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ABSTRACT

The presence of drugs in water bodies in the contemporary
scenario is increasingly active causing problems both for
marine biota, faunal biodiversity and floristic endemic. The
evaluation of microbiological parameters is needed by with-
drawal of several samples of fresh water from rivers and
other water bodies of interest in order to identify and detect
possible pathogens linked to inadequate release of drugs that
cause water contamination and, therefore, in other living or-
ganisms. This review aims at diagnosing the susceptibility of
these drugs released into water bodies, whether through in-
adequate disposal of wastewater and water contaminated by
drugs of their own pharmaceutical industries, whether
launched by the general population that, for lack of infor-
mation and tax incentives, throw in water bodies all kinds of
drugs through various home launched.
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1. INTRODUCTION

The natural resource "water" is one of the most im-
portant for humanity (perhaps the most important), since
in addition to being fundamental for the maintenance of
life, this resource is directly or indirectly linked to most
of the productive processes of our Contemporary society'.

Brazil is among the countries that have the most pota-
ble water in the world and it is therefore of the utmost
importance that the State establishes and implements pol-
icies for the conservation of water resources. In Brazil, the
legal framework for the entire water management process
is Federal Law 9.433 / 97, which established the National
Water Resources Policy, in effect creating the National
System for Water Resources Management?.

Federal Law No. 11,445 /2007, known as the National
Guidelines for Basic Sanitation (LNSB), regulated by
Federal Decree No. 7,217 / 2010, which establishes,
among its fundamental principles, the universalization of
the provision of services (article 2) . The universalization
is conceptualized as the progressive extension of the ac-
cess of all occupied households to basic sanitation (article
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3, item III).

In the context of the sectoral regulatory framework,
basic sanitation is defined (article 3, item I) as the set of
services, infrastructures and operational facilities for wa-
ter supply, sanitary sewage, urban cleaning and solid
waste management and urban drainage. However, unfor-
tunately in the country still does not exist in a specific
way*.

Waste management is addressed in specific regula-
tions in sectors of the pharmaceutical production chain ac-
cording to Moura (2013)*, such as ANVISA's RDC n°
306/2004 and CONAMA Resolution n® 358/2005 (man-
agement and final destination of RSS), and DRC no.
17/2010 of ANVISA (Good Manufacturing Practices), but
the current norms do not consider the shared responsibil-
ity of each entity in the pharmaceutical chain, nor do they
consider household residues of medicines; therefore the
disposal of expired drugs, out of specification, leftovers,
incorrect packaging etc., is done by the majority of the
population.

It is estimated that in Brazil, the volume of household
waste of medicines will turn around from 4.1 thousand to
13.8 thousand tons per year”.

The objective of this review is to carry out the biblio-
graphic survey of studies on the contamination of drugs
in water, as well as those that are the main ones affected
by their effects and the types of contaminants with their
respective degree of concentration and incidence.

The focus will still be on the major pathogens that may
be caused by the release of certain drugs. We have also
focused this review on the possible causes of incorrect
drug delivery in water so that all local society benefits
from the information and uses it as a tool for collecting a
quality public service against water resources manage-
ment, that is, as a common good of the people.

2. MATERIAL AND METHODS

The methodology used was to search for the main types
of drugs that are present in water bodies in general, their
respective concentrations and possible effects of the
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presence of these drugs in the water. Through literature
review, articles and research aimed at the launching of
drugs in water bodies, this review seeks to inform about
the harmful effects of water contamination by different
types of drugs.

3. LITERATURE REVIEW

Launch of drugs in water: a problem to worry
about

The processes that are considered conventional for the
treatment of water and sewage, do not show significant
degrees of efficiency for the removal of several drug res-
idues, due to their biocidal action or complex chemical
structures that cannot biodegrade, evidenced by several
studies that show the presence of this type of contaminant
in Sewage Treatment Plants effluents®.

