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ABSTRACT

Improper disposal of laboratory waste is a neglected prob-
lem that can cause serious damage to the environment and
therefore to humans. The management of this waste is car-
ried out by means of specific legislation, waste management
plans (SWMP), created by specific regulatory agencies for
this purpose. Xylol, also known as xylene or dimethylben-
zene, is a liquid naturally found in the oil but can also be
synthesized from the same. It is primarily used as a solvent
in addition to being used as a clarifying agent in histological
slides. The objective of the study was to describe the main
aspects related to the disposal of potentially hazardous waste
to the environment, by focusing on the disposal and manage-
ment of xylene at the State University of Maringa. The in-
formation was raised from online data media and scientific
journals related to the topic. The findings allow a contribu-
tion to the proposition of management models for institu-
tions, contributing further to the use, handling and proper
disposal of these substances, as well as awareness of the risks
to human and environmental health, it is also possible to
evaluate the viability of alternatives presented like reuse, re-
duction and replacement of xylene, taking into account the
acquisition costs and the impact caused by it.

KEYWORDS: Health, environment, recycling, xylene, resi-
dues, universities.

1. INTRODUCTION

The Since 1990, there has been an increase in discus-
sions on the management of chemical residues in teaching
and research laboratories in Brazil. During this period, the
waste generated by the institutions was discarded in the
laboratory sink without any concern. This improper dis-
posal was responsible for environmental pollution, mate-
rial waste and poor management of the synthesized or
handled products. However, several federal, state and pri-
vate institutions have created a new habit, and have been
committed to managing and treating their waste, thereby
reducing environmental impact'.

The risk involved in the management of chemical sub-
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stances makes it even more important to implement effec-
tive waste management programs, thereby reducing the
risk of contamination of both workers dealing with this
type of material and the environment. As a result of these
facts, laws pertaining to environmental management in
several countries have become more rigid by regulatory
agencies’. In Brazil, there are several entities that regulate
waste management, among which are the Brazilian Asso-
ciation of Technical Standards (ABNT), the National San-
itary Surveillance Agency (ANVISA), the National Envi-
ronment Council (CONAMA) and the state and local gov-
ernments’.

According to the Agency for Toxic Substances and
Disease Registry* xylol, also known as xylene or dime-
thylbenzene, is a liquid found naturally in petroleum but
can also be synthesized artificially. It is primarily used as
a solvent, in addition to being used as a clarifying agent
being found in small quantities in aeronautical fuels and
gasoline*.

In Brazil, according to resolution n°® 358, of April 29,
2005 of CONAMA, xylol is classified within group B,
which are chemical substances that have the potential to
cause health or environmental risks>. Since xylol Is a sub-
stance widely used mainly in paints, varnishes, dyes,
pharmaceutical preparations, plastics production, petro-
leum industry and as solvents in laboratory analyzes, the
knowledge of its correct treatment and disposal becomes
an action of extreme importance®. The present work aims
to describe the main aspects related to the disposal of po-
tentially harmful residues to the environment, focusing on
the disposal and management of xylol at the State Univer-
sity of Maringa.

2. MATERIAL AND METHODS

To perform the bibliographic review, online data, sci-
entific journals and articles published between 1999 and
2016 were used.

The information described in the sources was orga-
nized and analyzed in order to describe the characteristics
of xylol and its risk to health and the environment.
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3. LITERATURE REVIEW

Characteristics of xylol and its use

According to the Merck Index (2001), xylene, also
known as xylene or dimethylbenzene, represented in Fig-
ure 1, whose molecular formula is C8H10, is classified
according to ABNT NBR 14725-2 as a flammable sub-
stance. It is a colorless liquid, poorly soluble in water,
miscible with absolute alcohol, ether and other organic
solvents.
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Figure 1. l-ortho-xylene; 2-meta-xylene; 3-para-xylene. Source:
Merck Index, 2001.

There are three xylene conformations in which the
methyl groups vary in the benzene ring: meta-xylene, or-
tho-xylene and para-xylene (m-, o-, and p-xylene), such
forms called isomers. Xylene is a synthetic chemical pro-
duced from petroleum?, it is widely used as solvent for
paints, varnishes, dyes, dyes, pharmaceutical preparations,
plastics production and in the oil industry. In addition to
being widely used in clinical analysis laboratories, hospi-
tals and laboratories of pathological anatomy, this com-
pound is handled during the process of diaphanization of
the histological slides, acting on the removal of alcohol,
making the tissues translucent and improving the penetra-
tion of paraffin®39.

