ) VAL 2 Pk B ATE 53 77 1(%)

LE on LE off
1 2 3 4 5 6 (19
A ¥llclo|clo|lc|o|lc|o|c|o|lcCc|oO
Aeromonas
_ GNB| 7.2|14.1| 9.8] 5.0| 8.3| 8.7|10.0/18.8|18.3| 9.3| 3.7| 8.1]| 14.8
hydrophila*
Chryseobacterium
) GNB|90.7|74.1|84.4/93.5/84.3(89.0(82.5|74.1|79.8|86.8|91.6|88.6| 83.2
indologenes
Pantoea spp. GNB 2.4
Bacillus pumilus |GPB 2.4 2.5/ 0.7) 5.0/ 1.6] 2.5| 59| 1.0] 0.8] 3.7| 1.6] 1.3
Micrococcus spp.*|GPC| 1.0| 1.2
Staphylococcus
- GPC| 1.0 5.9| 3.3] 0.7| 2.5| 0.8] 5.0] 1.2 1.0 3.1| 0.9 1.6/ 0.8
capitis
GNB|[97.9190.6/94.3|98.6|92.6|97.6/92.5/92.9(98.1(96.1(95.3|96.7| 98.0
ﬁ? GPB 2.4| 2.5/ 0.7| 5.0/ 1.6] 2.5] 59| 1.0| 0.8/ 3.7| 1.6/ 1.3
GPC| 2.1| 7.1] 3.3] 0.7| 2.5 0.8] 5.0/ 1.2| 1.0 3.1| 0.9] 1.6] 0.8
C #- CNC ﬁ%f}j/ﬁqf&'lféfﬁﬂ O A [T B -
*Fpt RG2 [AI7E
KL 6 FHF HIG CNC ﬁ%f}?ﬁ{j@ﬂl?g{p'ﬂ%d@f% s Y[k 38 A > EFEEI

i

Brffiafalp 1 8.3 = 20.0 m’/min > #HH &I f#RIE 3.2 2 7.8 m’/min » 3Eufa°£hl§ 1 (

EA%:..I‘J'EIEE‘[ > U B P RE AR 37 = 86% » B I/*EI%I&?U%@%%’[S%}V?F B8 gt

HIEIET 21 2 72% o

Fs AT IR CNC?E%‘*

 HIFIR S I/*]FFI—BAE £y 5 7

F i

T\[ﬂ 7 dr— B o = iR ] A2 = C"PLZ— /5 Fdﬁ“zfm[”%'yﬁjli » T IPT e
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e 38 IR R

Gl Al A2 A3 Bl B2 C
A £l (m’/min) 7.3 6.2 6.1 5.6 7.8 3.2
r%;%’ﬁ‘ﬁ% (m*/min)*  20.0  10.5 120 9.0 9.0 8.3

B (%) 37 59 51 62 86 39
PR AHI (%) 21 58 65 63 72 46

* R T VAR SR RRE IR B -
M CNC fé&*F H'JP'F[F Fﬁﬁﬁel@@ﬁlinﬁl 1% > I') Wilcoxon Signed-Rank Test £
» EFLERIF B B (p=.001) « F]¥H - AfRE ?U%nﬁii%ﬁﬁ%?'ﬁj:??ﬁ’?ﬁﬂﬁﬁ L"[%%Iﬁ’: ’
Z’[[[ﬁ[ 24 Fr= o S S ?”5?‘%%Bﬁj‘dﬁj:*?@??ﬁﬂﬂ@éiEf*ﬁ[%% (R*=0.89) » EENE
[HI q&%glf@j\]ﬁurﬁnﬁ;@{ , ;qgigg[ & qf*u;ﬁﬁi,@%]@,%}k&ﬁ:l&}ﬁgj o

AR 2 Posd PR FSTES R R U R ET V RET - IPIR 25 i e AT P
PSR B A S e R O B rﬁlfég (R?=0.73) » T A JH)e £ (IS P N