The first studies that were done, according to the au-
thors, to detect the presence of drugs in the environment,
and also where the presence of hydrochloric acid, metab-
olite of the anti-lipids, clofibrate and etofibrate, whose
concentration range was around pg L', studies done in
Sewage Treatment Plants in the United States. The main
route of drug launches in water is not other than by do-
mestic sewage, whether treated or not, in water bodies®.

Pharmaceutical industries and the rural sectors them-
selves are also undesirable drug launchers, where the lat-
ter, due to the residues of drugs present in animal manure,
throw in both the use of this for soil fertilization and the
natural way of the animal through its physiological pro-
cesses®.

For comparative purposes, we have another generat-
ing source as the main source for the launching of drugs
in water, which comes from hospitals:

Following its administration, a significant part of the
original drug and its metabolites are excreted through
urine and human and animal feces, reaching the sanitary
sewers and effluents of Sewage Treatment Plants,
through domestic sewage, but mainly hospital’.

In the work of these authors, about mitigation
measures regarding the disposal of drugs in water bodies
made in Londrina in the State of Parana, it is emphasized
that several studies around the world have been drawing
attention to the presence of drug residues in water bodies.
Through improper disposal, shallow and deep water is be-
coming increasingly contaminated.

While the ANVISA Resolution - RDC / ANVISA no.
306, of December 7, 2004, in its point 13.3.1, recom-
mends that:

Liquid waste from sewage and wastewater from a

health facility must be treated prior to release to the re-
ceiving body or to the sewage collection network, when-
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ever there is no collective sewage treatment system serv-
ing the area where the service is located, as Defined in
RDC ANVISA no. 50/2002.

Drugs of various therapeutic classes, such as antibiot-
ics, hormones, anti-lipids, anti-inflammatories, analgesics
etc., are detected in domestic sewage, as well as in surface
and groundwater in concentrations ranging from ng L-1
to pg L-1 in various Parts of the Earth®,

The food industry uses more and more water, signifi-
cantly increasing human consumption of food, and natu-
rally increases the use of water?, and it is possible to infer,
in fact, great possibilities of the use of contaminated water
for irrigation and/ or any kind of use for human consump-
tion. If treatment companies cannot contain all the drug
contaminants present in the water, the more those who are
small or medium-sized farmers.

Not only human consumption, but several other eco-
systems are directly or indirectly affected by the incorrect
introduction of drugs'?. One can think of the contamina-
tion of rivers and lakes, and consequently, when in animal
and floristic hydration, culminating in accumulation of
Contaminants in the consumption of all these elements
through, therefore, not only of hydration, but also of food.
Rabelo (2014)° brings several quantitative and qualitative
information about water contamination and its intake by
pigs.

The two groups that present a higher degree of con-
cern, according to Zapparoli et al. (2011)8, are the antibi-
otics and the hormones, being the estrogen also quite em-
phasized.

It is therefore possible to identify high release of es-
trogen in water, especially by releasing the female hor-
mone through the effects of contraceptives and contracep-
tive drugs.

According to Routledge et al., two species of fish, On-
corhynchus mykiss and Rutilus rutilus, were exposed for 21
days to concentrations of environmentally relevant 17b-es-
tradiol and estrone (1, 10, 100 ng L!). According to these
and other researchers, the results confirmed that the estro-
gens identified in domestic effluent are present in amounts
sufficient to induce the synthesis of VTG in fish species. Ef-
fluents from Sewage Treatment Plants have been reported
as the major cause of estrogenic effects in fish!!.

Some solutions of removal of these endocrine disrup-
tors in the Treatment Stations are:

In the case of DCF, drug with low-log K4 € Kio<0,1
L.gss *1.d”, is expected low sorption removal and low bi-
odegradability, regardless of the age of the sludge. This
assumption was confirmed by the low removal efficien-
cies found in the literature (medians <20%), apparently
independent of the age of the sludge. However, it is im-
portant to observe the greater variability of the data and
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the greater amount of DCF production results in acti-
vated sludge systems with sludge ages less than or equal
to 10 days, which to a certain extent shows a small de-
pendence on the removal of the DCF from this parame-
ter Operational'2,

Other studies have proposed reactors from the most
diverse compartments that significantly improve the re-
moval of biodegradable compounds, when compared to a
reactor in hydraulic regime of complete mixing'?.

