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Abstract: Pharmaceuticals are compounds of low molecular mass and specific properties with
pronounced lipophilicity. This property enables significant bioavailability and activity of
pharmaceuticals, due to which various effects and consequences on biota have been recorded. The
introduction of pharmaceuticals into environmental medium is possible in many ways. The primary
pathways are inadequate disposal of pharmaceutical products, the use of supplements and drugs,
ineffective treatment of municipal and industrial wastewater (i.e. concentration within activated
sludge), and discharge of the effluent. Qualitative and quantitative analysis of landfill leachate at
the global level identified the most commonly detected pharmaceuticals: Propyphenazone,
Ibuprofen, Naproxen, Gemfibrozil, and Carbamazepine. Qualitative analysis of leachate from
unsanitary and sanitary landfill sites of solid municipal waste in the region of Vojvodina, Republic
of Serbia, conducted during the winter period of 2019, determined the presence of 39 and 54
organic compounds, respectively. Propyphenazone, Gabapentin, and Benzenesulfonamide are the
primary pharmaceuticals detected in the leachate of both landfill sites. The long-lasting release of
pharmaceuticals into the environment, even in small concentrations, contributes to the formation of
highly toxic compounds with a potentially adverse impact on the environment and human health.
Keywords: Municipal Solid Waste Landfills, Municipal Solid Waste Landfill Leachate, Emerging
substances, Pharmaceuticals

1. INTRODUCTION

Landfill leachate is a medium affected by a considerable number of factors, both within the landfill
body (landfill age, morphological composition of waste, temperature and moisture content, landfill
fluid migration, waste treatment technologies before disposal, landfill body thickness, waste
decomposition phases), and outside (meteorological parameters, with an emphasis on annual
precipitation). The process of landfill filtrate formation includes dissolution and dispersion of solid
substances in water that is percolated through the landfill body and dissolved or suspended
substances formed through biological and chemical processes taking place inside the landfill body
[1]. It is very difficult to predict the composition of the landfill leachate due to the complex
dynamics of the processes taking place in the landfill body and the impact of a large number of
factors. Qualitative, as well as quantitative composition of leachate can vary over time, and the load
of pollutants reaches its peak several years after the waste disposal, with a subsequent decline [1].
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The qualitative composition of leachate is characterized by pollutants that fall into four basic groups
[2,6]: soluble organic components (volatile fatty acids, varieties of humic and fulvic acids),
inorganic macrocomponents (ions of calcium (Ca?*), magnesium (Mg?*), sodium (Na*), potassium
(K*), ammonium (NH4"), iron (Fe?*), manganese (Mn?*), chloride (CI) and sulphate (SO4%)), heavy
metals (ions of cadmium (Cd?*), chromium (Cr®"), copper (Cu?*), lead (Pb?*), nickel (Ni?*) and zinc
(Zn?"), xenobiotic organic components (hydrocarbons, phenols, chlorinated aliphatic compounds,
pesticides, dioctyl phthalate). Recent research highlights the importance of identifying and
quantifying emerging substances, especially pharmaceuticals, which are significantly present in
consumer products [4,8,9,11].

2. PHARMACEUTICALS AS EMERGING SUBSTANCES

Emerging substances are a specific group of synthesized or natural compounds, recognized as
pollutants. Emerging substances are present in everyday life as active substances in various
industrial and commercial products (various pharmaceuticals, disinfectants, personal and household
hygiene products, detergents, flame retardants, nanomaterials, pesticides, wood preservatives, etc.)
[12].

In addition to the relatively short half-life (ti2) of some emerging substances, their constant
presence and impact on aquatic organisms classify them as pseudo-persistent pollutants [12]. The
property of extremely low and time-constant concentrations distinguishes the mentioned group of
substances from conventional pollutants. One of the specific properties of emerging compounds is a
very diverse and branched dendrimer molecule structure, which is the cause of lower viscosity of
compound solutions compared to solutions of linear molecules of similar chemical composition and
molar mass. However, a large number of extreme polar functional groups in a number of molecules
from the group of emerging substances enables good solubility in water and the possibility of
various chemical reactions and transformations [12]. The bioavailability of emerging substances is
of particular importance for aquatic organisms because the biotic matrix of aquatic ecosystems is
under direct pressure of their continuous action [12].

