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 Abstract 

Among the methods proposed to environmental management of
productive activities, Life Cycle Assessment is one of the most
integrated, complete and effective. The product assessed is the
dental Carpule syringe. The aim of this work is to achieve a 
Streamlined Life Cycle Inventory (LCI) to quantify the electric
energy consumption and the solid waste release from dental Car-
pule syringes manufacture. The methodological framework is
based on ISO 14040/2006. The LCI covers the syringe life cycle 
from mining to disposal. The limits of the system include the stag-
es of copper and zinc mining and ore beneficiation, the production
of polyethylene used for syringe and needle packing, the produc-
tion of steel for needles and syringe coils, and the use of the whole 
set by dentists. The functional unit was defined as 106 (one mil-
lion) applied anesthesia. During improvement assessment, the pro-
posed solutions allow reducing the energy consumption at about
20% in the manufacturing stage. The solid waste quantity may be 
reduced by almost 40 % in the manufacturing stage, equivalent to
approximately 6.5 % of the total solid waste released during the
entire life cycle of the Carpule dental syringe. 

© 2013 L&H Scientific Publishing, LLC. All rights reserved.
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1 Introduction 

Currently, the environmental assessment is an integral part of business functions and can be performed 
through an Environmental Management System (EMS), which is responsible for stages of development, 
deployment, implementation, evaluation and maintenance of environmental policy within companies. 
This environmental assessment aims to support and optimize decision making processes that involve the 
activities of enterprises in improving their environmental performance from minimizing the use of re-
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sources and disposal of waste and maximizing environmental benefits. Therefore, companies strive for 
appropriate tools to assess their environmental performance. One of most used tools is the Life Cycle As-
sessment [1-3], which is the compilation and evaluation of inputs, outputs and the potential environmen-
tal impacts of a product system throughout its life cycle [4]. 

The Life Cycle Assessment (LCA) is an environmental management tool that identifies and evaluates 
the impacts associated with the existence of a product. The life cycle of the product starts on the extrac-
tion of resources from nature, covers its manufacture and ends when the product is discarded and returns 
to the environment. Among the phases of the LCA, the life cycle inventory (LCI) is used to assess the 
environmental effects of a product, process or activity. 

The LCI is widely used around the world for over forty years [5,6] and was incorporated into the ISO 
14040/2006, which specifies the requirements and procedures for the preparation, interpretation and 
communication of an inventory lifecycle. The inventory phase of an LCA corresponds to the collection 
and processing of data and information, both qualitative and quantitative, on the flow of materials and 
energy involved in various interactions with the environment that occur during the life cycle of a product 
or service.  

The LCI quantifies the resources and emissions from the extraction of raw materials to final disposal 
and, since the 90s, has been used as a step in the LCA analysis of various products [7-13], and different 
processes [14-17]. There are several studies aiming to improve and complement the tool, such as the 
search for ways to deal with incomplete data [18], with data uncertainties [19], and developing hybrid 
inventory analysis methods to enhance process analysis and input–output analysis [20] and to deal with 
aggregation methods [21].  Due to the quantity and reliability of the data needed for the analysis and in-
terpretation of the impact, the execution of a complete Life Cycle Assessment is expensive, time consum-
ing and impractical [22]. An LCA study requires the availability of large amounts of data and national 
databases consisting of inventories of the life cycle of products and key inputs used by a given society. 
Thus, many researchers and companies have prefer the direct use of LCIs for the evaluation of production 
systems to suggest improvements [21,23-25] and to contribute to the consolidation of  national databases 
[26-28]. Presently, the LCI is also widely employed directly as a tool for environmental management of 
large companies [29,30] to assess improvements in products and processes based on the results energy 
consumption or amount of emissions. With the use of the inventory results one can identify opportunities 
for improvement, and especially the relationship of the system under study with the environment [31]. 
With LCI results, it is possible to adjust the system directly with a decision or indirectly by influencing 
the behavior of the consumer market in search of a product with improved environmental performance. 

This article presents the streamlined LCI of carpule dental syringes manufacturing to quantify the use 
of electricity and the generation of solid waste from mining to product disposal. It is noteworthy that this 
study applies the LCI inventory to a small business. 

