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Propylene glycol monomethyl ether isomers in workplace air determined by solvent desorp-
tion-gas chromatography PAN Junyu"’, LIU Mengmeng’, ZENG Qiang™ (1. School of Public
Health, Tianjin Medical University, Tianjin 300070, China; 2. Tianjin Center for Disease Control
and Prevention, Tianjin 300011, China)

Abstract:

[Background] Propylene glycol monomethyl ether (PGME) is a widely used organic solvent. It exists
in the form of two isomers in the workplace, which will cause adverse effects such as eye and
upper respiratory tract irritation in workers. However, there is still a lack of standard detection
methods for simultaneous detection of two isomers of PGME in China.

[Objective] To establish a solvent desorption-gas chromatographic method for two isomers of
PGME [1-methoxy-2-propanol (a-PGME), 2-methoxy-1-propanol (B-PGME)] in workplace air.
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A method of solvent desorption-gas chromatography for a-PGME and B-PGME in workplace air were proposed. Air samples
were collected with solvent desorption activated carbon tubes, desorbed using a desorption solution of dichloromethane/methanol (85:
15), and then separated on a free fatty acid phase (FFAP) fused silica capillary chromatography column , detected with a flame ionization
detector (FID), and quantified by peak area. Standard evaluation protocol was followed to obtain key indicators: standard curve, limit of
detection, lower limit of quantification, relative standard deviation (RSD) that measures precision, and spiked recovery of sample solutions
that measures accuracy. Desorption efficiency, sampling efficiency, and adsorption capacity tests were conducted, sample stability was
evaluated using spiked activated carbon tube preservation test, and interference test was also assessed. The developed method was
then applied to field air sample testing.

In this method, using dichloromethane/methanol (85:15) as the sample desorption solution, the quantitative detection ranges
of a-PGME and B-PGME were 0.95-923.0 pg-mL ™" and 0.97-912.0 pg-mL™" with both correlation coefficients of 0.999 9, the method limits
of detection were 0.28 pug-mL™ and 0.29 pg-mL™", and the lower limits of quantification were 0.95 pg-mL™" and 0.97 pg-mL’, respectively.
The lowest concentrations detected were both 0.19 mg-m~, and the lowest concentrations quantified were 0.63 mg-m~ and 0.65 mg-m”~,
respectively, under the conditions of sampling volume of 1.5 L and the volume of desorption solution of 1.0 mL. The intra-batch precisions
for a-PGME and B-PGME were 2.8%-4.9% and 2.8%-5.1%, the inter-batch precisions were 4.2%-5.7% and 4.5%-5.9%, the spiked recoveries
were 98.8%-100.3% and 96.4%-102.9%, and the desorption efficiencies were 92.7%-97.3% and 92.2%-98.1%, respectively. The average
sampling efficiency was 100%, and the samples could be stored at room temperature (25-30 °C) for at least 7 d and at 4 °C for at least 15 d.
The adsorption capacities of the activated carbon sampling tube for a-PGME and B-PGME were greater than 13.9 mg and 2.7 mg (100 mg
of activated carbon adsorbent), respectively. Possible co-existing components in workplace did not interfere with the determination of a-
PGME and B-PGME. The short-time exposure concentrations of a-PGME and B-PGME in the spray painting unit of an automobile manu-
facturing company were determined to be 18.69 mg-m~ and 2.19 mg:-m>, and the time-weighted average concentrations were 6.03 mg:
m~ and 1.08 mg-m~ respectively.

This method is accurate, precise and suitable for on-site monitoring of the two isomers of PGME in workplace air.
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IhREE (LB ( mixed-function oxidase, MFO) 453 1T O-
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for Occupational Safety and Health, NIOSH) i &€ B9 a-
PGME RYBR AV IZAHPR(E: BB NI B TR E (per-
missible concentration-time weighted average, PC-TWA)
79 360 mg:m~, 52T [B)1Z AR B 1F K E (short-term expo-
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BEET ),
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&5 0.2 uL( IIFRES 579 184.6 pg F 182.4 pg) , F 4°C
KEBEHREIR, BRIREHHITHERD .

