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8 9F . Glycol ethers= HIES] &3] ALEE|E= ethylene glycol?] alkyl ethersoll 7|9 & £AE
ojt}, o] EAEL I o AEATF oH =S}t 4T &4 WY Ay} fEo] ¢ =2 |
S 7FA2 et Union Carbide Corp.= “Glycol ethers"S slte] nj=k Axz SEJon, ol AeF
e} Aard A, P, 43, da 2 SAHRJIENA HoHs 4 Qlrh. BFA glycol ethers= 182 A|A
Al, AlA, ollelzE wINES HRAAE AT tEEE glycol ethers= -84, AEoi/dolH,
ofF A 49| glycol etherstro] f-=Aolata oJAZIE IBR glycol etherse #7ol 2482 ¥
2 A A= gt T AF= glycol ethersoll A4 &%= Aol B4 A2 A 2543 3ol
o] ok AAFARE, o= B o]Fol o5l ¥HEojR] 1 QiTh

2 A= 37FA F79 glycol ethers®] WRZFAo ol A<t AlAlO] 2g-& ARESHe] A
IS 53 A3ttt Methyl glycol ethers, ethyl glycol ethers and butyl glycol ethers®] &5+= 9
o B7E Sl AdTels Z3= Ut Epidermal membranest Franz diffusion cellsoll Al¢ReH, 1=
o] PBS HEE2 glycol ethers?} epidermal surfaceo]] Z-&%7] A, mFeo] BHHS Q3] Azt

7B glycol ethers®] E4&2 A &4 T (A m) oA FFEE SH5t] AAsIEoH, AFEE9)
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o g5l W B pEEito] Mol AYEE oA S5 237 wwelth

FAe - 2EE oHzE, MR, JEE, A, AU

ik

T4} (E-mail: hslee@yongin.ac.kr)

- 116 -



N
o,
st
1207
i)
ox
Jz
&

i
N
i
o
ax
_|u:
o,
HOI(
B
™,
fol
9,
fol
N

TR LR

ral
Ol
ra

Abstract ©  Glycol ethers are a group of solvents based on alkyl ethers of ethylene glycol
commonly used in paints. These solvents typically have a higher boiling point, together with the
favorable solvent properties of lower—molecular weight ethers and alcohols. The word "Glycol
ethers" was registered as a United States trademark by Union Carbide Corp. Typically, glycol ethers
are found in pharmaceuticals, sunscreens, cosmetics, inks, dyes and water based paints. On the
other hand, glycol ethers are used in degreasers, cleaners, aerosol paints and adhesives. Most glycol
ethers are relatively water soluble, biodegradable and only a few are considered toxic. Therefore,
they are unlikely to pose an adverse risk to the environment. Recent study suggests that
occupational exposure to glycol ethers is related to low motile sperm count in men, but the finding
has been disputed by others.

In this study, skin permeation of 3 types glycol ethers were studied in vitro using matrix such
as solvent and detergent. The absorption of glycol ethers[methyl glycol ethers(MC), ethyl glycol
ethers(EC) and butyl glycol ethers(BC)] has been measured in wvitro through rat skin. Epidermal
membranes were set up in Franz diffusion cells and their permeability to PBS measured to establish
the integrity of the skin before the glycol ethers were applied to the epidermal surface. Absorption
rates for each glycol ethers were determined and permeability assessment made to quantify any
irreversible alterations in barrier function due to contact with the esters. Types of glycol ethers in
vitro experimental results on MC) EC) BC quickly appeared in the following order: skin
permeation was beneficial to the skin permeation small molecular weight, the difference in chemical
structure, such as hydrophilic, because with the partition coefficient and solubility mechanisms and
passive diffusion to increase the speed at which transmission is considered.