2 Method 

National and international standards specify the requirements and procedures for the preparation, inter-
pretation and communication of a Life Cycle Inventory, as part of the Life Cycle Assessment. The study 
of LCA follows the methodological framework proposed by ISO 14040/2006. 

The results are structured according to the rules, and this arrangement determines the phases and the 
general procedures of implementation of the LCA study, in accordance with international standards and 
national correspondents. Key features for the realization of a LCA study should be mentioned: 
 systematic approach and appropriate with respect to the environmental aspects of product systems, 

from raw material acquisition to eventual disposition; 
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 possibility of varying accuracy and time period of the LCA study, depending on the definition of the 
purpose and scope; 

 transparency regarding the scope, assumptions, description of data quality, methods and presentation 
of results; 

 possibility of inclusion of new scientific discoveries and improving the state of the art  of the tech-
nology; 

 lack of scientific basis for reducing LCA results to a unique number or overall score; 
 lack of a single method for conducting LCA studies. 

As the LCI aims to quantify the materials and energy that cross the boundaries of a system, determin-
ing the limits of the system is a critical step because it is based on a variety of factors that depend pri-
marily on the objective of the analysis and reliable data availability. The result of the inventory is a listing 
of materials and required energy, products, co-products and wastes that are discarded. This listing can be 
called material balance and energy inventory table or eco-balance of the product. Based on the results of 
the inventory, the possibilities for improving the system can be explored. 

2.1 Description of the setting and the system boundaries 

The starting point of the system under study is a small industry, founded in 1951, located in São Paulo, a 
manufacturer of dental equipment. The LCI focuses on the brass dental syringe used for anesthesia appli-
cation (Fig. 1).  

The carpule syringes are manufactured in brass with chrome plating, its size is standardized, and it 
may or may not have a reflux device (which allows the aspiration of blood into the cartridge preventing 
improper intravascular injection of anesthetic). They are typically used for the injection of the anesthetic. 
The needle tip made of steel bevel-cut to facilitate tissue penetration and proper fluid injection, and a 
plastic cap that allows threading the cartridge (Fig. 2a). It is supplied in a plastic package, which protects 
the tip. The cartridges are plastics tubes containing the anesthetic solution, with one tip of metal and other 
of rubber (Fig. 2b). The cartridge of anesthetic is inserted in its receptacle with the metal tip toward the 
location where the needle is screwed. 

Cartridge 
compartment

Sleeve Piston rod

Cartridge 
compartment Fork

Sleeve Piston rod

Finger grip

Handle

 

Fig. 1 Carpule dental syringe for anesthesia (with the nomenclature used by the manufacturer for each piece). The dashed arrow corre-

sponds to a sleeve mounted inside the syringe, where the is also a steel coil, purchased from a third party 
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needle
plastic cap rubber stoppermetal cap polyethylene tube

(a) (b)

 

Fig. 2 The anesthesia needle (a) and the anesthetic cartridge (b). 

s o l id  w a s te s

m in i n g p ro ce ss in g b ra ss
p ro d u ctio n manufacturing use

steelmaking

polyethylene poduction

recycling
 

Fig. 3 The system limits for the manufacture of dental syringes. 

The boundaries defined for the system include the steps of (i) mining, milling and manufacturing of 
brass parts; (ii) the production of polyethylene used to produce the cartridge and the needle cap and pack-
aging; (iii) production of steel, used in the manufacture of the needle and syringe coil; (iv) use of the set 
(syringe, needle and anesthetic cartridge) by dentists (Fig. 4). The system was evaluated in terms of elec-
tricity consumption and solid waste disposal at all stages. Transportation between the stages was not con-
sidered. 

Figure 3 shows the solid waste resulting from the production chain of dental syringe, from extraction 
and processing of brass, steel production and polyethylene production and the syringe use, when 
cartridges and needles are discarded. In the stage of manufacturing, metal waste is sold to scrap dealers. 
The solid residue generated in the surface treatment of the syringe, which is outsourced by the 
manufacturer (galvanic sludge, not shown) was also considered in the inventory table.  

Recycling was represented with dotted lines as it is not exclusive of the system under study since it is 
shared with the larger system, which includes all other companies using brass, steel, plastic and paper as 
raw material. In this larger system, some companies recycle internally, but most of them, such as the 
dental syringes manufacture under study, sells waste materials to scrap dealers, which make possible the 
circulation of material and increases the efficiency of the entire system. Flows associated with recycling 
were not accounted because they are outside the limits established in this study (Fig. 3). 

