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— Abstract —

Control and Investigation for Hazardous Characteristics of
Metalworking Fluids Used in Korea
- Control and Hazardous Characteristics of Soluble MWF

Nam-won Paik, Dong-wook Park*, Chung-sik Yoon,
Seung-won Kim, Shin-bum Kim and Kwi-suk Kim

Seoul National University, School of Public Health, Seoul, Korea
Korea National Open University, Department of Environmental Health, Seoul, Korea*

The objectives of this study were both to evaluate the level and correlations of hazardous agents
and to suggest measures to control industrial hygiene problems caused by using water-soluble metal-
working fluids(MWF). Geometric mean of formaldehyde(0.039 ppm) was higher than criteria of
NIOSH(0.016 ppm). Formaldehyde, originally existed in the biocide, is released and used to kill
microbes in soluble MWF. Microbe concentrations were above 10 No./mL in 14 MWE tanks among
20 tanks surveyed. Nitrosamines that is formed by reaction of nitrosating group and amines was
detected to 18.4-47.1 ug/m?. Formaldehyde concentration was low when microbes were abundant(r=-
0.67, p=0.011), and high when open tank area was wide(r=0.75, p=0.012). The significant relation-
ship between pH and microbes(r=-0.76, p=0.003) was also observed. The predominant bacteria
species in MWF were Pseudomonas spp., Bacillus spp., Comamonas testosteroni, Acinetobacter
haemolyticus, Bordetella bronchiseptica in order. Therefore, hazardous agents emitted by using
water-soluble MWF seems to be correlated microbial growth. In order to minimize worker’s expo-
sure to several hazardous agents by an water-soluble MWF and to increase productivity, microbial
growth must be controlled to the lowest level as possible. Administrative control as well as engineer-
ing control must comprehensively be applied to control microbe’s growth in water-soluble MWEF.
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2e) AgjerAM AR (Occupational Safety and
Health Administration, OSHA), F33g¢d
5719174 (National Institute for Occupational
Safety & Health, NIOSH), z8la ¥4
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Government Industrial Hygienist, ACGIH) &
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&1 o (@R ATL, 1988 o8 of F-of
e #ee 84 22 Ao FE7ER Ay
2R 22 B2 FHE T T A
= saeAd g YA A7 A8 Az, A4F
A7Ho] g AR RIALE (Material Safety
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1) pHel 2=

pHS ex& AH8FY 78748 247125 AAA
2x59c). pHE SUETIE u) g9 Aot
Hea wre Feol o8 ¥Y F A2BE Bl A
pH meter (Fisher Scientific, Accument® Mini
pH meter Model 955) % Zz73sigch

7) EEe|sto|= (formaldehyde, HCHO)

2713 EEQUslel=e F84 FEERE A
25} 2A A Passive Bubbler™ (SKC Formal-
dehyde monitoring kit, 1992)2 o] &3ty &3t
¢t} 7+ passive bubblerel TF5 5 mLE Y1
AleF A(MBTH: 3-Methyl-2-Benzothiazolinone
Hydrazone Hydrochloride)& 75l polyte-
trafluoromethylene membrane-faced Knudsen
diffusion disks} ohiE 2& ¥ ARt AF
Zol= Al B(L.6% sulfamic acid, 0.6% ferric
chloride) 1 mL% 7k8tm 1583 A F col-
orimeter2 FBEE 626 nm¥-IAM =] A
Asian. Tegds=e] A3E Knudsen &4 =]
234 ojs) Aoz 2HATHSKC, 1997).

3) Lio|ER220}2 (nitrosamines)

3713 YolE2zolRle 84 FFHE A
sae 92 AT 2FAAT. FNF WOIE
= rolm @ NIOSH #2522¥elAd A3
Thermosorb/N™ samplerZ A% ¥ AZEH
7] (model HP 5971) 2 BA3+h

4) gat%A (hydrogen sulfide, HpS)

