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Abstract

This study was carried out to develop an analysis method for the determination of anionic and nonionic surfactants.
The condition for simultaneous analysis of anionic and nonionic surfactants by high-performance liquid chromatog-
raphy (HPLC) equipped with an evaporated light scattering detector (ELSD) was investigated. Alkyl polyglucoside
(APG) and alpha olefin sulfonate (AOS) were analyzed on a C18-boned silica column with a methanol and water
gradient condition by HPLC/ELSD. Calibration curves were linear in the range of 100-500 mg/L on APG and 500-
4000 mg/L. on AOS, with a coefficient of determination (r*) of 0.9999. The limits of detection (LOD) for APG and
AOS were 2.29 and 16.55 mg/L, and the limits of quantification (LOQ) were 7.63 and 55.16 mg/L, respectively.
The recoveries of the surfactants were 99.29% on APG and 96.11% on AOS. The established method provided
acceptable precision and accuracy. Our methods would be useful for the detection of APG and AOS in dishwashing

detergents.
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L

THLee et al., 2012; Rang, 2009). AlHEA= 4

oMo ztz}e] sz == Wgel whek ﬂﬂ] Hlo] 2 AHg

A, Fol2 AMEAA, Fol2 AMBAA, FEole Al
HEA A 2 E FHTH(Culter & Kissa, 1987).

Hlo] & AH A= o] AHE /xé;eﬂoﬂ H|3to] g A
oz g %]74] o] FEol & 3P, =2 7HEE
g, @ 7ixy gl nwE AHEe} ;ﬂf?ﬁ@ Fxo 9 ¥zt
g 84 o RS ZEAL oA TRt *}ﬁoﬂ a A}
253 JtHLim et al, 2012). 23 AlA2] A
A Fxo] ARGGATO R = A Y, 7]_‘{3—’%‘,
T8, AAE T aFANRE BE F5A
o] YR o2 7 71A] o] e] AMSYAES EFS
of ARGt om ME thE PR AHSYAE
sto] ARG 739 Zhzbe] A& A 7L 2L e
B3t 8395 YeRATH(Kang, 2011; Scamehorn, 1986).
AREGA = A F2 Fol23 Hlo|2 AU A7t &
o AREEH, EFAHEEYA A D AHSAEA &
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wj 2ol thAl A o2 AldE AL
2 AMGAGA 7 E= o] A
) A7 £ ds W, Fol
2 AHEAGA Alole H]o]& AAL/ZA 7} AbE]sho] Fol
A0 S B= 217|7F HofA AL 1 wet 7]

o] & molde] Figo] golste] UA
npo] Al FE 7t Grolx| i, Hlol 2 AHE A ] o H 2]
AT o082 S-S 7HA FoleF Adste] 7He-st
qE& T E &3E Frh(Holland & Rubingh, 1992;
Khan & Marques, 1997). o|¢ we} &3 AHEdA &
NA P Fole 2FF ol 259 Ae F5AE
o2 PYAE S5 AHSEATE B SlEHAA =2
AHES el = A"l thgk A7) kel Ale
Ak 2 hEFe] Ho g o] AWEAdA <} Hlo]
2 ARGPAE EFstd AHEehe AE dE & F UL
o (Khan & Marques, 1997; Kim et al., 1990), &z} 2©]
2 g Hjol AMEYA EFES B ste HAHeR
AR 3537, wolendt AR ETYZ kA AR
ntEI 2, 7hAs ARntETE - AR 7], LA
ARPEIYZ, o] ARMEINZ TF o8 4
W Eo] B3 9 th(Levine et al., 2005; Song et al.,
1998; Toshio et al., 1970).
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A7l Aol Thsahh Wl A Sjlo] etsiH,
2 9] A =3 FE8A19 ARl AW AAE Al
Zko] Am AEwxe] A 59 olfZE ¥l ¥4 7%
T 7IGANA AMSAEA A ddH o R &85}
et o o] W= TH(Choi et al., 2008; Kim et

al., 1996; Wangkarn et al., 2005).

