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Abstract—Substantial research is currently focused on the toxicological effects of alkylphenol ethoxylates (APEs) and alkylphenols
(APs) on aquatic animals. Considerable data are available on the concentrations of APEs and APs in river systems in the United
States; however, few if any data are available on the tissue concentrations of fish living in these rivers. A reliable method for the
analysis of nonylphenol (NP) and lower oligomer nonylphenol ethoxylates (NPE1–3) in fish tissues has been developed. Nonylphenol
and NPE1–3 were extracted from fish tissues using extractive steam distillation. Normal phase high-performance liquid chromatography (HLPC) was used as a cleanup step prior to analysis by gas chromatography with mass selective detection (GC/MSD) using
selected ion monitoring. Optimization of this technique resulted in consistent recoveries in excess of 70%, with the exception of
NPE3 (17%). Method detection limits (MDLs) and limits of quantitation using the technique range from 3 to 20 and 5 to 29 ng/g
wet weight, respectively. Nonylphenol and NPE1 were detected in subsamples (n 5 6) of a single common carp captured in the
Las Vegas Bay of Lake Mead (NV, USA) at average concentrations of 184 6 4 ng/g and 242 6 9 wet weight, respectively.
Nonylphenol ethoxylates2&3 were not detected in the carp collected at Lake Mead.
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influenced by municipal or industrial wastewater effluents [2].
That study found that 60 to 75% of samples had no detectable
levels of NP, NPE1, or NPE 2 [2]. However, data are scarce on
the concentrations of APs and APEs in fish in U.S. waters.
Recently, NP and NPE have been reported to occur in the Las
Vegas Bay of Lake Mead [18]. Because of this known contamination, it was determined to be a suitable site to capture fish
likely to have detectable NP and NPE tissue concentrations.
The objective of this study was to develop a reliable and
simple method to sensitively detect and quantify NP and
NPE(1–3) in the tissues of fish. Soxhlet extraction followed by
gel permeation chromatography was initially investigated;
however, all attempts were unsuccessful [19]. Extractive steam
distillation has been used previously for the extraction of alkylphenols from sediment, water, and fish tissue [20–22]. Extractive steam distillation minimizes the coextraction of large
molecular weight interferences (such as lipids) while efficiently extracting compounds with sufficient volatility [23]. This
method also uses far less solvent than would be required for
Soxhlet extraction [19]. After extensive trial-and-error-method
development [19], an extractive steam distillation coupled with
removal of coextractives by preparative normal-phase highperformance liquid chromatography (HPLC) and quantitation
using gas chromatography with mass selective detection (GC/
MSD) was chosen. This method proved to be reliable and
sensitive for the identification and quantitation of NP and
NPE(1–3) in fish tissues. Goldfish spiked with various concentrations of the compounds of interest were used for method
development. Carp captured from the Las Vegas Bay of Lake
Mead were used for method validation.

INTRODUCTION

Alkylphenol polyethoxylates (APEs) are nonionic surfactants widely used in various industrial (55% of total demand),
institutional (30% of total demand), and household applications (15% of total demand) [1]. In 1998, U.S. usage of APEs
was approximately 250 million kg (Chemical Market Reporter,
October 18, 1999, p 15). The APEs are primarily used as
surfactants, which can function as detergents, wetting agents,
dispersants, emulsifiers, solubilizers, and foaming agents.
These surfactants are used in many industrial applications,
including pulp and paper, textiles, coatings, agricultural pesticides, lubricating oils and fuels, metals, and plastics. Most
of the APEs used are of the nonylphenol polyethoxylate (NPE)
type that contain a nine-carbon branched isomeric alkyl group
[1,2]. The NPEs and the less widely used octylphenol polyethoxylates (OPEs) degrade during wastewater treatment or in
the environment through transient intermediates including alkylphenol ethoxycarboxylates (APECs), lower oligomer APEs
such as NPE(1–3), and alkylphenols (APs) such as octylphenol
(OP) and nonylphenol (NP) (Fig. 1) [2–5]. The type and efficiency of wastewater treatment affects the degree of APE
removal during treatment [6].
Several reports have linked APs and certain APEs to adverse effects on aquatic organisms [1,7–9]. Both NP and OP
have been shown to be estrogenic in a variety of both in vitro
[9–13] and in vivo bioassays [14,15]. Some oligomers of NPE
have also been found to be estrogenic in vitro [9,14,16,17]
and in vivo [14].
The most comprehensive survey from the United States reported concentrations of NP and NPEs from 30 rivers that are

MATERIALS AND METHODS

Standards and reagents
All standards and reagents used were of the highest purity
commercially available. High-purity standards (;96% or
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Table 1. Ions monitored and recovery data (n 5 7)a
Compound
NP
NPE1
NPE2
NPE3
TBC
a

Fig. 1. Structures of compounds of interest.

greater purity) of p-nonylphenol (NP), p-cumylphenol, and 4tert-butyl orthocresol (Fig. 1) were obtained from Schenectady
International (Schenectady, NY, USA). Standards of NPE(1–3)
were obtained from Huntsman Corporation (Austin, TX, USA).
Pesticide residue-grade hexane, dichloromethane, methanol,
and isooctane were obtained from Burdick and Jackson (Muskegon, MI, USA). Reagent water was first purified by reverse
osmosis followed by NanopureTM (Barnstead, Dubuque, IA,
USA) treatment.

