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Validation of an Extraction Method for the Determination of Airborne MWFsusing Alternative Solvents
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The purpose of this study was to vadidate dternative method
by using non-carcinogenic, and less toxic solvents than NIOSH
andytica method 5524 for measuring the airborne MWFs in
workplaces. In laboratory tess, the ETM solvents(mixture of
same volume for ethyl ether, toluene, and ethanol) were
SHected. The dternative method of andyzing MWFs, referred
to as the ETM solvent extraction method, showed 0.04
mg/sample as LOD, and 0.15 mg/sample as LOQ. The
andyticd precison (pooled CV, codfficdent of variation) of the
ETM solvent extraction method for analyzing the straight,
oluble, ssmisynthetic, and synthetic metaworking fluid was
1.5%, 2.0%, 2.6%, 1.6%, respectively, which was smilar to the
precision (2.6%) of NIOSH andyticd method (NIOSH 0500)
for totd dugt. The andytica accuracy by recovery test, spiked
meass caculated as extractable mass, was dmogt 100%. Asthe
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result of storage stability test, metalworking fluid samples
should be stored in refrigerated condition, and be andyzed in
two weeks after sampling. The 95% confidence limit of the
edimated tota standard error for the ETM solvent extraction
method for andyzing the sraight, soluble, ssmisynthetic, and
synthetic metalworking fluid was +12.6%, +12.5%, *
14.0%, and +136%, respectively, which stisfied the OSHA
sampling and andyticdl criteria
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w57 SO R AN v aPAtgded i
7-¢) (Nationd Indtitute of Occupational Safety and Hedlth) 9]
NIOSH method 5524818 ] 2]} 12 (NIOSH, 2003), #|Z71A]
AR ATk BTt T ERYES SHA &
DL AAFERA SHs= o R e e 1
e blgdA 257 A2 disiA T $47Fs 3§
A = 257 ol99 EAE @ B 5 9lE
H-H S0 tH(OSHA, 20055 HSE, 1999; HSE, 2003; Ford, 1995).

wpeba] 84 B BegA ST B 801
sotal e 257k SEEARE B The e S
ol dagtd, olgj g W oE R ARAY G
(American Society for Tedting and Materids, ASTM) o] A Q1A A
ol (providond) AW o 2 A Al gk ASTM PS42 977 o]
QT (ASTM, 1997) o] ¥HL = B79Hd 4 (Hedth and
Siety Executive, HSE) o] v]5=8-4d T&7kefro digh 24
B 1 MDHS 841} W] 572k 2}35] ALQ1 FordAbell ] AF8- <1
v 84 T57E A EAE Rl Ford 00590 e B4
A2 At vy & BE F79 257 AE PTFE
JE & o] &3] oAt AHH SE7HRE =
fulFEd § 9 FAAIE o] &g FFEA o,
NIOSH method 552411 0] 5 & 4 8-¢F " o]t} NIOSH,
2003, 2003; Glaser et d., 2002).

NIOSH method 552411 €] 71 & 47 Aol Al AS-=
T B 7Y w57l diste] A8rkssithE Hol
i, ol & 3l FE7E A TRl dHglel & & 5 %=
£rZ DTM €7 (dichloromethane: toluene methandl & =<
Fau| 2 Z5ket &) & ARS-SkaL olrt

Dichloromethane2] 2194 =%7]5E $-2lvket ey 49
u) Ak o) A A 571 9] 3] (American Conference of
Governmentd Industrid Hygienists ACGIH) o A ZH2F 8] 71 A]
7V eE 5 =2 A4 50 ppme AlA skl 9l o L (ACGIH,
2005; =4, 2002), NIOSH = 414 w=7]5S AAISHA
o3 ltk NIOH 79 #43Ql =&7]50] gl £4&
AAAe wEzrTs VFee o W oo R dskee
o] o] tHNIOSH, 1997). Toluene 73-9- 9-2] e} o -9}
NIOSH& 827+ A1 77153 w5 = & 100 ppm, 1) i
ACGIH 2] 79 50 pom< A A3}ar 912w (ACGIH, 2005; -
5, 2002), methanol 2] 74 §- Al 713 5.5 200ppm o2 =&
715:0] A4 H ] Sl EZO]tHACGIH, 2005; -5, 2002,
NIOSH, 1997).

o142 &9 dichloromethane?] tjAl= 2 T 714 A=
& AAE Aoz 4dA 9l &, MFO (mixed function
oxidase) 74 = 9} GST (glutathion—s—trandferase) 7 =] t}.

