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Endocrine  disrupting  compounds  (EDCs)  and  pharmaceuticals  and  personal  care  products  (PPCPs)
have  been  acknowledged  as  emerging  pollutants  due  to  widespread  contamination  in environment.  A
rapid  and reliable  analytical  method,  based  on  ultrasonic  extraction,  clean  up  on  Envi-carb  cartridge,
derivatized  with  N-tert-butyldimethylsilyl-N-methyltrifluoroacetamide  (MTBSTFA),  and  analyzed  by  gas
chromatography–mass  spectrometry  (GC–MS),  was  developed  for determination  of  4  EDCs  (bisphenol  A,
estrone, nonylphenol  and  octylphenol)  and  10 PPCPs  (acetylsalicylic  acid,  carbamazepine,  clofibric  acid,
diclofenac,  gemfibrozil,  ibuprofen,  ketoprofen,  naproxen,  paracetamol  and  triclosan)  in sewage  sludge.
ndocrine disrupting compounds (EDCs)
harmaceuticals and personal care
roducts (PPCPs)
ewage sludge
as chromatography–mass spectrometry

GC–MS)
nvi-carb

Mean  recoveries  of the  target  analytes,  at  different  spike  levels  (40,  300  and  2000  ng/g),  ranged  from
57.9%  to 103.1%.  Relative  standard  deviations  (RSDs)  were  in  the  range  of  1.3–9.5%  at  different  spiked
levels.  The  limit  of  quantification  (LOQ)  ranged  from  4.7  to 39  ng/g.  The  method  was  applied  to  sewage
sludge  samples  from  sewage  treatment  plants  (STPs)  in  southern  California.  High  concentrations  of  PPCPs
and EDCs  were  found  in  sewage  sludge,  ranging  from  1502  to  5327  ng/g  dry  weight.  Appropriate  disposal
of  sewage  sludge  was  required  to avoid  secondary  contamination.
. Introduction

Endocrine disrupting compounds (EDCs) and pharmaceuticals
nd personal care products (PPCPs) are emerging pollutants that
ave attracted much public attention [1–3]. They are challenging
o detect in the environment. Increasing numbers of water samples
btained from lakes, streams, aquifers and municipal supplies are
ound to be contaminated by trace quantities of these compounds.
he concentrations are typically in the microgram to nanogram per
iter ranges [4–6]. To track their fate and transport in the terres-
rial and aquatic environment, and to assess the consequences of
quatic ecosystems and human health due to chronic exposure to
ompounds way below the therapeutic thresholds, protocols are
eeded for their expedient detections and there is no easy straight-

orward answer [7].
Pharmaceutical residues excreted by patients, in addition to dis-

arded medicines, eventually end up in sewage treatment plants

STPs), which are the primary sources of these chemicals to the
quatic environment [8].  During the course of wastewater treat-
ent process, the PPCPs and EDCs may  be adsorbed by the
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suspended solids and subsequently removed from water stream
by sedimentation [9].  Municipal sewage sludge, the solid fractions
separated from the wastewater stream, therefore is potentially a
sink of the wastewater-borne PPCPs and EDCs [10]. Many studies
[9,11–13] showed that the concentrations of PPCPs and EDCs were
reduced as the influent wastewater underwent purification in STPs
and much of them were removed by the activated sludge process.
Municipal sewage sludge is conventionally land disposed. To track
the fate and transport of sludge-borne PPCPs and EDCs in terres-
trial and aquatic ecosystems, it is imperative to develop reliable
and accurate analytical methods for detection of these compounds
in municipal sewage sludge that has complex organic matrices that
would bond with these compounds by surface adsorption.

