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ABSTRACT

Dental wastewater and solid waste are one of the most important sources of environmental pollution. The objective of
the present study was to evaluate the quality of wastewater and solid waste produced in the general dentistry offices
in the city of Arak, Iran. A total number of 30 samples of wastewater and 30 samples of solid waste were taken from
30 general dentistry offices. The samples of wastewater were analyzed for metals and other parameters such as BOD,
COD, and TSS. The samples of solid wastes were manually separated into 66 components and 4 categories and then
weighted. The mean concentrations of Zn, Cu, Hg, Fe, B, Ba, Sn, Ag, Pb, Al, Mn, Cr, and Co were 3950.09, 2578.59,
1247.28, 1060.21, 538.36, 493.21, 300.91, 156.56, 108.32, 107.37, 91.11, 66.00, and 6.48ug L™, respectively. The
mean generation of dental solid waste in each general dentistry office was 670.22g day*. Potential infectious waste,
domestic-type waste, chemical & pharmaceutical waste, and toxic waste constituted 51.52%, 35.30%, 11.11% and
2.07%, of the total waste generated, respectively. Due to the high levels of some metals in the samples, the wastewater
should be treated before discharging into the public sewer.
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ABBREVIATION

COD: Chemical Oxygen Demand
BOD: Chemical Oxygen Demand
TSS: Total Suspended Solids
ICP: Inductively Coupled Plasma

INTRODUCTION components such as paper, cardboard and plastic that
Dentistry centers are one of the main sources of do not pose a threat for human and animal health or
environmental po”ution in terms of both dental the environment. This Category can be collected and
wastewater and solid waste [1, 2]. Unfortunately, there disposed of along with the municipal solid waste [8].
is no specific attention to these centers in comparison Potentially infectious wastes consist of discarded
with other generators of wastewater and solid waste, items exposing to blood and its derivatives. Infectious
especially in developing countries. Management of waste should be managed in a safe manner to avoid
dental wastewater and solid waste is a complicated adverse effects on the environment and public health
issue and thus requires training, awareness, and [9, 10].

financial supports [3, 4]. Although dentistry centers are considered as minor
Dentistry offices produce a vast variety of waste sources of waste, they generate a certain amount of
components with different characteristics [5]. These hazardous wastes [11, 12]. Dental amalgam is one of
components would be classified into various the sources of such hazardous waste in the dentistry
categories such as domestic-type waste, potential centers. Dental amalgam has been used as a stable
infectious waste, toxic waste, and chemical & restorative material in dental applications for about
pharmaceutical waste. Each category requires a 200 years. As the majority of amalgam consists of
specific approach for suitable collection, treatment and mercury and silver, it is regulated as a hazardous waste
disposa| [6’ 7] Domestic-type waste Comprises [13, 14] Since these metals are very mobile in the
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environment, they can accumulate in the food chain
and impose adverse health risks [15, 16]. Dental
operations generate a heterogeneous waste mixture of
liquids and particles with different sizes ranging from
large visible particles to fine colloidal suspensions.
During the dental procedures, fine parts of amalgam
enter the wastewater stream. Thus, dental wastewater
contains high levels of various metals especially
mercury [17-19]. The uncontrolled discharge of dental
wastewater into the sewer system from a large number
of dentistry centers would increase the contents of
mercury in the municipal wastewater treatment plants
[20, 21]. Generally, high concentrations of mercury
and other metals in wastewater are toxic to
microorganisms present in wastewater treatment
plants [21, 22]. Other sources of hazardous materials
in dentistry centers include fixer solutions, unused
film, and lead foil of film packet. Spent fixer solution
and the undeveloped film must be treated as hazardous
wastes because of the levels of silver. . The lead foil of
film packet can leach and contaminate soil and
groundwater [23].