Risks to health and the environment

Because xylene is very volatile, the airway is usually
the most common route of exposure, where concentra-
tions of 0.08 to 3.7 parts of xylene per million parts of air
(ppm) can already be detected. Composed by the human
olfactory system. Exposure can also occur through inges-
tion of contaminated food and water, in addition to direct
contact with the skin* 1°.

Before being excreted, this compound undergoes bio-
transformation, that is, oxidation of one of the methyl
groups with the formation of methylbenzoic acid occurs,
which after conjugation to glycine, is excreted in the urine
as methylhippuric acid®.

The three isomeric forms of xylene have very similar
effects during intoxication. Short-term (<14 days) expo-
sure to high levels of xylene may cause irritation to the
skin, eyes, nose and throat, respiratory distress, delayed
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response to visual stimuli, Of memory, stomach discom-
fort in addition to damage to the liver and kidneys*. Most
known information on the health effects of humans ex-
posed to xylol for long periods of time were obtained from
studies with workers in the paint and solvent industries,
exposed to levels of xylene present in the air much larger
than the levels normally found in the environment*.

Effects on the CNS

Both short- and long-term exposure (> 365 days) at
high concentrations of xylene can cause a number of ef-
fects on the nervous system, such as headaches, lack of
muscle coordination, dizziness, confusion, changes in the
sense of Balance and depression of the central nervous
system. Such effects occur after exposure to xylene con-
centrations greater than 100 parts per million (ppm), in
addition, the effects worsen as the concentration of the
compound increases during the exposure, as shown in Ta-
ble 1411,

Table 1. Effects caused by xylene in the CNS.

Concentration of Symptoms
Xylene (ppm)
100 - 200 Nausea and headache
Dizziness, weakness, irritability,
200 - 500 Vomiting, decreased reaction
time.
800 - 10.000 Mental confusion, slurred
speech, loss of balance, ringing
in the ears.
>10.000 Drowsiness, loss of conscious-
ness and death.

Source: Kandyala et. al, 2010.
Liver and Kidneys

After severe exposure, the compound may cause re-
versible damage to the kidneys and liver, but such
changes are more difficult to perform because the first
symptoms affect the CNS, that is, causes the exposed in-
dividual to seek help or be rescued by stopping the expo-
sure and consequently damage to these organs'!.

Effects on the hearing aid
Xylene can also cause functional problems and degen-
eration of the sensory organs present in the inner ear, es-

pecially in the nerve fibers of the cochlea and the vestib-
ular apparatus (ototoxicity)'2.

Effects on pregnant women

Xylene inhaled by a pregnant woman can reach the
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fetus in addition to contaminating her breast milk during
the breastfeeding period'!, so the author reports that it is
recommended that pregnant and nursing women mini-
mize their exposure!’!3, Still according to the author, xy-
lene can produce fetotoxic effects such as delayed ossifi-
cation.

Effects on eyes, nose and mouth

Concentrations greater than 200 ppm after 5 minutes
of exposure may cause irritation of the nose and throat.
Direct contact with the eyes can cause damage to the oc-
ular surface!'.

Effects on gastrointestinal tract

Exposure to xylene vapors may cause nausea, vomiting
and abdominal discomfort!!.

Skin Effects

Solvents such as xylol can degrade the lipid layer pre-
sent in the epidermis, so prolonged contact with this com-
pound can cause dermatitis, dryness and peeling of the
skin, and burns if it becomes impregnated with gloves and
clothing!!.

Effects on the environment

Currently, most of the population is exposed to some
kind of solvent at work or at home, however, the number
of workers regularly exposed to solvents is greater 2. Ac-
cording to Costa et al. (2007)%, the majority of employees
of pathology and cytology laboratories do not know the
risks caused by this compound, showing that only 6.6%
of the interviewed workers checked the presence of xylol
in the organism, by the dosage of Urinary methylhippuric
acid. In this same study, it was evidenced the lack of
proper manipulation and disposal of xylol. In addition,
most laboratories discard waste from xylol in the sink
which is harmful not only to the sewage system but also
to the environment 6, evidencing negligence in relation to
this compost.

