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Abstract In this chapter, for articles addressing drugs as pollutants of natural and

wastewater, we discuss the temporal distribution of studies, as well as the main

countries of origin for such studies. Focus is given to those articles with more than

200 citations. The main sampling techniques, sample extraction, and detection

methods accepted by the USEPA and USGS (based on LC-MS/MS and LC-MS)

are reviewed, as well as those methods not based on MS, between 2014 and 2017.

From this analysis, we propose directions for future research. Finally, a case study

is presented that addresses the analysis of the surface waters of the Izúcar de

Matamoros region and the Atoyac River in Puebla, as well as the Zahuapan River

in Tlaxcala, Mexico. By GC/MS, quantitative determination of naproxen, diclo-

fenac, and triclosan, at stations on the Zahuapan (Tlaxcala), Atoyac, and Nexapa

(Puebla) rivers, was performed during the period of 2012–2013. We found that 30%

of the publications related with drugs as pollutants of natural and wastewater were

published between 2014 and 2017. Spain has published the most of such articles

(accounting for 25% of all publications). Three of the articles have more than 1,000
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citations. HPLC/MS/MS was the most commonly used method, followed by

GC/MS. However, less sophisticated detection alternatives were also used. GC/MS

was used to demonstrate the presence of naproxen, diclofenac, triclosan, and carba-

mazepine in the Mexican Central Plateau and the inability of the wastewater treat-

ment plants (WWTPs) to remove completely these contaminants.

Keywords Analytical methods, Contaminant, Pharmaceuticals, Surface waters,

Wastewaters

1 Introduction

On August 10 1897, the German chemist Felix Hoffmann (under Arthur Eichengrün’s
direction) discovered acetylsalicylic acid, a substance that has analgesic, anti-

inflammatory, and antipyretic properties. Two years later, in 1899, the pharmaceutical

company Bayer began its commercialization under the name Aspirin [1]. Thirty-one

years later, in September 1928, Sir Alexander Fleming discovered penicillin, likely

the most widely used antibiotic in the world [2]. These two discoveries, which

occurred 118 and 89 years ago, respectively, could be considered as the beginning

of an era of environmental contamination by drugs. This is because the treated

organism does not absorb 100% of the medicine, and the waste water treatment plants

(WWTPs) do not remove them completely. Therefore, the drug returns to the water.

The rapid rise of the pharmaceutical industry and the overuse of drugs have increased

the antibiotic resistance of bacteria, as well as the levels of these drugs in the surface

waters, often at concentrations detrimental to the ecosystem and human health.

However, the first works on the determination of pharmaceuticals in natural

waters did not appear until around 80 years after the onset of environmental

contamination by drugs. In 1977, Hignite and Azarnoff quantified salicylic acid

levels in sewage water effluent [3]. In 1990, Aherne, Hardcastle, and Nield quanti-

fied the levels of the anticancer drug bleomycin in sewage treatment works effluent,

river, and drinking water samples [4]. However, it was not until the late 1990s that

this topic began to be of interest to the scientific community. Figure 1 shows the

temporal distribution of published articles addressing the amounts of drugs in

natural waters (e.g., rivers, lakes, drinking water, tap water, wastewater, and

treatment plant effluents), excluding seawater, which appear in the Scopus

database.

We detected a rapid increase in the number of such publications beginning

around the year 2000 (Fig. 1). It is worth mentioning that prior to this, there had

been several studies investigating drug levels (mainly antibiotics) in other matrices,

such as foods (milk and fruits), working areas, and in the soil. Such studies are still

being done now. However, here we focus only on those studies addressing natural

and wastewaters.

Commonly detected concentrations of drugs in natural and wastewater are in the

range of ng L�1 to μg mL�1, depending on the drug. These values are sufficient to

have a toxic effect on the environment but low enough to require analytical methods
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of high sensitivity and low detection limit. This might account for the almost

100-year lag between the widespread use of aspirin and penicillin and serious

scientific interest in drug contamination of natural and wastewaters.

