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This study evaluated analytical methods for the mixture of ethylene glycol (EG) and didecyldimethyl ammo-
nium chloride (DDAC), which are used as the main components of deodorants and biocides. EG and DDAC
were nebulized in aerosol into inhalation chambers. For absorbents of EG and DDAC, XAD-7 OVS resin and
glass fiber (GF) filters were used, respectively. Instrumental analysis was conducted with gas chromatography/
flame ionization detector (GC/FID) for EG and high performance liquid chromatography with triple-qua-
drupole mass spectrometer (LC/MS/MS) for DDAC. The method detection limit (MDL) and the limit of quan-
titation (LOQ) were 24 ug/m> and 77 pg/m> for EG, and 13 ng/m> and 41 ng/m?> for DDAC. The recovery rates
ranged from 100.7% to 105.5% for EG, and 97.4% to 98.9% for DDAC. The relative standard deviation (RSD)
of EG and DDAC ranged less than 5.72%. Daily monitoring was also conducted at the concentration of 0.2%
for 7 days. The results showed that the mean values ranged from 0.728 mg/m> to 0.739 mg/m? and the overall
accuracy was 11.9% to 16.2%.
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2.1. MENE

Ethylene glycol (EG, 99.8%) % didecyldimethyl
ammonium chloride (DDAC, 99.9%)¢] ®s&32 7}
7} Sigma Aldrich (USA) ¥ Shin Won Chemtrade
(China)s 73t AREsISITE U= X4
ANEE FEs] g &) 9 AR ARmED
] (High Performance Liquid Chromatography:

HPLC)?] ©]5732 % methanol(Wako, Japan)ys AR&-5}
gon ol =g o ALE-3l ammonium ace-

tate (Junsei, Japan)= SFAIS ARESIATE A
AREE ZIFAE= XAD-7 OVS (SKC, USA) 2 GF
(Glass fiber) 2E(2 pm, 37 mm, Whatman, USA)

NE F5& 98] AFEE bath FHo] 2guE7]=
Branson 8510 (USAYS ARg-skith.
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Fig. 1. Particle size distribution of EG and DDAC aerosol
in inhalation chambers.
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SHE)E 33 SRS A RRE H“@%ﬂ (Six-
Jet Collision Nebulizer, Dongsung, Korea)s ©]-835}5]
ot} AP E2 YA=7]= Portable aerosol spectrome-
ter (Model 1.109, Grimm aerosol technik, GMBH,
German)s AREsHY] 24319901 0325~0.475 pumell
A 44.0%Z 7Y =S EEXE B okHg 1)

2.3. AE2=F 9 B
EGe] A= XAD-7 OVS FES /\F&ﬂ"i‘ﬂr. A
B Age] g2k XAD-7 OVS FHO FHES F3)
0# 15 mLe] Y4l ¥ 10 mLe] methanol—% 7t
F 3027 250 FES sto] 2RI E3E
Ln: 0.45 pm PTFE ZH=Z A& % GCFID (Gas
chromatography/flame ionization detector)® #2311
T} DDAC 45 el AH-E 23Al= GF ZEIE A}
Sslsith 2SN E7F ZE GF 2HE J/éh{r
o Y37 10 mLe] methanolg 7k & 3087 %
sl 225t 71§ 0.20 um PTFE NEH]
dHZ o3t & 10~50 ug/Le] HHE 10~5000] 3]
2A8ke] PREFEHQ didodecyldimethyl ammonium
bromide (DDDAB) 20 pg/LE 7SItk g4 A&
= 15 mL 48 vlo]d(Waters, USA) o} LC/
MS/MS (liquid chromatography/tandem mass spec-
trometry)= 434t}
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Table 1. Chemical and physical structure of EG and DDAC

Ethylene glycol Didecyl dimethyl ammonium chloride
N ‘/
Molecular structure /\/ o \/\/J\/\’N%
HO cr
Molecular formula C,H,(OH), CyyH,sCIN
Molecular weight 62.07 g/mol 362.08 g/mol
Density 1.113 g/em® (at 20°C) 0.95 g/cm®
Melting point -13°C 228.81°C
Boiling point 197.4°C 534.7°C
Vapor pressure 0.07 (mmHg at 20°C) 2.33x10"" (mmHg at 25°C)
Solubility miscible with lower aliphatic alcohol 0.55 mg/L (at 25°C)