The problem of dental wastewater and solid waste is
still unsolved in Iran; mainly due to the absence of
specific regulations on dentistry centers. In most areas
of the country, dental solid waste and municipal solid
waste are collected simultaneously and disposed of in
uncontrolled landfills. On the other hand, dental
wastewater is unlimitedly discharged into the sewers
without any pre-treatments. Based on our knowledge,
there is no study about dental wastewater in Iran. In
other countries, most studies that dealt with metal
pollution of dental wastewater have concentrated only
on mercury. Therefore, the present study was
performed to quantify the amount of various metals in
the wastewater of some general dentistry offices in the
city of Arak, Iran. In addition, other characteristics of
dental wastewater such as COD, BOD, and TSS as
well as management activities were investigated. The
components, composition and generation rate of dental
solid waste and associated management practices were
also studied.

MATERIALS AND METHODS

Description of the study area

This study was performed at the general dentistry
offices in the city of Arak, Iran, in 2015. Arak with a
population of about 700000 is located in the center of
Iran. Some primitive diagnosis and treatment activities
are done in the general dentistry offices. They also
prescribe medications such as antibiotics and any other
drugs used in patient management.

Sampling and analysis of solid waste

A number of 30 general dentistry offices were
randomly selected and then 3 samples of solid waste

1311

were taken from each office at the end of successive
working days. Sample collection was carried out at
night as working time was over. The samples were
separately transferred to the waste storage room and
then manually separated into 66 components and 4
categories (Table 1). Each component was weighted
using a laboratory-scale within 10 hours after the
sampling.

Sampling and analysis of wastewater

Out of 30 general dentistry offices, 90 samples of
wastewater were taken at the end of the successive
working day. Glass- and plastic-wares used for
sampling were soaked overnight in 10% nitric acid and
then rinsed with distilled water before use. The
wastewater discharged from the dentistry chairs was
continuously collected in 10 L-capacity polyethylene
plastic bottles. In order to preserve the samples, nitric
acid solution (50% v/v) was added to the samples to
maintain a solution pH below 2. Samples were then
refrigerated at 4° until being analyzed. Metal contents
of the samples were analyzed two times with ICP after
digesting with a mixture of HCI and H,SO.. Other
characteristics of wastewater including COD, BOD,
TSS, and pH were analyzed according to the standard
methods (methods 5220, 5210, 2540, and 4500-H",
respectively) for the examination of water and
wastewater [24]. All the standard solutions and
chemicals were of high-purity prepared from Merck
Company.

Surveying management activities

Management practices of solid waste and wastewater
in the dentistry offices were investigated by means of
a structured questionnaire. The questionnaire
contained various questions about generation, reuse,
recycle, collection, and disposal of the wastewater and
solid waste. Some questions also focused on the
presence of puncture-resistant containers in the offices
and the personnel in charge of solid waste collection.

Furthermore, dentists were asked about the
management of the processing solutions and
wastewater. On the other hand, interviews and

observations were used to obtain detailed information
about solid waste and wastewater management.

RESULTS AND DISCUSSION
Solid waste characteristic

The generation rate of various categories of dental
solid waste is presented in Fig. 1. As seen, the mean
generation rate of dental solid waste in the general
dentistry offices was 670.22g day™. As well, the mean
generation of potentially infectious waste, domestic-
type waste, chemical & pharmaceutical waste, and
toxic waste in each center were 345.29, 236.60, 74.47
and 13.86g day™, respectively.
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Table 1: Classification of components of dental solid waste generated in the surveyed general dentistry offices

Waste categories

Waste components

Potential infectious

waste

Blood & saliva-contaminated kleenex, blood & saliva-contaminated gauze, blood & saliva-contaminated cotton,
blood & saliva contaminated dental rolls, nylon gloves, latex gloves, syringes, saliva ejectors, sharps & needles,
extracted teeth, dental mirror, stitch string, stitch needle, surgical blades, absorbent paper points, gutta percha
points, dental bridges, dental floss, tongue blade, dentistry pallet, brackets, poar air cover, polishing strip, matrix
band, dental wedge

Domestic-type waste

Uncontaminated kleenex, uncontaminated gauze, uncontaminated cotton, uncontaminated dental rolls, nylon &
plastic, syringe & needle packaging, nylon-coated paper, articulating paper, sand paper, paper & cardboard,
carbon steel, textile, masks, film packet paper, film packet plastic, empty [used] amalgam capsules, plastic
tumbler, leather, gypsum, mixed gypsum and gauze, paper banderole, brilliant banderole, sticking plaster,
matchwood, food waste, food waste packaging, tea slag, filter tip, mixed soil and gypsum, medicine ampoule

packaging

Chemical &
pharmaceutical waste

Used medicine ampoules, wax, dental impression material, acrylic, calcium hydroxide.

