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2 G s 5L olE (APEO)= F2 Hlo]24 7
A5 B FofiE o]fo] Hu ‘EAE} APEO A& SA4=4 %

=49 @AFE APEO, ¢ s B 7tE254d fEAlTe 2 5 daAxgste st
mutagenic ring halogenated derivativeE A3t} o] & A4 2 estrogenic effectS YEH 7] o &
o] APEOE A3t &&= fAISIAL = FAH ot B Ao = APEOY UlAIA 241 ©ALE APEO
°l 4-nonylphenol-di-ethoxylate (NP2EO), 4-octylphenol-di-ethoxylate (OP2EO)E BE23517] 8l A p-n-
nonylphenol--di-ethoxylate-ring-"C¢S- 5+ &2 & A}-&3}o] HPLC/ESIMSE o] &-3le] B39
o} Bz AL o] 23} 819l trifluoroacetic acid”} 10 yMo| H == 27} E3} v gkg-o H7IAIA
AHESFAT. = A8 1 Lol g kg o]&sto] pHE 20]8t2 2T F, oMAlE, vEgs 3 &
(pH 2)2 &8 A7) Sep-Pak Ci59ll loading A17] & olM|ESZ &&351] A|g8Ho2 3T} o]
HHoE TV} 20 ~ 500 ng/L WA Ao 2444 r=0.999 (OP2EO)9‘r 0.990 (NP2EO)
gov, AE3A = OP2EOE 20 ng/L, NP2EO= 50 ng/L °]Uth A= 2 HU=+= 85.8 ~
1221% % 82 ~ 18.8 %2 =& A¥E YelWlth o] HH L AFAFZHE v]F APEOE +4
st AHEE 4 Slal, APEO L AAH XA §82 4 S Ao R Atsdnh

Abstract : A method is described for the analysis of short-chain alkylphenol ethoxylates (APEOs),
4-octylphenol-di-ethoxylate (OP2EO) and 4-nonylphenol-di-ethoxylate (NP2EO), in drinking water or
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wastewater using reversed phase high-performance liquid chromatography with electrospray ionization

mass spectrometry. The solvent system was water and methanol containing 10 yM trifluoroacetic acid
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as an ionization solvent. We acidified 1 L of water samples to less than pH 2 with concentrated H>SO4
and loaded onto Sep-Pak Cis, and eluted with acetone. The calibration of OP2EO and NP2EO was
performed for the concentration range from 20 to 500 ng/L and the correlation coefficients were 0.999
and 0.990, respectively. The limits of detection were 20 ng/L (OP2EO) and 50 ng/L (NP2EO) at a

signal-to-noise ratio of 3. Accuracy and precision of this analytical method were 85.8 ~ 122.1% and 8.2

~ 18.8%, respectively. The proposed method allowed a sensitive and rapid detection of OP2EO and

NP2EO and it could be applied for monitoring of APEOs from environmental samples.

Key words : alkylphenol ethoxylate, electrospray mass spectrometry,
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T olste]l WA ﬂﬂro}ﬁt} 1H
p—n—nonylphenol—di—ethoxylate—rmg— ’Cs (NP2EO—r1ng— ’Cs
Inc.A}F A F
(Andover MA, USA)C.2 FE+ 100 pg/mLZA] nonane
o Zol Sl EFFS TUAT. HPLCY &rj=
AF&-3F W BF2-2 Berdick & JacksonAl (Muskegon, MI,
USA), ©]23} &v|Z AL8-H oM E4LHE J. T. Baker
s (Phillipsburg, NJ, USA), EE4He WakoAlt A
F (YE) ¥ trifluoroacetic acid (TFA)= Sigma-Aldrich
A} (St. Louis, MO, USA) A& F43tAch 445
ZWol A8 Sep-Pak Cj3 cartridge™= WatersA
(Mildford, MA, USA)Al&ol%la, &4438}s7] 98t
AHEE BS Milli-Q Al&¥ (Millipore, Milford, MA,
USA)S TN SHTE AHEsHaL obllE2 I
T. BakerA} (Phillipsburg, NJ, USA) A &S Tttt
AERAAEYHA F pH 285 &) AHEF g g4t
£ E. MerckAl (Darmstadt, Germany) A%< T3}
AT A EE o8] 9ISkl 045 m (Mil
ipore) syringe filterE A}-8-3} %t}
Aol AHEF 27 TY AR e

