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ABSTRACT

Objectives: The objective of this study was to investigate the relations between the bacterial concentration and the
environmental factors in the water soluble metal working fluids at factories.

Methods: The bacterial concentrations for airborne and fluid samples of 7 factories were quantified during the summer
season. And we statistically analysed the relations between the bacterial concentrations and the factors such as temperature,
relative humidity, usage quantity, mixing ratio and exchange interval.

Results: The geometric mean levels of the airborne bacterial concentrations were 79.1(range : N.D.~686) CFU/m’® and
68.1(range: N.D.~919) CFU/m’ in the process and outdoor. The airborne bacterial concentrations showed no statistical
difference by process, usage quantity, mixing ratio and exchange interval. The airborne bacterial concentrations had
negatively weak correlations with air temperature and relative air humidity(p<0.05). The bacterial concentrations and pH
showed significantly negative correlations in the fluids(p<0.05). And the airborne bacterial concentrations in factories and
those in metal working fluids showed no statistical relationship.

Conclusions: In the water soluble metal working fluids using factories, the airborne bacterial concentrations of the process
were related to those of the outdoor and environmental factors, rather than the onsite contaminated metal working fluids.

Key words : Biological agent, Airborne bacteria, Metal working fluids(MWF), Environmental factor
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Table 1. General characteristics of factories using metal working fluids(MWFs)

D’ Machine n' (ea) Usage Q* Mixing Ratio  Exchange cycle Washing Process Ventilation type
(L/month) (Oil:Water) (number/year) g yp
A Drilling machine 2 40~60 1:3~1:4 - No Wall exhaust fan
B Machining center 11 600~800 1:4 1~2 No Roof nonpowered fan Opened
window

C Machining center 2 20 1:20 4 Yes Opened window and door

D  Lathe machine 4 80 1:10 - No Opened window

E Mllhng‘ machine 3 80 1:10 2 Yes Wall exhaust fan
Grinder 5

g Lathe machine 4 80 1:10~1:30 4~6 Yes Opened window
Grinder 6

G Deburring machine 4 400 1:20 12 No Opened window
Grinder 7

D" : Factory, n': Number of machine, Q*: Quantity
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Table 2. Environmental factors and airborne bacterial concentrations by factory

_ Site K Tel}lp.* Humid.§ Bacterial concentration(CFU/m’) VO™ ratio
(©) (%) GM.' G.S.D. Range
Drilling 4 28.5 67.1 74.6 1.55 53~137 11.65
Outdoor 4 31.8 64.1 6.4 2.81 N.D."'~21
B Machining 8 29.2 62.8 63.2 1.38 35~88 1.21
Outdoor 4 33.6 61.3 52.1 1.29 42~71
Machining 8 325 57.5 181.3 1.67 93~468 1.10
Outdoor 4 344 46.9 164.6 1.86 71~322
D Lathe 8 339 50.3 15.7 3.02 N.D.~50 0.53
Outdoor 4 33.8 45.3 29.5 2.01 14~71
Milling 4 23.0 50.9 2113 2.38 93~686 0.32
E Lathe 4 243 56.2 212.1 1.34 161~322 0.32
Outdoor 4 32.8 37.3 662.7 1.26 535~919
. Lathe 8 28.2 46.0 65.2 2.07 28~178 0.65
Outdoor 4 28.7 43.8 99.8 1.51 64~160
Deburring 8 29.7 40.9 78.5 1.49 42~143 1.67
G Lathe 8 29.1 413 103.9 1.56 50~167 221
Outdoor 4 30.0 40.2 47.0 1.74 21~71

ID" : Factory, n': Number of Sampies , Tempi: Mean air temperature, Humid.} : Mean air humidity, GM." : Geometric mean,

G.S.D." : Geometric standard deviation, /O™ ratio :

He T2 9719 1546 o]glont, AdkEd
2.13~2.384| 2 =7 H7}= ot

A ZAAY M sEr dYuf A AR A
A A2 IErom(p<0.01), ARFEA AT 95% -9
T A Ak 17]22(D), 5% 4712(A, B, F,G) %
BT 27 A(C, B)& 55 9Tk

BrtAdE FER B0 5719 o34t
7|12 Uieo] Fom, Alits o] 7|5k 82 HE 34
o A 211.3 CFUM’E 7} =11, Auk o)A 58.7

o

rlo

Table 3. Environmental factors and airborne bacterial concen-
trations by process.