Xylene can contaminate the environment during its
manufacturing process, packaging, transportation, use or
during its disposal, especially when inappropriate. Most
of the xylene that is released into the environment evapo-
rates into the atmosphere and can discharge into the soil,
surface water (streams, streams and rivers) and ground-
water in cases of persistent spills*. As xylene is very vol-
atile, most of this compound is found in the atmosphere
where it is broken by sunlight into other less harmful
chemicals within a few days, for this reason, xylene is
rarely found in high concentrations in soil or water (River,
streams), unless a recent leak or continuous contamina-
tion has occurred. Still on the ground, non-evaporating
xylene can penetrate groundwater and remain for several
months before being finally degraded by microorganisms,
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yet very small amounts are absorbed by plants, fish and
birds*. However, there are few studies on The concentra-
tions and presence of xylene in soil and water.

According to the information provided to date, the risk
of exposure to xylene is more frequent in industrial parks,
followed by their presence in the atmosphere from the
burning of fossil fuels, and less likely to be found in soil
or aquatic collections. In addition, such a compound can
also be classified in the group of volatile organic com-
pounds (VOC's), already reported in studies carried out
on residential buildings'#'>.

Legislation and waste generation programs

Resolution RDC 306 of December 2004 of ANVISA
defines as health service waste generators (RSS) all ser-
vices related to the care of human or animal health, in-
cluding home care services, field work, product analytical
laboratories For health, mortuary, funerary and services
where embalming activities are carried out (tanatoprax
and somatoconservation), legal medicine services, drug-
stores and pharmacies including manipulation, health ed-
ucation and research establishments, zoonosis control
centers, distributors of pharmaceutical products, import-
ers, distributors and producers of materials and controls
for in vitro diagnostics, mobile health care units, acupunc-
ture services, tattoo services, among others. In addition, it
classifies the RSS into five groups, which are: A, infec-
tious waste, this, subdivided into five groups (A1, A2, A3,
A4 and A5); B, chemical residues; C, radioactive tailings;
D, common or household waste; And group E, the
sharps'®. As in ANVISA's legislation, CONAMA Resolu-
tion No. 358, of April 29, 2005 also classifies in this way,
and xylol is classified in group B, which are chemical sub-
stances that may present risks to public health or the en-
vironment environment!’.

Another classification in the legislation, the NBR
10004 of ABNT, where garbage or solid waste is defined
as being the result of human activities, being able to pre-
sent risks according to its dangerousness and the potential
of risk offered to the environment and public health. This
standard classifies solid waste according to the potential
risks to health and the environment, such as: Class I or
Hazards, wastes that have one or more characteristics
such as: flammability, corrosivity, reactivity, toxicity or
pathogenicity; Class II or non-hazardous, subdivided into
A (non-inert waste), are residues which may exhibit prop-
erties such as: biodegradability, combustibility and water
solubility; And B or inert, which are rocks, glasses, cer-
tain plastics and rubbers, so xylol is classified in class I of
hazardous waste!”.

In addition, the regulatory standard, NR-15, which
deals with unhealthy activities, in Annex 11 where chem-
ical agents are described, whose insalubrity is character-
ized by tolerance limit and inspection in the workplace, in
this case xylene offers an average degree Occupational
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exposure limit is 78 ppm (parts per million) or 340 mg/m?
for up to 48 h per week. Xylene is a compound that can
be absorbed by the skin, this recommendation is now al-
ready present in the Brazilian Legislation, in the updated
NR-15, but there is no recommendation regarding the oto-
toxic potential of this compound. In this context, the use
of xylol in histopathological laboratories, especially in
university laboratories, should take into account NR's 6,
7,9, 15 and 32 (EPI, Occupational Health Medical Con-
trol Program, Environmental Risk Prevention Program,
Unhealthy Activities and Operations, and Health and
Safety at Work in Health Services, respectively)'®. Re-
garding the disposal of this waste, Resolution No. 358 of
29 April 2005 and Resolution No. 283 of 12 July 2001 of
CONAMA deal with the final disposal and treatment of
such waste. Therefore, these should be submitted to spe-
cific treatment and final destination according to their
hazardous characteristics. Where they are not subject to a
re-use, recovery or recycling process, they must undergo
specific treatment and final disposal'’. Therefore, for the
disposal of these residues there are some minimum crite-
ria regarding the location, and the selection of the disposal
area should have restrictions regarding the environmental
zoning, that is, it should be away from conservation units
or related areas; Must respect the minimum distances es-
tablished by the competent environmental bodies of frag-
ile ecosystems, surface and underground water resources.
Also regarding safety and signaling, you must have an ac-
cess control system for vehicles, unauthorized persons
and animals, under continuous surveillance and warning
signs with educational reports regarding the hazards in-
volved. In addition, in terms of technical aspects, the site
should have rainwater drainage systems, proper collection
and disposal of percolates, collection of gases, water-
proofing of the base and embankment, and environmental
monitoring'”. Regarding the process of final disposal of
health services waste (RSS), the disposition of the waste
should happen directly on the bottom of the site, its ac-
commodation should occur without direct compaction,
daily coverage with layering soil?.

