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Microbial Assessment in Metal-Working Fluids Handling Industry

Hyunhee Park’ - Dongjin Park - Hae Dong Park

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: The objective of this study is to evaluate microbial exposure hazards in the metal-working fluids(MWF) handling industry.
Methods: Air quality parameters(airborne bacteria, fungi, endotoxin and oil mist) and bulk MWF in storage tanks were evaluated at
54 points at nine sites in South Korea.

Results: The geometric means(GM) of culturable airborne bacteria, fungi, endotoxin and oil mist concentration were 133 CFU/m'
(n=376, range 7~6,510 CFU/m’), 159 CFU/m’(n=381, range 7~8,469 CFU/m’"), 8.06 EU/m’(n=103, range 0.34~280.4 EU/m’) and 0.20
mg/m'(n=104, range 0.01~2.87 mg/m"), respectively. The ratio of indoor to outdoor concentration was 2.7 for bacteria, 6.1 for
endotoxin, and 4.8 for oil mist. Even though average airborne bacteria concentration did not exceed recommended exposure
limits(1,000 CFU/m’), MWF in the storage tanks was highly contaminated with bacteria(arithmetic mean 2.1x10° CFU/ml) and
exceeded recommended bacteria limits(10° CFU/ml).

Conclusions: It is necessary for MWF handling workplaces to conduct periodical biohazard inspection of MWEF storage tanks.
Additionally, further research may be necessary to establish biological occupational exposure limits.

Key words : bioaerosols, biological agents, microbial risk, metal-working fluids, endotoxin

LM B FE7HS W SEEARE VR T SREEd o
AL sl HIMAR ARG EE ofIR(UE
57 R 352 7Hske 33 0lA dAds= Zaoll By F9 90lo A, TLok 2%}
g, A4 A 5= AshL Theee A, &, AR RS Y 5o HA T A
o A%, 7HsEEY FY 5 557y Ve FY el Ao] Qlrha K15 TtHNIOSH, 1998). E3F 24
AZ17] Yol AHgEE B ousith F47F 7HEE Hgots AYge gRE g o s HEA
£ 559 7 § 1508 EALE O] Z1AEA, TR mddd 94 o= M o|4f So] milAst
ol FES| A =W ulAleh gAFE S e duj A S RISt Ao @ HIE T Q)thAlmor, 1994; Park
E= gste] Aga 357 9 9iE S =F et al, 1991; Chun et al., 1996).
Hed 257 k2] of, 557 dg, oR 57575 HAachks AARlAA LAY s= 2
A%t Ay fofgh Axgdol Slokal deA Qlok g HdE, A, A4 7R, v 78R Y, 9
(Jung et al., 2006; Park et al., 2006). 715 Aol 59 587] A32(Kennedy et al., 1989;
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Ameille et al., 1995; Massin et al., 1996; Greaves et
al, 1997) F4713 48 Aestol et 340
A A EE s gy "t dddol qlokar
A Qltk(Bernstein et al., 1995; Kreiss &
Cox-Gander, 1997; CDC, 1996).

b @A AR AN A F471E 5o
3F 2R Moj= ZYr|FEo R nfEyE 247
9] =&7](0.8 mg/m, TEHEEE; 18
JLA] A 2013- 38§)°ﬂ O Atk ] = ar QLo
7] A% F8 A0 LA Ut F47)
A WA \w% ol 47
U= TRt A7 HsiAM =
omxl sal3 ek,

FEIIBRE A B ST Qe AR
= 20096 AAE Az AejzAr AatofA 5Q1 o
& A A=Y AFAEH(F 85,3857 4) €] ©F 10. 3%01]
o2t 8833/ kolm, FE/EHE AW AP
TEA= 578108 02 591 oA A A2 A &
22} 2,589,334 9] oF 2.2%9] lFd= AOoRE Hil
% ATH(Park et al,, 2013). v]= S HAFA PR A AT
Z>(National Institute of Occupational Safety and Health,
NIOSH)OI A vl o A7) 22ke] oF 5%0] sj=-st
= 1209k o] F&7FEfroll lmEEw, AFdAellA 7t
A AUHLL {9 F ShEel £2(85 dBA)OIA)
of eEEe ZEA #7F AATEZALY] oF 17%¢] 400
W RE el U, GRS A wE Y 2w

