
ABSTRACT

The Minamata Convention on Mercury entered into 
force on August 16, 2017. It requires Parties to the 
Convention to control and, where feasible, reduce 
mercury emissions from the listed sources. To imple
ment the Convention, Japan amended the Air Pollu
tion Control Law and added clauses that force oper
ators to control their mercury emissions below emis
sion limit values (ELVs). The ELVs have been estab
lished separately for new and existing sources, tar
geting the source categories listed in the Convention: 
coalfired boilers, smelting and roasting processes 
used in the production of nonferrous metals (lead, 
zinc, copper and industrial gold), waste incineration 
facilities and cement clinker production facilities. The 
factors used to establish the ELVs include the present 
state of mercury emissions from the targeted cate
gories as well as the mercury content in fuels and 
materials, best available techniques (BATs) and best 
environmental practices (BEPs) to control and reduce 
mercury emissions and ELVs or equivalent standards 
to control mercury emissions in other countries. In 
this regard, extensive data on mercury emissions 
from flue gas and the mercury content of fuels and 
materials were collected and analyzed. The estab
lished ELVs range from 8 μg/Nm3 for new coalfired 
boilers to 400 μg/Nm3 for existing secondary smelting 
processes used in the production of copper, lead and 
zinc. This paper illustrates the ELVs for the targeted 
source categories, explaining the rationales and ap
proaches used to set the values. The amended Law 
is to be enforced on April 1, 2018. From future per
spectives, checks of the material flow of mercury, 
following up on the state of compliance, review of 
the ELVs and of the measurement and monitoring 
methods have been noted as important issues.

Key words: Mercury, Minamata Convention, Emis
sion limit value, Best available techniques (BATs), 
Best environmental practices (BEPs)

1. INTRODUCTION
The Minamata Convention on Mercury (2013, here

inafter called “The Convention”) entered into force on 
August 16, 2017. As of February 1, 2018, 88 countries 
and regions, including Japan, ratified the Convention, 
which aims to protect human health and the environ
ment from anthropogenic emissions and releases of 
elemental mercury and mercury compounds (hereinaf
ter called “mercury”). The entry into force of the Con
vention, therefore, is a historic step for the internation
al community in tackling mercury pollution in a con
certed manner. As the country that experienced Mina
mata disease, Japan is committed to fulfilling its res
ponsibility under the Convention.

To achieve its objective, the Convention stipulates a 
number of measures to reduce anthropogenic emis
sions and releases of mercury. Among the provisions, 
Article 8 of the Convention requires Parties to control 
and, where feasible, reduce total mercury emissions to 
the atmosphere by, for example, setting emission limit 
values (ELVs). In response to this requirement, Japan 
amended the Air Pollution Control Law (1967, herein
after called “APCL”), which is the fundamental basis 
for protecting the atmosphere in Japan. Then, based on 
the amended APCL, Japan established ELVs for mer
cury from the point sources listed in the Convention. A 
series of considerations on setting ELVs was given by 
the Central Environment Council (2016), which is the 
advisory body to the Ministry of the Environment, 
Government of Japan (MOEJ).

This feature article describes Japan’s ELVs on mer
cury in detail, focusing on the approach and rationale. 
The article consists of six chapters. Following the 
introduction section, the second chapter gives a sum
mary of the APCL and its amendment to involve regu
lation of mercury emissions. The third chapter throws 
light on the concentration of total mercury in fuels and 
materials as well as that in flue gas. These data formed 
the basis for setting ELVs. The fourth chapter illustrates 
the ELVs for mercury from the targeted sources, giv
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ing an explanation on the approach and rationale. The 
fifth chapter provides future perspectives, followed by 
the last chapter, conclusions.

2. AMENDMENT OF THE AIR 
POLLUTION CONTROL LAW

In Japan, the APCL is the central pillar for protecting 
human health and the ecosystem from air pollution. 
The APCL was established in 1967 to tackle serious 
air pollution during a period of high economic growth 
in Japan and has been amended several times. It con
trols emissions of air pollutants, such as sulfur oxides 
and nitrogen oxides, by using regulatory measures, 
including setting ELVs on stationary and mobile sour
ces and developing total emission control programs for 
specific areas. The APCL has contributed significantly 
to improving air quality in Japan.

