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2 2B AFNMe FE7HE - (metalworking fluids, MWF)E FHJF 3= AFGAolA 233
HIANgS} F7F AEE o Z =54 (endotoxin)®] A E3E K418 $]3F Optical Density
(OD)9] A=A S HESIHT ODES A A 3= Onset timeWH O] “time to V" THEG A&
4, g0l =3tk ?XHZ“‘] OD*éZé%k% 70.03%0] 7HF ARG Ao JEyth A%
FBAF (AAAA)7F 099824 7HE E%AL IFEE 88% - 105% (0.05 EU/mL# 5 EU/mL 4 %))
24 ©2 0Dk (0D “0.05", OD “0.1, “time to Vma")ETHE H A3 T Onset timedHol A A
Aeafok 3 ODFE “0.0373 “0.057°] AAE AR vElGTh OD “0.0373 “0.057 93 A%
52 EAAAIY FBAT (v)€ MWEA R XN E 097 183l 37 F AlRoAE 092
oA UElgth wEtd FE7MERE QAo s AEEAS 248 = Onset time HHES A
gt A2 ODAA e “0.037F “0.057F oA AHFAL AHA (linearity)©] 0.98 o] 42
UEH = OD#BeZ B3t Aol AT o=z Aud.

Abstract : This study was performed to identify the proper analytical conditions of endotoxins regarding
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Azr{m

optical density in the workplace where metalworking fluids are used. This study found that “onset time
method” was more accurate than “time to Vmax method”. Reproducibility and accuracy analyzed by “onset
time method” was greatly higher than the “time to Vmax”. The optical density of “0.03” was the most
appropriate analytical condition among “onset time method”. In this analytical condition, linearity of
0.998 was obtained and recovery rate ranged from 88% to 105% at the endotoxin concentrations below
5 EU/mL. No significant difference of endotoxins was observed between the optical densities of “0.03"

and “0.05”. However, correlation coefficients were different with statistical significance (p<0.01).
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This study confirmed that either the optical densities “0.03” or “0.05” should be used to analyze
endotoxin. Of these optical density values, OD with correlation coefficient higher than 0.98 should be

used to analyze endotoxin in environmental samples.
Key words : Metalworking fluids, endotoxin, optical density, Onset time method, time to Vi
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agFAutEoks FautElEole 2y oY ODEEe ettt d=54ile E4A7H ﬂ@rfﬂ]
(outer cell wal)s 7FAaL Stk ag-Edutelglols o2 OD9 FEHM3E o] 8¢ Aotk A= O
< Wy S 9 9J=e] LPS (lipopolysaccharide, 7V MA3] Zit 94A AlFelA oDrY 32316‘
LPS)% WEshet o)AE AE=EA4 (endotoxin) o] 2kl Z7lE)3 9A Aj7ko] AUk T o]ate] FAL o]
3o}, Uz 9=tk Kinetic WHS o] 83 dx=EL19] A
A9l BE IHde AxmELlo] EAsty 37 F S HdA4" oD Tgsle (WHgEtE)  AlZT (reaction
o] d=EAle Aok =ZEHW 327 deo] LA H time)S ZA3= Zolth. ODZ wet A=E2le]
AL Jkge] "Rt 71l vyl 35T T g2 2 g F gtk “AEEN] Frrep «dAd
¥ 7159 Wt 2gEnk! AxEe] A 557 ODdl| =gdh=t Zeje A7#e] dAle 25 ti
AdEe] AAAA= 2887 Wzol AadsA FS (log-log) 2 E‘ii?}aﬂ*i A=EA S gt
BAsE AL AEFAY =20 wE A 9% ASTM EAPRol= ODAA e tid W8] 8l
< sk ul$ Fasith t}. Biowhittaker= ODAE YO 2 “0.03”2° Endosafe