Most of the published papers are based on the combination of solid-phase

extraction (as the separation and concentration method) and MS/MS detection

(mass spectrometry). Both of these methods were first developed in the 1990s and

were widely introduced in analytical methods by the early 2000s, coinciding with

the first serious studies investigating drug levels in natural and residual waters. Also

around this time, concern about antibiotics resistance and environmental contami-

nation began to grow. Thus, prior to the year 2000, there was neither the technical

ability nor societal interest to determine the concentration of drugs (e.g., antibiotics,

NSAIDs, beta-blockers, antidepressants, anticancer drugs, and hormones) and their

metabolites in natural and wastewater.

Research groups from 12 countries account for 72% of publications investigat-

ing drug levels in natural and wastewater (Fig. 2). European countries (Spain,

Germany, France, Portugal, Poland, Italy, and the Czech Republic) account for

47% of these publications. Spanish groups are most productive, accounting for

almost 25% of these publications. Several of the identified articles (including

reviews) have received more than 200 citations (Table 1).

Article numbers 3, 5, and 7 from Table 1 have more than 1,000 citations each and

can be considered the classic articles in this field. From Fig. 1, it can be seen that the

Fig. 1 Number of articles per year (until 2016) related to the determination of pharmaceutical

contaminants in waters (excluding seawater) reported in Scopus
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number of published articles plateaued between 2002 and 2013, before again

increasing rapidly. Almost 30% of the identified articles were published between

2014 and 2017.

Here, we analyze the methods (including sampling, concentration, separation,

and detection methods) used in studies investigating the pharmaceutical contami-

nants in surface and wastewater published since 2014. We also describe the findings

of a case study entitled “The determination of some pharmaceuticals in the

central Plateau of Mexico using GC-MS.”

2 Sampling Methods

Without a good sampling protocol, it is impossible to obtain reliable analytical

results. For this reason, numerous sampling recommendations and standards have

been developed by various agencies and countries. Among the international

methods, the ISO 5667 standards are recognized by the World Health Organization

[25]. As an example of a regional standard, in Mexico, the National Program of

INECC-Sampling is recommended by the Institute of Ecology of Mexico for the

sampling of priority substances in priority matrices [26].

The objective of sampling is to obtain a sample representing, as accurately as

possible, the environment from which it is taken. At the same time, it must be

Fig. 2 Countries with the highest percent of publications related to the determination of drugs in

natural and wastewaters. Source: Scopus
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Table 1 Scientific articles with more than 200 citations each about the determination of pharma-

ceuticals as contaminants in natural and wastewaters

No. Title of the article Year Reference

1 Drugs and drug metabolites as environmental contaminants:

Chlorophenoxyisobutyrate and salicylic acid in sewage water effluent

1977 [3]

2 Polar drug residues in sewage and natural waters in the state of Rio de

Janeiro, Brazil

1999 [5]

3 Occurrence of antibiotics in the aquatic environment 1999 [6]

4 Analysis and occurrence of estrogenic hormones and their glucuro-

nides in surface water and waste water in The Netherlands

1999 [7]

5 Behavior and occurrence of estrogens in municipal sewage treatment

plants – I. Investigations in Germany, Canada and Brazil

1999 [8]

6 Determination of drug residues in water by the combination of liquid

chromatography or capillary electrophoresis with electrospray mass

spectrometry

2001 [9]

7 Occurrence, fate, and removal of pharmaceutical residues in the

aquatic environment: A review of recent research data

2002 [10]

8 Pharmaceuticals, personal care products, and endocrine disruptors in

water: Implications for the water industry

2003 [11]

9 Pharmaceuticals and personal care products (PPCPs) in surface and

treated waters of Louisiana, USA and Ontario, Canada

2003 [12]

10 Determination of antibiotic residues in manure, soil, and surface

waters

2003 [13]

11 Strategic survey of therapeutic drugs in the rivers Po and Lambro in

Northern Italy

2003 [14]