There are also some results of ecotoxicological assays
used to evaluate the effects of the relevant drugs, as in
studies that found fluoxetine in Vibrio fischeri and in H.
azteca aquatic organisms frequently exposed to environ-
mental contaminants'4,

From these results, the researchers observed that
"from 0.3 mg.L"! of fluoxetine hydrochloride mortality
occurred in H. azteca, while the inhibition of photolumi-
nescence in Vibrio fischeri was obtained from 30 mg.L!".
The lower values, in the latter case, of ECso, showed
higher toxicity in the assays with the generic product.

Types and concentrations of drugs released into
water bodies

The mean concentrations of drugs detected in aquatic
environments, where they are the most significant drugs
presented in the concentrations that follow:

Table 1. Mean concentrations of drugs detected in aquatic environments
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Ibuprofen 131 Gross sewage (Fin-
(anti-inflammatory) ’ land)
Ibuprofen 549 Gross Sewage

(anti-inflammatory) (Brazil)

Effluent from Sew-
0.17 age Treatment
Plants (Germany)

Propranolol
(B-blocker)

Gross sewage (Fin-

Sulfametoxazol (antibidtico) 4.9 land)

Sulfamethoxazole (antibi- Gross sewage

otic) 0.58 (Spain)
. S Surface water
Tetracycline (antibiotic) 0.11 (USA)
0.08 Gross sewage

(Sweden)

Trimethoprim (antibiotic) Effluent from S
uent from Sew-

0.08 age Treatment
Plants (Greece)

Effluent from Sew-
age Treatment
Plants (Germany)

Trimethoprim (antibiotic) 0.32

Source: Melo et al. (2009)°.

While in Borrely et al. (2012)'* we can see:

Table 2. Concentrations of emergent pollutants (ug / L) in tributaries
and effluents from sewage treatment plants.

(elements with a higher degree of significance). Re-
Pharmaceutical com- Afflu- | Efflu- | moval
Maan of d Molecules t ¢ "
Drug (therapeutic class) Concentration Pattern pounds en en rf N
(gL (%)
Atenolol S Erythromycin-
(B-blocker) 0.49 Raw sewage / Italy Antibiotics HO 2025 | 059 | 709
Bezafibrate (anti-lipids) 12 Gross Sewage Tetracycline 48 | 2375 | 95.1
(Brazil)
Lo 4-aminoantipy-
Carbamazepine (anticonvul- 17 Gross sewage Antiepileptics rine 1517 | 0676 | 554
sant) ’ (Sweden)
Analgesics and anti-in-
Ketoprofen 20 Gross sewage (Fin- flammatories Tbuprofen 13.482 1 3480 | 742
(anti-inflammatory) ’ land)
Effluent from Sew- Lipid regulator Bezafibrate 1.948 | 0.763 | 60.8
Ciprofloxacin (antibiotic) 037 age Treatment Betablockers Metoprolol 1.535 | 0.679 | 558
Plants (Switzer-
land) Antidepressant Fluoxetine 5.85 | 0.112 | 98.1
29 Gross Sewage Source: Borrely et al. (2012)"
. (Brazil)
Diclofenac
(anti-inflammatory) 4.0 Surface Wf‘)ter (Bra- The release of drugs into the water is therefore an in-
zi . . .
convenient environmental fact. Indeed, according to the
170-Ethinylestradiol (con- o5 Gross Sewage tables above, it is possible to perceive hlgh.rate.s also of
traceptive hormonc) : (Brazil) removal, however, not enough for accumulation in the hu-
— man organism over the years.
Genfibrozil -~ E ag:?rezﬁesnetw' It is also valid to highlight the main drugs launched by
(antilipemic) ' Plants (Italy) domestic routes, differentiating them in the hospital path-
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way and health systems. As important as it is to inform
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that such postings are not necessarily specific to the hos-
pital or domestic network.