Currently analytical methods emphasized detection of the com-
pounds in aqueous matrices, such as surface water and wastewater
[14]. A few studies were on measuring PPCPs and EDCs present in
solid matrices, such as sewage sludge, soil and sediment from which
the targeted chemicals must be extracted. Durán-Alvarez et al.
[15] separated pharmaceuticals from wastewater irrigated soils by
accelerated solvent extraction. Xu et al. [16] recovered selected
pharmaceuticals, EDCs and hormonal compound using acetone
and ethyl acetate ultrasonic extractions. Huang et al. [17] deter-

mined azole antifungal chemicals in municipal sewage sludge that
was  sonicated to extract the analytes. Minten et al. [18] extracted
pharmaceuticals in sediment using liquid–liquid extraction and
ultra-sonication followed by solid-phase extraction.

dx.doi.org/10.1016/j.talanta.2011.12.023
http://www.sciencedirect.com/science/journal/00399140
http://www.elsevier.com/locate/talanta
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Cleaning up the extracts is crucial for the subsequent analytical
rocess employed. Matrix components of the samples could mask
esponses of target compounds in the instrumental determination.
olid phase extraction (SPE) is the most common used method for
leaning up the extracts, SPE products such as Oasis HLB, MCX
nd C18 are frequently used [16,19,20].  The Envi-carb cartridge
as been reported to effectively clean up trace organic pollutants

n solid matrices [21,22]. It is however unclear whether the exist-
ng SPE products are equally effective for different pharmaceutical
lasses and under matrices of different complexity.

The actual analytical determinations involving trace quantities
f pharmaceutical chemicals would employ high/ultra perfor-
ance liquid chromatography coupled with detection by tandem
ass spectrometry (LC–MS/MS). Tandem mass spectrometry

MS/MS), such as triple-quadruples (QqQ) and quadruple time-
f-flight (QTof), are the most widely used [23–25].  However, the
atrix effect is problematic in the analyzing PPCPs involving elec-

rospray ionization (ESI) source. The co-eluting substances present
n the extract may  lead to ion suppression or enhancement result-
ng in relatively high detection limits and decreased reproducibility
26,27]. In contrast, gas chromatography in combination with elec-
ron impact (EI) ionization mass spectrometry (GC–MS) operating
n the selected ion monitoring (SIM) mode are applicable for analy-
es of PPCPs and no apparent matrix effect has been found [28–30].
he GC–MS allows less costly and easier operation than LC–MS/MS.
owever, the challenge of GC–MS to analyze for PPCPs and EDCs lies

n the compounds’ low volatility and presence of polar functional
roups with active hydrogens, such as –OH, amines and amides that
equire the use of derivatization procedure to reduce polarity and
nhance their volatility [31–33].

In this study, we tested the conditions of extracting PPCPs and
DCs from solid phase matrices, including different organic sol-
ents for the extraction and extract clean up methods and selected
he optimal protocols for the analysis of these compounds in munic-
pal sewage sludge. The method was applied to detect PPCPs and
DCs in the sewage sludge of four STPs in southern California.

. Experimental procedures

.1. Chemicals and materials

Acetylsalicylic acid, carbamazepine, clofibric acid, diclofenac
sodium salt), ketoprofen and naproxen were purchased from MP
iomedicals (Solon, OH). Bisphenol A, estrone, gemfibrozil, ibupro-

en, nonylphenol, octylphenol and paracetamol were obtained from
igma–Aldrich (St. Louis, MO)  and triclosan from Fluka (St. Louis,
O). The surrogate standard, [2H3]-ibuprofen (D3-ibuprofen)

nd [2H3]-paracetamol (D3-paracetamol) were purchased from
/D/N Isotopes Inc. (Quebec, Canada). Chemical structures,
AS registry numbers of the compounds are summarized in
able S1 (Supplementary material).  Stock solutions of the refer-
nce compounds were prepared in methanol and stored at −20 ◦C.
-tert-Butyldimethylsilyl-N-methyltrifluoroacetamide (MTBSTFA)

Sigma–Aldrich, St. Louis, MO)  was used as the derivatization
eagent.