HZole gl 5 HE FAFA L 271 Foldl= Al
HEgA bR AARE AAS A3 A5 GA A HF
AAZAA Aol AEE ] olo wWE Ax shAdel gk
Q77F FoA AL glen, A7]d Holgle i AHE
A AE7HA 7Fss B oA Tk molx| Al Q)

wEha] 2 AFox = BE AR tiste] 7H&ete o
S Al 48T 4 = High performance liquid
chromatography-evaporative light scattering detection(HPLC-
ELSD)71719¢] 43S o]&ste] thanH] AHSFA 5 5ol
< AAEAAIQl Alpha olefin sulfonate(AOS)2} H]o]-2 A|
HEAJA 91 Alkyl polyglucoside(APG)2] #2412 21519 Th.
gk Al A B4 ] 247 (Linearity), 73Z ¢H(Limit
of detection; LOD) 2 A &%HA|(Limit of quantification; LOQ),
3]4~&(recovery), 327 (precision) 2 7 & (accuracy)S ¥
Sto] FA o m A o] Bl ol thetd Lol o, o] A
SOl A= = FAA ] A st 71718 =4
SFetar 3l 4713 2 7IdA Tl gl ol

o

5733 - vplE - AES - Aulal - DA

-

7Fedk Eshe 2R e 540 sl

B AFgE EFEZZA Alkyl polyglucoside(APG,
LG Chemical Ltd.,, Korea)?} Alpha olefin sulfonate(AOS,
Akyung, Korea)E AM&3tith. Al gl AFEE A¢F F
Methanol Burdick & Jackson(MI, USA)A}] HPLC grade
£ 283 er, SF 9+ Burdick & Jackson(MI, USA)
AFe] HPLC grade®] 3 2} 575 AHE-sI3th.

S| Y 77k 2
bzt & 1000mgs A3 FATF T 50%

Methanol(Burdick & Jackson, MI, USA)Z 100 mL ®|2Z
gh=Fel] wad7bA 28] A9l 10000 my/LE Al =%
5 s|Aste] A AHE FFEHE Az F 7))
A4S AAlskAT

High-performance liquid chromatography(HPLC) 7]7]1&
Agilent(CA, USA)A}2] HP-11002 AH&3t9lon, A&7
Evaporated light scattering detector(ELSD; Alltech, NY,
USA)E AHE-3I3At -8]-8 ZH 2 Waters(MA, USAA}F]
Jsphere ODS-H80(4 pm, 4.6x250 mm)E AF&-3} T} ©l&
42 A pump®ll Methanol(Burdick & Jackson, MI, USA),
B pump®l] Water(Burdick & Jackson, MI, USA)E A}&-3}
% TH(Table 1).

—
RARGEE S50 =

2AMY REY ZS(Validation)

ICH Guide line Q2Bol|A] #A|A|et= W (ICH, 19952 <
AR 3te] A4 (Linearity), A2 $+H|(Limit of detection;
LOD) 2 A &4 (Limit of quantification; LOQ), 3]4&
(Recovery), 42/ (Precision) 2 7 2Hd (Accuracy)2 53}
e H1es AAET

Table 1. High-performance liquid chromatography (HPLC)
parameters for the simultaneous determination of surfactants.

Parameters Conditions

Column J’sphere ODS-H80 (4 um, 4.6x250 mm)
A:B=7:3

Mobile solvent A : Methanol
B : Water

Flow rate 0.8 mL/min

Column temperature ~ 30°C

Time 30 min

Injection volume 20 uL

Evaporative light scattering detector

Detector (Alltect 2000ES)
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ISP

—

Linearity)

250 mg/L, 400 mg/L. 1L 500 mg/LE EFEHS 345
Aom, A0Se] 7% 500 mg/mL, 1000 mg/mL, 1500 mg/
mL Z# 3 4000 mgLE F¥FEZS 34L 3 § HPLC
B8 33 W A daE FFEEEE A4 A
Holl ofgt s|AMe At wEl ARFHS AL
5171412 linear type® 2 VERAOH, 9A 5, yEH
1 3| e] 718715 vehe] AT R)S #el 0.99