12 Monitoring of estrogens, pesticides and bisphenol A in natural waters

and drinking water treatment plants by solid-phase extraction-liquid

chromatography-mass spectrometry

2004 [15]

13 Determination of selected pharmaceuticals and caffeine in sewage

and seawater from Tromsø/Norway with emphasis on ibuprofen and

its metabolites

2004 [16]

14 Determination of pharmaceutical compounds in surface- and ground-

water samples by solid-phase extraction and high-performance liquid

chromatography-electrospray ionization mass spectrometry

2004 [17]

15 Behavior of pharmaceuticals, cosmetics and hormones in a sewage

treatment plant

2004 [18]

16 Occurrence of acidic pharmaceuticals in raw and treated sewages and

in receiving waters

2005 [19]

17 Liquid chromatography-tandemmass spectrometry for the analysis of

pharmaceutical residues in environmental samples: A review

2005 [20]

18 Evaluating the vulnerability of surface waters to antibiotic contami-

nation from varying wastewater treatment plant discharges

2006 [21]

19 Multi-residue method for the determination of basic/neutral phar-

maceuticals and illicit drugs in surface water by solid-phase extrac-

tion and ultra performance liquid chromatography-positive

electrospray ionisation tandem mass spectrometry

2007 [22]

20 Occurrence and fate of antibiotics in the Seine River in various

hydrological conditions

2008 [23]

21 Occurrence of emerging pollutants in urban wastewater and their

removal through biological treatment followed by ozonation

2010 [24]

Source: Scopus

Detection of Pharmaceuticals in the Environment



sufficiently small that it is safe to handle in the laboratory yet sufficiently large to

ensure the necessary amount of analytics for determination. Thus, the following

considerations are used when planning sampling protocols: objective of the sam-

pling; characteristics of the target (e.g., water body, soil); location of the sampling

points and their accessibility; frequency and type of sampling; material to be used in

the sampling and preparation; requirements for the preparation, transport, and

conservation of samples; the logistical aspects, including occupational safety and

health measures to be observed by the staff.

There are three basic types of samples. Grab samples are those collected at a

specific time and place and thus provide only a snapshot of what exists. Therefore,

composite samples are preferable, which are obtained by mixing proportions

according to the quantities and mass flows at the time and sampling point (e.g.,

by mixing samples taken every 24 h in a discharge of treated wastewater according

to the measured flow at each sampling time). These samples are more useful for

determining the concentrations of the target analyte [27]. In some cases, it might be

possible to use autosamplers [28].

In recent years, passive sampling, which is representative of the actual concen-

trations of the analytes and their variability over time, has received increasing

attention. Passive sampling involves the use of devices that do not have moving

or mechanical parts, that do not require energy or supervision during use, and that

are able to retain the target analyte(s). Two of the most commonly used passive

samplers for organic contaminants are the semipermeable membrane device

(SPMD) and the polar organic chemical integrative sampler (POCIS). For example,

the POCIS is adequate for sampling water-soluble organic contaminants, thus

providing time-weighted average concentrations of the analytes over deployment

periods that range from 1 week to several months [29, 30].

3 Methods of Sample Extraction (Clean Up)

A major problem in the analysis of pharmaceuticals in environmental samples is

their low concentrations. Therefore, extraction and concentration techniques are of

great importance. As with other parts of the analytical procedure, the implementa-

tion of the proper extraction and concentration technique of the target analytes

depends not only on the analytes and the environmental matrix but also on the

practical limitations of the laboratory.

Solid-phase extraction (SPE) with cartridges of selective sorbents with different

Hydrophilic-Lipophilic Balance (HLB) is the most used procedure in the analysis

of pharmaceuticals. In this approach, the sample is passed through the sorbent, and

the analytes of interest are retained in the cartridge. Subsequently, the target

analytes are eluted with a suitable organic solvent. The simultaneous analysis of
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many different substances that differ in their physical and chemical properties

implies that their optimal conditions of extraction could not be achieved. Therefore,

new phases, combinations of solvents, and experimental conditions for the removal

of specific groups of analytes are continuously reported in the literature. In addition

to the SPE cartridges, SPE disks, which enable the handling of larger sample flows,

thereby shortening the time of analysis, are also used. Although SPE is typically

performed off-line, online SPE, in which the separation device is automated and

attached to the detection devices, has been described [31, 32].

