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Occupational Hygienic Aspects of Metalworking Fluids (MWFs): Review of Literature
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The purpose of this paper is to review occupational
hygienic aspects of metalworking fluids(MWFs) that were
appeared in the recent literature. Among various types of
MWFs, traditional straight oils that have widely been used
are being replaced with water-based oils. This transition
creates some adverse health effects from additives, bioae-
rosols and biocides contained in the water-based oils.
Therefore, studies on bioaerosol, endotoxin, ethanolamines,
nitrosamines, and formaldehyde need to be done. However
insoluble MWFs are still used and the health effects can be
still problems in this country. All but synthetic and a few
water-based MWFs are formulated utilizing petroleum oil as
a base in which PAHs, confirmed carcionogens, can be found.
Since domestic regulations controlling the amount of PAHSs in
the MWFs are inadequate, continuous research of and proper
management against PAHs are utmost concern. Meanwhile, to

alleviate health hazards associated with handling and usage of
the water-based MWFs, such control techniques as enclosure,
isolation, substitution and ventilation, and comprehensive
administrative guidelines and legal requirements need to be
established. The material safety data sheets (MSDS)
containing detailed and useful information for health and
safety aspects of MWFs should be transmitted to the related
workers. For proper usage of MWFs, education or training
program for health and safety manager, and a systematic and
internationally accepted management program should be
proposed.

Key Words : metalworking fluids, bioaerosol, endotoxin,
nitrosamines, polynuclear aromatic
hydrocarbons(PAHs)

1A 2 2 REEE 1RO 8948, 92 Q)

7] 93t Wz npd ol 7haRkg

=57 Fs-f(metalworking fluids, &2+, U&2HE, ogﬂlvﬂ"‘}ﬂ‘g” WA, 7§ &
QA Y, ol MWR)E RS, A4 59 ol drkglgzel ol

T 4% AR, 3] 59 Alx 199). =ljelE 19959 @A) °§l°

7
JAE] Sl AgsIel, el A Ak, B4VHE 2 WEsel sl

sl

el :, A
:f:

=
WAAZL: AAGHE MR WS 50594 Z1EE ik outeyel okelshn Al
Tel : 02-590-1237, Fax: 02-532-3820, E-mail - hwkim@catholic.ac kr)

o~
e

Z}z} <k 890,000 kL, 27,000 kL, 69,000 kL
= dEAd SlEIEEEeads,
1995).

MWFs= 220 uje} ofg] 7ixz
23 = o]ob} oJubA 07 u]’x@uﬂ

(straight oil S neat oil), Trﬂﬁ(soluble

oil, E& emulsifiable oil), =3J(semi-
synthetic) 2} tﬂw(synthe‘uc)_i LTl

FEVY, FRYR, YRS TUS) B

o] x3EE -84 (water-based) MWFs



(3]

A - HED - U - YRS

= gyErIE stk v5-84d MWFse
vhaiekeks ©hsle AR (poly- nuclear aro-
matic hydrocarbons, ©|5} PAHs)7} 3E3He
Lzl e sfepiA v, A4
QT o] ¥ SR o] F
oJA olrh f8Hd MWFs ol deha
UEl A = gepidA vdlg, pH ¢
Zo] AFEE]E= alkanolamine, F-2)HA|E&
o} AANA triazine, oxazolidine, B=A| 3}
e EY IEYHs|E o] W
A7 g} Tk S MWEs= 714
7} A, Bl g8 flslsrEd®
HE] Gtk pH YR S
ethano- lamine ¥} WA Fo] ¥3HE o]
Atk 1 8 4 MWFEs7F 9l ©
o] A xBhE|o] glom, HEY ko
ukEl f3Hd MWEss M85 sk,
2= 8K MWFs o} o] FHE7|=
Eis=s

MWFsi= 7]Hpetroleum oil, base oil) %]
AR A of| mhet HREA| S2A, A,
FAAA| APYAL, SUHH7HA 5 2F 20
o] & ol gkEdEo] A7t AL
¥t} o]F 71 YfHcrude oil) 24
H FAE AN wslea skEEA
1950 o] ofli= PAHsE THg sl
ALk 1B 1950 01 7]6-2] A
71gzo] W 1 7 GAAHEA |
A= PAHs ] §Hgo] AL 71H7}F 35
3 glon, ks el
PAHsol| #gh 11 o}2 744 gick 3
THIZ AMEE 242 pHE PIA]
I A FAA A = AR = ollgk
Sopl, WA, STHIE AR
Astutela ot} o] 18| N-nitroso-
diethanolamine(©]3} NDELA)E 33t
nitrosamine®| alkanolamine®} nitrites+2]
HES-0 2 FAHr)

