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ABSTRACT. A spectrophotometric method for the simultaneous determination of anionic and nonionic surfactant
based on the application of multivariate calibration method such as principal component regression(PCR) and partial
least squares(PLS) has been studied. The calibration models in PCR and PLS were obtained from the spectral data in
the range of 400~700 nm for each standard of a calibration set of 26 standards, each containing different amounts of two
surfactants. The relative standard error of predidi&&R) was obtained to assess the model goodness in quantifying

each analyte in a 5 validation samples which containing different amounts of two surfactants.
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AW EAA = AFE DAAA o] e 34 ol Alw A E-& A sl Bekel 244 A
Blo] Y, ARG AAIA A 2 2445 2E2 & &9 high performance liquid chroma-

& AT FEAAE M= o2 7R BAS tography(LCJ* liquid chromatography-electrospray ionzation
YERE ! AE A= Al Al e = S mass spectrometry(LC-ESI-MS), ion  chromatograpliy,
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o] AMEAdA| 9} H]o] AW R LR35} %
Fopal gt A EY 3] EAA S 55517 9
ez Foli= e o83t A
AMe] W Lxz wAslal gluh 2t vhiE 2AY
= vpekst spgella] -2 A9 ERS o] fate], EA
4 2o FEE AV E2AE A ERS B8
Moz Mk 3 o o] &F whye|w e vh ek
B2 F4531 (absorption spectrophotometry),
A oA Eak=w] (infarared spectroscopd), A Ak
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A713+ 234 (nucler magnetic resonance spectroscpy),

Aek2A W (mass spectrometif 33323+ (spectro-
fluorometryf* Sl -$-&3}32 g}

HA vl 3EAAAM W AR &
o2 Al Ael HeiM FRFER ] ot FA
o]of gt Al o] gleh?? B Ao M 2ol
A 2 A 2} 1] o] & Am B A2 F4 o] Aekal] €)
le] SDS} Triton X-106% -f7]-4m 2 F&38le]
e A ERES 92 o 4L 3)9RA
(principal component regression. PERSE- ©]-&-8}o]
2H e8] ¥ oJelE Xelgte] AAFTA % A= vl
o] Aafolct. -8 o] Fd £ 400 nm
~700 nmH A At 92 s)F e AP S
A8 sle] F 71X AHEAPA] Eghgdo] MR
9 =2 23 vl A4S AaEe oY ES
52 ol gale] FES AN, ANE FEES ol
3le] relative standard error of predicti®§ER)$};
overall relative standard error of predicticRSER)S

Axkste] AL AL At

Alet.

SDS(first grade, Yakuri Pure Chemical Co.,
Ltd., Osaka, Japa#} Triton-X 100(Sigma, St. Louis,

MO, USA) #7882 77k 1.0 g2 ¢} 1000 mL
2] go] 2| ofA] 1.0 mg/mle] ¥ = Alx3k}.
1.0 N 24k (Duksan Pure Chemical Co., Ltd., Korda)
1.0 N§Aksh}EF(first grade, Duksan Pure Chemical
Co., Ltd., Koreaf A7-& Avak Fglo] 2ol 22
34 A z3l¢dv}. Methylene blue(@H:sCINS: 2H,0,
first grade, Showa Chemica, Tokyo, Jap&#}-2- 0.1 g
& 2ol 100 mlef| FHod A Alzshel I, o] §
30 mLg #Hsle] 1000 mle] gfekZwlazrol] &7 F,
6.0 N2 H,SQ, 828 41 mLe} 50 9‘3] NaH.PQ,(Merck,
Darmstadt, Germang) 7}3sle] FA7x] ehol 2=
AHet. o] SNE dol2FR 100 F3A A A
43l v}, Cobalt thiocyana#®e]-2 30 2] Co(NQ),
6H,O(first grade, Kanto Chemical, Tokyo, Jagan200
g2l NH:SCN(Fluka, Buchs, Switzerlang) &<l &
A AZssiet. S5 MilliporeAH(Bedford, MA,
USA)| Mill1-Q water systerd o435 <12 18.2 MQ
o] 2] x|}e 71Al eo| 25 Al o, FRR
FEZ(Duksan Pure Chemical Co., Ltd., KorgaydA)
a2 3 v 2 ARgslvh. BE ol Al A
of Alzate] A3t

717]. & AgNA A3 F3E3AE Shimadzal
(Nakagoyo-ku, Tyoto, Japadiyd #|=-¥ Model UV-
1601 7443 spectrophotomet& ARE-3l5iE}. 22
M odoe] Yo g 50 W deuterium lamprh4) 334
ode] Fe 2= 50 W halogen lamg ARE-3}sIE}.
<3 V] 2.0 nm, sampling interv@l 1 nm, SEAKS
EE 250 nm/mi-2 3}5{w}. UV-1601PE AH-3}o]