Lyophilization, ultrasound-assisted extraction, and liquid-liquid extraction con-

tinue to be used but less frequently. The miniaturization of extraction techniques

has also improved efficiency and effectiveness. Examples include dispersive liquid-

liquid microextraction in which some microliters of the extraction solvent are

mixed with a few milliliters of a dispersive organic solvent and then injected into

the aqueous sample, forming a cloud of organic droplets, thus producing a very

large area of contact and enabling efficient extraction of the analytes. Remarkable

advances have also been made in the use of solid-phase microextraction, which is

based on a similar principle as SPE. Stir bar sorptive extraction is another effective

procedure, in which a bar magnet coated with a suitable polymer is introduced into

the sample and, after a time, when equilibrium is reached, the analyte is desorbed

with an appropriate solvent [31, 32].

Between 2014 and 2017, the cleanup methods have changed little. During

this period, about 64% of cleanup methods were based on extraction by SPE

cartridges (e.g., OASIS HLB, Strata-X, ODS, Hypersil GOLD), and 26% have

used similar methods (e.g., stir bar sorptive extraction [SBSE] and liquid desorption

[LD] [33, 34], extraction based on ionic liquids [35, 36], styrene-divinylbenzene-

based extraction [SDB] covered by a polyethersulfone [PES] membrane [37],

extraction based on SPE disk [38–40], and other sorbent materials such as graphene

[41], fabric phase sorptive extraction [42], molecularly imprinted polymers

[43], and polydimethylsiloxane [PDMS] tubing fashioned into a loop) [44]. The

remaining 10% of studies have used methods that do not require a cleanup proce-

dure since the detection is performed directly in the untreated sample.

By analyzing the recent literature, we detected a tendency to develop new

adsorbent materials for use in the cleanup process. These materials have been

designed either to detect a compound or group of similar compounds in a sample

or as materials of high adsorption capacity for many different compounds. It is

preferred that these materials are eco-friendly (i.e., that they do not require solvents

for the desorption of the analyte [e.g., thermal desorption] or that they require

solvents of low toxicity and very low volume). It is worth mentioning that the

development of adsorbent materials based on nanostructures has the potential to

revolutionize the cleanup process because it is expected that the adsorption capac-

ity, and hence the concentration of the analyte, will be much greater for such

materials than for conventional materials based on microstructures.
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4 Separation, Detection, and Identification

The gas and liquid chromatography separation techniques are the most commonly

used in the analysis of pharmaceuticals, especially the latter. The separation of

organic substances has been advanced by the development of reversed-phase liquid

chromatography, which allows the use of polar substances as solvents for the

chromatographic separation. The most used phase is C18. In recent years, the

development of UHPLC, which enables a higher resolution and greater peak

capacity, has expanded the possibilities for pharmaceutical analyses in environ-

mental matrices. The most relevant aspects of the development of both chromato-

graphic techniques can be found in classical texts [45–47].

The development of atmospheric pressure chemical ionization (APCI) and

electrospray ionization (ESI) interfaces has enabled the successful coupling of

liquid chromatography with mass spectrometry (MS), high-resolution mass spec-

trometry (HRMS), and tandem mass spectrometry (MS/MS), using triple quadru-

poles, hybrid quadrupole/time-of-flight (Q-TOF), and ion-trap mass spectrometers,

among others. As mentioned above, the choice between methods mostly depends on

the economic resources of the laboratories. For this reason, gas chromatography

coupled with mass spectrometry is used for the detection of the most volatile

compounds, being necessary the derivatization that makes the GC/MS a more

laborious and time-consuming method. Given that the most important aspect of

detection and identification by mass spectrometry is the ionization of the com-

pounds present in the sample mixture, which then reach the MS, it is sometimes

necessary to use additives to improve the efficiency of the ionization. This also