2 QoA vkt sletEAd s st
aal Q1= MWFsel| tjsto] AR 9148eH4]
WA A g4 dAss BE
MWFs 9] 77 akst 818710l tiaf i
Aatara} sk & MWEsol| 39
sIAbEel thgk 574 9 A, 2=
Ake] ez 2 A st} g of
3l AR A} s8It

+ 9aE MWFse} dd el A et
ek ot Fds s St
o] http://www4.ncbi.nlm.nih.gov/PubMed/,
http://www.metric.or kr/index-kr.html, http:/
iems.net/ 2} http:/www.occuphealth.fi/e/dept/
o AN sited)
http://www.osha.gov/<} http://www.cde.gov/
niosh/homepage html & ©]-8-3}137, =]
A2 http://www ksoeh.org/, http://snuih.
pr.co.kr/S} http://www.knou.ac.kr/~pdw 545/
index_mainhtmlE ©]-§-3}31k:

sjweh/index.htm

2. A&

B AatelAs ARSIt ARl 4]
Al MWFs ARgell mhe 2442 71735
S S8l e s Ak A5ieE
< WKL MWFs wE7aE 913 )
AL wlAsly] g8k AR, MWFsel| o
F8 T2 A7l st g8t
A7AES) AHATAE S 1R, 3
S5 A4y A g Aungt
T} S, MWFs A0 2 s A3
Aol ik 54 W EAH el dfstol
dlolrglon AA|, 7+ S8Rt w3

e} el disto] 1EsISitt
3. oS

= A7 MWFs o} ¥HE ofe] &F
o] AT F B2 FE2 NIOSH(1998)°f]
A W2 E “Criteria for a Recommended
Standard, Occupational Exposure to Meta-
Iworking Fluids" W82 54 0= 3l
A918EHA BrlollM JQ = sk Wig
& BEeIiaL 19901 o] 9] MWFs<}
A g2 T#3k, 1990 o] %
o A7 v, aEsle] dAe] ATE
&2 Bz el MWEsSl dd
AT B A APl A8t §
g 71x ARnE Algstaat sl

TEARS] A v e

stATs} AMITE T 0E 1ESIS
o, 71 9] FENHS B3 54 Aw
52 Al9Jslitt & st e} Al
TE & 5d dEVe AR
dotroitt 2 wAET}; WhAE)s 2}
AgollMe] 574 U w47 A g
7} 012 BEg)Z o w22l thalo] &
sIApE R wEsIech 53, T AR
o] F7kekl 3= 4849 MWFsollA
7S] Qi ol oo, 1t
FA, AE=EAL nitrosamines ‘5ol that W
go] 391 TKEisen 5, 2001b). T
Aof| = ZEAFS] MWFs & UHAS
gt T 3 AA 9 A
W ook}, 2ol st WA
ARG A E g3 1A 548 A
E3t H|AE JAA] Foll gt d7E 1
Zoit. ok i AQl, Al v A
ElE Bl Sl MWFs AR} S 3
A1 A S Sl ARE AT
1A} SR

MWFs =28 22} tjgh tjde)=
©&F4] 7FA](medical surveillance)’= Tl
w37 QLOLKNIOSH, 1998), ¥ Harex
= A8k

I A% 5 n3

L AR el gt A8 V1R
g MWFs =zl whe A7 9
& % s87lE

MWF= o 53k 520) &
ol FolA glof Wl wmE S
Hew 47 57494
B3] ol

2
Ay
O.
T
an
2,
ol
s
i

-1, 38714 g

MWFsell Sl g o9, T34
dteglof, =S4, wgel, WA A7
7] Y(tramp oil), pine oil, TSHA,
ethanolamine, 7% °| TAH o] glon),
RS Aol Aol el ¢k
g dHle AwEA Y St
(Abrams 5, 2000).



MWFsell &% 22ke] 3574 9
&k} e A= Cullen 5(1981)004
A= o] 19901 0]7 oAl EEJet
A (Pontiac fever)®] -84 MWFsZ <!
Sk njo] @ of]o] ZZ(bioaerosol) ¥} T8}
o] Faatgiol Kl %1 W (Herwaldt
S, 1984), SVl S Isto]
Krzesniak 5(1981)2}  Jarvholm(1982)°]
MWFs =23 fofsh #do] Q&5 K
T o AAEA A= 2]
A Zsisick

1990 o]0 =577 3t vE
R I A= A R e M e el
59 Aol Hu¥al QIthKriebel s,
1994; Ameille 5, 1995; Rosenman <,
1997; Sprince 5, 1997; Kriebel 5, 1997).
TEA MWFs AREOR Qlal] A=
Pseudomonas Fluorescens\: Pseudomonas
aeruginosa®|  oJ3t NI HHITA
(Bernstein 5, 1995; Zell 5, 1999)2} ¥+
5 HIES 5849 MWFs ARg-Co= <l
g HA71s At Bal H3{tHAmeille
5, 1995)(3F ).

