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Abstract

Alkylphenols (octyl and nonylphenal), alkylphenol polyethoxylates (APEOs), and alcohol
ethoxylates (AEOs) have been determined in soil treated with sewage sludge from different
locations. These compounds were isolated from soil by pressurized liquid extraction (PLE)
using a mixture acetone-hexane (50:50 v/v), the extracts were cleaned up by solid-phase
extraction (SPE) with Cig, and determined by liquid chromatography atmospheric pressure
chemical ionization- mass spectrometry (LC-APCI-MS). The method enabled high-reliable
identification by monitoring the corresponding ammonium adduct [M+NH3z]* for AEOs and
APEOs, and the deprotonated molecule [M-H]" for octyl and nonylphenol. Recoveries,
calculated spiking soil samples at different concentrations, ranged from 89 to 94 %, with
limits of quantification from 1 to 100 pg/kg. The procedures was applied for determining
octylphenol, nonylphenol, AEOs, and APEOs in soils amended with sludges from different
waste water treatment plants located in the VValencian Community. Data obtained showed that
these compounds are present in the treated soils.

I ntroduction

In Europe, about 8 million tons of sewage sludge are generated annually by waste
water sewage treatment plants (WWSTPs), its use in soils to improve the organic matter
content is one of the most popular actions for their elimination, reaching during the year 2005
as elevated percentages as 50% in Germany, 54% in Spain, 65% in France, and 71% in
United Kingdom.

Alkylphenol ethoxylates (APEs) and alcohol ethoxylates (AEOs) are non-ionic
surfactants widely used in paints, herbicides, pesticides, pulp and paper production, textile
manufacturing, adhesives, leather products, rubber and plastics, as well as, in metalworking
(as lubricants). Their main use remains, however, as detergents, for both household and
industrial applications, because of properties such as relative ionic insensitivity and high
absorptive behaviour. Degradation products (alkylphenols, akylphenol monoethoxylates and
alkylphenol diethoxylates) have endocrine disrupting effects (Magoarou, 2000; Kroght et al.,
2003; LaGuardia et al. 2001).

The European Commission (EU, 2000), to maintain or to improve the present rate of
recycling and the organic matter content in sludge, has elaborated a draft called “Working
Document on Sludge” to broaden the scope of the existing regulation. It proposes maximum
concentration limits for various micro-contaminants, anong them AEOs and APEOs. The
limit value for the sludge concentration for agricultural use is 50 mg/kg dry matter, and
comprises substances like nonylphenol and nonylphenol ethoxylates with one or two ethoxy
groups.

The aim of this work was to develop and to optimise an analytical method for the
simultaneous determination of octylphenol, nonylphenol, alkylphenol ethoxylates and alcohol

Proceedings



14th International Soil Conservation Organization Conference.
Water Management and Soil Conservation in Semi-Arid Environments. Marrakech, Morocco, May 14-19, 2006 (ISCO 2006).

ethoxylates in soils treated with sewage sludge, by utilizing pressurized liquid extraction
(PLE), theunambiguous identification of these kind of compounds by LC-MS, and to
compare the concentrations of these compounds in forest soil treated with sewage sludge (the
organic matrix) generated by different Waste Water Sewage Treatment Plants (WWSTPs) in
the Valencian Community (Spain).

Material and Methods

Reagents.- Alkylphenols: octylphenol (OP) and nonylphenol (NP); alkylphenol ethoxylates:
Nonidet 40 (NPs.15EOSs), Triton X-100 (OPs.15EQS), nonylphenol monoethoxylate (NP1EO),
and the technical mixtures of nonylphenols (NP;.sEOs) and octylphenols (OP;.sEOs) with
low ethoxylate grade; alcohol ethoxylates: hexaethylene glycol monooctadecyl ether
(CsEOs), hexaethylene glycol monodecyl ether (C10EOe), hexaethylene glycol monododecyl
ether (C12EQs), hexaethylene glycol monotetradecyl ether (C14EOs) and hexaethylene glycol
monohexadecyl ether (C16EOs) were provided by Aldrich (Madrid, Spain) and Symta
(Madrid, Spain). Methanol and dichloromethane were from Merck (Darmstatdt, Germany)
and the deionized water was obtained with a system MilliQ. The solid phase used, C18, was
acquired from Analysis Vinicos (Tomelloso, Spain). Ammonium acetate and anhydrous
sodium sulfate were provided by Scharlau (Barcelona, Spain).

