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Abstract

This survey describes the degree of environmental contamination resulting from the current disposal methods of mercury-containing lamps. The territory studied for this purpose is the federal state of Minas Gerais, one of the most populated areas in the Brazilian federation of states. The results of this survey derive in part from answers received to a questionnaire mailed out to industrial firms, commercial business enterprises, hospitals and departments of public work. The sampling technique used was a nonprobabilistic (purposive sampling). Three types of disposal were found to prevail: (a) as an addition to corporate waste disposal (garbage), (b) recycling and (c) disposal by other methods. Overall, our study shows that the majority of mercury lamps are being disposed in the metropolitan area of Belo Horizonte, primarily by the public sector, followed by industrial, commercial and hospital sectors. Although recycling constitutes a relatively high fraction of the disposal methods, we find Federal regulations in Brazil regarding the disposal of hazardous, mercury-containing lamps to be far behind the state of technological achievement. This gap has permitted the adoption of disposal measures that are obsolete, incorrect, and a primary cause for the extensive contamination of the ecosystems with harmful effects to human health. 
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1.  Introduction

   The release of mercury into the environment, its introduction into the biochemical cycle, and its concentrated propagation along the food chain due to changes in climate are a worldwide concern, primarily in industrialized countries. Global warming is expected to accelerate mercury remobilization and bioaccumulation in several environments and ecosystems with subsequent increases in the risk of exposure to humans, [1]. Indeed, the release of mercury into the environment due to poorly regulated disposal methods of mercury-containing products has been noted especially in areas adjacent to high concentrations of populations, [2]. The indiscriminate disposal of mercury lamps (fluorescent and HID – high intensity discharge) has caught particular attention. The increasing magnitudes of contaminated waste, inadequately managed, are expected to seriously compromise the environment and provoke harmful effects upon human health. 

   In Brazil, the contamination of urban waste by mercury due to inadequate disposal has not as yet been apprised. As such, it has drawn the attention of researchers at the Environmental Geochemistry and Waste Disposal of the Nuclear Technology Development Center - CDTN, and at the Geology Department of the Federal University of Ouro Preto - UFOP. Minas Gerais was chosen for obvious reasons. It is permeated extensively by industry, businesses, service providers, and public institutions that represent the vast throngs of the population on which the economy depends.

   The acute and long-range neurological effects due to mercury poisoning are insidious. We recall the devastation to the population of Minamata in Japan when the local Chisso Corporation started in 1906 to discharge mercury-containing sludge into the bay of the fishing village, thus contaminating fish caught for human consumption. As of 1992, the number of people officially diagnosed as having the “Minamata disease” totaled 2,252 people; 1,043 were dead and another 12,127 people were waiting to be tested, [3, 4]. More recently, dangers to human health from mercury poisoning by silver amalgam fillings have caused this type of dental cavity repair to be outlawed throughout most of the world, [5]. Presently, mercury accumulation in fish and other organisms of the human food chain must be less than 1 ppm, [6]. For hazardous waste, the regulatory limit for mercury adopted by Brazilian Legislation is 100 ppb, which corresponds to half of value adopted by American Federal Legislation, [6, 7].

2.  Objective and Methodology

   The study at hand strives to document and quantify the current disposal methods for mercury-containing lamps in the State of Minas Gerais, the types of lamps used and the sources of these waste products that generate harmful waste, to the extent that is possible from the questionnaires and public records. 

   To achieve the desired objective, but lacking statistical data as well as prior in-depth studies on the subject matter, the approach first considered was to develop a quantitative research domain, capable of being populated with data free of researchers’ intervention. In this way it was felt that it should be possible to obtain quickinsight into the prevailing disposal practices and attitudes within sectors of the respective social strata concerning the contamination of the environment by mercury-containing urban waste in a relatively short span of time. 

   The methodology ultimately chosen, as better fitting for the intended purpose was the survey research, widely used in the field of Social Science and Marketing Research [8]. It permits more convincingly the identification of important parameters that characterize the prevailing environmental contamination caused by the current disposal methods of mercury-containing lamps.

