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Abstract
The purpose of this article is to understand consumer behavior on the disposal of fluorescent lamps used in Sao Paulo,
Brazil. The research discusses the consumer's decision on recycling, environmental aspects of disposal of fluorescent
lamps and reverse logistics. Regarding methodology procedures we used a survey on the basis of convenience, with a
sample of 240 people. As a result, most people discard fluorescent lamps in the organic waste and considering the right
place for disposal the selective collection and recycle post. However, the posts for selective collection are not prepared
for the effective recycling of fluorescent lamps and components in Brazil.
Keywords: Consumer Behavior, Fluorescent Lamps, Reverse Logistics, Environment
1. Introduction
The Association of Lighting and Mercury Recyclers (ALMR) represent lamp recyclers is a U.S. related to Universal
Waste Handlers and related equipment manufacturers. ALMR member companies network with each other so that lamps
from anywhere in the country can be collected and recycled. The International Association of Lighting Maintenance
Companies (NALMCO) represents lighting maintenance companies in the United States, which may provide spent lamp
management recycling services as part of their lighting maintenance operations.
According to EPA, the amount of mercury in a fluorescent lamp ranges between 3.5 to 15 milligrams, depending on the
type of fluorescent lamp, the manufacturer, and when the fluorescent lamp was manufactured. Although lighting
manufacturers have greatly reduced the amount of mercury used in lighting over the past 20 years, they are not yet able
to completely eliminate the need for mercury. Millions of mercury-containing lamps are sold in the United States each
year, and most are improperly discarded. Although the amount of mercury in a single fluorescent lamp is small,
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collectively, large numbers of fluorescent lamps contribute to the amount of mercury that is released into the
environment. EPA encourages the recycling of all mercury-containing lamps.
Brazil produces approximately 230 million tons of rubbish every day. This equates to every Brazilian generating over
500 grams of rubbish every day. Up to 30 percent of this rubbish is composed of recyclable materials such as plastics,
glass, paper and metal cans.
In Brazil, in its 2003 report, the Brazilian Association of Lighting Industry (ABILUX) finds that 92.4% of the mercury
lamps come from industrial, commercial and service sectors. Only 7.6% are from households. This demonstrates that the
concern of proper disposal must be directed primarily to business (ABILUX, 2003).
Brazilian consumption is approximately 100 million fluorescent bulbs a year, and only 6% is recycled. Thus, it is the
intervention of a government legislation to regulate the return of used fluorescent lamps, enabling their constituent
materials are used as raw material in different production processes (Sanchez, 2007).
Fluorescent light bulbs should never be thrown away with common rubbish or included with regular recycling as they
contain heavy metals. Of particular concern is mercury in the bulbs found in the form of vapor that is dangerous if
released into the air. If a fluorescent light breaks and the vapor is inhaled it is suggested to seek medical attention.
Mercury is a neurotoxin known to cause kidney and brain damage. Efforts made by the lighting industry to address
concerns about disposal and the risk of mercury from lamps leaching into soil and water are commendable.
In Brazil it is common for improper disposal in landfills and municipal landfills, where lamps suffer damage and release
of mercury vapor contaminant. Apart from the soil, the metal can contaminate air and water, varying their length of stay
in the environment according to the local temperature (Raposo & Roeser, 2000).
The need to recycle fluorescent lamps and return to its origin is necessary and appropriate way to develop this action can
be obtained through reverse logistics, once the correct disposal benefits the environment, society and the local economy,
and create new business opportunities in Brazil.
2. Literature
2.1 The Consumer’s Recycling Decision
Concerns about conserving natural resources, studying disposition behaviors can provide valuable insights for the
development of recycling programs around the world. For example, studies show that attitudes toward recycling
influence waste recycling and recycling shopping behaviors. The motivation, ability and opportunities to recycle are the
most useful variables to understanding consumer recycling (Hoyer & Macinnis, 2009).
Marketing strategies indentify consumer needs and appeal to them through marketing tools. Sustainable strategies tell
consumers that company or products are committed to their long-terns needs including environment. A company, which
reduces energy, use and them thereby reduces air pollution is contributing to a quality of life that most people in the
world should see sustained and improved for their own future and generations. Consumers in general respond both to
perceived sincerely and environment.
Dahab et. al. (1995), states that “reducing, recycling, and reusing become important public policies with respect to the
consumption and disposition of consumer goods, marketers have the opportunity to use consumer behavior concepts to