2.2 Wastes identification and consumption of electricity by life cycle stage 

2.2.1 Mining and processing 

The dental syringe is manufactured with brass, which refers to the mining and processing of copper and 
zinc. We used data from the average world production of both metals to calculate the amount of solid 
waste and energy consumption in mining and processing stages [32]. The global copper production in 
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weight is made up of 73% copper obtained from sulfide ores and 27% of copper contained in oxide ores. 
Each ore generates different types of waste, both in quantity and quality (Table 1). The average mass per-
centage of copper is 0.65% in sulfide ores and 0.58% in copper oxides. Zinc is also obtained from sulfide 
ores (75%) and ores containing zinc oxide (25%) and waste generated also depend on the type of ore 
from which metal is extracted (Table 3). The zinc content is 8.3% in zinc oxide ores and 9% of sulfide 
ores. The values shown in Table 3 refer to obtain one kilogram of each metal. 

The brass for manufacturing the dental syringe is composed of 65% copper and 35% zinc, generating 
approximately 130,000 kg of waste in mining and 4,500 kg of waste in the processing stage for each ton 
of brass produced. Brass production wastes (shown in dotted lines in Figure 3) were not considered in 
this study due to lack of available data. 

A study of the global consumption of electricity for the production of zinc showed that it takes 17,000 
kWh to 20,000 kWh for extraction and the processing of one ton of zinc [33]. The production of one ton 
of copper consumes 35,000 kWh and 21,000 for mining and processing, respectively [34]. 

Table 1 Amount of solid waste in the mining and processing of copper and zinc (World average; [32]) 

 kgwaste/ kgmetal 
Waste of copper mining  

Solid waste of the extraction from copper oxide 47.45 

Solid waste of the extraction from copper sulfide 141.65 

Subtotal  189.10

Waste of copper processing  

Solids leaching 3.14 

Slag 2.95 

Sludge 0.03 

Subtotal  3.23

Waste of zinc mining  

Solid waste of the extraction from zinc oxide 2.90 

Solid waste of the extraction from zinc sulfide 12.45 

Subtotal  15.35

Waste of zinc processing  

Dust particles 0.04 

Slag 1.02 

Sludge 0.39 

Subtotal  1.45

 Total 209.13

Table 2 Amount of solid waste in steel production in Europe [35] 

 kgwaste/kgsteel 

Waste 0.14 

Sludge 1.43 

Slag 0.18 

Total 1.75 
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2.2.2 Steelmaking 

The data are from the study of a global inventory lifecycle for steel products, conducted in 1996 by the 
International Iron and Steel Institute (IISI) and updated in 1999 and 2000. The inventory was released in 
order to collect the data needed for a Life Cycle Analysis, encourage the optimal environmental perfor-
mance of the steel production and promote initiatives to increase steel reuse. The quantity of solid waste 
to produce 1 kg of steel is 1.75 kg with consumption kWh 111.24 [35]. Table 2 shows the quantities of 
the main solid wastes generated by the production of 1 kg of steel. 

2.2.3 Production of polyethylene 

The data were obtained from the report published by the Association of European Industrial Plastic in 
2003. The eco-profile data were obtained from 27 plants producing 4.48 million tons of polyethylene and 
represent 93.5% of European production. The average energy consumption to produce 1 kg of polyeth-
ylene equals 280.80 kWh, ranging between 230.40 kWh and 345.60 kWh. The amount of solid waste is 
0.041 kg per kg of produced polyethylene [36]. 

2.2.4 Manufacture 

The data from this stage were obtained directly from the production process of dental syringe manufac-
turing. In 2002, 5,020 syringes for anesthesia were produced, which are made up by seven different piec-
es of brass (Fig. 1). For each of the seven pieces, the mass of solid waste generated during machining 
brass was weighted (Table 3). 

Table 3 Masses of solid waste of the parts of the dental syringe, 2002 

Piece kgwaste (brass)/year 
Cartridge 256.02 
Piston rod 10.04 

Fork 200.80 
Sleeve 25.10 
Screw 55.22 

Finger grip 80.32 
Handle 65.26 

Total Solid Waste 692.76 

The electricity consumption required for the production of 5,020 syringes in 2002 was 582.47 kWh. 
This value was obtained from the measurement of the machining time and multiplied by the power of 
engines used in each process. 