explains the advantage of ESI in the analysis of pharmaceuticals due to the

possibility of change between negative (in the analysis of acidic compounds [e.g.,

antibiotics]) and positive mode (in the analysis of neutral and basic analytes). It is

necessary to emphasize that, for the same compound, the observed fragments might

differ depending on experimental conditions and the instrument used. It is also

important to consider the interference and the matrix. The APCI and the use of

labeled standards can reduce these interferences, but these standards are not always

available for all of the compounds of interest [31, 32, 48].

Finally, it should be noted that very powerful and sophisticated instrumentation

alone is insufficient. Expert technical knowledge is also required for their proper

operation, as well as for proper selection of the column and the ability for

troubleshooting [45].

EPA-1694 is the most widely used HPLC/MS/MSmethod [49]. This method uses

the SPE and HPLC/MS/MS for the analysis of many pharmaceuticals in water. The

analytes are divided into four groups according to their physical and chemical

properties. Water samples are treated using an acid pH (2) first, and an alkaline pH

(10) is employed later for separation by SPE. The analysis includes four different

conditions for the chromatographic analysis (column, mobile phase, and gradient)

and the detection and analysis by MS/MS (ESI+ and ESI�), depending on the

polarity and extraction conditions of the compounds. Although this is not a regu-

latory method, it is a great starting point for the development of a method adjusted to
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the needs and analytes-of-interest, which explains the development of many vari-

ations of the standard method [50].

Another useful method is the USGS method for the analysis of 14 pharmaceuti-

cals in water by HPLC/MS [51]. In this method, the sample filtrate is separated by

SPE with a cartridge of styrene-divinylbenzene. The extracts are reduced under

nitrogen and then reconstituted with the primary eluent used in HPLC. The chro-

matography is carried out using a reverse-phase octadecylsilane HPLC column,

which is coupled to an electrospray ionization interface and quadrupole mass

spectrometer for detection, identification, and quantitation. Regarding the GC/MS

methods, their successful application depends on the column selection and analysis

conditions, including the derivatization that will permit the identification and

quantification of the desired analyte.

As stated above, LC-MS/MS remains the most used analytical technique for the

analysis of pharmaceutical contaminants in waters, followed by gas GC/MS. This

tendency can be seen in the recently published work. For example, of the seven

articles addressing this subject that were published in 2017, four of them employed

LC-MS/MS as a detection technique [33, 52–54] and two used GC/MS [44, 55].

The choice of technique depends on the volatility and polarity of the analyte(s) of

interest, as well as the number of analytes in the sample. For instance, using

LC-MS/MS, Robles-Molina et al. [56] and Moschet et al. [37] quantified 400 and

322 analytes, respectively, whereas Sghaier et al. [55] determined 13 using

GC/MS. Both methods reach detection limits ranging from ng L�1 to μg L�1.

However, these are not the only methods available. Table 2 shows methods used

for the same purpose in the period 2014–2017, which are not based on MS and are

sometimes more accessible and reach equally low detection limits.

About 60% of the scientific works included in Table 2 correspond to research

groups from countries that are not listed in Fig. 2 such as South Africa, Viet Nam,

Argentina, Mexico, and Iran. Similarly, 70% of works in Table 2 were done in

developing countries (South Africa, Argentina, Viet Nam, Mexico, Brazil, and

Iran), where sophisticated MS/MS-based techniques are not widely available.

This, however, drives the development of analytical methods based on more

conventional techniques. Although these methods are less versatile, since they do

not allow the detection of many analytes, they are efficient in the detection of those

for which they are designed. For example, conventional analytical methods such as

fluorescence have great potential when they are coupled to multivariate calibration

algorithms, as it is shown in Table 2 [39, 64].

