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Optimization of the Spectrophotometric Method using Eosin Y for
the Quantification of Guanidine Oligomers in Consumer Products
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A spectroscopic method using a specific interaction between guanidine groups and 2,4,5,7- tetrabromo-6-
oxido- 3-oxo-3H-xanthen-9-yl)benzoate (Eosin Y) for quantifying guanidine oligomers from consumer products
was optimized. Specifically, reaction time, detection wavelength, pH condition, and solid-phase extraction were
optimized with the method detection limits of 0.133, 0.155, and 0.195 mg/L for polyhexamethylene guanidine
(PHMG), polyhexamethylene biguanidine (PHMB), poly(2-(2-ethoxy)ethoxyethyl guanidium hydrochloride
(PGH), respectively. Using the method, the content of guanidine oligomers were determined from various con-
sumer products (wet tissues, contact lens cleaners, and make-up removers). This method can be used for detect-
ing the existence of guanidine oligomers from consumer products as a screening tool.
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TFolUtd A D]  polyhexamethylene  guanidine
(PHMG), polyhexamethylene biguanidine (PHMB),
poly(2-(2-ethoxy)ethoxyethyl guanidium hydrochloride
(PGH)= 7ol d(guanidine) 28715 $Ht-slal 1,
o] 28717} MxEEte] Ca**E tiAlgte =N ATt &
A Yo, AES ek 715E olgslel E
A= 2837] 98] ALE Bho| 12 o BASL
Aeo] B3 584 B WREH0] e Jow &
HA A B At o AR SEer, AR, 45 Al
A T vFe AdsteAFel =] AREEoIsk
o3 o] 7hedl PHMGS} PGHAR-S flollM 7iss
7] Fxdl A FYohe FuE AMEehe A AR
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o7 AlgHo] gor, 2011 skRAl A} 22 ¢l
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LC500= & - 4 7+ 300 mg/mPETh e Aow
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oA HH JFs FElsk #ET £ e,
3825 1 (no-observed adverse effect level; NO-
AEL)S 944 7H2}F 0.15 mg/m® &% o|sl2 =3
t}19  Scientific Committee on Consumer Safety
(SCCS)¢) 2015 HWol] w=w 0, 0.025, 0.25,
2.5 mgm®?] %02 PHMBel 6A17/1Y, 59/1F, &
4774203]) RHE F9 =29 FE T IEE 9 A
oA GFo] FEEom, NOAELS 0.0239 mg/mio.
2 2RIt PGHO vHEFY=/42 Fl 0, 0.10,
0.50, 2.00 mg/m®e] §FOZ 45F7F ukE N R-FS]
2 AAEIA o] Aol e SFER ol 4
o] FAHA = AR AFE eEwre] Al HlolA
HA WA gl BFo] JFEQr) o] A4 NOAEL
2 A9 A9 010 mgm® 2 4] A$- 050 mg/
m’Z I AcE12

AgselgEE ARgehe HEolA x| A Al
of X3he slekEdo] Al FrEo] FlE Lo
T SUth AEL b AME-S Pl e, AEs)st
FORNE e 23R, 548 XS ¢
Aol gk FAFQ HrpE R oA
e TRF7 VAl AP e HRIEEE w0
slEHEde] 55 9yt Toll A3 HE A2x 2 A
34z WE fEl-EAEe] AR B b - BAVE
o o]Asl 8Fe] ALs|SAFAA] 22z |o] e o)
&) AREAIREA R AT 2o, AT 5 9l
= Aol glole AgseAFol FHrE oA
LI E FEsH AT F (loh AEseHIFA
TFolUdA £2<1 PHMG, PHMB, PGHE #43l+=
EZEAMHo| ofF] AAEA] ettt PHMGS] &4
S 2= (2,4,5,7-tetrabromo-6-oxido-3-oxo-3H-xanthen-
9-yhbenzoate (Eosin Y)oF ol TlA] E49] itk
& o|&e UVVis &3} matrix-assisted laser
desorption ionization — time of flight (MALDI -
TOF) AL 043 4o 7fa= i) 410
PHMB®| 7-9-°li= Eosin Yo} 24 whg, 313 5HA)
AZrE 23] (high-performance liquid chromatogra-
phy; HPLC), MALDI-TOFE ©]-§8+ da F2jo] Al&-
Ak PGHE| 739 SH Q1 wayo] e A