Toxic waste Amalgam-contaminated kleenex, amalgam-contaminated gauze, amalgam-contaminated cotton, amalgam-
contaminated dental rolls, lead foil of film packet, amalgam particles.
comprises domestic-type waste and potentially
800 infectious waste. Therefore, prevention of mixing the
700 | 670.22 potentially infectious waste with the domestic-type is
= necessary to reduce the volume of infectious waste
S 600 1 generated.
% 500 | Table 2 shows the percentage of various components
§ of dental solid waste. As presented, out of 66
g 400 - 345.29 components, only 10 components constituted more
S 300 | 7 236.6 than 80% of_the total solid waste generated. The_se
2 / ) components include latex gloves, nylon & plastic,
O 200 4 / 7 blood & saliva-contaminated kleenex, paper &
100 | / / cardboard, used medicine ampoules, saliva ejectors,
/ / gypsum, food waste, blood & saliva-contaminated
0- ——— e dental rolls, and nylon gloves. Th ducti
- ” " - 5 ental rolls, and nylon gloves. Thus, waste reduction
S § = 3.8 X and recycling programs should be concentrated on
3 = 8 % . these components. These findings are in line with
T—z g E = other studies reporting only a few components are
= a O£ responsible for generating the majority of dental solid
o
[
s waste [25, 27, 28].
Waste Type

Fig. 1: Generation rate of various categories of solid waste
generated in the surveyed general dentistry offices

On the other hand, percentages of potentially
infectious waste, domestic-type waste, chemical &
pharmaceutical waste, and toxic waste were found to
be 51.52%, 35.30%, 11.11% and 2.07%, respectively
(Fig. 2). The results of the present study are in line
with a similar study in Iran [25] reporting the
percentages of domestic-type waste, potentially
infectious waste, chemical & pharmaceutical waste,
and toxic waste were 51.93%, 38.16%, 9.47%, and
0.44%, respectively. Different factors such as the type
of dentistry centers, dental procedures and operations,
and national regulations would affect the composition
of dental solid waste. Other studies [26, 27] also
reported that the majority of dental solid waste
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On the other hand, 7 components including latex
gloves, blood & saliva-contaminated kleenex, saliva
ejectors, blood & saliva-contaminated dental rolls,
nylon gloves, blood & saliva-contaminated gauze, and
sharps & needles were responsible for more than 90%
of the potentially infectious waste generated (Table 3).
Thus, for the prevention of mixing the potentially
infectious waste with the non-infectious waste, these
main components should be considered first.

Our results also showed that per capita generation of
dental solid waste in general dentistry offices was
66.71g day™ per each patient. Two recent studies on

dental solid waste in Iran reported that per capita
generation of dental solid waste in the general
dentistry offices were 31.56 [25] and 48.72 [27] g day
! per each patient. Comparison of the results of Iran
with other countries such as Greece with a per capita
of 513g day™ per each patient [26] indicates that the
generation rate of dental solid waste in Iran is very
low. These differences are due to this fact that the
generation rate of dental solid waste depends on
various factors such as economy, dental procedures
and operations, and the type of materials used.