At the beginning of the 21st century, they were recognized and detected as potentially hazardous
and highly toxic components with possible carcinogenic, mutagenic and teratogenic effects [11].
Concentration levels and regular monitoring of emerging substances are not defined by the existing
legislation at the European Union level, while their future, transport and ecotoxicity are still
unknown and are in the research phase. After primary detection in surface waters of large river
basins, residues of emerging substances were qualitatively registered in soil, air, sediment, river
sludge, leachate from solid municipal and hazardous waste landfills, as well as in other abiotic and
biotic matrices [11].

Lots of active ingredients of drugs fall into the group of emerging substances. Pharmaceuticals are
compounds of low molecular mass and specific properties, including explicit lipophilicity, which
provides them with significant bioavailability and activity [5]. According to their origin,
pharmaceuticals are classified as natural, semi-synthetic and synthetic pharmaceuticals. Finished
pharmaceutical products include one or more active pharmaceutical ingredients, excipients, and
additives, such as inorganic salts or other organic substances such as sugars, fragrances, pigments,
and dyes. The structure of pharmaceutically active components has a significant impact on the
future of the finished product in the environment [5]. The introduction of pharmaceuticals into the
environmental is possible through inadequate disposal of pharmaceutical products, use of
supplements and drugs, inefficient treatment of municipal and industrial wastewater, and/or
concentration within activated sludge, as well as through effluent discharge [5]. Continuous intake
of pharmaceuticals into the environment, even in small quantities, contributes to the creation of very
complex mixtures with an adverse impact on human health and the quality of the environment.
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2.1 Representation and application of pharmaceuticals in the Republic of Serbia

Having analyzed the pharmaceutical market has been found that about 3,000 various
pharmaceutical active compounds have been approved for human health protection in the European
Union, with approximately 4,000 pharmaceutically active compounds applied across the world the
annual production of which exceeds 1000 tons [9].

Based on the Report on trade and consumption of finished drugs for human use in the Republic of
Serbia in 2016, Chart 1 shows the total turnover of drugs in the period 2004-2016 in the Republic of
Serbia, expressed in RSD [10]. In 2014, the total turnover of drugs for human consumption
amounted to RSD 94,880,672,904.41, while in 2016 the consumption amounted to RSD
109,119,614,200.30. We can conclude from the above that the consumption of drugs is constantly
increasing.
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Chart 1. The total turnover of drugs in the period from 2004 to 2016 in the Republic of Serbia

expressed in dinars
Source: [10]

Drugs for the treatment the cardiovascular system (39.24%) and drugs with impact on the blood
(17.52%) have the largest share in trade. Drugs that affect diseases of the digestive tract and
metabolism are ranked third when it comes to consumption in 2016 (14.63%), while the share of
drugs that affect the central nervous system is 12.57% [10].

3. DETECTION AND IDENTIFICATION OF PHARMACEUTICALS IN MUNICIPAL
SOLID WASTE LANDFILL LEACHATE

Based on continuous qualitative and quantitative analyses of leachate from municipal solid waste
landfills carried out within the research of other authors around the world, an insight has been
formed regarding the detection, identification and broad distribution of pharmaceuticals in the
mentioned medium. The mean values of the concentrations of detected pharmaceuticals measured
in the leachate of municipal solid waste landfills in Norway, America and Taiwan are shown in
Table 1.

It can be noticed from the previously presented tables, that the most commonly detected
pharmaceuticals in the leachate of municipal solid waste landfills in countries where research has
been carried out on their qualitative and quantitative composition are as follows: Propyphenazone,
Ibuprofen, Naproxen, Gemfibrozil, Carbamazepine.