SE7AC dist 93> vlEA
MWFs7} 584 MWFs}t} o f3llshct
I B EI 0 (Ameille 5, 1995), H*
T893 MWFs2] H7HA AR 5 Ay
S vl ooZ2E, qleEAld] o%
el dizt wAE AVlshs A0l
L% 31 QlUKSprince 5, 1997; Kriebel
5, 1997).

12 mRAst

MWFs ARgell mhE S A2 9]
FAg ARE ATEC] 1909 o] F
HuE ek 5, 196 199 &
1997). T2 =4 v5-H e o
olm, 71 9] =R, B, 54,
X, Mot 5ol Bal HQITHAlomar,
1994; GoonZ} Goh, 2000). 1990 ©]7ej|
+ Bennett(1974)2} RobertsonZ}  Storrs
(1982)°l] €15t A7} Sls=wl, 22 wie]
9 ofjojE I AP 99l e] dflE
Zlolgkar B rsl3itk Goon¥} Goh(2000)
T 84 MWFsell st 154 974

of

575 (Metalworking fluids) 9] AF e 12 3

I SR IR S Harselal
le Coz(2001) Al 3P4 sodium
pyrithione®l] 2J3t A2 HF IH-S
S HASISITKAE 1).

MWFs 2 Q15 3-elg ofislr] 9fgh
2] 9 AGA8 G5 7hest Jgs
A= WRIAE ERIsh= Yo] Fuetel
3F(Pryce 5, 1989), = A AL
S5 MWFs9] ko] H7kee) 24,
A4 3 9 S, AREEA]
BT gl AEFARNIE), 4
T A 2, 715 ol Qs JEks
HE7] wize] olel tisk o7} F st
(Alomar, 1994). 5 Ueno 5(2002)< 712!
A} BHAWSS 7SI

FOLA]

A IR A 1990 o] el
5ok} 59 Rousch 5, 1982),
S Zagraniski 5, 1986), 274 (Vena
5, 1985; Park &, 1988), #"8<H(Vena 5,
1985; Mallin &, 1986; Silverstein 5,
1988), 3% (Vena 5, 1985; Gonzalez s,
1989; Silverman 5, 1989) ‘5°] It} 1990
i o] Folli= 1990 o] Agffgell o
o] SN Tolbert 5, 1992; Eisen -6,
1994), 2K Tolbert &, 1992; Gerha-
rdsson de Verdier 5, 1992), g
((Rotimi -5, 1993; Acquavella &, 1993;
Bardin &, 1997), "d(Parke} Mirer,
1996)°l thgh 77k Al Ko,
19905 o3} 2] MWFs mE 2 Q)
St 21 =N (Park £} Mirer, 1996; Sullivan -,
1998), $1¥(Sullivan 5, 1998; Park, 2001),
| H(Park, 2001), 7FH(Kazerouni % 2000)
AdoFitha B ISR 2).

ol Al F=E 719 FA71E0]
e A9 wEEwo] AAaet o]
T A0F HRItK(Calvert 5, 1998). 1
Ao} B84 MWEH oz} 3
MWFsel| = 7177k ARG = 21 ¥t
o] o} % PAHs 9} nitrosamines©l| 231 2
Wre/del et At TS 7180l
SATH(Jarvholm -5, 1991; Sullivan &, 1998;
Kazerouni &, 2000). 53] 1970t 54t

o &0
mE

1o

m
e

l
=)

ftfo

17

PASA

ol ol AR -89 MWFs= S+,
APk, TSk 539 gtellA 99
w7t Z7kEE ek B0 m Calvert
s, 1998), Bardin 5(1997) #3ta &
ARt Ado] Sirkar Barselct

oo Z Hol MWFsg} THste] =u
£ obd Hakg 1l &8 Soll w84
MWFs7} @o] ARg=|aL 9lot, # ¢
ARE IEe 84 MWFs 2] 734
o] $Ad 07 Qlaf 1149] TrElelgAy]
o] Agkat 7o ke AEAatd S
THOE ARGl 71 AL lTHEisen 5,
2001b). THEE i HGE4d
MWFsof| tgh A48 ofLjg} ko= A}
go| S71d 829 MWFso that 24|
o e 4= e A7t Bed Qo=
AT} EAQPH B AR S (material  sa-
fety data sheet, ©]} MSDS)e] AEA
A AoV 54 Y o]F wigo
& 3 MWFs =59 dhdd gkt
o]Foidol & Zog Az} wal
1970 )] ZHE o) el AREFE J A
¥ MWFs = QIst ohikao] Wy 31 9]
3, oFA oof] tfgt A7t A &H AL )
T A& el ARE MW= Q18
2A73g 8] et Aol FarE Aolok
& ARjos AZhEch df 84
MWFs= Q13 WoMJo] FEAT A=
ursiglony, Aol dist Wes] veizl
Rk ERe- o4 §li= A 0® Mot} 1
eub &) Sehes B el of
stols Ao R ¢ AEojof & FEO
2 A7t