7120 BEGFAE F84 FEERE Ab-&-8t
= ZoA 243t NIOSH #0134l =t
PTFEZH 2 AAE AAT the B9 400/200
mg, coconut shell charcoal) 22 AR F AA
Aage AR oleazotE e (lon Chromato-
graphy, 10)2 A=EHE7] (conductivity detec-
tor) 2 EAATHNIOSH, 1994).
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A gke] Abg bl Ago] wizlg B Aoz et
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P, AANE & e TE BAE ul 2] o}
7} 10°-10" 7A¥/mL, FBe1F7t 10°-10° 7WAl/mL
o,

gmoz nl4gee wAlcl WIS ASFE A
o3& £RHQY, BFE FELE F84 2%
HERE Ao 4 TAM dBEE gzl 74
7+ B9E T 5 mL& 10107482 43 0.1
mL& ujAe] PZstrt. SAP(Sabouraud Agar
Plate) ¥1<1s} BAP(Blood Agar Plate) w27 2t
7 AR ED 9RRAT HEE d# A48=EUS
o BAPE 35 ¢elA SAPE 95 TAM 48N F
ot wikstelc), WG vidES] SFE 4z 4
Aete] e oAl 5783 wiksid 7 $RE ¥
Aestach #e ¢4 AFHB P Viek GNI
Card, bioMerieux, Hazelwood, Mo & AHsd
2430 o714 FAEA ¥E RE 48 7=
(APl 20NE. Analytab Products Plainview.
N.V.) & ol&3ld SHEAT

g) 2% o|AE &F

o9 DjAEE ¥ WAS BE 2234 ¥
¥ (NIOSH Method NO. 0500) & AHEHES
27 5.0um, 27 37 mm PVC ZHE FAE &7
3% A Az7d ¥ 223 ¥ (conditioning) 4!
71 & 2AE Ao} FHES ZgPstgch 2 LE
Az 2 UL YE=2 AEE A s A
Beasc £EgdAAch FAE #2zdes 4
W Aol BEgeR FE=E AAAR FMEE
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Table 1. Measured Items in Metalworking Process

I, Z=t & 12F

1. eA BE71EF0M YdEE SslelxEel
=7 W A

10 "ot .

284 2&712RE AHese TECIA g
2 Qe Tz TEYUsels, FHFE WOIE
Zrollg 484 BHARR EAABCN 25
pH, P48 ¥=8 33 (Table 1 #=2).

exy 27-36.5 T2 wAEc] A7 A7
s e 7HEdz 8 =84 257189
exE o|ABo] AR HASHA A2k
pHE 7.77-8.81% oukR o2 @A elM IR
skl e AE2 AHESE pH 9. 0%} WimE
o o)gBe] Frhid] A AR vehgtt vl
48 52 29 F 2070 g3 14707} 10° 74
A/mL o)4ez A&gAch BAM2] pH, w4
22 55 29 v4YE sepi g Aejeln =
29 Belt D|ET AR BNE F ok XEES
aseolze 7P FEEE 0.039 ppme2
NIOSHe! #H&871F 0.016 ppmEch g 8
sgsiel=sl B4slE ol EFUCI= BE
8 S2A4F A8d7) G0t F, p| g Eo] FHoh
#4 wass pHe FoAz ol upz} E-A ol
5 Teedsel=st £84 IFRERE w2 o
EAzes €499 YA 2E ARdA =
A {breakthrongh) 7t ¥old A= Eo} A&
s8¢ ugc 2 ZARA ANT /TS 0.7-
L25 /2= 400 LA=EA ne22 AHFA
g o&ae Afdzde 1 3¢ 84 257 HF

ltem No. of Sample Range GM GSD remarks
Temperature 18 21.5-36.5(°C) - -
pH 24 7.77-8.81 @ -
Microbes 20 0-10"(No./mL) - -
Formaldehyde 79 0.013-0.163(ppm) 0.03%(ppm) 1.59
Hydrogen sulfide 23 0-0.224(ppm) 0.131{(ppm) 2.46 loss by breakthrough
Nitrosamines 15 18.4-47.1 (ug/me)™ 26.1(ugfm®y® 1.5
0Oil Mist 26 0.19-0.79(mg/m?) 0.38(mg/m?) 1.51

= 4 samples detected in 15 samples were caleulated.




