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ABSTRACT

Objectives: The purpose of this study is to simplify and standardize analytical method of polar solvents(methanol, isopropanol,
n-butanol, acetone, methylene chloride and MIBK) in the working environmental by GC. Because NIOSH methods are various
and complicated.

Methods: The method is using the same stationary phase(5% phenyl 95% dimethylpolysiloxane), absorbent(silica gel) and
desorption solvent(DMSO) for above 6 solvents. For the 6 solvents desorption efficiency, calibration curve, and limit of detection
were studied

Results: As the results, 6 solvents{2 groups ; first group(methanol/isopropanol/butanol) and second group(acetone/methylene
chloride/MIBK)} could be separated and quantified within 10 minutes. Desorption efficiency from silica gell of 6 solvents using
dimethylsulfoxide(DMSO) was methanol 86.2%, isopropanol 103.2%, n-butanol 101.8%, acetone 98.2%, methylene chloride
103.9% and MIBK 106.2% in the range of 0.2, 0.5, 2.0 times of TWA, consequently, satisfied NIOSH estimation level(beyond
75%). Correlation coefficient(r)in the range of 0.2~2.0 times of TWA, was above 0.999 for 6 solvent . LOD(mg/DMSO ml) using
calibration curve in the range of 0.2~2 times of TWA was methanol 0.11, isopropyl alcohol 0.20, n-butanol 0.03, acetone 0.50,
methylene chloride 0.05, MIBK 0.04 respectably.

Conclusions: This method can be used at the sampling and analytical method for polar solvents by GC. Also, will be able to be
applied with NIOSH methods.

Key words: dimethysulfoxide(DMSO), polar solvent, silica gel
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Table 1. Comparison of analytical method for polar solvents
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polysiloxane2 AF8-3F GC/MSD7} o]-&xt) welbA
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A5H= A X A2l phenyl”7| & $H5-3t polysiloxane &2
ARt FAMES Y AT AASS 2
ShA) o thapet AHeley Fol ALgE HEA
745k A8l E(Methanol, isopropanol, n-butanol,
acetone, methylene chloride, MIBK)o] T3] =4
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ol B 9 AL 3 £ 9l o]FHo] itk £l
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T 7htk2 e wWo] QItHNIOSH, 1994)(Table 1).
T3 AF7HA] 19 o7 7k S/44-8mi=ol il
Y FAAE Agotel ARE AT, T B2
8IS Algsto] S B2k Ayl waw o gl
Al 2 Aol A= 919 6 7HA 9] S48 W=
o B FAAE Agelel AAT T 744 Sz
SguS chesiel, Uvkdon AgE A4
(5% phenyl polysiloxane)& Itz AR&-3F E-AH-HH

Solvent Absorbent Desorption solvent Stationary phase NIOSH method
o . . 35% diphenyl-65% d1methyl
Methanol Silica gel water/isopropanol(95:5) polysiloxane ; Rix™.35 2000
. 0.2% Carbowax 1500 on 60/80
0, -
Isopropyl alcohol Charcoal 1% 2-butanol in CS; Carbopack C 1400
n-Butyl alcohol Charcoal 5% 2-propanol in CS, polyethylene glycol 1405
. 10% SP2100 0.1% Carbowax 1500
Charcoal CS, stand 30 min on Chromosorb WHP 1300
Acetone, MIBK
* 0, 1 - 0,
Anasorb CMS CS; stand 30 min 35% diphenyl - 65% 2555
dimethylpolysiloxane
glass fiber filter, . . .
Ethylene glycol 13-mm: XAD-7 methanol; ultrasonicate 30 min Rtx-35 5523
Methylene chloride Charcoal CS, Polyethylene glycol 1005
'CMS ; Carbon molecular sieve.
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Gas chromatograph ; Thermo Finnigan Trace GC,
FID detector

Column ; HP-5(5% diphenyl-95% dimethylpolysiloxane)
OTC(Open tubular column), length 30 m, i.d 0.32

mm, film thickness 0.25 pm

Temperature ;
Injector 200C
Column 45C 4min, 15C/min to 180C(gradient)
Detector 250C