Acetone, ethyl acetate, methanol (pesticide grade), and formic
cid were purchased from Fisher Scientific (Pittsburgh, PA). Deion-
zed water was prepared by a Milli-Q water purification system.
PE products Oasis HLB (500 mg,  6 mL)  was purchased from Waters
Milford, MA). Supelclean Envi-carb (500 mg,  6 mL)  were obtained
rom Supelco (St. Louis, MO).
.2. Sampling

In June 2010, sewage sludge samples were collected from four
TPs serving different communities in southern California. The
 (2012) 258– 263 259

sewage sludge samples were approximately 80% in water weight.
After collection, the samples were air-dried at room temperature,
finely ground to pass through a sieve with 0.5 mm openings, and
stored at 0 ◦C until the analyses (less than 15 h).

2.3. Extraction and clean up procedures

2.3.1. Ultrasonic extraction method
1 g aliquot of prepared sludge sample was spiked with 0.1 mL

2000 ng/mL of the surrogates. 5 mL  of methanol containing 1%
(v/v) formic acid were added, vortex mixed (Fisher Vortex Genie
2, Pittsburgh, PA) for 2 min, ultrasonicated (FS30H, Fisher Scien-
tific, Pittsburgh, PA) for 20 min, centrifuged at 3000 rpm for 10 min,
and then decanted the supernatant. The sludge was extracted two
additional times respectively with 4 and 3 mL  of the solvent. The
supernatants were combined.

2.3.2. Extract clean up and derivatization
For extract cleaning using HLB cartridges, the supernatants were

evaporated under nitrogen in a 37 ◦C water bath to about 1 mL.
The concentrated extract was re-dissolved into 100 mL  of deionized
water. The cartridges were conditioned with 2 mL methanol and
2 mL  deionized water, followed by loading of the sample at a flow
rate of 5 mL/min. Afterwards, the cartridges was first dried under
nitrogen and then eluted with 4 × 1 mL  methanol [16,19].

For using the Envi-carb extract clean up cartridges, the super-
natants were evaporated to about 2 mL.  The clean up columns were
conditioned with 2 mL  methanol and then the concentrated extract
was  introduced at a rate of 1 drop/s and the drainage collected. At
the end, the cartridge was eluted with 1 mL  of methanol and 1 mL
of methanol containing 1% (v/v) formic acid. The drainage and elute
were combined [21].

The extracts were evaporated to dryness with a gentle stream
of nitrogen gas at 37 ◦C, and re-dissolved in 900 �L of ethyl acetate,
transferred into the GC vial, and then 100 �L of MTBSTFA was
added. The GC vials were placed into GC oven at 70 ◦C for 60 min
for derivatization prior to GC–MS analysis [16,33].

2.4. Detection with GC–MS

The chemicals in the prepared samples were determined by
using an Agilent 6890N GC interfaced to a 5975C MSD, equipped
with an Agilent 7683B automatic liquid sampler. The instru-
ment was equipped with a HP-5MS GC column (30 m × 0.25 mm
i.d. × 0.25 �m film thickness) for chromatographic separation with
helium (purity > 99.999%) as the carrier gas at a constant flow rate
of 1.2 mL/min. Injector temperature was  250 ◦C. The GC oven tem-
perature was  programmed from 70 ◦C (held for 1 min) to 120 ◦C
at 20 ◦C/min, raised to 250 ◦C at 10 ◦C/min and then to 280 ◦C at
5 ◦C/min and held for 3 min. 1 �L sample was injected in pulsed
splitless mode and the total analysis time for a GC run was  25 min.
MS was  operated in EI ionization mode (70 eV) with SIM mode and
a solvent delay time of 11 min. The GC–MS interface, ion source and
quadruple temperatures were set at 280, 230 and 150 ◦C, respec-
tively. The retention time and fragment ions were identified by
injecting single compound standard under the full scan. Primary
and secondary ions used for quantification and monitoring are
shown in Table 1.

2.5. Quantification
A seven point calibration curve with concentrations of the
compound in ethyl acetate spanning from 2 to 2000 ng/mL. Sol-
vent blanks were used to monitor the procedural and instrument
background. A constant amount of deuterium labeled surrogate
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Table 1
Retention times (min) and mass spectrometric data (m/z) for tert-BDMS derivatives
of  the chemicals.