Keywords * glycol ehters, percutaneous absorption, permeation rate, in vitro, surfactant

1. M 2 H, 22 o =& © A= HEHgLF
(granulocytopenia)ol] gt 1ol glom, oA

AaA g@etr-a 84 F AL OF AFEEe FAAAHE, FAEZES(oligospermia) 18|31l F
glycol — ethersi=  olgdZeE Riog= g5 (azoospermia)ll 1ol ATkl L&A QL

(HOCH,CH,OR)Z4] Union CarbideAt?] 5= t}. Butyl glycol ethers®] 2=}t eZof gt &
AEoln 71Ao] AHsHH, ZH|Ho=Z Aer A ACGIH®] dA &= ZHTLV)2 0.4 ppm<

gdol FaL o FA] T BRYIE 2] B 84 2 AdRFeldE 20 ppmez A 9l
TEmot 8ol 2 A4 Ad8A H 7t t}.[4-6]
48 AEARA FEHLASH AH8E= 2ol Glycol ethers®] 445 H FY5-dol i HH
sfete] FHA TorE =7k Arh[1-3] B Z dEA glov, A 9 AgofA
292 Y28t FgA THY &4, o= Tt A ARgEFo] Wolx| 1, L EeFo] Zr}st
F718A49] SUEEE WdF1 X, 7;313._—2— B 49 glycol ethers®] mEES =3t F4 Ax:
o5l Mg 24 H (methyl  glycol  ethers, Aol delA A o2 Aol
2-ME), 2-ethoxyethanol(glycol ethers, 2-EE), et ShotEd ¥R F5 d9e SHES X
2-ethoxyethyl —acetate(glycol —ethers acetate, et m R afsto|ut ofst FopolA F4-0] golA
2-EEA), HBA=ZEH(butyl glycol ethers, vy, A, oF 54 8 TQI’EH/%]O] T2 4
2-BE),  1-methoxy—2-propanol(1-MP) % TFEol grov J—]J 2] 27 9 gl 3l
2-methyl-3-methoxy butanol¥} Z-2 ZF7} 9l oA mEgs et AR, S5 aokiﬂ Bt 5 o
=3 2] ZopollA theFet A7 A= QUek[7-9]
Glycol etherse= Z4=¢F 18] 542 do7] stetEde diger ARt Hgchs A7t &
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Glycol ethersof] tiet o £3} E4 3

B Ao ME glycol ethers AW S+ 7=
elixE 71E0l gol &2 B+ 2 25 9
ST ofye} glycol ethers F-HAIE9
ArgaiEle] w2 nRLE U HIFo| o3t 4
d= 18 "deddol AZEA Stk ol
glycol ethers -HAIZES AREotL Fgote] o
2t HRHZ ot »F F5 BIFE Sl m
vitroo| A glycol ethers®] m&F Bl £E& A+
Sto] glycol ethers 279 & mEBEEy EAHS
B7Fstarzt skt

o 4o

2,

24
I3

21, M R ¥ S A=y

Glycol ethers T& S5 AP 7|A|(matrix)
2 AFgH MAA (detergent)= g0z AW
FAAE F dier JH deadel adshe
T 3ALY] AIEE 712 Ho]AR Sho] ARESES
oy o Foket 4= o839 glycol ethers
F % MC(methyl glycol ethers), EC(ethyl
glycol ethers) @ BC(butyl glycol ethers)=
SigmaAte] Eg AloFE ARESHAITE ARl A%
H glycol ethers 3F9] 3} XE Fig. 1] YEt
i it

A MilliporeAte]  Milli-Q
Reference Water Purification System< AR8-5}ho
Ae)gh gol2pE Aol or Ay Ae|ste] A
Bkt In virro A@oNA el Al @7 &4
it &5 8oz Sigmaite] phosphate
buffered saline(sodium chloride 120 mmol,

Sl

potassium chloride 2.7 mmol, phosphate buffer
salt 10 mmol, PBS)S o]gote] pH 742 A|x
stem, 7Iet Ao ARget gk, PA 59
fufj= A Sigma AlES AMESHITH
AdEE2 didhteledaold 4 ~ 5 F99
Fischer 344 RatE HoF dtopr & 23+3 T,
ST 50+5 %, 7] 10 ~ 15 /1 €, 12 Azt
F7] 3¢ v @ 2% 150 ~ 300 Lux®] &7
ZNA dFLT HS SRR SFFY A
gk Rata AEIste] ZE7EEYOIE ARS A
o]z], 280W x 400L X 1700H, mm)% H+t
A%l digt Aolg Asstslel 3ufel Hol 2
= Aaele] Agalon, A4 2L B
AAe Agen B2 Aot S8 43
e At=@EHE A= Co., ©53HE 65.6 %,

)
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Molecular formula C3HgO,
Molar mass 76.09 g/mol
Density 0.965 g/cm3
Melting point -85 °C
Boiling point 124~125 °C

