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Abstract

Background: Dental wastes are one of the environmental issues due to toxic and pathogenic agents such as
pathological wastes, pharmaceutical and chemical etc have particular sensitivity. The aim of this study was
to determine the dental waste management and related factors in the city of Ilam.

Methods: In this cross-sectional study, the studied community was all the sixteen dental clinics in Ilam.
Five samples of each clinic per week (Saturday, Sunday and Wednesday) were selected. Thereafter waste
sample was manually separated into 36 components and were weighed using a laboratory scale with
an accuracy of 0.01 g. Each component was weighed five times and the mean value obtained for each
component was considered. Production per capita was calculated for each person. Data were analyzed
using descriptive statistics, SPSS and Excel software.

Results: The per capita percent for infectious waste section was 51%. The average of infectious waste is
201.13 g. The per capita percent for chemical, pharmaceutical waste section was 36% with an average of
142.48 g. The per capita percent for toxicity section was 13% in the dental clinics with the weighted average
of 48.78 g. According to the results of the checklist, further dental clinics have been poorly managed.
Conclusion: According to the presence of various materials and different components with different
characteristics in the dental wastes, the optimal management of this type of wastes should be carried out
based on the specific characteristics, which include programs to reduce waste production, segregation,
recycle and reuse.
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Introduction

The collection, transportation and disposal of waste is con-
sidered as an important and complex issue due to develop-
ment of cities, increase in the number and density of pop-
ulation, industrialization and increase in per capita waste
generation which need a regular system to implement the
rules. The suitable collection and disposal of these wastes
have specific importance due to their direct and indirect
risks on human, animal, plants and environment (1).

On the other hand, the rapid population growth and in-
creasing healthcare needs of human societies has led to
develop and increase in the various clinics providing
health services such as hospitals, clinics, public and pri-
vate laboratories in the world which increases the produc-
tion of medical wastes (2,3). Based on Iranian Waste Man-
agement Act, all of the infectious and hazardous wastes
produced by hospitals, health clinics, laboratories, dental
clinics and other similar clinics are called medical wastes
(4). Medical waste is assumed to be a major problem in
the management of municipal solid waste in developing
countries. When these wastes are mixed with municipal

waste, they can create dangerous condition for the envi-
ronment alongside those who are in relation with these
materials (5).

Solid wastes have different qualitative and quantitative
characteristics depending on the type and source of pro-
duction. The awareness of the type, source and specifica-
tions of quantity and quality is important for better plan-
ning for waste management (6). Dental clinics are consid-
ered as one of the wastes production clinics (7). Dental
wastes in most countries are classified as medical waste.
Medical wastes are divided into two major groups namely;
common and special waste. Common wastes are similar
to municipal waste in terms of quality and they should be
transported in accordance with the laws related to mu-
nicipal solid waste. Special waste includes infectious, ra-
dioactive and chemical waste and each have certain man-
agement method (8). It is important that these types of
wastes should not be mixed with municipal waste due to
the spreading of chemical and biological materials which
contain dangerous and pathogenic agent that ultimately
lead to health and environmental risks (9). The solid or
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semi-solid material is one of the hazardous waste in the
dental clinics that have the ability to create risk (10-12).
A small quantity of hazardous waste is produced in den-
tal clinics. Some of these hazardous wastes are recyclable.
Hazardous dental wastes include amalgam fillings, x-ray
film and lead foil, residues of drugs and unused chemicals
(13). It is also possible that the dental clinics participate in
air pollution through the water spray system as well as by
blood and infected tissues. The air pollution can be in the
form of aerosol or mist (14). Mercury as a heavy metal in-
cluded in amalgam can lead to environmental contamina-
tion. Improper disposal of amalgam waste in dental clinics
and centers can lead to environmental exposure to mer-
cury which can have nephrotoxic and neurotoxic effects.
Gastrointestinal, respiratory, immune and renal systems
can be affected by mercury in amalgam waste.