' ot Bacterial
Process n° lemp. Humid. concentration(CFU/m”)
e S ]

G.M.” G.S.D. Range
Drilling 4 285 67.1 71.9 1.549 53~137
Machining 16 30.8 60.1 107.1  1.982 35~468
Lathe 28 295 473 587 3227 ND."~322
Milling 4 23.0 50.9 2113  2.376 93~686
Deburring 8  29.7 40.9 78.5 1.489 42~143
Outdoor 28 32.1 48.4 68.1 4.042 N.D.~919

* t .

n : number of samples, Temp. : Mean air temperature,
Humid." : Mean air humidity, GM.} : Geometric mean,
G.SD." : Geometric standard deviation, N.D. : Not detected

http://www.ksoeh.org/

Indoor/Outdoor ratio, N.D.”" : Not detected

CFUM'Z 7} wokon), o)7]18 xghale] A Yguz]
SAREA S Ak p gho] 0.253 0.2 797k 2ol 7} ¢lod
ow, 2715 A Qg 571 FA 7ol = p 3] 0.076 2.2
F2] gt 2Fo] 7} §1 2 TH(Table 3).

Q715 2Z3et 37 5 FaAlTe] wEet ek
7o) ATBA S A E i, SEet Hir= 30 ofst A
AT Y= AR GEE 91 K(p<0.05), YAHEEE,
E3 e do] wigH] & 9 7H-2] gk o #-2
S A 7E QL ATHp>0.05)(Table 4). 247 W 371 5
Al $19] oAl 71A] B4 1ATEe] thg 3] =
A& AAISE A3}, AR e foe B
7F glelon gy 2=, Wit g, SR ol
FAZE o) ol A F7] F FRAldsE
o] Argulg-2 A (22) 0 28 A= 20.3% ©] 9]
O}, ofefjo] Aof oA 40.2%(FH B AR
2 =o}H th(p<0.01).

y=4.972-0.179 x1 + 0.107 x2 + 0.061 x3
y : In(bacterial concentration(CFU/m3))
x1 : Temperature(°C)
x2 : Mixing ratio
x3 : Humidity(%)
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Table 4. Correlations between airborne bacterial concentrations
and environmental factors

Temp.‘r Humid” U QH Oil Mixing Oil Exchange

Ratio cycle
Pearson . .
correlation -0.268 -0.228 -0.083 0.223 0.217
coefficient
p-value 0.012 0.033 0.531 0.087 0.095
n' 88 88 60 60 60

< + .
n' : number of samples, Temp. : Mean air temperature,

Humid.! : Mean air humidity, Q‘ : Quantity, T p<0.05

7He5-9] WA A H RS AX] =AM 37
Z BN 7|8t 55 135.8 CFU/M & A3
o] BN Sh= AR E T F-ol5HA =] YER T
(p<0.01). T3 FES Folgol =522 37]of o)+
Sh= AFIACRE @)l BlaiA S 2L W] F
2k 37| WS ARE-Ehe AP (I A ) ol A -2 sHA
o ko 37 F BRaddsEs e ookp<0.05)
(Table 5). 121}, A2 1} 3H7]of] gt &= 2.1-S of
Ao @ o] dufx] EAFEAS A3t & 8919 AFsz)
| A= YERHA] 29Eem(p=0.535) 27| oA
= BAASE Folgt 2po| 7t 19 2K (p=0.108) Al
ol A= -2 gk xFo] 7} 91 9 th(p=0.004).
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(%317 50 CFU/mL).
& 18719] ALE- Fl AR Foll A 97 AlE+= Al
o] AEEHA gk, 97 ARAME 4.5x10°
~2.2x10° CFUmML $39] A% =2 7=k E
ArRAFE] 37 AR F WA|EEA] 1d o] XUhal pH =5
= ThE AR HjA] W 3 AR AN 9.55%10°
CFUmML =39 5= 2 A&t 34 A
FY ] NdEsrs =dg A o] 2.9x10° CFU/mL 4=
Zo 2 713 =9k1, Wa 2 (4.9x10° CFU/mL), ™ A]
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Table 5. Comparisons of airborne bacterial concentrations by washing process or ventilation.