/\O/\/OH

Molecular formula C,H,;;O>
Molar mass 90.12 g/mol
Appearance clear liquid
Density 0.930 g/cm?3, liquid
Melting point -70 °C,
Boiling point 135 °C
Solubility in water miscible

NN O/\/OH

Molecular formula CgHy40;
Molar mass 118.17 g/mol
Appearance Clear, colorless liquid
Density 090 g/em?, liquid

(@) MC(Amax © 292nm)  (B)EC(A max :
274nm) (c) BC(A sy © 243nm)
Fig. 1. Chemical structure for three kinds of
glycol ethers.
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2.2.1. EﬂHE?MH Az

& 55 MY Axe 44" 48
o] é@ﬁ]— 312} Sk glycol ethers®] & Z+
AYGSHA FHoto] BEAMAFAT ojuf 71A4] wxk
£ AR8Ste] A ARE BeF #ASHA 24
s Shlck oF =ik Aol Ag5k 7t
9] glycol ethers®] %2 NOAEL(no observable
adverse effect leveD) 9] Do) tht FAEE 0.5
mg/day @ THJiZE 16 mg/daye] Rate] gt
71#[18-19]c2 Z+Zto] g 100.0 mlgd 0.2
ml9] glycol ethers S5 A7ste] ATt
A=A MCO 739+ HAd8HS Fsto] HA
Y1 wH71E ARESEe] 200 rpme] £ 0.5
AlZE FQF wHtsto] ¢bd BAMAIZIeH 11 b
t}2 glycol ethers(EC, BO)ol| tigt Adm -2
Wriog Azxsigioh. Adol 71 Al(matrix) = ©]
a5t A-A 7]_% Z4& Table 291 WUerfd
of Alxe AE2 B85t AR wizbx] PEW
of Hytstar Al off with S do] ARESHA

u:[olu

_1}1_, ol:o N N2

Table 1. Grouping of rats for transdermal experiments iz vitro

Grouping No. of rat
Solvent MC 10
+ Water EC 10
BC 10
Detergent Mc 10
+ Wagter EC 10
BC 10
Total 60
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o}, 3] 184 w2 FoAe] Wk WAl 9
A 5o oA TES AAstRon Fig 2= A

Table 2. Component of detergent using

experiment

Component Dow/w
Water 90.3
Sodium phosphate tribasic 12H,0 1.0
Surfactant 2.0
Meta Sodium Silicate 0.2
Methyl glycol ethers 50
(Ethyl, Butyl glycol ethers)

Sodium Pyrophosphate 1.5
Perfume q.s
Total 100

+q.s . quantum sufficit’

of Transdermal
of Chemicals

Fig. 2. Schematic

Diagram
Absorption  Apparatus

Release In Vitro.

2.2.2. In vitroo| A 9] D} EX

U z7Hoz2 ARH glycol ethers mEEH
AL in viroe]A ] 50 mle] FuE 7HA™ A
Z2F Rat®] 977F 1HH Fip Al 4]
SFAE 9 37105 T2 FAH F2xolA
Adstlon wHt7|E ARESto] 9 F910]
wE=olu AAAGS AASATH2l. o A
Y= ¢ FAAHEE "= HP(Hewlett—
Packard)At &% FLAB8453  UV-Vis
Spectrophotometer) & AHgot] F FLHOE

oX
W

Glycol ethersel] tjgh o2 =i} =

200 ~ 500 nmolA Z+ BAe] o 52 mA
A s 2Astg o Z B9 Ao T4 1t
B Amax © MC 1 292 nm, EC : 274 nm, BC :
243 nm)fA FFEE ZASIACH AR 3.0
mlE HAF 5 vp2 5P| PBSS Fo sink
conditionS 925+ ZF A3l 33] AX|Sto]
T HHHgE A

2.2.3. Glycol ethers 3% ) & =13
54 2 AFA 24

Aol AFESH glycol ethers 3%F9] Hr: ol
At &5 B8Rl PBSOl &Sl §aligt Z2te]
glycol ethers& Yo & 7lsto] © o4 &
&S f7tx] {SiAZ] & 37.0 £ 0.5 TCollA 24
A7t Zob wHkAZl & o] golle  millipore
filter(pore size: 0.2 ym)E AR o3 3
TAE olgsto] 7 glycol ethers®] Fdi &%
TPH A ma) OllA S5 S35t dAsHAr

