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ABSTRACT

Objectives: The aim of this study is to critically review the health effects of not only direct exposure to biocide, but also indirect
exposure to by-product hazardous agents generated through the use of biocide in metalworking operations.

Methods: An extensive literature review was conducted of studies reporting on respiratory disease cases, particularly
hypersensitivity pneumonitis(HP), in environments using water-soluble metalworking fluids(MWFs). Keyword search terms
included ‘metalworking fluids’, ‘machining fluids’, ‘metalworking operation’ ‘machining operation’ and ‘biocide’, which were
also used in combination. Additional articles were identified in references cited in the articles reviewed.

Results: Several of the field, epidemiological and experimental studies reviewed assumed that the symptoms and signs typical of
HP developed in machinists who handled water-soluble MWF could be caused by inhalation exposure to nontuberculous
mycobacteria(NTM). Most NTM are known to be not only resistant to both biocide and disinfectant, but also to have acid-fast cell
walls that are highly antigenic. The presence or persistence of the Mycobacterium species, referred to as NTM, in metalworking
fluid-using operations may be caused by NTM contamination in either the natural water or tap water that is used to dilute the base
oil and additives for water-soluble MWFs. This hypothesis that NTM contamination in water-soluble MWFs is a causative agent
of HP has high biologic plausibility, such as antigenic property, hydrophobicity and small diameter(< 5 um).

Conclusions: Aerosolized mycobacteria colonized from MWF are likely to be causing the HP. Inhalation exposure to
mycobacteria should be considered as a possible cause for the development of HP.
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A oA 4 257 Ao 23T 5 3]
mzoltk olF udlEe] dovle 5] ek HE,

] 8| 5 F= MK 557 |1-8Hypersensitivity pneu-
monitis, HP) S Z(NIOSH. 1998; Woskie et al.,
1996; Greaves et al., 1997; Abrams et al., 2000; Gupta
et al, 2006) v|¥=2) F, eE wl, mE 54 ol
wet £87] Agke] WA 4] debck

HPL wojghel Wgkom ojojzo] Eate vl
of, ol 5 54 AU gt 54 A=A wel
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A& 20 | Q- Wri(Seabury et al., 1973; Kane et al.,
1993; Throne et al., 1996; Lacey & Dutkiewicz, 1996).
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Table 1. Antimicrobial agents commonly used in MWFs as of
1998(NIOSH, 1998)

Chemical name Trade name
Tris Nitro
Tris(hydroxymethyl)nitromethane 8;(;};151&: 200
i—ilix;}éydro-1,3,5-trls(2-hydroxyethyl)-S-t Busan 1060
& Bioban GK
Triadine 3
Hexahydro-1,3,5-triethyl-S-trianzine Vancide TH
1-(3-Chloroallyl)-3,5,7-triaza-1-azonia Dowicil 75

adamantane chloride

4-(2-Nitrobutyl)morpholine and
4,4'-(2-ethyl-2-nitrotrimethylene)

O-Phenyl phenol

Bioban P-1487

Dowicide-1

Sodium Omadine,
40% aqueous
solution

Sodium 2-pyridinethiol-1-oxide

1,2-BIT; 1,2-benzisothianzolin-3-one Proxel MW 300 or

MW 200
5-Chloro-2-methyl-4-isothiazolin-3-one-2
-methyl-4-isothiazolin-3-one Kathon 886

. . . . Dow XD-8254
2,2-Dibromo-3-nitrilopropionamide DBNPA
p-Chloro-m-xylenol PCMX

o}(Non-tuberculous bacteria, NTM)2] @& A=E H7}
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)2 ZGAR HH B A A G- Y (National Institute for O]tHNIOSH, 1998). Triazine”| 3}3ES
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Table 2. The microorganism isolated and measured in metalworking fluid using operation

