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ABSTRACT
Objectives: The aim of this study is to comprehensively summarize endotoxin levels reported in operations using metalworking
fluids(MWFs).
Methods: An extensive literature review was conducted of studies reporting endotoxin levels in processes using metalworking

fluids. Keyword search terms included ‘metalworking fluids’, ‘machining fluids’, ‘metalworking operation’, ‘machining
operation” and ‘endotoxin’, which were used in combination.

Results: A total of ten manuscripts were found to report on airborne endotoxin levels from metalworking operations in the
automobile industry. Polycarbonate(PC), polyvinyl chloride(PVC) and mixed cellulose ester(MCE) were used to collect airborne
endotoxin. Limulus Amebocyte Lysate was mainly used to quantify endotoxin amount. The levels of airborne endotoxin reviewed
varied considerably, ranging from <4 EU/m’ to 790 EU/m’, which was found to be far lower than those from cotton and potato
processing plants, sawmills, and poultry farms. Several studies assumed that exposure to endotoxin could be a causative agent of
respiratory diseases.

Conclusions: Inhalation endotoxin exposure levels reported from metalworking operations were found to be lower than those from
industries handling organic materials, even though it could be considered as a possible cause for several respiratory diseases.

Key words: endotoxin, respiratory disease, water-soluble metalworking fluids
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MWFo A 13-3-Aluhg| 2] oH(Gram-negative bacteria,
ol5t GNBe} ¥h7h WIAIGHTE GNBL Aot
endotoxin(o]3} Gl EAloje} holehs e 27
AUtk A=541E drE 2ol 5 GNBoRE EA 5= Al
Eojute] A solch AEEAl] Ao HA|H
o] 2| At (Lipopolysaccharide, ©|s} LPSE} §hef
3 W E A2 204]7] ZTKShear et al., 1943). LPS=
wA o] el A4S BE mHels st 7x
Jolc}. elutgo LPSE HAE Wejo| it
b, S AL ofd LPs7} uteelofe] of
A E-59) Thal o]} 9172 Phospholipid) 5
A 2ol = AHE EAste WE U3t
(Duquenne et al., 2012). LPS 3}t Lo A A =EA]
g Qg B B4l /g Fash vae Ad
(Lipid) Ao|ti(Heumann & Roger, 2002).

2] ol A=EA4l =E=H 7 52 v 2ot
A el AEEAIS FHele] 24 AF el
S(Innate immune system)S 7JA| 3 A H RS
o] A3} AAl= o9 7HA] dS(Inflammation) ¥} ¥+
B AESS BB 202 woT welu)
=4 (Cytokine) 55 wH[RITE HS5ESE HFe=R
o 2 B QMo ussl] 3t Mo B
% Stk olefe Qo) dEA 24 Fo shbh wa
ojB g AMeFAlE WHaEZ (Pyrogen)= 7H=¥Ith o]
23t dFRESo] HEsHA dojd Afole AAED
£ #Igt 714de] @319 7} ° 4= Slrh(Heumann &
Roger, 2002).

2 o deEAlo] &S W=, o]
FHEEo] e o] Al bkt dFe vlA|
th(Park, 2014).
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H A thRietschel et al., 1994). F& =9 A= EA]
o =&HW 557 A A5 HS(Airway irritation
and inflammation), ¥t <& (Fever), &3 $H(Malaise), 7]
Z| A(Bronchitis), & A4 1 A](Allergic asthma), 23+
(Chills)o] YEh}IL, =& seo =E5H 54 #H ¥
(Toxic pneumonitis), ¥4 A 3H Hypersensitivity
lung disease), H&Z(Sepsis) 5= LoZ 7540l A
ttal &HA QtiLoppnow et al, 1990; Rylander,
2007). GHo A A=FAIY E= =2 4, HEA

http://iwww.kiha.kr

£ =(Septic shock)S Z 5l A4l P=0e = %
A7) £4F0 2 Ajo] AR o] 2] B 4 gleki
4 A tH(Hurley, 1995; Heumann & Roger, 2002).
TE57hs FANA AeFA =F S 557
Agto] i3t At WA doh 53], A-ATmict
W So] kA dEEAl w=oF A