HAFHL 429 glycol ethers 3EE AHE9
=4t & PBSe| &3llA]7]al 50, 100, 150, 200,
2 250 pg/Lel LR SAste] Z4zbe] glycol
ethers 39| 2t &5 oA S3= ge =
gote] 1 A=Y HPAS st Fapd
glycol ethers 3%9] =& A5t

224, In vierod| A9 TR BEIET S|4
nRE 53 ket 249 F4= et 2d0]
Aot A W Aro]o] sk zfolof whet o]
St @Adelth.[20] o]t o] st 249 mi
S WS A A 2e o] HiEolzet
AAHAT AAee 220 Fedoly diAt &
i sAlO dejdtt. sfet =49 mF
= Bt 2ol ZIAeF A W Ateld] &
Zolo] wte} oldst= @Afelth AdS A4
Fipsts A & g2 AA, 71A Sl
A gt =4, Z1A0IA A4ES mHoR 7,
AR, ZAAZANA 24t UA, Sl 2 o]
ste] o= 2o, oA, dokole Exn F
AN Bt AXA, du] FollA dEezo ofFY
o Az Y= = Atk

oje} gol sfet FHO| HF F4 A2
Vg w2l g o] whEolet ARt
AN Aoy tiAb S =t FA]
dojidtt. F FHils EHHH EFk &2
7] sFebA 91219 Tz AgEn, ofE
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st Bdol i Eiks R GAdE oA
o] &L= Aot 87t barrierdhold,
A(DellA (aC/aX)7F X TAIRe] dAstar o
FaHo 55t EWEErE 0olgtal 7Hgshd, o
Hefl= gox e 35t B4 s HA 534
o] B7FsotER FoiA|et &840 Fret ol
Ao ForRy ottt st 24 dE
P2 8ot s15F E-o| HuljAl4 Kol what
oo HujE]n £8A oA Sa=rt o ol
W] o= A7t fAE dta st 48
A Fozo] =7 35 B ERgF Qk o9

Aoz e,

D 1

TR LR

2HE Au7AE BEstal
T didstel ®1] HolF
A Bt HAlloly
FrE Yol mRRE7] o
FuEde oi HA9 0.1 % 7t =HA =W &
7] 2ol S8 BeEe Ae sstedwil
gt WE7T Ago] Jlorl 37 ¢t mi
S5 sHehado] Z1AeH AR Aele] F=
Aol ofgt @Relrt. AEFE Fiste A
SPIAL 714 SolA i, AdEo s el
S, M4 olste] Fo Ruf, mme Zin
SOl gt TeEjal An] FoA gHor
olPEE FEEIeR UE 4 ¢l

do E ON o

#z

3.

_..
g

In vitro % &
glycol ethers 3%-9]
el PRSOIA =A3HA
gt Z+ glycol ethers9] o &<
gty FFE s =7
B Fig. 31 Zo] HFHS
AFAde AMgstd in witro

ethers®] Fitgd2 Atstitt.

2~
T
Y

3

=
=

= AKLC |t —
Q A

2)

(A: Q’ﬂ’%i%@, CV: 3—?}3_11— %Z‘—_J—OJ %E, D: :,;:1}
AAG Ko BulAS, L 25 ¢ A7

o] JozhRE HAY FAASHS o]8dto]
A Bk B EAY-ARRAE Sfst] B
HiAlg- Kot 2itAlg- DE 78 4 vk 34

go] 71&717F BA&EE Jo|w o]
o e W] wHo] lag-time LTl 3
gotnz EitiE Jof LTE Jsiz=zre 38
S Qi webA o F barrierd] T4 L& <bct
H lag-time22HE DE Fstal Dot FaAS
K,2H%E K& otH Hrh.[22]

w¥e] Folyl SEUY RS 2%
ARE ExE A4 §HEc Byt g, A0
2 sjstzzoR Holgln gAlolt mgo] ]

2 & (—1)" Dn’n’t
- 5 Y —5—exp(- )
T n=1 N

LZ

absorbance

it

200

conaentration fmg]
3. Schematic diagram of calibration curve
to Amax(274nm) by EC(ethyl glycol
ethers).