In regard to ratifying an international treaty in Japan, 
domestic laws and regulations must be prepared to 
comply with the requirements of the treaty. According
ly, amendment of the APCL was discussed to fulfill 
the stipulations under the Convention. Article 8 of the 
Convention requires Parties to use the best available 
techniques (BATs) and best environmental practices 

(BEPs) in order to control and, where feasible, reduce 
emissions for new sources by, for example, setting 
ELVs that are consistent with the application of BATs. 
For existing sources, the Article stipulates that Parties 

shall implement one or more of the following mea
sures: a quantified goal, ELVs, use of BATs and BEPs, 
a multipollutant strategy and alternative measures. 
The argument in the discussion was how to reflect the 
requirements of the Convention in the amendments to 
the APCL.

In this regard, the mercury concentrations in the 
atmosphere were checked. The MOEJ monitors hazar
dous substances, including mercury, in the atmosphere 
on an annual basis at over 200 nationwide sites and 
releases the results. Fig. 1 shows the trend of the mer
cury concentrations in the atmosphere based on the 
latest MOEJ release (2017).

In Japan, the guiding criterion of atmospheric mer
cury concentrations is set at 40 ng/m3 (yearly average) 
from the viewpoint of minimizing environmental risks 
to human health. While mercury had not been regulat
ed under the APCL and other laws, the concentrations 
of mercury in the atmosphere have been below this 
criterion since it was established in Fiscal Year (FY) 
2003 (from April 1, 2003 to March 31, 2004). In FY 
2015, the average and maximum concentrations of 
atmospheric mercury monitored at 262 sites were 1.9 
and 3.7 ng/m3.

Hence, the amendment was drafted to regulate mer
cury emissions from flue gas with the aim of reducing 
global mercury emissions rather than avoiding direct 
risks to human health by inhalation. In line with this 
policy approach, clauses for the regulation of mercury 
in the APCL were drafted separately from others pre

Fig. 1. Trend of total mercury concentrations in the atmosphere.
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scribing control of traditional air pollutants. As a count
ermeasure to reduce mercury emissions, establishment 
of ELVs for both new and existing sources were pro
posed.

The next question was which sources should be reg
ulated under the amended APCL. The Convention lists 
the following point sources that are targeted: coalfired 
power plants, coalfired industrial boilers, smelting 
and roasting processes used in the production of non
ferrous metals (copper, zinc, lead, industrial gold), waste 
incineration facilities, and cement clinker production 
facilities. Fig. 2 illustrates mercury emissions by source 
category in Japan in FY2014. The total emissions are 
17 tons per year. The largest source category is that of 
the cement clinker production facilities (5.5 tons/year), 
followed by waste incineration facilities (5.4 tons/year). 
Artisanal and smallscale gold mining and processing, 
the largest emission source at the global level, does 
not exist in Japan. The sum of the emissions from the 
source categories listed in the Convention accounts for 
81% of the total annual emissions. Accordingly, these 
categories were proposed to be targeted.

As shown in Fig. 2, iron and steel production faciliti
es are the thirdlargest source category in Japan, while 
they are not listed in the Convention. Therefore, the 
proposed amendment of the APCL designated these 
facilities as “facilities subject to mercury emission con

trol.” This designation urges operators of these facili
ties to control their emissions by, for example, setting 
voluntary ELVs.

After a series of discussions on the above points, the 
amendment of the APCL was finally approved by the 
National Diet in June 2015. By this amendment, a 
legal framework to control mercury emissions was 
created.

3. MONITORING DATA ON MERCURY
Following the amendment of the APCL, the MOEJ 

started work on setting ELVs for mercury emissions 
from the targeted sources. To set the ELVs, extensive 
data were collected and analyzed, including the mer
cury content in fuels and materials as well as that in 
the flue gas emitted from the targeted sources. This 
chapter throws light on the data, which are compiled 
in the report of the Central Environmental Council 

(2016).

3. 1  Mercury Content in Fuels and Materials
The mercury content in fuels and materials varies 

depending on the type. The variation of the mercury 
content significantly affects the concentration of total 
mercury in the flue gas. In particular, mercury con

Fig. 2. Mercury emissions by source category in Japan (FY2014).
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tained in recyclable resources and waste is critical to 
control mercury emissions in Japan. This is because 
Japan is attempting to establish a circular economy, 
which reuses and recycles a variety of waste as much 
as possible, to overcome the lack of natural resources.