)= Cambridge Isotope Laboratories,

AAE A

A F3 vEE 2 opES AMEEe AN
3110 T LEAA Hx3sto] HAsIFon, 48
T 29S WAS] 95t Fgzgudd fe
9 g ZE EE PEEKE AMEEYTH

2.2. 27171 ¥ &R

£ Aol AHE-g HPLC/ESI-MSE ShiseidoA} ]
HPLC (Shiseido Nanospace SI-1
Japan)$} ThemoFinniganAle] LCQ
ion-trap mass spectrometry (ThermoFinnigan, San Jose,
CA, USA)7} A3 A48 Zlolth MSY o] &3} 2]
& AAEEF o] 23} (electrospray ionization, ESI)H &
o]-g3tx, 94 HPLCOl <3t EA5}¢ith. HPLC
auto injector (200 yL loop; model 2003), UV
detector (model 2002) ¢} dual six-port switching valve
unit (model 2012)7} &= o] it ZHeELE=
40 CTE FAAFI (model 2004 column oven), UV
225 mol A AE3A) oW B4 # L Shiseido

semi-micro HPLC

system; Tokyo,

system-
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Capcell Pak Cs (1.5 mm id.,, 150 mm length, 5 /m
particle size; Tokyo, Japan)©|™, ©]&7 &v= TFA
o] ¥57} 10 pMo] HEE B (&9 A WEhE &
& (& BS 47 AxsIH olFHY FE2
200 pLimino| A & 125¢ &9 BE 0% FA
AR o 5E7HA 80%E FUHAIZ & TAl 7TE7)

FASATG. 1 F gA 2E7HA 90%2 F7HA
T I5E7A FAANAT AARF o] 25 9
AZ7AL capillary &% 200 T, capillary ¥ tube
lens offset voltage™= Z}Z} 3.0 kV 2 15 Vo], sheath
gasE o o] &3l¥e™ 30 units I
auxiliary gas= 15 unitsE A&} Th
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2.3. 0|23 20 ME ¥ 0|2 2=

HZ o] o]23t &uf AAE st oMAEAY,
S % TFAZ 472 001 M, 0.1 M 2 10 yuM ©
HEE £% §Wdd B wWggd H7AA A
a1, FF8WS OP2EO ¢ NP2EO 300 nglLE
HPLC/ESMSO| F9sti F-9-89o HAduAs +
sto] Wl A ST

AARE o]t &l o] 2FEE 0, 1, 5, 10, 20,
50 2 100 pymo] HE=E 2HsY 4A 7jed W
°Z "y FA3Yh