ﬂ*ﬁmw

=5 U
2 A3s w7} o]

N

s ©E T
A ZolA oS Fastk fafacloletn stk
(NIOSH, 1998).

ol AFAAE hitE wBHBL AT Yl
FEHTE AT AAL Yo BYY T 2
Az W FENEE F A Bl 5 4B
Qo] et FESES Brok o] JFS F
LRSS Bl AgagANe A% AR
2 2gstud sk

. 17 Ar B Of P
1. 1A

FE1TRE AT A4S L 1A RE A
AR 07148 BARe.2 20131 3%o)A] 89 ALl
o BRI A} wd H71E UAS FE71T
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N
p
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0T
T

. =
g Azl 7] %

T s=W7Hs WA FEY
2 QEEA] BEAubH(Park et al., 2012)2 o] 8319
ok vjA] =S Aokl & Al & R
Ait& B7bste wgoln Q=S4 EAMYS
= AoRIAY B 52 AETA QA gt A
AGE B7ste ol A=A QlA; B7het o
A F47HF s2= 37 Brkskel wiA =1
Z SFF 3 ~ 63)(Z SEM AlRER]) SAsHL A=
EAN &7 o 6417 Bt AlRE A
staick 371 5 Al® A A a57s 1+ A%
zoA F&7H+ HAARE AFSt A= 5 Al
o, #Fol 9 AEEA FEE EASH
)37 5 & FaAd 2 53+ 37t

a7 =z = B O_Z

371 % & BaA#T & 27 NIOSHS| &

A A (Manual of Analytical Methods # 0800:
Bioaerosol sampling, 1998) 2 =4 #53}7]74(1S0)2]
B2 Z(Indoor air-Part 18: Detection and enumeration
of moulds-Sampling by impaction, 2011)of w2} 1+ <
tj<& AZ2](400 Hole ; single-stage-viable particulate
impactor, Model Quick take 30, SKC Inc, USA)E A&
shoich wieFHE ZF S AaolA £ 283 2]E(28
Liter per minute)® 58X At A4S ZGA7F
(10:00 ~ 16:00)% 3 ~ 63], U}t o 2 HE °F 1 m HolZl
AFolA A GA = Fef= A Alte] A=
Z30] 9] A 2R3} 913f Cycloheximide 500 mg
o] H7hel Alx+8& HHA] Trypticase Soy Agar(TSA;
Komed, Korea, Lot no. 131115504), &5 o|(A )2
A= Alete] 447 AIsH7] 218l Chloramphenicol
100 mgo] #71E #go]& v} X| Sabouraud Dextrose
Agar(SDAc; Komed, Korea, Lot no. 13H221524)& A}
Sotaich Ao A9 37CAA 24 ~ 48AI7L, BHo|
o] 79 25Tl T2417F HfeFAIZL T wokE K2k
£ Aol mjdE HeeE At & ol 2
HHH (Positive hole correction B H: Janet, 1989)¢f w2}
BRE AT T ARGEOR o] BES Bk}

o= =
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A& AFskAct %_JZ% 2 AMgshe FolAa
FRAAAY Al Fehead AP} AR AR
ov] PE 2Y2 ekt JY7|(Forcep)S AHE-3tol