3.  Preliminary considerations

   Prior to our investigative research of primary data, we conducted a desk research with secondary information to be better guided how best to approach our work:

· Urbanization of the State of Minas Gerais

Minas Gerais, is located at the Southwest region of Brazil (Fig. 1). This region attracts 40.9% of the entire population and produces over 60% of the country’s industrial output. Minas Gerais is the second largest Brazilian territory with a population count of 16,672,613 inhabitants, and one of the richest States of the Federation. Its Consumer Potential Rate (IPC)
 is of about 8.507, third best of the Country. Belo Horizonte, the capital of Minas Gerais State, is the focal point for human settlements with a current metropolitan population of some 3,432,800 inhabitants, [9, 10];

· Brazilian production of mercury-containing lamps;

The production of mercury-containing lamps in Brazil is about 48.5 million units/year; of which 32.0 million are fluorescent, 7.5 million compact-fluorescent, and 9.0 million of the electric- discharge design (Na, Hg vapor and multi-vapors), [11]. Four big manufacturers control the market: OSRAM, PHILIPS, GENERAL ELETRIC and SYLVANIA. Taking into consideration these figures for the domestic production of lamps and a population of 157 million, the consumption of mercury-containing lamps in Brazil is 0.3 lamps per person, or about 1/9th that of the United States of America (USA) with 2.9 lamps per person [12];

· Estimates for the indiscriminate disposal of mercury lamps in the environment
We estimate that the discarding of lamps following useful service numbers about 48.5 million units per year, assuming that the production rate equals the disposal rate. Considering that the average amount of mercury per lamp is being reported as 20.62 mg of Hg/lamp [11], we arrive at the amount of mercury being discharged into the environment each year is 1,000 kg;

· Main disposal sites for mercury lamps

All around the world, the main disposal sites for waste are near the big metropolitan regions and nearby industrial centers – which in Brazil are the extensive urbanized regions of the Southwest (São Paulo, Rio de Janeiro and Belo Horizonte);

· Main disposal sectors

Studies conducted in the USA and the United Kingdom show that the industrial, commercial and public sectors are dominant in the utilization of mercury-containing lamps, [13, 14]. As an analogy and in order to be all-inclusive, our study in Brazil also considers the utilization and disposal by hospitals. The residential sector has not been an object of this work because it involves, as is known, only an insignificant consumption of mercury-containing lamps and is very difficult to estimate;

· Specifications for mercury-containing lamps types

   In order to quantify the disposal of mercury into the environment, our research distinguishes among the diversity of sizes and shapes of lamps, only two types:

· fluorescent lamps (FL): 40 W power, 1.22 m length and 1.5” diameter, representing all the fluorescent and compact-fluorescent lamps, and
· discharge lamps (DL): 400 W power, representing high-pressure vapor lamps.
   According to information from ABILUX, vapor lamps (also called discharge or HID - High Intensity Discharge lamps) are more extensively used in the public sector for the illumination of large areas, while fluorescent and compact fluorescent lamps are used elsewhere.

4.  Results of our research

   For the survey of the selected sectors noted above, we contacted the respective entities and received good cooperation with the collection of data, especially from:

· FIEMG – Minas Gerais Industry Federation (representing the industrial sector); 

· FCEMG – Minas Gerais Commerce Federation (commercial sector); 

· AHMG – Minas Gerais Hospitals Association (hospital sector), and 

· AMM – Minas Gerais Municipals Association (cities general administrations – City Halls). 

   Following the preliminary planning of the project, problem definition, objective, and method of data collection, we prepared a questionnaire for the quantitative investigation of our research. Prior to large-scale dissemination, we carried out a pre-test sampling of the questionnaire with a small group of select companies and public departments to improve upon the wording of the questionnaire and its understanding by the recipients, to enhance the correct interpretation of returns. The revised questionnaire was subsequently mailed by postal services, and electronically by e-mail, to the producers, vendors and consumers of mercury-containing lamps, its manufacturing plants, commercial enterprises, hospitals and representative offices of the public sector (municipal, state and federal). The research effort was started in October 1998 and finished in January 2000.