o &l A= 00575 HNEIHLEt Walters T (1994)2

g oD7h A7k HE A (Vi) o1& AEEAS

EAHE  v]lZ A YA S 3] (American  Society  for 24590 Ve AEEN B0 AUy} He

Testing and Materials, ASTM)ollA] Atet TFHH b A A7HE B3t} o)A Y dAEEAS Agse

(standard method)©] FL3}tt? o WHE FE&IbE t OD¢] AAxze] dAFwid t20. OD#He Aol
o

o

(metalworking fluids, MWE)S ZF3Hs 2404 dx 2 ol d==ae] P 4o 3fo|7} YA 1
B2 BHE A02 ASTM 993 2144012 & ek AL 0o 298k =3 olgg nde §
EHTR? q7lell= 371 T MWES] A3 9} A2 3 LAL A4S #2838t AL 87 oA <
el N AR Aol glnk AAE B A wEAS Assbl RAshod Dask B AT
SELS Limulus amebocyte lysate (LAL) *HOZ A L 7 Z0b AFoA AF-3 Kinetic LALY-21HM )
GOHEE AR A A A 0D YUY o AR PP oD ke
AlgE A2 glok o] e LALA o] =54l & A Yol A BRI AARE AdstaA i
7 (kinetic) > 2 23} (coagulin gel)w (turbldlty) o] g9 éﬂ% ge SN RN dEEAY] BF
£ 0|83 Aojth B9 X|3EE Optical Density (OD) 3 e AAstel 592 2 Aoz wukgt
24 d=ge] @ol EAT A9 LAL] #d) Az

g3 grx 748t 2 LALY Sojgle zax 2. A= 3 U

(A3}=A] ¢k &2 proenzyme)’l N=EAl] 23

] coagulaseZ EAJslET}. o] &AV} LALY E93 2.1 M=

= s34 @A coagulin®] 54 ZAFE 75ES AT EEE MWES o]-£3514th & MWF 834
A|A coagulin®] EA s} o]Zlo] AYFE Y] SIES 29 MWFZE AHEE= 4404 AT 7] 5 AR
FY@ Sage] HEel 0D R oRe & vk ARE WA 3] FOoE TR olfE AR
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2.2.2 NZ M|

FHE A HHE Hi® GRS FH (50 mL,
polypropylene A Z &A HAEE AR3IATh 2
Zte] HHo| LAL water 15 mLE Y3 48 KHz
sonicator bath (Branson 8510)°|4 1417t B¢t 3531
o} Al FHE 944%2]7] (Hanil Union 55R)E ¢
1,000 RPMoA 15% 5 AR & 4548

A=EL £48 A8Z stk HMIAEE sonication
FAE AXA &3 AAEYE AL o]F BAAA
& 371 & ARs SAs AT,

2.2.3 Z=AZ ¢ buffere] ®M=

EFA859 AZFE  EndosaferlollA] A Z3F 10
ng/vial®] ¥FE3I LAL  water (Control  Standard
Endotoxin, E.coli 055:BS, Lot# EX 14032)Z o]&3}3
o} 10 ngo] 9= H (via)oll 3.6 mL LAL waterS
H7kste] 27778 ngmL  EAE]  EFYY (stock
solution)S THEUTE HFEEHY] FE=E des5 &
$] (Endotoxin Unit, EU)Z $HF5bH 50 EUmL7} ©th
( 1 ng= 18 EU). XFHAHE 10014 TAER 543}
o EFAF (standard solution)E 3FJTh EFA|EY
EEH9E 005 EUmLAA 50 EUmLATE 38 =
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A=EAS  Kinetic reader (Vinax;
Molecular Devices Corp., Menlo Park. Calif.)E ©]-83}
o] B3tk 100 e TFAIFS ARE] El9)
= 96 wellS £249717] Wl A= incubatorol| A 37 C
Ax A=EAS wE SHAFATE 158 Fo 96
well& HA] AW o 871] mlo]azgo] EH%le
vlo] 2 2 u]# (Biowhittaker) & & 100 x09] buffers &
4stel RE Al H7ISIGATE 96 well 42HS 340
nmol A 758 5 3zt 4 E oDol =Esh=t
Age A UEF BHsA £ 704 oDd
A7 «0.037, “0.057, “0.17, “HU (time to Vim)'E
Zyzy el oljet AEde] ARAFEAA,
linearity), 4+ MWF B3 2 F7] F A|FoA <l
TEA TR AEA, €1 ' FERETEEY) o
¢ I8 () a2a opEA ] wE Cxes
A BAZAT st A WEHAE vl