BigErE. BEFEAEE E T A (free fatty acid
phase, FFAP) BUaRE — E A FEEMEFE(30 mx0.320 mmx
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ERERS, WEMEARRY, 8MVRENE 3K,
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FloZEM&REFR, 23 M o-PGME B &
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EIEMRE, HEE R, F 2K, BEME 10 M0
PRIk B R R (a-PGME ECHIZKE S 0.923 pg-mL™; B-
PGME ER#IRE 9 0.912 pg-mL™) , I8 ME SR ERAT
EE, FANK RN &REGHIRERR 3 SIREE
ITHE, EE FRMFHREERERR 10 SinEEITE,
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EHEMENRERESCEA, FE&E 480 min 3
15 min B9¥E M, S5 ETERZRERER 0.1 3. 0.5 .
1.0 170 2.0 fZHY PC-TWA 0 STEL YN HVKRE, HIF =
. RFZE R EIAE o LUAE ST AT 1R Z(relative
standard deviation, RSD) ZRIEHE, T HEMRE
1, S BIINNAEE T 184.6. 369.2, 738.4 pg AY a-PGME
RIFR AN &AM ; 182.4. 364.8. 729.6 pg BY B-PGME
AR A S AR, REMAES EZLE, B—HRE
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NIEZRE, 7E 6 d WIUE 6 /%, SHURBGIE 2 BN
L BEFENRAAEITENSE, RENE= /&MY
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FAE # G A IR INAR B UL SR A 4706 75 VA RO
e, B3 AT REMRE, 84 6 X, BHIMIN—E
FI &R o-PGME F B-PGME RIFF N 387K, Bl A
B, . SRES, ZHETFEETHREIR, LA
ERFEHITERBER. 8 F2HRES M RBRAR
DR —AFD, — D F RERARERNRKEN R,
— 3 RBRARMN—EFEN o-PGME F B-
PGME tREIC & AR (K. F. BREADAMAFR
[E5 2/ a-PGME 1 B-PGME R AN &AR) &iFH1T
g[8

FERL.9”, HlEE. . EFIEKFREIEE
fho BY 3 AT HEMRE, 84 6 X, PRIMAESE T
184.6 pg. 369.2 pg. 738.4 pg Y a-PGME FYAR AN &
B 182.4 ug. 364.8 ug. 729.6 ug Y B-PGME BIFRAE
&ZAR, BEIRE. P 2REH, BHETER
WEER, B HENE, BENES B/EMRE,

ZRI8LL 0.1~2 £ PC-TWA ST ASRE{ENKATR
FERVRININIZIE R, B 0.1~2 15 STEL SN AGRE(ENLE
B SRAF AR E SR BCHIRE /D 55.8~1112 mgm™
8 a-PGME SRISAF] 30.33~593.1 mg:m™ BY B-PGME
LIS AK, £ 100 mL-min™ R E T EEE 15 min; ALH!
M EJ 35.95~747.3 mg:m” B a-PGME 32 38 S (£ A1
7.71~148.1 mg-m~> B9 B-PGME SRR S K, A E 4 &
B URE2ZLL 50 mLminT RE X 120 mine XK E
3R, AN REERTH, BAZEINNER. BEH
a-PGME 1 B-PGME B &, ITERERE,

T ERFRF RN, FEREED 5 EEHIRE N

771mg-m~ Y a-PGME FRAESIR 151 mg-m™~ BY B-PGME
ESE, 25 BEMERFEEE L 50 mLmin™ BRE
K 6 h, PRINEH. EERNEMRE.