3tk 7RI E(B-piece cassette)ol] ZH3IATE AR FH =
speho el of | m Holl AHAA AR Wejz
AFehodch. AEBAS AR AL F oF 6417
A ANEE AFsHeE 283 4T o5tz Hakshd
AFAR &% AlRE 20ToA 2osictzE 5 ml
o] =H(Conical tube)® 7 & FZH(Limulus
Amebocyte Lysate water, Lonza, Walkersville, MD USA,
Part No. W 50-640, Lot no. 0000205473)°]] go] HE|7}
A71A F F 1AZE F9F 2534 2] 7] (Sonicator,
Branson, Model 5510, USA)E A}8-3lo] A 25 =&3}
Atk Ad=EAl B4 onzaAK Walkersville, MD USA)
9] AE=EAl A]9K(Kinetic Limulus Amebocyte Lysate,
Product Code: K50-643, Lot no. MLOSSXECQ4)E ©o|-&
’6‘]—0:] H] A e (Chromogenic Method) 2.2 405 nmoj| A A
bgmel ol2i RS ANISe] SRS 4}
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ook AN
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337 % B4R 37
A7 F W BAL NIOSHE] B4 %] Z(Manual of
Analytical Methods # 5524: Metal working fluids, all
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IR AETE ARESe] B 2 PlEY] fEom 2]
AZE S 6AIZE ol ST AlRAF Al E<H)
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EglZE2 e Zojld ¥l ZE|(PTFE: Polytetrafluoroethylene,
37 mm, 2.0 gm, SKC, USA, Lot no. 225-27-07)Z &
AhgaklT). 24 ATe] HBES R0l oAE Ha
sjat7] Sle) 24 A, Fole fPR YL AAahR
B RS TIRALCE AR UG G2 ob
9 W 3sle] 39 oulo] A ARl 222k
A FEE 10° go HAFAL(XP2U, Mettler-Toledo,
German)&- ©]-8-5to] WA FAE S74% £ ofafx] 217
37 mm Lol A3t F=A7|ol|A B Eslo| =25
2, E2d, gk (Tetrahydrofuran: Toluene:Methyl
alcohol) & 1:1:12 gtg 3 o= 0]—9—’6]—0:] 7}——'—-n—
2 2287 A2 F oA BAE
R EEE IR
Hape: 7 go] AAE 5 Ao WelB et
LARE A Al aled
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g
)
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NEERERCEY

72 AR AN FEHEEE AN e
514513 TSA wj#] 9 SDAc ¥jx|o] 100 u0# 25
ool et Aol 49 37CAA 24 - 48ALk
Fapolo] A9 25T 7247 WA F vhorsl

des 74]—?3}3"1@-

29AYE AR HTY BHS YAl BE
4o wet BRES AEAE k8 o= U
Sslek 371 F QB A4 sEol 9T F
£ HSE gobry] Sis) ATRA L EI R
& ANstden, AR BAS 9% AR

PASW version 18.0 o] 8314
1. 9122 1}

1. 37| S MESN QX L &E 5 &5
97 AFdAFS] 637 A AHEF G HE 547

o 971 Al kit Bk Aot

o, w0l AEEAL SE7RHe Y lé )%7}

I} Table 13} Zgkch 24 7o) BZE A
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Table 1. Airborne biological agent concentration in MWF handling processes

Classification Bacteria Fungi Endotoxin MWF
(CFU/m’) (CFU/) (EU/m’) (mg/m’)
n' 376 381 103 104
Indoor T
(Processes) Mean+SD 3474672 3244641 26.46+50.62 0.35+0.39
) GM' (GsDY) 133(3.827) 159(3.203) 8.06(4.333) 0.20(3.086)
(54 points)
Range 7 ~ 6,510 7 ~ 8,469 0.34 ~ 280.4 0.01 ~ 2.87
n 55 54 15 11
Outdoor Mean+SD 1444342 3844660 2.09+1.84 0.05+0.046
(9 points) GM(GSD) 50 174 1.33 0.042
Range 7 ~ 2,105 14 ~ 3,891 0.08 ~ 6.92 0.02 ~ 0.17

n samplie numbers, SD': standard deviation, oM : geometric Mean, GSD*: geometric standard deviation

(p=0.062)= g fitatshs 54 Holou, Mt
(p<0.0D)T} AE=FAI(p=0.02)2 2] 7H7k A
& 2EXE Uitk 371 5 A2 A s E
75t gk VIeoR AWEY A 133(7 ~
6,510) CFU/m’, 2142 159(7 ~ 8,469) CFU/m, =&
A2 8.06(0.34 ~ 280.4) EU/m, &47F8-8-= 0.20(0.01
~2.87) mg/m' o]}tk &9 £4 A== Alto] 507
~ 2,105) CFU/m’, A+ 174(14 ~ 3,891) CFU/m, <=
EAl2 1330008 ~ 6.92) EU/m, S2&7128=
0.042(0.02 ~ 0.17) mg/m' ©]Qich. AF&HIFES 710
2 AW, A2 347 CFU/m, A< 324 CFU/m,,
NEEAL 2646 EU/M, 2473 0.35 mg/m' ©]
Aot & 54 AR A Aol 144 CFU/
m, A& 384 CFU/m, QI==A18- 2,09 EU/m, 247}
T+ 0.05 mg/m' ©] it
7|t Ewite VIee® AYE W S99 &
| T =5 Hashd, A9 Wi7E SE A
of 2.7df, ANZ=FAl oF 6.1, F&H7Hfe oF
8ull o =k, Mt FARE B s EAH