B AL RO FFS B ABHoE A

¢

toi mhy

pus)

S
ol 0.|>1.

f
2 e
v}

o

HEBHA|(Limit of detection; LOD) ! MZFeEA|(Limit of
quantification; LOQ)

A4 229 AFE 2 AHo] 7tsd HA wEE glst
7] 918ke] AE3HA(LOD) 2 A Z3HA(LOQ)E Signal to
noise ratio(S/N ratio)’} 3/1°] & F%E5 7E3HA(LOD)
2, 10/1°] He #=5 ZFIA(L0Q=E Bttt SN
ratio= Chemstation software(Agilent 6890, MI, USA)E
ARg-ete] S skt

3|8 (Recovery)

51585 H71eh7] 9El APG 2 A0Se] ¥FE2S 7}
7} 3 3] vkE =23l AFEAT FEg 3 4EL
2 YERIS 0 100£10% U E 71Eo 2 1t

H2M(Precision) ¥ A&+ (Accuracy)
]

4 RIE s T AL TR 93
W Agsialon, APGE - 400 mg/L, AOSE] 74+
1500 mg/lL s=2 dsilrt. o4 A5 Aol &

T 500mglle] FEE |ZoE Qo A0S A&
500, 1000, 1500 123 4000 mg/Le] FEE 7|Zoz =
Aottt A2 2 gL BT U EZHAH(Relative
standard deviation; RSD)7} 1.0% ¢Sl AL 7|Fo2
A3k
THMNM AHESN e =Y

AHIA T S S AlFollA sl
7188 FHAIA F 3/M(AE A, B, 09 AFS T3k
AA glol ARESITh AEE ZFEdH RIEHE

P
1000mge 843 583 F 50% Methanol(Burdick &

o
2 o
do
o

Jackson, MI, USA)Z 100 mL #|A=ZF 223 w3474 A
53] 29 10000 mg/LE A3k 7171842 AA 8k o).

SHEA

EAEA& SAS 9.2 program(Statistics Analytical System,
USA, 2008)2] GLM(General Linear Model)procedureE %3}
of EA38IA L, Mg 7ke] 7t vl wE Duncan®] ths7d
A Tl §204 1 (p <0.05)2 AAIBFATHSAS, 2008).

Aoy na

Az MY (Linearity)

AL Ao A3tw 3 Welel Ao = Ao
NN7N8A A ST wegke] AR S SAE, 1
FEF Fret 717] v A)e] dAL 5]
[e)

o

= <

3o Alkyl polyglucoside(APG)2] (222 100, 250,
400, 223 500 mg/LE Z+z}b 34 3ske] 7]17] &

31992, AOS(Alpha olefin sulfonate)?] ¥FE2-2 500,
1000, 1500, 22 3. 4000 mg/LE 3]4 8te] AR&&}9]Th. 7+
7kl AHEAA gl it ¥ WAoo g HAFHE A
shom, A LS APGSF AOS 77t y=2.261x-244.19}
y=0.786x-564.5011t}. M E ZFEHY FHFS Bz
Aoz s e A3 AZFAe] APGeF AOSe] g

1000

800

y = 2.261x — 244.1

600 R® = 0.9999

400

Peak area (cm?)

Concentration (mg/L)

Fig. 1. Calibration curve of alkyl polyglucoside.
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Fig. 2. Calibration curve of alpha olefin sulfonate.
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AFR?Y) EF 099992 %33k FxAS e A oHFig. 5|2 (Recovery)
1- 2). 34s BAS 95kl APGS A0S XFEHS 77
HPLCE 3 3] w5 A5t 2 A3} A
AESH|(Limit of detection; LOD) & MZFHA|(Limit of A4 APG AOS ztzte] wFEE A7+ 550 minrJr
quantification; LOQ) 3.07 minl. 2 JElton vamde 3
Azt yolx HEIA T base-lined] FozZF 617.92 cm’E YESTH APGE EFEZ 400 mg/L T Hd
B 3] o]l T2 Aol Jon, HAA vr= & 39716mg/L7} AE 5 o] I5Ee Hit 9929%2 $5 5k