Table 2: Generation rate of various components of solid waste generated in the surveyed general dentistry offices

Components Generation rate (g day™) Percent Cumulative percent
Latex gloves 153.02 22.83 22.83
Nylon & plastic 116.35 17.36 40.19
Blood & saliva-contaminated kleenex 64.04 9.55 49.74
Paper & cardboard 49.72 7.42 57.16
Used medicine ampoules 48.90 7.30 64.46
Saliva ejectors 34.51 5.15 69.61
Gypsum 20.53 3.06 72.67
Food waste 19.84 2.96 75.63
Blood & saliva-contaminated dental rolls | 18.42 2.75 78.38
Nylon gloves 17.77 2.65 81.03
Other components 127.14 18.97 100.00
Sum 670.22 100.00

Table 3: Generation rate of various components of potentially infectious waste generated in the surveyed general dentistry offices

Components Generation rate (g day™) Percent Cumulative percent
Latex gloves 153.02 44.31 44.31
Blood & saliva-contaminated kleenex 64.04 18.55 62.86
Saliva ejectors 34.51 9.99 72.85
Blood & saliva-contaminated dental rolls 18.42 5.34 78.19
Nylon gloves 17.77 5.15 83.34
Blood & saliva-contaminated gauze 15.01 435 87.68
Sharps & needles 12.77 3.70 91.38
Tongue blade 6.57 1.90 93.28
Blood & saliva-contaminated cotton 3.80 1.10 94.38
Extracted teethes 1.73 0.50 94.89
Other components 17.66 511 100.00
Sum 345.29 100.00

Wastewater characteristic

Collected samples were analyzed for elements
including Hg, Ag, Sn, Cu, Zn, Cr, Mn, Fe, Co, Ni, Cd,
Ba, Pb, Al, B, As, V, and Be. As presented in Table 4,
the samples contained high levels of Zn (3950.09ug L
1), Cu (2578.59ug L), Hg (1247.28ug L) and Fe
(1060.21ug LY. In addition, the contents of these
elements in the dental wastewater are actually higher
because these levels represent only the soluble fraction
of the metals such as Hg. The filter of dental chair units
can trap much of the Hg contents of the wastewater as
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solid amalgam. The residual vaporizes into the air, or
deposit at the bottom of samples containers. The
findings of the present research are in line with the
results of other studies reporting high levels of metals
in dental wastewater [18, 29]. Based on water quality
in the city of Arak, the contribution of inlet water to
the contents of the metal of the wastewater is
negligible. Thus, the main source of Zn, Cu, Sn, Ag,
and Hg is the dental amalgam since they are major
elements of amalgam. The materials used in various
dental operations may be a possible source of other
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elements. There are also large variations in metals placement of non-amalgam fillings, teeth extraction,
concentrations among samples of various centers. This scaling, and polishing) used in each dentistry office
also may be attributed to different operations (e.g. [18, 30].

placement or extraction of amalgam fillings,
Table 4: Elemental analysis of wastewater generated in the surveyed general dentistry offices (No. of samples = 90)

Element | Min. (ug L") | Max. (ugL™) | Average (ugL?) | Standard deviation

Zn 1207.66 8351.20 3950.09 435.13

Cu 908.20 4690.00 2578.59 254.45

Hg 433.79 2706.00 1247.28 140.27

Fe 385.52 2401.00 1060.21 155.63

B 58.81 1616.61 538.36 125.25

Ba 81.76 2223.89 493.21 129.99

Sn 3.12 1148.00 300.91 75.54

Ag 77.79 292.60 156.56 14.50

Pb 30.88 418.64 108.32 25.38

Al 28.10 283.59 107.37 19.29

Mn 9.16 229.19 91.11 13.95

Cr 45.90 132.64 66.00 5.23

Co 3.79 10.88 6.48 0.45

As LTDL" LTDL LTDL -

Ni LTDL LTDL LTDL -

Be LTDL LTDL LTDL -

Cd LTDL LTDL LTDL -

\Y LTDL LTDL LTDL -

*LTDL: Lower than detection limit

Table 5 shows some other characteristics of dental For this reason, discharging the wastewater into the
wastewater including COD, BOD, TSS and pH. As sewers does not pose any additional loads to the
indicated, the quality of dental wastewater is similar to wastewater treatment plants.

municipal wastewater in terms of these parameters.
Table 5: Characteristic of dental wastewater generated in the surveyed general dentistry offices (No. of samples = 90)