Bl RpIp s P BRI Sy o (L E R PR R [N UL
7J—Ji%¢’r’ﬁ“g “ o S R %:JHJLE'@"T*EWEJ °
AT 2 Po5e PEFEIRISTER MR WLV RET - IR 26 T e AP PUSERE

PSS R R T A (R>=0.11) «
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A 2 PSR S (%)

100
90
30
70
60

0}/

/‘

.,/

y=35.4833x+29.106

R*=0.8863

FOFE £ (m?/min)

[l 24 AP PrRBPLR SO R R

1A 2 P TBRSIA BE(%)

100
90
80
70
60
50
40
30
20
10

0

//-’

e

[ 2

y=0.4757x+32.544

R-=0.7252

0

10

W 3 40 50 o0 70 8O 90 100 |
OB (%)

25 FETPA 2 Prs RS S B U R B
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I 2 PRSI B (%)

100
90

80
70 *

N
60 ® S

50
40
30
20
10

0 . . . . .
3 9 10 11 12 13

y=2.1193x+40.116
R-=0.1061

e H (m*/min)
{26 ApIpu 2 Yo PRS-t w7
FITHE 24 [l 25 850 SRR S SR Pos B PR s R
CEF R R ANSEARS I R IO R SRR RV P o (R R
Ayt A R TS Y - TR i ONC B 0 1 R
SR LN S
PO B tﬁ’l%dr BBV Pl SRR RS R  EEE Pﬂi”éjl%fé » FU s
EIE S HUEREN S TEre el il arpg s UG TR =TI LA A SO R S
FIpde d BRE VA - B TR 1 - (ORI - A TR
- SR AT ERR L B - - I I’*‘J%FJ%’;I/;{%JB%E@ o
D AT PR D BRI
= PRV IR
Pt~ SRR RS VT
R PR RO R SRPIN - TR E TR R Tl SRR
Ao R ERR VR
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0 S PRTRT L BRGSO PR
I e [ IRV R IR R
s H PR I S

SRS B RBSER L~ 7 - (LR BT AT
= RS B O AR
T TR ARV
e e T (Rt y NG = R B lor A R
P R IR SRS

SYPUE ! ORI R AR 5T

ﬁﬁ%%@%’&ﬁmﬁ%zﬁﬂﬂﬁ’*Wﬁﬁ%ﬁﬁﬁﬁkﬁ%z’“ﬂ
AL A2 Rl = BIT(EEE AL RS » 9T > BL W B2 BR[| ) 2 0 (1T AR

I SRR BEORE  H C B o H [ ¢ PR R A 30 7. -

F 39 R (B RS T

B R <% i ek
Wil AR AP PR AEEY R A
Al IR 22 HEEL 02 FHR 02-
[ BT
A2 B 1/3 R 0/3 ] 0/3
[1ET
A3 M 0/5 R 0/5 ] 0/5
Bl "] 0/5 Faah 2/5 ] 0/5
B2 # I'EI o 0/10 Wl 2/10 * TE:I | 0/10
C #f"] 0/1 F (] 0/1 F (] 0/1
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b

g@PEﬁlﬁ?Tﬁ§¥$§§

t PR F‘WVE@i@WWﬂ4W£%ﬂ%ﬁQ RN ANk

ATER < ISR P > B A T

C S PRLY R SE 4 B AER TR e DR

FERERTE A A R > D O EE R R R

EH PR (L RIS R (ST (SRR S P R R
BEEELS o FREASE Rt R NSRS T (R R S P B
I SOEA T 5 i FTEE (1,500 CFU/m’) -

0 RS € (R D S S TR [ T -

%@%mWﬂ%%ﬁW%é?ﬁﬁ%Jﬁiﬁiﬁﬁ’Eﬁimw%$W%PMW£%j}ﬁﬁﬁo

o R RN A FEE S PR o (N BIEE  RE p pe RS T SR

Rt BTG S B

9 ] B
= B TR R T #W»@%@‘gm%wp&iﬁwﬁ B

b

P~

FOHERLA R > i ST R ,* s R S PR 1 -
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