FegRgoRE AUY Wt SolRt ARe

Ml N

)
—

>

¢

Table 2. Biological agent concentration of bulk MWF

oF 2.4u), MEEAl2 oF 12.64, FEH7HEH= F 7
v o =9k, % -

2r Wi S92 5 v]=r4kIEA % (Occupational
Safety and Health Agency, OSHA)|A] a3t AU
571 & Aldt 9 et FE7]5(1,000 CFU/m)S =
otz AF e A2 A4 A9F Wi A=
37671 Z 2970 Al&E(7.7%)7} ZaFstHa Ao 381
N AE 2= 227) A E(5.8%)7F 2T5kth e EAl
o AA AR 1037 F 107] A& 9.7%)7F Ygd=
oAl gt A=EAl FE7]EQ 90 EU/m-E &3t
shoict.

2.HIANE S MNE
HIANE F Al 2 F30] 525 AuE, HA|
A

=N
b
it
o
o
N
N
R
ol
o
oz

pH 5.1228 ufj$- 2rola1, A
shA] xakich. HEd Al ot
(Table 2), 5759 et &&=+ 223C%AL, pHE

Classification Temp*( ) pH Bacteria(CFU/ml) Fungi(CFU/ml)
n 70 70 42 24
Mean 223 8.794 2,127,046 1,675
GM 21.8 8.735 121,979 780
Range 16.5 ~ 32.8 4.844 ~ 10.950 10 ~ 42,600,000 60 ~ 10,000
Temp*: temperature
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Table 3. Biological agent mean concentration of bulk MWF by types of MWF

Type of MWE" n T(e}(‘l;)p, pH Deterzlcted (Iézli:c[ﬁe/:lrrile;) Deterzlcted (Cl;%l/iil )
A 14 233 9.521 4 53,313 5 656
B 6 20.5 9.100 5 1,504,780 4 1,733
C 2 21.2 9.634 1 10 - -
D 5 18.7 8.971 2 26,190 - -
E 6 18.2 8.668 6 1,325,580 1 3,160
F 5 21.4 8.813 3 904,667 -
G 5 20.1 8.884 - - 1 7,000
H 6 21.3 8.640 6 1,335,012 5 260
I 9 27.2 8.908 8 7,307,500 4 4,000
J 4 25.4 8.404 - - - -
K 4 29.8 5.122 - - - -
L 4 28.7 8.257 4 108,025 4 633
MWEF : metal working fluids
87949101 NS 2.1 x 10° CFU/ml, A< 1,675 3. 27| 5 ME8HN OIx} 2 Azt
CFUmIo|9it}. 7|8l o R Aol 1.2 x 10° Aot QA 7 AHEA 24 A= Table 49+

CFU/ml, Z4to] 780 CFU/mlo| it H s = A+t
0] 4.2 x 10’ CFU/ml, <& 10" CFU/mI¥ 11, pH=
10.950, 7158 2= 328To|Qth WA g = A&
87 ol BEL 3471300 R vet 2 st
o|Z K GItHTable 3). HIAAX R & 7P} =& A5
2 Jehd 2471 e ro) 5= 73 x 10° CFUmIZ
Wl fokth FE7MER FRUR BESES AT
@, B, E F H, I L 347h8folAs Aol gt
A 10° CFUmMIE Z38l= =5 Vehola vhd
A, D, G, J, Kol s st X7t 79) st

o 2o &= /\ﬂ#h‘— L5 (1=0.341, p<0.01), E=
(1=0.317, p<0.01), 2% %E(r=0.346, p<0.01), A==
Al(r=0.305, p<0.01), HE*H./\]E Z N+ BE(1=0.276,
p<0.01), HIA]FE pH(=-0.274, p<0.01), HIA| R &