Thus, based on the work of Borely (2012) are the
drugs with greater use in hospitals:

a. Antibiotics:  Clarithromycin,
Erythromycin - H20;

b. Analgesics and anti-inflammatories: Codeine,
Ketoprofen, Ketorolac

c. Antidepressant: Fluoxetine and Diazepan.

Ciprofloxacin,

While the ones with the highest degree of release in
terms of the domestic route are the drugs that follow:A4n-
tibioticos: Ciprofloxacina, Metronidazol, Norfloxacina;

a. Antiepileptics: Carbamazepine,

b. Analgesics and anti-inflammatory: Diclofenac,
Ibuprofen, Ketoprofen, Naproxen,

c. Lipid Regulator: Bezafibrate,

d. Betablockers: Atenolol, Propranolol;

e. Antidepressant: Fluoxetine.

In studies of the latter's (fluoxetine) impact on water,
they have concluded that their research has demonstrated
high concentrations of fluoxetine in water - what they call
an SSRI: selective serotonin reuptake inhibitor - which
has specific impact on behaviors that are linked to repro-
duction and problems with predators!®.

This research also points to the impacts of fluoxetine
that are related to the fish's dependence on this drug, being
more pronounced in males, in order to reach specific re-
gions of the brain, considering that not all behaviors are
impacted by the same dose and Exposure, therefore, cer-
tain that males and females do not demonstrate the same
effects. Finally, the authors conclude that the removal of
this drug and the consequent low fish exposure to fluoxe-
tine, in large part, results in a return to normal behavior.

Aside from the drugs mentioned above, it is also pos-
sible to verify the degree of problematic that anxiolytics
(pharmaceuticals used to treat anxiety) cause when re-
leased into effluents. These drugs are a class of drugs
commonly prescribed by psychotherapists, with benzodi-
azepines being used the world over, according to re-
searchers'®.

Anxiolytics persist in wastewater effluents, with con-
centrations ranging from 0.01 pg.L™! in the treated efflu-
ent. Several benzodiazepines are also very resistant to
photodegradation, allowing their persistence in aquatic
environments, being found by researchers with concentra-
tions ranging from 0.001 to 0.4 pg.L! in rivers and
streams.

Like all researchers, Brodin ef al. (2013)'° also assert
that because benzodiazepines are designed to alter behav-
ior by binding to g-aminobutyric acid (receptors, which
are found in a wide range of animal species), it is quite
likely that organisms in aquatic environments are also ex-
perimenting Behavioral changes and modifications.
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Finally, the researchers screened Swedish surface wa-
ter by finding common benzodiazepine concentrations,
such as oxazepam, of 0.73 ug.L'! in wastewater treated
effluents, which is alarming, and still 0.58 pg.L! in a me-
dium-sized river (Fyris River, Upsala, Sweden) to which
it receives the release of treated wastewater. The concen-
tration of oxazepam in the European Sheep (Perca fluvi-
atilis) muscle tissue of the Fyris River was more than six
times higher than in water, clearly indicating a bioaccu-
mulation of this drug in fish.

Therefore, pharmaceuticals, such as benzodiazepines,
as well as several others presented, were designed pre-
cisely for behavior change, may have ecologically im-
portant evolutionary effect through changes in fish behav-
ior which, and, over time, influence such behavior point
the aquatic environment that arrives change the whole.

4. DISCUSSION

Contemporary scenario and drug withdrawal

Environmental degradation demoralizes the so-called rule of
law [...]. Among the underpinnings of the sustainability of un-
derdevelopment, there is a low level of knowledge and blatant
social insensitivity in most legislators [...], such facts do not free
the Legislative and Judiciary from the damaging regime of cli-
entelism that generates, in addition to unjust laws, Unconstitu-
tional laws. In other words, illegal laws'”.