MFO A= 79 A3 Cytochrome—P450<] 2]3)| formyl
chloridezl= S0 tAAHE 2 A8kE] 31 o] = thA] f4ole
o datslera g Feljs= Aow oA 9lar, GST 4 &9
739 A ol 4] A E o] %] = glutathion depentent enzymes]|
oJsl xELUS|ES a0l og Tl o]F2 T
ol et A E HF A E Ao ® AR It MFO A=
& SUUAREE <1 formyl chlorider}, Z12) 31 GST A2+ %
7FtiA1E <l formadehyde 2l S—chloromethylglutathion conjugate
7} dichioromethane?] "#orAd 2 A3k Ao 45 a1 glk
(Parkinson, 2001).

Dichloromethane > z &4 oA & 7ot H|ohe o]
= 708 4# % 91} (ACGIH, 2001; NIH, 1986), ¢l ot
el disliAe 2 713t 2] AlA sk ol ACGIHE
TEAA o] Qlont A = et o] ElEA|
oro 270l A3, 131 v OSHA = dichloromethaned]] =
23 Az A #FaAke] g A (liary tract cancer)
AbgEO] F2 5 FUHE AT AT Tl 71zsto] A
A A IEAR FH3kAL 910 (0SHA, 20050), =4
o}l -2 (Internationd Agency for Research on Cancer, IARC) <]
M Al A ks o ¢ Qe TheAdel e EAQ

goup2BE EE3}3 9ltHACGIH, 2005, OSHA 2005; IARC,

g =2 Ha3E AE Axsta gl EZolthNIOSH,

=57t 574709 NIOSH method 55241 2] 7 -
dichloromethaneo] -3t DTM 81| 7} @7 of| 4] AFE-E o] =]
=AY BE BRY T1EHE F2T 5 9E 9HS
VAT B UL A DU AT SWFEFTTYA
A7t AYEE g § AL 2T A HS 1
2H AR VEFE BHE STAE BAHE B
HEAA =29 P50 B84 EASH B
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FoE 87) el 84 F57FE A 2835 98
A ASTMeflA] HER 27] #ATH A= G571
## 9 PTFE e & dichloromethane 2. & A w14 543}

i isopropanol = ThA] FE ekl wpA RO R T
dichloromethane ©. 2 F% 1= W & gl s, @A)+
dichloromethane: toluene: methanal & 5 F-3]u| = &3¢t &
1 (DTM §-w)) & FZ81 & A= WS AlAlskaL Q)
t}.

72} DTM €1 o] E0]7}= dichloromethane2] 7% st
AzeA F71EE FE7] e SR &5 ARE e %
wjo]7]= sttt FEA A = Lekdo] FlH E4ola,
AR Al W7ol SlE EAE AlEE Edol, F
FA A A JFE vA = BA (=% 7]5 50 ppm) o]tk
(NIOSH, 1997). wje}a] o] d-of| A& dichloromethene
o] FEAAAF-E vF8371A AL BE FH2 957}

QAGHE ol et =

oh,

H7ks S e 87 B

toluene 2 methanol©] 742} vl =4 3 =70 Glfel] g1
dichloromethaneo] 8] 4 H]E,M %H 0]7] &}} toluene=}
methendl Ato] 2] A& vreh]= Edolth ¥ A7elA= 3
714 &38| vtdumeﬂrrrﬂhand & I E A3
4 £421 dichloromethane tAle] B]Sgt A& 71A WA
S20] vl @ webgo] LA YA oA g
toluenex} methanol of] 2+ 410] = §-vi| = ethyl ether& 7311
o dhyl ether 9} toluene, 78] 32 methand & 5 F-3]1| 2
Zokek §l ETM 8] & HF &892 A3sielct.