olsle] HAESHAQ] ddE = 58 45T Signal to 3, AOS9| 7 ¥FE3 2000 mg/L 5 HE 1922.15 mg/
noise ratio(S/N ratio)s 322 3o} AHEA ] HESHI L7P AE5 o Hit g 96.11%= YEFSTE 0|9 7
£ =43 43 APGSF AOS+= ZH2}F 229 mg/L, 16.55 mg/L A3+= Kim et al.(1997)-4— Guan et al.(2008)2] LAS #4
£ YERAT 5k HZFEAI= base-line®] =o] 2ZFE] AFe] 3r& HuyS w A FEoleH, ole
108] o9l F== FJsta 2™, Signal to noise ratio & AHEA A 1"%@1‘%401] 488 FeEE Ve 9

(SN ratio)S 1022 3F3S Wl APGSF AOS 242 763 my 25 & 5= A THTable 2).

L, 55.16 mg/LollA A 7o) 7hsaittar A=) o=

Hong et al.(1992)2] AlHEAdA o] 7 2 271F 274 42 (Precision) & &&Md(Accuracy)

ALY A3 13 AF Al FAFIA H) 20,678 mg/L HHEA R 7k A S lsh] st REEE S 93]

AZE A v S W, AHEEA 78 AAE ol W 24§ 93 WA Y wEE AR BIALEITE APG

o] & 7}sdttty AE ™, Nozawa & Ohnuma(1976)2] o} AOS®| WF-5 A7+ Z47F B+t 550 min? 3.07 min®

A ARntEaf A E o] &g AP AR} Hlwate] fAF UEROH, Fa WAL 747 622.09 em’F 39593 em™ O E

g A& 4 BAZFIAE Uetlo] AR Ae] AE UERTE 22 $EE 93] vHEAE 3 A3 APGY| A7

EAHoa aAHYdS & F AUTh Hit 40473 mg/Le] S YERN O™, AOSE 1454.36 mg/
L9 staFo] =AH Lt A X E=HxH(Relative standard
deviation; RSD)= ZH7} W4 0.30%, 0.10%22 SA =Y

0x

Table 2. Recovery of alkyl polyglucoside (APG) and alpha olefin sulfonate (AOS).

Surfactant Retention time (min) Peak area (cm?) Concentration (mg/L) Recovery (%)
APG (n=3) 5.50+0.06" 660.97+0.70 397.16+2.12 99.29
AOS (n=3) 3.07£0.02 617.92+1.41 1922.1540.70 96.11

Y Mean+SD

Table 3. Precision of alkyl polyglucoside (APG) and alpha olefin sulfonate (AOS).

Surfactant Retention time (min) Peak area (cm?) Concentration (mg/L) Relative standard deviation (%)
APG (n=3) 5.50+0.50" 622.09+0.02 404.73+0.06 0.30
AOS (n=3) 3.07+0.02 395.93+0.70 1454.36+0.18 0.10

) Mean+SD

Table 4. Accuracy of alkyl polyglucoside (APG) and alpha olefin sulfonate (AOS).

Surfactant Injection concentration Retentign Peak Detection concentration Relative standard deviation
(mg/L) time (min) area (cm?) (mg/L) (%)
100 5.4340.05" 41.2240.08 101.65£0.20 0.52
B 250 5.44£0.18 241.901+0.70 250.8940.57 0.29
APG (n=3) 400 5.5040.63 621.86+0.35 404.5310.67 0.26
500 5.4440.75 945.30+0.57 501.89+0.41 0.31
500 3.0940.33 22.2840.20 500.43+0.30 0.52
AOS (n=3) 1000 3.09£0.18 179.81£0.57 998.47+0.33 0.14
1500 3.0840.25 395.950+0.67 1454.50+0.35 0.01
4000 3.07£0.30 2651.58+0.41 3997.67+0.47 0.16