71718 2HEsielem 248 29 ERS A sl

Mgdle . SDS, Triton X-100%5-89 261} 2
R4 AR IS A7 1.0 mgmLAE4A & A
Feke] F3led 100 mLE F3A Azl Alxst
EJPAEE 250 mle] £ Z)7]e] 100 mL 3 3}
10N FAERESR 448 2 Whg Hrlsle] gz
AN E RS F ARS8 25 ML EEEES 10mL
cobalt thiocyanated<d 5 mL H7}sle] 3027t A)AHA
= 287 ARG Fe] RelHW ERREE

; & 50 mL gFEekage & B, ERREFS
2 FA7A iﬂ%‘:‘r 42 1omx1emA g Al ‘%

obA T ERE Aot ol uhoz 2
S B3-S GRAMS32(Galactic Industries Co., NH,
USAPIA $lelEe] Aelslsivt.
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AHEY HolEe] X2l ~HEFH PP} A
4 AL Fx PEe] F4283]7]EA (principal
component regression, PGRYd 383}7] $]3to] g E
H AEE o] g3l FAEEM ) Fskdz, Alatsl
A5 A<= (principal component scofelt =33

Abele] SFWAAE Tihe A4 (2)% AR skl

X=TP+Ey, @
Y=TB+E )

X= ~dER g8 T 2R A4 g Py
£ 38, E& 2~ E=#x}(residual spectragi® o]}
Ya= 53 d, B 39414 39 (regression coefficient)
o[w Ef(nXm)s FE7kA} s olvt.

e g3 MG B3] FEggAe] &
- #HA4A}>(partial least squares regression, PES)
RAE 7] $lsle] A9 ER YA T YU T
A FHREA(@), @B, TR R A5
= Alele] YR (inner relation,B)E- 73e] 37 %
22 e A (5 Ak

X=TP+Ey @3)

Y= UQ+E, 4

Y=TBGQ+E (5)

X 29 B | T A9 EY o) A2 A
*%EE& PR 38, BEds o9 B3R 9, Ve
T3, U v e FAE A 8, Qe %
563%4 FAE AT 38, B FEAA o],

B 572 2rolct.
3 3 de-T8)7| $15ke] 324 (cross validation)

A st sl b el 0|8 2
T4 E AU 15T Frel A SEE

o]-&-3}o] F444J5-2] S| u}-2 prediction residual error

sum of squareBRESS (6))2 3}t
PRESS: Y ( &-Cyed’ ©

n& Azo] FAE A8 5, ik 24
%, e SFIRAL o]-43le] T3 -g 1
FEoln Cu AA FEolv}. 73 P
& E3)e] PRESS| W37} gleh & 4 ar 243
o) 8 FFERS Fo] S1a HA) TR S 520,
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o744 (outlieny& 21&317] $lske] 28 ERFRALE: o]
4-3}] Mahalanobis/@] (7) AlAtsle] 23 EAS 8
A, Foratio(8) Bl ©]-4-8Av} F-ratios |43}
o FAAS Adsle] o] AE FEskalet.

d=(R-R'y R-R' ™

n—1)r,
F-ratio = (=,

®
17]

d*= Mahalanobis”]2], R #kxla)E, R 47kt
34, 3= BA-FEAF FHolv nE AES g7, g}
= 7F Al82] F=AE o|o). MahalanobisH =] ©|
43 o= MahalanobisH2]®] B-& FACE R
HAzke] 3ol sl AR E 2 AT gl AR
Z oAl o2 3¢l 3, FratioZ ¥lE o]gd)l= A4
F-ratior} 18} 2 A& oA R 3¢, F-ratios
o]-g3te] FAAE AF W= Fol¢F aF 0.01Z 3}
of o] AAE AEsH.

3|7 o] A& AR ] S5kl 25414 (externa
validation) A] & &= A4k 4] 3 relative
standard error of predicticRSER)E 1313, RSER
= T Al vl e

2
Z (Cfound_cadd)

RSER = 100x - ©)
Z Cadd
q=1
ke 5414 AR89 4, nE BAANA B
Coumde SRR o]-§8le] 73 A FAM B 5
Eo|m Cue 2HAA 82| AAlRs=old.
a0y 0

E+~dEY. SDS} Triton X-100] &5 29 E
He %" 37] $late] A7t =7t B2 SDS} Triton
N2 2|3 74 650 ] A7) A
= F5 _ﬁfﬁug— Fig. 1o viehsiet.