fr S48 Aol AHE AEAFHE FEe
A7 37 mm, pore 5ze 20 mgl PTFE Qoolytetra‘luoroethylene

ol thste] i lstA Aol oA Aol & o] 7] (Gelmaﬂldloraom USA)Slom, &7 vl
7 7o) QL =g S4o] detloomethane Brks e B 84 FEUNEA 3%, 84 B4 }ﬂ f2% Fa F47)
4% sk ST £ A9 BAS ARANAN A B 2% 20ln B BE7HER 28 olQw, 59 £
45 PTFE 2 9} yh-&-4do] glojof g}, g - 31514 v‘i—*éLElﬁr 2.
NIOSH method 552411 o] 4] A}-8-% = DTM &} 2 §- Harper 2002) 8] 749~ fi7]18A o] 74et Fejma2gddoR
Table 1. Metalworking fluids evaluated in this study
Fluid Tvoe Specific . Content
yp gravity Main components (%)
1-ST Straight 0.875 Light white oil 100
2-ST Straight 0.875 ~ 0.885 Heavy white oil 100
3-ST Straight 0.858 Mineral ail 100
Minerd oil 75
Triethanol amine 9
4-0L Soluble 1.0054 ~ 1.0154 Nonylphenoxy-polyethoxyethanol 11
0-Phenylphenol 5
: Petroleum distillate (light naphthenic) 74
5-S0L Soluble 0.97 1,2,3-Propanetriol 6
Sem Petroleum distillate (light naphtheic) 15
6-SS ﬂ'{et. 0.994+1 Petroleum distillate (heavy naphtheic) 10
synthetic Triethanol amine 10
: Ethanolamine 12
7.5 Se”t‘t']'et. 1.0427 Mineral oil 8
Synthetic M onoisopropanolamine 10
Triethanolamine 18
_ Ethanolamine 9
8-SYN Synthetlc 1.0687 Neodecanoic acid 1
Pelargonic acid 12
. Boric acid, 5
9-SYN  Synthetic 10215 Triethanolamine 15




T BT

7
g 3

A 2ea @ 44 22402 e %
e B S BEs o e A4 B0 ol
el NgE Azalele olgeol 9l ;
7) exraction fumd) 2 A18-317] % sl o, BAlo] o} 7)
9 N2E A AR B 5 JES 7] 94 el A
Gefo] ALg-algl T FHEA o AL 4442 (Metter,
UMT2, Swizaland) & 7)o A1 A]5l0] €& 5 9l 5747t
o A1 AL gk % o5 feaebili) 10 g7 245}l
AEELLER

N
im =
e
GO a )
)
>
2
%
¢
il

o] 9ol 238}, 3uk A Eo] ZH 1A
ZA (CaS0) 7} £0] 3= ElAl 7ol E ShofA] oF 24
AZAZ 5 o] A ghdo] o] 9l dAAolE
A S ok AxAAY A2E 2AXNEE 2 1
2 Uro] Adat WAzddA 747 nastas] B4
Alstder, Aeat WAzAN BRaE A RE 5

| 724 (CaSu) 7} E0] 9= ElAAO]E] Skl A] oF 2
AL ZAZAZ & A AApA o] AAjE FgasdA
28 1A 7 o] 2 WhA|ste] FE 9} FFEAA 9

Z27& YA F A FE O FAE AAHA
o] g-3to] GIttWe), BE HEFA S4 | 3lo] o
sto] A FE 9 F7) ztol= 10 g olUS e w e FA
Hitsto] HEFAR ).

AE A e = F2297)d Yu F24 10mLE
o] FH o S o FE =5 Sigitt. Hrbek 4] 10 mL
7 ALt glojA L U v 289 10mLE Tfsto] 2
2 FE& AAEIRI 27 FEFE A FE o A
o HE L F 9l o, 22} FE8-90] A2 v} ojF}H 1 v}
W oupA e o 2 28 ok 2mLE Hrlste] thA] o A7l
T F22u7)d oFd A3 e do] He o B Q= FEE
W& AAGIT FE0] 9 = 2AAHA AY F
T el AAg A gl Seey AxE A Ax9

-
=

B

-

(o]
)

3. 1
AR QA7 A A ol Aol B 74

e 832 TH N AAA AL 248 un
% 13} 2k, dAlsolE qrel wabelo] I 73te PTFE
B FeEA 0 28 DI o4 ol Aejol 53
449 & 4% 272 FIAN F B TAE A
22 ol §310] YGTHWL). o] Bele) FEIHEHE A
3 RE WL, o8 ALdA Ul the 3
7
%

=

> o 2

A

2R g
o

ol
b

4
el

0P o o 2 O e o Hu f2 Y L el ofi O R |
Jg o -

ol

it

2 -d

Yel o) 12 €097+ 0] iz HAIAlE] el
2417 4k 2N F A o] HAH FHRHAA 1
AR B AR el AN & 5E 2UE
FYIAN § BAALE ol g3lo] FAW)E vhl 2k
o). ok 4] s Delel BE FENFH F FAWT
= Wo-Wi) 9 28 FE7E R T WE = Wo-We) £
At