P 5 Hlwsh= A2 A Yt o] At &
22 MWFE ARE-She 304 =54l Ay 9
545 wEE A Aeskal vk

e F57Hs 3N 2 st

a4
o] A FHRIR SRt F471E TR

T E Q=2 vl NIH(National
Institute of Health)2} NLM(National Library of Medicine)
oA A|F3H=  PubMed(http://www.ncbi.nlm.nih.gov
/pubmed), = St& HAAM I 2 I :(http://scholar.
google.co.kr/)& ©]-&dto] ZQIth HA 39 of(Key
word)ZA] “Metal Working Fluids”, “Metal-Removal
Fluids”, "Endotoxin"< 7| E+= 3o 2 E32 HM
sl o] Qo] Bao] Ratels BHol 2o A

2 geisklch. B47H 2o 2 % AW 8ol
4% A%t THA Ysinh

MWEE ARSHs B30t o] 3ol dshs
2RA, FH A, FHNA AT B SH &
B AR SES TR o] Aol H wH
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7] &(Table 1)3} W3 Z(Table 2) A=EA1S
Fokal AFHEADSHE S 2otk & 108 ==
NA F7] F A=EAS A F st HE = Polycarbonate
(PC)7} 37, Polyvinyl chloride(PVC)2} Mixed cellulose
esterMCE)= 7} 10| qith dI=EA1S et &4
IR0 8HO A Limulus amebocyte lysate (LAL)$ 3L

7SR

=

U]

oM A=A 2l 8l = S TE 407

4

104 LAL-7}4 2247 g}, 8=

AL AL ek 4 4 glck
AR 7IA] HHA o2 AREE T 9l EA-2 vl
Al E A 2 E 3] (American  Society for Testing and

Materials, ASTM)o||A] A|9Igt B o] §-A3jc).

Table 1. Sampling and analytical method for quantifying airborne endotoxin

Sampling media Analytical method Reference

Polycarbonate filter LAL' Wang H et al. (2007)
Polycarbonate filter N.Lf Hodgson MJ et al. (2001)
Polycarbonate filter LAL Kriebel D et al. (1997)
Mixed cellulose ester LAL Sprince NL et al. (1997)
Polyvinyl chloride LAL Sg?ifiolr;[?efta?,l (g%)%(?)),
;{:1:)(; Cs;)arge Anderson culturable microbial media equipped with LAL Woskie SR et al. (1996).
Open-faced DM-800 filter LAL Throne P & DeKoster J (1996)
N.IL LAL/GC_MS+ Gorny RL et al. (2004)
N.L LAL Simpson A et al. (2003)
N.L N.L Kreiss K & Cox Ganser J (1997)

" LAL: Limulus amebocyte lysate
GC_MS: Gas Chromatography Mass Spectrometry

¥ N.L: No Information

Table 2. Sampling and analytical method for quantifying endotoxin in metalworking fluids

Collection device Analytical method

Reference

*

Sterile container LAL Simpson A et al. (2003)

Sterile container LAL Stear MA (2003)

Sterile container KLARE' Throne P & DeKoster J (1996); Hodgson MJ et al. (2001)
Sterile container KLARE Hodgson MJ et al. (2001)

Sterile container LAL Bernstein DI et al. (1995); Laitinen S et al. (2001)
Sterile container LAL Woskie SR et al. (1996)

Sterile container LAL Throne P & DeKoster J (1996); Stear MA (2003)
Sterile container LAL Park DU et al. (2001)

N.L N.L Kreiss K & Cox Ganser J (1997)

NIL * LAL Bernstein DI et al. (1995)

" LAL : Limulus amebocyte lysate

KLARE : Kinetic Limulus Assay with Resistant-parallel-line Estimation

¥ N.I : No Information
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MWFE Fgste 3404 371 & d=5419 A,
A2, AeFst= Wi o2 ASTM 93] E2144-112

2 Fx o] QITHASTM, 2011). 2717 H g tfa
9] RO E o] WS &85qlrh

2 F A=FA HFH F EAYHS dSe A
T s RaEgch fEgHer 37 5 AeE
Alo] el A e F5, 24T AR =
gt At7F i EEol itk

Thorne et al. (1997)2 SART} =4 oA <l
EAS SAlOl oy W ZHsto] IEHE, =59
d, EAYHE 59 ans vuch e
fiber(GF)¢} Polycarbonate(PC) ZES A& Tf2 &
A2 vl wgch. GF= g 49 PCIEHE
H 22 =8 FEE Ued Zlow ®
01 °4?Li IH T, =AU, 34 5