The level of M

Microorganisms cultured Fluid Endotoxin
Authors  Type of operation Type of MWF g MWF bulk Air aerosol
in MWF 3 3 (EU/ml)
(CFU/ml)  (CFU/m’) (mg/m’)
Bernstein et al Auto part Water-based  Pseudomonas fluorescens No data No data <0.5 4102-1.7 x 10°
(1995) manufacturing Aspergillus niger
Staphylococcus capitas
Acid-fast Rhodococcuse &
Bacillus pumilus
Auto & auto part Synthetic M. chelonae 10°-10° No data
plant 1
Auto & auto part Semi-synthetic M. chelonae 10%-10’ No data
plant 3
Kreiss &
Cox-Ganser Auto & auto part Semi-synthetic ~ Atypical Mycobacteria High
plant 3
(1997)
Auto & auto part Synthetic M. fortuitum/chelonae 1-6.6 x 10°
plant 4 complex
Auto & auto part So!uble &. M. chelonae 10%-107 No data
plant 5 Semisynthetic
Auto part - Water-based M. chelonae ND-6.6 x 10° 5623 x 10°
manufacturing (case #1)
M. immunogen
M. abscessus
P. pseudoalcaligenes
P. alcaligenes
Water-based . 2 107 3
(case #2) Mycobacterium 10°-10 >94 x 10
Shelton et al Corynebacterium
(1999) Bacillus
Rhodococcus
Hyalodendron
Cladosporium
Water-based . 3
(case #3) M. immunogen >10
Bacillus
Pseudomonas
Cladosporium
Wallace et al Metal grinding  Water-based M. immunogen No data
(2002)
Beckett et al Auto part . . M. chelonae s s
(2005) manufacturing Semi-synthetic (or M. immunogenium) 1.6 10 No 042 24025 =10

Abbreviation

M.=mycobacteria, NTM=Nontuberculosis Mycobacteria, MWF= metalworking fluid, CFU=colony forming unit
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E vl e AR A Wgol Lhehdt A
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stein et al., 1995), AtA| AM8- E4 o|AE2] Fo}
3F ool & E= AT So Fusix| gk}
ul=t A2 2 Centers for Disease Control, CDC)=
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Shelton et al.(1999)0] A0 & F&7t534 42
Z}o] HPEHA el o2 -84 MWFolA Z24]3F NTM
53] wzolhn pAReR UL 484
MWFE AHgsfo] 248 Qatshe 227 39o) HP
At A o] F0] & NTM Fof| =2H Z& dHs)
Atk 1 2 NTM chelonaeZ0| 714 =& =22 7
ZE|9IUND-6.6 x 100 CFU/ml), HP7} 238t &=x}7}
AR ®BA 8 O FHoA R 37 F NTM Fo|
7V e SR 24H9T o] 97 23 NTMe

eEH ZEAIAA HP7F ez WA Al 2
19} AAJFFFATHCDC, 1996; Kreiss and Cox Gansler,
1997; Zacharisen et al., 1998; Wallace et al., 2002).

Wallace et al.(2002)%= 5ot 42 519tk &
A L2 A HP7}F Ay %”‘4-4 MWF 8= Al
Zo|A 107709 NTMS 213tk 2 1027] A 2(95%)
oA NTM immunogenium< “§7%3}3l o] £o] HPY
EEﬂ Ul l:ﬂE]‘d—?H OﬂU]—_L]- O:]J,]—o] %% 7;\]0]3]—;_!_ _%_7%]-
SHA). -84 MWFol A NTM 9.1 2918 S5o0]
2ol itk Eo] 2% MycobacteriaZ} A
of W& Zar Qo] ST E FAlst] '@ He

Aoltt.