5 A Case Study: Some Pharmaceuticals in the Central

Plateau of Mexico Detected by GC/MS

The results presented here include the determination of naproxen (NAP), diclofenac

(DCFN), carbamazepine (CMP), and triclosan (TCS) in the Nexapa river and the

discharges of wastewater from the cities of Atlixco and Izúcar de Matamoros
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Table 2 Analytical methods employed from 2014 to 2017 for analyzing pharmaceutical com-

pounds in waters which are not based on mass spectrometry (MS)

Analytes

Separation and detection

methods

Limit of

detection or

quantification

Year/country/

reference

Benzodiazepines GC-FID: FID, flame ioni-

zation detector

LOD (μg L�1),

0.02–0.05

2014/Iran/[57]

17α-Ethinylestradiol
(EE2)

HPLC-FD: FD, fluores-

cence detection

LOQ (ng L�1),

2.1

2014/Brazil/[58]

Estrogenic

compounds

HPLC-DAD-FD: DAD,

diode array detector; FD,

fluorescence detection

LOD (μg L�1),

FD: 0.30–0.57,

DAD: 13.8–37.1

2014/Spain/[35]

Diclofenac No separation method.

Detection: fluorescence of

the dye released in solution

after diclofenac binds

cyclodextrin-based

polymer

LOD (μmol L�1),

1

2015/Switzerland/

[59]

Alprazolam No separation method.

Detection: differential

pulse adsorptive cathodic

stripping voltammetry

(PD-AdsCSV)

LOQ (μg L�1),

0.4

2015/Brazil/[60]

Carbamazepine 17-

α-ethinylestradiol
(EE2), endocrine

disruptor

(bisphenol A)

LC-PAD: LC, liquid chro-

matography on Onyx

Monolithic C18 column;

PAD, photodiode array

detector

LOD (ng L�1),

0.01–209

2015/Mexico/[61]

Carbamazepine,

glyburide, and three

endocrine disruptors

SFC-DAD: SFC, supercrit-

ical fluid chromatography;

DAD, diode array detection

LOD (μg L�1),

0.10–1.59

2015/Mexico/[62]

Carbamazepine,

ofloxacin, piroxicam

No separation method.

Detection: excitation-

emission photoinduced

fluorescence

LOD (ng mL�1),

0.04–0.3

2015/Argentina/

[39]

Fluoroquinolones HPLC-FD: FD, fluores-

cence detection

LOD (ng L�1), 2 2015/Italy/[41]

Estrogens and

metabolites

UPLC-FD: FD, fluores-

cence detection

LOD (ng mL�1),

0.18–0.45

2015/Spain/[43]

Various (8) Capillary electrophoresis

(CE) with capacitively

coupled contactless con-

ductivity detection (C4D)

LOD (mg L�1),

0.2–0.8

2016/Viet Nam/[63]

Estrogens, progesto-

gens, and androgens

HPLC-PDA-FD-MCR-

ALS: PDA, photodiode

array; FD, fluorescence

detector; MCR-ALS, mul-

tivariate curve resolution/

alternating least squares

LOD (ng L�1),

6–24

2016/Argentina/

[64]

Steroid hormones,

17β-estradiol (E2),
and estriol (E3)

HPLC-DAD: DAD, diode

array detector

LOD (μg L�1),

1.14–2.510

2017/South Africa/

[65]
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(between 2003 and 2005 as part of a project funded by the CONACyT, SIZA-

20020803007), as well as stations on the Zahuapan (Tlaxcala) and Atoyac (Puebla)

and Nexapa rivers (Puebla) (between 2012 and 2013 as part of project 11-CAP2-

1756, funded by the Spanish Agency for International Development Cooperation).

Although it is not a pharmaceutical, TCS is associated with the use of drugs and

hospital facilities and, as such, is a useful indicator of the intensity of pharma-

ceutical discharge into water bodies.

Table 3 shows the location of the sampling stations on the studied rivers. The

location of the sample sites in the subbasin of the Nexapa river can be found

elsewhere (Supplemental Fig. S2 of [66]). Sampling was conducted in accordance

with the procedures set out in the ISO 5667 series concerning the sampling of

surface water and the NMX-003-1980 that regulates the sampling of wastewater.