1-4. s1871&

MWFs AHA] EHE = 09 w]AES)
A AW A vl ARIAA
2] 3)(American Conference of Govern-
mental Industrial Hygienists, ©]3} ACGIH,
2002) 2] TLV-TWASIA 3471 A4
H71s sl ol st 71 Sngm3
= Agsiglom, STEL 7|5 10mgm3
Z 39tk TLV-TWAE Smgm3 = 3t
& AF AHgshs MWFs FE|Z <lgt
79 Znlet MslE Zs] HEd 4 9l



4 W6 AR e - A

Table 1. Respiratory effects and skin diseases of MWFs

Investigator

Study subject

Disease

Rate raio

Respiratory effect

1. Pneumonia
Bernstein et al.(1995)
Eisen et al.(1997)
Greaves et al.(1997)
Zell et al.(1999)

Auto part manufacturer
Auto part manufacturer
Auto part manufacturer

Hypersensitive pneumonitis
Pneumonia
Pneumonia

Pneumonia caused by Pseudomonas aeruginosa

Case study for 6 workers
RR" 3.2(95%CI"=1.2-8.3)
OR? 2.4(p<0.05)

Case study for metal driller

2. Respiratory symptom
Krzesniak et al.(1981)

Jarvholm(1982) Cutting oil
Ameille et al.(1995)

Rosenman et al.(1997)
Sprince et al.(1997)

Kricbel et al.(1997)

Truck part manufacture

Automotive plant

1 Large automobile

transmission plant.

Automotive plant

Respiratory symptom
Chronic cough
Phlegm
Cough/phlegm

Decreased FEVl, FEF25.75, V50, V25

Asthma

Cough

Phlegm

Work-related chest tightness
Post-shift chest tightness
Post-shift throat irritation
Post-shift cough

Cough

5% FEV,/0.08-0.15 mgm’
5% FEVY/>0.15 mgm’

OR 29-37 at 5-99.5 mgm’
OR 2.8(95%CI=1.3-6.2)
OR 2.2(95%CI=1.2-3.9)
prevalence 25.7 %(straight)
p=0.03

prevalence 10-28.6 %
3.1(1.4-6.9)

3.1(1.6-6.1)

5.9(1.4-25.7)

4.5(1.3-15.2)

5.0(1.7-14.7)

4.0(1.2-14.1)

PRY 2.2(95%CI=1.1-4.6)
RR 2.3(95%CI=1.0-5.0)
RR 3.2(95%CI=1.2-8.7)

Skin disease
Robertson & Storrs (1982)
Chun et al.(1996)

2 machinist

Jin et al.(1997)

le Coz(2001)

An automobile factory

Allergic contact chronic hand dermatitis

Contact dermatitis

Bolt & nut manufacturer Contact dermatitis

Allergic contact dermatitis

Case study

OR 5.16(95%CI=2.74-9.72)
for water-based

42.9 %(=1 yr)
06.7 %(> 2 yrs)
Case study

1) RR - relative risk, 2) 95 % CI : 95 % confidence interval, 3) OR : odds ratio, 4) PR : prevalence rate
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Table 2. Carcinogenic effects of MWFs

Investigator

Subject

Rate ratio

1. Skin cancer
Rousch et al. (1982)

Ever employed as toolmaker, setter, hardner, polisher,
automatic screw operator, machinist

RR 10.5 (95%CI=4.0-36.9)

2. Rectal cancer
Vena et al.(1985)

Park et al.(1988)
Tolbert et al. (1992)

Gerhardsson de Verdier et al.
(1992)

White workers who have ever worked over 20 years in
engine plant

White workers in ball-bearing plant
Ever straight MWFs exposure, white
Ever exposed to cutting oil

PMR" 2.76(p<0.05)

PMR 3.07(95%CI=1.54-5.50)
SMR? 1.47(95%CI=1.04-2.03)
OR 2.1(95%CI=1.1-4.02)

3. Pancreatic cancer
Vena et al.(1985)

Mallin et al.(1986)
Silverstein et al.(1988)

Rotini et al.(1993)
Acquavella et al.(1993)

Bardin et al.(1997)

Based on U.S. mortality, white

Employed in engine plant >20 years

Equipment manufacturing workers, black

Worked over 10 years in grinding

Machinary workers

Engine plant, black

Factory workers employed >10 years, hired between
1950-1959.

Heighest exposure to synthetic MWFEs.

PMR 1.89(p<0.05)
PMR 2.32(p<0.05)

PMR 3.57(p<0.0)

MOR” 3.10(p=0.05).