tt. OD oz X143 EAT

“0.17, time t0 Vipp)o 7120 HuE AFSo|A &8

& $AgE

microplate

P
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3.2 o

A [ME A=Al HEO| TSN
Y3t A2 5 oDAAHZFA whe} B4
A o AEAAS Yepd Aot AEA
H7Vsle A F= WOl A4 (Coefficient of Variation,
CV)E ol&3idith “d=Eisr el “d4%43 oD
zgsled dele Albae 4 oDkel “0.03”
7 <0057 W 27+ 09937 09922 A TE PRz
o vl =4tk “tme t0 V'St AEFAFE O}
FHE 0816024 HAFHOZA F3A] e Fhol
At IS “time to Vi 'WHS TYAIFO S A
AT WIAXZNA 205% 1T 27)F AFA
309%2A Wol7k Wi AEAl UEhETh webd
"time t0 Vma 4270 93 A=E4 Fafe Fg
A e Aoz goEch oD "0.1"Y W] AHAY
o WHIAAN BN A 46. 4% 1T T F7)F A2l 79
%=Z4 OD "0.03"%} "0.05"l €]t oA TR} 4
E9th Q=S 7 FEIUA A b
3 oD AAFE "0.03 At F, dA=ELF
OD “0.03"0] =g3l=d Zg pl
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FE 714 vl ARAE the 230 Wel Btk 2 A% W ARAIN M Fe FE 50
EUmLe] tgt 3582 732%9F 742%2 A%
Table 1. Comparison of analytical results of the “time o] B & xFE&N W (5 EUmL - 005
to Vi method” with the “onset time method” EU/mL) «]l—_ 84%0NA 114% WGtk weld 84
with three OD values AR AEHAE AT we EFeAe HelE
Time to Onset time method 5 BU/mL-0.05 EUmLSE AAR3l= Ao nlzzgd

Vmax  Optical Density (OD) Ao TeE)

method 0.03 0.05 0.10
Correlation coefficient, y 0.816 0.993 0992 0.989

MWE bulk sample(n15), o oo Lo 3.3 OD “0.03"2} “0.05"MH0|| oJ5t A=Al
cv, % 2AM ol Azt
Airborne MWF sample(n=18) 205 57 83 79 Fig. 1S MWF ¥=9} 27]) & A]E9]4 0D “0.03"
CV, % 3} 005702 B43 AEEA Aytel A#s yehd
Aolth. MWFE HF3 A9 A AH AHe MWF
3.2 OD Mzt ME 3|2 (HEE) WA gt F71%F AlES 0D “0.03"3 “0.05"2 247}
Table 2= ¥ZF&Y 50 EUmL, 5 EUmL, 05 HE 2 EA45te] d=52le] g3s B3 Aol
EU/mL, 0.05 EU/mLS 96 Wello]l Y3 OD A3k OD “0.03"% «0.057°] <%t LE%*J TA AT
met JeEe & FHEE AEFA FEx100FYE ’F#o] MWF HIAEoME 097011 371F A&
ATEA F5)S UrEM Aolt). & o|gHoz du A= 0924 "¢ frolgk Aol At (p<0.01). OD
de FEo thd A= @accuracy)S OD AA kel "0.03”, "0.05”, "0.1" 1] “time t0 Vimy Zre] A2
e} vlagk Zlojth ODE “0.0370.2 HdAYS u 3 E gl (correlation matrix)S 233 A3 0D “0.03"2
FEL OE 24 HEiA 43T F 005 “0.0570llell= frolgh AFao]l AFFA sty 1w

EUmLAINE  88%, 0.5 EUmMLIME 99.8%, 5 U 0D “0.03"3} “0.057°7+2] o=
EU/mLS 104.6 EUmL, 50 EUmLOINE 732%2 o 2 2ol gk
El%tt}h OD s 00572 A3l B4S o 3

24 BHE FAHS

F&& 0D "0.03'Hube UAY tE ZHE (OD e
01", “"time to Vax)ol HIEME FE3ATE OD S ss :
2o 30 -
0173} “time to V'l oI5 FFHE e U i - -
S} ol dEEMe) EHS 93 A¥zhoR £ :
A e Ao Bk 5 et
0 o 20 30 a0 50
EU/ml at OD 0,03
Table 2. Comparison of recovery of the “time to Viax
method” with the “onset time method” with ig T
three OD values g a0 —
Concentration. v Onset time method g2 AT
FUL ’ T‘mnietﬁo 4™ Optical Density (OD) T ¥t
003 005 0.0 20 [
B
0.05(n=5) 78 88 86 80 0
0 10 20 30 40 50
0.5(n=5) 89 998 105 116 = .
5.0(n=5) 160 104.6 114 133 .
50(n=5) 70.2 732 742 723 Fig. 1. Correlation of endotoxin concentrations analyzed

at the optical density (OD) of “0.03” and “0.05”
(Top:metalworking fluid bulk sample, ¥=0.97,