2 #Fste ARIAAA Bopeac e FPEAR
s} glo] Ae ool wAd Aoz HLA AP
Ao U +84 2271348 AFse T
Rolx ehrae AHAHE A532(0.5 /B2
2 o] wle] oA AHsks 4H #%e 20 L
AEE A3sHe Aol vkt

~gx 2471285 FAFoe FAAA L4
2 9 T EYuslels, BTl nAs 5 8
a5y Qe Bouc uldgd 43 293
oz oJAjsol g, 2, tldEs 43¢ B3
s AL 4¢ gol opth g3 | PEE
gaste 73 QA A EE pHelth pH7} 8.5
o5tz WolAW pH FAAIRL olRl H& A/FEAY
WR S Al oIIFE A A% UYolER
xojule] WS 2| 4 x, ERAE A7hg
Ao uaZe AAE oprsta Bl WAE

endotoxino] 22ztell Al 2734 4% 2 7 AU
g B3dA vlage FPdte Ae T F 71
zxz gusil @ £ 9o g3 #4435
e es AFe AN PAE AT o 7| 5}
) SEAE B BAS 7l¢olA] god ¢t

2) A

zeogslels, #3a, pH, v Ee] st
e AIAE (FF FEF ISR 5 %
zo WA, APFE, FRH F)e fAE A%
. 29z fo8 FARIE Table 20 A
#ch. pHst PAES F=(=-0.76, p=0. 003), #
29 AR ETELUE 5% (r=0. 75,
p=0.012), ©vl4&3 EEFLHSeI= = (r=-0.67,
p=0.011) el #4Z Ane 2 4 AcHFig 1
5 2 2z), 2y Leddsiol=e BHAFE, F

Table 2. Relationship between Formaldehyde and Microbes, pH, and Open Tank Area

HCHO = -0.21 +0.029 X pH ( n=139, p=0.0011, r=0.074)

HCHO = 0.069 - 0.009 X log,, (No. of microbes) ( n=13, p=0.011, r=-0.67)
logo (No. of microbes) = 53.65 - 6.302 X pH (n=13, p=0.003, r=-0.76)

HCHO = 0.041 +8.78 x 10 X Tank Area(en?) ( n=10, p=0.012, r=0.75)
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Fig. 1. Relationship between Formaldehyde and Micro-
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Fig. 2. Relationship between Microbes and pH.




%3 B471FR%%, pHEY A o] gl
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FHE AHESte FACME EESUSlE, %3
F4, pH, 2% §°] ¥3A v|gES] 43% 2
2 #Ho| e A= ZASUS. BIAA P|AE
o] Aol s HW 2EAA A3 A
g 2T AL B, THAH] AdHn, AN-d
At thg Aol AztEHz, T FEHE 9
Ao ARE zPste Gedo] AR (@R
73 A E 4, 1986; NIOSH, 1996).

2 A7ZANE & o 544 FENT RN L4
He #A9AE #elsly] HMe FRAA AL
(s3e] 9UH §)e E8°lx pH, BFAL AP
Abgol] T BEAEQ #ejzt ERAMN FAE <IF
ojzjol & Zoz ATV

2. 84 SH7IBRYIAMRNM 0|42 FF

47) BRelM AFF F 94719 H2IAE F 28
AMeld Fol gt THE FEL FHE Hlxdd
e} 2FEA Table 33 Z2th

7} widsHA e @2 Pseudomonas spp.,
Bacillus spp., Comamonas testosteroni,
Acinetobacter haemolyticus, Bordetella bron-
chiseptica €°lth. 14719 A&elA 19709
colony7t ©] AFolA ARG WY R FHHA ¥
stk F&7HEH @30 bigda) FHA A8E 7
z} AAF A T BEoA 2 To] FAEHUH
2&712 R LM E To] =R @k HH5F
oA o] ¥eE A%t ALk AHRE F 7h9] )
A 2 gix-Ee] #Fo] BAP ulAlclA gt it wig
g 7o) =& 10-10" 7AA/mLe] Helel A

Bennett(1972) 2] A7l o3 EAHe T2
)25 Pseudomonas spp. & Desulfavibrio
spp. ©1%th. Rossmoore(1981) 2l |ToA=
Pseudomonas spp. 7t 713 Hl¥iskAl LA AA

1% P stutzerit P. fluorescense Y157t #&
HelRm P aeruginosa’t 7V W=7t wUdrh
%3, Bacillus spp. & HE/ ¥ HWolglew
oz A 7HR] #9] Ffe FRHA stk WNEst
32 Uoja] F2| A4 Rossmoored] HFME
wizst 23tk Inger $(1989)9 dAFelME
Pseudomonas spp., Flavobacterium spp.,
Streptococcus spp., Shewanella putrefaciens
So] wiMiEA SAH/UAYL

