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Introduction: Air pollution has become a problem in the city of Isfa-
han, Iran. Jewelry making workshops are one of the city’s sources of
pollutants. No studies had been yet conducted to determine the emis-
sion factor for Isfahan’s jewelry making workshops. The purpose of
this study was to determine the carbon monoxide emission factor ob-
tained from the Isfahan emission factor.

Materials and methods: In the first step, jewelry making workshops
were visited in Isfahan and it was found that the only source of carbon
monoxide was the use of an oxy-fuel welding system for melting gold.
In the second step, a pilot experiment determined the emission rate for
carbon monoxide. Then, the gas consumption was measured for the
oxy-fuel welding system. Next, the amount of carbon monoxide pro-
duced per cubic meter of consumed natural gas in an oxy-fuel welding
system was calculated.

Results: The results of this study showed that the carbon monoxide
emission factor for an oxy-fuel welding system is 0.0865 kg / kg of
consumed natural gas. Interviews with the managers of some of the
jewelry making workshops found that on average 22 kg of natural gas
is used per month by each of Isfahan’s jewelry making workshops.
Each month, each jewelry making workshop produces about 1499 kg
of carbon monoxide.

Conclusion: The emission factor introduced in this study can be used
to calculate the air pollutants emissions of jewelry making workshops
in Isfahan to find their share of Isfahan’s air pollution.

Introduction

human health, it is essential to control their re-

Nowadays, air pollution is one of the problems
of living in big cities [1]. Technological develop-
ment has led to the expansion of sources of air
pollutants and has increased concentrations of
various pollutants in urban areas’ atmospheres
[2]. Since many air pollutants are hazardous to

lease [3]. In order to control the emission of air
pollutants, all sources of contamination must be
identified and their emission rate of pollutants
should be determined [4-6]. One of the most
common ways of determining the rate of emis-
sion of pollutants from pollutant sources is the
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use of emission factors [7]. An emission factor is
a coefficient that is linked to a particular pollutant
and, if multiplied by the activity, the emission rate
of pollutant is obtained [8]. The use of emission
factors to estimate the rate of emissions of air the
pollutants in the atmosphere is fast and reliable
[9]. Among of thousands of airborne compounds,
five compounds-carbon monoxide, nitrogen ox-
ides, sulfur oxides, volatile organic compounds
and suspended particles-have been selected as
air pollutants indicators [8, 10]. Although many
studies have been conducted by international or-
ganizations such as the US Environmental Pro-
tection Agency and the European Environment
Organization to introduce air pollutants emis-
sion factors, it is important to determine the local
emission factors due to the different technologi-
cal levels used to process in factories in different
countries [11].

Carbon monoxide, with the chemical formula of
CO, molecular weight of 28.01, melting point of
207 °C and boiling point of 192 °C, is a colorless,
odorless gas that results from incomplete com-
bustion of coal and fossil fuels [8]. The natural
concentration of carbon monoxide in ambient air
is 0.01 to 0.2 ppm (volumetric). Concentration
of carbon monoxide in the atmosphere of urban
areas is usually less than 17 ppm, but the con-
centration of carbon monoxide during heavy traf-
fic in some areas of Tehran, the capital of Iran,
has been detected up to 50 ppm or even more for
short-term periods [8]. The concentration of car-
bon monoxide in indoor environments of particu-
lar workshops has been reported up to 100 ppm.
Carbon monoxide has many negative effects on
human health, such as effects on the human car-
diovascular system, neurological behaviors, fibri-
nolysis and fetuses [9]. Therefore, controlling its
concentration in the air is very important [12].
The city of Isfahan is one of Iran’s major cities

that is exposed to air pollution [13]. The use of
hundreds of thousands of cars in Isfahan has led
to the production of a large amount of pollut-
ants in the city [14]. Isfahan is also an industrial
city with thousands of factories. These factories
could emit pollutants in the atmosphere. In order
to control the air pollution of this city, it is es-
sential to produce an emission inventory of air
pollutants [15]. Jewelry making workshops are
one of the industries that have expanded rapidly
in Isfahan. There are dozens of jewelry making
workshops in Isfahan suspected of releasing air
pollutants. Calculation of the emission rate of
pollutants emitted by the workshops is the first
step in calculating their share of Isfahan’s air pol-
lution. Unfortunately, to date no emission factor
has been created for the Isfahan jewelry making
workshops. Therefore, it is imperative to calcu-
late the emission rate of these workshops. Al-
though many studies have already been carried
out on the introduction of emission factors for
different air pollutant sources, there has not been
any study on the emission factor of jewelry mak-
ing workshops. The purpose of this study was to
introduce a carbon monoxide emission factor for
jewelry making workshops in Isfahan. This emis-
sion factor was determined by experiments on the
technology used in these workshops.