¥ 36 SEMRE DA 6 4H, B4AH 6 X, LA
T 369.2 pg B9 a-PGME FIFRAETTEAK. 364.8 ug
89 B-PGME BIFRENCF AR, B INAREY o-PGME F1 B-
PGME BB MR ENF mARELRIEEH, #5IET
= 38(25~30 °C) T 4 °C KR D NRTE 4 BN
2 i, =B MRENNEM X B R 5FINiRG
F 1 4 6 M8 RMEHATHRENE 0. 3.5.7d) &S
MME 148, 4 °C AKFEHRERENMITNEEREF RS
AFMAFESE 1 F 16 R(HEHFRFESE 0 M 15 d)
ZRHNE 148, ANNETBESEXRE, UFREFN
18] 0 d RO E LS R H 100.0%, 23 31+ E R EMRTZ AT (8]
HTEIITRER, DI TEERKTF 10.0%0KEH
2 %E BY 8], b SRRV E 1.

PGME = H 1,2- A E RGN REEEATIERT
RN EER, FLLTE PGME PRI BERTETE 1,2-3F
ARGEMPE, T 1 mLAERARFMAN 1 uL B a-
PGME. B-PGME. 12-ME RGP, TR F EABIE
FHTHITUNE, WBFIMBER. WIS EZEEE
F, AR AN K EDRESAEFIEABTNIBIRFK AL
HYZS S THIAREBTIEIRAE( 100 mL-min™ S4¥ 15 min)
AN BT B SR AE (50 mL-min™ 24F 2 h) FHME,

SR 45 RINE 1 T, PGME FRE S (R0
M = S PR L IR T A, B
SR/ TR (85 15) IS ARIRAE S, TR EEOK T he
R, SR B0 5 5P e/ R (85:15) E R IR

0-PGME 7£ 0.95~923.0 pg-mL™" FIRESTE R 2
RIFEMXR, KM FIEN: y=3.3694x-0.861, HHX F
# r=0.999 9, B-PGME 7E 0.97~912.0 ug-mL ™" BIIREE
ENERFEMEXR, ZHEFEN: y=3.8134x-0.449,
8% %K r=0.999 9, a-PGME 1 B-PGME fY 755440 H
PR3 5079 0.28 pg-mL™ # 0.29 pg-mL™, HEEE IR
359 0.95 ug-mL™ 1 0.97 pug-mL™ £ REERFR A
1.5 L, SRRATI N 1.0 mL IRHET, BRAZENR
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e RENREEZRE, o-PGME ] B-PGME B 5
FEREKHIREYN 019 mgm™, HERBEEERE
%079 0.63 mg-m~> 1 0.65 mg:m~>,

EIRRTREER ) 94.7%; B-PGME HIRRIRAER Ny 92.2%~
98.1%, FIIREILZE N 95.9%0 3% 3.

®2 EHRERRLER (n=6)

Table 2 Accuracy test results for the proposed method (n=6)

BR FEE/ng TR e  NSB/ug THIATENEE/%
a-PGME 92.41+4.7 92.30 184.246.3 99.4
181.348.6 184.6 363.6+15.8 98.8
366.6+12.9 369.2 736.8+36.8 100.3
B-PGME 91.80%5.3 91.20 185.646.8 102.9
182.749.8 182.4 367.3+16.9 101.2
360.8+14.8 364.8 712.4+40.2 96.4

90
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S IR
# W -RaE 2R
1%( o I 2 Eﬁﬂg 1 ﬁ@‘
= 100 JPTEICIEY

888211 89.690.1
56 538
777 783780 BT
75 | o 717 727724 =
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0
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SRR
L] SRR TS e R k-FER SRR SNE Dt
1 RREILLHIFERAREATF a-PGME 1 B-PGME HIfER
MELRE
Figure 1 Desorption efficiencies of a-PGME and B-PGME by dif-
ferent proportions of desorption solution

23 FEREESHERE

a-PGME BY it (N #5 22 FE RSD U 2.8%~4.9%; B-
PGME BI#LNFEEE RSD /9 2.8%~5.1%. a-PGME Vit
[B1¥5 2 E RSD N 4.2%~5.7%; B-PGME Bt EI}E 2 E
RSD 9 4.5%~5.9%. W3R 1o &5 7AR a-PGME BYF1Y
INFREIER A 98.8%~100.3%, B-PGME FY 15N 4x[a]