4.1) The questionnaire

   The survey letter contained an introductory passage explaining its intended purpose, followed by three basic questions, of which the first was used for identification, the second was multiple-choice and mutually exclusive, and the third was quantitative, Table 1.

4.2) Sample plan

· Survey of the industrial sector

We selected companies according to their size, relative market position, and geographic location. A total of 514 companies were chosen. Of these, 331 are situated in the Belo Horizonte metropolitan region, the focal point of our attention because of its high population density. Of the remaining recipients in the industrial sector, 22 are located to the North, 22 to the East, 65 to the South, and 74 to the West of Belo Horizonte.

· Survey of the public sector

Here we directed our survey to the city halls, or centers of the Municipal General Administration with populations greater than 30,000 inhabitants, as well as to the municipal, state and federal departments present in Belo Horizonte, numbering 70 and 50, respectively.

· Survey of hospitals and the commercial sector

Here we established contact with the most important 234 hospitals and 247 commercial centers serving AHMG and FCEMG.

4.3) Evaluation of returns and results of the survey

   Data from the returned survey questionnaire were tabulated and grouped by computer according to the pre-established sectors of inquiry with descriptive statistical techniques. The derivative results are:

Data evaluation

   In addition to the preliminary considerations noted earlier, the following parameters were used in the evaluation of the questionnaire data: (i) relative importance of the selected sectors; (ii) differential organization capacity of the companies or public department, and (iii) attention to those entities that had adopted methods for the recycling of the discarded mercury-containing lamps.

   The sampling of the data was systematic and may be called nonprobabilistic (purposive sampling
), [8, 15], because it has been obtained through voluntary human response to a questionnaire and because the sampling was with a purpose in mind (for instance, the main sectors of our economy and the companies or public departments that are more readily accessible).

   From the total of 1,115 questionnaire-letters sent out, 341 were returned. This represents an overall response rate of 31%. The public sector showed the highest return of 44%, followed by the industrial sector with the smallest returns of 22%. The healthcare and commercial sectors provided each 31% and 41%.

   It is obvious that private companies and public departments are not aware of the harmful effects of mercury in environment. This may be caused in part, by the lack of specific laws that control the disposal of mercury-containing consumer products
. These organizations simply do not know how to dispose of waste containing hazardous substances and how to quantify their methods of disposal. Consequently, they are reluctant to release potentially incriminating factual information. This probably explains the high percentage of withheld responses to the questionnaire: 69%.

Profile of companies and public departments surveyed

   The industrial sector targeted in this survey was represented by firms engaged in a wide spectrum of large-scale production, manufacture or processing of steel, paper, cellulose, mining, car assembly, commercial construction, residential housing, fabrication of electrical transformers, fertilizers, refractory materials, ceramics, food, telecommunications, cement, beer, dairy products, and metal works. The hospital sector had respondents from hospitals, clinics and health care centers, maternity wards, health clubs and sanitariums. The commercial sector was represented by commercial institutions such as banks, private high schools, shopping malls, cooperatives, universities, and wholesalers, groceries/supermarkets and other services. Finally, the public sector, including municipal, state and federal agencies, was represented by administrative offices serving municipalities with more than 30,000 inhabitants, public meeting places, banks, military facilities, federal post-offices, and miscellaneous corporations. 

Current disposal methods of mercury-containing lamps

   In Table-2 are shown the average monthly disposals of mercury-containing lamps at the 351-companies and public departments that responded to the mailed questionnaire. It accounts for a total monthly disposal of some 90,718 lamps of which 58% are fluorescent lamps and 42% discharge lamps. According to the replies from all respondents, 64% are concentrated in the polarized region
 of Belo Horizonte with a total monthly disposal of 44,452 lamps (49%). This uneven distribution of disposal inferred by our study may reflect the imbalance of per-capita-income, characteristic of the degree of industrialization and pervasive economic development in the State of Minas Gerais. Table-2 also points out that in hospitals and in the commercial-industrial sectors, over 90% of the disposals are represented by fluorescent lamps, while in the public sector some 64% are noted as discharge lamps. The public sector is with 64% by far the biggest disposer, followed by the industrial sector with 25%, the commercial sector with 8%, and hospitals with 3%. The predominant disposal rates by the public sector are indicative of the high number of discharge lamps used for the illumination of public spaces and the relatively large number of public organizations who responded to our survey.