Compound Retention
time

Molecular
weight

Primary
ions

Secondary
ions

Acetylsalicylic
acid

11.83 180.2 195 237, 196

Bisphenol A 20.93 228.3 441 207, 442
Carbamazepine 18.97 236.3 193 194, 293
Clofibric acid 12.43 214.6 143 273, 271
Diclofenac-Na 19.41 318.1 352 214, 409
Estrone 23.37 270.4 327 328, 384
Gemfibrozil 15.98 250.3 243 179, 307
Ibuprofen 12.79 206.3 263 264, 161
Ketoprofen 18.39 254.3 311 295, 312
Naproxen 17.16 230.3 287 185, 288
Nonylphenol 15.84 220.4 277 278, 334
Octylphenol 13.15 206.3 249 250, 320
Paracetamol 15.20 151.2 322 379, 248
Triclosan 17.67 289.5 347 200, 345
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tization of the extracts, because co-extractive substances present in
D3-ibuprofen 12.81 209.3 266 267, 268
D3-paracetamol 15.22 154.2 325 251, 326

tandards (200 ng/g) was added before extraction. The labeled sur-
ogates compensates for differences in extraction yields between
nalytes and for variations between sludge samples that possess
ifferent physico-chemical properties. D3-ibuprofen and D3-
aracetamol were used as surrogates. D3-ibuprofen was selected
or the quantification of acetylsalicylic acid, bisphenol A, clofib-
ic acid, diclofenac, estrone, gemfibrozil, ibuprofen, ketoprofen
nd naproxen, while D3-paracetamol was used for carbamazepine,
onylphenol, octylphenol, paracetamol and triclosan. Quantifica-
ion was performed using the calibration curves with an inverse
eighing factor (1/x) of the surrogates.

.6. Method validation

The recovery of the method was evaluated by determining the
ludge samples (triplicates each) spiked with low, medium and
igh levels of analytes namely 40, 300 and 2000 ng/g, respectively.
liquots of the analytes in methanol were mixed with sewage sam-
le, vortex mixed for 5 min, then the solvents were evaporated at
1 ◦C in a darkened fume hood for 12 h. The absolute recovery was
alculated as the ratio of the peak area difference of spiked and non-
piked sample to the peak area in a non-enriched external standard.
he instrumental detection limit (IDL) was set as signal to noise
S/N) ratio of 3, obtained from serial dilution of standards. The limit
f detection (LOD) and the limit of quantification (LOQ) were deter-
ined by calculating the S/N ratios of 3 and 10 for the compound in

ewage sludge matrices, respectively. The accuracy of method was
valuated by intra-day and inter-day reproducibility. The precision
f method were determined by calculating the relative standard
eviation (RSD). Statistical treatment of data (significance level)
as carried out using the statistical software SPSS 16.

. Results and discussion

.1. GC–MS quantification

No quantifiable amounts of the analytes were detected in
rocedural and instrumental blanks. Fig. 1(a) shows the typical
hromatogram for a standard solution (100 ng/mL). The peak area
epeatability obtained from five repeated injections of a spiked
ludge sample, and RSD were less than 6% (Table 2), reflecting the

tability of the instrument. Values of IDL for the analytes ranged
rom 1 to 10 pg (Table 2). The linearity of the calibration curve for
ach analyte was tested in the range shown in Table 2. Linearity
as evaluated by statistical methods measuring the coefficient of
 (2012) 258– 263

determination (R2) which quantify the goodness of fit of the linear
regression. The GC–MS exhibited satisfactory linearity (R2 > 0.983)
for all the analytes [24,34].