Fig. 1M & 4= 915°] 625 nnel| A== Triton X-100
9 ¥ 572171 652 nell M= SDS ¥ B-+-=17t
ekt w31 T AmEAdAe] s ERSe] &
Aol defuy] wifel] 7180 Apfoze 7 AW
2AA e SR AARee RS et
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Fig. 3. Plots of PRES&ersusthe numbers of PC from cross

Fig. 1. Absorption spectra of thirty mixtures of extracted Tri- validation analysis of the 26 sample set for PCR model.

ton X-100 and SDS from aqueous media to chloroform.
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Fig. 2. Plots of eigenvalugersusthe PC number. . .
9 9 Fig. 4. Plots of spectral residua¢rsussample number.

PCR BH. 3F|udd| A83 FHEHSTES 7 55 7R s WSSl v 1270 o) 3]
3] Sfete] SR EME A, SR wE 2 FYES o -8AE ol 73 PRESS: A AAalksd

#7k(eigervalueg: Fig. 24 vhepgic. St F7hshe %S Uehiigich oele PRESSS
Fig. 24 2 4 9l%e] 3 %) FHEPCY] 7b ol gsle] FA4(a=0.01% 552 o PRESS| 2

2 IS AT, B0 R T FHEPCY I Sk & 4 Gl TR S 13190,

of F WA MG BRI FALSE 7RI o4 (outien 4 E5] SAshe] 2

Ifrgke] A FolEe A & g vt ol g HESARE 9, 2 AAE Fg. 4 Vbl
o] 2 FAREL AR Bl AN ABEE A v}, 73 29 ER7AE o]-4-5e] Mahalanobig] 2l
Hkel| gloir] 7o) =7t 2l 7S ofnldie. o=t AAbsle] FHEX T Fratios A4S, A4 F-
AFFES o)E3te] FA1A (@=0.01)% Fa8sledS ) ratios- o]-&sle] F7AE F3Psisich. Fig. 414 &
PRESS| Wl et & = Q= 58] = 7o9iet. 4= sdmol 104 AE7) 7P & A EAALE e

42| PCRIFRE S 3] Slsted 324 W9t Fig. 4l vehdl ~F EJAAE o] &5l
A& 533l PRESS 1332, L A5} Fig. 31| v+ Mahalanobis’| 21 AAtsle] 384 & e & o
e}, Fig. FIA & 5 el el AR ¢ ol o® ZEE A8 104 A 20|82, Fratio}
43S o] PRESS} 29 FA4EE o]E3E e 1.0 0149 & 71 A oo R P& W AE
PRESS.v} #kor3r, 9] FAE-E o 4318 we § o)A 104, 180 AlBe]$i3L, AXKE Foratios:
PRESS zZuA| Ahasloivt. 49 FAES o843 o]-43le] F-AE A3l W o|A4HLE HEFHA
9e] PRESS- w14 F7belsdvirt #4220 47} 7t kskel. wheba], o] A HE FelA M wFE
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dation analysis of the 26 samples.
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PLS13)92d& 7317] $138te] 2274 (cross validation)
AL 35kl PRESE 3, Fig. &1l Vel

Fig. 1A & 4= slol 489 57 7155
PRESg} o4 3] 7&5\—3}‘:}7} FAEY g7 6d W o
A 7RIl AtaEksich. PRESS 7 2k 4
2] 43= 9 0|}, Fig. &l Vel PRESES: ]
sled F-314(a=0.01)% S35l = PRESS| w3}
7b slebeal & 4 gl AR e 7elivh

SDS| AzkE- ¢35 2 A9 PLSliFn‘L‘?—%‘% maied
Hete] IAFAAAEE 33l PRESE 19132, L
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Fig. 6. Plots of the calculated PRESS using the PLS1 model
of SDSversughe numbers of PC from cross-validation anal-

ysis of the 26 samples.
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Fig. 7. Plots of the calculated spectral residual using the PLS1

model of Triton X-100versussample number.
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Fig. 8. Plots of the calculated spectral residual using the PLS1

model of SDSversussample number.