) = Bottom : airborne metalworking fluid samples
MAE 298 4 AUtk ODEEE 00301} *005” (§09)
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Table 3. Correlation matrix among endotoxin
concentrations analyzed by each optical density
value (sample no=59)

Optical density 003 0.05 0.10 time t0 Ve
0.03 1 0995 0961 0.07
0.05 0.995 1 0902 0.09
0.1 0.961 0.902 1 0.116

time t0 Vinax 007 009 0.116 1
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oA A% Optical Density AR gkell o2 A=EA1e A=k 463

o AEFA 24 Aol YA B3 g AF

Vi) OD “0.037¢] ==t dele Aks 34
ag=Z2 Yehd Zlojth & XF2 0D, YEF2 XFol
A7€ oDoll Azl A Yepdth 2 A=
OD ARz wa} 24
KR

shu 448 442

fasuap pandg

Ansusp [eamdo

n 100 1 Y 0 a0 e an i

Tima (raca)

Fig. 2. An example of change in Optical Density(OD, Y
axis) with OD “0.03" and “time to Vi ” method
over time(top: graph of optical density over time
in OD "0.03”, bottom, : graph of optical density
over time in “time to V" of OD).

ASTM oM = oDA A Hg z7Ae gich?
73 A A=EAS AHS gREe AdFEL2 0
AR ZA AFvitt xpo]7}t 9tk Biowhittakers 4
7}&F21 No. N 383, N 384¢l4 OD“0.03™& #1135
t}? Reynolds %5 (1993)& OD#S “0.02"9}F “Vinol
o3t AEEAEEES v, ODFRY] A4 et
Fog zol7t Yl AoE Rasiyt

W Walters 5 (1994)2 ODZES AA38}= “Onset
time" ¥ HS AR A Vi 2 A3 Z3)
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AT’ AEL “Vo” AN 23 Bajo] b TE
A FEAME TZE (sensitivity) 7} 2 o}
2} Onset time™™ oA eIz 2-83td IAEe
QS wx] ety FASIATE £3 152 Kinetic
LALE4 4] ODE HUZE 3} (Vi) 48 23 &2
FHE2A7] (GC-MS)E  3-hydroxy fatty acids (OHFAs,
LPS9 UHE EAF ol §93 o] LA X
23Tl OHFAsE GC-MAE =733} o dEEN
o] AxE 1457 o}

olggt AFATES & AFAe} o7t AU
£ dAFellAE OD “0.0377 “0.0570 gt A=E2] 5
= AZ Z zol7 gidet “0.170)Y “time to Vi
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=0T (Table 2 %), webr] 2 AFE FalA d=s
g AEsly] A% 208 AWEE v 2k

A, ODFS A= Onset time'Ho| “time to
Vi HET A @A, FEA30] =5tk 744 <) oD
47432 “0.0370|1} “0.0570] AAT Aoz Vel
o]213} A<k Biowhittaker2} EndosafeAle] 412|214
oA Ate 247 T oA AdsE ol
£ 0D “0.03”, “0.05”, “0.17°] “time to Vmm~ HHHETH
AFA (B E oDdl A= AR d=EFATH] #
A dEgol B =X (Table 13} 3 Fx), A
A (Table 13} 2 %), BEA (Table 2 FZ)= U435
H7] oot

ER), Onset timeHolA AAs|oF & OD 3k
“0.037# “0.0570] HAstrh wEtd FETFER Al
AX AEES B4 w= oD s w2 A
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=
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o34 .
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AP hkE %

o =
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OD“0.1”%} “time to Vi o1A19] A3 (y)S 2
AE fo8lA ¢sith. ODE “0.03702 AAHPLS o
FEgAd th3t 3FEL 05 EUmLOIXA 88%, 05
EU/mLAXE 99.8%, 5 EU/mLE 1046 EU/MmL, 50
EU/mLAAE 73. 2% 2 YERTh ODFLs “0.05°2 A
g3l £ o 3482 OD “0.03"Hh= BiA|g
AL (OD “0.17, “time to Vmy)ol HISIAE
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0970103l F71F AlBAAME 09984 ¢ F-o3h
oAtk (p<0.01). OD “0.03”, “0.05”, “0.1” L

“time to V'3 ZAWMEY2E 243 23 OD

“0.0372 “0.0570]<jol= Rl 3 Adgto] AEE A gk
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AZN o AAFES B I FA4o] £ oDS 43
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