£ 22 < glgloH, PHMGS 5Y3 E4HE

slo] EAEAT2 o] oA gelx
3k WY 712d| Eosin Y2 ©]8-3F dhai

¢l =425 gRIsh| olda, A9 mEYX 337}
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#1¢ Eosin Y= o817 S32444] =3} 37

AlZbo] AQ ) thFEe] AFAoA ofHA] A 7zt
= F Ue PE geslng, Qs E dhE
Tol Al &B]AHE WE A7 Yol 2323
of wj-- f-8&sict.

g & AT AEssHAE 5 Foud
A &g FHo s 23Edsl] 913k Al
2 Fold”|¢}t Eosin S5 (Eosin Y& 4',5'-dibromo-
3',6'-dihydroxy-2',7'-dinitro-1-spiro[isobenzofuran-3,9'-
xanthenelone (Eosin B))¢}e] #A10kg-g F3t UV-vis
TS FAskstaAt skt thi e el &
I 2= PHMG, PHMB, PGHE AAsli L, o5
Al 22l gk 3= o83 Ao A
=9, pH, X7 5o E42AE &SI #1A|
o8 PHMG7} o8 Ze= e =d et
PHMB7} &4 Aoz gl
AANE WFoE HAsIg AlFHE Fall Hras &

H39ich.

2.1. CHa 22|

2 AT AREE FoludAl &8 2™ (PHMG,
PHMB®} PGH)9] 2= Fig. 1o JepATt oy
A EEaHE gkt BAE 7R ofE e 3
Hle] elumz EAlsh], JYHoRE e Selwm
& F2lst ARSSIA] fet) S T FHo] &€
I FFEES AXSAY djele 3ol gler=,
2 dFixeE B AGEoE AREE BEEE
PHMG-chloride (99%), PHMB-hydrochloride (99%),
PGH (99%)E Shanghai Scunder Industrial Co., Ltd.
(Shanghai, China)ellA] Fllaldeh. £2e] =5 100%
2 7Hsla, ol 3k SRl &3lE &S B4

93 FFEEEE e

2.2, Algf & 7|5

A AZ3F PHMG, PHMB, PGH?] E5F89S 9]
&3t 33} SHRTE At ARgsISlen BFEAT
24, 3 AE: @ 9 358 AP ARSI
Eosin Y, Eosin B¢} Zz}o]2l(glycine, 98.5%)
Sigma-Aldrich (St. Louis, MO, USA)ell4 —Fulisksich.
2K hydrochloric acid, 35%)y& AT, A7]%=,
fghel=hellA] Fefsisitt. o AHIR; AlF PHMG,
PHMB7} 50 = EE17, A= AHA|, sPdA| A7}
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Fig. 1. Structure of target guanidine-base oligomer.
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2.3.
Eosin Y-PHMG F=A] gHo] T34x A~HEFH

PHMG &4 3tollA, Eosin®] 528 (A, 520
nm)°| Eosin YYPHMG F=A19] ST =
535 nm)OE o]FatH, F AHEHS] FHFEL 2o
£ 549 nm F=Zo4 7 At} o)== polyelectrolyte
associate (PHMG-Eosin Y)7} A %7] wj&o|z} &

=

24 Ak w2 Eosin YE ©]-83 PHMG 48
o] B2 (Fig. 2)2 vlE o E PHMB, PGH %=
HS 24 AS AAlEinh 23k o uA] 49
TAHS gslal FFsketaat £kt g9
pH, Z%821¢F Eosin 59| /¢ =0l We F4=

BA5199t) Eosin 959 tdE2d PHMG,
PHMB, PGH 2-891¢] u3-8 E3 a2

—= ]J-LO]'