The surface treatment is outsourced and is equal to 0.2% of the entire supplier consumption, and 
equivalent to 66,000 kWh per year. The amount of galvanic sludge generated by the surface treatment of 
dental syringe was estimated at 0.83 kg per year. 

The product assembly is performed in a room powered by four 40W lamps. One hundred (100) 
syringes are produced in two (2) hours, resulting in annual consumption of 16.06 kWh of electricity. 
Packaging is also performed in the same room, and two hundred (200) syringes a packed in one (1) hour, 
with annual consumption of 4.02 kWh. The packaging consists of a cardboard box with 0.009 kg (0.300 
kg/m2 cardboard) and a polypropylene bag of 0.00083 kg/unit. The shipment of the product is done by 
trucks distribution networks throughout the Brazilian territory but, as previously mentioned, shipping is 
not the object of this study. 

2.2.5 Use 

Data from this stage were obtained through questionnaires answered by dentists in the city of São Paulo 
in March 2003. Fifty professionals were interviewed in several specialities: ten general practitioners, 



C. R. Munhoz, et al. / Journal of Environmental Accounting and Management 1(2) (2013) 189-201 

  

195

eight bucomaxillofacial experts in surgery, eight endodontics, eight pediatric dentists, eight oral 
pathologists and eight periodontists. All fifty respondents actuate for at least 25 years. With the results of 
the questionnaire, it was possible to determine how many anesthetics are applied per day, how many sy-
ringes each dentist use, and the frequency of sterilization that leads to the electricity consumption of au-
toclaves. 

The use of the product by the dental professionals, also involves the disposal of the following parts: a 
cardboard box by syringe, a plastic bag by syringe, one cartridge of anesthetic and one disposable needle 
for anesthesia applied. For the year 2002, the purchase of 5,020 syringes by dentists resulted in the 
disposal of 5,020 cartons and 5,020 polypropylene bags. On the other hand, 173,379,360 vials of 
anesthetic (0.0017 kg/unit) and an equal number of needles (0.0002 kg/unit) and needle packages (0.0016 
kg/unit) were discarded. 

2.3 Definition of the functional unit 

The functional unit (FU), clearly defined, establishes measurable and relevant relationships among the 
elements of the system, and is the foundation that allows comparisons between studies using LCA or LCI. 
By defining the functional unit, one must consider not the amount of the product, but the role it plays. For 
the same function, there may be several products, made up of different materials, in quantity and quality. 
Thus, the functional unit may refer to the purpose to which the product is made for. In the case of dental 
syringes, the function is the application of anesthesia and the functional unit chosen is 106 (one million) 
applied anesthesia. The amount of energy required, and the amount of solid waste for each process was 
calculated considering the number of dentists working in Brazil in 2002 (197,022 dentists, [37]), the 
number of anesthetics applied in the same year (173,379,360 anesthesia), the number of  6 syringes per 
dentist and the lifetime of each syringe (20 years). 

Table 4 Solid waste generated at each stage of the life cycle of the syringe dental corresponding to 106 (FU) anesthetics applied 

Step 
 

Solis waste 
kg  / FU 

Main potential impacts 

 Copper extraction 588.22 
 

Depletion of non-renewable re-
sources and ecotoxicity 

 Zinc extraction 316.73 
Mining and processing Copper processing 190.16 
 Zinc processing 102.39 
 Subtotal 1197.50 
Auxiliary raw materials pro-

duction 
Steelmaking 54.19 Depletion of non-renewable re-

sources 
 

Polyethylene production  140.35 

 Machineries 47.05  
Manufacture Steel coil 0.92 Human toxicity, ecotoxicity 
 Surface treatment < 0.01 and acidification 
 Sub-total 47.97  
 Needle  

 
 
 
 

Human toxicity 

 polyethylene 180.00 
 steel 30.00 
Use Polyethylene needle pack 1620.00 
 Polyethylene cartridge 1640.00 
 Polyethylene bag < 0.01 
 cardboard box < 0.01  
 Subtotal 3570.00  
 Total 5010.01  
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3 Results 

3.1 Lifecycle Inventory 

The results allow the construction of inventory tables that show the generation of solid waste (Table 4) in 
all seven stages of the life cycle of the Carpule dental syringe. 