explain differences in behavior and offer insights into program development”.
Recycling decisions depend on what items the customer has purchased. Following the standard dynamic programming
approach, we assume that, in the first stage, the consumer chooses the consumption mix based on the optimal disposal
and recycling decisions in the second stage. The consumer makes the purchase decisions in the initial period anticipating
optimal disposal afterwards so that it is appropriate to analyze the second stage disposal and recycle decision, taking as
given the last purchase decisions.
Disposal consumer decisions have been study extensively in the literature. Although the primary reason for
deposit-refund was to control the littering of beverage containers, this approach might also indirectly affect a
municipality’s decision to implement a curbside recycling program and try to stimulate the demand for recyclable
materials, for example, offering tax incentives to firms that create new facilities that process recycled materials, or
offered grants to promote such activities (Kinnaman, 2005).
The incentives behind and the extent of consumer participation in the recycling process, and its impact on the price of a
recyclable product must, however, been largely left unexplored. While some papers are silent about consumers, others
believe that consumers simply discard the scrap that is then retrieved by a scrap recovery sector. Discarding, rather than
selling, the scrap simplifies the problem, as the product price then does not have to include the discounted scrap price.
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Nevertheless, to the extent that scrap sells at a positive price, some consumers may be motivated to sell instead (Baksi &
Van Long, 2009).
Although the intrinsic value of recycling for each consumer will be unique to that consumer, it is also likely to be
influenced by social norms. In particular, the incentive for a customer to recycle can grow as more consumers around
them develop recycling. Psychologists have noted signs of such social impact on individuals’ motivation to engage in
pro-environmental behavior such as recycling, energy conservation and reduced littering.
An individual’s motivation for pro-environmental behavior can arise from two sources – personal norms and social
norms. Personal norms are “self-expectations of behavior backed by the anticipation of self-enhancement or
[self-]depreciation” (Schwartz & Fleishman, 1978). Social norms, in contrast, are beliefs about what other people are
doing or what other people think should be done (‘injunctive’ social norms). Social norms, according to psychologists,
serve not only as a source of motivation but can also be used for defining personal norms.
Psychological studies thus suggest that social norms create a network effect that modifies each consumer’s idiosyncratic
(influenced by personal norms) motivation to recycle. We incorporate this phenomenon by assuming the existence of a
network effect that modifies each consumer’s idiosyncratic recycling cost.
2.2 Fluorescent Lamps and Environment Aspects
In this sub-item, fluorescent lamps will be addressed with environmental issues, in order to demonstrate the influences
of this product in the environment.
The fluorescent lamp market in Brazil has never resulted a balance between direct and reverse flows. There is a large
imbalance between the quantity of lamps manufactured and the number of lamps recycled. Brazil consumes
approximately 100 million fluorescent bulbs a year and recycle only 6%. Thus, it becomes necessary to change
consumer behavior, as well as intervention by government legislation to reverse the rate of recycling and allow a better
ratio of return of fluorescent lamps post-consumer materials to enable recycled used as raw material in production
processes.
The ABILUX in its 2003 report considered that 92.4% of the mercury lamps come from industrial, commercial and
service sectors. Only 7.6% are from households. These figures demonstrate a concern for proper disposal should be
directed, initially, for business. According to information from ABILUX, sales of Compact Fluorescent Lamps CFLs in
Brazil in 2008 increased 25% compared to last year, indicates that the trend is the continued growth of the sector.
Thus, it is essential to Life Cycle Assessment, or LCA to identify and recognize the environmental aspects of the stages
of its manufacture, use, disposal and reuse. Through the LCA analyzes the processes of application of raw materials to
product composition, production processes, packaging, transportation and distribution, and procedures for waste
recovery and its subsequent operation. The LCA is crucial for obtaining environmental information products and
business transparency about the impacts of their products sold (Güngör & Gupta, 1999).
The technique of LCA, in the case of fluorescent lamps, shows that the post-consumer recycling is a method that enables
the extension of the life cycle of its components. Thus, Life Cycle Assessment of fluorescent lamps contributes to the
development of processes for recovery of waste, also known as aftermarket of the fluorescent lamp.
The fluorescent lamp has gained market share because of its various advantages: high efficiency, high durability, less
heating of the environment, lower power consumption and different tonalities of color for adequacy a variety of