Flow rate ; N2 5 m{/min(make-up 25 m{/min), H2
30 m{/min, Air 300 m{/min

Injection volume ; Auto injection 2 wl(Split ratio
100:5)

e WE7h 01434 (microporous) © 2. v}
2 EUHS /T 9] o] WAl A

o

o
5O 375U wo] IR HTAoA oFgt 2
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(breakthrough capacity)o|A]2] ZHAE Hol= EA o]
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2) &g (DMS0O) 9] A ¢
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34 4719RS golsh B ohet We
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Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(1): 20-29
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Table 2. Physical properties for typical organic solvents

oA 2 YorFer: A}&%E} o] o] iE
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22| k7] wiizoll oFE T Wk ASHA] doewAE
7+ 51HA %7]%@; 235 = o] gitt o|#3t
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Poarity Solvent b.p(C) Dipole moment | Dielectric constant Density(g/ml)
Water 100 1.85 80 0.998
Methanol 68 1.70 33 0.791
Ethanol 78 1.69 243 0.789
Polar protic
n-Propanol 97 1.68 20.1 0.803
n-Butanol 118 1.66 17.8 0.810
Formamide 210 3.73 109 1.134
Acetone 56 2.88 20.7 0.786
Tetrahydrofuran 66 1.63 7.52 0.886
Ethyl acetate 78 1.78 6.02 0.894
Polar aprotic
Acetonitrile 81 3.92 36.6 0.786
N,N-Dimethylformamide 153 3.82 38.3 0.944
Dimethyl sulfoxide 189 3.96 47.2 1.092
Hexane 69 - 2.02 0.655
Benzene 80 0 2.28 0.879
Diethyl ether 35 1.15 434 0.713
Nonpolar
Methylene chloride 40 1.60 9.08 1.326
Carbon tetrachloride 76 0 2.24 1.594
Carbon disulfide 46.3 0 2.64 1.261
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St A s 7 4 JdeBg, = 58Tt
A Atk ol 54 IHREME 2 A5
ote] o A Aol s YAk OJoFEE ¢hAl3
S3fjate] oJeFE Yof F-F-8ufjS(acetone, butanol,
methylene chloride etc.)2 H&] AFs= okE =
Aol 385 Hi7F QltH(Oh, 1979).

O
=
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HEFaE v

24 gol5E F2s7] 97 S NIOSHo
A= silica gel, charcoal, CMS, XAD-77-2 t}oFsh
FAAE AHE-SFITE NIOSH AR g 7|E 7}
=4 gl E2ka 88 Table 30 UeERY Tt 67}
A aggdel ol ALgE Az EFaAe)
DMSO =rah-gufol 4o EH2ta&35 NIOSH 241
Mol ojaf elod HaragT vmatsich Ha3
B7HE 91 A|E XA = NIOSHOA gt W o
7t Fr HE NE 2ASH T INE 2AISH

Table 3. Desorption efficiency for polar solvents

o QY grAo® 28 At & 184S BAT
T A WS £ ArelA BHag 4Ne
g ARE ARFY F det BEOE F1 AL
3719 AbdE Ao £4E Pestel U4 B
TP PR T W24 o) B Fof
Ao m, SRS Aol A T A7 A F
gateieh

DELTEPES
7 gule] ARRAL A g AREE W
= 6714 SAEMES] =F7]E(Table 4)of whet
=Z7159 0.2~2419 HH 9 92 micro syringe=
Flsto] wl2] DMSO 1 mlE ¥-& vialo] 745t & 31