Y Mean+SD
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HPLCE 183 FAAe] Fol2 Bl Wlole ALg
WB A B e
High performance liquid chromatography-evaporative light
scattering detection(HPLC-ELSD) 7]7]Z o] &3&}o] g-0]2
U

kO

2 d7olMde Ad
govjo] 2 AMEYA T van AEEAGAA Alkyl

polyglucoside(APG)®} Alpha olefin sulfonate(AOS)E
39tk A9 A3k APGE A0S REF AHA ] A

Contents (%)
2.25+0.02¢

3.5740.04*
AR 099 oPFo 2 Huie] FEsgon, AT

2.35+0.04®
A =
AE APG7} 229 mg/L, AOS7} 16.55 mg/LE U EF
B#SA= APG7}F 7.63 mg/L, AOS7} 55.16 mg/L= e}
Stk 3k s HAE5S AAT 2I APGE 99.29%,
AOST 96.11%= YERY} 358 100£10% oW <] AF7]E
AT AEAd 2 S IS A3 APG
1.0% olste]

Table S. Analysis of alkyl polyglucoside (APG) and alpha olefin
APG AOS

AN EZHZ} 0.10%, Fe

A2}
=

sulfonate (AOS).
o] AUAL A FEFAZ} 0.30%, AL 0.26-0.52%= &
o
=
oA APGS} AOS7} Z+zt

1.8740.03"

= FHAIAl 288t

e

R
=

[e) =
= 5B

)

A (n=3)
B (n=3)
Eivds

C (n=3)

el
ol @ o]

3
<
e 747ke] LDyel 2 mHA Rahe o e
o
S

N

= o

HO Alx
S|
A

Sample
2.15+0.03%
1.56£0.04¢
A Means with different superscript in the same column are significantly
AXHRSD) 1.0% ©l3t= A% A5
=
=

F712 Agsan.
43 A3 AE 3

o
A
1

different (p <0.05)

Y Mean+SD

EE
H9on, FFAREHFS 7|FOE APG, AOSS| Hit
SRR
&
&

1“1_
247} 3 8] WA
T

A

FATH(Table 3). HEE-A 7] A&

=S R= N
S

d

Lo 2 dTE E

[e)
T
t}
kil

x‘"-o/] UGS =
71E olgdtel ol
e

O

o %
o 4714
O -
o, A0SQ| ¥|= WA o] At EFHIHRSD)E 500, 1000,
1500, 22132 4000 mg/L2] F=ol4 0.01-0.52%F LFERR:
F AHEFHEA 1.0% ©]
o
24

=
=

=

[e)

o A B

o
7]
2
=

1o
B

S
S
5% ¥
#8493
=1
=
A G A7 R
CEREE

A
2=
T

, B A
=5
=
o 1=
T A APGE] ¥ A WA U EFHAE= 100, 250,
400 223 500 mg/Le] FEolA 0.26-0.52%F LFERES
=319 tH(Table 4).

oFZ oA
E2k004)e] o]}

A)
A

3}
=

i

=1
o 10O
HS Foto] U AR 35
&S S35 ti(Table 5).
MAL] APG 2 A0S H 3 A A

Bt 217]

AN Z ol A 9] A\ A

ShHr A 7N zxAE5=E &
ZF
[
2 A3E 201295 A E9)

25

A9 APGS} AOS
+

g

PN A=A

st e AHEA A B

o] APGS} AOS -

o] 9= WA v 51

(%)S AHEH A AZ

1.87%%} 2.25%% #A =t} B
2.15%% YEFES ™, AOS

|A1e] APG

k. APGS} AOSS] Ao
SIE A HS 730
=7
_"
S}
=
5

PE8

Ein
olel A=Y
Akzo Nobel. 1998. Safety data sheets, alkylpolyglycosides. Akzo
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2400 mg/kg body weight(SFT, 1991)% Ueld ZA3E 4]
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D o o
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7|22 LDy, 2000 mg/kg body weight ©]°d(Akzo Nobel,
1998), AOS®| =42 AFFoE 7IELE LD, 1300-
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