3. $24 371370 tgryEel e

1) Nitrosamines2] 2

UelE2 Aclnl e opE AR olRIFI} g3l
JAHE 2LELeT RFE F84 TN
FelM pH 294G $3EFES FT7HIA7 A3
A7lste 2deink uUolE=2solrle] AL 4
stn BAA7I7I d#A ol=F @A BRI (Envi-
ronmental Protection Agency, EPA)2 tri-
(TEA), di-(DEA), mencethanol amine(MA)
£ Tgete S5 51 nitrosating group®] 3
712 ZAsgcd. 2uaeid s KST4E S
clmadsl oluiEst Fald #89 AEF(W3H2
gas 248 S AH@ESFIHEAAE L,

Table 3. Micobes in MWF and Comparison with Other
SeaSesiRossmoore, 1981; Inger &, 1989)

Speces Frequency  Other Studies
Acinetobacter spp +++ +
Bacillss spp. +++ +
Bordetells broachaseptica +++
Comamonas restosteroni +++
Pseudomonas spp. +++ +++
Enterobacter ammogenus ++ +
Stenotrophorspeas maltophilia ++
CDC group EF-4 +
CDC grosup IVC-2 +
CDC group NC-2 +
Corynebacterizm spp. + +
Moraxella spp + +
Ochrobactrum anthropi +
Oligella urthralis +
Streptococcus sberis - +

+: low ++: moderate +++: high

o % (il T ickidise i bt
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A4 FFE de FFHo] dEE AAHA AU
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S5, N2e £44 FEITRE FHAY 2
g AL 71AY 2 F8, FHEITG 7B,
Z 24 9 e FTHAXAE(F2=E7], I 9)
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A 2oz 7AS #84 7R £80] FA
g Ao ¥k gIa2 FANE SR
A 8714 deelole] WaE WAEta 4HE AlA
Sl=E it

ot N e

AR, FANH gAsE F TT EUFHE A
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)7t AT A7t ARE(85.8%) 12T

Wi, UolEzaclule] 44L& AAsAY 29
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edely ¥4 5L RS RIF YR2 dFHE
S =25} asdict

44 BFE7HERE AHse FHAME 99
7t A& FPH o A4stn rEFEE, 93
B2 84 FE&7MER AP aNFVIE 23
sjof gk, Padz vl 4%, THS %,
F84 FL71EF AHVIE 5 FEE H4Y
FEE@eyol ZAd=ojor It F&HERE @
&8 A PpPTes #AY § gick PIA
9 §e], A BY, BPIMS BA7 FRE
oz ZHggoopl F&rlBHE BB 5 Uk

z2 B

B d3e $84 S57MERE AT 1 A4S
= 830 Hrlksln Ao F¢E viRe
Age] YTPEE BHEE FRIYL AANA
o} TEgdslel=e] risiEFE=E 0.039 ppm
o 24 NIOSHe! 387124 0.016 ppme 233}
dc} TELdsiel=e] WAL X EYudlels W
2% $EAE 4837 g2k AR FEE
2 204 9244 14747} 10° AM/mL o|¥Le2
Zas=o ke At JYolERAoE
18.4471 w/m B2 FAEENH TAYE
pHsl 2H4E $4A7)7] fi8) Arisle o F
ol sl @ o fRolth RIAARTS &
AE £48 23, TELUS|=9} PYEEE (=
-0.67, p=0.011), BI/WPAA (r=0.75, p=0.012)
aen pHe ol4E8%E(r=-0.76, p=0.003)7} &
o3 4 26m T Uo|EBZ Ao, HAdjFi
sc ojggdas fdo ik s WwsEA
WA" #F& Pseudomonas spp., Bacillus spp.,
Comamonas testosteroni, Acinetobacter
haemolyticus, Bordetella bronchiseptica &°I
ATt

84 BE1FF AT o FASHE RAAA




»
e
.

2RE 232 Zoln AME U] 984
£ olEe Y3 At He] TN Fa5
oh U4E WAS dAe] YHME tuE g
o] A, Ao o8 WA @A, 2E A
9] wUWR), 242 AskAe) WA B Se of
3 71 dale] e7EY. 24lESE wed =
g1 Ptz @8 4 gl YA e,
TEAQ #e), oM Bzt 2PA0E Az
o]} g},

REFERENCES

AL WEEE Bk $8A9 e aseE,
6-17.

ARG WES-E W O Fees-2E2 2
H. #=89-E, 1994, 50-66.

WE RTINS Foes 23sii)s
A4, 1988, 122-139.