——D.W+Eosin Y
PHMG+Eosin Y

Absorbance

----PHMB+Eosin Y

—-—-PGH+Eosin Y

500

550
Wavelength (nm)

600

Fig. 2. Absorption spectra of aqueous solution containing
Eosin Y, and Eosin Y with PHMG, PHMB, PGH.
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o309l Eosin BE FAGA|eko g Hgo] T2 Hils)
o FHEE v E yaigieh A58 Az W E£F
gole] pHell w24 iy B2 £33 5E Eosin Y

=

£ o]4¢ PHMG ‘P%QHQ] WS vige® PHMG,
PHMB, PGH =815 #4fsle] HlaLslsict. $5-8-<l
& Ferler Axsglon drtew g8l it
S(pH= 25, 297, 351 3.95, 4.38)2 A4}, )
&2 PHMG, PHMB, PGH¢} Eosin Y E529fe] &
AR mhE F3e] Aol Bklsh] S8l 1 mg/
Lg Axd Jrr/\]ioﬂ 0.05% Eosin YAEZS 713

5 PAHEA ~60)2 Fol FYEE S,
2.4. A™TM XM
FHe HEEA BE

PHMG, PHMB, PGH¢| 774
o} FHEE vuse R ETEY
method)s ©]&3I5lth 7+ % 026 (0.2, 04, 06, 1,
2, 4, 6) mgLE AZE ZFEA 1mlel 02 M 2

olal gg e 1 MLE E3sle] BHlA HAE o]

g3t EFEApH @ 3.6)% Axgrh gl
0.05% (w/w) Eosin YAEZ 0.1 mL go] thA] 28
2 gz TFe 57 102 FHoll 549 nme] golA
FHETAE o8l FTHES Y3 394
A=} Fxol Uigh 13} A4S o838l [t
g skt

(external standard

E_'

=

7 °]

5. A

PN 7234 (method  detection limit, MDL)YS 2%
mg/Le] PHMG, PHMB, PGH Z=8-9]
Eosin Y 34549 ubia AxE SUsH sl 73]
HHE A95le] AlalEls BEHEA 31432 Fake] ¢
A
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2.6. HESIEME M2 H 24

A TAIE U] FodA seEd BS99
FAPFFEROE A EE AAY F #ZskE Eosin Y
S BB OV AR A2 U
e wpEg} 4% sl nle T oA A HE &
AE FholA e ALY, 281 HE B3 el
A A AE Y Al W EEe xRS
Aol 2ATEITE AElE AlEe PHMG ) $H+-9 A
o2 RlE EEHG ArEAS IRIF T e AF
< 33 BEl9r 653 PHMBY} 3-8 208 39l
H A=AHA, SPEAAA 7 65, 55 AT
AE 5 FoldA slstEde] 48 faiA ZEl4r
AF-L L3le FAPIE ol&3te] AAIES Afo] &
Aof] ANl A=A AR 2} PR AA] A9 QA
S F7HRL A glo] AVEEE A&t

st E ol H7teo] e FohdA sietE
o A4S 3l AlE Wl EAlehe viREEe] AASH
02 FA4FZ(Solid phase extraction; SPE)ES ©]
B3IStt. o] IAVSFEY TheHl AeF ol wgh
£ &3 m=9o] MCX 7FEZ]A](Oasis MCX column 1
cc, Waters, Milford, MA, USA)¢} WCX 7IE# A
(Oasis WCX column 1 cc, Waters)E ©]&3+ #Ho|
gzl Ee] wol| H7i=o] = ARSEA o 7
AEA] AAE Q& Adgsiict. Agd zF Ao
NEE Hgal7] Y8k 4 mLE 233 A8 0.1%
HC/MeOHE 3 pLE 7ot Ass 4Mdslsta, 3
mL HEES Y2 5 BE2 YAE o83 18 &
&3kl A2 FH|sI) 2™ el eF4 3k (conditioning)
< 93 3 mLe] WEEE ZEE F 01% HCY
MeOHS 3 mL =& Ut} Hste Ao &0l
AEE 1 ml¥ 43] S A7 S H, &
Aetarat she =4 2le] Bwes A flEl 0.1%
HCI/MeOH €9 3 mLE Z#HFo] A&t A3
o] ¥ Hde] 2 M HCIE 1 ml¥ 23] &8 &
ATk 249 898 HATAE o]§sle] 93] &