3.2. Method performance

3.2.1. Optimization of extraction
Different solvents, including acetone, ethyl acetate, methanol,

acidified ethyl acetate and methanol, were evaluated for their abil-
ity of extracting the PPCPs and EDCs from sludge samples that was
spiked at 300 ng/g dry weight (dw) of each target compound. As
shown in Fig. 2(a), acetone gave poor recoveries to most com-
pounds. Ethyl acetate, methanol and acidified ethyl acetate were
acceptable in recovering some of the compounds. However, their
performance on recoveries of some compounds such as acetylsal-
icylic acid, carbamazepine, clofibric acid and diclofenac were not
acceptable. The acidified solvent, methanol with 1% formic acid,
showed the best outcomes with recoveries ranging from 57.9 to
103.1% and was  selected as the extraction solvent.

To investigate the effect of extraction time on the recoveries,
extraction times of 10, 20 and 30 min  were tested. The recovery of
the targeted analytes significantly increased when the extraction
time extended from 10 to 20 min  (p < 0.01) while no significant
increase was  observed when the extraction time was  extended
to 30 min  (p > 0.05). The sewage sludge samples were extracted at
20 min  optimal contact time.

The results of sequential extraction tests revealed that more
than 97% of the total extractable chemicals in sewage sludge were
released in three extraction cycles. Therefore, for optimal condi-
tions the sewage sludge samples were extracted three successive
cycles and the extracts were combined.

The effects of sample size on the analytical precision were eval-
uated by extracting 0.5, 1 and 3 g of sludge samples under the
previously described optimized conditions. High concentrated fac-
tor is widely used to obtain low LOQ for analytes, however, higher
sample size could cause more matrix interference [17,26]. In this
study, the extraction efficiency did not vary appreciably at 0.5 and
1 g sample (p > 0.05), when 3 g of sludge sample was extracted, poor
peaks shape appeared for some analytes, and more importantly, the
recovery of method were lower for most analytes and the RSD rose
up to 28%. Finally, for optimal results the sample size of 1 g sewage
sludge sample was used in quantification of the analytes.

3.2.2. SPE clean up
HLB is the most common used SPE for clean up. In this study, HLB

and Envi-carb cartridges were tested for their one-step recovery in
clean up of the sewage sludge extracts that were spiked at 300 ng/g
dw.  As shown in Fig. 2(b), recoveries were good using HLB cartridge
with the exception of nonylphenol, octylphenol and paracetamol.
The recoveries of all targeted analytes were acceptable using Envi-
carb, ranging from 75.3 to 95.5%. Moreover, Envi-carb cartridge
reduced the color of the extracts much more efficient than HLB indi-
cating efficient removal of background organic substances. Using
Envi-carb also reduces the operation and the sample preparation
time. Therefore, Envi-carb was  selected as SPE cleaning up the
extracts. Fig. 1(b) and (c) shows the chromatogram for a sludge
sample with and without clean up by Envi-carb. Without clean up,
the peak heights and areas were much lower and the baselines were
less stable than those with clean up. The lower responses of the
analytes without clean up are likely due to the incomplete deriva-
the extracts may  compete with the target analytes for the silylating
reagent [16]. Moreover, some non-target peaks appeared, indicat-
ing the Envi-carb clean up procedure was  effective to remove the
matrix components from the extracts.
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Fig. 1. GC–MS-SIM chromatograms of analytes: (a) standard solution, 100 n

.3. Method validation

The recovery and precision of the method, based on the anal-
ses of sludge samples spiked at 40, 300 and 2000 ng/g dw levels

re shown in Table 3. Acceptable recoveries were obtained for the
nalytes, varied from 57.9% (acetylsalicylic acid) to 103.1% (clofibric
cid). The RSD was less than 9.5% indicating a high level of precision
n the recovery. Lower recoveries were observed for acetylsalicylic
; (b) real sample clean up with Envi-carb; (c) real sample without clean up.

acid (57.9–64.1%), carbamazepine (60.3–67.0%) and paracetamol
(62.7–69.7%), that are hard to elute from Envi-carb partially related
to their lower log Kow and relatively weaker polarity. The results
obtained were comparable to those reported by Xu et al. [16].
Method accuracy was calculated as the RSD of concentrations
obtained from intra-day and inter-day determination (Table 3). The
RSD of intra-day reproducibility were less than 9%. While inter-
day RSD were slightly higher, such as 10.4, 10.7 and 13.3% for
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Table 2
Instrumental performance and validation data.