environments.
By reverse logistics enables the fluorescent industry to consider the economic purpose of recycling companies and the
secondary market raw materials, like recycling industry profits from the sale of materials recovered from post-consumer
fluorescent lamps, and organizations can reduce costs when buying recycled raw material (Gregory & Kirchain, 2008).
In Brazil, common points of lamp disposal are landfills, which receive 94% of the lamps discarded and only 6% of
lamps produced are properly destined in Brazil.
According to Environment Canada (2011), in humans the impact of mercury contamination can affect the health of
specific organs of the body. The main routes of contamination are inhalation, skin contact, eye contact and ingestion.
2.3 Reverse Logistics Management
The American Council of Logistics Management (CLM) defines reverse logistics as ‘The process of planning,
implementing, and controlling the efficient, cost effective flow of raw materials, in-process inventory, finished goods
and related information from the point of consumption to the point of origin for the purpose of recapturing value or
proper disposal’ (Vitasek, 2010). Generally speaking, reverse logistics management (RLM) includes topics such as
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disassembly, general and hazardous waste treatment, recycling, and disposal, in addition to typical logistics activities
such as information flow, transportation, and warehousing (Fleischmann, 1997; Ravi & Shankar, 2005).
Some prior RLM researches put emphasis on the reduction of gross cost, and identified the critical sectors (e.g. Li-Hsing,
2001 and Hu et al. 2002). Another group of researches focused on the optimal disassembly or recycling sequence are
(Gerner et al. 2005; Johnson & Wang, 1995; Penev & Ron, 1996; Güngör & Gupta, 2002 and Lambert, 1997). Das et al.
(2000) developed a model with seven factors to assess disassembly effort and cost.
There are differences between the direct distribution channels and the reverse: while the direct distribution channels are
the steps that produced the goods reach the ultimate consumer, the reverse distribution channels are the steps that the
product returns to its post-consumer and post-sale (Polanco, 2007). The reverse logistics is divided into two categories of
reverse flow with the same name: the post-consumer products and after sales. Both categories comprise the "reverse
distribution channels", which contemplate various stages through the goods produced and consumed already back into
the productive in some way (Souza, Santos & Lima, 2007).
In general, the reverse distribution program requiring a sponsor by a lamp manufacturer or distributor, that include a
business distributing lamps to its facilitate, requiring also, a sponsor that assumes responsibility for collection and
recycling of spent lamps.
Currently there are three options for lamp disposal: land filling, incineration and recycling. For DiLouie (1994),
recycling fluorescent lamps means to separate mercury from others component such glass and aluminum endcaps.
Remanufacturing the glass can be by using into non-food containers or be used as filler into other aluminum products.
The mercury could be distilled and used in thermometers and other products.
The responsibility collection, treatment, recovery, and disposal are also called ‘extended producer responsibility (EPR)’
in the literature (Spicer & Johnson, 2004). Although hazardous waste problem is widely recognized, it is still very
difficult to be thoroughly resolved in practice not only because of technological issues but also costs and social factors
(Das et al., 2000).
Thus, to reduce the possibility of mercury contamination by improper disposal of fluorescent lamps from both the
residential and commercial, it is necessary to plan for alternatives to the centralization of warehousing and transport of
used lamps to its final disposal. The difficulty of disposing of lamps used in Brazil is due to the lack of collection points
and the constant occurrence of faults in time to return the lamps.
Examples of environmental laws in other countries show that adoption of these in advance brings many benefits as they
adapt the product manufacturers to potentially polluting strategies aimed at sustaining the environment, and providing
mechanisms to develop the reverse flow of as usual. Thus, the objective is to understand consumer behavior on the
disposal of fluorescent lamps used in São Paulo, Brazil.
2.4 Environmental Regulations for Disposal of Lamps Post-consumer
Legislation at the federal level for the disposal of product is still nonexistent in Brazil, and this lack reflects the
weakness in domestic considers the lamp as a risk product. The Federal Constitution deals in general with the
environmental aspects and assigns to the Public Authorities and society a duty to protect and preserve, but nothing
specific about the disposal of lamps can be found in legislation.
In other countries, the fluorescent lamp is considered a product of proper disposal required, as in the Netherlands, which
recycles no less than 83.3% of units discarded. According to Procel Info (2007), Brazilian center for information on
energy efficiency, the Netherlands is the country that recycles more lamps in the world, followed by Germany and
Belgium, who ruled 50%. Norway contributes to the recycling of 33%, the United States with 25%, Spain with 14.3%.