MOR 3.71 (p=0.05)

SMR 3.03(95%CI=1.21-6.24)
MOR 3.6(95%CI=1.2-8.3)

OR 3.0(95%CI=1.2-7.5)

4. Bladder cancer
Vena et al.(1985)
Gonzalez et al.(1989)
Park & Mirer(1996)

Engine plant workers, white.

Ever machinery adjuster, assembler or mechanic =6 months.
Grinding

Machining or heat treat employment

PMR 2.28(p<0.05)

OR 1.86(95%ClI=1.2-2.8)

MOR 2.99(95%CI=1.15-7.77) for straight
MOR 2.86(95%CI=1.14-7.18)

5. Laryngeal cancer
Zagraniski et al.(1986)
Tolbert et al.(1992)
Eisen et al.(1994)

Ever worked as a machinist
Automoble industry, white male
Autoworkers with highest exposure

OR 2.5(95%CI=1.2-5.2)
SMR 2.0(95%CI=1.3-3.0) for straight
OR 2.23(95%ClI=1.25-3.98) for straight

6. Esophageal cancer
Park & Mirer(1996)
Sullivan et al.(1998)

Machining employment
Grinding workers

MOR 3.61(95%CI=1.04-12.6) for straight

OR 4.1(1.1-15.0) for synthetic
OR >2.5 for soluble

OR 5.4(1.5-19.9) for nitrosamine
OR 3.8(0.8-18.9) for biocide

7. Stmach cancer
Sullivan et al.(2000)

Park(2001)

Autoworkers(140 stomach cancer patients between
1941-1984)

Automotive engine foundry and machining complex.
Precision grinding

MOR 4.4(95%CI=1.5-13.1) for synthetic
OR 1.9(85%CI=1.0-3.6) for soluble

OR 2.4(95%CI=1.14-5.1)

8. Lung cancer
Park(2001)

Cleaning and finishing of casting
Core-making after 1967
Machining heat-treat operations

OR 1.7(95%CI=1.15-2.4)
OR 1.5(95%CI=1.11-2.0)
OR 2.5(95%CI=1.4-4.3)

9. Cancer mortality
Kazerouni et al.(2000)

Autoworkers(1940-1994)

SMR 1.68(95%CI=1.02-2.59) for biliary
tract and liver cancer

1.47(1.11-1.91) for testicular cancer
2.14(1.17-3.60) for Hodgkin's disease

1) PMR : prevalence mortality ratio, 2) SMR : Standardized mortality ratio, 3) MOR : mortality odds ratio
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Kenny 2} Gussman(1997)< 1.6L/min -5
O Mo]ZE(cyclone)S ©]E-51

¥4

< A3

MWFs component

NIOSH REL(1992)

OSHA PEL(1989)

ACGIH TLV(2002)

Korean PEL(1998)"

Oil mist 0.4mgm’ 5mgm’(TWA?) 0.2mg'm’(TWA) 5mgm’ (TWA)
(thoracw particulate) 10mg/m’ (STEL)
0.5mg'm’

(total particulate)

Formaldehyde Ca”; 0016 ppm(TWA”Y)  0.75ppm(TWA) 0.3ppm(ceiling, A2) 1ppm(TWA)
0.1 ppm(15-min ceiling) 2ppm(STEL) 2ppm(STEL)

Monoethanolamine 3ppm(TWA) 3ppm(TWA) 3ppm(TWA), 6ppm(STEL) 3ppm(TWA)
6ppm(STEL) 6ppm(STEL) 6ppm(STEL)

Diethanolamine 3ppm(TWA) 3ppm(TWA) 2mg/m3(TWA, skin) 3ppm(TWA)

Triethanolamine No REL No PEL 5mg/m3(TWA) no KPEL

Viable microorganism No REL No PEL No TLV No KPEL

(total bacteria, fungi
and single genera)

1
2
3
4

Ca. : carcinogen
TWA(NIOSH) - based on 10 hours
TWA(OSHA, ACGIH, KPEL) : based on 8 hours

a2 AN

Korean PEL(KPEL) by Ministry of Labor(MOL), Republic of Korea.
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Ukl SF3IT 5 EPA(1984) 2] PM-10
| 29 A 241S 218 37
]_Q_Q 2= o]L ﬂ r)rx% o Nxﬂ -GJ:]L/\é
Ao @7k, AFA0 MWFs
VAR wliel] QAk=20% 015t} 319
ok CIP-10 571 A F249 iRk 24
< S8 tARRI=Eg oM, st W
o] Qltk E Chen 5{1996)<> foam-based
preclassifierS ©]2310] F2Hd FAof o
2 AT Jpdsilct vhd, T4
& ANEEZNE ARl 28 9
(thoracic fraction)= 2Fs}7] <5t HAJ7|
TE ARESRE ol gltk et o) W
WS MWFse] 2] WP} Sl&

& Ho7k 2 7ksAde] ol wAlRlL

A FHNIOSH, 1998).
]E' AN A= QA= TR ¥

71918 Q13 et 7] St %
7kl whet Sk AoE A Sl
UKBartley -5, 1994; Chen¥} Baron, 1996).
ok S AR =AH Aslo]
Woskie 5{(1994a)> A&7 oA 584
SRR B2 oA xR FY
b IR F2 A7 2Ao] o)
7F Ariar siolct.