Table 2. MRM conditions of DDAC and DDDAB

Compounds Precursor ion Product ion Retention time  Cone voltage  Collision Energy
P (m/2) m/2) (min) W) (eV)
Didecyldimethyl 326.6 186.3 2.14 50.0 30.0
ammonium chloride
Didodecyldimethyl 382.7 214.4 4.66 50.0 30.0
ammonium bromide
24. 717|2 =2 kvE AA3ATE E42 Electrospray positive (ESI+)
EG 4<% GCFIDZE AH3199on, DDAC 48 R tEur-$ 2 Y E Y HE (multiple  reaction

LCMSMSE AH&3t9dth. GCFID= AgilentAhe]  monitoring, MRM)S. 2 Z2J 3131t
7890N GC7F ARgEISlem, 245 s dAld GC

AY-e J&W ScientificAke] DB-WAX (30 m x 0.25 25. HMEM 9l AEJM =Y

mm x 025 um)e|Ath S FUT+ == 230°C EGe] A 25549 WF5 AlZHE v|ast
Z 3om 10:19] split ZEoA 1 uLZ AlEE F o AE35192H, DDACE MRMS] %27 (Table 2,
et 4t 7kAE He (99.995%)2 ARE8I9oH,  Fig 2)S ulgog FFEZ uig A7kS vlwes}
QBo] £o xS 7] 100°ColA Y 10°CE 200 o A=eict. A4F4e EGY A9 55849 &
°C7HA] 7R & g fA18ISEh FID AE71e] =oF v39] WAS vlwstes A% 244 (external

L 300°CE AR on 829 §A87] 918kl standard method)S ©]-8-81%1.2m 5 mg/L, 10 mg/L,
TV H F7] 5 ZH2F 30 2 400 mL/min® 20 mg/L, 50 mg/L ¥ 100 mg/lLe] FT==2 AZXH %
2 A =& gk 12} A4S o)gste] 2kt
DDAC #4& 98l A% HPLC:= Aliance 2695  DDACE ZFEH9] w9l vawde Ui isEd
(Waters, USA)|lon, e 7]= Quattro micro ¢ WAH|E o]-&3F WHEF (internal standard me-
API (Micromass, USA)E ARE-3Ith F98 A89 thod)S ©]831510™ 20 pgl 5o WHREZLo)
e 10 uLE agon, APE 12521 mm @5  H71E 05 pgl, 1 pgl, 2 pgl, 5 pgl, 10 pgl,
pum) Thermo Betasil®C,q 25 ZAHo] AZH 100x 20 ugL, 50 pg/L 2 100 pg/Le] F=o EFH§ o
21 mm (35 pm) Thermo Betasil®C,g& AMESIAl  tish 13} HA124]E o]g-3te] 2t
ot} E44] o]5AS 10 mM ammonium acetateS}
methanolS AM&31900H 10:90 H]-&¢] 582 REg 2.6. AEsH % HESH|
24350t o549 758 300 ul/mine] 52 & HPHAZ3H7) (method  detection limit, MDL) @ &
HFUY AP oo ex= 35CE vAslgich. 22 3| (limit of quantification, LOQ)= EG®] 749 5
BA7] 4L source &9} desolvation &%=5 22} mgLE XAD-7 OVSel, DDACE 5 pglLE GF ZE
120°C 2 420°CE 313 o0 capillary voltages= 3.5 o H7isle] AAg] W} S AAER0H o]
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Fig. 2. MS/MS fragmentation for DDAC.

g e YT PUAZIA AR B0
AFYNH/IE B9 AR el W pse
EEEA) 3142 F3l] WPskglon, BuAE B
AR 102 Fajo] A&k

2.7. 8|8 ¥ NYUz
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Q3+ A sIEe™, Holcapek!”S% benzoyl chlo-
ride2 FE=ASE WHe-S sl HPLCE #4315t} o]
o] Wksle] GC/FID ¥4¥H-& NIOSH (National Insti-
tute for Occupational Safety and Health)ol] #|A] =] o]
UE T FAPoEN fFEASL e glon HA
27} 7Hsiths S 7ERIAL QT ofol] E <Atollx
£ EG 48 95l GCFIDE 417g319itt. DDACE
#ZE% (boiling point)e] 534.7°Co]7] W&o GCE &
A3 ol AUSRHAARIS 7K 45 dEES
2 g wAge] x9EA] o7 wie] ) HPLC 7
Z7] 5 ALA 7R3 7Z7]1(UV/ visable detector)-t
&3 71%7] (fluorescence detector) 53 7S 253317
1 AE7|EE Aol ot} ool FAo] 7hse
|12 A=EHE7 17 AR oA ZrkE 19 (lon
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Fig. 3. Chromatogram of (a) EG and (b) DDAC.
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Fig. 4. Calibration curve of (a) EG and (b) DDAC.
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HAlsle] PTFE 2H, GF ZE, 48)714 2 XAD-2
Ao gt 3)4g AlFS HAAsIE e 1 A3 GF
JE7} 718 HAAL AASIL o] & Hlge s 2
TollXE EG 2 DDACO tigh WazEsA 2 A
SHAIE AAlEIen L AxE Table 360 AAISIAT
4 A3, EGe WHAEE 058 mg/lolw A
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L 2 099 pglEx, 0|2 AAE o2 37 3%
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024 m’E 71Fo 2 FY %M W 37 & s=2
kst AEele 27 13 ngm?, ERAE 41
ng/m’Z VERTH 2 aqw C A ECE ) o)
2 AR FYwE v PAYshs Fv) e
TEE 24 7Fed Jlog .