Italy recycles 11% and France and Britain ruled 10% each. Brazil is far from reality in these countries, with about 6% of
recycling all of their fluorescent lamps.
Before this point, some states and municipalities have already taken initiatives, and developed legislative bills and laws
for the disposal of lamps, such as Rio Grande do Sul, Espirito Santo, São Paulo, Santa Catarina, Minas Gerais. In
relation to municipalities, there are laws that refer to the disposal of bulbs in Americana (SP), Campinas (SP), and
Caxias do Sul (RS).
In the state of Rio Grande do Sul Law 11187, of 1998, regulates the disposal of batteries and fluorescent lamps, by
prohibiting the provision of public deposits of solid waste and its incineration. In Espirito Santo are two laws that deal
with fluorescent lights, are they, Law 6291 of July 11, 2000 and Law 6834 of 24 October 2001.
In São Paulo State, Law 10,888, of 2001, deals with the disposal of potentially hazardous chemicals with general
household waste. Batteries, bottles, aerosols and fluorescent lights are some of the products included in the law. Article 2
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states with manufacturers, distributors, importers, traders and dealers responsibility for reverse logistics of gathering
these products.
In Santa Catarina State, by Law 11,347, of 2000, regulate collection, collection and disposal of potentially hazardous
waste such as batteries and mercury lamps. Also, prohibits the disposal of them in landfills.
The state of Minas Gerais, by means of Law 13,766 of 2000, assigns to the State Environmental Policy Council to
establish standards for collection, recycling and reuse of solid waste such as computer diskettes, batteries or fluorescent
lamps, i.e. waste requiring specific procedures for disposal in the environment.
In the case of municipalities, in Americana, São Paulo, Law 3578, of 2001, blames about the disposal of batteries and
light bulbs. The manufacturers, importers, distributors or retailers based in the city of Americana should be responsible
for the correct destination within the current technologies and standards through procedures for the collection, reuse,
recycling, treatment or disposal. This legislation has more operations such as distribution of products and tools for users
to establishments that commercialized or any authorized dealer network.
In Campinas, São Paulo state, there is a ban on landfill disposal of fluorescent lamps that use mercury and the like. Law
11,294, of 2002, represents this prohibition.
In the city of Caxias do Sul, Rio Grande do Sul State, Law 5873 of 2002 discipline on the disposal and management of
batteries and light bulbs attached to manufacturers and importers responsible for the reuse, recycling, treatment and
disposal these wastes.
In summary, the states of Sao Paulo and Rio Grande do Sul, are the states that have laws more developed compared to
the other from Brazil, but still need a serious national effort to change consumer behavior in relation to recycling of
lamps fluorescent.
3. Procedures and Methods
To develop this work on the proper disposal of fluorescent lamps was administered questionnaire with 11 questions: ten
dichotomous and one multi-item.
The items surveyed were: difference about incandescent and fluorescent lamps, recycling burnt out fluorescent lamps,
the place the lamps dropped, knowledge about component of fluorescent lamp, knowledge that mercury contaminates
the environment and is dangerous to health, knowledge that fluorescent lamps should be treated separately for disposal,
about willing to go to a collection station for lamps appropriate destination, and companies actions about the obligation
of specific.
However, all participants remained anonymous, established on the basis of convenience in a sample of 400 people. We
obtain 240 participation (60%) of sampling. The survey questions based on the literature review and readings. The
appendix 1 shows the survey questionnaire.
The reliability of internal consistency evaluated using Cronbach's alpha with SPSS 18.0 PASWStatistics when responses
are dichotomous (e.g. yes/no). In figure 1, the coefficient of Cronbach’s alpha and standardized: respectively, 0.619 and
0.699 based on 10 items (variables). In this case, the scales showed consistency, because they are values recommended
by the statistical literature.
4. Results and Discussion
We applied multivariate analysis technique known as multidimensional scaling (MDS) in order to find the behavior of
respondents within a broader analysis. This method allows identifying, through a perceptual map, interlacing each of the
questions, the degree of similarity, association, correlation, completeness or replacement. Visual information provided
by MDS allows conduct the investigation taking into account what observed (Borg & Groenen, 2005).
Figure 2 shows a perceptual map of the answers and how they intertwine with the questionnaire. Issues, reduced to two
dimensions as the sixty respondents, formed clearly, four clusters indicating something obvious in the questions within
each cluster. Note, for example, that the question Q2, In your opinion, the fluorescent lamps can be recycled? is close to
Q9 that asks, Would you be willing to move to a collection station lamps located by example, in home centers or public
agencies, for their correct destination, without any stimulation?