A

Ho] e ofoj 2 Z3} <l LS

I W= PCHEE A&t 2o avbd Y 4= it
Duchaine et al. (2001)-2 Hlo] 2 oloj2F Y A]
A WS o] &3l= Zlo] IOM AH 7| E Y ¢ AF
Tt Hoe AATE HEY ‘1} O]E\_ R FARR}

AL 2ol T 7}11 FAlol A8t
A= vw3t A, JuA H gg Y23t AE
Al ATt fofsA 3 o 15 woretar gk ol el

3 AT ATA o] AEEA Ao o 2%

s AEE Wit AFE eSS dFshe
A, 2AE2 S st F o A e
RS A A7 Uik FEl AHE A
EEAZ LAL E2 353 § LAL YHoR s
= Aol ojth. LALS I

A2 Amoebocytes A3 U 9] 73 (Granule)o] &Y

ST FHES AHESHe BT EAolth LAL
o= M=EAlat v WZFeHA vEg-oh= T Za)
http://iwww.kiha.kr

4~(Proteolytic enzyme) factor C7} $ogt ol -
‘ﬂvg o|-g3tthk.  LALA|%Fo] AN=FAlM 2
(Kinetic)©.2 A3 Coagulin gel)=]+ B Z(turbidity) &
zste] AFelis feith BEo| Ak Optical
Density(OD)2A] QIES410] Bo] 50| 3= LAL]
wha] Aste| 7 g = Z71Eth o] A o] Kinetic LAL
wale] etk AR F AREA0] Yars A
A &)= Coagulino] WolAth A=EA Fr= 1A
= ngo® UEh7]E A%k 2ol BUR trehi
oh BE 1 ngS 10 EUR BH4tehzs] of Ao
ol ufel AN LAL W& s B4 Baio
2 7% BHdoz ALSET 9tHUFDA, 2012).
LAL AJE3H2] AW o]o %=, Gas Chromatograph-
mass Spectrometer(GC-MS) 3}812 HEAHo] Qlth
LPS2e] R ZA9 %0-] %l 3-Hydroxylated fatty
acids(3-OHFAs)§ 7B Esl & S EAE UEo o]
2 GOMs2 BAGTh of Wi B JE
3 =43k Al 5 259 5l 2 2E &
9] LPSE EA%cH= Azl o] QltK(Saraf et al., 1997,
Binding et al., 2004). ’Sl—X]U]' o] HFHLE LAL HHoj
W8] Vs 27 HolAnw, E3] AL dEE
Al F JFFe sk e8]y vidET & s
sS4 S48 240 LAL Wo] o fele 4 ot
(Park, 2014)

ox Kl

N

= el pe005), T8 2 5—*4

EEA 4 A 307 Q1 3-OHFAs 9] HgS &

MWFOﬂH GNBe| ti3t =& BH7ist= o 4=T

¢ Ue =2 FEF 4 Aokl sHYTHGomy et
1., 2004).

Vil mea ofel ai 2904 A=me] g
AH, M, F2, A 20 L P AY 2 5
AEs Aol that AR e B Bx
shwl gc,

2. 87| SU=FA =F
Woskie et al. (1996)-2
&7+ F74(Broaches, grinders,
multiple drills, laths, mixed operation)of| 4] @& 0| AE,

o57] Ae = T 5

chuckers, drills,
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A,

Ul OiIE
%%‘—Et 15 EU/m (n:72)2
A 2243 v %7 EUm)XE o} =9kch

—8—*5‘ MWF-‘:=' 3 2249 =E55(16 EU/m
n=46)7} B8/ MWFS #g3 229 keEs=
(13 EU/m’, n=25)Kc} =& Zloa ®Budich Gomy
et al. (2004) S<718 AFJol A AHFHFE A2 A Clot
and Chromogenic LAL 2418 E3) 2435 Ad=EA
Lrl W 12 EU/m’(SF 10 ng/m’) o]8t& X gt
(Table 3).