The solid waste management, especially hazardous wastes,
is based on the prevention and reduction of waste produc-
tion, the methods which are eco-friendly and are able to
ensure the health of staff working in these clinics. Lack of
attention on waste management has brought dangers and
irreparable damages for the staff and patients. The most
important work in the field of dental waste management
is to prevent the mixing of all the components, because the
components of dental wastes have different characteristics
and the management method should be carried out based
on these characteristics (15). Thus, proper and hygienic
monitoring and management on how to collect, store,
transport and dispose hazardous wastes is important in
order to protect the health of patients and practitioners
(dentists, nurses and medical and non-medical staff) as
well as referrals to dental clinics. In this study, dental waste
management and the related factors were discussed in the
city of Ilam in 2014. Moreover, this study has investigated
the description of current situation and has carried out a
detailed study on dental wastes for future planning and
correct optimized management.

Methods

In this study, the studied population was all the sixteen
dental clinics of Ilam (five public and 11 private) which
were selected according to a list provided by medical
deputy which were still active during the study period and
had the necessary cooperation in the field of data collec-
tion. Each sampling was carried out at the end of working
day of clinics and five samples were obtained from each
clinic in three days (Saturday, Monday and Wednesday)
per week. The sampling was carried out in the weeks when
there were no closure and for days between Saturdays to
Wednesdays. This cross-sectional study was carried out
from December 2014 to February 2015. Prior to sampling,
the dentists and their assistants were notified about this
study. Based on World Health Organization guideline
for medical waste management in developing countries
(World Health Organization, 2001), a questionnaire with
54 questions were designed. Interviews with dentists and
also field consideration were carried out to collect data.
The collected samples were analyzed after transferring to

an appropriate location. The special color-coded plastic
containers were used to separate and collect each type
of waste from different parts of the clinics. The common
waste were collected and separated in orange plastic con-
tainers while the infectious waste with sharp objects and
chemical and pharmaceutical waste were separated in
safety box and brown containers, respectively and were
weighed. The canvas gloves, boots, overalls and special
pants for the analysis of waste were used in this study and
vaccination against diseases such as tetanus, Hepatitis b
and c were carried out for collecting and weighing work-
ers. The samples should be physically analyzed up to 3 h
after sampling. The accuracy of digital laboratory carriage
scales (model EK120A) utilized in this study was 0.1 g.
At first, the waste samples were manually separated into
36 components and were weighed. Each component was
weighed five times, and the average value was calculated
for each component. The obtained value represents the
amount of various components of waste produced at the
end of the working day of the clinic. The number of pa-
tients per working day was determined in each clinic. The
per capita wastes generated were determined according to
the number of patients per working day and total amount
of waste produced. The collected data were analyzed using
Excel software. Moreover, the per capita waste generation
of each patient in any working day was obtained by divid-
ing the amount of daily waste produced by the number
patients referred in working day. In the next stage, the
average daily production of various components of waste
in each office was achieved by calculating the average of
obtained values from 5 days sampling in each clinic.

A check list containing 45 questions were used in order
to evaluate the management method of each clinic. Each
of the questions had a point between 0 and 2. These ob-
tained points were multiplied in given weight related to
that points to calculate the certain number which can
be assessed as follows: Good: 130-172, Average: 87-129,
Weak: 44-86, Unacceptable: 0-43.

Results

Based on the points obtained from the checklist, the high-
est poor management in the office is related to lack of
attention to eliminate the risk of infectious waste at the
clinic. Other poor management factors can be expressed
as follows: lack of dental amalgam recycling, fixer and de-
veloper drugs, x-ray films and its lead coatings, mercury
leakage and improper storage location of wastes. Based on
the results of the checklist, most of the dental clinics are
faced with management deficiencies.

Table 1 shows the different components of infectious
waste produced in dental clinics based on services pro-
vided (restoration, dental extraction, removal of calcu-
lus, endodontic therapy, orthodontic and implant and
surgery). The greatest waste among all services provided
in latex and plastic gloves was related to suture needles
and its thread except for surgery which has the maximum
amount in this case. The highest amount per capita for
each patient was 64.43 and 44.15 g for dental extraction,
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Table 1. Infectious waste components in dental clinics on the basis of services provided (g)

Components of infectious wastes in . Dental extraction, Endodontic Orthodontic and

