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1. Introduction
Emerging pollutants (EPs) are compounds of diverse
origin and chemical nature: pharmaceuticals (PhACs),
flame retardants, pesticides, pefluorinated compounds,
chlorinated paraffins, drugs of abuse, personal care
products (PCPs), among others. Some of the pollutants
(very few) are included as priority pollutants in
European regulations, most of them are not regulated by
any legislation, both European and Spanish, but they are
considered potentially harmful to the environment and
human beings as they can cause various deleterious
effects on organisms, such as chronic toxicity, endocrine
disruption, and bioaccumulation [1]. EPs enter the
environment through some sources such as domestic and
industrial wastewater [2], hospital effluents [3], waste
from treatment plants, and agricultural and activities [4].
Many of these pollutants are not correctly and efficiently
removed by the existing treatments in Wastewater
Treatment Plants (WWTPs) as they are designed to
remove solid materials and reduce bacteria, pathogens,
and metal levels. However, they are not designed to
remove EPs present at low concentrations (ng L-1 to µg L1), being a source of contamination [3]. An example is the
sewage sludge generated, used in agricultural and
forestry activities, especially due to its capacity to
fertilise soils and economic impact [5], which leads to its
diffusion into the environment.
One variety of EPs are pharmaceuticals and personal care
products (PPCPs) used in everyday life and with both
domestic and industrial applications. These compounds
include a wide variety of chemicals such as therapeutic
or veterinary medicines, containing from analgesics and
antibiotics to lipid regulators. In addition, active
ingredients in soaps, detergents, deodorants, fragrances,
cosmetics used in cosmetic care, wellness, and personal
health. The most frequently detected PPCPs include
analgesics, antibiotics, antidepressants, steroids,
disinfectants, fragrances, and cosmetics due to their daily
use and consumption [6]. The general use of
pharmaceuticals (PhACs) results in an incessant
discharge into the environment, becoming retained in
the environment or accumulating, affecting the
ecosystem and humans through the food chain [7].
Sewage sludge is the matrix selected for this study of the
presence of PPCPs due to its use a fertilizer in agriculture,
minimising the use of chemical fertilizers.
The presence of PPCPs has been observed in sewage
sludge from most WWTPs in different parts of the world.
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Among the PhACs present in this complex matrix are
non-steroidal anti-inflammatory drugs (NSAIDs) such as
ibuprofen, naproxen, or diclofenac, commonly used in
the treatment of inflammation, pain and fever and
analysed by authors such as Pérez-Lemus et al. (2020)
[8]. PhACs also include anticonvulsants or antiepileptics
such as carbamazepine [9] prevent or reduce the
frequency and severity of seizures, antihypertensives
such as propranolol [10], antipsychotics such as
haloperidol [11], antidepressants such as amitriptyline
[12]. There are also lipid regulators such as clofibric acid
(CA) [8], used for the improvement and proper
maintenance of healthy lifestyles, as well as the
assessment and treatment, if appropriate, of other
cardiovascular risk factors.
A particular case is that of cytostatic compounds such as
vinblastine [13] or vincristine [13], designed and used to
cause cell dysfunction because they can inhibit the
disordered growth of cells, altering cell division and
destroying rapidly multiplying cells. On the other hand,
among PCPs, antibacterial agents such as triclocarban
[10] and antifungicides such as ketoconazole [14] and
miconazole [15] and UV filters such as benzophenone-1
[14] and benzophenone-2 [16], considered endocrine
disruptors as they alter the body's endocrine system, can
be detected [1].
2. Analytical methodology of sewage sludge
samples
Sewage sludge is generated because of different stages of
wastewater treatment. Sludge is characterised by the fact
that it is a largely liquid waste (more than 95% water).
Its composition is variable and depends on the pollution
load of the initial wastewater and the technical
characteristics of the wastewater treatments carried out.
Sludge contains a wide variety of suspended or dissolved
matter. Some of them have agronomic value (organic
matter, nitrogen (N), phosphorus (P)) and others have
polluting potential such as heavy metals, pathogens, and
organic pollutants [17]. In general, sludge is treated at
the WWTP itself to reduce its water and pathogen
content and to ensure the stability of the organic matter.
The most common biological treatments are anaerobic
digestion (AD), aerobic stabilisation and composting.
The associated matrix is indeed complex, it is not uniform
in its composition and the sludge contains certain
substances that could interfere with the determination of
the compounds of interest. The interferences can affect
the whole analytical process from sample preparation to
instrumental detection. Therefore, it is necessary to
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2.1. Collection and pre-treatment of sludge
samples
Sludge samples were collected at the WWTP of Valladolid
(Spain). This WWTP serves a population of 344,600
inhabitants. The wastewater treatment consists of a
primary purification stage (primary sludge) followed by
a biological treatment consisting of a conventional
activated sludge process (secondary sludge). The sludge
mixture generated is treated in a thickening stage which
reduces the sludge volume by concentration or partial
removal of water. Samples collected randomly and
combined to provide a final sample from the WWTP are
frozen and freeze-dried to remove the water content of
the environmental samples and then stored at -20°C until
analysis. Sample preparation usually includes an
extraction process followed by a clean-up step [18]. The
analytical methodology used for sludge analysis is
described in detail in a study by Pérez-Lemus el at. [8].