FolAS Sk AFolE AL oho] ST

1.DMSOE A2 A| M EEEQ E2|
Ao A JHE SAEE] EAu o
FA oz AMEE B2 NIOSHO| HAjHlHolct,

I e

Solvent Desorption efficiency ; Range(av.) Remarks
n-Butyl alcohol(BuOH) - NIOSH(2002) ; 8~3,040ug/sample), 91% 1405
Acetone(AC) - S1, 127(1994) ; 86% 1300
MIBK - S18(1994) ; 91%
Ethylene glycol(EG) - 1996 ; 100 pg, 93.4%, 200 pg, 101% 5523
Methylene chloride(MC) - $329(1998) ; 1.3~5.3 mg, 97% 1005
Table 4. Exposure limit for each polar solvent
classification TWA : STEL : Remarks
ppm mg/m ppm mg/m
Methanol 200 260 250 310
Isopropy! alcohol 200 480 400 980
1-Butanol 50 C150 ] ] . ni‘)ll;mtﬁt‘“:g 1Z£or
Acetone 500 1,188 750 1,782
Methylene chloride 50 175 - -
MIBK 50 205 75 300
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d EEs g3, AE 2UE 5ol "yxHo|tt
NIOSH Wiiol A= & A5 thd 5487 ¢1 methanol
(MeOH), isopropanol(IPA), n-butanol(BuOH), acetone
(AC), methylisobutylketone(MIBK), ethylene glycol
(EG), methylene chlorideMC)of T3l SEAZ=
silica gel, charcoal & glass fiber filter”| AME-%|31, T2}
S = CS,, CS9} R Z-8u(2-Butanol, 2-propanol,
water/propanol, methanol)7} AF&E|lon, A B AH
(OTC)oll AH&E N BAEE F2 35% diphenyl-
65% dimethylpolysiloxaneX} polyethyleneglycol 2 A&
slo] B 7S SHoH(NIOSH, 1994).

71 8ME E2ehe bl dutdle s 7P wol AN
E= CSy= v o] 463 CE W] 82531 GC/FIDY|
Ao HAmrh W Aol Jlov S4 SHisat 4
7hsdol Jlom, 34 SiEe gRaeES SV
7] 918l CSxofl HEgm= AME= %0 S5/ 8l
E(Isopropanol, 2-butanol etc.)®= ZJE7 F9o] =3
S88MEY st ¥ 50 E FHE 74
o] | =t} 18y DMSOE= H|Fo] 189TCE A
BEEt =A &5 4 S flen, 5
4 8 gRaES =ol7] 93 R8s A
AN Tt glo] B S/4-8met 54 A 53
o] $e7F A& gt} &4 #& HFor =7 855
= @Ho] len HIFo] 189l & e uf Ut
2 o2 AME-E|E= polysiloxane A 4Fe] ARS-2 =7} O
2 250~350°C(Oh, 2012)0|E2 L% 7]L7] &8
(Gradient elution) & Al&3le] 2 248 2= &

GCE 0|83 S¢3nie MLy e A7 25

HI

oF 200C= A48k At WiEgAILke 471 6714
AL ES F 1E5{(2 Groups ; first group(methanol
/isopropanol /butanol) and second group(acetone/
methylene chloride/MIBK)} &2 o] HEe|AZ &
g qlem, G4 Ed(bleeding)oll 27t A H /4 2
Aste A e a7t itk DMSOE AR =
ZolE 132 Figure 19] XHo] Zth

67HA =4 BME FUT FARHOR FA A
o]t F ARUEIHII] £ 5(Rs) off A}
At} o] Ao GFIAKk) S| ARt ghe 2~10 H =
ojw, FEQlAL, af W= 1.05=a=27}ATsIth

Rs=(v/N /4){(a-1)/a} {(k2/(1+k2)}
N ; o]Zth(Number of theoretical plate),
a ; E2]¢l1xK(Separation factor)
k ; 8 elxKCapacity factor)

(Poole, 2003). CS,2} DMSOE &2 AR A] ZF B4
Z2oA fofl MirF ARk o]-85te] ALtE 22
QIA}F2] Zh2- Table 5, 63 . Table 504 CS, 2 &
2 3 HEE AI7H} ok 3285 CSp-methanol,
acetone-isopropyl alcohol, n-butanol-methylene chloride
g AR B5E AZi] AR, Beleldrt on
2(a=1.05) Z&of wA7F =iz, vhE 2852 o=
AT} BRI B} FBalth mlahy 2 AL
sto] ofgt S0l F=Ad0ll ol2= AlRE 24 Al

= acetone-isopropyl alcohol-benzene-MIBK-toluene-

Column Temp. Column Temp. 6.033
45°C 10 min 499C 4 min oMo |
(mothermal) 199C/min w0 ’ \
180eC 0.873 MeOH
(gradant) IPA
0.955 BuOH
1.425
cs3z A
0875 (lst peak) L N
1.235 (2nd peak) 0 1 2
6‘9:32 MC MIBK
1.40 2.055
i N
l 1 " L 1 1 1 ' 1 / 1 \ 1 ]
1 2 3 4 9 10 min U2 3 4 3 10 e |