M WFs Q1A QI8 dduba o
T SN A% ETRE F23(12%)
oLt FW(60%) U] EETF B2 A
O%  HQITKThornburg®} Leith, 2000;
Rosenthal 7} Yeagy, 2001). thAl= H&=7}
3 MWFs @l 3917d(GM=6.1m GSD=
2.0)R0h A7t ke MWFs 9] 7917
(GM=21.9ym GSD=2.2)0] & 7102 FA}
%] K Thornburg @} Leith, 2000). &< &
2 Al dist =2 ATs o
om, T FEE 0.04-1.15mgm’ O 1}
ERLEAl QITHRobins &, 1997; Abrams -5,
2000; O'Brien &, 2001).

SUMAEE SF7 Al A %
HAE QQlo] HEg 549 A

23 3(thoracic curve)} &
o

2l
Ao
A

JH}—NJ\:}E

= xo)7] S8l S718k RGARY &
e #Hagket = = WY Tiel &
e, AT 2R 9L iR

719 ez el gt AP o) FoiAof
& 0% Y 53] ufelr o

575 Metalworking fluids) ] AF YA w2k 7

WrER Qg 449} Beltjae
128 ) sl
ZAEel digk 2Pt dask A *3
7ty

PAHS(NMAM #5506, #5515),
S| =(NMAM #3500, #2541, #2016, OSHA
#52, OSHA ID-205), ethanolamine(NMAM

EERY

#3509), nitrosamine(NMAM #2522) TE
NIOSH'} OSHA®HA A3l EAHS
0z 5k 9 Aol ol %

FYEEIEE AT e SRbrg]
(passive sampler)o] ¥t AA-HCohen,
1996)7} H31 %3l §).2m, OSHA ID-205
Wlel FAtEs]7]el ot 5743} B4
= A8 % SFTHOSHA, 1990).

MWFs k=22 QIsh A9J3Hd § 5
4|5 = F= NIOSHLF OSHASIA
8F REL(0.016ppm) 5= PEL(0.78ppm)
AJo19] FESF2] 60-200ppb©] 1 1(Cha-
mpman®} Shollenberger, 1996), =ufjollA]
EELUE|E kE3FES 0013-0163
ppm O2 £J=3} WSk FEl (U
5, 1998). Champman} Shollenberger
(1996)+= "84 Foll ufet 543l
E gt Aok glonw Ad] 2]
ok ghttar Ik W Tigner 5(1998)2
Afor= AA ZGAelA  triethano-
lamine(°]3} TEA) 5% 0.03-0.05mg/m’
2 ACGIH TLV-TWAS! Smgm’ 0|3} 45
Ql o et

Hlo] Q. ool 2E0] Aol ARGE= X
W e EH8keT AR 2l
%‘HE“‘E}HL} o] @ ofloj 2% IAE 23]

135] HaRelE Zlg o] gk itk ¢

ﬁoi7 [ Aol 7hssh I (inertial)&
o83k ¥lE, A, FAEHEY
52} o2} ESPS} 23 (thermal precipi-
tation)of] &Jgk w|Fd EAHRo] Stk
(Crook, 1995). ¥4 5202 Hst &
)7, Ak &), BEEn] g, 14E
n7, F3Evd, AR (scanning
electron microscope} transmission electron
microscope) 52 AR o]&3t AT,
FeEFS3(T7], I E24Ql ¥
Ho] F-’Lﬂoi Qa1 gloy, FH Hlole
ooj2E0] 3JtA”l #Ao® wE 4

Fl

o 6 ARYE Sl £ 2 9

1995).

T84 MWFs AR-O = Qg nHjo] @
dojzZ WS 54, B8] Slsko]
Thorne 5{1996a, 1996b)-> 2%HA| jet-to-
agar cascade impactors ©]-&-51o 5t
9} 7oA uljgjol2 249 B Hn)
Aow BAESla, 3715 weote)
=+30]9] =S FM-NEF(fluorescence

nucleopore filtration/elution
ARE3IITE Salazar 5(1997)%=
Mycotoxins =7l HPLC/UVDE ©]4-3]

%337, Tsai®} Chen(1998)> &4 Ho] 2
ofo]2% ol Burkard single-stage(Bk),
Anderson N6  single-stage(N6), AGI-30
(AGI) AEEH7E Hlwsk3itt Moore
5(1998, 2000)-> mycobacteria s 2], &
QAsi7] 91310 WAFRE Selse A
< 2SI, mycolic acid esters
HPLC=, f+{AK= polymerase chain reac-
tion(°]3} PCR)= ©]-&3}3itk.