4.4) Statistics on the prevailing methods of disposal

   As expected, the prevailing discarding of burned-out, mercury-containing lamps (fluorescent and HID – high intensity discharge lamps) takes place as follows in three ways: (a) straight into the garbage (45%), (b) by recycling (47%) and, (c) by other methods (8%). Methods (a) and (c) that contaminate the environment contribute 53% of the direct lamp disposal.

   In Fig.-2 are shown in absolute terms, the monthly disposal by all four of the sectors surveyed, where the representative percentages for each sector are indicative of their disposal method used. In the commercial sector, 100% of the entire disposal proceeds straight into the garbage contaminating the environment; in the hospital sector, all disposal proceeds also straight into the environment intermixed with garbage (80%) or by other means (20%); the public and industrial sectors practice the highest recycling with 51% and 56%, respectively – but dispose the balance of their lamps by other methods that contaminate the environment. From the overall total of respondents, only a few engage in the recycling of generated waste: 3 in the public sector (1%), and 25 in the industrial sector (7%). It is likely that companies that have adopted recycling as the preferred method for the disposal of mercury-containing lamps also had the greatest interest in responding to the mailed questionnaire. Please note that sectors mindful about the preservation of a healthy ecological environment already represent a significant percentage of the economy. Hospitals and the commercial sectors do not share this observation. However, although the percentage of recycled lamps is high, the actual number of lamps being recycled by hospitals and commercial firms is low. Attention to the preservation of a healthy environment should, therefore, be directed to the public and industrial sectors that together contribute to the contamination of the environment with the disposal of some 37,998 lamps/month. This corresponds to 42% of the total disposal of mercury-containing lamps. 

   In addition to the quantitative aspects of lamp disposal, this survey made raises important qualitative aspects of lamp disposal, which we cite as follows:

· First, disposal straight into the garbage bins shows the least concerns about the environment. Corporations and public entities dispose of their mercury lamps in this manner, intermixed with their general waste, utilizing the municipal garbage disposal services for the removal of the discards from their premises. The glass envelops of lamps usually get broken even before arrival at their final destination of the landfills and dumping grounds which are under the jurisdiction of municipal entities.
· Second, recycling
 of mercury-containing lamps protects the environment and involves demercurization of the mercury-containing lamps. This type of processing is currently available only through one disposal service company in Brazil, which utilize chemical process
. The adoption of this method incurs costs (from USD$ 0.28 to USD$ 0.50 per lamp, plus freight and packing costs), provided by companies that are accredited to comply with an "environmental management system" normally certified by ISO 14,000 standards, and by companies that strive to utilize better practices of waste management, [16, 20].
· Third, other disposal methods, different from the previous ones, include indefinite storage of mercury-containing lamps, but also harm the environment in the long run and bring risk to human health. In this case, the survey disclosed the following types of mercury-lamp disposal methods:

“In private landfills; old and out-of-use wells; destroyed and buried in the ground; incinerated in hospitals with other hazardous materials; discarded in metal works (30% in garbage, 40% in converters, and 30% in scum containers); disposed in waste bins of the mining industry; destroyed with other refuse in metal drums; stored in the original packages themselves and stored in sheds; dropped of in junk yards; discarded in raw-material stacks at cement factories; burned on corporate dumping grounds and given away to service companies that replace burned-out lamps under contract.”

   It is obvious that the majority of these practices for the disposal of mercury-containing lamps pose a real threat to the environment and to the surrounding ecosystems; other prevailing practices provoke harmful effects to workers when lamps are burned in hospital incinerators or are left for disposal by electric service personnel. Finally, the storing of burned-out lamps in sheds is costly. It decreases corporate revenues and retains uncertainty as to the ultimate fate of lamp disposal.