2.4. A2 &Nz
AR 1 LE HF § &
b Hes 249 Y 2AFEHS A8 4 Sep
Pak Cjs-cartridgess OMAE, Wete 2 & (p
7k 1 mLH s AYMYEE 8 7

AEE 2~ 3 psi®] F3teA AAE] EHFol F
A AT F2H Sep-Pak Cig-cartridges= -£Z3}7]
A ES AAGY] Hst] IFHZE o] &3t 10
AT AFE ZHol Fo FEE AAT F oM
E 2 mL¥ 49 FFFo] §=3%H 85E &
of WHREFEAQ NP2EO-ring-"Cs 50 ngS H7}a}
I FHARVE o]&3ste HURAIZ F Hggd
E Eg89 (60:40; v:iv) 500 uLE Hol T %9
o o] AI5EE&NS 045 um syringe filterS AF&-3}
o33k & 10 yLS HPLC/MS®| FUste] R34
t}. Scheme 1o A8 HAE] B =283%th
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1L of water sample
3.1. EFEEF 24 2
% HPLC Z71o] &gk dAApE o] 23 o] ol
acidiied with ¢-H,50, ¢ BEAA oles E8S 4 &7 s oF
ol Hrtste 3 o238t A|%FCE 10 uM TFA
Sep-Pak Cyq E A8 YurE o APEOsE 4te] F4:0]
2o gt Walgo] 7] wioll Na adductq! [M+Na]”
wash with 5 mL of acetone, olgo] EAow UEltom, T3F H0 adduct ¢l
5 mL of methanol and [M+H,0]" ¥A] Aol 2 Yehdth Fig 10] Yehd
5 mL of acidified water ZAAY OP2EOY] AHEA AHEZHA [M+H0]' 9}
load the sample [M+Na]"®] mjz 312 ¢} 317°]£0] OP2EOS] EAtoleS
elute with 4 times of 2 mL acetone el gloem, NP2EOY AHAHEZH  HA]
add ISTD ( NP2EO-ring'3C,, 50 ng) [M+H,0]" 9} [M+Na]'¢! m/z 326 ¥} 3310]28 YEhY
A=
Evaporation
3121
100: [M+H,0]* A
920
8 s
dissolved with 500 mL of é 70
methanol/water (6:4, viv) mixture 2 72
s %0 [M+Na]*
x 40
30 "
Inject to HPLC/MS 20
10 o ns2
o Zmn s e e, e ey || [ s g s e e B |
260 270 280 290 300 310 320 330 340 350 360
m/z
Scheme 1. Sample preparation procedures of alkylpheno- 51
lethoxylate in water sample. 100: . VRO
% [M+H,0] B
_ _ 8 80
2.5 ZM BN U 858 55 :
. =< = ‘g 70
ZF<ol NP2ZEO ¥ OP2EO EZEFE9L 55 2w | g
2 +Nal*
HE 05~ 500 ngL7kA] HE=E Hriste] Az F
- @ 40
3 FYF wHor AxF F HPLCMSO] ZHzt ©
10 ¥ FAste]l BH%T, 9 SRS WREE  w
Dz o] HO bl 5 Q ol =o] 7} AR = 10 ey om0 ::“” =3 g g ama
=4 i i &9 Fof 4 AL 3 e P I e ) ‘, L AP N e T N
T = 7 al

T ; T T : T t +
260 270 280 290 300 310 320 330 340 350 360 370 380
m/z

Ao Fig. 1. Mass spectra of 4-octylphenol-di-ethoxylate (OP2E-
O; A) and 4-nonylphenol-di-ethoxylate (NP2EO; B)
2.6. ARIAIZ 2M for positive-ion electrospray ionization detection.
= = - Both spectra show water adduct ((M+H0]") at m/z
=7l 2] o ;ﬂ/‘\ o AAAE AP 2~ wu
. :; © ]H:j Z}E:Ox v O{;_} Hjjf’ = 312 for OP2EO and m/z 326 for NP2EO, and
o - = +
dEAAN BE FRIE 249 AT Pl o sodium adduct (IM+Na]) at mjz 317 for OP2EO
g FE H FHsAT and m/z 331 for NP2EO.
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B Ao M= reversed-phase columne  ©|-8-3}e]
APEOs9] ©ALE  ethoxylated] EE1& AI=3IHEH
mono-ethoxylate?] OPIEOS] #A}o]2& Yeh= [M+

H,0]"¢l m/z 2683 Na adduct ©]-2¢l m/z 273 °o]&&
AEez A7|7F Z-& ubA di-ethoxylate HEfS] m/z
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Fig. 2. Mass spectra of 4-octylphenol-mono-ethoxylate

(OP1EO; A) and 4-nonylphenol-mono-ethoxylate
(NP1EO; B) for positive-ion electrospray ionization
detection. OP1EO shows water adduct ([M+H,0]")
at m/z 268 and sodium adduct ((M+Na]") at m/z
273, and NPIEO shows water adduct ([M+
(H,0)+H]") at mjz 301 and potassium adduct
(IM+K]") at m/z 303 of molecule. Both spectra
have di-ethoxylate forms that are water and Na
adduct of OP2EO and NP2EO at m/z 312, 317 and
at m/z 326, 331, respectively.