ol

% ¥ %5 1 mLE Y2 £93 ¥ Eosin Y 5%
Al AT

3.1. FOIIEIA 22|00 FFEEHS| FETEY
[e)

Eosin YZ ©]-&3%F PHMG 89| EAWS nlgto
2 PHMB, PGH &9%¢] §3% ~HEHDS EX3}

#1¢ Eosin Y= o817 S32444] =3} 39

Ath. PHMBS} PGH E5F PHMGS} 7242 ot
SETRE 7RI o ug o2 E4e FEosin Y 98
o} Rk3-g 34 PHMGS} frAlsh o] Yot 71
ol 4= S tHFg. 2). =R AR FHA
3= 9)&lo] 2AI3F Eosin YO+ 541 82! Eosin B2
4 2HEYS ¥ #4% 23 Eosin Y9+ Eosin
Be] HulgTgo] 515 nme.E Y-S Bk
gt PHMG, PHMB, PGH®} 9529] ¥l <J3)] A4
¥ polyelectrolyte associate (guanidine-Eosin Y or
Byl ojst Hdl F53ge] 535 nmOE FUsH o]
FE 2S5 BYAT Eosin Yo} ¥]wsle] gjzog
Eosin B7l &8 &3 =2 HAthFg 3). wEhA]
Eosin-PHMG, PGH, PHMB %A &dof st &
Fe 2 ER] e} o]FS Bl A5 9)ste]
2 A8 0.05% (ww)e] Eosin Y& 95& A9
o ARE-3I3IH.

&2l PHMG, PHMB, PGHS} 0.05% Eosin
Y dEoke] ATk e F3Ee] xfelE H|aLst
7] $1std 549 nmellx] S35k e A= Table 134
2t} &3} go] glo] viE FAgh £9k8- ) 17t
Z3lgt H AEE A 603 e EAEE 5
T o HATES F EF8Ye] ST o
] Zol7t AAUAIRE 5, 10, 15, 308<] LA 7] u}
FBEe] Aole w9 Wk gL
F-&49] pHoll M 4 thd =29 S8 A3
= Table 2~49} 2t} AHZA3} Eosin Yo wh&-g
PHMB, PHMG, PGH +8&99] 3=+ BT pHl
B WS & 5 A3k PHMG ¢} P ]

[
ol
o

o

/|

¥ pH 3519] Eg-8-olx Hrf F35= BAFL
PGH®| 74- pH 29514 Hth F3=5 RT3
321 Eosin Y& ©]83F 33%elx PHMG, PGH,

0

,,,,,,,,,,,,,, Eosin Y 0.1%
Eosin Y 0.05%
| ----Eosin Y0.01%
':__: \ ——-Eosin B 0.1%
{ \ —-—-Eosin B 0.05%
N —--—Eosin B 0.01%

Absorbance

0 T i )
450 500 550 600
Wavelength (nm)

Fig. 3. Absorption spectra of aqueous solution containing
Eosin Y with PHMG, and Eosin B with PHMG with
varying concentrations of Eosin Y and B.
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Table 1. Absorbance measured after various reaction times of Eosin Y with PHMG, PHMB, and PGH

Absorbance (at 549 nm)