The MOEJ monitored the mercury content in fuels 
and materials in 2015 as well as the mercury emissions 
from flue gas. The method used to measure the mercu
ry content in fuels and materials was based mainly on 
the bottomsediment measurement method established 
by the MOEJ (2012). The MOEJ also collected data on 
mercury content, which operators of sources voluntari

ly monitored. Table 1 shows the obtained data for the 
mercury content in fuels and materials that had three 
or more samples.

As shown in Table 1, the mercury content in coal 
was relatively low. This is probably because coalfired 
power plants in Japan usually use coal with low sulfur 
for controlling sulfur oxides, where cinnabar (HgS) is 
one of the states of mercury present in coal. With regard 
to the types of coal, power plants in Japan mainly use 
bituminous coal (80% of total), followed by subbitu
minous coal (7%) and anthracite (5%). In addition, 
coalfired boilers burn a mix of secondary fuels such 

Table 1. Mercury concentrations in fuels and materials.

Source category Type of fuels and materials Number of 
samples

Mercury concentration 

(mg/kg)

Coalfired power plants/
Coalfired industrial boilers

Coal
Scrap wood
Scrap tire/rubber
Scrap plastic
Refuse paper and plastic fuel
Pulp and paper mill sludge
Sludge

863
16
10

8
15
10

4

0.0010.62 (0.038)
0.0040.176 (0.049)
0.0040.016 (0.008)
<0.0010.28 (0.079)

0.0170.32 (0.098)
0.010.1 (0.040)

0.0180.19 (0.085)

Smelting and roasting 
processes used in the 
production of nonferrous 
metals

Copper concentrate
Crude ore
Sulfide ore
Dross
Crude zinc oxide
Filter dust
Scrubber sludge
Electronic waste
Coke
Silica stone
Coal

3
12

4
8
3
3
3
3
8
3
7

0.671.8 (1.1)
0.1112 (41)
5.813 (8.8)

560 (24)
0.167.3 (3.3)

12 (1.4)
515.5 (8.5)

0.0060.3 (0.135)
<0.0050.35 (0.10)

<11.8 (0.93)
<0.10.5 (0.19)

Waste incineration facilities

Industrial waste
Sludge (excluding sewage sludge)
Sewage sludge
Waste oil
Acid waste or alkali waste
Scrap plastic
Scrap metal
Scrap paper
Scrap wood from demolition
Scrap wood (mixed)
Industrial waste (mixed)
Municipal waste
Municipal waste

25
36
22

3
9
4
3
3
8

33

10

<0.0051 (0.24)
<0.023.6 (0.793)

<0.00050.1 (0.025)
<0.00050.014 (0.007)
<0.0010.23 (0.107)
0.0010.069 (0.026)
0.0180.074 (0.041)
<0.010.05 (0.033)
<0.010.3 (0.071)
<0.001410 (12.7)

0.0190.56 (0.219)

Cement clinker production 
facilities

Limestone
Silica stone
Ferrous materials
Coal ash
Sludge or clay
Construction surplus soil
Filter dust
Coal

13
8
5

12
10

4
3

14

0.0090.055 (0.022)
0.0070.17 (0.077)

0.024.2 (1.110)
0.0750.4 (0.228)

<0.0051.3 (0.202)
0.320.42 (0.375)

0.277.8 (3.157)
0.0150.91 (0.121)

*The number in parentheses in the Mercury concentration column represents the average of the mercury concentration.
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as scraps of material and sludge. The mercury content 
in these secondary fuels was mostly higher than that in 
coal, although it was relatively lower than that in the 
wastes burned in waste incineration facilities.

There are two types of the smelting processes used 
in the production of nonferrous metals by the materi
als entering the processes: primary smelting and sec
ondary smelting. Primary smelting has been defined as 
those smelting operations using mainly ore and con
centrate as materials (the percentage of ore and concen
trate in the total weight of materials is 50% or more); 
secondary smelting, not meaning operations subse
quent to primary smelting, uses mainly recyclable 
resources such as dross and sludge (the percentage of 
ore and concentrate is less than 50%). From the results 
of monitoring, crude ore showed a wide range of mer
cury content. According to the Japan Mining Industry 
Association (2015), in primary smelting, different con
centrates are blended to make the mercury content 1 

mgHg/kg for copper concentrate and 1040 mgHg/kg 
for zinc and lead concentrates. The recyclable resourc
es used in secondary smelting showed a relatively 
higher mercury content than waste burned in waste 
incineration facilities.