NPIEO+ di-ethoxylate$} WF-EA17ke] 2l Ex}o]
L0078 HolE [M+H,0)+H] ¢l m/z 3013} K adduct$]
m/z 303 ©]&o] AL intensityE LFERHT JoH di-
ethoxylate?] m/z 3263} 3310] & ©]2°F Yehijx
Atk (Fig. 2) ©I19 #°] mono-ethoxylateQ! 79 EA}
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o]l2g YelllE °]2E59 intensity/} Sk FZ
di-ethoxylate®] ©]2Eo] FH o]0 = eyt o]d
7% Naol i3 Fsle=rt
di-ethoxylateol] HI&td 2H7] wjol EAfo]l & A 1t
ERfAl otk webd B Ao ME diethoxylated
OP2EO ¢} NP2EO°] tigt A& S F2 A3t
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3.2. 0|23 0 ME ¥ 0|2 2=
AAEFol 23] Yol BEEd o3 HES
HkZ 9] HPLC #2404 A}8-%+= phosphate, sulfate
borate?] 7] F7FAE AHESte Al AAHE
24A e By e LEEs WASIIAMA
o] &3} & 7}A (volatile solvent additives)S
3ta Aok WAl o] 238t &vlE 0.1 M oHA]
001 M S AMg3skEH, o9 2 &
o] pH 2= TFAY 52 10 yME &
st && 3 vlgk&ol] H7FA1A OP2EO
9} NP2EO 300 ng/LE HPLC/ESIMS®] 10
LA st Jeive Ao 98] WS vl
3ttt Fig. 32 o3t &9 TR =E A
ol e3l#S =433 HAOF 10 uM TFAZS o] &3}
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Fig. 3. Effect of various volatile solvent additives on
electospray ionization  in positive-ion mode.
Abbreviations are as follows: FA is formic acid,
AA is acetic acid and TFA is trifluoroacetic
acid. (Conditions: 150 mm % 1.5 mm Cs column
with 5 um particles using a gradient of 70 ~
90% each volatile additives in methanol in 30
min at a flow rate of 200 uL/min.) Filled circles
are  4-octylphenol-di-ethoxylate and open circles

are 4-nonylphenol-di-ethoxylate.
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Table 1. Selected ions, retention times, calibration curve and detection limit of 4-octylphenol-di-ethoxylate (OP2EO)

and 4-nonylphenol-di-ethoxylate (NP2EO)

Y=aX+b

APEOs Selected ions (m/z) RT (min) Concentration ranges (ng/L) b DL (ng/L)

OP2EO 312, 317 7.02 5-500 0.541 0.0368 0.999 20

NP2EO 326, 331 8.71 20-500 0372 00311 0.990 50
NP2EO-ring "*Cs 332, 337 8.71
B2 AMEE A9 o3 M BEHE ez FE AL AFEE=HYCd Ui B9 "oz y
el o]23 &9 pKaghd ofHEA 474, X B & AFAH 2 ABASF) AEIA TEE S
E4F 375 9 TFA 030224 pKagtol Z&4E 3  E3th 2 28L& 5~ 500 ngL F=HHNA A
Y7t ZHa Eg FAR ALE Fe] WEed F BASF 0990 o]y Fae HAHS BYen, H
o2& THE7] 4tk Fig. 39= Ued ZAAY pKa EdA= 247 20 2 50 ng/LE YERRTH
ol mebA 24, X2ELF 283 TFA A2 F7F g AFED H/PEHA st SHS 2
& BHAF3 Ut} Fig. 4= TFAY o] Z=d wf  I= Table 29 YERRSALE I5E2 0% 3o 2
€ A o]23 s Yl o2 10 uM TFAIA  $53tg o wEAFY digt A== 858~
FHo| 1 T F olesEE HAFa Utk W 122.1%5 JERglen, JEEE 82~153%2
24 OP2EO ¥ NP2EO9] #41& 93 HA9 =7 £& Z3E Jehdoh