  In general, we wish to point out that respondents did not indicate awareness for the need of special handling of mercury-containing lamps. Many of the respondents noted that their disposal method included the breaking of lamps prior to disposal into garbage bins, or by other means that contaminate the environment in ways that even more harmful.
( The replacement of lamps used for the illumination of public roadways, streets, intersections,

Promenades and public parking is usually carried out by an electric power company that provides maintenance services to many municipalities. This is the biggest, single source of lamp disposal in the State of Minas Gerais;

( Cement factories normally discard their lamps into streams of raw material that get mixed with limestone and clay to feed the clinker furnaces of the cement manufacturing process.

( In the fabrication of appliances, different branches of the same company are seen to discard their lamps by different methods in the garbage and/or through recycling. These methods are completely opposite in their effect upon the environment.

( Hospitals and health care providers do not use recycling as a means for disposal; their most common method of disposals is the garbage bin or incineration. One of their respondents also 

registered the discarding of mercury-containing lamps in an abandoned water well, connected to the underground water table that provides the water supply for human consumption in Serra do Curral Hill, Belo Horizonte.

( In many firms, the manual replacement of burned-out lamps and the periodic exchange of all lamps toward the end of their estimated life, are made under contract by service companies. These service providers discard such lamps straight into the firm's garbage disposal bins or dumpsters without consent, and without warning about the potential harm of their action.

( As a rule, companies do not allocate funds for the recycling of lamps by return to the manufacturer in their original shipping containers, or for indefinite storage in sheds.

( Many companies are resisting the release of potentially incriminating data, fearing to expose themselves to potential lawsuits aimed to protect the environment. This introduces a bias to the results of our survey because the originators of the responses received are likely to be less aware of the potential hazards of their actions.

( Many lamp disposal companies complained of difficulties in adopting effective programs for recycling because of the high cost of such disposal methods. These costs include the repackaging of lamps, their transportation to the recycling plant, and demercurization services. There is also the risk of accidents and spillage during transport with public attention by the news media to the resulting hazards of contamination. Waste disposal companies, except in rare cases, and do not carry transport insurance.

( Research to establish a practical cost-effective means for the safe disposal of mercury-containing lamps has received considerable support from private companies and public institutions. The goal is to explore practical alternatives to the harm of present practices.

Statistics of the subject survey

   The rate of individual lamp disposal by respondents ranges from a minimum of 1 lamp/month to a maximum of 10,000 units/month for fluorescent lamps, and 29,166 units/month for discharge lamps, as shown in Table-3.

   Considering the overall disposal by the four sectors, our study shows that there are common trends and characteristics: (i) huge data variability and strong asymmetry for the representative curves of disposal (global and individualized by sector); (ii) similarity of graphic representations for methods of disposal concentrated in geographic areas close to their origin.

   In Table-3 are listed the extreme values and sum totals for lamps disposed in several sectors and for different types of lamps. Position measure calculations show pretty different values for the mean and median. The median that does not show extreme values (outliers) and is pretty much the prevailing method of disposal, especially when there are huge differences between disposal quantities among small and big contributors to lamp disposal. Strong disposal heterogeneity is shown by the high values of the standard deviation and variation coefficient. A value that better characterizes the disposal of mercury-containing lamps (fluorescent and discharge lamps) is 26 lamps/month. For the method of direct lamp disposal into the environment, this value is about 20 lamps/month. The difference between these two values is due to recycling. For reference, 90% of companies and public utilities in the State of Minas Gerais are estimated to discard their mercury-containing lamps in the percentiles of 5 (P05) and 95 (P95).

   Overall, 90% of the companies and public utilities discard monthly between 2 and 688 mercury-containing lamps, of which 0 to 490 lamps are discarded directly into the environment. It is pertinent to note that only 3 respondents discard 44,016 lamps/month (29,166 and 10,000 units by the public sector and 4,850 by private firms), which represents 49% of the total discard volume. This is much greater than the cited estimate calculated above for Minas Gerais. These respondents are considered outliers and should be separated from the others. Median value calculations shown in Table-3 support this conclusion.