0O

Watt(2003)= 484 MWFoj| 4 2 g%l Mycobacteria
7t A A ARSI Aol ke A AYoRE 8yl

o}, AgAolA 87 AtAl 5 Triazine& 7FsE 4~84
MWFeA] 7FE =2 522 NTM7} §14]51915L Tria-
zinex =2} 203k AutE kel gith

Beckett et al.(2005)= A5} A 254 7| A& Ao
AlA 23S HPO] URIIAE ZFAIMWFo A @<
H ONTM =55 oistqich o] &x7h At 714
LA olA ST F7] F MWFOo]2E2] Fki= 0.42
mg/m (A& 2= AAEHA] 9FS) o2 NIOSH Hi7]|&
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Hodgson et al., 2001; Gorny et al., 2004; Park, 2007).
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%9 oj7]e] wEHW HP § 557|232 %7
I 4 otk Wa(003): Al GO A
NTMY| 3t} 442 Zejste 22 4PATE 59

=helst it

Rossmmre(1995)= 484 MWF £33 & NTM9J
o Ares vtk E34, &4, 84 MWF
oAl EF NTMo| L5+ A& &lshqlal, 53]
SEHAANE 0F HEIL %R e MWRES
5 37%, &4; 5%)ell Hlsl w2 A THskith

NTMO] & MWFoA AR = A= &
olef. ARk om U Aol 458, ¥ 50 NTM
o] @ ¥=]o] Qlti(Table 3)(Falkinham, 2002). At}7}
A, AeE e, AR B dlol=E, A
a3 FFol2 edH dE T R 4=
L= o] Jlrk NTM2 Z5Ut|ste]=, ¢4, Organo-
mercurials, Alkaline glutaldehydes 5 3H3A|, AE4),
AtA Sl Wadel lekarl oA Qth(Carson et al,
1978; Falkinham, 2002; Falkinham, 2009; Groote and
Huitt, 2006). ZL2|A] g BgollA e AZl 3%
== WAdo] lof A kit Hol = B97F wrk
(Carson et al,. 1978; Pelletier et al., 1988; Falkinham,
2001; Falkinham, 2002; Le Dantec et al., 2002). E3t
NTME 75 254100 g4 2o the a50Eed
His, ZEUTstol= Fol= Aol qlo] A &t
ME5= Aoz dEA QItiCarson et al,. 1978; Fal-
kinham, 2002; Le Dantec et al., 2002; Selvaraju et al., 2005;
Taylor et al., 2006).

Table 3. Habitats of environmental opportunistic NTM (Falkin-
ham et al., 2002)

Habitat Specific habitats

Natural waters Lakes, ponds, estuaries, swamps, rivers

Drinking waters Distribution systems, building systems

Biofilms Pipes, tubing, filters

Soil Soils, peat, potting soil
Aerosols Water droplets, indoor aerosols, dusts
Equipment Bronchoscopes, catheters

Moldy buildings Water-soluble walls

Carson et al.(1978)-2 NTM cheloneis T o2 Al
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Table 4. Factors influencing distribution of mycobacteria in natural and human engineered environments (Falkinham et al., 2009)

. Impacts in habitats
Habitat

Natural habitats

Engineered habitats

Hydrophobicity

Biofilm formation

Concentration air; water interfaces

Hydrocarbon utilization

Growth at low pH

Humic and fulvic
acid growth stimulation

Temperature resistance

Attach to particulates

High numbers in acidic, brown water
swamps and boreal(peat) soils)

Survive in hot springs

Attach to surfaces
Biofilm formation
Antimicrobial resistance

Hydrocarbon utilization

High numbers in acidic, brown water swamps and boreal(peat) soils)

Growth in drinking water distribution
systems and household plumbing

Survive in buildings and home hot water systems
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3 Tl A71%) ekokh ol NTM %

o) g elolzel 44 A 2 A AL
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E
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ham, 1996; Falkinham, 2003). T3+ NTM 2] A= =
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=34 Elg/d(Biologic plausibility)= 21t} NTM2
AL WEFH= A O)(Acid-fast) A|ZEHS
NTM adjuvants+= 1 oA AFE35HH w1
7 &(Granuloma)o] A& o= 7
$rEsis Ao elA ook TejA HP

>
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oA ol 5E FUoRE AMESHH IgG A FTt 5
7}gFcK(Shelton et al., 1997; Falkinham, 2009; Falkin-
ham, 2010).

NTME 547537 0|99 the 204 = HPE]
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