To evaluate the significance of this proximity, we applied the chi-square under the conditions presented in the
contingency table of figure 3 finding the result of the chi-square test for independence among the issues on the same
figure. The value of the test, 137.062, show high statistical significance (p-value close to zero), and there is
independence between the responses of two issues, the MDS points in this case, a strong dependence of the responses.
This can easily be seen when we consider that those who answered "no" to question 2, try to keep the same answer to
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question 9. It can be inferred that people who believe that fluorescent lamps can not be recycled, was also not willing to
waste their time to move up a collection station of these bulbs without any incentive.
Contrary to this behavior, when evaluating the responses to question 8, where, unlike the question 9, offering some
incentive for disposal of lamps, the chi-square demonstrate some independence of responses between the question 2 and
8 (test value p-value 4.333 and 0.037) see figure 4. The fact that someone claims not to believe that the bulbs can be
recycled does not mean that they will not deliver bulbs into recycling containers for selective waste collection site
through some incentive. It can be affirm, therefore, that the use of some incentive would increase the chances of
someone going to give the bulbs a collection station. It is not, however, consciousness, but a mere question of economic
advantage, a condition that can be verified when we cross the responses to questions 8 and 9.
An analysis of the behavior of respondents in questions 8 and 9 (figure 5) shows the chi-square (value 3.636 and p-value
0.57) that there is some dependence among the responses. Thus, the introduction of some incentive makes the decision
to give or not the lamps in a collection station will also change. However, how does this change occur? Apparently, as
stated earlier, people who would deny delivering bulbs into recycling containers for selective waste collection site when
not receive some incentive; tend to change their minds when presenting an incentive.
Another situation that deserves analysis concerns questions 5 and 7, see figure 6, which have proximity in perceptual
map. The significance of this proximity can be evaluated using the chi-square. The result of the chi-square (value 0.166
and p-value 0.684) shows a strong independence between the responses to questions 5 and 7. The answer given by the
individual in question 5 (the presence of mercury in them) does not change in question 7. This shows that the knowledge
that mercury is present develops the understanding that the lamps should have a different discard. Conversely, not being
aware of the presence of mercury also indicates that they are unaware of different disposal.
The question 11 presented separately in the perceptual map, indicating it is an attribute that is not repeated in any of the
other issues. This occur because over 78% believe that companies should implement programs to dispose of fluorescent
lamps and cope with these environmental responsibilities. Nor do they believe that companies would create such an
initiative without mandatory laws.
5. Final Considerations
Despite the favorable results from different knowledge about the environment, most people discard fluorescent lamps in
the organic waste and considering the right place for disposal the selective collection and recycle post. Nevertheless
these posts are not prepared for the effective processing and recycling of fluorescent lamps and components in Brazil.
They only keep it for later processing by a company specializing in the recycling of this product, which can not be
proven if it occurs. Over 90% respondents believe that companies should implement programs to dispose of fluorescent
bulbs, and firms must also cope with these environmental responsibilities. They also criticize the companies would have
no obligation to this initiative laws.
Businesses cater to various stakeholder, including customers, investors, and employees; to sensitized leaders to adopting
green idea in their products and processes. Projecting a company’s image as an innovator and different, as well as being
socially and environmentally aware, could be a competitive advantage. People want to do business with green
companies, so companies are creating massive advertising and web campaigns, to produce documented sustainability
reports, to handle transparently externally, and communicating their efforts internally. We should start with an in-depth
understanding of how today’s mainstream in attitudes, behaviors, lifestyle, and corporate expectations of consumers.
With this research, we found that the biggest obstacle to dispose of lamps is the ignorance of the public on recycling
lamps, which has not found alternatives to dispose of properly in Brazil. Regarding the development of reverse logistics,
the Government with the support of nongovernmental organizations and other shareholders should develop alternatives
to promote environmental initiatives related to the proper disposal of fluorescent lamps.
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Figure 1. Reliability Matrix, Cronbach's Alpha Output of SPSS 18.
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Figure 2. Multidimensional Scaling (MDS) from the Euclidean Distance criterion for binary variables (dichotomous).