4.5) Protection of company-proprietary data

   This survey started a databank which includes hundreds of pieces of data and information about: sources of environmental contamination by mercury-containing lamps, their names, addresses, types and quantities of discarded lamps. This beginning was made possible thanks to the support received from industry (FIEMG, FECMG and AHMG), the encouragement by federal research centers (CDTN/CNEN) and the Geological Department at the Federal University of Ouro Preto. To protect privacy of company proprietary data submitted by the respondents to our survey, some of the information was not identified by name.

4.6) Disposal in Minas Gerais and the Polarized Region of Belo Horizonte

   Lacking specific statistics about lamp consumption and disposal for each region or the Brazilian States, an alternative approach was to make an estimate based on the IPCs. If one assumes the disposal of lamps in Brazil to be 48.5 million units per year, and an IPC rate for Minas Gerais of 8.507, one arrives at a disposal estimate for the entire State of Minas Gerais of 4,125,895 lamps/year or 343,825 lamps/month. In the regions of high disposal in Belo Horizonte (its capital and surrounding municipalities), the local IPC is only 41% of that for the entire State, [9, 10]. This is remarkable because the calculated disposal percentage of 49% and the value of 41% for the IPC of this region of the State are fairly close. This allows us to conclude that the monthly disposal in this region may well approach 45% of the total of lamps discarded in the entire State. If we proceed with a calculation based on average percentiles, we arrive at a monthly discard of 154,721 lamps/month for the metropolitan area of Belo Horizonte. This implies a monthly disposal rate for mercury of about 3.19 kg/month, of which 1.69 kg/month are discarded in ways that are likely to harm the environment with potential risks to human health.

4.7) Disposal estimates for other Brazilian States

   Today, few data are available concerning the disposal of mercury-containing lamps in Brazil.  Despite the scarcity of information, let us assume that the disposal characteristics for other Brazilian States can be extrapolated as a first estimate from the data derived from this survey for the State of Minas Gerais, i.e., a median discard of 26 lamps/month, and the published official Consumer Potential Rates (IPC) for each state of Brazil, Table 4.

   The projected estimates for the South and Southwest regions were obtained from a direct relationship between median discard and the IPC. On this basis, we show in Fig. 3 that the estimated maximum median disposal rate of mercury-containing lamps/month, for each company or public department, should be about 104 in São Paulo, 36 in Rio de Janeiro, 22 in Rio Grande do Sul, 17 in Paraná, 9 in Santa Catarina and 4 in Espírito Santo.

   The authors believe that because of exogenous factors influencing the IPCs, the calculations may slightly underestimate the disposal rates of lamps in the more affluent states of Rio de Janeiro and São Paulo, and overestimate the disposal of mercury-containing lamps in the less affluent States and territories of Brazil.

  5.  Conclusions 

   Our study of the disposal of mercury-containing lamps in the State of Minas Gerais, and its extrapolation to other regions of Brazil shows, generically, that survey data may also be applied to the Geosciences in studies related to the protection of the environment. 

   Despite its quantitative approach, the survey supports important qualitative conclusions about the micro and macro-environment affected by the discarding of mercury with the disposal of burned-out lamps. The lack of data on the recycling of mercury-containing lamps, which is apparent from the low returns to our questionnaire, indicates a general apprehension by industrial firms, municipalities, and public utilities of exposing their current disposal methods; methods that are likely to harm the environment and pose risks to human health. Here, the public sector is by far the biggest offender, followed closely by industry, commerce, and health providers. There is a pronounced concentration of lamp disposal in the metropolitan area of Belo Horizonte. This concentration is certainly due to the imbalance of personal income per capita in the State and the consequent imbalance of consumption of goods and services. The calculated percentage of lamp disposal and the official IPC value for this region are fairly close. These average percentiles were used to estimate the disposal for the entire region of Minas Gerais. A surprising aspect of our study shows a high percentage of lamps being allegedly recycled rather than discarded into the environment, where recycling is obviously preferred worldwide to protect the environment and human health. This observation indicates a growing awareness by the public at large regarding the hazards of environmental contamination, and by industrial firms, municipalities, and public utilities concerned about the preservation of a healthy environment, despite the absence of specific federal regulation. 