AeFAE e duEoteld
AEE o A fon Irke Bk
o) T L7k Ehe AL B
Ztolt}. = endpoint Quantitative Chro-
mogenic Limulus Anebocyte Lysate Assay(

Microscopy
method) &

H+= Kinetic chromogenic Limulus  Ane-
bocyte Lysate #2] & A gt} # Lol
Kinetic chromogenic Limulus Anebocyte
Lysate Assay o] o] o] &1 gtk

7] 2 EEA 20| wo]7} 2 Ao

U=l

E oA Q=) 2 Bﬂo]% Z7 A4

SIjkd Eﬂ Oﬂti* “*U ﬂTr

wlizol2} Sk THMorris 5, 1988). <
5] FEHe] W 2to]7} 1980
B 7] Aol a1 Qlrk
(Brown 5, 2000). EEQ} AEEA 5749
HlolE Zo]7] fIgt W 9] s <lw
EAE HAE = 3-hydroxy fatty
acidE  7IATZONE T A RRA]
(GCMS)ZE 48k o] & A5
of I A2 QI=H), 3-hydroxy fatty
acid7} AEEA1 T} 22 IS Hel
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Table 4. Sampling and analysis methods and concentration levels of total particulate, thoracic particulate, formaldehyde,
nitrosaming and ethanolamine in MWFs

Investigator

Sampling & analytical method/subject

Result

L. Total particulate

McAnecy(1995), Leith et al.
(1996), Volckens et al.(1999)

Svendsen et al.(1996), Wilsey
et al.(1996), Paik et al.(1997)

O'Brien et al.(2001)

Ameille et al.(1995)
Chun et al.(1996)

Kriebel et al.(1997)
Sprince et al.(1997)

Paik et al.(1998)
Rosenthal & Yeagy(2001)

Electrostatic precipitator(ESP), MCE, PVC &
glass fiber filter

Compare IOM sampler with 37 mm 3-piece
cassette

Compare aerosol photometer with thoracic cyclone

and closed-face cassette.
Automobile manufacturer in France
Automobile manufacturer

Auto part manufacturer

Large automobile transmission manufacturing plant
2 base oil manufacturer and 2 MWFs supplier
Grinding in Bearing

closed-face sampling

The best of collection efficiency: ESP
Higher evaporation loss occurred in fresh oil

IOM sampler's collection efficiency was a little
high or statistically significantly higher

Overestimated in soluble MWFs by aerosol
photometer

2241 9mgm’

GM: 0.803mgm’

Exceed numbers of PEL(5 mgm’):
gasoline engine assembly 27.8%,
diegel engine assembly 15.0%,
power train 7.1%.

0.003-2.764mg/m’

0.02-1 44mg/m’
0.38mgm’(0.19-0.79mg/m’)
0.34-2.43mgm’ for open-face sampling
0.14-2.01mg/m’, for closed-face sampling

2. Particle size distribution
Thornburg & Leith(2000)

Piacitelli et al.(2001)

Rosenthal & Yeagy(2001).

Laboratory study

79 small machine shop

Grinding in bearing

Mass median diameter(MMD);

high-viscosity 6.1m(GSD=2.0)

low-viscosity 21.9/m(GSD=2.2)
Fractions of total mass diameter: inhalable60%,
thoracic 12%, respirable 8%.
MMD 5.3um straight and soluble MWFs
diameters were larger than other types.
MMAD: 3.33-6.26/m,
Fraction of =9/m diameter: 8.0-45.3%

3. Thoracic particulate
Robins et al.(1997)
Abrams et al.(2000)

O'Brien et al.(2001)

Automobile transmission manufacturer
85 Machinists & 46 assemblers

Thoracic cyclone/23 small machine shop.

0.13-0.41mg/m’

Thoracic particulate conc.: 0.13-0.56mg'm’,
Thoracic bacteria: 0.38-2.66 bacteria/cc

0.11-1.15mg/m’

4. Formaldehyde
Cohen(1996)

NMAM #3500(impinger) vs. GMD 570,
dosimeter & EPA TO-11

Champman & Shollenberger(1996) OSHA #52 vs. Airscan monitor

Semisynthetic MWFs at engine manufacturer

R=0.86 for silicagel tube vs. impinger,
0.66 for dosimeter vs. silicagel tube
dosimeter vs. impinger(p>0.05)

Airscan monitor is a little growing tendency,
but the difference is not clear because of
small sample size

Formaldehyde level;

1.3% s-Triazine use: 60-130ppb,
3.0% s-Triazine use 80-200ppb,
3.0% oxazoladine use 100-120ppb