Figure 1. Chromatogram of CS;, DMSO, MeOH-IPA-BuOH and AC-MC-MIBK in 5% phenyl 95% dimethylpolysiloxane liquid phase,

column length 30 m
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Table 5. Retention time(tR) and separation factor(a) in CS2 solvent

Solvent tr, Min a(=tro/tr1)
Methanol(MeOH) 0.873 AC-MeOH, 1.07 IPA-MeOH 1.09
Acetone(AC) 0.932 IPA-AC 1.02 EG-AC 1.12
Isopropyl alcohol(IPA) 0.955 EG-IPA 1.10 MC-IPA 1.46
Ethylene glycol(EG) 1.052 MC-EG 1.38 BuOH-EG 1.35
Methyl chloride(MC) 1.40 BuOH-MC 1.02 - -
n-Butanol(BuOH) 1.425 MIBK-BuOH 1.44 - -
MIBK 2.055 DMSO-MIBK 2.95 - -
Dimethylsulfoxide(DMSO 6.055 - - - -

Table 6. Retention time(tR) and separation factor(a) in DMSO solvent

Solvent tr, Min a(=tro/tr1)
CS»(2 peaks) 0.868, 1.082 CS,-CS, 1.25 - -
Methanol(MeOH) 0.897 MeOH-CS; 1.03 MeOH-CS, 1.20
CS;-AC 1.10 AC-MeOH 1.10
Acetone(AC) 0.988
IPA-AC 1.05 - -
Isopropyl alcohol(IPA) 1.034 BuOH-AC 1.40 BuOH-IPA 1.34
n-Butanol(BuOH) 1.386 MC-BuOH 1.00 Ben-BuOH 1.05
Methylene chloride(MC) 1.386 Ben-MC 1.05 - -
Benzene(Ben) 1.45 MIBK-Ben 1.38 - -
MIBK 2.003 Tol-MIBK 1.14 - -
Toluene(Tol) 2.293 Xyl-Tol 1.86 - -
Xylene(Xyl) 4.278 EB-Xyl 1.24 - -
Ethylbenzene(EB) 5.288 - - - -
Xylene-ethylbebzene2 322 XEFENS ZA5HH 6712 2| Rc}t Zwrl Ya G2ulE o] £
CS:9] o= As oA Fal A= o3t =3t o] Hl3L isopropyl alcohol¥} F3 &= B Hof Ut
Gt Heso = of 82 o #eAEE & = Utk 2 S/38mME -S4 A ole FA sk o
a2y S448HEe 22 Al e Sl wet 2k4 EG= NIOSH®| 5523 A& It = ARE-3f
CS:9} G5 7o dmargolu 2 A 59 vlAl © Aol 5 Aoz AR mebA EGE A&7t
3l z}o] 9] o7 CS,0 AZutETI}o| k7 A o 6712 gufjo tjs] MeOH-IPA-BuOH2} AC-MC-
SADE S fol] el GEL & 0k W MIBKE 22 B3 LEgole AL8slol 5Uu 2
A5k DMSOR B8-S A|xslo] B4 A DMSO2]  Azpom Rel A k5 Helhd g el e
SubEgel 34 gule] elol 48 L v]H W 4 2ok e AT Qo120 m AL Aol AN
A ¢F=t}. thal, acetone, isopropyl alcohol, butanol- ZHtr)2 OoF 5~8EA T ¢ A QF o]t Suf 7+

methylene chloride®] agh(Table 5)0] 247 HE2 & £ Hatw/tr)= A9 FAHICKTable 7).
$220] MeOH- IPA-BuOHE 3122 3}31 AC-MC-

MIBKE S22 ZA|8lo] U3t BEAZXANA B4 2. ANZM 9l HE5H

Al R BeEle i AFol 7Hed Ao AlREY 27 g o) HATALS BT 02-2u]9] W=
(Figure 1). Z12ivt =/377]-8m <l ethylene glycol(EG) 555 of

T o] Wl AARAT ABASDE 6744
L GOFIDOA 59 #4 27402 $4% 20 b2 F40o) ofsf rgkol 099901402 Ha4o] &
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Table 7. Comparison of retention time and separation factor according to column length