   The statistics shows huge variance among the data received, strong asymmetry of representative curves in each sector analyzed, and concentrations of data points near the origins of lamp dispersal and consumption. The heterogeneity of disposal is inferred from the high standard deviation and variation in the value of coefficients. The median value, which is less affected, by the extreme values of outliers was taken as the measure to better characterize the disposal of mercury-containing lamps. 

   The scarcity of data in this subject field, and its lack of accuracy, indicates a general reluctance to release potentially incriminating information. This first topical survey demonstrates the need for follow-on research that may lead to guidelines and ultimately to federal and state laws. These regulations should address the management of acceptable risk arising from the disposal of mercury-containing waste, its handling, and transport. Future surveys and studies are expected to resolve the uncertainty arising from the unexpected high number of returns indicating “disposal by recycling”. These data may turn out to be much lower when inferred from a broader spectrum of respondents to questionnaires of future surveys. We conclude with this remark that although Brazilian Legislation is very restrictive in terms of emissions standards for mercury, it is important to emphasize that for most of the cases this legislation is an adaptation from those adopted by developed countries. The results showed in this paper point out for the importance of performing new researches concerning the behavior of mercury in tropical and semitropical ecosystems. This study together with all information presented here could contribute to the establishment of limits and practices consistent with economic, social and environmental sustainability. 

   It is therefore incumbent upon State and Government officials to fund ecological research and to mandate preventive legislation to protect our environment from irreversible contamination by hazardous materials and potentially catastrophic effects upon human health. Deleterious health effects are now reported from certain regions of the Russian Federation of States and from developing countries where the hazardous affects upon human health were neglected or willfully discounted in view of other priorities. All parties involved in the manufacture, sale, transport, and the disposal of mercy-containing lamps are well advised to develop best practices and self-regulation in anticipation of potential class actions by harmed individuals, and by States ultimately burdened with the cleanup of the environment at taxpayers' expense. 

   We appeal to the scientific community to engage in related studies that enhance our understanding of the ill effects upon human health caused by the indiscriminate disposal of hazardous materials. Federal and State agencies should be encouraged to establish, and to enforce equitable laws for the protection of the environment. Our health and our children’s are clearly at stake.
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Table 1 

Questionnaire

QUESTION 1:

What is the name and main activity of your company/department?

QUESTION 2:

How do you dispose of proceed mercury-containing lamps in your company/department?

Straight in the garbage?______  By recycling them?______ If by any other type, specify:_____ 

QUESTION 3:

How many lamps do you dispose of in your company/department each month?

Fluorescent lamps:____________                 Mercury and/or sodium vapor lamps:___________

Table 2

Monthly disposal rates of mercury-containing lamps

DISPOSAL 

TYPE
NUMBER OF COMPANIES SURVEYD


NUMBER OF LAMPS DISPOSAL


SECTOR
FLUORESCENT  LAMP
DISCHARGE LAMP
TOTAL
%


P
H
C
I
Total
P
H
C
I
P
H
C
I



GARBAGE
42
68
102
  74
286
18,615
2,396
7,002
  6,939
  4,940
120
257
461
40,730
  45

RECYCLING
  3
-
-
  25
  28
     260
-
-
12,282
29,166
-
-
610
42,318
  47

OTHER
  8
  5
-
  14
  27
  1,858
  618
-
  2,254
  2,470
9
-
461
  7,670
    8

SUB TOTAL
53
73
102
113
341
20,733
3,014
7,002
21,475
36,576
129
257
1,532
90,718
100

TOTAL
341
52,224
38,494


%  
16
21
30
33
100
58
42


  P = Public; H = Hospital; C = Commercial; I = Industrial; LF = Fluorescent Lamps; LD = Discharge Lamps
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Table 3

Reference values and numerical synthesis for fluorescent and discharge lamps showing monthly disposals in the State of Minas Gerais