Time (min)
Chemical 0 (non 5 (vortex 10 (vortex 15 (vortex 30 (vortex 60 (vortex
vortex) 1 min) 1 min) 1 min) 1 min) 1 min)
PHMG (1 mg/L) 0.059 0.062 0.061 0.062 0.061 0.058
PHMB (1 mg/L) 0.063 0.053 0.054 0.054 0.054 0.051
PGH (1 mg/L) 0.067 0.064 0.069 0.065 0.064 0.059
Table 2. Absorbance at various pH after the reaction between Eosin Y and PHMB
Absorbance (at 549 nm)
PHMB Conc. (mg/L)
Sample 0.2 04 06 038 1 2 1
D.W. 0.000 0.000 0.000 0.000 0.000 0.000 0.000
pH 2.52 0.002 0.008 0.018 0.027 0.045 0.098 0.137
pH 2.97 0.004 0.013 0.021 0.033 0.056 0.117 0.164
pH 3.51 0.006 0.014 0.021 0.032 0.054 0.114 0.171
pH 3.95 0.005 0.014 0.020 0.033 0.055 0.104 0.166
pH 4.38 0.002 0.013 0.011 0.033 0.053 0.117 0.164
Table 3. Absorbance at various pH after the reaction between Eosin Y and PGH
Absorbance (at 549nm)
PGH Conc. (mg/L)
Sample 02 04 0.6 0.8 1 2 1
D.W. 0.000 0.000 0.000 0.000 0.000 0.000 0.000
pH 2.52 0.009 0.023 0.025 0.050 0.058 0.115 0.218
pH 2.97 0.010 0.025 0.038 0.056 0.066 0.112 0.222
pH 3.51 0.010 0.024 0.038 0.056 0.064 0.111 0.214
pH 3.95 0.010 0.023 0.038 0.056 0.065 0.111 0.212
pH 4.38 0.009 0.022 0.032 0.047 0.054 0.092 0.176
Table 4. Absorbance at various pH after the reaction between Eosin Y and PHMG
Absorbance (at 549 nm)
PHMG Conc. (mg/L)
Sample 02 04 0.6 08 1 2 1
D.W. 0.000 0.000 0.000 0.000 0.000 0.000 0.000
pH 2.52 0.004 0.012 0.017 0.022 0.028 0.059 0.124
pH 2.97 0.013 0.026 0.032 0.040 0.050 0.111 0.233
pH 3.51 0.012 0.032 0.041 0.056 0.070 0.139 0.306
pH 3.95 0.010 0.032 0.038 0.050 0.062 0.130 0.299
pH 4.38 0.011 0.028 0.035 0.045 0.057 0.120 0.228

PHMB®] §%=t pH ¥ 297~395004 §oa
2pol5 HolA| &gkt

3.2. AHIM &Y

A ML 02~6 (02, 04, 06, 08, 1, 2, 4, 6)
mg/Le] Mo F=TA N PHMG, PGH, PHMB 7
ol AAAS AT A3 AYAFRIS @l 4

0.99, 0.98, 0.99¢] =&+ kS JYERNATHFig. 4).

& =Z317] S5l 23 A1xd PHMG,
PHMB, PGH #3895 &4 Wi dAs sdst
Al ste] 73] WEE AFsiion, ArtEs EEHAl
3.143& Fslo] APgsisitt. PHMG, PHMB, PGHeJ
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PHMG standard

N
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y = 0.0562x
R?=0.9967

o
w

absorbance
o o
=] N

o

0.0 2.0 4.0 6.0
PHMG conc. (mg/L)

PHMB standard

0.3
g y = 0.0428x
£02 Rz = 0.
-
201
©

o

PHMB conc. (mg/L)

#1¢ Eosin Y= o817 S32444] =3} 41

PGH standard

03 y = 0.0438x

R? = 0.9923

0.2

0.1

absorbancce

PGH conc. (mg/L)

Fig. 4. Examples of calibration curves using external standards of PHMG, PHMB, and PGH.

N

WHESAE 22t 0155, 0.133, 0195 mgL= 2l
Atk ofgfll 71Est 2AH AdspstkEAFe] Fot
A S aEE AbEE S wae B AIEWY
FART 52 FEOE HIIHER o] AIFWS ©
ate] Qgsie|Fo EAlshs FohdA &3
e 2389 F US AoE yekdr

%
o

skt f-85 WP oA XEAlLte
HsithE o] o R the] AR E Al&st
Agsljof SRz 21 9 IRk SollA Bl ARSE
AUtk Aol el BssAER] =g, A=AH
A, sFIAIAA = Z=ldldAZe]Z (polyethylene gly-
col; PEG)#+ 7+ AaEAdA| AJio] E3Eo] Q}. &
AellAl SPE WS o438t 04, 2, 6 mgLE AZH
PHMG, PHMBe| ZFEA dis] MCX= 7+ 57~
61%, 58~70% I+4S HAUI, WCXE 87~122%,
65~105%2] 3|4-&< RATh Ed MCX 7HERIA S
o] g3l FE3 EE|r, ARAHA|, SHIAAAIE &
FHTAE o] 83te] A4S A} vgEAe| o &
Fzo] 7hdo] AAREE ElsIith(Fig. 5). Fig. 5
e 2" AgssAE AR 2AVISEES 4
S5, 952 Mie aA Y 5 IARL Eosin Y