Fig.
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ARG 3F9] in vitroolA el glycol ethers
solvent T3 Eile] AvS HW Fig 404}
ol Fgdo] €2 LA SAOlA  glycol
ethers¢] MC, EC ¥ BCO| E¥f&LE v wsHH
MC¥] lag time?t F3&kE{= 0.712 hrit 1.015
ug/cm?/h, ECO| lag timey¥} FEdEE (.738
hr} 1.123 pg/cm?/h, BCY| lag timed} Fxps
T 0.802 hrit 1.298 pg/cm?h o2 A4t
At

O Mc
O Ec
A BC
3|
c
K]
s N
(]
€
o 4
[e
©
€
]
o
E 2t
< A
sRB8Y
0 1 2 3 4 5 6 7
Time [hour]
Fig. 4. Percutaneous absorption amount of

selected glycol ethers three species
release versus time for glycol ethers
+water(Solvent) in vitro.

Fig. 5914 et Zo] AAARA A= AHg
gAIet Zol 7k 8AIY glycol ethersl MC,

Glycol ethersef] tiet o E3} E4 7

EC 9 BCY EH}&ELE HWsHH MCY lag
time? EP&EEE 0,705 hra} 1.009 xg/cm?/h,
EC9] lag timed?}t Ed&EEE 0.716 hrdt 1.095
pg/cm?/h, BCO lag timed} Edt&El= (.787
hr#}t 1.272 pg/cm?/h 02 A=t

Table 39] ZAxto]] Uepilzol Adlol o83t
glycol ethers 3%&%FA MC7l 27 Sof s}
Al 7P wE EREEE UEidigles BCAE 7t
=2 FHEEE UEUgIch

o

Amount of permeation [ug]

Time [hour]

absorption amount  of
selected glycol ethers three species
release versus time for Detergent in

Fig. 5. Percutaneous

VItro.

Table 3. Permeation parameters of glycol etherss through excised rat skin

from transdermal permeation

Permeation parameters

Formulation

J( uglcm?/hr)? Ty(hr)P D(cm?/hr x 10%°
BC Solvent 1.298 0.802 4.32
BC Detergent 1.272 0.787 4.71
EC Solvent 1.123 0.738 4.94
EC Detergent 1.095 0.716 4.83
MC Solvent 1.015 0.712 4.61
MC Detergent 1.009 0.705 4.67

a) Js : steady-—state flux, b) TL : lag time, ¢) D : diffusivity coefficient
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Fig. 6 ~ Fig. 89 Aulefx] HIzo] Zf7to]
glycol ethers 3%ol gt 7|A|o] ZHANAE I

B sxAnel SASHA detergent(AIAA))
solvent =02, AAFA|] Fa&Lrt 7P w2
Al e 2l

@® MC Detergent
B MC Solvent

IN o

Amount of permeation [ug]

Time [hour]
6. Percutaneous  absorption  ratio  for

matrix release versus time for MC in

Fig.

vitro.

® EC Detergent
B EC solvent

Amount of permeation [ug]

0 | | | | | |
4

Time [hour]

Fig. 7. Percutaneous  absorption ratio  for
matrix release versus time for EC in

vitro.

TR LR

@ BC Detergent
A BC Solvent

Amount of permeation [ug]

Time [hour]

Fig. 8. Percutaneous  absorption ratio  for
matrix release versus time for BC in

VItro.

glycol ethers 3ol Wt in vitrooll Al
b WREN AgoAe] AvE HH Z2
9] glycol ethers &4 7]Ao] (A4
|4, glycol ethers®] golt B Eaeko] ot
FEE7E o7t Yehbe AE Sid &
A"lgt glycol ethers 3%5ollA methyl
lycol ethersOMC) AAAZ} 71 w2 Evss
wet2lew butyl glycol ethers(BC) &A17F
=2 EAEEE YER I
T AL Aiteld BHE digioz MC
$71 Ade] o]ggt o glycol ethers?
Hot wE EoEEE Uetligith &, 714
2ol glo] MC7}t 71 wkE lag timed}t &
HEEE UEilglen  olgdt A= oE
glycol ethers A|AlEol Hlste] MCO| A% =%
o] feleh 22 EA, ket xo] Aol %
/30 FHiAlR 9 gk 5wl 7]Aet
ZHAzre] g geslo] of%t 45 ShitoflA Tt
= £ 5 ST Az oeh &
ol in witrool|A TFET ] FF= mA= dA
52 WS oSNt ol QIAES g AR
= A A& Fo=H i vivool A9

3

30 U 10 ol

a9
32
=

S
o2

i)
1B

ol

o

™ o, 1o
10 Jo

glycol ethers 22 &z gt oi F5
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