Compound Repeatability
of peak area
(RSD, %)
(n = 5)

IDL (pg) Instrumental
linear range
(pg)

R2

Acetylsalicylic acid 3.5 4.0 10.0–2000 0.9898
Bisphenol A 2.2 1.0 2.0–2000 0.9926
Carbamazepine 1.7 2.0 4.0–2000 0.9942
Clofibric acid 4.6 4.0 10.0–2000 0.9858
Diclofenac 5.7 10.0 20.0–2000 0.9833
Estrone 4.8 4.0 10.0–2000 0.9875
Gemfibrozil 2.2 4.0 10.0–2000 0.9887
Ibuprofen 3.2 2.0 4.0–2000 0.9938
Ketoprofen 4.5 4.0 10.0–2000 0.9878
Naproxen 5.3 2.0 4.0–2000 0.9899
Nonylphenol 2.4 2.0 4.0–2000 0.9913
Octylphenol 1.9 1.0 2.0–2000 0.9908

a
F
2
d
l
r

F
a

Paracetamol 5.9 10.0 20.0–2000 0.9891
Triclosan 1.4 2.0 4.0–2000 0.9903

cetylsalicylic acid, naproxen and paracetamol, respectively.
inally, LOQ of the 14 targeted analytes in the extracts were below

0 ng/g with the exception of declofenac and paracetamol (Table 3),
emonstrating that the method is suitable for detection of trace

evels (ng/g) of these chemicals in solid matrix. We  compare our
esults with other studies. Durán-Alvarez et al. [15] showed that

ig. 2. Recovery and precision of the method optimized by (a) different solvents, and (b
cetate;  FA in MeOH: 1% formic acid in methanol.
 (2012) 258– 263

LOD (S/N = 3) varied from 0.1 to 25 ng/g, where they used a con-
centrated factor of 10 or 100 by concentrating soil samples from
10 g to 1 mL  or 0.1 mL.  Minten et al. [18] indicated that LOQs were
in the range of 0.4–8 ng/g sediment, when they employed a con-
centrated factor of 10. Vazquez-Roig et al. [35] reported that MQLs
(S/N = 10) ranged from 0.5 to 23 ng/g when the concentrated factor
is 3.

3.4. Application to real samples

The method developed in this work was applied in the analysis
of sewage sludge samples from four STPs in southern California.
As shown in Table 4, 14 chemicals were found in these four STPs
with exception of clofibric acid that was absent in STP2, estrone
and ketoprofen that was absent in STP2 and STP3. Triclosan and
octylphenol were the most abundant compounds, with mean value
of 1416 and 1293 ng/g dw,  respectively; while estrone, ketoprofen
and naproxen were present in relative low levels in sewage sludge,
with mean value of 13.7, 10.4 and 17.7 ng/g, respectively. High con-
centrations of PPCPs and EDCs found in sewage sludge suggest that
suspended solids have potential capability to absorb these chem-

icals in influent, reducing the possibility of being discharged into
natural water body. It also demonstrates the need to investigate the
fate and transport of PPCPs and EDCs when sewage sludge is land
applied.

) HLB and Envi-carb, for spiked level at 300 ng/g. FA in EA: 1% formic acid in ethyl
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Table 3
Analytical method performance and validation data.