423813, 10A F7hslezt 12458 JA s 3k v
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Triton X-100% SDSY w8t PLS1 3] 7] 2 of| 4]
o & FEI] Hste] M ERRAE Y,
ASZ Fig. 7 Fig. &l vehigic). Fig. A £ 4=
W=e] 1043} 134 A&7t 7}7‘L€-iﬁEE“}Z}~‘/‘r
et Fig. 7l el 2 ERAAE o8-8l
Mahalanobig] 2] = 74]/‘&6}04 NS Fes o
ol e R &3 A5 100 AB0|$13L, F-ratiorh
1.001%e] & 7= As ez 35 o A&
% oA 108 130 A|Bo]13L, AAFE F-ratio
o|-&3te] FAAE Asls Wel A& o2 ol
Aet. Fig. &A= 104 A&7t 7b¢ & 29 Efxdat
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3l Mahalanobigl 2l S AAbsle] 274248 58] Table 1. Analytical results for Triton X-100 by applying PCR,
o o) pdow A2E A2 104 A|golglon F- PLS1 and PLS2 to absorption spectral data
ratio’} 1.0 ©)Ake] Fhe 7IX)= AL oA R e Actuaf Predicted
o 2123 o= 108 A ol3 T, A4bEL Foratiog PCR PLS1 PLS2
ol-g5te] FAIH-< a1 S vfol 228 o) de gisich. 1.00 0.81 0.91 0.95
- o 5.00 4.55 4.67 4.88
PLS2 2H. PLS2#H2| A 7RIS 73
e N ’i"“‘ A2 2] == ;L_ 10.0 9.65 9.72 10.2
7] ‘?’16]'04 E]]'Zujzji —,—3361—04 PRES% %ﬂlv F'g- 15.0 14.1 14.5 15.1
%l vrehfiadet. 20.0 18.2 19.0 19.8

Fig. ¥IAM & 5 l5o| AR 97t Svikps *RSER: PCR, 7.7%; PLS1, 4.4%:; PLS2, 1.2%The unit is
PRES8} §743] tAslelr| A8 571 6 Y w5 Hg/mL.
FEol= 1 H 2 ] = 2~
H o] S7bskar, 8w Adde] 0 ) Haxela, Table2. Analytical results for SDS obtained by applying PCR,
1058 F7kste] 1258 dA 3 7E 7=l PLS1 and PLS2 to absorption spectral Hata

Fig. &l Jeldl PRESE-S- ]88l F-714S sl Predictefl
& W PRESS] ol glekela 8 4 Qi F4E Actuaf - LSt -
Pt o]
= el ) 1.00 0.82 0.91 0.97
PLS2 37| el M| o] A3 A&l flshe] = 5.00 4.65 4.83 4.89
HEAE 73, 1 A4S Fig. 101 Hep s 10.0 9.71 9.79 10.3
Fig. 16914 % 5 913l 254 A&7k 71 2 g2 159 . o 152
20.0 19.1 20.9 20.4

FRAE Jepsie). Fg. 167 Yehd A3E o]4-3}
o] Mahalanobig2] g ¢85l 4242 Pslgie
oAb e 2 7% A8 250 A]Ro]g)em, Fratio
7F 1.0 o4 FhE 7K AL oo R g o 72 Table 13} Table 20 vepfigic}.

A& o)AH-2 250 AJRo|% T, A4S Fvalues HAHAAH Ex= 243} Vo] A EFE FollM -
ol43le] FAAE W3IslS e A& o Qldlvh. AR SIS FE3le] A8}, Table 19+ Triton
LS. 3HRE A E Heted ol bH R A X-1009] A#FAAE vehiglvt. Table 1914 £ 5= 9

AR5 A EFS A9Jsly, A2 HAREE  Fo] PCRI sle] 73t EAUAF BAle] RSERY] 7.7
T}, AR E AR TR AR e HFRE % R 2 7hE 7HA T, PLS2] olske] Tk B4

& ol gate] EAMUAL Bl $ =g AXtela, Aw A B4 RSERS 1.29& eabt 7P 2S¢ 5
ZA7ke] J3h=2 Yehl= RSER AlALSII o 2 2 3ic}. Table 213= SDS| Aekd =2 ehlgie}. PCR

*RSER: PCR, 4.3%; PLS1, 3.7%; PLS2, 2.0%ghe unit is
pg/mL.

o o
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o 2sle] 3k EA AL E2 RSERV} 4.3%E 7}
A 2 7k 7ML PLS2 o3l 73t BA A A
9] RSERZ}F 2.0%2 9317} 74 238 & 4= 9o
Triton X-10G} 7+ Ashe| 24k SD| 237} o =
S5 & 4 3iv}. PCRY| &she] 731 ZAUAL B
RSER’} 4.3% 714 2 7+ 71x3 PLS2] 93]
T3k FAM A B4 e RSERF 2.0%2 2217} 714 A
o]

S & 5 9k

7z B

Triton X-1004 SDS] Fad E o] AR 74X
gk vhEk 2A49Ql PCR, PLSH PLSZ o]43)o]
Triton X-1004 SDSE A 3t 4= qlv}. A EH7A]}
E o|-43le] 7izhe] oA Mahalanobis] el 2|
g ZAEAH, Fratio W F-AA o2 o) A4S &3t
< W Fratios o438l Wel 7 wlzisl by
ol5ivh. 7t AW e R HAAA B F T o5,
RSER?} RSERE T3l= W PLS2] ¢Jsle] o &3t
Triton X-106% SDS] =7} 714 2k RSERS b
ehfigiet.
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