2 A7 AT 2tk Throne & DeKoster(1996)

o BAgl AR AX lolA AT WA D 27
% QEEA SE2 vadc 27 F 55 4 EUn’
oflA] 790 EUMm’o]le). 37] $3t M3 F it §O
T ABHAE HEPITH(p=0.022, r=0.44). o] F&=
& Castellan RM et al. (1987)0] HAA-G L2 Ao A A
ZAW =%7]%0] 90 EUm'S 233t grolck 18yt

ZAF, AR oA BalE % E2225(1000-10,000 EU/m’)
Hrl= Woi(Table 4).

o AFolA okt B & EEA FEE
A, BQAdAA B AEEA
Uehd EEAl FEQl =
(Cinkotai et al., 1977; Smid et al., 1994) Et}= &R
Sk v 8 5RO AEEAS WAL 2
Aot Bt HASAL JER 34,

sEARAx, TEALL), @78 Aelpd 4dg
ﬁo(ﬁﬂﬂ% 4, B8] 2, sheA ), o9 25 2
, MWF 7}, gl A=, | A=z, ZA7F
l, ﬂ*é% Az 3%, F24) 5ol Utk o=
oA 57 T A=EA s vHEE
1, B2 4:(40,000 EU/mY), T8 2 24 &
1} 11(380,000 EU/m’), oF%uF L2342 34(>106
EUM’) 5 g7o] whet Rug s= Wee be |
th(Dutkiewicz et al., 2000; Laitinen et al, 2001;
Dutkiewicz et al., 2002; Gora et al., 2009).

Z}Zke] AtzAbl A HilE sess AFAoR
Hlwste] Frishs A HA Ptk dukstd =4

al
[

N of rE

=L O
FS

i

4 AgFol A ARESE W Eo] tr27] wj&olckh
LEHISAZEEM 5T
% 399 =FoA H3a MWFA d=EAS 3
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9519 th Throne & DeKoster(1996)-: 3’—}7-]9} &
§ A 2elof A At 2 & Aes4l s
9-166,000 EU/mL It ¥7] =3 ¥3 £9] =x =
Gog AVBAS EATHp=0.022, r=0.44).

Woskie et al. (1996)2 3357 23S 23t <&
7t FARNA A F EERA s=5 WHAe
1.75x10°-8.60x10* EU/mL, B2 7.30x10° EU/mL
2 B3}

Park et al. (2001)& 7|A7}& AH]
MWF % Q=S Aol fold o
291 $BL ATE AU FT FFa
2 Tramp oil(7|AZ5) &, @3 = pH 5=,

T Z3} oF - vl AIE Hol Aoz et} 7}
o3t e PIAl= 281 Tramp oil Fx=2kal 2
2 Uzlth A=s413 mgES] WA 1] 96l

W N

[o

& o)

E

il

A= 71A 7FsRAol A &7 Udes 24 714 7]
ERE A pelstel MWFR 2| Solrt:
AL "= Aol d4jo|ti(Table 5).
4. HZQEn = EI|E

T84 MWFE F&st= 33A §45k= 4t
Hgol, #30], £ o]59 H4ag Qg oy 357
23t WAl 93 wo] HEQtKennedy et al.,
1989; Macher, 1999; odgson et al., 2001; Gorny et

al.,, 2004; Park et al., 2007). Park et al. (2007)°]

guiet AEat JAE fHE T AR A

AA7138A| 9, H]D(Rhinitis), 5-H]5 H(Sinusitis) 5
Qg dge] Wl 9ol MWFARSR ¢dto] Sl
< HauFch 20069 AsA} HAEYS A XS
AA T2ZAH389™) F & 867H(22.1%)°] AAZHH
o, erelA A vl WA e, BB E
(Chronic sinusitis), thdAd&2]*]AdH] & (Perennial allergic
rhinitis), H]%Z7t=2}(Nasal septum deviation), H]ZA]
"] A (Hypertrophic rhinitis), $-Z+#SHHyposmia), 7|
A LA H]H(Seasonal allergic rhinitis), H|-8F
(Nasal polyps), M52 24 So| ot Hs
o MWFE Fae Ho] Ui 22An= 38%)°)
THEE(40.9%)°] 2|3t Aoz By
th(Park et al., 2008).