. . Ventilation
Factor Classification
Opened Wall exhaust fan Total
n 32 4 36
N GM.} 53.4 71.9 55.2
0
G.SD.' 0.963 0.438 2.508
Range N.D.~167 53~137 N.D.~167
n' 16 8 24
. GM.* 108.7 211.8 135.8
Washing process Yes |
G.S.D. 0.805 0.598 2.219
Range 28~468 93~686 28~686
n' 48 12
GM. 67.7 147.7
Total ‘ -
G.S.D. 2.626 2.117
Range N.D.~468 53~686

n' : number of samples, G.M.} : Geometric mean, G.S.D. !

Closed’ : Closed windows and wall exhaust fan
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Table 6. Bacterial concentrations of metal working fluid bulk samples.

FAGAA AldEEet $73AAe] A g AT 289

Bacterial concentration(CFU/m3)

* * o ¥
Process n Temp. (°C) pH RIYE GSD] Range
Drilling 2 29.5 8.89 28,743 1.1 26,650~31,000
Machining 4 26.3 8.84 428 447 N.D."~77,000
Lathe 8 30.4 9.04 292 61.4 N.D.~2,200,000
Milling 2 24.0 8.26 4886 1737.1 N.D.~955,000
Deburring 2 295 9.05 285 312 N.D.~3,250

n : number of samples, Temp.f: Mean temperature, pH*: Mean pH, G.M.} : Geometric mean, G.S.D." : Geometric standard

deviation, N.D.” : Not detected(Limit of detection : 50 CFU/mL)

g 8l & 2t 2= A == Fot A
A7 gl= Aeg UrE}‘)“O L}, pHO}F M9 =
uAdE ARE XS Soll= AAa71 -0.489

2§93 39 *ohg}*é Ol 0‘% Aow FrtE o
(p<0.05), 1A= AREE AYst= Aol oA
7}-0.878 = wlj-¢- 73t S0 Aol A= Ao = BHIh
= 2 TH(p<0.01).

484 3475 Bulk A|22] pH &} Alat5x2]
Hy= H]_]_]_O]—o:l X A Figure 13} 29T} 0|4 & AR
Aot =4 HEUAY 12 o= A 5Fof(Glass
and Gray, 2001) 2Z235F Z9-0f ] H& AR E ALt
759 defjzolth mHE Al mE 23 F, v
Z A|E7} pH 8.240] A pH 10.12 7}A] H-& Hejo] &
325EAL QLo 95% Al 2|l A o3t 3] 4 o]
E25)9 0 1(p=0.039), pHY] W37} M#2 ==
AT 4= Sle BlE(EAAG)S oF 24% it WA,
& Al =S AL 99% Al =Tl A -4
HAAlo]l EEE Q1o (p=0.002), o]uwj pHO| H3}7} Al

ol SEE AFY G U8 7% FobArh

&

LB7| S RN SEO AR S HBSEe B
ERER EEE T R R

N A B)

-

y=-1.6093x + 17.323
R2=02392

y=-2.6469 + 27.557
R2=0.7718

-

I’
S

Log(Conc.(CFU/mL))
-
-

Log(Conc.(CFU/mL))

Figure 1. Linear regressions of bacterial concentration and pH in
Metal working fluids. A) With not detected samples, B)
Without not detected samples.
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Table 7. Correlations of bacterial concentrations between airborne
and fluid samples.

With N.D." samples Without N.D. samples

Pearson correlation

coeffiient 0.164 0.450
p-value 0.516 0.224
n’ 18 9

n' : number of samples, N.D." : Not detected at bulk sample

V.o &t

2 Aol A 2AFSE AFEA S A9 E AR A<
g U A A2 9]7]9] et AU FEIt
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*“ﬂ%E}. a2, 97|17k AL AhdE o] = A%
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33 ZWEM o] €719 G AA w2 A%

o
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42,500 CFU/m’) 42202 ¥ 15} th A2 &, 2004).
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