Variable

Lamp/ month
Sector
Min
Max.
Standard

Deviation
CV

(%)
Mean
Median
Percentile









P05
P95

FL
Public
0
10,000
1,387
355
    391
100
20
1,277


Industrial
1
  4,800
    520
273
    190
  33
  3
  892


Hospital
1
     580
    86
209
      41
  15
  3
  118


Commercial
1
  1,600
  205
293
      70
    8
  1
  261


Global Analysis 
0
10,000
    643
417
    154
  20
  2
  522


Public
0
29,166
4,011
581
    690
    0
  0
1,450

DL
Industrial
0
     231
    33
241
    14
    1
  0
    50


Hospital
0
      20
      4
240
      2
    0
  0
    11


Commercial
0
      50
       8
323
      3
    0
  0
    20


Global Analysis
0
29,166
2,661
836
    318
  12
  0
  280

FL + DL
Public
20
29,166
4,189
387
1,081
125
29
2,340


Industrial
1
    4,850
    524
258
    204
  40
  4
  922


Hospital
1
      580
      86
200
      43
  20
  3
  118


Commercial
1
    1,624
    208
293
      71
    9
  1
  254


Global Analysis
1
29,166
1,708
642
    266
  26
  2
  688

FL + DL

(in the environment)
Public
0
10,000
1,449
275
    526
120
12
1,920


Industrial
0
    1,100
    186
208
      90
  20
  0
  343


Hospital
1
       580
      86
200
      43
  20
  3
  118


Commercial
1
    1,624
    208
293
      71
    9
  1
  254


Global Analysis 
0
10,000
    612
431
    142
20
  0
  490

P05 = percentile 5; P95 = percentile 95; CV = variation coefficient (%) = [(standard deviation)/mean] x 100; 

FL = fluorescent lamp; DL = discharge lamp (vapor)
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Table 4 

Consumer Potential Rate (IPC) for each state of Brazil, [9] 

State
Consumer Potential Rate (IPC) - %

Espírito Santo
  1.451

Minas Gerais
  8.507

Paraná
  5.621

Rio de Janeiro
11.626

Rio Grande do Sul
  7.083

Santa Catarina
  3.059

São Paulo
34.065

      Minas Gerais State





*         Belo Horizonte





BRAZIL
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Fig.  3  Projected estimate for the median number of lamps discarded monthly (FL + DL) in several Brazilian states, inferred from the median value calculated for Minas Gerais taking into account the Consume Potential Rate (IPC) of the correspondent states. 
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Fig.  2  Total number of mercury-containing lamps disposed monthly in each of the sectors surveyed (percentage are accounted by sector), shown according to disposal types.





Fig.  1  Geographic location of Minas Gerais State, Brazil, [10].






















































































� Consumer Potential Rate – referred to as IPC in this article in order to define it in terms of the Brazilian economy where it stands for Índice Potencial de Consumo, which defines as a percentage the purchasing power of each state or city in relation to the country or any of its states, respectively, [9]. 


� The difference between nonprobability and probability sampling is that nonprobability sampling does not involve random selection and probability sampling does, [15].





� Concerning the Brazilian Legislation, it doesn’t exist a federal legislation that specifically treats of the discard of mercury lamps. In the state ambit, there are three legislation: Rio Grande do Sul State Legislation (Law 11019/1997; Bahia State Legislation (Law Project 11305/1997) and Minas Gerais Legislation (Law 12040/1995 and Law Project 4/1999 – Substitutive 1), [16].


� Polarized region is the one that puts together different places subordinated to a dominant urban nucleus or center coming from economical and political-administrative dependence and interdependence links and the cristalization of functional relations among places, [17].


� The recycling refers to the series of activities by which discarded materials are collected, sorted, processed and converted into raw materials and used in the production of new products, [18].





� Chemical process involves the removal of aluminum end caps and tubes washing or crushed tubes, followed by the subsequent separation of the several components by means of operations which includes: a) screening, b) centrifugation, c) decantation, d) chemical treatment with sodium sulphite, sodium bisulphite or equivalent material; the mercury is reduced to produce mercury sulfide, a water insoluble solid, e) filtration and f) ion exchange. From these treatments result hydroxide and salts that are separated later, [19, 20].
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