It should be noted that the data relating to the disposal of the anesthetic cartridge take into account its 
total mass that actually consists of three materials: polyethylene, rubber and aluminum. The mass of rub-
ber and aluminum were considered negligible compared to the total mass of plastic. 

The potential impacts caused by disposal of materials throughout the life cycle of the dental syringe 
are listed, considering that human toxicity refers to harmful to humans caused by material dispersion in 
the environment while ecotoxicity refers to toxicity in aquatic ecosystems caused by the scattering mate-
rial disposed in the environment, such as the dispersion of heavy metals from sludge disposed in the pro-
cessing of copper and zinc [38]. 

The electricity consumption (Table 5) recorded along the lifecycle of the dental syringe shows that, 
despite the high energy consumption on the steps of extraction and processing, the highest consumption 
occurs in the use stage syringes that are sterilized, on average, twice a day in autoclave. 

Table 5 Electricity consumption at each stage of the life cycle of the dental syringe for 106 (FU) anes-thetics applied 

  kWh / FU 

Extraction 1,962.89 

Processing 1,390.84 

Subtotal 3,353.73 

Steelmaking 955.43 

Production of polyethylene 1,0947.30 

Manufacture  

Machining 39.56 

Surface treatment 8.96 

Assembly 1.09 

Packing 0.27 

Subtotal 49.88 

Use 37,500.00 

Total 52,806.04 

3.2 Evaluation for improvement 

One of the advantages of assessing the life cycle of a product is to recognize in detail each step required 
for its production and use. However, this information does not allow any interference before or after the 
manufacturing steps. This fact is aggravated when one is dealing with small business as the manufacturer 
evaluated in this study. Such a company cannot influence the processes of mining, or product design 
since it contributes with a remarkably small portion of the supply chain. Based on this type of argument, 
the effect that changes in manufacturing processes have on the entire life cycle is often overlooked or 
neglected. However, it was observed that an improvement assessment based on LCI can bring benefits 
both in manufacturing and in other stages of the life cycle of a product. The improvements proposed are 
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based on the dematerialization of the manufacturing process. Dematerialisation is one of the tools of in-
dustrial ecology, which refers to the reduction in use of raw materials in processes. 

3.2.1 Solid waste 

Although solid waste phase manufacturing represent, in weight, approximately 0.3% of total waste gen-
erated by the production of dental syringe along its life cycle, the development of the LCI identified pos-
sibilities for improvement at this stage. It has been observed that for every 0.08 kg of syringe approxi-
mately 0.14 kg of brass waste are generated. That is, 37% of the material entering the company remain in 
the syringe, and the remaining 63% are sold to scrap dealers. The largest amount of waste was associated 
to the machining process of cartridge chamber and fork parts (Table 3). In this process, the syringe car-
tridge set is made from a bar round which the brass removed to accommodate the cartridge and the sleeve. 
The mass of solid waste (0.051 kg) to make the compartment for the cartridge corresponds to approxi-
mately 3.5 times the mass product (0.015 kg). In the case of the fork also machined, the relationship be-
tween the solid waste and finished part is 3:1 in weight. The proposed solution was to replace the rods by 
round brass tubes with consistent dimensions. 

With the solution, the annual production of solid waste in the manufacture of the tube and the fork was 
reduced from 256.02 kg to 43.52 kg, and 200.80 kg to 142.57 kg, respectively, with a total reduction of 
approximately 40%. It can be also said that the lower the amount of brass used in the machining process 
by the replacement of rods by tubes, is proportional to the reduction of the required quantities of copper 
and zinc extracted, reducing the depletion of non-renewable resources. With this change in the manufac-
turing process, the amount of material used in the fabrication of dental syringe would be reduced by ap-
proximately 25%. Figure 4 shows an estimate of the benefits considering a proportional reduction of the 
solid waste in the mining and processing steps. 

In step surface treatment, despite the relatively small amount of waste (0.06%), one should take into 
account in a future assessment that the chemical sludge is deposited in landfills and can affect human tox-
icity and ecotoxicity and acidification with potential damages to the flora and fauna. 

The fate of the cardboard box and plastic bag used as a container for the product were considered of 
responsibility of the manufacturer and the best solution was to replace these two items for a package con-
sisting of a paper bag with a cellophane window, which remains recyclable. In this case, in addition to 
decreasing the mass of waste discarded during the product use stage, there was also a ten times reduction 
of the cost of packaging. 