Materials and methods

In the first step of this study, one of the jewelry
making workshops in Isfahan was visited. The
visit revealed that the only source of carbon mon-
oxide emission in jewelry making workshops is
an oxy-fuel welding system used for melting gold.
In the oxy-fuel welding system, the fuel, which is
usually natural gas, burns with pure oxygen that
produces intense heat. This high heat melts gold.
Because there is sufficient oxygen in an oxy-fuel
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welding system, the amount of pollutant emis-
sions is lower than in other burning methods.

An experiment was carried out to determine the
emission factor of carbon monoxide in the oxy-
fuel welding system. In this system, a torch was
placed in a chimney, which had a diameter of
0.15 m (Fig. 1). The carbon dioxide concentra-
tion was then measured using a digital detector
(KIMO CO 110). Air velocity was determined in
the chimney using a digital speedometer (PRO-
VA AVM-07). In the next step (see Eq. (1)), the
carbon monoxide emission rate was determined.
Then, the oxygen gas of the oxy-fuel welding
system was cut off so that only natural gas was
burned this system. Next, the natural gas flow
rate was measured. Finally, the emission factor
was calculated using Eq. (2). With the aid of in-
terviews conducted with managers of some of the
jewelry making workshops, gas consumption per

month was identified for 2018.
D2 (1)

ER=|v xZ—|xc
- 4

Where ER is emission rate of carbon monoxide
inmg / m’, V is gas velocity in chimney in m /s,
D is diameter of chimney in m and C is the con-
centration of carbon monoxide in the chimney in
mg/ m’.

ER

EF (2)

QN atural gas

Where EF is the emission factor in mg / kg con-

is the mass flow

sumed natural gas and Q ...

rate of natural gas in kg / s.

Results and discussion
The results of the experiments showed that the
mass flow rate of consumed natural gas was kg/s.

The concentration of carbon monoxide in chimney
was measured when the oxy-fuel welding system
was turned on. The concentration of carbon mon-
oxide measured in the chimney was 48.9 mg / m’.
The air velocity in the chimney was measured at
0.65 m / s. The calculations showed that the car-
bon monoxide emission rate was 0.5269 mg / s.
It was also found that the carbon monoxide emis-
sion factor while operating the oxy-fuel welding
system was 0.0852 kg / kg consumed natural gas.
By conducting interviews with the managers of
some of the jewelry making workshops, it was
found that on average 22 kg of natural gas were
used per month. The calculation showed that each
jewelry workshop in Isfahan emitted about 1.87 kg
of carbon monoxide per month in 2018. It is esti-
mated that nearly 800 active jewelry workshop is
in Isfahan in 2018. It means that 1499 kg carbon
monoxide is emitted in Isfahan’s atmosphere each
month. The calculations revealed that approxi-
mately 17994 kg carbon monoxide is annually
emitted into the atmosphere by Isfahan’s jewelry
making workshops.
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Fig. 1. Schematic of the experimental instrument
used to determine carbon monoxide emitted from the
oxy-fuel welding system.
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Conclusion

In this study, the carbon monoxide emission fac-
tor was investigated in jewelry maker workshops.
The carbon monoxide emission factor for these
workshops was 0.0852 kg / kg consumed natural
gas. The introduced emission factor in this study
can be used to calculate the air pollutants emission
inventory of jewelry making workshops in Isfa-
han to find their share Isfahan’s air pollution. It is
suggested that in future studies the exact position
of Isfahan jewelry making workshops were deter-
mined. Then the distribution of this pollutant can
be modeled to understand which areas in Isfahan
are affected by emissions from these workshops.
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