5. Nitrosamine & formaldehyde

Paik et al. (1998)

6. Triethanolamine
ligner et al. (1998)

2 Base oil manufacturers & 2 MWFs
suppliers

Synthetic MWFs

Nirosamine 18.4-47.1 ug/m3
Formaldehyde 0.013-0.163ppm

TEA" conc.: 0.03-0.05mgm’
The ratio of vapor to TEA conc.: 0.1-0.9
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Table 5. Sampling and analysis methods and concentration levels of bicaerosol and endotoxin in MWFs

References

Sampling & analytical method/subject

Result

1. Bioaerosol
Salazar et al.(1997)

Tsai & Chen(1998)

Moore et al.(1998, 2000)
Thorne et al.(1996)

Thorne et al. (1996a,b)

Lonon(1999)

Paik et al.(1998)
Laitinen(1999)

Virji et al.(2000)

Teflon membrane filter, HPLC/UVD. Mycotoxin

analysis from Aspergillus

15 mm inhalable bioaerosol sampler(IBI;
reference), Burkard single-stage(Bk), Anderson
N6 single- stage(N6), AGI-30(AGI) sampler

Anderson one-stage sampler.
flowrate(28.3 L/min)

2 Stage jet-to-agar cascade 1mpactor 25mm
black poly-carbonate filter, FM-NEF"

Automotive machining plant

2 newly charged systems

2 Base oil manufacturers & 2 MWFs suppliers.
18 Grinding, turining and drilling.

A large automobile parts/transmission
manufacturing facility

Relative collection efficiency: Fungi(Bk 0.53, N6 0.31,
AGI 0.51); Bacteria(Bk 0.24, N6 0.12, AGI 0.23)

Total bacteria and fungi in air sampling

Bioaerosols(bulk): Vlable fungi <50 CFU/mL, V1ab17e
bacterig  7-7.6x10 °CFU/mL, total bacteria 1.5x10'-
1.7x10"org/mL.

Bioacrosols(ar): viable fungi LOD-3,800 CFU/m (outdoor
244 CFU/m’), viable bacteria 81- 550 CFU/m’.

Bateria types: Pseudomonas species & Micrococcus leteus.

Bacteria in contaminated MWFs: Pseudomonas species,
Acinetobacter species(Othes: Rhodococcus Varivorax,
Bacillus, Serpens, Xanthomonas & Providencia)

Bioaerosol conc.(org/mL): 0- 10’

Airborne: gram(-) bactzerla(CFU/m) <0.01-410x10%, total
culturable 0.3-600x10

Bulk: gram(-) bacteria <0.0001- 4400X10

total culturable <0.0001-65, 000x10*

Bioaerosol types;

- Air: gram(-) bacteria(Comamonas, Ochrobacterum,
Pseudomonas etc.) fungi(4spergillus, Cladosporium,
Penicillium etc.)

- Bulk: gram(-) bacteria (Burkholdria, Comamonas,
Ochrobacterum etc.), fungi(Acremoniom etc.)

Bioaerosol GM in lgulk 3.4x10 CFU/mL, <8 m GM
in air; 182 CFU/m

2. Endotoxin

Saraf et al.(1997),
Park et al.(2001)

Thorne et al.(1996),
Laitinen et al.(1999)

Milton et al.(1990)
Brown et al.(2000)

Woskie et al.(1996), Saraf
et al.(1997)

Brown et al.(2000)

Abrams et al.(2000)
Thorne et al.(1996a,b)

Laitinen(1999)

Kinetic chromogenic Limulus Anebocyte Lysate

Endpoint quantitative Limulus Anebocyte Lysate

Assay
Kinetic-turbidimetric Limulus amebocyte lysate
Extraction 1) pyrogen-free water(PFW),

3) PFW, Tween 20 and sonication
3-Hydroxy fatty acids analysis by GC/MS

24 bulk water-based MWFs samples
(12 unused, 12 used)

85 Machinists & 46 assemblers
Automotive machining plant

18 workplaces used MWFs

2) PFW
and Tween 20(polyethylene sorbitan monolaurate),

endotoxin vs. 3-OH-Cig,gt3-OH-Cy20+3-OH-Cia0
(r=0.84, p<0.001)

Bulk(EU/mL);

- Unused MWFs(soluble 496, semisynthetic 670,
synthetic 125),

- Used MWFs(soluble 16,798, semisynthetic 56,200,
synthetic 2,083)

Final assembly 16.4 EU/m’, valve body 34.7 EUr,
case 234 EU/m

Bulk: 39-166,000 EU/mL
Air: <4-787 EU/mL
Air(ng/m’); <0.04-600
Bulk(ng/m’): 0.03-25,000

1) FM-NEF: fluorescence microscopy nucleopore filtration/elution method, 2) EU: endotoxin unit
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