Recovery (mean ± SD, %) Intra-day RSD,
% (n = 3)

Inter-day RSD,
%  (n = 6)

LOD
(ng/g)

LOQ
(ng/g)

Low level
spiked,
40 ng/g

Medium level
spiked,
300 ng/g

High level
spiked,
2000 ng/g

Acetylsalicylic
acid

64 ± 6.2 58 ± 3.0 64 ± 4.9 7.4 10.4 6.0 20

Bisphenol A 83 ± 2.2 85 ± 2.0 80 ± 4.2 3.7 4.8 1.4 4.7
Carbamazepine 67 ± 5.3 62 ± 1.4 60 ± 6.0 4.4 5.8 2.7 9.5
Clofibric acid 99 ± 7.3 103 ± 1.3 93 ± 8.8 7.7 9.9 3.9 13
Diclofenac n.a. 84 ±  6.7 88 ± 9.3 6.5 9.7 11 37
Estrone 78 ± 7.5 79 ± 2.4 80 ± 4.7 6.2 9.1 4.8 16
Gemfibrozil 72 ± 6.4 78 ± 3.3 77 ± 8.2 7.1 10.0 5.0 17
Ibuprofen 87 ± 4.5 94 ± 2.6 82 ± 2.8 3.8 4.3 2.0 6.7
Ketoprofen 74 ± 6.1 73 ± 3.4 79 ± 5.9 5.5 8.7 5.0 17
Naproxen 91 ± 8.2 99 ± 5.6 95 ± 6.6 7.0 10.7 2.2 7.6
Nonylphenol 73 ± 2.6 75 ± 2.7 76 ± 3.0 5.8 8.1 2.3 7.7
Octylphenol 72 ± 2.4 72 ± 3.4 72 ± 4.5 4.6 6.4 1.6 5.4
Paracetamol n.a. 70 ± 7.0 63 ± 6.5 

Triclosan 89 ± 6.1 100 ± 4.9 86 ± 5.8 

n.a., not available.

Table 4
Concentrations (ng/g) of PPCPs and EDCs in sewage sludge from 4 sewage treatment
plants (STPs) in southern California.

Compound STP1 STP2 STP3 STP4

Acetylsalicylic acid 143 184 79.9 78.4
Bisphenol A 145 217 66.4 95.4
Carbamazepine 251 162 60.6 371
Clofibric acid 155 <LOQ 56.9 24.1
Diclofenac 184 86.6 421 129
Estrone 31.1 <LOQ <LOQ 23.8
Gemfibrozil 222 57.1 209 41.8
Ibuprofen 208 27.1 58.1 133
Ketoprofen 23.2 <LOQ <LOQ 18.3
Naproxen 35.1 12.7 11.9 11.1
Nonylphenol 45.6 83.8 36.8 27.6
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Octylphenol 1656 2413 157 947
Paracetamol 41.2 119 72.6 54.0
Triclosan 1703 1965 271.9 1724

. Conclusion

We present a sensitive and reliable analytical protocol to deter-
ine the PPCPs and EDCs present in solid phase environmental
atrices based on ultrasonic extraction, Envi-carb cartridge for

leaning up the extracts, derivatized with MTBSTFA, followed by
C–MS for the analysis of target chemicals. It gave satisfactory

ecovery for all the target compounds at concentrations ranging
rom ng/g to �g/g levels. The method was successfully applied
o analyze several sewage sludge samples. High concentrations
f PPCPs and EDCs were found in the municipal sewage sludge.
ppropriate disposal of sewage sludge was also required to avoid

hem entering the environment. The method we developed pro-
ides a valuable tool to study occurrence, behavior and fate of
PCPs and EDCs in environment.

cknowledgements

We  thank Frederick Ernst for his help during the sample col-
ection. Y.Y. gratefully acknowledges Shanghai Tongji Gao Tingyao
nvironmental Science & Technology Development Foundation
STGEF).
ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at doi:10.1016/j.talanta.2011.12.023.

