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This study was carried to assess the accuracy of material
safety data sheets (MSDS) for some water-soluble meta-
Iworking fluid (MWF) with respect to mono- ethanola-
mine(MEA),  di-ethanolamine(DEA) and tri-ethanolamine
(TEA). 39 fresh and 52 used MWFs for this study were taken
from the workplace. The quantification and qualification of
MEA, DEA and TEA were done using ion-chromatography.
Three main findings of this study were 1) EA that was not
addressed in material safety & data sheets (MSDS) was
found to be enough higher than 1% , 2) 33.3% of 39 fresh
MWE showed ingredient and concentration of MEA, DEA and
TEA in MSDS and 3) the concentrations of MEA(20.5%),
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DEA(41.3%) and TEA(15.4%) were much higher than those
indicated in MSDS. Consequently, we concluded that the
accuracy on ingredients and concentrations of MEA, DEA and
TEA provided in MWF was very low. Our study recommends
that the limit concentration of chemical except for
carcinogen that employer has to indicate in MSDS should be
lowered from 1% to 0.1% .
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2. ABAR 2 24

1) HARMWVE) 3

T MWFE ARSh= ARIES 4
A st] Y fresh) F 39784
MWE: 137}, 34 MWF7H, <4
MWF:197l) 12]a1 AR-Hused) S274(5
£ MWF 2070, =82 MWE: 871, 34
MWF: 247l A3 8ISick (Table 1). A}
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TR 71AY 340l AR 7S ol
e F7FE A 92 A
oA Bkl Qe 2710 A AF
a1, AR MWFE= 370l MWF
7} =8k o] Boli= B A (sump) oAl #F
SFoltt

Table 1. The number of water-soluble MWF sampled by MWF type

MWF type Fresh MWF Used MWF
water-soluble MWF 13 20
semi-synthetic 7 8
synthetic MWF 19 24
Total 39 50
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A& S8 AF e MWEoA LA=ko] Al
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size, 13mm diameter, Whatman, USA)=. ©]
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MEA, DEA, TEAY#S- o] 2 ZnlE
1312626 pump, 717 plus auto sampler,
Waters, USA) & ARt AME-SF A9
< C M/D guard column(Alltech, Lexington,
KY)¥} IC PAK Cation M/D column (3.9 x
150mM WAT 036570, Alltech)©]t}. 71E7]
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diameter, MFS, Japan)7} 421 oJ27|E
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9 9(International ~ Lubricating  Machine
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7153 vlwst] 913k Aotk ILMA7F
A= 7|5 AR 84 MWF
o] Yo A{ MEAS} DEAE 5% “18]al
TEAE 25%©]c} (NIOSH, 1998). AR&-o2-
AAE 100 Ak Ao TPgste] 4
& 71507 MEAS} DEAE 0.5% 12
11 TEAE 2.5%0]ch,

2 ATofA 84 MWFE 243 4
7}, MEA$} DEAE oA ILMA7]S
A 5% E xaet A 27 1874(46%),
8721%)°120tk. TEAL 25%S =3}t
4971 37(1.7%) 01t HSie) sk 9]
U2k MSDSTH el A3} ke 715
of 3 getad TR 71 1%( s,
2003)° LA FEEEE HES
H 1%014491 9+ AhllA MEA:

Table 2. Analytical condition for MEA, DEA, TEA using ion chromatography

Detector
Column
Guard column

Waters 432 conductivity detector
Waters cation M/D column
Waters cation M/D guard column

Eluent 2mM Nitric acid/0.lmM EDTA
Flow rate 1.0 ml/min
Retention time 10 - 15min

69.2%, DEAY= 43.6%, TEA+ 74.4%0]ck
u=3h AUl EAXYE 35717
S zeshs 450 tist MSDSe|
7158oF & VIEsRE 0.0%olth
(Ignatowski 5, 1995). ©] 7] $-2lu}
o] 71F(1%) 2 vk 108)] e w5
oIt} 0.1% - 1% E5 F-3E= ool 3¢
MEA : 5.2%, DEA : 33.3%, TEA : 20.5%
oIQit AR 0.1% - 1% FE 2
£ Hol:= A8 MEAY 7% 51.9%,
DEAS} TEA Q] 7-9- 38.5% itk
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2 MEA, DEA, TEA =% H]al