According to resolution RDC 306/2004'¢, waste man-
agement encompasses a set of management procedures to
be planned and implemented from scientific, technical,
regulatory and legal bases, in order to minimize the gen-
eration and provide waste generated secure routing, per-
formed efficiently, aiming, in addition to the protection of
human health, the preservation of the environment. The
concept of waste management involves activities such as
strategic decision-making involving political institutions,
instruments and means for this purpose. Therefore, when
applied and monitored, the management of Health Ser-
vices Waste (SSR) has a significant impact on the gener-
ation indices and, consequently, the inherent risks of res-
idues as well as the costs with the management®'. As
teaching and research institutions generate small amounts
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of chemical waste compared to industries, they are treated
as non-impacting activities by environmental protection
agencies and are therefore poorly audited?. The occa-
sional use, sometimes constant within the routine of the
institutions, of these solvents, generate chemical residues
of different degrees of danger, and may require adequate
physical, chemical-chemical or chemical treatment before
being sent to the final disposal'. The xylol is among one
of the chemical residues most generated by health institu-
tions?!. Due to its hazardous characteristics, good waste
management within the university is essential, since the
responsibility of implementing a disposal process that
preserves the safety of users and the environment, verify-
ing who generates the chemical residue, minimizing the
generation, recovering the waste when possible and pro-
moting the correct disposal is of its generators®!. As insti-
tutions that have the commitment to train professionals,
educational institutions must then be models of public
policies for environmental preservation with sustainable
practices and supported by current norms?3.

In this context, the State University of Maringa (UEM)
has a well-established waste management program, and
the company " Serquip Waste Treatment PR Ltda " is re-
sponsible for collecting, transporting, treating and dispos-
ing of waste The Health Services of the University Hos-
pital (HUM) and the teaching and research laboratory
(LEPAC) of the State University of Maringa. The other
wastes generated by other university laboratories follow
the procedures adopted by PRO-RESIDUOS?*. The poli-
cies adopted by the UEM Campus are: environmental ed-
ucation program, with personnel training, lectures and
courses; recycling and handicraft workshops, selective
collection with recyclable waste donation to cooperative
waste collectors, composting, incineration on the campus
of animals used in teaching and research laboratories,
maintenance of a chemical waste station, provision of en-
vironmental project services?*. In the University Hospital
of UEM, the policies adopted were the institutionalization
of a specific sector for the management of health services
waste, environmental education and training of person-
nel?. Only the chemical residues generated by the EMP
Clinical Analysis and Research Laboratory (LEPAC)
have a disposition cost that ranges from R $ 38,000.00 to
10,000 kg of waste. Using other alternatives could reduce
the amount of waste generated and the costs.

Reuse of xylol and Reduction of use

For an improvement in waste management systems a
good strategy would be the reuse of these solvents. Ac-
cording to Manfredini (2014)?! organic solvents such as
xylol can be reused by distillation techniques, preceded
by a cleaning and followed by a purity analysis, as
demonstrated in the study by Levada (2008)8, which ob-
tained effective results in the recovery of xylol by treat-
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ment by fractional distillation. After distillation the recov-
ered xylol is characterized by refractive index measure-
ments and ultraviolet spectroscopy analyzes. They also
showed that the recovery and recycling of xylene provides
great benefits to the environment, both by reducing the
volume of waste disposed and by saving in the acquisition
of new products®. With these processes, it is also possible
to reuse up to 80% of the volume of xylene Which would
be neglected in the environment, with a higher degree of
purity than initially acquired. Therefore, the reuse of xylol
would provide benefits such as environmental education,
recovery of alcohol and paraffin used, production of a
product of higher quality than commercially purchased,
as well as saving the incineration of the product, which
generates compounds such as dioxins and furans, Harm-
ful to the environment?,