Relevant details about the sampling points include that Point 2 is located at the

site of impact of a transfer to the Nexapa river of 4 m3 s�1 of heavily polluted waters

of the Atoyac River, after its passage through the City of Puebla. Point 7 is in the

Zahuapan River at the entrance of the Tlaxcala State, while Point 8 is located after

the passage of the river through the city of Tlaxcala. Point 9 is located before the

exit of the Atoyac River from the city of Puebla. The details of the analytical

procedures can be found in [66, 67].

Figure 3 shows the profiles of the concentrations of the studied compounds

during the period of 2003–2005, adjusted by distance-weighted least squares. The

least contaminated point, located near the source of the Nexapa river, shows the

lowest concentrations. The impact of the Atoyac contaminated water transferred to

the Nexapa river is reflected in the increased concentrations of the compounds at

Point 2, with an attenuation downstream until Point 6, which is located after the

town of Izúcar de Matamoros, where the contaminants increase because of the

contributions of wastewater from the city, which at that time was without a WWTP.

The concentrations in the discharges of the cities of Atlixco and Izúcar de

Matamoros were about ten times greater than those found in the Nexapa river

(data not shown), which confirms that it is the use, excretion, and inadequate

disposal of pharmaceuticals that account for the presence of these contaminants

in the surface waters.

Table 3 Coordinates of the sampling points in the highlands, 2012–2013

Point North latitude West longitude Height (m)

Los Molinos (1) 57,021� 18’ 23,393� 98’ 1,927

Santo Domingo Atoyatempan (2) 54,235� 18’ 22,616� 98’ 1,821

Las Fajanas (3) 48,662� 18’ 25,984� 98’ 1,636

Alchichica (4) 37,617� 18’ 28,091� 98’ 1,353

Puctla 1 (5) 34,055� 18’ 28,359� 98’ 1,240

Puctla 2 (6) 18� 33. 624’ 98� 28. 777’ 1,250

Zahuapan (Tlaxco) (7) 37,284� 19’ 5,694� 98’ 2,654

Zahuapan (City of Tlaxcala) (8) 19,248� 19’ 15,204� 98’ 2,229

Atoyac (City of Puebla) (9) 19� 01. 051’ 98� 14. 275’ 2,104
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Table 4 shows the concentrations of some of the compounds studied during

2012–2013. From these data, it can be concluded that in their passage through the

cities, the rivers receive high inputs of the pharmaceuticals. The data in Table 5,

obtained from samples taken at the WWTP before the first settler (Point 51), before

the biofilter (Point 52), before the second settler (Point 53), and prior to the

chlorination for discharge to the river (Point 54), indicate the insufficient removal

of the drugs in a conventional WWTP.

This case study demonstrates that it is possible to study the impact of pollution

caused by the anthropic use and disposal of pharmaceuticals to the environment

using GC/MS as a tool, which is more affordable than LC-MS or LC-MS/MS

approaches that have high acquisition, operation, and maintenance costs.

6 Future Perspectives

The determination of drugs in the environment is likely to be of ongoing interest to

the scientific community. Such monitoring of water, soil, plants, and food is likely

to become routine. There is now a need to regulate the maximum permissible and

tolerable concentration, and, once established, these will need to be revised peri-

odically. Therefore, it is necessary to have effective, affordable, and inexpensive

methods for this task.
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Fig. 3 Concentrations of the drugs analyzed during 2003–2005 in the Nexapa river stations from
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Little is known about pharmaceutical contamination of water in Africa. There

is a recent review work highlighting the scarcity of this type of research in this

continent [68]. Most parts of Latin America, Asia, and Australia have the same

situation [69]. Also, little is known about the coefficients of transfer of water to

land, crops, animals, and humans. It is necessary to develop mathematical models to

identify the main sources of contamination and generalize the toxicity study

models.