I=(r=0.286, p<0.01)2} FRt A7 Uick 371
% Ades=e A9, 2==0.529, p<0.0l), 5=

(t=0.634, p<0.01), WIA| T L%=(r=0.545, p<0.01)2}
A7 AL, Alets = (=0.346, p<0.01), =%
Al 1=0.250, p<0.01), BIAZ ZF AF FE(1=0322,
p<0.01), WA R pHE=0312, p<0.01)} oFat Abpheh

satdet. A7t At
Table 4. Correlation coefficients of biological hazards and environmental factors
an Airborne Bulk
Temp Humidity Bacteria Fungi Endotoxin Oilmist Bacteria Fungi pH Temp
Temp  n=450 1.000 .530" 3417 5297 035 -1317 093 1457 -128° 617
Humidity n=450 .530"  1.000 3177 634" a1t 016 1217 1547 -4947 5757
Air  Bacteria n=431 3417 3177 1.000 346" 305" 037 276" 103 -2747 2867
borne  Fungi  n=435 529" 634" 3467 1.000 250" -.052 267" 3227 -3127 5457
Endotoxin n=449  .035 A1 3057 2507 1.000 2397 5747 2797 3647 -112°
Oilmist n=435 -.1317  .016 037 -.052 239" 1.000 021 018 1337 192"
Bacteria  n=398  .093 121 2767 267" 5747 021 1.000 528" -287"  -.025
Bulk Fungi  n=378 .145*’: .154*:‘* .103** .322*:* .279*:* .Oléi .528*:* 1.00(*)‘ -1797 .133’;
pH n=393 -.128"  -494 -2747 2312 -364 133 -2877  -179" 1.000 -.138
Temp  n=393 .617° 575" 2867 5457 -112° -1927 -.025 133" -1387 1.000
¥ ip<005, **:p<001
http://iwww.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(3): 300-309



Table 5. Environmental factors affecting airborne bioaerosol concentration

Dependent Most affecting
variable Independent variable B B R2 F p-value
Constant 2.397 0.263 20.455 <0.001
Airb Temp. 0.083 0313 <0.001
troone Bacteria in Bulk 0.061 0.292 <0.001
Bacteria
MWF “I' 1.268 0.247 <0.001
Half-Enclosed 0.771 0.211 <0.001
Constant 0.922 0.651 12.561 <0.001
. Humidity 0.028 0.451 <0.001
Airbone
Funei LEV(None) 0.950 0313 <0.001
& Temp. 0.056 0.245 <0.001
MWF “I' 0.864 0.211 <0.001
Constant 1.263 0.537 12.561 <0.001
Airh Bacteria in Bulk 0.128 0.563 <0.001
1roone CNC 0.702 0.222 <0.001
Endotoxin
MWF ‘K' -1.723 -0.234 <0.001
MWF ‘A’ -1.219 -0.222 <0.001

2=, FEete AidAE 37 5 ARt ¥
7] & Xgto] © et ATTAE et es Al
W Aot BF HAA RS pH FEo%= 59 A
HAE YeERH AT

AEEAXS AL 2% (r=0.035, p=0.465), &=
(r=0.111, p<0.05)e}= AFTA 7L ¢lled 37 &
A d%5%(r=0.305, p<0.01), A F%5%(r=0.250, p<0.01)
b= oFsh A A HAANRE F Aldse
(1: 0.574, p<0.01)eF= AFHTA7F dct EAAR

% pH(=0.364, p<0.01)2}= oFgF 39 A7}
AT

4 B7| 5 M olx 520 Yate Fe B
O

571 F Alatoll gtk 24 diKTable 5), HEt
AegR 2 SYPAREY] ddEed 93 2=
=0313)7} 71 33, ooz WaAg 2 AdB
=0.292), 9475+ SR(F, B=0.247), 7F571AF

Z2(rdd, p=021n°]%tt. 37 F Mt HFE=B
=0.451)7F 7V FaFEo] ZaL, thEow A
2 9] Ao H(m]AZ], B=0.313), 2%(B=0.245), &
27138 22T, B=0.211), 7}37) AR
e, p=0.211) 59 <=o]dch