At the Republic of Serbia level, qualitative analysis of leachate was carried out at one non-sanitary
(L1) and one sanitary (L2) landfill site for municipal solid waste, in the region of Vojvodina.
Leachate sampling campaigns were carried out in the winter of 2019. Screening analyses were
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carried out at the Laboratory for environmental and working environment monitoring of the
Department of Environmental Engineering and Occupational Safety and Health, Faculty of
Technical Sciences in Novi Sad, University of Novi Sad.

Table 1. Concentration of detected pharmaceuticals in leachate from Norwegian, American and

Taiwan municipal solid waste landfills

Source:

[3,7,11]

Norway

Pharmaceutical

Concentration

(ng L)
Ibuprofen 69.9-166.624x10°
Propyphenazone < 100x10°
Phenazone < 10-1,250x103
Paracetamol 3
(Acetaminophen) < 2-96.9x10
Naproxen 520x10°
Carbamazepine 1,000-6,300x10°
Gemfibrozil 190-340%10°

The United States of America

Pharmaceutical

Concentration

(ng L™
Carbamazepine 165
Fluoxetine <5
Gemfibrozil 572
Primidone 441
Sulfamethoxazole 254
Trimethoprim 64

Republic of C

hina - Taiwan

Pharmaceutical

Concentration

(ng LY
Ibuprofen 397.5
Naproxen 15.1
Diclofenac 522.8
Gemfibrozil 837.5
Carbamazepine 15.5
Sulfamethoxazole Not detected
Caffeine Not detected
Ketoprofen 32.9
Erythromycin 242.4
Codeine 47.3

By implementing the mentioned screening analysis, the presence of 39 organic compounds was
detected at the non-sanitary landfill site (L1), while the presence of 54 organic compounds was
detected at the sanitary landfill site (L2). The pharmaceuticals detected at both landfill sites are
Propyphenazone, Benzenesulfonamide, and Gabapentin. Identified pharmaceuticals are on the
NORMAN (Network of reference laboratories, research centers and related organizations for
monitoring of emerging environmental substances) list of emerging substances. The
pharmaceuticals Propyphenazone and Benzenesulfonamide have been on the list since 2011, and
Gabapentin has been on the list since 2015.
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4. CONCLUSION

A large number of chemical substances, predominantly of organic and, to a lesser extent, inorganic
origin, fall into the group of emerging substances that improve the quality of everyday life, but also
contribute to the constant contamination of the environment and biota. This is manifested as acute
and chronic toxicity, as well as ecotoxicity, characterized by extremely low concentrations able to
act. Pharmaceuticals represent only one of many groups of compounds within the classification of
emerging substances and can be described as a broad and diverse group of mixes produced for the
purpose of treatment, prevention and alleviation of disease symptoms in both humans and animals.
Pharmaceuticals reach the environment after their consumption in human and veterinary medicine,
as well as in the form of dietary supplements, due to inefficient treatment of municipal and
industrial wastewater, and/or their concentration within activated sludge, as well as the release of
effluent. The main problem regarding the use of pharmaceuticals is the unavailability of information
on their use. For that reason, it is almost impossible to find the necessary information that would
show the facts about the use of pharmaceuticals. The detection of pharmaceuticals in the leachate of
municipal solid waste landfills, at the global and national level, may be a consequence of
inadequate disposal of various categories of waste in the past, with an emphasis on medical and
pharmaceutical waste. In order to avoid infiltration of landfill leachate, which is already burdened
with the previously described substances, into environmental recipients, it is necessary before all to
organize the entire management system of municipal solid waste landfills, and implement optimal
leachate treatment technologies, depending on the case. Permanent discharge of pharmaceuticals
into the environment, even in extremely small quantities, contributes to the creation of highly toxic
compounds that have a potentially adverse impact on the environment and human health.
Accordingly, it is important to include this group of substances in future scientific research
programs for monitoring leachate, quantify the selected priority substances and determine the
ecotoxicity.
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