It is imperative that the globe goes through one of the
biggest shortages of drinking water, suitable for human
consumption, sanitation laws exist until, however, there is
less and less access to quality water resources, ic without
the severe intervention of man . In 2006, more than 2.5
billion people had no access to sanitary facilities's.

Therefore, the anthropological action is directly
linked to the causes of low water quality factors, diseases
acquired by the consumption of contaminated water, since
they alter the affected ecosystem physically, chemically
and biologically, and it is still possible to include as ag-
gravating the mismanagement Management of water re-
sources by competent authorities and environmental bod-
ies.

Currently, the Brazilian consumes on average 150 li-
ters of water per day and 80% of the water consumed turns
into sewage. In the country, the proportion of households
with adequate sanitation increased from 45.3% in 1991 to
56.5% in 2000 and 61.8% in 2010. In cities with up to
5,000 inhabitants, these proportions increased from 9.7%
in 1991 to 21.7% in 2000 and 30.8% in 2010. In cities
with more than 500 thousand inhabitants, the percentages
were 73.6% in 1991, 79.7% in 2000 and 82.5% in 2010"°.

The State Policy on Water Resources is a very innova-
tive law regarding its structure and political guidelines,
considering the systemic and integrated management of
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this resource, with the direct and legitimate participation
of the different social actors: States, Federal District and
Municipalities - and Organized Civil Society. However, it
is a bitch who can not guarantee that everything is under
control when it comes to the launch of drugs in water bod-
ies.

In fact, the release of medicine remnants, whether de-
liberately dumped or accidentally, represents a potential
problem for water treatment both in Water Treatment Sta-
tions and in Effluent Treatment Stations.

Drugs can reach the sewage collection networks by dumping
gray water (derived from showers, washbasins and laundries),
black water (excreta from individuals who may contain oral
medications and natural hormones) and dispose of in the sani-
tary facilities, of unused or expired expiry date. Sewage treat-
ment plants usually employ biological processes as the main
technology and, in a few cases, use complementary treatment
techniques. Thus, sewage treatment plant units are designed to
reduce the burden of organic pollutants and, possibly, patho-
genic nutrients and microorganisms, not specifically targeting
the removal of drugs present in sanitary sewage. Any removal
of these compounds that may occur is incidental and inherent in

the treatment processlz.

Escherichia coli is indicated as the main indicator of
water quality and is associated with water contaminated
with fecal material from humans and warm-blooded ani-
mals?’,

Removal of drugs and hormones that contaminate wa-
ter in a rural region where effluents from such systems are
typically discharged into receiving basins, leading to a po-
tential transfer of medications and personal care products
and steroid sewage hormones to the environment.

They also identified personal care products and ster-
oids in rural sewage treatment ponds, clearly pointing to
the ineffectiveness of this system, in several chemical
compounds, by pond treatment plants (in rural cases). The
authors identify septic tank systems as a potential source
of emerging contaminants in groundwater, considering
that septic tank and pond systems demonstrate little effi-
cacy in the removal of contaminants, causing effluent
from aerated lagoons to also retain metals Pathogens and
organic pollutants, in addition to excessive amounts of
nutrients?!,

5. CONCLUSION

This review aimed at discussing whether the presence
of drug residues in the waters is respecting or altering the
environment in which it is being launched, as well as con-
sidering its pathological relationships with the possible
toxicological contact of some drugs, considering that all
the works involving Drugs say yes. Also the main drugs
launched in water bodies, their main types and in which
concentrations. Clearly, there is a need for diversified re-
search for each contaminant released, since the patenting
of new drugs is frequent, which results in the study of a
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single focus for some specific pathogenesis, forgetting
other organisms (including humans) that can be reached
indirectly, To which little or nothing is known about the
harmful and deleterious effects that can be caused to them.
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