It is also possible to reduce the use of this substance
in the study of Cazari et al. (2013)%¢ the structural quality
and microscopic visualization of different human tissues
submitted to a histological processing in hematoxylin and
eosin (HE) staining were evaluated, reducing the use of
xylol solvent, the author observed that the histological
slides of epithelial tissue , Liver, gallbladder and uterus,
prepared without the use of xylol in the final diaphaniza-
tion stage, presented no differences when compared to
laminae of the same tissues, routinely processed, using
xylol in the diaphanization process. In another study,
Falkeholm et al. (2001)?7, Xylol was removed from other
stages of histological processing, thus, the quality of
blades stained in HE and periodic acid-Schiff (PAS) were
smaller, with 74% of the slides being as good as those us-
ing xylol. Further, in the study by Dergovics et al.
(2012)%8, it was evaluated the efficiency of the use of a
varnish and xylol mixture for the assembling of buccal
and cervico-vaginal cytological slides after Papanicolau
staining. The material was submitted to this staining, with
changes only in the stage of assembly of the slides, where
they were divided into five groups with the different pro-
portions of the varnish and xylol mixture, being: 75% /
25%, 70% / 30% 60% / 40%, 50% / 50% and 40% / 60%.
Thus, the group that maintained the quality of the biolog-

ical material and showed good results was the ratio of 75%

of varnish to 25% of xylol.

Other studies have attempted to demonstrate the pos-
sible substitution of xylene in sheet Buesa & Peshkov
(2009)* who studied the use of some compounds to re-
place xylol, such compounds, derived from vegetable oils
such as D-limonene and cyclic terpene, found in citrus
fruits. However, the slides where the vegetable oils were
used did not maintain the quality of the tissues, as well as
being able to induce health problems and cost higher than
that of xylol. Another study with the same objective is that
of Chen et al. (2010)*°, who attempted to replace xylene
with propylene glycol methyl ether, in HE, PAS, Masson
trichrome stains and the Gordon/ Sweet silver staining
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method, it can be seen from the tests performed that the
quality of the blades Was maintained. This substitute was
also efficient in immunohistochemical processing for ac-
tin, CD3, CD4 and Ki-67. The reagent also has low tox-
icity when compared to xylol. Another alternative that can
be used, according to Buesa & Peshkov (2011)3' is the use
of isopropanol (2-propanol) mixed or not with paraffin
and mineral oil, can be a good alternative to xylol, since
it presents lower toxicity and cost. This also occurs in the
substitution of xylol for n-heptane during the processing
of HE-stained and Masson's trichrome blades. However,
the study by Premalatha et al. (2013)?, showed that the
substitution of xylene by refined mineral oil, in the
dewaxing step, was efficient and cost-effective. Also in
this same context, in a more recent study by Adeniyi et al.
(2016)*3, slices of wood sections were compared using
palm kernel oil, coconut oil, peanut oil, xylol and clove
oil, it was observed that palm kernel, coconut and peanut
oils clarified the slides as well as xylol and clove oil. Be-
ing able to be good substitutes since they present less dan-
ger and also lower cost.

4. CONCLUSION

Through this study, it is possible to make some pro-
posals that may be of future studies objects. Bringing con-
tributions to the proposition of management models for
institutions, thus contributing to the use, handling and
proper disposal of these substances, as well as awareness
of the risks to human and environmental health. By means
of this information it is also possible to evaluate the tech-
nical, economic and environmental alternatives presented
reuse, reduction and replacement of xylene, taking into
account the acquisition costs and the impact caused by it.
It would be applicable to analysis of continuous exposure
to chemicals, in the case of technical and occasionally in
the case of students, verifying the presence of the hippuric
acid in urine and to assess the potential harmful effects of
long-term, and enhance the use of equipment personal
protection (EPP) specific for the substance mentioned in
the study, and fabricate risk maps in handling volatile
products in order to prevent labor implications.
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