Weighing tared filter (W)
!
Spike
!
Dry

l
Storage at ambient and refrigerated

condition

l

Dessicate for 2 hr

!
Re—Weighing (W2)

A
Extract

!
Dry

)
Re—Weighing (Ws)
Fig. 1. Overall scheme for analyzing MWFs by

solvent extraction gravimetric method.
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ol A+-9 FE8v $REARE A dhyl eher T
$v) | ethyl ether 9} toluene, 7.2] 12 methandl & ¢ H-3]u] &
4 ETM &, = HSES] B84 =47k S8
9] MDHS 841 9] 2 8131 c—hexang, 1.2) 2 w] =+ NIOSH
method 5524 W o] 4] A}-8-5]+= DTM -] & A}g-alo] <7}
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LOD 9 LOQE = W& ofe] 71417} QA vk o] 03_
T ARH S SETHRE AU ¥ AR
NE ol g3sto]l 57t ke AR H“E’“ﬁﬂr &
At FA RS AAWEA By DE A Abo] ghEe B
Fakoh EERA ke T8 F, 0] EUA} 342 39 LOD
=, 83 EFAA 3] 100 E LOQEE A A8 ACS
ubcommittee, 1983).

3) FA Y U

AT AT AR IR 0% o7l
A ks F sl AAle (pooled coefficient of variation) = 7
313t OSHA, 1990). oW 1tof] 3o AU s H71=05
mg/sampleE 53 %X (target concentration) = 3}¢] o] %9
05 ~ 28 Afo]of| A A 33},

4) 4%
ExEn 05mg/samp|e 9] 05 ~ 21 A}o] 8] A EES
+ (recovary) & 7HA] a1 7ol h

WAETIE ol SR T TH FPPD A 7

&

AREo.2HE 24213t ofule] $A3H I, A AR 7}
2 AN o] A @1 ~ 29°0)3} 4@ C) ne
shed] BAlsielE A1 Al 2ALEYE 38 11
16,21, 31 HA SR AL WHRAFR AR FollA =
S7H3H RS AL 42 3143 32 30E A

Ul 8588 Bk,

_l

i

6) AEAF L A AAEY

AMEAF 2SI AA Y (overdl predsion) =
OSHA o A Al A eh= F7bg el weh 374 2523
(andard error of esimate, SEE) 9} %1 4| 3252 %} (totd dandard
aror, TSEE) & 31 & TSEE 2] 95% AlZ -7 7HS 71A 2
3 7}515 tHOSHA, 1990).
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|87 ﬂiﬂ%% 3%, 8 SE R 2% =
FENER 2%, 22l A FEIHE R 2% diske] c-
hexane, ethyl ether DTM & H 183, ETM g E 714 3L &
g Al e AASIITHE 2). S8 Al 3 ETM 80
A B S 15&7}%%01] sl 4 gaid &

5k FREITEA, T84, =3, Y 2501 T = A 0 2 HrhE 9},
U E HFL A FFR SRE BEEL
(05mg/ample) 2 sto] o] S o] HPah= AP B
ZY7} 8N Z 19270 9) Az s}, 4272 SARE YHES] 0 AEBH U NS
FENEG FREE 679 WIS FAE I Az
Table 2. Solubility test for MWFs by each extraction solvent
Solvent Straight Soluble Samigynthetic Synthetic

1-ST 2-ST 3-ST 4-SOL 5-SOL 6SS 7SS 8&SYN  9SYN
c-Hexane O O O O O A A, X PaN X
Ethyl ether O O O O O O X X X
DTM solvent O O O O O O O O O
ETM solvent O O O O O O O O O
(O: Clear solution A Unclear solution. X: Phase separatibn.
Table 3. LOD and LOQ of ETM solvent extraction method for analyzing MWFs
LOD L

e (mysample) npg
Totd weight 0.03 009
Extractableweight 004 0.15
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ETM $ul32 259 4297 9 4297 ¥ 39 2
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FZ8v A7 49 LEFA (totd weight) o] df st A=
Al 003 mgsamplec] gl o, A &ekAl= 0.09 mg/sanplei
F7HESIY. 22l 257t FEEUE FEA s
A B7FsE % 7 5-A (extractable weight) & 7= 8HA =
004 mg/sampleo] 91z, % #F5kA) = 015 mgsample 0] 31t}

