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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
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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1 L of water sample

acidified with ¢-H,SO,

Sep-Pak Cyg

wash with 5 mL of acetone,
5 mL of methanol and
5 mL of acidified water
load the sample
elute with 4 times of 2 mL acetone
add ISTD ( NP2EO-ring'3C,, 50 ng)

Evaporation

dissolved with 500 mL of

methanol/water (6:4, v/v) mixture

Inject to HPLC/MS

Scheme 1. Sample preparation procedures of alkylpheno-
lethoxylate in water sample.
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Fig. 1. Mass spectra of 4-octylphenol-di-ethoxylate (OP2E-
O; A) and 4-nonylphenol-di-ethoxylate (NP2EO; B)
for positive-ion electrospray ionization detection.
Both spectra show water adduct ((M+H,0]") at m/z
312 for OP2EO and m/z 326 for NP2EO, and
sodium adduct ([M+Na]") at mjz 317 for OP2EO
and m/z 331 for NP2EO.
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H,OI'®l m/z 2683} Na adduct ©]-291 m/z 273 ol—w—
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Fig. 2. Mass spectra of 4-octylphenol-mono-ethoxylate
(OP1EO; A) and 4-nonylphenol-mono-ethoxylate
(NP1EQ; 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.
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EAM} 001 M E£54HE ARgsted], ook 22 &
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9} NP2EO EZF89 300 ng/LE HPLC/ES/MSO] 10
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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 X 1.5 mm Cg column
with 5 pm particles using a gradient of 70 ~
90% each volatile additives in methanol in 30
min at a flow rate of 200 yL/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)
a T

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
S E AR AS ol M AEHe ZeE FE AL AFEEHd dig B9E WHesR
uebstth o] 23k &9 pKagte oMMEAT 474, T B Ee HPFH B AHAF A3 v=E F
E4F 375 9 TFA 030224 pKagol IS5 3  F3dth 2 22 5~500 ngll F=HAAA A
27b A ik FAA S Zstr] Wil & BAS 0990 oo FEd HAPS ByoH, A

= =

o2& WE7] dth Fig 3°l%= UEhd AAH pKa
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Fig. 4. Electospray ionization effect of ionic strength of
trifluoroacetic acid as a volatile solvent additive.
(Conditions: 150 mm x 1.5 mm Cg column with 5 ym
particles using a gradient of 70 ~ 90% 10 M TFA
in methanol in 30 min at a flow rate of 200 yL/min.)
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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/L)  Amounts founds (ng/L)

mean+SD (RSD %)

Amounts founds (ng/L)

Recovery (%) mean+SD (RSD %)

Recovery (%)

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
1003 R 702 A AP E Z3ly] W ©DAE APEOsY #
807 miz
e OP2EO atm/z 312 é}‘oﬂ 343'],9] O]—‘Q:ﬁl— %UHO‘:!% z}_?l T:,—_:_]_ g[: g}]\(}iq
[ 404 -
§al %03-?%2325‘;-;23 A7) Z+z 858 ~ 122.1 %
2 o -
£ T 9 82 ~ 188 %2 $5eA Uehgth e
5 NP2EO at mlz 326 OP2EO% ng/L¥ I NP2EOE 50 ng/LEA AA
B ¥ SR »4% Ao HA U AFAET FEE
o ’ wromge amze O FEES AARTolesy o gole mEd o
o] & AFPWoE RAF Ay 2F AEHA I
207 o 5k ) =5 SEAL O © Exysie)
T e T e e R S o FF HESWA FEE AT A7k A& e
Time (min) i ﬁ;l'_,'% 7}4\0] E}
o] AL AAFFP=EE= HIES = =]
Fig 5. Selected ion chromatograms of standard 4-octyl- j%“}o °—'; ‘j;é ] WE L"E A;PEOSOE] :H—‘:
phenol-di-ethoxylate (OP2EO) at mjz 312, 4non-  H18°1 & =22 monitoring= AAISFIL 9= W
ylphenol-di-ethoxylate (NP2EO) at mjz 326 and ¥, °}&7HA I e ¢ZAFEF[F5 monitoring3}
i—nonylphenol—di—ethoxylate—ring—13C6 (NP2EO-ring- & AlAo|th, B Ag BAS E3 2 2%
C(’) at m/z 332 in distilled water. APEOs®] 870 a8 A} Do, wa 24
w22 A ko] ofyz} o F, ojHF{ % A HIEFTH
OP2EO at m/z 312 - -3 v
b } 2 FPNREHE SvVFS] APEOsE £ 3=
» U 249 5 e Aos ARHG
2
120 L NP2EO at m/z 326
60
: ZArel 2
1§ RT; 8.46
x NP2EO-ring-1*C¢ at m/z 332 = _ o
© £ dAFe FreRe A7 ATFAAG e
20 - -
%% 18 20 22 24 26 28 ?_:1.?:_]' = z[:a—gﬂx\)\\j

OF2EO at m/z 312

B
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803
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Fig. 6. Selected ion chromatograms at m/z 312, 326 and
332 of distilled water blank (A) and sample (B).
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