27

Retention time

and separation factor

Solvent Column length 30 m Column length 50 m
tr, min a(:tkz/tR]) tr, min Q(:tkz/tm)
Methanol 0.813 - 5.517 -
IPA 0.955 1.17 6.325 1.14
Group 1
BuOH 1.425 1.49 7.85 2.41
DMSO 6.055 4.25 11.798 1.50
Acetone 0.932 - 6.200 -
MC 1.40 1.50 6.722 1.08
Group 2
MIBK 2.055 1.46 10.128 1.50
DMSO 6.055 2.94 11.822 1.16
Table 8. Calibration curve and limit of detection for each solvent
Sol Times of TWA, mg/DMSO ml Calibration curve LOD, mg/DMSO ml
olvent
0.2 0.5 1.0 2.0 y=ax+b r Each Average
Ist 2634x+196 0.9992 0.19
Methanol 0.5263 1.3157 2.6314 5.2628 0.11
2nd 2499x+199 0.9999 0.03
Ist 4006x+443 0.9991 0.34
IPA 0.9105 2.2763 4.5525 9.1051 0.20
2nd 3+462802x 0.9999 0.06
Ist 5320x+92 0.9990 0.04
BuOH 0.1337 0.3341 0.6683 1.3365 0.03
2nd 4968x+96 0.9999 0.02
Ist 3350x+2360 0.9978 0.64
Acetone 2.3582 4.7163 9.4326 18.8652 0.50
2nd 3185x+2418 0.9992 0.35
Ist 936x+58 0.9996 0.05
MC 0.4408 0.8816 1.7631 3.5263 0.05
2nd 1082x+16 0.9996 0.05
Ist 5708x+22 0.9999 0.04
MIBK 0.5313 1.0627 2.1253 4.2506 0.04
2nd 5168x+11 0.9998 0.04
shaich olo] wE HETAE AL ARG TA =4 SheiAtoAl= S8t =0F £A| o] tHOh, 2010).
(y=ax+b)ol| 28-5]&= LOD=30¢/S(0; ; EZF 2 X}=0m", A=A ALHE A7 =4 Foll = AR
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THe 9xd Aoz 23] A4k 67hd g 3 EE B8
of We ETA HF W AmgDMSO mhE  NIOSHO| EAWHN Y& =E71E2] 02-20)

methanol 0.11(0.03~0.19), IPA 0.20(0.06~0.34), BuOH
0.03(0.02~0.04), acetone 0.50(0.35~0.64), MC 0.05
(0.05), MIBK 0.04(0.04)0] %] TtHTable 8). HZ3HA 9|
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28 2=4 - 2y5t-0

Table 9. Desorption efficiency(D.E) for polar solvents from silica gel using DMSO

4

IIJ|>
o

2t

Sol Times of TWA & D.E at each conc.(n=3, average) Total D.E(%)
olvent
0.2 0.5 2.0 Average(n=9) Average(n=18) Range
Ist 86.2 93.8 92.7 90.9
Methanol 86.2 76.2~93.8
2nd 76.4 76.2 91.5 81.4
Ist 112.5 109.6 101.8 108.0
IPA 103.2 98.4~112.5
2nd 104.6 88.1 102.5 98.4
Ist 108.7 105.6 100.6 105.0
BuOH 101.8 89.4~108.7
2nd 105.0 89.4 101.7 98.7
Ist 79.0 112.9 102.7 98.2
Acetone 98.2 79.0~112.9
2nd 87.6 107.5 99.6 98.2
Ist 88.2 113.2 103.9 101.8
MC 103.9 88.2~113.2
2nd 107.2 110.0 100.9 106.0
Ist 98.7 116.9 105.5 107.0
MIBK 106.2 98.7~116.9
2nd 103.1 108.8 103.9 105.3
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4. dHAES =57 l—i——J 0.2, 0.5, 24} H*HOHH
NIOSH7| 2(75%)2 w=3}n, 71 gujo] eata e
methanol 86.2%, IPA 103.2%, BuOH 101.8%, acetone
98.2%, methylene chloride 103.9%, MIBK 106.2%9°] %1 t}.

5. ARGAE 6744 &9 &7 0.2~28) A}
olof A AFAS r-& methanol, IPA, BuOH, acetone,
methylene chloride, MIBK X% 0.9990]Ar9] Alakat
AZ 2gon, HA&371=(mg/DMSO ml) methanol
0.11, IPA 0.20 BuOH 0.03, acetone 0.50, methylene
chloride 0.05, MIBK 0.040]$it}.
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