Sample collection and preservation
Laboratory-raised goldfish (Carassius auratus) were chemically euthanized using tricaine methane sulphonate
(FinquelTM, Argent Chemical Laboratories, Redmond, WA,
USA), then frozen until analysis. Several frozen goldfish (5–
20 g each) were thawed prior to homogenization (Blender 700,
Waring, New Hartford, CT, USA) to form a pool of tissues
from which subsamples were removed for extraction. Common
carp (Cyprinus carpio) from Las Vegas Bay of Lake Mead
were captured in June of 1999 via gill nets, euthanized with
tricaine methane sulphonate, then frozen until analysis. An
approximately 150-g centered cross-section from a large carp
(;1 kg) captured from the Las Vegas Bay of Lake Mead was
homogenized.

Extraction
Twenty grams of the fish homogenate was blended with
350 ml of laboratory water for 2 min. The resulting mixture
was added to a 2-L boiling flask with 20 g sodium chloride
(ACS reagent grade, J.T. Baker, Phillipsburg, NJ, USA), 3 ml
concentrated sulfuric acid (GR grade, EM Science, Gibbstown,
NJ, USA), several glass boiling chips (3 mm diameter, Pyrex,
Big Flats, NY, USA), and a TeflonTM-coated stir bar. An additional 650 ml of laboratory water was added to the homogenizer in small portions to rinse and transfer any remaining
homogenate into the 2-L boiling flask. Five hundred nanograms of p-cumylphenol was added to the boiling flask mixture
as a surrogate standard.
The mixture described above was placed onto a heating
mantle with a magnetic stir plate below the mantle. A Nielsen–
Kryger improved version steam-distillation column (Ace
Glass, Vineland, NJ, USA) was attached to the round-bottom
flask containing the sample. Three milliliters of laboratory
water and 10 ml of isooctane were added to the steam-distil-

Ions (m/z)
107,
135,
135,
135,
149,

135,
179,
223,
267,
164,

Spike (ng/g)

149
193
237
281
121

15.4
74.8
67.2
40.0
NA

Recovery
% CV
78.1
76.1
69.4
17.0

6 9.21
6 9.84
6 13.0
6 20.1
NA

NP 5 nonylphenol; NPE1 5 nonylphenol monoethoxylate; NPE2 5
nonylphenol diethoxylate; NPE3 5 nonylphenol triethoxylate; TBC
5 4-tert-butyl orthocresol; CV 5 coefficient of variation; NA 5 not
applicable.

lation column. Tap water was circulated through the condenser
at a fast flow rate. The heating mantle was operated on the
maximum setting and the stir plate speed was set to approximately 50%. The mixture was boiled for 1.5 h and the water
layer in the distillation column discarded. The isooctane layer
was collected in a 15-ml centrifuge tube. An additional 3 ml
of laboratory water and 10 ml of isooctane were added to the
distillation column. The mixture was then boiled again for 1.5
h and the isooctane layer combined with the initial extract.
The combined extract was concentrated to 1 ml at 308C under
a gentle stream of purified nitrogen and stored at 2208C until
analysis.

Normal-phase HPLC fractionation
The normal-phase HPLC fractionation system consisted of
a Perkin-Elmer (Norwalk, CT, USA) series 200 autosampler,
a 200 binary pump (Perkin-Elmer), a Hewlett-Packard ([HP]
Avondale, PA, USA) 1046A fluorescence detector, and
TurboChrome 4.0 data software package (Perkin-Elmer). An
800-ml injection volume of the isooctane extract was separated
using a Phenomenex Luna 5-mm silica column (250 mm 3
4.6 mm, Torrance, CA, USA) by isocratic elution with a binary
mixture of 88% hexane and 12% 1:4 methanol:dichloromethane at a flow rate of 0.65 ml/min. Fluorescence detection was
used to determine surrogate recovery during this fractionation
at an excitation wavelength of 229 nm and an emission wavelength of 310 nm. The HPLC effluent containing the analytes
of interest was collected during the time period of 7 to 16 min.
To this fraction, 3.0 mg of 4-tert-butyl orthocresol was added
as an internal standard. This fraction was then concentrated
using a gentle stream of purified nitrogen to 100 ml isooctane.