9709 F&7 a1t A:LAPJ ol A A7 S oF 4007]9] A
S5 o= DM &1 E F2 8= Algafo] Brteh 5
=7t FAY A A 9 A¥aA = 77 0.032
mg/sample, 0.107 mgsample 91 7o 2 JehdtHGlasxr e d.,
2002). o]= oyl A A F7e ETM gvj 3273 9

AZE 87004 mgsample) ¢ g FeA] (0.15 mgample) o} =}
017} H“E At FF 2L/mine= A7 S girtar 7HY
i, & A FE27hE FA die g geAl(0.15
mg/sami)lag oj&3to] 574 7ted A
Ve BES #4982 of 016mgiro R $elifel
50 LAV AE figh =E7]5 G mght) Hylk ofu e}

% 3%

NIOSHS ZF&713 1o tet F FRo=sAM w&2d7|F
O5Smgh?) = Z#3] 7} 7he-gt Whiol et ek
3. 73aE
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FEA 49 AYE FrA 7= ¥ 49 2k
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ok
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2 AA YEs o= o Ao ARgE g 9
£ S57H AST Bol A3 o] QA A
TS T AT f718ES] ool ] 50%, 21
Y = 57T 0% ARG YA E diF-E
o] 7 7t BEAE £315 ] QIQlvh whebA] HxEE 05
mg/sample) o &ljdstE kol FEo] M7y givt A e
Fo] Fetal b 9 S5 FA oA £33
&7t Bl e S5 A S5 B
th= oF 700 A A ¥ 1, 3 2L SR = 200 A7) ©

H OH ™
o mepd B 4o BAS FREA e197) R
FF BAA B4 g9 WolE 27 3 shoht %v}
SHARE oW FrH s} Uehd w7k froll tiE 8l
ZegW o] BAyA Aur (Wol A4 WY 15%~ 26%)L
DU 5 FAE FHEATIA B AU NOSH 4
T (Hol Al 26%) 7}
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58493 584 F47H R v 27 wm (172,
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R Ol APPIRE SAGlE] el S wa
£ Bele] F471 el £atHlol 9l vl Sy
§7184818 0] FUBAR) WF-QL 2O Boltk. o]
90 Y FETRY A3 Fe
247} o 3os} SOSIThE B aejsln,
9 934 48 1 2 08 YET Aol
AN S Ak ek Bol RG] el 3o,

Table 4. Precision of ETM solvent extraction method for analyzing MW Fs

Level of MWF, Coefficient of variation, %

mg/sample Straight Soluble Semisynthetic Synthetic
0.25 1.6 31 25 21
05 14 13 31 13
10 15 0.7 21 13
Total 15 2.0 26 16

Note: Number of replicate weighing at each level =
and 1.0 mg levels.

6. The pooled coefficient of variaion(CVo) was calculated by pooling the CVs from 0.25, 0.5,
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58S Brtet Aotk AA 572 BHdS

2 10L2%= A7k QlolA & §Egs AYe 49 7H
100% 354 o 5= 0glvh. et 3 £ #tol
off vt 2 sk=1E BIRE ¢ Al Bolv, A9
ANA F5E TS Tl BT 7 e AERY Hapd
75%0]tH(NIOSH, 19%). whehr] of@l rjF&5 FH o] 4
$ 7191 100% g & & w o] 7| T8I A=
7108 forEr,
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3| ]
749 zpole F4E ABL 95 LTRSS A=

AL wHE ol 88 =57k S e B I

A 9] @ 2} (gpiking aror) g FAE Ae el e
2} weighing eor) 7} 485 w3 A1 0.2 ol F&7a 5
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1401 Number of samplesateach level 1-6
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mmm Semlsynthetle MWF
—= Synthetle MWF
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Fig. 2. Recoveries of MWFs spiked. Percent recovery computed as extracted mass by spiked mass calculated by the

specific gravity of MWFE,
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10 B oA MWE
I Seml synthetle MWF
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< 1007
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g 607
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[g. 3. Recoveries of MWI's spiked. Percent recovery computed as extracted mass (W2-W3) by extractable mass

(W2-W1).
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Table 5. Precision for combined sampling and analytical procedure

(Unit: %)
Fluids SEEA TSEEB 95% confidence limitC
Straight MWF 4.0 6.4 +12.6
Soluble MWF 4.0 6.4 +12.5
Semisynthetic MWF 5.1 7.2 +14.0
Synthetic MWF 4.8 6.9 +13.6

*: Estimated stardard error. ® Total estimated standard error.®: 95% confidence limit of TSEE.
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