. Restoration N Surgery
dental clinics removal of calculus therapy Prosthesis
Paper napkins stained with blood 10.78 150.1 18.1 8.58 18.63
Paper napkins contaminated with saliva 8.54 84.7 7.3 18.6 11.62
Gauze contaminated with blood 353.8 23.56 53.4 164.42
Gauze contaminated with saliva 234.65 44.32 64.32 58.54
Cotton contaminated with blood 34.43 28.23
Cotton contaminated with saliva 17.43 65.5 17.86
Dental roll contaminated with blood 7.4 75.43 8.65 15.43
Dental roll contaminated with saliva 131 123.32 14.2 24.12
Nylon gloves 54.22 362.67 64.43 73.92 64.31
Latex gloves 68.85 593.21 98.15 113.65 118.63
Plastic syringes 267.43 33.43 55.1 96.5
Suction head 14.42 109.91 9.73 17.83 23.1
Extracted teeth 312.95
Absolang 11.43 67.43 8.48 24.26 14.54
Dental crowns 64.86
Matrix tape 6 1.14 0.94
Air spray coverage 2.21 6.72 2.37 5.94
Orthodontic wire 14.41
The injection and washing needle 11.71 77.37 8.21 6.77 13.97
Suture needles and its thread 252.82
Gutta-percha 33.43
Surgical Blade 43.52 61.87
Disposable plastic cover 26.79 78.51 19.95 21.9 43.82
Total 287.31 3028.56 441.54 562.69 942.77
The number of patients 19 47 10 16 30
Per capita of patient 15.12 64.43 44.15 35.16 31.42

removal of calculus and endodontic therapy, respectively.
The least amount was related to restoration which was
equal to 15.12 g.

Table 2 shows various components of toxic dental waste
of the dental clinics based on different services (restora-
tion, dental extraction, removal of calculus, endodontic
therapy, orthodontic and implant and surgery). The roll
contaminated with mercury is the only waste generated
in orthodontics and dental prosthesis and x-ray films and
its lead coatings are related to surgery which is the higher
waste in dental extraction, removal of calculus, restora-
tion, and endodontic therapy too. The dental amalgam
and material contaminated with dental amalgam has the
highest amount in restoration, dental extraction, removal
of calculus, and endodontic therapy.

The highest amounts per capita for each patient were
related to endodontic therapy (24.87 g) and restoration
(11.58 g). The least amount was obtained in orthodontics
and prosthetics (1.02 g).

Table 3 presents the various components of the chemical,
pharmaceutical waste in dental clinics based on the ser-
vices provided. Except for orthodontics and prosthetics
that has more than 96% of waste allocated to the sector,
the Karpool constitutes all of the waste in the remaining
cases.

The highest amounts per capita for each patient were re-
lated to orthodontics and Prosthesis (132.67 g) and end-
odontic therapy (2.43 g). The least amount was observed
in restoration (0.647 g).

Figure 1 indicates the average percentage and quantity of
dental wastes components in Ilam city. The highest values
were related to infection (62%), chemical-pharmaceutical
(27%) and toxic (11%).

Figure 2 illustrates the per capita infectious waste, chemi-
cal-pharmaceutical, the total toxic waste generated in the
dental clinics for each person. The percent per capita for
infectious waste was 51%. The average of per capita infec-
tious waste was 201.13 g.

The percent per capita chemical-pharmaceutical for den-
tal clinics was 36%. Average per capita chemical-pharma-
ceutical was 142.48 g.

Percent per capita for toxic in the office was 13% with an
average weight of 48.78 g.

Figure 3 shows the total waste produced in dental clin-
ics based on services (restoration, dental extraction and
removal of calculus, endodontic therapy, orthodontic and
implant and surgery). As can be seen, the highest waste
produced is related to dental extraction, removal of cal-
culus but the least was related to endodontic therapy and
restoration.