[
[
[

8.5 13.3 11 39
5.3 7.8 2.1 7.2

References

[1] M. Wu,  S. Janssen, Environ. Sci. Technol. 45 (2011) 366–367.
[2] Y. Valcárcel, S.G. Alonso, J.L. Rodríguez-Gil, R.R. Maroto, A. Gil, M.  Catalá, Chemo-

sphere 82 (2011) 1062–1071.
[3] C. Wang, H.L. Shi, C.D. Adams, S. Gamagedara, I. Stayton, T. Timmons, Y.F. Ma,

Water Res. 45 (2011) 1818–1828.
[4] S. Terzic, M.  Ahel, Environ. Pollut. 159 (2011) 557–566.
[5] W.J. Sim, J.W. Lee, E.S. Lee, S.K. Shin, S.R. Hwang, J.E. Oh, Chemosphere 82 (2011)

179–186.
[6] M. Huerta-Fontela, M.T. Galceran, F. Ventura, Water Res. 45 (2011) 1432– 1442.
[7]  S.K. Khetan, T.J. Collins, Chem. Rev. 107 (2007) 2319–2364.
[8] D.P. Grover, J.L. Zhou, P.E. Frickers, J.W. Readman, J. Hazard. Mater. 185 (2011)

1005–1011.
[9] A. Jelic, M.  Gros, A. Ginebreda, R. Cespedes-Sánchez, F. Ventura, M.  Petrovic, D.

Barcelo, Water Res. 45 (2011) 1165–1176.
10] B.O. Clarke, S.R. Smith, Environ. Int. 37 (2011) 226–247.
11] B. Kasprzyk-Hordern, R.M. Dinsdale, A.J. Guwy, Water Res. 43 (2009)

363–380.
12] C.I. Kosma, D.A. Lambropoulou, T.A. Albanis, J. Hazard. Mater. 179 (2010)

804–817.
13] Y. Yu, L.S. Wu,  J. Chromatogr. A 1218 (2011) 2483–2489.
14] W.W. Buchberger, J. Chromatogr. A 1218 (2011) 603–618.
15] J.C. Durán-Alvarez, E. Becerril-Bravo, V.S. Castro, B. Jiménez, R. Gibson, Talanta

78  (2009) 1159–1166.
16] J. Xu, L.S. Wu,  W.P. Chen, A.C. Chang, J. Chromatogr. A 1202 (2008) 189–195.
17] Q.X. Huang, Y.Y. Yu, C. Tang, X.Z. Peng, J. Chromatogr. A 1217 (2010) 3481–

3499.
18] J. Minten, M.  Adolfsson-Erici, T. Alsberg, Int. J. Environ. Anal. Chem. 91 (2011)

553–566.
19] E.D. Nelson, H. Do, R.S. Lewis, S.A. Carr, Environ. Sci. Technol. 45 (2011)

1228–1234.
20]  I. Tarcomnicu, A.L.N. van Nuijs, W.  Simons, L. Bervoets, R. Blust, P.G. Jorens, H.

Neels, A. Covaci, Talanta 83 (2011) 795–803.
21] T. Zhang, H.W. Sun, A.C. Gereckeb, K. Kannan, C.E. Mueller, A.C. Alder, J. Chro-

matogr. A 1217 (2010) 5026–5034.
22] X. Yang, H. Zhang, Y. Liu, J. Wang, Y.C. Zhang, A.J. Dong, H.T. Zhao, C.H. Sun, J.

Cui, Food Chem. 127 (2011) 855–865.
23] B. Li, T. Zhang, Z.Y. Xu, H.H.P. Fang, Anal. Chim. Acta 645 (2009) 64–72.
24] J. Magnér, M.  Filipovic, T. Alsberg, Chemosphere 80 (2010) 1255–1260.
25] D.R. Baker, B. Kasprzyk-Hordern, J. Chromatogr. A 1218 (2011) 1620–1631.
26] M. Lavén, T. Alsberg, Y. Yu, M. Adolfsson-Erici, H.W. Sun, J. Chromatogr. A 1216

(2009) 49–62.
27] R. Varga, I. Somogyvári, Z. Eke, K. Torkos, Talanta 83 (2011) 1447–1454.
28] A. Azzouz, B. Souhail, E. Ballesteros, J. Chromatogr. A 1217 (2010) 2956–2963.
29] J.L.P. Pavón, A.M.C. Ferreira, M.E.F. Laespada, B.M. Cordero, J. Chromatogr. A

1216 (2009) 6728–6734.
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