Soils.- Six samples of the superficial horizon (A) of a forest soil (Rendzic Leptosol) were
taken from a hillside degraded by forest fire and erosion, with orientation South-East. This
soil presented atotal carbonates content of 45.2, pH of 7.1 and Sandy-Loam texture. Once in
the laboratory they were left to dry at room temperature 24 hours, passed through a 2mm
sieve, homogenised and stored in polyethylene boxes sealed until analysis. Laboratory
standard analytical methods were applied for the determination of the most important
physical and chemical characteristics of these samples.

Each sample was treated with a 10% of sludges coming from a purifying plant, located in
different areas of the Valencian Community and after 24 hours analyzed.

Extraction.- Five grams of soil were homogenized with anhydrous sodium sulfate, placed in a
cylindrical cell of 22 ml of capacity, and extracted using PLE with an ASE system of Dionex
(CA, USA) and a mixture of acetone-hexane (50:50, v/v) at 60°C and 550 psi. The 40 ml

extract was evaporated to dryness, redissolved in 100 ml of water and extracted with a glass
column that contained 500 mg of previously activated C;g with 10 ml of methanol and 10 ml

of water. The retained surfactants were eluted with 10ml of methanol. The extract was
evaporated to 1 ml.

Liquid chromatography- mass spectrometry. - The chromatographic separation was carried
out with a column Luna Cig (150 x 4.6 mm), 5 pm Phenomenex (Madrid, Spain), using a
methanol-water gradient (both solvents contain5 mM ammonium acetate to obtain the
ammonium adduct) with a flow of mobile phase of 1 miI/min. The gradient begins with 70%
methanol in water during 16 min and next the methanol percentage increases to 95% up to 30
min and remains for 15 more min. Detection was carried out using a mass spectrometer
equipped withan APCI source. The conditions of the APCI were for the akylphenol
ethoxylates and the alcohol ethoxylates: source in positive ionization mode, capillary voltage
of 4000 V, corona current 4 pA, fragmentor 140 V, temperature of the APCI 400 °C and,
temperature and flow of the drying gas, 350 °C and 3 I/min respectively. Nonylphenol and
octylphenol, were detected in negative ionization mode and with corona current of 25 pA.
Therest of conditions were identical.
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Results and Discussion

The analytical parameters of the method are listed in Table 1. PLE followed by SPE
clean-up provides high recoveries for all the compounds from soil samples spiked at the limit
of quantification (LOQ), which was considered as the minimum concentration that provides
recoveries>70%, and relative standard deviations (RSDs,%) < 20% and oscillated between 1
and 100 pg/kg. Recoveries werefrom 89to 102%. The linearity was calculated for an
interval of concentrations between the LOQ and hundred times the LOQ (athough the
linearity interval is bigger, it is difficult tofind rea samples with higher content of
surfactants). The correlation coefficient wasin all cases > 0.994.

Table 1. Mean Recoveries (R %), relative standard deviation (RSDs,%), linear concentration range, correlation
coefficient (r) , and limit of detection (LODs) obtained for spiked soil samples (n=5).