Discussion

In this study, the lack of mercury and amalgam recycling
was found to be as one of the main problems related to
poor management in all dental clinics and the units of
these clinics, which is in accordance (based on checklist)
with other studies carried out in different cities of Iran
such as Sari (16), Qaemshahr, Hamadan (17) as well as re-
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Table 2. Various components of toxic waste in dental office based on

the services provided (g)

Toxic waste Restoration Dental extraction, Endodontic Orth.odontic and T
Removal of calculus therapy implant

Paper napkins stained with amalgam 47.1 41.23 9.2

Gauze contaminated with amalgam 70.73 97.84 17.43

Cotton contaminated with amalgam 6.14 16.23 4.64

Dental roll contaminated with amalgam 9.25 24.28 5.16 16.43

Radiography film coating with lead foil 58.71 63.61 179.93 77.83
Radiography film 1.2 3.45 14.87 4.96
Amalgam particles 26.97 167.87 17.54

Total 220.1 414.51 248.77 16.43 82.79
The number of patients 19 47 10 16 30
Per capita of patient 11.58 8.81 24.87 1.02 2.75

Table 3. Various components of the chemical, pharmaceutical waste dental office on the basis of services provided (g)

Pharmaceutical waste Restoration  Dental extraction, Removal of calculus Endodontic therapy  Orthodontic and implant  Surgery
Molding dough 2100.96

Karpool 12.31 44,18 24.3 21.91 23.27
Total 12.31 44,18 24.3 2122.87 23.27
The number of patients 19 47 10 16 30
Per capita of patient 0.647 0.94 2.43 132.67 0.77

search carried out in Palestine (18), nevertheless, the sev-
eral studies carried out in Sweden (19), the United States
(20) and India (21,22) indicated the recycling of amalgam.
In this study, the dental clinics did not carry out any safety
measure on infectious waste. Treasure and Treasure (23)
conducted a study in New Zealand with the questionnaire.
The results from 767 filled questionnaires showed that
56.4% of dentists wrapped the swab contaminated with
blood on the paper and threw them in the trash. A 24.4%
of contaminated waste and sharp materials are discharged
in household waste collection containers (23). One of the
main causes of improved management in developed coun-
tries is the awareness of dentists on the policy of waste
management (22). Germany has also mandated that all
dentistry should have a dental amalgam separation and
removal with efficiency of at least 95% (24). The manage-
ment level and recycling in dental clinics and other clin-
ics can be improved by adopting laws, training classes and
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Figure 1. Average percentage and gram of dental wastes
components in llam city.

providing conditions. In a study carried out at the Univer-
sity of Sydney, Australia in 1997 to evaluate the general
condition of dental solid waste, it was determined that oc-
cupational health and safety equipment and containers for
the collection of sharp instruments should be considered
for this area. A 91% of all infectious waste was constituted
with items such as gloves, masks and protective coatings
form. The radiographic processing was disposed to sewer
in 3 cases of the 10 (25). The fixer liquid along with de-
veloper solution are commonly utilized for radiology in
the mouth and teeth where the fixer liquid is classified as
hazardous material due to its high concentration of silver
and it should not be directly discharged into the sewer sys-
tem or the trash. Silver recycling is the best way to manage
it (15); while, it was observed that this method was used
for only few units of the clinics in this study to manage
the fixer. The study used only 6.5% of dental clinics in the
city of Surrey due to their recycling. Barafrashtehpour et al
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Figure 2. Average percentage and gram of dental wastes
components per capita in llam city.
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Figure 3. Waste production at the clinic based on different
services (g and percent).

has found that the recycling was only performed in 5.6%
of clinics (15). The results of another study have also re-
vealed that there was no plan to reduce production in 64%
of dental wastes. The waste segregation has performed in
83% office. A 90% of dental amalgam was directly released
into the sewer system. The fixer was discharged into toilet
and sewer system in 90% of the dental clinics. The use of
safety box was the sharp objects management in 95% den-
tal clinics and other clinics (15). The highest per capita
amount of infectious waste for each patient was related
to dental extraction, removal of calculus and endodontic
therapy. The least amount was observed for dental resto-
ration (Table 1). The percentage per capita for infectious
waste was 51%. The average per capita infectious waste
was 13/201 g which is the maximum amount of waste
among the three studied groups of waste (Figure 2) which
is consistent with the study carried out in Shiraz (26) and
Ardebil (27). Thus it can be concluded that managerial
models utilized for dental waste management in Iran and
other countries can be applied in Ilam due to the similar-
ity of the type and amount of waste produced in the dental
setting of Ilam and other places. Nevertheless, it should be
noted that the composition and amount of dental waste
varied from one office to another office at different time.
As earlier mentioned, the optimized management of den-
tal wastes is not possible only by relying on a principle, but
its management should be implemented with a purposeful
plan and correctly modeled from the successful manage-
ment used in the world (28). For example, the replacement
of amalgam with safer substances can be considered as a
good option to control amalgam and its risks. Today, in
countries that have effective measures in this regard, the
resin material is used instead of amalgam (29). Moreover,
a significant portion of the waste such as paper and plas-
tic coatings used tools, graph paper, disposable gowns of
patient and others which have not come in contact with
blood and infectious material and have not been contami-
nated can be separated from other infectious waste and
be disposed with other materials such as paper, envelopes,