+8 ¥

RSD= SU=E3Ho A E AR
VS % GF Aol i3t a&5 ﬁb}s}ﬂ
ngé—% A7ksted AAjsieith EGE 348

7 OVSl 5 mg/lL, 10 mg/L ¥ 20 mg/L2
%7}0}&1 AAEOR o|F 38 wEsksnt,
gAl BAE RS Azt oulst wslv]
2 gFren olg Fal AHEs HAst A
= EIeIitkFig 1). 24 et Hit 358
=23 43} 31482 100.7~1055% HGL
o RSDE 5.72% ©13t=2 E1=9)

@
N d
5
0z
ng
o Hl

TRELP
i E § a
nﬁi " o o ou
AN
N o
o

(

(¢3

Z=ZIA
=

= Hol

‘H

ol [
mo

B =
R

1tk DDACY 358
£ GF oAl 5 pgl, 10 ugl 2 20 pglelxel %
=2 A7t 35 AEe 747 3HkE RdEte] =& st
Ak A8 A3}, 974~989%¢] IFEE HYowH
RSDE 1.00~2.13%= et

¢

3.4. EI_A-II:'I:-l 745
Table 5= SHd A=de] A3 vfRoE FY=FE
AWM T=E z“dé‘vl 95led DDAC 2 EG
A&} DDAC+EG EINEE 02%2 A3t A
el f3k& oF 2.0 Lmin® 2 12087+ X33

X RUHPE S Ald A3 Jepd Aotk 14
7, EGY ©dEZe (0.728+0.143) mg/m°®, SIHE

Table 3. Method detection limit (MDL) and limit of quantitation (LOQ) of EG and DDAC

Compounds Sampler MDL"Y LOQY
Ethylene glycol XAD-7 0.58 mg/L 1.84 mg/L
Didecyldimethyl .

ammonium chloride GF Filter 0.31 ug/L 0.99 ug/L
DMDL: method detection limit, ?LOQ: Limit of quantitation.
Table 4. Recovery and relative standard deviation (RSD) of (a) EG and (b) DDAC
Compounds Low" Medium®’ High?
P Recovery (%) RSD? (%) Recovery (%) RSD (%) Recovery (%) RSD (%)
Ethylene glycol 105.2 1.1 105.5 5.72 100.7 1.06
Didecyldimethyl 98.9 1.03 98.5 1.00 97.4 2.13

ammonium chloride

ULow concentration: EG 5 mg/L, DDAC 5 ug/L, ?Medium concentration: EG 10 mg/L, DDAC 10 pg/L, High
concentration: EG 20 mg/L, DDAC 20 pg/L, RSD: relative standard deviation.
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Table 5. Mean (mg/m®), coefficient of variation (%) and Overall accuracy (%) of EG, DDAC and its mix compounds in

inhalation chambers during 7 days

EG EG (Mix) DDAC DDAC (Mix)

Mean (mg/m°®) 0.728+0.143 0.732+0.108 0.739+0.110 0.728+0.059
CV (%) 19.6 14.8 14.9 8.1
Overall Accuracy (%) 16.2 14.8 16.2 11.9

DC.V: coefficient of variation.

© (0.73240.108) mg/m®, DDACS] TrIE (0.739+
0.110) mg/m?®, EFEZL (0.728+0.059) mg/m’EA
A 328 Bt AUEs EGolAM TddEZ
19.6%, E3H=2S 14.8%, DDACS] TAEZL 14.9%,
E3EEL 81%= YERGTHTable 5). ©]E NIOSH 7]
Fl A AN AAF S oz Y| 7z
16.2%, 14.8%, 162% 2 11.9%=M
NIOSH #3231 25% ©l3t= UERiT). o) o] A3z
FTHNE o & AdA] #AAIgE EG ¥ DDAC &3H&
A FAES APEES A FY=F A W
EG 3 DDAC ®YEHe] g0 7Fed 2oz Atk
=™, &5 EG 9 DDACY &=l g 549415
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