WA 96.4%~102.9%0 T3 2,
R 1 WMAEENMA. HEREZEERRLER (n=6)
Table 1 Results of intra - and inter-batch precision tests for the
proposed method (n=6)

e i
B MERNE e e HRsom  VER o
(%2s)/ug

a-PGME 184.6 171.5+4.8 2.8 171.0+7.2 4.2
369.2 346.2+14.7 4.2 346.1+19.4 5.6
738.4 714.9434.8 4.9 715.2+41.1 5.7
B-PGME 182.4 167.2+4.7 2.8 167.9+7.5 4.5
364.8 350.4+15.0 4.3 353.5+18.0 5.1
729.6 721.0£37.0 5.1 708.6+41.9 5.9

2.4 FRIRRE
TEM R BT a-PGME BIRRIRRE Y 92.7%~97.3%,

U] FMAREIUER= | MBE-ANKE | /INIREx100%; =HEMER
BRI o-PGME ] B-PGME,
xR 3 BRMELBRER (n=6)
Table 3 Desorption efficiency test results for the proposed
method (n=6)

B MINE/ug MSE/ e FIIRRIRRAZR /%
a-PGME 184.6 171.245.8 92.7
369.2 347.4+12.5 94.1
738.4 718.1+33.3 97.3
B-PGME 182.4 168.1+5.4 92.2
364.8 355.8+16.0 97.5
729.6 716.0+41.5 98.1

2.5 REME

£, ERMHRE(.L B 2 BFHNARIFRE) T,
Toie K BY (8] 3 2 %2 BY (8] K, FIIRBFERERIY RN
100%o M 3% 4,
2.6 RfIRE

& &N 58 a-PGME # B-PGME & /)N T B E& B9
5%, BUEMERFIEEXT a-PGME BIRMIREAT 13.9mg
(100 mg JEME R FIFI) , 33 B-PGME IIRIIBREKTF
2.7 mg(100 mg SEME R IR HIFI) o
2.7 BREMIRE

ZERER a-PGME IEZE/R(25~30 °C) FRFE 7d
a4 °CkFEARRE 15d, FERER 4.2%F 5.1%, p-
PGME TEZ=R(25~30 °C) TR7E 7 d M 4 °C 7k FaA R
Z715d, FREERN 4.5%H 4.8%, WEAEMERE T a-
PGME # B-PGME AIFRERTE 7 d(Z=E F)# 15d(4°C
ZKFEA) » MR 5 FFK 60
2.8 FHLIAIRFRRLE

KT EBER o-PGME 1 B-PGME 5 E A K. B
EN_SFRERN#EITIHE, 7 BRRER, BT
o WE 2,
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BRAFENKETEAEF SR BINBRE
{iI B9 = S 3 17 I 17 52 B 8] K A£(100 mL-min™ R
15 min) A BT [8) R A£ (50 mL-min™ &£ 2 h) FH M Eo
FRET, ZRAULENBNITEHRMT=SH a-PGME
N B-PGME B9 %2 BY [8] 2% fil 7R FE 79 18.69 mg:m™
2.19 mgm>, BY B AN B IFRE N 6.03 mgm™ H
1.08 mg:m~>, AN, Z L TIERT TR = [P
BX. BAE. . FERGRPEZEINATIY
= ivdun S

R4 REREMRMAIERNNER (n=3)
Table 4 Sampling efficiency and adsorption capacity test results
for the proposed method (n=3)

TTE BY B

RER REN RE NTY ARG BRUE THRE

e 2/(Lmin?) [@/min FFY/L RELR H2/g BR/g BE/%
EE/(mg:m™)
a-PGME  0.10 15 15 55.8 83.7 <095  100.0
0.10 15 15 1112 1668  <0.95  100.0
0.05 120 6.0 35.95 2157 <095  100.0
0.05 120 6.0 747.3 4484 <095  100.0
B-PGME  0.10 15 15 30.33 4550  <0.97  100.0
0.10 15 15 593.1 889.7  <0.97  100.0
0.05 120 6.0 7.71 4627 <097  100.0
0.05 120 6.0 148.1 888.7  <0.97  100.0