ZA) Sl doluhs el ofFe] TohluAY

i)
2

el ToRlY AQBAe] 23zdel) A}

oJgt AYS AT = glrh wEhA o] Wy
o
o] vl s, AwE FAdle MALDITOFR

Me oo rlo o
1 %

3.5. dESEE 24

Ao F2 FE 97 65, A2AXA 6%, SPIA
AA 5Fl sl ZAYFERES o83t AlRE A
27 & HA3lE Eosin Y S°3HE 0|88l 451
ow, 71 A3 Table 59 YERNSICE i A& 25
Eosin Y 588 &3] FolldA sigheo] EAst
= A RIS o] 7k F=ellA g EElr
(W2AHF-2 =tllollA] Az AFeo] ofd F=ollA Al
z¥ AFoR vE AgsishAlFel viste] PHMGZ}
- EE FEE FHEUE AS F]lsiith

4.4 B

2 AN = vt AEsisA|Eel Ao} AMS-
¥ PHMG, PHMB, PGHE tl’3°E Eosin SdHS
Mbiel Aot Begt HAskE B
AgslsAlE W tid=dS B4

Eosin 392 549 nme| 3g<lA4] Eosin BEE9]
H|&l Eosin Y 9871 T35 Al 20313t} Eosin
ol E3PA7H| mE Xol= AlFE AE F 5~
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Absorbance

0 mg/L PHMG + Eosin Y
------- make up remover + Eosin Y
— — — SPE treated makeup

remover + Eosin Y
—++— 10 mg/L PHMG + Eosin Y

550
Wavelength (nm)

600

Fig. 5. Absorption spectra of aqueous solutions containing negative control (no PHMG), positive control (10 mg/L
PHMG), makeup remover samples with or without SPE treatment with Eosin Y.

Table 5. Measured concentration of guanidine-based
oligomers in wet wipes (W1-6), lense cleaners
(L1-6), and makeup removers (M1-5)

Consumer  Guanidine content Guanidine content

product (mg/L as PHMB) (mg/L as PHMG)
W12 7 5
Wwa? 1959 1492
W32 452 344
W42 32 24
Wws? 441 336
we? 152 115
L1° 42 -
L2b 50 -
L3P 28 -
L4° 40 -
L5° 24 -
L6° 8 -
M1P 271 -
M2P 73 -
M3P 289 -
M4P 250 -
M5P 325 -

aNo ingredient label. Thus, concentration was calculated
mg/L as PHMB or as PHMG
PProduct labels indicated that PHMB was added.

frolgt Apols HolA| Tt EdH S
915k gzl lojx pHO| Afole F-3%wdl &
g3FS Fom, pH ¢ 3~35004 & FFEE B
%ith. PHMG, PHMB, PGHS MDLS
0.155, 0.195 mg/LZ YeRdth MCX 7IEZIAIE AL
3 vA Y=Y PHMGSF PHMBY] 3482 717}
57~61%, 58~T70%2] MR 2™, N EFHAHRSD)=
Z}7t 184, 13.6%22 UEITE. IASSFES B9 F

£33 N BEE HZ39 Eosin Y o|&3le] 43 &
Elr, AZAFA|, sPgAIAA] BF o]
AzENeH, Vie] = AlFW2)relx] PHMGZ} <F
1500 mg/Le] s%2 AT & A7 Aol A
Ak Eosin Y §38HS o83t FolldA 354

,d
>
i
i

=40l

A 2 F2UE o83 ABSSAE el v
o2 EAlSH: o YA Lelurle] A7k olRE A
S3pl 2zedol 7Fsd Qo HadH, 4F 4B
eHIEY oA B4 sslel A WAE 9
PR A 5 L AEA o] B 5 IS
Aoz ek,

dAtel =
o] 7= TN e “AETHVEE

AR 7SR AFLD M AR
Aoz s REUL
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