7] F AEEAL HIAXR F AlW(B=0.563)2]
o] wj-e- i, 7FF7IAL] FF(CNC, =0.222)

o
ol
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7h gEFel Aglon], FEEE FR(K, AL B
—0234, -0222) 3 U7} | FFAL A w

A

=
K
1]

1.271&

:L,{,S_7]__'

MBS QIR & =&

2T 2P 97140 547 ZHAHol
A BT 37 B A Q) Tk Al
133(7 ~ 6,510) CFU/i', A+t 159(7 ~ 8,469) CFU/m,
AEEAL 8.06(0.34 ~ 280.4) EU/m', 247}2-9(L ]
AE) 0200001 ~ 2.87) mgm ©]glth Gilbert et
al(2010)2] AT AL Atchol 93k 257 247}
B8 2T AR 47) AHOIH 2T B F A
FE=E7} 120 ~ 1,500 CFU/m'o| I A=EAL AZ3)
Al U]U]- ~ 183 EU/mE H118}o] o] o143} Ao}
o = Lol lth Woskie et al.(1996)2] A7Lof| A
L gaslEgel waEs 2RAse] 3] & Aws
(788 )7} 102 CFU/M'0| QT 25 A] ¢ 18
o] 14 CFU/m'o|glon AdE=EAL 2120 7.1 EU/
', H]ke2150] 1.9 EU/m e g2 K islo] o] 14
o} GAFsLgITh Thorne et al.(1996)2] dAto A= &
L2 AM4to] 40 ~ 4,000 CFU/m’, X++o] <470 CFU/m,
ALEA0] HE3HA4 EU/M) ~ 790 EU/m$=202
BHyslo] o oo} [AFSIGE T Simpson et al
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(2003)] AFHE 7] & o du|AET} Fokgt
(Median) &2 H]5=8-4 0.78 mg/m'(n=40), =84 0.12
mg/m'(n=298), &7] % A= EAlo] 97.52 EU/m(n=141)
62 W3} Kreiss & Cox-Gander(1997)2] A+
oA = 8“491 oA #HE ka7 0.50 mg/mio]—a—}g
57 FEolA BAst BE 557 5
ofj A = ‘f’““ﬂ 4= ek skqick ol® 04%101]*1~

|4 F57HRE de s s, a47H el
nAE) 24 4 BAS gn) L AR5 7]
ol A At A ARERE W vl ashd o]
AATpoll A oF 3uf F= 2 Fhe UEE Ao
2 FHEY S5 AE)Y kETES
SHHG mgm)oA SujF=EUH0.8 mg/m)o 2 ¥
AE & A S AT FEszo] oF 025031
mg/m'o A 0.08~0.1 mg/m' S 2 3ul] o]A} Yol tiPark
et al, 2013). o]&st A2 v|FE o IA ==F7}
R uas) glste] FE7IES BES FFUO
2 2%, BTk A5 oF 0.60 mg/m 4ol
gle Ao@ Sk Bsgde] wasHH o
st2AL AbE(Lee et al, 2008)9) A= B7] % Aol
100 CFU/m, Ao+ 75 CFU/m'S.2 o] A HTh e
FrerEolloy &7 AR = Alatol
46 x 10° CFUmML, X¢©] 1.8 x 10’ CFU/mL, A=EA
o] 1.5 x 10* EU/mL =202 RostA S 3lal9l 1
7129 By SRR A S vt 42 ER
D olgoR e@uEelglel FavHERel 3 vgE
Gl wlo] T ATFGo] WA HoT Kl

Oll

4)«
i

m2 flo o{N
;s“ °

e %71 5 Alts=s A
ARl k=27t

zqo}oq 2 A o1 AL 7]—1]_]‘__7_ 9lQlch =
F+ HIANE F A sE0=70)= Al=Hd
2.1 x 10° CFU/mlC.& 2#jstA4<l 10° CFUmMIE =
91, HsEs 42 x 100 CFU/ml gt} 24
e T REFIOH AT AEBEd sE=
% 7oA FaAQ 10° CFUmIE 235
Gilbert et al.(2010)2] AFNHE F7] = Y&
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