The mercury content in waste varies widely and is 
affected by the extent of mercury mixing. In the moni
toring results, mixed industrial waste recorded 410 mg/
kg at the maximum, while the minimum was below 
the detection limit. Scrap paper and wood probably 
contain mercury because of mercurycontaining paint. 
The mercury content in municipal waste was relatively 
low. This is partly because used mercurycontaining 
products (e.g., thermometers, batteries, electric lighting) 
are collected and treated separately in many munici
palities in Japan.

Cement clinker production facilities use not only 
limestone but also various recyclable resources as 
materials. In Japan, the proportion of recyclable re 
sources tends to be higher than in other countries. In 
the monitoring results, these recyclable resources show
ed a higher mercury content than limestone.

3. 2    Measurement of Mercury Emissions 
from Flue Gas

The MOEJ measured mercury emissions from the 
targeted sources in 2015. The measurement method 

(hereinafter called the “MOEJ method”) is a modifica
tion of the Japanese Industrial Standard (JIS) K0222 
Article 4(1) (wet absorption and cold vapor atomic 
absorption method) for gaseous mercury (1981). The 
MOEJ method has increased the sampling duration by 
a factor of five. This provides steadystate results as 
well as increasing the mercury in the total sample mass 
above the detection limit. The MOEJ method also 

measures particlebound mercury, calculating the sum 
of gaseous and particlebound mercury. Furthermore, 
the MOEJ method applies oxygen corrections to the 
concentration of mercury emissions from coalfired 
boilers, waste incineration facilities and cement clinker 
production facilities. The oxygen correction is made 
with the following equation:

        21-OnC = ------------× Cs        21-Os

Where:

C =  Concentration adjusted to On at standard refer
ence condition (μg/Nm3)

On = Oxygen reference value (%)
Os = Measured oxygen value (%)
Cs = Measured concentration (μg/Nm3)

The standard reference condition is 273 K, 1 atm. The 
oxygen reference values for coalfired boilers, waste 
incineration facilities and cement clinker production 
facilities are 6, 10, and 12%, respectively. If the mea
sured oxygen value exceeds 20%, Os is set at 20%.

In addition to the measurement results of the MOEJ 
method, facility operators provided results of mercury 
concentrations which were voluntarily measured main
ly based on the JIS method (hereinafter called “other 
methods”). Table 2 shows the results of mercury emis
sions from the targeted sources measured by the MOEJ 
method and other methods.

The Convention classifies coalfired power plants 
and coalfired industrial boilers into different catego
ries. In Japan, however, coalfired industrial boilers are 
often used for inhouse electricity generation, making 
it hard to draw a line between them. Hence, coalfired 
power plants and coalfired industrial boilers have been 
put into one category.

In the measurement results, the concentrations of 
mercury emissions from coalfired boilers were lower 
than those from other sources. This would be because 
air pollution control systems, which are equipped to 
control traditional air pollutants, also have the capacity 
to capture mercury from the combustion of fuels and 
materials. All 76 facilities surveyed by the MOEJ me 
thod installed electrostatic precipitation (ESP) or bag 
filters. Of these, 32 facilities installed a combination 
of equipment for desulfurization, denitrification and 
dust particle removal.

With regard to the units used to measure hourly heat 
input, the liter of fuel oil equivalent (Lfoe) is commonly 
used in Japan. One Lfoe is equivalent to 1.6 kg of coal. 
In the measurement survey, almost all the coalfired 
boilers for which the hourly heat input exceeded 
100,000 Lfoe used only coal as fuel. The averaged con
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centrations of mercury emissions from smallscale 
coalfired boilers with secondary fuels were higher 
than those from other coalfired boilers.

Regarding the primary smelting processes, approxi
mately 60% of the facilities surveyed by the MOEJ 
method installed a combination of gascleaning equip
ment that included sulfuric acid plants. Mercury emis
sions from the facilities for the production of copper 
were lower than those for the production of zinc. The 
maximum mercury concentrations from zinc smelting 
processes were 39 μg/Nm3 (MOEJ method) and 150 

μg/Nm3 (other methods). These values seem peculiar 
because the particlebound mercury concentration of 
the sample exceeded the gaseous one. In Japan, there 
is only one primary smelting facility each for the pro
duction of lead and of industrial gold. Mercury emis
sions from these facilities are reportedly below 20 μg/
Nm3.