Accuracy and precision Linearity LODs
Concentration Range k
AEOSs et RO)  RSDs() e R (Hgkg)

CgEOs 0.01 90 16 0.01-1 0.997 3
C10EQCs 0.01 94 14 0.01-74 0.999 3
C12EQCs 0.01 91 14 0.01-1.0 0.999 3
C14EQCs 0.01 96 12 0.01-1.0 0.998 3
C16EQCs 0.01 96 12 0.01-1.0 0.998 3
NP 0.1 97 19 0.1-10 0.997 30
NP, EO 0.01 89 13 0.01-1.0 0.998 3
NP,EO 0.005 90 15 0.005-0.5 0.997 1
NP;EO 0.005 94 12 0.005-0.5 0.999 1
NP4EO 0.005 91 17 0.005-0.5 0.999 1
NPsEO 0.005 89 13 0.005-0.5 0.994 1
NPsEO 0.005 92 13 0.005-0.5 0.997 1
NP;EO 0.001 89 15 0.001-0.1 0.998 0.3
NPgEO 0.001 90 16 0.001-0.1 0.997 0.3
NPyEO 0.001 94 15 0.001-0.1 0.999 0.3
NP;oEO 0.001 91 14 0.001-0.1 0.999 0.3
NP;;EO 0.001 95 10 0.001-0.1 0.995 0.3
NP;2EO 0.001 94 9 0.001-0.1 0.998 0.3
NP;3EO 0.001 89 19 0.001-0.1 0.998 0.3
NP4EO 0.001 90 16 0.001-0.1 0.997 0.3
NP;sEO 0.001 94 17 0.001-0.1 0.999 0.3
OoP 0.1 91 15 0.1-10 0.999 30
OP,EO 0.01 89 18 0.01-1.0 0.998 3
OP,EO 0.005 90 17 0.005-0.5 0.997 1
OP;EO 0.005 94 12 0.005-0.5 0.999 1
OP4EO 0.005 91 12 0.005-0.5 0.999 1
OPsEO 0.005 97 11 0.005-0.5 0.994 1
OPsEO 0.005 99 12 0.005-0.5 0.996 1
OP;EO 0.001 89 19 0.001-0.1 0.998 0.3
OPgEO 0.001 90 16 0.001-0.1 0.997 0.3
OPyEO 0.001 94 14 0.001-0.1 0.999 0.3
OP;oEO 0.001 91 14 0.001-0.1 0.999 0.3
OP;;EO 0.001 102 11 0.001-0.1 0.997 0.3
OP;,EO 0.001 99 10 0.001-0.1 0.996 0.3
OP;3EO 0.001 89 19 0.001-0.1 0.998 0.3
OP14EO 0.001 90 16 0.001-0.1 0.997 0.3
OP;5EO 0.001 94 14 0.001-0.1 0.999 0.3
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The different compounds were identified by the presence of the aduct with
ammonium [M+NH®" or the deprotonated molecule [M-H]. Figure 2, shows the
chromatograms obtained injecting extracts of a soil that does not contain surfactants and this
soil spiked at 0.1 mg/ kgwith the different surfactants. Soil extracts are clean without
interfering substances. In the same figure, the mass spectrum corresponding to the studied
nonylphenol ethoxylates (n=1-15) is inserted. The method was applied to the determination
of nonylphenol, octylphenol, AEOs and APEOs in soil treated withsludges from six
WWSTP of the Valencian Community. Results presented in Table 2 demonstrate that these
compounds are incorporated to the treated soils. In three of them, the presence of octylphenol
was detected in significant amounts, as well as nonylphenol and its ethoxylates (until n > 5).
The presence of AEOs s scarce although it is also detected in some samples.

Figure 2. Chromatograms (A) soil in which surfactants presence was not detected and (C) fortified soil at 0.1
mg/kg with the different compounds. The spectrum corresponding to the nonylphenol ethoxylatesis
shown as an insert.
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Table 2. Concentration (mg/kg) of the different compounds in soil.

Coming from sludge oP NP OPEOs NPEOs AEOs
TO 0.5 0.5 0.8 0.9 --
T1 1 2 5 4 1
T2 1 3 0.2 0.4 0.1
Conclusion

The determination of neutral surfactants by PLE, SPE and LC-MS is a sensitive,
selective and reliable analytical method. The application to soil treated with organic
amendments demonstrates the presence of these compounds that are a risk to control
especially in agricultural soils.
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