The sample pre-treatment includes a microwaveassisted extraction (MAE) and an in-situ clean-up stage
with a cleaning agent such as active alumina (100ºC). A
filtration step is carried out prior to sample analysis
based on gas chromatography-mass spectrometry (GCMS).
2.2. Analysis by GC-MS
Ten PPCPs found in this type of environmental matrices
were selected. Their choice was based on their physicochemical properties (solubility, vapour pressure,
lipophilicity, among others), their high use in daily life,
their recognised toxicity, and their presence in aquatic
environments. The PPCPs of interest belong to diverse
categories (analgesics, non-steroidal anti-inflammatory
drugs, preservatives, fungicides, lipid regulators,
antiseptics, and endocrine disruptors). Three PPCPs are
non-steroidal anti-inflammatory drugs (naproxen,
ibuprofen,
diclofenac),
three
preservatives
(methylparaben, ethylparaben and propylparaben), two
endocrine disruptors (triclosan and bisphenol A), one
lipid regulator (clofibric acid), and one antiseptic
(salicylic acid). All of them are analysed by a fully
automated method consisted of a direct immersion solidphase
microextraction
followed
by
on-fiber
derivatization coupled to gas chromatography-mass
spectrometry (DI-SPME-On-Fiber derivatization-GC-MS)
[8].
3. Concentrations of pharmaceuticals and
personal care products in sludge samples
The analytical method was successfully applied to
different types of sludge (thermally treated mixed sludge
and digested mixed sludge) originating from two indoor
pilot scale reactors located at the University of Valladolid
(Spain). The experimental devices to treat the sludge
consisted of a thermal hydrolysis (HT) treatment plant,
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processing the thickened mixed sludge (described in
section 2.1) at 180°C for 30 minutes and a continuous
anaerobic digester, operating under mesophilic
conditions.
HT is a pre-treatment that overcomes the main limitation
of AD which is the hydrolysis stage. This process can
reduce the volume of sludge and the cost associated with
its handling, increase its organic load, and improve the
dewaterability and degradability of the treated sludge
[19]. On the other hand, AD is the process in which
microorganisms decompose organic matter in the
absence of oxygen, generating value-added products
such as biogas (60-70%) and biomass that can be used as
fertiliser [20].
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remove them from the samples by clean-up procedures
[18].
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Fig.1. Concentrations of PPCPs for thermally
mixed sludge
The results showed a degradation of most of the
compounds of interest during HT (fig. 1). Clofibric acid
(90%), diclofenac (77%), ibuprofen (71%) and triclosan
(59%) showed the highest percentage of degradation.
However, two of the contaminants such as
propylparaben (30%) and Bisphenol A (9%) showed a
small increase in concentration. In the case of AD, a
decrease in the concentration of some PPCPs of interest
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was also observed such as salicylic acid (99%), triclosan
(48%), bisphenol A (32%), and diclofenac (22%). As in
the case of HT, some contaminants slightly increased in
concentration such as clofibric acid (19%), naproxen
(12%) and propylparaben (9%) after AD (figure 2). One
explanation for these increased concentration actions
may be a relation to adsorption phenomena of the
pollutants on the solid residue during sludge treatment.
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4. Conclusions
An analytical methodology developed was successfully
used for various types of sludge (thickened mixed sludge,
thermally pre-treated mixed sludge and digested mixed
sludge). It was based on a sample pre-treatment with
extraction process as MAE with a clean-up step using an
adsorbent as active alumina (100ºC), and a filtration step
prior to sample analysis. The instrumental analysis
consisted of a fully automated method based on DISPME-On-Fiber derivatization-GC-MS. The results
showed a significant degradation in PPCPs of interest
such as clofibric acid (90%), diclofenac (77%), ibuprofen
(71%) and triclosan (59%) for thermally treated mixed
sludge. For the digested sludge, a large degradation was
observed for salicylic acid (99%), triclosan (48%).
However, an increase in concentration was observed for
some pollutants of interest such as propylparaben and
BPA after TH. Clofibric acid, naproxen and
propylparaben after AD. Salicylic acid (1,675 ng g-1),
showed the highest concentration for thermally pretreated mixed sludge. In contrast, naproxen (935 ng g-1)
exhibited the highest concentration after AD.
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Fig.2. Concentrations of PPCPs for digested
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The observed concentrations of the PPCPs of interest in
the thickened mixed sludge were found to range between
<LOQ-8,330 ng g-1. Naproxen (8,330 ng g-1), salicylic acid
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a range of concentrations between 15-1670 ng g-1 and
<LOQ-9350 ng g-1, respectively. Salicylic acid (1,675 ng g1), bisphenol A (957 ng g-1) and triclosan (945 ng g-1)
showed the highest concentrations for thermally pretreated mixed sludge. In contrast, naproxen had a
concentration of 9350 ng g-1 for digested mixed sludge.
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