R

=

rir

Azl 9l
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Table 3. A summary of personal endotoxin exposure level(EU/ms) assessed in metalworking operations

Authors(year)  Country Industry type Job MWF' type  Sample (n) AM' sD' GM' GSD' Min! Max.”
Woskie SR et al. . Machinist Soluble/Straight/
(1996) USA Automobile /Grinder Synthetic 72 146 15 7.1 47 NI N.L
Machinist .
/Grinder Straight 25 126 128 62 47 NI N.L
Machinist Soluble 46 16 161 81 46 NI NL
/Grinder
Assembler No MWF 34 69 11.1 19 64 NI N.IL
Assembler No MWF 25 86 123 29 61 NIL N.IL
Assembler No MWF 9 22 44 06 48 NIL N.IL
Throne P & . Soluble/Straight/
DeKoster J (1996) USA Automobile Assembler Synthetic N.IL NI NIL NI NIL <4 790
Kmb(ell9£7)et al ysa Automobile  Assembler ~ No MWF 9 22 44 06 48 0.1 13.68
Assembler No MWF 25 86 123 29 6.1 0.07 56.02
Machinist ~ Straight MWF 25 126 128 62 47 0.07 47.57
Machinist Soluble 46 16 161 81 4.6 007 5846
Sprince NL et al. . .. Soluble MWF
(1997) USA Automobile Machinist /Semi-synthetic N.IL NI NI 301 NI 27 984
Assembler No MWF N.IL NI NIL 31 NIL 25 3.5
Machinist Soluble 1 N.IL NI NIL 54 N.L 683
Machinist Soluble 2 N.L NI NI 30 NL 3 1702
Machinist ~Semi-synthethic N.I NI NIL 19 NIL 27 984
Metalworking
Laitinen S et al. . industry(hard .. .
(1999) Finland metal and stellite Machinist Synthetic 14 16 NI NI NI 0.04 140
manufacturing)
Machinist Synthetic 29 28 NI NI NIL 04 600
Machinist ~ SolPle with 092 NILONL NL 004 140
mineral oil
Machinist S"lubleovivl"h rpe s 79 NI NL NL 02 84
Hodgson MI'etal. ;g Ti and Ni alloy yp pinic Soluble/Straight 4 NI NI NL NI 13 5811
(2001) manufacturing
Ti and Ni alloy . .
. Machinist ~ Soluble/Straight 2 NI NI NI NIL 662 126.1
manufacturing
Inspector No MWF 2 NI NI NI NIL 26 43
Simpson A et al. ;e Engineering ¢ pinist Soluble MWF 141 683.1 NI 5041 1599 0.02 28794
(2003) industry
Gorny RL et al. Steel Machinist
(2004) Poland manufacturing /Grinder Soluble N.IL NI NIL NL NIL 12 100
N.L NI NI NIL NIL 13 700
Park DU et al. =y o Automotive engine o g0, Soluble 14 210 NI NL NL 66 2700
(2005) manufacturing
Grinder Soluble 13 4900 N.I. N.I. NI 190 12000

: MWEF : Metal Working Fluid
AM : Arithmetic Mean
¥ SD : Standard Deviation
Y GM : Geometric Mean
' GSD : Geometric Standard Deviation
¥ Min. : Minimum
™ Max. : Maximum
“N.L. : No Information

http://iwww.kiha.kr
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Table 4. A summary of area endotoxin level measured near metalworking operations

Near

Author  Country Industry type performing Tlglpvf,F‘if Unit Dm&:;’“ Saé’r:fle AM"  sD'  GM' GSD' Min' Max.”
job or task
e\tVZISkg;;;) USA Ag;‘/’%’/'il\l,j N/[gcr?:l‘;f:s Soluble don NI ™ 45 73000 127000 39000 3.2 NI NL
Kreiss K & Automobil Semi-
Cox Ganser USA gl\‘/’[/lj’A\; Machinist ‘;hetiscy“ EUm’ NIL NIL NI NI NIL NIL 01 10
J (1997) -
Acroos
Hodgson MJ industry with .. Soluble/S 3
et al. (2001 USA metal working Machinists ynthetic EU/m N.I 4 N.I N.L N.I.  N.L 1.3  58.1
environment
Acroos
Usa  industry with L inists SOUPIES b N 2  NL NIL NIL NL 662 1261
metal working ynthetic
environment
Acroos
industry with Assembler/  No 3
USA working Inspector  MWE EUm’ NI 2 NL NIL NL NL 26 43
environment
\Zlan(gzo%7§t USA N.L N.L Siﬁ‘e‘t'iscyn EU/m’ 120 mins NI 554 83 NI NI NIL NIL
USA N.L N.L Si‘ﬁztfcy“ EU/m’ 120 mins NI 116 18 NIL NIL NI NL
USA N.L N.L MT\\I;;F EU/m’ 120 mins N.L 3.4 28 NI NI NIL NL
USA N.I NI  Synthetic EU/m’ 120 mins N.I. 3.3x10* 0.7x10* NI. NI NI N.L
USA N.L NI  Synthetic EU/m® 120 mins NI NI NI NI NI NI NL
USA N.L N.L Si?énscy“ EU/m’ 120 mins NI 1267 427 NI NIL NIL NL
USA N.IL N.L MI\\I)‘;F EU/m’ 120 mins NI 213 4 NIL NI NIL NL
: MWF : Metal Working Fluid
AM : Arithmetic Mean
f SD : Standard Deviation
Y GM : Geometric Mean
' GSD : Geometric Standard Deviation
LMin. : Minimum
Max. : Maximum
NI : No Information
I8 MWF 7Hg 378 249 JIEEA =53 & AE doyl= Aer & dHA ok TF7IR=(A,
B7] AL TAMOE ATAZ ATE BA o £ B A, W9, $uE5 S ot JPE i
57 Q