The mercury emissions from secondary smelting 
processes vary greatly, owing to the fluctuation of the 
mercury content of the input materials. With regard to 
secondary smelting facilities surveyed by the MOEJ 
method, the maximum concentrations of emissions 
from copper, zinc and lead smelting processes were 
360, 1100 and 2300 μg/Nm3, respectively. On the other 
hand, the median concentrations for copper, zinc and 
lead were 11.3, 15 and 1.6 μg/Nm3, respectively. Fur
thermore, 60% or more of the data on mercury emis
sions from those facilities were below 30 μg/Nm3. 

Accordingly, more than half of the facilities seemed to 
control mercury emissions. All the secondary smelting 
facilities surveyed by the MOEJ method installed 
equipment either for dust particle removal (e.g., bag 
filters) or for gas cleaning.

Waste incineration facilities are classified into indus
trial waste incinerators, municipal waste incinerators 
and sewage sludge incinerators. In the measurement 
survey, there was no considerable difference in the 
mercury emissions among those incinerators.

In the subcategory of industrial waste incinerators, 
the maximum concentration surveyed by the MOEJ 
method was 380 μg/Nm3. Still, approximately 80% of 
the measured concentrations were below 10 μg/Nm3. 
Many of the industrial waste incinerators installed 
either bag filters or wet scrubbers or both to control air 
pollutants. Mercury emissions from medical waste 
incinerators (number of samples: 23) were <0.249 

μg/Nm3 (average 21 μg/Nm3), showing no significant 
difference from other industrial waste incinerators. 
Mercury emissions from mercury recovery facilities 

(number of samples: 17) were higher than those from 
other industrial waste incinerators, with results of 12 
200 μg/Nm3 (average 84 μg/Nm3).

More than 60% of the mercury emissions from the 
municipal waste incinerators surveyed by the MOEJ 
method were below 10 μg/Nm3. Many of those facili
ties installed the combination of bag filters with acti
vated carbon or with slaked lime injection in order to 

Table 2. Mercury emission level by source category.

Source category Subcategory
MOEJ method Other methods

Number of 
samplesa

Mercury emission 
level [μg/Nm3]b

Number of 
samplesa

Mercury emission 
level [μg/Nm3]b

Coalfired power plants,  
Coalfired industrial boilers

Coalfired power plants,  
Coalfired industrial boilers 51 (31) <0.14.4 (1.2) 517 (65) <0.113 (1.2)

Smallscale coalfired boiler  
with secondary fuels 87 (44) <0.116 (1.9) 48 (22) <0.16.2 (1.3)

Smelting and roasting processes 

(Primary) Production of Copper 28 (10) <0.11.2 (0.5) 29 (2) <0.118 (2.4)
Zinc 20 (4) <0.139 (9.4) 27 (3) 0.4150 (26)

Smelting and roasting processes 

(Secondary) Production of 

Copper 23 (5) <0.1360 (66) 7 (3) 33710 (370)
Zinc 49 (12) <0.11100 (90) 48 (5) 0.51600 (280)
Lead 36 (7) <0.12300 (290) 10 (3) 1.82000 (560)
Industrial gold 6 (2) <0.111 (2.0) 1 (1) 430c

Waste incineration facilities
Industrial waste incinerator 350 (100) <0.1380 (8.7) 161 (85) <0.01300 (23)
Municipal waste incinerator 64 (18) <0.1130 (17) 9 (4) 0.554 (11.1)
Sewage sludge incinerator 33 (12) <0.0258 (11) 40 (25) <0.0143 (9.9)

Cement clinker production facilities Cement kiln 98 (49) 0.9260 (46) 280 (51) 0.2220 (39)
aThe number in parenthesis in the Number of samples column represents the number of facilities.
bThe number in parenthesis in the Mercury emission level column represents the average of the mercury concentration.
cThis facility for industrial gold produced copper as well.
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control air pollutants. There was no distinct correlation 
between incineration capacity and mercury emissions 
or between the years of operation and mercury emis
sions.

Mercury emissions from sewage sludge incinerators 
varied less than those from industrial or municipal 
waste incinerators because the materials burned were 
relatively homogeneous. Many of those facilities in 
stalled bag filters or ESPs in combination with scrub
bers. Facilities with larger combustion capacity or 
with fewer years of operation tended to emit less mer
cury.