It is clear that at present there is a great concern for the presence of drugs (among

other emerging contaminants) in the environment. International agencies such as

the WHO and other national agencies of great relevance, such as the EPA and

even civil society organizations begin to pay increasing attention to this problem.

However, the focus of attention has been directed to inland waters, and it is

necessary to pay greater attention to the presence of the drugs into the marine

environment [70, 71].

All this requires the development of methods with low detection limits (this

does not necessarily mean that the method must be sophisticated or expensive).

Development is required in new adsorbent materials, which have a greater capacity

of adsorption, thereby obtaining higher coefficients of concentration. The develop-

ment of multivariate methods along with specific sensors for ELISA type of

assays would contribute to in situ determinations that allow real-time monitoring

campaigns.

It is necessary to identify effective methods for degrading or eliminating these

compounds from natural and residual waters. The use of natural treatment systems

such as constructed wetlands shows high potential over other more expensive

technologies [72, 73]. Associated with this, it is also necessary to improve the

quality control of the determinations that are made. This will require certified

reference materials that will allow methods to be validated and inter-comparative

Table 4 Descriptive statistics of some of the target compounds studied in the Zahuapan, Nexapa,

and Atoyac rivers (μg L�1)

Mean � SD || median(min;

max), annual Mean(min;max), annual

Nexapa Atoyac Zahuapan Tlaxco

TCS 1.89 � 2.06 || 0.94(0.00;6.27) 1.42(0.29;2.97) 7.45(0.31;15.32) 0.03(0.00;0.05)

NAP 1.43 � 1.61 || 1.04(0.03;8.69) 0.91(0.73;1.22) 0.95(0.36;1.56) 0.04(0.01;0.06)

DCFN 0.12 � 0.13 || 0.08(0.00;0.55) 0.15(0.09;0.24) 0.28(0.12;0.37) 0.00(0.00;0.01)

Table 5 Removal of drugs in the WWTP of Izúcar de Matamoros (concentrations, μg L�1,

mean � SD)

Point 51 52 53 54

TCS 19.34 � 6.87 14.26 � 5.30 5.76 � 1.68 5.80 � 1.32

NAP 1.89 � 0.89 1.61 � 0.89 2.20 � 0.41 2.06 � 0.12

DCFN 0.60 � 0.13 0.58 � 0.03 0.46 � 0.63 0.57 � 0.02
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studies to be made. Analytical chemistry must develop eco-friendly and sensitive

methods that require small sample volumes that respond in a short time with preci-

sion and accuracy, reach low detection limits, and are accessible to most scientists.

Only in this way will it be possible to monitor the health of the planet and, thus, to

preserve life.
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44. Wooding M, Rohwer ER, Naudé Y (2017) Determination of endocrine disrupting chemicals

and antiretroviral compounds in surface water: a disposable sorptive sampler with compre-

hensive gas chromatography–time-of-flight mass spectrometry and large volume injection

with ultra-high performance liquid chromatography–tandem mass spectrometry. J Chromatogr

A 1496:122–132

45. Jennings WG, Poole CF (2012) Milestones in the development of gas chromatography, in gas

chromatography. Elsevier, Amsterdam, pp 1–17

46. Poole CF (2012) In: Poole CF (ed) Gas chromatography. Elsevier, Amsterdam

47. Fanali S, Haddad PR, Poole CF, Schoenmakers P, Lloyd D (2013) In: Fanali S, Haddad PR,

Poole CF, Schoenmakers P, Lloyd D (eds) Liquid chromatography. Elsevier, Amsterdam

48. Scognamiglio V, Antonacci A, Patrolecco L, Lambreva M, Litescu SC, Ghuge S, Rea G (2016)

Analytical tools monitoring endocrine disrupting chemicals. TrAC Trends Anal Chem

80:555–567

49. USEPA (United States Environmental Protection Agency) (2007) Method 1694: pharmaceu-

ticals and personal care products in water, soil, sediment, and biosolids by HPLC/MS/MS.

Washington
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