1) Has(MWF) 352 MEA, DEA TEA

MWFE SR, T34,
T84 E 2519) MEA, DEA, TEAS]
SEE BwSSIth (Table 5 9 Table 6).
Aole] 9ol TEAE= EFHEE 25
SEAPIE VERILE $ MWFeA
TEA &5(92,270ppm)= TRE MWF 55
©] MEA S} DEA 9] -5 HlslAl o]t
A =9 Kp=0.038). WHHo] #8493 =
3 MWFoA = 23t sEajolE B
o]7] ¢kokct 18t =33 MWFelA 3
I DEA “55(60,628ppm)= MEA &%
(38,500ppm) .0}t HH =A] VERtTE 2
2407 584 MWFoIl4= MEA, =3
) MWFolA= DEA 1831 $4 MWF
oA+ TEA7} TR EAS TR} =4 &
FrEo] itk ARl MWFoA = Lot
oA Uekgd AE zolg Hlt
(Table 6). AFE- MWE M= & MWF
ZFFHEE MEA, DEA, TEA $57} §9
3 2jolE YERICE TEAE 8793 &
A MWFollA Th2 EART} f-98H =
< F55 YERIA(p=0.000), DEAT ¢
o MWF 9} PRI 2 F3] MWFollA]
THE EAY] 5k e 2 5
= YeRItKp=0.01). MEA, DEA, TEA®]
A AN} ARG Al B B
Ao frolshAl VRt T (Figure 1)
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Table 3. Distribution of the concentration of MEA, DEA, TEA analyzed in 39 fresh water-soluble MWFS

Concentration(%)
1% = 10,000ppm MEA DEA TEA
below 0.1% 10(25.6%) 9(23.1%) 2(5.1%)
0.1 ~ 1% 2(5.2%) 13(33.3%) 8(20.5%)
1.1 ~25% 4(10.2%) 3(7.7%) 7(18.0%)
2.6 ~5.0% 5(12.8%) 6(15.4%) 3(7.7%)
51 ~ 10% 13(33.4%) 4(10.2%) 12(30.8%)
10.1 ~ 25% 5(12.8%) 4(10.3%) 4(10.2%)
over 25.1% 0 0 3(7.7%)
Total 39(100%) 39(100%) 39(100%)
Table 4. Distribution by concentration of MEA, DEA, TEA analyzed in 52 used water-soluble MWFs
Concentration(%)
1% = 10,000ppm MEA DEA TEA
below 0.1% 22(42.3%) 27(51.9%) 17(32.7%)
0.1 ~1.0% 27(51.9%) 20(38.5%) 20(38.5%)
1.1 ~25% 3(5.8%) 5(9.6%) 15(28.8%)
Total 52(100%) 52(100%) 52(100%)
Table 5. The concentration of MEA, DEA, TEA analyzed in fresh water-soluble MWF by MWFtype
No. of sample MEA DEA TEA
Soluble MWF 42,683+£38,717 10,358+16,648 27,460+30,685
Semi-synthetic MWF 38,500429,201 60,628+61,058 53,058+42,781
Synthetic MWF 47,820+44,515 42,326+55,256 92,270+91,051
ANOVA p-value 0.695 0.063 0.038
Table 6. The concentration of MEA, DEA, TEA analyzed in used water-soluble MWF by MWF type
No. of sample MEA DEA TEA
Soluble MWF 1,395+2,318 1,92243,342 3,621+6,769
Semi-synthetic MWF 1,606+1,596 8,898+7,768 3,341+3,735
Synthetic MWF 5,245+4,828 2,738+3,480 11,301£7,046
ANOVA p-value 0.002 0.01 0.000

3. A8k MEA, DEA, TEA %
MSDS&L=2}e] H]al

MWFS] getellx] 415k MEA, DEA,
TEAY] 55= MSDSel| 7|2 Eoigl: 5
59} Bl EkI T Table 7). ©37]01K &

7HA] A
MSDSel| AlF(715)=o] A ¢ EA7}
AMellA 7%E 90k MEASH DEA7} &
SR ASHTRAL 8 A|B(MEA 47,
DEA 147004 o]50] BF AZHSIL

J MWF 2] MSDS < &gl thst &
e ks 4= ol A,

T 2w

3 TEAE 4710] AEW9lHh B4
EETF 1% oVdoR TRl wE Ay
= MEAZ} 27\ (Hocut 767 :163,057ppm,
San- pol A-cut 285 :55,551ppm)©],
DEAv 77 (Cimstar 40 : 47,425ppm,
Ecocool 2000D : 136,197ppm, Super grind
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Fig 1. The relationship between MEA, DEA, TEA of fresh MWF and used MWF