Parameters Unit Min. | Max. Average | Standard deviation

BOD mgL? | 141 | 237 155,73 | 10.11

coDp mgL® | 430 | 570 45167 | 30.86

TSS mgL® | 136 | 227 147.40 | 10.21

pH - 586 | 7.14 6.70 0.08
Management activities waste. The Indian study conducted by Sudhakar and
Although the amount of dental solid waste is small in Chandrashekar [28] showed that many dentistry
comparison with municipal solid waste, it is necessary centers (35.7%) disposed of their dental solid waste
to manage it properly. Our findings (Table 6) indicated without segregation and disinfection into the
that there was no effective activity for solid waste municipal solid waste stream.
minimization, reuse, and recycling in the investigated Our findings also indicated that amalgam, mercury,
dentistry centers. Furthermore, management of sharps, unused film, lead foil of film packet, and chemical
potential infectious and other hazardous dental wastes solutions were disposed of without any specific

was not proper. These results are in accordance with
other similar studies [1, 31] reporting these items were
collected and disposed of along with the domestic-type

considerations. The amalgam contents of the removed
teeth and scrap amalgam need strict control programs
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[32]. On the other hand, amalgam may enter the
wastewater stream and increase the level of mercury
in it. Due to the hazardous nature of mercury, it was
globally regulated [33, 34]. In many countries, the
maximum permissible value for discharging mercury
into the publicly owned sewer system is below 50 pg
L [18, 35]. Therefore, several measures such as
application of sealed small capsules, the use of
amalgam filters or separators, and suitable
management of amalgam and other Hg-containing
wastes should be done by dentistry centers in order to
reduce the release of mercury into the environment.
The fixer that dentistry offices use to develop X-ray
was directly discharged into the sewer due mainly to
the lack of silver recovery units. Fixer solution should
not be simply disposed of down to the sewer. Silver
recovery unit should be used to recapture the silver and
then the de-silvered fixer solution can be mixed with
developer solution and water and discharge to the
sewer. Additionally, spent developer can be diluted
with water and then discharged into the sewer. Since
the undeveloped films consist of high amounts of
silver, it must be treated as a hazardous waste. Unused
film should be recycled rather than being placed into
the solid waste stream. Application of digital X-ray
units would remove the need for fixer solutions and X-
ray films. Developed film can be collected along with
the regular solid waste as it contains little amount of
silver. Lead foil packets and lead aprons should be
collected as toxic wastes in a special marked container
[23, 36].

Minimization, segregation, and recycling of dental
waste should be done especially for hazardous waste.
Application of less toxic or reusable materials and
equipment instead of the disposable ones result in
minimizing the generation of waste [37]. Prevention of
mixing various categories of dental solid waste has a
significant effect on the volume of dental hazardous
waste generated. Potential infectious waste should be
separated from other dental solid wastes and disposed
of after sterilization process. Sharp items should be
transferred to special thick wall containers and
sterilized [38]. One of the reasons for improper
management of health care waste is the lack of
knowledge regarding waste management programs
[39, 40]. Thus, it is suggested that a continuous
educational program be considered for motivating the
practice, knowledge, and awareness of the dentists
regarding dental waste management.

Table 6: Wastewater and solid waste management
conditions in the surveyed general dentistry offices
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Management activities Results

Implementing waste reduction 100%

programs

Implementing waste separation 100%

programs

Implementing waste recycling 100%

programs

Application of silver recovery units | 100%

Ap_pllcatlon of mercury recovery 100%

units

Amalgam recycling 100%

Film packet recycling 100%

Fixer solution recycling 100%
80% by safety box

Method of sharps management 20% by trash disposal
60% by oven

. L 20% by autoclave

Method of equipment sterilization 20% by chemical

solutions

CONCLUSIONS

The wastewater discharged from the surveyed
dentistry offices contained high levels of some metals.
Such wastewater should not be discharged to the
municipal sewer without suitable pretreatment.
Obviously, amalgam and other materials and tools
used in dental operations were the sources of these
metals in dental wastewater. On the other hand, the
solid waste generated in the dentistry offices included
various categories containing some infectious and
hazardous components. Each category of dental solid
waste should be collected and disposed of in
accordance with their related criteria.
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