CE] PHXRBERE-sRNVEYE/(FIERNEBYEFENEY
2)x100%; THEERERGEEIIFRREH o-PGME 1 B-PGME,

R5 HERREMARER (ZETHRE, n=6)
Table 5 Sample stability test results (stored at room
temperature, n=6)

=3 8 /ne  FRERE/D  NEE/e  TEITREER/%
o-PGME 369.2 0 367.8 —
3 357.7 27
5 355.8 33
7 3525 4.2
B-PGME 364.8 0 368.0 —
3 360.9 1.9
5 359.4 23
7 351.4 4.5

CE] FHTRE(HEXHVNEE-RERNMESR)/HRHME
2Bx100%; TAEHREYREE o-PGME ] B-PGME,

x6 HRREMIRESR (4 °CKFERRF, n=6)

Table 6 Sample stability test results (stored in a refrigerator at

4°C, n=6)
&R RIFETIE/d  IARE/g  WER/mg  TITEE/%
o-PGME 0 369.2 366.1 =
15 347.6 5.1
B-PGME 0 364.8 366.2 =
15 3487 48

o]
N
o Kaal .
175 2 (12]E —
| G g S
< v
£ 125
)
it
iy
am 75
25 7
0 2 4 6 8
& B8] /min

CEIIFE Ak 3.116; BES: 3.482; — SR Le: 3.633; a-PGME: 6.609:
B-PGME: 7.248,

2 a-PGME. B-PGME SiIf&EEkk. HEM AR
SEGIEE
Figure 2 Separation chromatograms of 1-methoxy-2-propanol
and 2-methoxy-1-propanol with epoxy propane, methanol, and
dichloromethane

3 318

PGME HiZE & M58, EEFERASEEIE A HITIR
W, ZARISERINLE T EETT T ek, 5t
F a-PGME, AR AR HIEC LE R B BYE NIOSH( /5
7% 2554) " — R B be /R ES(85:15), 5 REFEM
FERAR — R B ke/RER(95:5) BFfER, Bal&HE
Xk IRE B-PGME, AR A E BT PGME T =
MR, T TRRARFIELRR, ERKRAXF
PGME P R 11K, — S B e /B EZ(85:15) fE IR TR
BRIV R RIT. AIRER A A ERNRREIE: HhH
HE R EIE, EHEREFPHNMAETEH SN
RN ATEMERA TR T RIF, FRNITER
NAEMSEHSERRYIEREZMGNE RN E
ffatt,

FRRKAFUERERETEZIFAIESPH o
PGME #1 B-PGME, LA Z R B e/ FRE2(85: 15) {E AR K
BRER, BSAGEESE, KL FD N, BT
AV 17 Fr = S5 o-PGME F1 B-PGME BYA 7 2 1 - S 48
BENE X, AL EZRNNE LEHFRESEN
HEMRS, TIHERRAMIIFHRNERYRBEER D
RFHNE,

PGME RMANFKER I HREERRENE R, B
EHEENBERERZM, FABWVNEIREIHE
ENEEMTLRREN, 2EE IR, N5RER TR
ALBRIP, RN R RARERHE, BUESRARMN
PEIR, TR ER LR AY & £ FE MR HIE PGME BY
ERViZft fR{E, At AEXEREEZBI I HERIBES MR
KA E IR A E R, RIRGIE IR EAh R E, Xt
TEHFTREFITIES, 8151 PGME HEXER LA
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BENRE. A EDBURE, ERES, 1 HRK,
FEBTUHENRYIA R GBZ/T 210.4—2008 BRI D4R
EFIEIEEE 4 B9 TEGFATSSHHUEMRNE
FE) ER, ol LB IR BE RN TENEE,
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