food cover and food debris (26).

The composition and amount of solid waste in four den-
tistry laboratories were studied in Xanthium, Greece in
2002. These four laboratories have produced 75% of total
dental waste in the state. Sampling was carried out in a
period of 2 months and was divided into 3 major catego-
ries: (a) infectious and potentially infectious waste, (b)
non-infectious toxic waste and (c¢) household type solid
waste. The maximum amount of wastes produced in these
laboratories was related to infectious and potentially in-
fectious waste (74%) (29), which is in line with the results
of our study.

In another study which was carried out in Qazvin to in-
vestigate the quantitative and qualitative effect of dental
waste, the results showed that 12%, 1%, 36% and 51% of
total waste produced was related to contaminated instru-
ments, patient’s tissue, sharp instrument and consumable
items, respectively but these amount was 13%, 8%, 13%
and 66% for contaminated instruments, patient’s tissue,
sharp instrument and consumable items, respectively (30)
which are similar to the results of our study presented in
Tables 1-3.

The average per capita for each person was 382.72 + 9.67
g and more than 50% were infectious wastes. The study
carried out in Greece by Kizlary et al (29) showed that
the amount of infectious and semi-household waste was
94.7% and 3.3%, respectively. Moreover, the rate of dental
waste production was 513 g per person per day while the
rate of infectious waste generation was about 486 g per
person per day. The results of this study were also in ac-
cordance with that of our study.

In present study, two other groups of dental wastes such
as chemical-pharmaceutical waste and toxic waste con-
stitute 7.7% of total waste production. These two parts
contain toxic elements and chemicals and some of its
elements such as amalgam particles and lead foil coated
radiographic films are recyclable. Generally, we can say
that these two parts of the dental waste should be col-
lected and separated according to their characteristics and
sometimes considered as hazardous material. The results
of this study are in agreement with the results of the study
of Nabizadeh et al (17) where the amount of household,
infectious, chemical-pharmaceutical and toxic waste was
91.14%, 2.14%, 6.7% and 0.02%, respectively.

A study carried out in Shiraz, Southern Iran indicated that

89.1% of dental offices and clinics disposed their infec-
tious waste with domestic waste. Standard method for the
disposal of sharp objects was obtained as 60% by these
centers and zero percent for their pharmaceutical and x-
ray wastes. Amalgam recycling and lead foil pockets waste
manufactured by these centers were less than 10% (31).
An investigation carried out on the characteristics and
management of dental wastes in Urmia, Iran, showed that
31 components were manually separated and weighted.
The results showed that domestic, potentially infectious,
toxic, chemical and pharmaceutical wastes were 35.46%,
34.24%, 11.83% and 5.56%, respectively (32). In dental
centers in Esfahan city, the amount of infectious, non-
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infectious and domestic wastes were obtained as 45.07%,
12.15% and 42.78%, respectively (33).

Conclusion

Finally, it can be suggested that the training of dentists for
activities related to the reduction, separation and recycling
in the dental clinics can play important role in developing
the dental waste management.

Nevertheless, providing guideline and criteria for col-
lection, transportation and separating disposal of any
waste sector dental medications (like household waste,
potentially infectious, chemical medicinal and poisonous)
seems to be necessary. Undoubtedly, the continuous and
correct monitoring of the above actions is necessary to ob-
tain best results. Due to the implementation of problems,
it is recommended that the dental wastes should be clas-
sified into four groups including semi-household waste,
infectious, sharp and chemical objects and be separated
at site. Separation and source reduction and separate dis-
posal of wastes can be best way to control dental wastes.
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