Figure 3. Chi-square test to compare questions 2 and 9.
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Figure 4. Chi-square test to compare questions 2 and 8.

Figure 5. Chi-square test to compare the questions 8 and 9.
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Figure 6. Chi-square test to compare the questions 5 and 7.
Appendix
Appendix 1. Questionnaire
Please answer the following questions by ticking in the appropriate box.
1) Do you know how to differentiate incandescent bulbs for fluorescent lamps?
 Yes

 No

2) In your opinion, the burnt out fluorescent lamps can be recycled?
 Yes

 No

3) Have you discard any fluorescent lamp? (If your answer is no, skip to question 5).
 Yes

 No

4) In which place the bulb was dropped?
 General household waste
 Land abandoned or sidewalks
 Selective-collecting stations
 Stations centralized collection of light bulbs.
5) Do you know that one component of fluorescent lamp is mercury?
 Yes

 No

6) Do you know that mercury contaminates the environment and is dangerous to health?
 Yes
Published by Sciedu Press
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7) Do you know that fluorescent lamps should be treated separately for disposal?
 Yes

 No

8) Would you be willing to go to a collection station for lamps appropriate destination, with incentives in the form of
rebates to buy new lamps?
 Yes

 No

9) Would you be willing to go to a collection station for lamps appropriate destination, without a stimulus?
 Yes

 No

10) In your opinion, all companies should be environmental consciousness and support the initiative to collaborate
with programs for disposal of fluorescent lamps?
 Yes

 No

11) Do you think that companies take the action mentioned in the previous question without the obligation of specific
laws?
 Yes
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