:157,680ppm, Sanpol A-cut 285 : 31,326
ppm, CIMTECH 100 : 23,08 1ppm, Houghto
Grind 60G : 86,436ppm, Hocut 763 : 68,083
ppm), 1232 TEAZ} 27](Shell Dromus Oil
B : 11,660ppm, Hocut 763NEW : 107,208
ppm)°|SATE o]23t A= 7]57(EA,
Alkanolamine, Amine 5)%F 715%0] §lo]
T MSDSel Aol 7155 ] ltkar
o5t Aotk 715717} ohd Z2te] A
ol 7159 Aent 1 A9 JRE
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oRKIth &4, EAE fallde] v A%
(MEA, DEA, TEA) = 23814 ¢kl 7]
57191 Amine, Alkanolamine, Ethanola-
mine 0% YRE AT H9E 257
o= 64% HoH, “JTHMEA, DEA,
TEAHE 27} TEae] (3 HE
AR 739 Aol 397 FollM 131
(333%)°l =l s TRt
SEE ANE A5 134 oA RE o
FE1-10%, 5-15% 52 o] vkl
HLES HERITE o]9leli: Amine<
35%, Alkanolamine<10% &3 70| A4
AR vERd AeE Eatth127,
30.8%). A, 413F EA Q] F%7F MSDS
o 715% FERETE % A97F MEAE
571(12.8%), DEA7} 1473(35.9%) 18]l
TEA7} 774(17.9%) 0131 Ck

V., 1 &

9] oA MWFS] MSDS g Kof| tfst
2L B7EAY Aol dist e
& ke A7 oA §lGiT) 2 At
M 84 MWFYlel S018l= MEA,
DEA, TEAS H&3l0] 1 =i xs oL
Z5R= 3h MSDSell 71 A1E o9 g
7 vwste] AEMdS Frkeklth MWF
o] Solgl&= MEA, DEA, TEASLEE
ILMA®] 7]3{MEAS} DEA : 5%, TEA :
25%)(NIOSH, 1998)2} B3 3}S1S o 7]
o5 st 9= MEATE 1871(46%),
DEA7} 8721%) “18]al TEA:E 37
(71.7%)°]2ACKTable 3). MWF HH¥
EAYl $%E Hluaid ddefr= g
) MWF & TEA7} MEA, DEARTH £-2]
B AT p=0.038). Hlwel] ARg)
MWFo s 25 MWF 73 E MEA,
DEA, TEA 557} st 2ol & Ve
CHTable 6). Ahel Bl AR MWF2] 4
£ MWFolA] MEA7} Solrl o)5+= ¢
oMol 7kl MEA7} ARl 271
FTo% TS 7Fs/o] Atk ok
&P MEA+ U EAC! DEA S} TEA®]
HgA S715t0] wof 3] Fo® T
8 7Fs7do] =7] wliZoltk. Figure 1914
K= kol o] ARG} o] TEA
H]&l|A] MEA S} DEA Q] Bigb7} A5t o]

Bajeo] 2 TEA7} DEA, MEA®]
A dd o= Qg Ee] 917] wEel
oF etk 3F F 84 MWFe
0]9]= MEA, DEA, TEAS] &7l u}
& Riglel disix] A7 Feskct
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3, S8 MWEYel Soigle
MEA, DEA, TEA 9] %9} 455 MSDS
ofl 71A=] 1= 8- vlawsto] e
= rreoith el MWEAREllA
MEA, DEA, TEAS] t$t 9] §55
AgsA 71sske A9 ule Wtk
(Table 7). ©]2j3t AT-Hrh= PB4
LA AUANE FoJol|A] -8t st
E40] A7} hegol| ot MSDS e A4
gpgdo] shotthe AT A Y=} v5s1el
t}. Kenyon 5{1993)=> MWFE 33k
3730 ishke =4k MEA, DEA,
TEAC tist =28 F7le AT-olA
BAE F59 MSDSe 7|29 FEE
vty 15 FAH 84 MWF
247y 371 183l 54 MWF 149 4
=1elx] EAS 24813ltk - 3710] EAC
tjst AR FEE MSDSOl| 7155
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Table 7. The concentrations of MEA, DEA, TEA those written both in MSDS and analyzed