American Conference of Governmental Industrial
Hygienists: Documentation of The Threshold Limit
Values-For Chemical Substances in the Work
Environment. 4th Ed., ACGIH, 1986.

American Conference of Governmental Industrial
Hygienists: Notice of Intended Change-Oil Mist,
Mineral. Appl Occup Environ Hyg 1993: 8(5); 494-
501.

American Conference of Governmental Industrial
Hygienists: Threshold Limit Value(TLVs) for
Chemical Substance and Physical Agents and
Biological Exposure Indices(BEIs). ACGIH, 1997.

Acquavella, J.F., & Leet, TL. : A Cohort Study Among
Worklers at a Metal Components Manufacturing
Facility. J. Occup. Med., 1991; 33(8):896-900.

Eisen, EA, PE Tolbert, MF Hallock, RR Monson, TJ
Smith, and SR Woskie: Mortality Studies of
Machining Fluid Exposure in the Automobile
Industry ITI: A Case-Control Study of Larynx
Cancer. Am. J. Ind. Med. 1994; 26: 185-202.

Eisen, EA, PE Tolbert, RR Monson, and TJ Smith:
Montality Studies of Machining Fluid Exposure in
the Automobile Industry I: A Standardized
Mortality Ratio Analysis. Am. J. Ind. Med. 1992:
22: 809-824.

Inger MB, M Sandin, B Ahlstr m, $ Allenmark. M
Edebo, E Falsen, K Pedersen, N Rodin, RA
Thompson, L Edebo: Microbial Growth and
Accumulation in Industrial Metal-Working Fluids.

Applied and Environmental Microbiology 1989;
55: 2681-2689.

Jarvholm, B, B Lavenius, and G § llsten: Cancer
Morbidity in Workers Exposed to Cutting Fluids
Containing Nitrites and Amines. British Journal of
Industrial Medicine 1986; 43: 563-565.

Kennedy, S.M,, et al. : Acute Pulmonary Responses
among Automobile Workers Exposed to Aerosols
of Machining Fluids., Am. J. Ind. Med.
1989:15:627-641.

Loeppky. RN, TJ Hansen, and LK Keefer: Reducing
Nitrosamine Contamination in Cutting Fluids. Fd
Chem. Toxic. 1983; 21: 607-613.

National Institute of Occupational Safety and Health:
Criteria for a Recommended Standard Occupational
Exposures to Metalworking Fluids. Cincinnati,
Ohio: NIOSH, 1996.

National Institute of Occupational Safety and Health:
NIOSH Manual of Analytical Methods. (4th edi-
tion. DHEW(NIOSH) Publication No. 94-] 13)
Cincinnati, Ohio: NIOSH, 1994,

Park, R.M.. et al. : Causes of Death Among Workers in
a Bearing Manufacturing Plant. Am. J. Ind. Med.
1998;13:569-580.

Raynor, P.C., S. Cooper, and D. Leith : Evaporation of
Polydisperse Multicomponent Oil Droplets. Am.
Ind. Hyg. Assoc. J. 1996:57:1128-1136.

Rossmoore, HW: Antimicrobial Agents for Water-
Based Metalworking Fluids. Journal of
Occupational Medicine 1981: 23: 247-254,

SKC: Formaldehyde Monitoring Kit Instruction Manual.
SKC, 1997,

Savonius, B. H Keskinen. M Tuppurainen, and L
Kanerva: Occupational Asthma Caused by
Ethanola-mines. Allergy 1994; 49: 877-881.

Sheehan, MJ: An Update on Metalworking Fluid
Aerosol. The Synergist 1996; (Dec. 15): 29-31.

Svendsen, K. O Bjorseth, and E Borresen: Sampling
Petroleum Oil Mist and Vapor; Comparison of
Method. Am Ind Hyg Assoc J 1996; 57: 537-541.

Tolbert, PE, EA Eisen, L) Pothier. RR Monson, MF
Hallock, and TJ Smith: Mortality Studies of
Machining Fluid Exposure in the Automobile
Industry II: Risks Associated with Specific Fluid
Types. Am. J. Ind. Med. 1992; 18: 351-360.

Vena, JE. HA Sultz, RC Fiedler, and RE Barnes:
Mortality of Workers in an Automobile Engine and
Parts Manufacturing Complex. British Journal of
Industrial Medicine 1985; 42: 85-93.