o2 &% & B g o3 £l
TFAE 10 uM FFAIA EA 84

7e+6 -
6e+6 }
5e+6 % }

|
}@ i %% ﬂ i%

Peak Area

2e+6

le+6 +

Fig. 4. Electospray ionization effect of ionic strength of
trifluoroacetic acid as a volatile solvent additive.
(Conditions: 150 mm % 1.5 mm Cg column with 5 (m
particles using a gradient of 70 ~ 90% 10 M TFA
in methanol in 30 min at a flow rate of 200 yL/min.)
Open circles are 4-octylphenol-di-ethoxylate and
filled circles are 4-nonylphenol-di-ethoxylate.
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Table 2. Intra- and inter-day assay tests in distilled water spiked with known amounts of 4-octylphenol-di-ethoxylate
(OP2EO) and 4-nonylphenol-di-ethoxylate (NP2EO)

Intra-day (n=3)

Inter-day (n=3)

APEOs  Added amounts (ng/lL)  Amounts founds (ng/L) Recovery (%) Amounts founds (ng/L) Recovery (%)
0 0
meantSD (RSD %) i mean+SD (RSD %) i
OP2EO 100 90.9+13.9 (15.3) 90.9 85.8+16.2 (18.8) 85.8
300 298.2+25.6 (8.2) 99.4 298.6+44.6 (14.9) 99.6
NP2EO 100 114.4£13.6 (11.9) 114.4 111.0£13.5 (12.2) 111.0
300 311.1£36.0 (11.6) 103.7 366.2+40.8 (11.2) 122.1
m e 47 A4S B3] Mo A& APEOse] ¥
o UM o] HH 9 oles §uAe FA T & Uitk
© 404 -
g , 2 d7e 8% 9 dU=rt 247t 858 ~ 1221 %
S — — B L
2> i 2 82 ~ 188 %2 S5 UEgth AEIAE
g \PEEOMmES® - OP2EOE 20 ng/LIL NP2EOE 50 ngL2A AA|
"] Ned GEd AY dF R AFEY $EE
1007 3 - = -
w NP2EO-ring 1%C, at miz 332 o] FEES AARFo|28 Y Fol EE 9
o] g ASWHor BAG A9 EF HEHA 1
x4 515 == 5 o = =
A A A A A A Ao on FF HESWA S AT A7k AEH e
Time (min) i o\i?% 7/_1011;}
o] AL AFFHEZE p|E3 = e
Fig 5. Selected ion chromatograms of standard 4-octyl- A=l A5 LEATFE VX APEOsE ¥
o A= : . e} =) L
phenol-di-ethoxylate (OP2EO) at mjz 312, 4non-  “1°8N +28 ZZE monitoring& HAIstal 9l= wt
ylphenol-di-ethoxylate (NP2EO) at m/z 326 and %, °}&7HA] Ul A= &L 3 =FTF monitoring 3}
4—nonylphenol—di—ethoxylate—ring—13C(, (NP2EO-ring- = 2AlAolt} Be Az BEAS E3 24 3=
13C6) at m/z 332 in distilled water. APEOs®] $7 o dde) 2A7} Basty, w3 24
T A syl ohje ofF, i % A HAHEEH
E| OP2EO at m/z 312 - -
o L 2 FANEZRE FvuFe] APEOsE ®A3:
2] i Ae" & Qe Ao AHETh
13 22
ao: l NP2EO at m/z 326
= WM A i) aAlel 2
163 RTj 846
803 NP2EO-ring-13C, at m/z 332
= L B oQrt #3reve FAAPATANG
g 20 _ -
I A N S S I i S A T A Ao T FHPHUS
<
2 10 483
g 23 . L B OP2EO at m/z 312 é!‘_Tl_ —E— 3._4

NP2EO at m/z 326

NP2EO-ring-°C, at m/z 332

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (min)

Fig. 6. Selected ion chromatograms at m/z 312, 326 and
332 of distilled water blank (A) and sample (B).
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