A 9 SRk R AR MSDS) tiet A B 57

Name of product Written in MSDS (%) Analyzed(ug/ml)
MEA DEA TEA MEA DEA TEA Total
YUSHIRO KEN EC-50M <38 < 2~5 87,951 576 2,765 91,293
Ecocool 2000D <2545 < 2.5~4.5 33,820 136,197 23,210 193,227
Samsol 60 5,641 3,851 9,492
Castrol 39-154N Amine <20 252 34,068 153,626 187,945
Castrol 930N Amine<35 197 23,280 285,335 308,812
Syntilo 9954N Amine<20 100,505 1,856 50,067 152,428
Cimperial 1060CF 5~10 - 5~10 55,288 4319 10,602 70,209
Houghto sol 9700H Alkanolamine 10~15 74,403 576 46,658 121,637
Samsol CD 120 Amide 10 50,384 32,834 82,913 166,130
Houghto Grind 50S 15~20 - 5~10 88,050 4,110 252,190 343,349
Houghto Grind 70S Ehtanolamine 20~25 114,087 4,953 99,008 218,047
Cimetech 200K 5~15 - 5~15 74,185 9,564 82,708 166,457
Houghto sol 2700 Alkanolamine 10~18 121,160 788 54318 176,266
Yushiro Ken EC-50T Alkanolamine < 10 87,251 471 57,545 145,273
Hysol G Amine < 15 74,187 2,910 41,941 119,038
Yushiro Ken HDE 50 - - 1~8 6,564 3,279 4,232 14,075
Shell Dromus Oil B - - - 80 - 11,660 11,740
Permasol 60 1~10 51,143 3,740 - 54,883
Cimstar 40 5~15 - 5~15 20,019 47425 75,523 143,467
Yushiron ken S-50N Alkanolamine <30 43,072 150,156 18,346 211,574
Hocut 733 Alkanolamine 3~5 - 717 46,881 47,658
Hocut 767 - - 1~10 163,057 4,665 167,721
Yushiro Ken MEC-50 Alkanolamine <9 5,934 4270 9,154 19,358
Yushiro Ken MIC-3500 Alkanolamine <25 432 4423 89385 134,240
Super Grind ) - 157,680 78,110 235,790
Syntilo 25 HMC - 92,710 4,460 87,784 184,954
Sanpol A- cut 285 . 55,551 31,326 118,121 204,997
Hysol XGP Fatty acid amide 19424 22605 15385 57414
Yushiro Ken MIC-100K Amine <3 268 96,141 7149 167,904

Alkanolamine <20
Cooledge 39 . 203 167,156 2,711 170,070
Amine <40

Superedge 44 " 11,767 7,388 16,481 35,635
Houghto Grind 70N Alknolamine 2025 128,419 - 113,154 241,573
Syntilo 25D Amine 30~33 11,353 3,380 16,232 30,965
Hocut 797E Alkanolamine 5~7 25,273 27,653 6,024 58,950
Cooledge 39 Amine <40 742 82,863 1,489 85,093
CIMTECH 100 515 10~20 48,428 23,081 56,205 127,714
Houghto Grind 60G 15~20 - 5~10 95,936 86,436 298,060 480,432
Permasol 60 1~10 - 49,794 - - 49,794
Hocut 763NEW 10~15 - 5~10 72,537 68,083 107,208 247,828

*: No information
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g MSDSOM % §5=9] Alol7k AM A
g3t A7t AFHA 2 o B
aict. ol A & e 2
o] Aol oAl 29, = vl
ol 71571 715, E=RS] 715 53 94
&FTHTable 7). MSDS©] 3}el&49] 4
BE AFE v 715712 A 7158
A QAT 71571 vkt ARl st
S T8 15l B8t 7l
7)ol wt e e = 7] W
wolr} Eot A9l sl ELt Heto s
e HeERd 2 oA gt gn
7otk At redS A 4= 3l
T Syl tigk RS st Alw
afjof gt

38, MWE7} ofd TRz 558t 3lt=219)
MSDSel 71549 432 LS BNt
Aol A= MSDSell 715% fratEdel
gt ARl 7t AdgskA gk B
3k Welsh5(2000)2 3342k
(synthetic lubricant), AFAMA|(liquid
detergent), l5A18HA A (epoxy  reducer)
T WA N EE A, Xeray B
BA7), A7) To7 sehe
0] At SRS sl AlRAt
273t MSDS 9} Wl gt A, et g
Frgo] B A Zpo)7k QISAaL “F-ah<]
S 7R Aol Jlok= AlEe e
frafde] 2 Aol ERlHgttar W arst
%tk Finnish Institute of Occupational
Healthv= oFE0|ES $Hish= g8t
AZCEINES} HZA] F)ell thgh MSDS
o) ) Sikre stk 5 10 A9
ARSI T 2R 125 high
performance liquid chromatography, HPLC)
g} 7k 2 e 19 (gas
chromatography, GC)%. 213+ A3} 73
& et 7153 MSDS = {191
g AlES MSDSel AXNEA %
diethyleneglycol dimethacrylate”} 37% 1
2|3 MSDSell AlEA ok thE
methacrylate = 1%°1d HEE F10% B
13RI A 2A] AlFl A = MSDSe]l
A=A ko 2-hydroxyethyl methacrylate
7} 26% 12|11 isoborornyl acrylate”} 24%
%% 2K Henricks-Eckerman 5, 1997).