Identification and quantitation
Compounds of interest were identified and quantified using
a HP 5890 series II plus GC and a HP 5972 MSD. Separation
was accomplished using a 30-m DB-17MS capillary column
(0.25-mm i.d., 0.15-mm film, J&W Scientific, Folsom, CA,
USA) and a 4-ml injection volume. The GC was programmed
with a starting temperature of 1008C for 2 min followed by a
48C/min temperature ramp to a final temperature of 3008C that
was held for 10 min. The MSD was operated in selected ion
monitoring mode with three ions monitored for each compound
of interest (Table 1). Identification was made by proper retention time and ion ratios (Fig. 2). Peak areas were determined
by electronic integration, and concentrations were determined
using external calibration and Microsoft Excel spreadsheets
(Version 7; Microsoft, Redmond, WA, USA). Quantitation for
NP and NPE was based on the sum of the peak areas for all
isomers for each compound (Fig. 2). Five point calibration
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Table 3. Average concentrations of NP and NPEs in Lake Mead (NV,
USA) carp tissues (n 5 6)a
Compound
NP
NPE1
NPE2
NPE3
a

Fig. 2. Chromatograms of nonylphenol (NP), nonylphenol mono- and
diethoxylate (NPE(1–2)), and 4-tert-butyl orthocresol (TBC). (A) Standards. (B) Las Vegas Bay carp tissue extract.

curves were linear (r2 . 0.98) across the range of concentrations used to bracket the sample concentrations. Where necessary, NP and NPE results were adjusted for recovery of the
internal standard.

Recovery and detection limits
Instrument detection limits were defined as the minimum
mass of analyte required to yield a signal to noise ratio of
three. Seven replicates of homogenized goldfish tissues were
spiked with NP and NPE(1–3) (dissolved in 50 ml of methanol)
at the estimated method detection limits (MDLs) to determine
recovery and precision (Table 2). The MDLs were calculated
by multiplying the standard deviation of the recovered concentrations by a t value of 3.1427 (for n 5 7 replicates) [24].
The limits of quantitation were calculated by adding five standard deviations to the MDL.
RESULTS AND DISCUSSION

It was determined that two successive distillations with
fresh isooctane of 1.5 h each were more efficient than one 3h distillation [19]. Recoveries of the compounds of interest
using two distillations were consistently greater than 70%, with
the exception of NPE3 (Table 1). The coefficient of variation
in recoveries was less than 20% (Table 1). The lesser recovery
of NPE3 is a function of its lesser volatility and lipophilicity.
Initial method development with steam distillation resulted in
extreme foaming that caused contamination of the isooctane
extract. While silicon-based antifoaming agents successfully
reduced foaming, recoveries were reduced and inconsistent.
The addition of concentrated sulfuric acid reduced foaming
Table 2. Detection limits for compounds of interest (n 5 7)a
Compound
NP
NPE1
NPE2
NPE3
a

IDL (ng)

MDL (ng/g)

LOQ (ng/g)

5.12
15.5
17.3
112

3.30
16.8
18.2
20.6

4.82
18.5
20.6
28.9

NP 5 nonylphenol; NPE1 5 nonylphenol monoethoxylate; NPE2 5
nonylphenol diethoxylate; NPE3 5 nonylphenol triethoxylate; IDL
5 instrument detection limit; MDL 5 method detection limit; LOQ
5 limit of quantitation.

ng/g wet wt

% CV

184
242
ND
ND

4.4
9.3
NA
NA

NP 5 nonylphenol; NPE1 5 nonylphenol monoethoxylate; NPE2 5
nonylphenol diethoxylate; NPE3 5 nonylphenol triethoxylate; CV
5 coefficient of variation; MDL 5 method detection limit; ND 5
not detectable at MDL; NA 5 not applicable.

and did not negatively affect recovery or precision. Although
cooling the distillation condensers resulted in slightly greater
recovery, the improvement was small.
Nonylphenol and NPE1 were detected in the tissue from a
carp captured in Las Vegas Bay (Table 3). The variability in
concentrations of NP and NPE1 among the subsamples from
a single fish was small (Table 3). These concentrations observed are reasonable, based on reported water concentrations
ranging from 160 to 750 ng/L for NP and 3,180 to 4,850 ng/
L for NPE in Las Vegas Bay [18] and published bioconcentration factors of 100 to 300 for NP [8,25,26]. Although concentrations of NP and NPE in sediments of Las Vegas Bay
are unknown, it is possible that sediment-bound NP and NPE
affected the carp tissue concentrations since carp are bottom
feeders and these compounds are known to accumulate in sediments [5,20,27–29].
The method presented here was successful for sensitive and
reproducible measurements of concentrations of NP and
NPE(1,2) in fish tissues. Because NP and NPE are structurally
similar to lipids, conventional methods that would coextract
lipids require extensive clean-up to be amenable to GC/MSD
analysis. The method presented here minimizes coextraction
of lipids while providing detection limits sufficient to determine toxicologically relevant concentrations. This analytical
method is amenable for use in most environmental laboratories
with access to HPLC and GC/MSD instrumentation.
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