AEEA =2a 93} 2ddl &
AL A &7] Ygoltt A=EAL P &8

i)
r {
filo
4
of
QL
Pl
jus)
z
4
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Table 5. A summary of endotoxin level measured from sump of metalworking operations

Author(year) Country Industry type Type of MWF"™ Unit Sa(r%)le AM' st GM' GSD' Min' Max."
Bernstein DI et USA Automobile synthetic ug/ml 1 0.04 NI NI N.L N.L N.L
al. (1995)
USA Automobile synthetic ug/ml 1 0.17 N.IL NI N.IL N.I N.L
Throne P & USA Automobile  soluble/straight/ EU/ml  N.L N.L NI NI N.L 39 1.66x10°
DeKoster J synthetic
(1996)
Kreiss K &  USA Automobile synthetic  EU/ml  N.L N.I NI NIL NIL 1x10* 1.70x10°
Cox Ganser J
(1997)
USA Automobile semi-synthetic EU/ml  N.L N.L NI NI NL 6 1.25x10°
USA Automobile soluble and EU/ml  N.L N.L NI NI NI LOD 4.40x10*
semi-synthetic
USA Automobile semi-synthetic EU/ml  N.L N.L N.L N.I. N.IL <200 1.96x10°
USA Automobile semi-synthetic EU/ml  N.L N.IL N.IL NI N.IL <200 2.88x10°
USA Automobile synthetic & EU/ml  N.L N.L N.I. NI N.IL N.L <10
semi-synthetic
Laitinen S et Finland Hard metal and synthetic ng/ml 8 89 N.IL NI N.L 0.03 520
al. (1999) stellite
manufacturing
Finland Hard metal and synthetic ng/ml 3 190 N.L NI N.L 26 310
stellite
manufacturing
Finland Hard metal and soluble with ng/ml 29 4400 N.L NI N.IL 0.4 2.50x10"
stellite mineral oil
manufacturing
Finland Hard metal and soluble with ng/ml 7 4100 N.L NI N.IL 120 1.40x10*
stellite rape oil
manufacturing
Park DU et al. Canada Small machine  soluble and ~ NA 140  2.63x10" 4.41x10* 6791 753 1.1  3.47x10°
(2001) shops synthetic
Hodgson MJ et USA  Ti and Ni alloy soluble EU/ml 9 N.L NI NI N.L 7187 1.99x10*
al. (2001) manufacturing
USA  Tiand Ni alloy  soluble  EU/Mml 11 N.L NI NIL NI 1.99x10" 7.50x10"
manufacturing
USA Inspection center NO MWF  EU/ml N.L NA NA NA NA NA NA

Simpson A et UK Engineering  soluble MWF EU/ml 154  8.79x10" 2.45x10° 3419 60  <0.05 1.87x10°
al. (2003) industry
Stear MA UK Engineering  straight/water-s EU/ml 154  8.79x10° N.I. 3419 60 0.03  1.80x10°
(2003) industry oluble
Park DU et al. Korea Automotive soluble EU/ml 14 34000 N.L N.I. N.L 280  2.80x10°
(2005) engine part
manufacturing
Korea  Automotive soluble EU/ml 19 2x10° NI NIL NIL 1300 5.60x10°
engine part
manufacturing

LOD: No information for endotoxin level.
: MWF : Metal Working Fluid
AM : Arithmetic Mean
* SD : Standard Deviation
¥ GM : Geometric Mean
" GSD : Geometric Standard Deviation
¥ Min. : Minimum
™ Max. : Maximum
" N.I : No Information
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