TrefEde] Aol thst AlE o] whe
ofii= A9 ol dsduldelzks o
2 AR el digh ARE Alvs
A ok= Aol dnEAQl olfroltt.
Canadian Hazardous Materials Information
Review Commission(HMIRC)< S u|d
& ol el dist ARE AT
SHA] ok SINALEZE wig- 5 AOR
B 18T Anonymous, 1998). 19911d w=r
General Accounting  Office(GAO) A=
MSDS7} /3% 71-performance ~ standard)
o) whe] 71 Uhgo] Reen A
ek, 2AAe) 419 7elekaL o
ST} GAO= MSDS7} 3atsli= wel]
1 OSHAL: 131270 A9} 4514
A fraRrlarge n wkg oz 3t
AJst 2ke Afsiof dieka A st
(US GAO, 1991). Kolp 5(1993)-> MSDS
Ausl JIYS DT F A5 AR
g} A|2Ho] FfdE ojof Srkar silct
E15] 7335k 712 MSDSellA] 22k
S| EA 7P Fash RS ikl
e Gpol st L3S gt
© tiFo] 71 AAsirkar sl
Aol M gk vke} o] eyt
A letEd o) MSDS ) Al#A e BE
ofe] el mspsell AzE Awet
AR AL w2 Ao R BRI
(H8et 5, 1998; el 5, 2001; T
ARk 2002; SHERARIMA S,
2003). ¥ AT MWFS] U E2
1 MEA, DEA, TEA®] thg MSDSel| 7]
=9 Sk Al dish 9E2 v
k) o WE MWFS ¥83) 25 318}
4ol dfg ekt RS MSDpSell Al
H71F)ep] gk AR ek vk
o shtt ~8/9 MWFell 513l EA
FHMEA, DEA, TEA)E= 2, WY & &
1A ZfEd Nk et w1
EAZ 4R Qlr} EghEAC] AR EE
T MWF32 58714 48s =
sk e 2. Glo] HIZ]o]THNIOSH,
1998). WA EAY} UAELHS ME
S S dod g QU
wzel] ZEA A Thekst S EaiA
A o] tiet A3 & 2V A

Stk 2 1979 A} E2003) A
QFARZAY MSDS #7179l MSDS ]
A AEAEL TE AEAEA
a3y sl dist RS
1% (10,000ppm)°il~] 0.1% = 7198 L
7} ek o] gA Fehs S A=
AED, SIAAEA 4, Y &
AR Qg 1Ak AelE sty 9
gt s5eo]7] whizoltk. o2t 7] o]
o] wj=yh Fjutleld Adska glek
0.1% - 1%2] Wl slds= MEA,
DEA, TEAS S+ 55717 A3k 59 A
ke AHllE 4o 4 Qs wEel
T ekl vk 71 (1%)2 283
W A7 AelE 2l e I
oo &35}l MSDSof| EAS] AdH-3}
S 7|55k ol WAl fNks
A o w1 FAIHo] itk

ARIA 2F g Y 39713 o] 5]
Fokel 52749 AR MWEOA EAS!
MEA, DEA, TEAE 415101 MSDS®]l 7]
=g 82t vlmgro = MSDs | gt
s kel wAES EsIsith
MWFl| £012]3= MEA, DEA, TEASE
Z ILMA 9] 7)3{MEAS} DEA : 5%, TEA
1 25%)(NIOSH, 1998)} H]ial Hok= uf
7S 2393t 739 MEA7E 1873(46%),
DEA7} 87121%) 18]l TEA: 37
(7.7%)°1%1t). MSDSe 7]=%  MEA,
DEA, TEAZY Bl thst gL vigict
T8 UYL A, 71550 A
EA©] FA g ellA] T2 1% o1de] 5
TR BAEGITE B4, EAY] AR
Tl FEE 7153 = Al
137133.3%)° =3=tSiek olslol e +
A3k F57b MSDSell 71=E R
AR = 797} MEA(12.8%), DEA
(35.9%), TEA(17.9%)SAtk. w2b] MWF 9]
MEA, DEA, TEA®] 3=} AJiel dist
MSDS 2] 27} Alglide ke A og
LRt -84 MWFol| 5010 EAR
(MEA, DEA, TEA)= 4], H|Y & o5&



44 A2 (water-soluble metalworking fluids)ell 4] 418+ MEA, DEA, TEAY 5% +X

é
r

PAR=DS

171 0, e )
o MisDsel Z1Alalet sk SelEe

|
A3l 1% (10,000ppm)°llA 0.1% = 79
Zha ARttt
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