Solid waste in the use phase represents 74.2% of the total, 4.4% regarding the disposal of needles, 
33.6% to the plastic caps and 34.2% to the cartridges. It is pertinent to note that the needle used in the 
process of dental anesthesia (Residue Class A / Infectious Waste Type A4) is discarded as medical waste 
[39]. As the collection cycles are variable according to each region of the country, these wastes are, in 
many cases, simply discarded along common trash. The cartridge used is also classified as medical waste, 
due to the possibility of the occurrence of a backflow of blood during anesthesia, resulting in over 4800 
kg of needles/cartridges and packaging for every million anesthetics applied. This value, in 2002, was 
equal to 840 kg of waste. 

3.2.2 Electricity consumption 

The highest consumption of electricity in the life cycle of the dental syringe occurs during use stage, due 
to the sterilization process in autoclaves. An important factor is the market introduction of new models of 
autoclaves that consume on average 20% less electricity. 
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Fig. 4 Distribution of solid waste in the life cycle of the dental syringe (FU = 106 anesthetics applied) considering the actual amounts of 

process' wastes accounted (in gray) and after the proposed changes (in black) 

It should be emphasized that the solution to reduce solid waste in manufacturing also allows a reduc-
tion in electricity consumption due to less machining time. The data obtained after the introduction of 
improvements - replacing rods tubes to make the cartridge compartment and the fork, show that the elec-
tricity consumption was reduced from 190.76 to 103.01 kWh and from 135.54 kWh and 107.08 kWh, 
respectively, leading to a total reduction of 19.95% compared to 2002 production. Figure 5 shows the 
results considering an estimate of the proportional reduction of 19% in mining and processing steps. In 
the use stage, a reduction in consumption of 20% was simulated. 

4 Concluding remarks 

The main result of the LCI syringe for dental anesthesia was a detailed knowledge of each production 
step, allowing to identify possibilities for improvement and to propose modifications in part of the cycle 
through promoting materials replacement in order to reduce disposal. 

With the substitution of brass rods for tubes of the same material, it was possible not only to reduce 
the generation of solid waste, but also significantly reduce the electricity consumption. Despite the con-
tribution of manufacturing to both waste generation and electricity consumption, being small relative to 
the entire supply chain, a change at this stage can result in significant benefits, which may occur in previ-
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ous steps (reducing the need for mining and processing) and in later stages with reduction in packaging 
disposal. 
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Fig. 5 Electricity consumption in the life cycle of the dental syringe (FU = 106 anesthetics applied) considering the actual amounts of 

process wastes (in gray) and the proposed changes to manu-facturing process (in black). 

Figure 6 shows that, with the proposed changes to the manufacturing process, the total reduction of 
solid waste in the life cycle of the dental syringe is equivalent to the elimination of waste processing, 
which corresponds to approximately 6.50% of the total manufacturer's wastes generation. In the case of 
electricity consumption, the proposed changes, although they represent 20% of the consumption of use 
stage, are not sufficient to significantly reduce the total energy consumed in the life cycle of the dental 
syringe. 

It is worth to note, both in the case of solid waste disposal and of electricity consumption, that the 
largest quantities are associated with the use stage. In case of using autoclaves with 20% less consump-
tion, reduction in electrical energy consumption would be equivalent to the energy consumed for the pro-
duction of polyethylene, which corresponds to 20% of total consumption of electricity in the life cycle of 
the syringe. The disposal of packaging in polyethylene use stage corresponds to 45% of the solid waste in 
this step and 32% of the total production chain. Thus, actions leading to dematerialisation of the needles 
packaging and modernization of autoclaves used by dentists would significantly reduce the potential en-
vironmental impact associated with the anesthesia application. However, there are still actions that are 
outside the domain of syringes manufacturing and would require the cooperation of those responsible for 
each stage of the production chain for the changes in products and processes that could result in the max-
imum reduction of solid waste disposal and electricity consumption. 
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Fig. 6 Total solid waste and electricity reduced (in black) in the life cycle of dental syringe (FU = 106 anesthetics applied) compared 

with the quantities of solid waste and electricity before the pro-posed changes to manufacturing (in gray). 
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