Mercury emissions from the cement clinker produc
tion facilities surveyed by the MOEJ method had a 
maximum of 260 μg/Nm3, while 75% of the data were 
below 50 μg/Nm3. All the facilities installed bag filters 
or ESPs to control air pollutants. The greater the mer
cury content in the limestone, the greater the mercury 
emissions measured. Mercury emissions from cement 
clinker production facilities in Japan are likely to be 
larger than those in other countries. This is because in 
Japan, those facilities use a high proportion of recycla
ble resources, operate without dust shuttling, and cir
culate cement kiln dust in the kilns.

4. EMISSION LIMIT VALUES ON 
MERCURY EMISSIONS

This chapter illustrates the ELVs for mercury emis
sions from the targeted source categories. It has been 
assumed that the regulation aims at controlling mercu
ry emissions under normal operating conditions, while 
the emissions vary owing to the mercury content in 
fuels and materials. Based on this assumption, the ELVs 
have been established, taking into consideration the 
following three points. The first point is the present 
state of mercury emissions from the source categories 
as well as the mercury content in the fuels and materi
als, which are described in the previous chapter. The 
second point is the use of the best available techniques 

(BATs) and best environmental practices (BEPs) to 
control and reduce mercury emissions, in accordance 
with paragraph 4 of Article 8 in the Convention. For 
this purpose, the draft guidance on BATs/BEPs (UNEP, 
2015) has been used as a reference. The third point is 
consideration of the ELVs or equivalent standards used 
to control mercury emissions in other countries. For 
instance, the United States of America and the Europe
an Union have established or proposed their ELVs (for 
example USA Federal Register (2015) and European 
Commission (2013)). The present state of mercury 
emissions in Japan was compared to those values. It 
should be noted that the values of standards differ ow 

ing to several factors including the targeted duration 

(e.g., daily average or yearly average) and the moni
toring method.

ELVs have been established separately for new and 
existing sources, in line with the Convention. New 
sources can install the latest BATs economically, lead
ing to stricter ELVs than existing sources. However, 
existing sources are regarded as new ones when the 
sources are modified by more than 50% of their scale. 
Facilities for multiple purposes (e.g., coalfired boilers 
to incinerate waste as a secondary fuel) are classified 
according to their main purpose.

Table 3 shows the ELVs for the targeted source cate
gories in connection with the targeted scale and assum
ed BATs. Operators of the facilities are obliged to con
trol mercury emissions below the ELVs applied. The 
regulation is to be put in place on April 1, 2018.

Paragraph 2(b) of Article 8 in the Convention allows 
Parties to establish criteria to identify the sources cov
ered within a source category so long as those criteria 
for any category include at least 75% of the emissions 
from the category. In Japan, the sources under the mer
cury control regulation are already covered by the 
APCL or other legislation. To identify the targeted 
capacity of sources for mercury regulation, the same 
criteria as those for controlling traditional air pollutants 
are applied. It is estimated that those criteria for each 
category include more than 98% of the emissions from 
the category. Using the same criteria will reduce admin
istrative costs and ease the burden on operators.

The unit for an ELV is expressed as micrograms of 
mercury per cubic meters under standard condition 

(273 K, 1 atm) or μg/Nm3. As in the MOEJ method 
described in the previous chapter, oxygen corrections 
are applied to measured values of mercury emissions 
from coalfired boilers, waste incineration facilities 
and cement clinker production facilities.

Coalfired power plants and coalfired industrial 
boilers are classified into one category of “coalfired 
boilers.” The ELVs of these facilities are lower than 
those of others because they are equipped with air pol
lution control systems that remove not only traditional 
air pollutants but also mercury from the flue gas. Higher 
ELVs have been established for smallscale coalfired 
boilers with secondary fuels, for which the hourly heat 
input is below 100,000 Lfoe, owing to variable mercury 
content in the fuels. While integrated coalgasification 
combined cycle (IGCC) plants are included in coal
fired power plants, there is only one such plant in 
operation in Japan, providing few data on its mercury 
emissions. Accordingly, ELVs for IGCC plants have 
been regarded as one of the issues to be considered in 
the future.

In the category of smelting and roasting processes 
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used in the production of nonferrous metals, separate 
ELVs have been established for primary and secondary 
smelting. The ELVs for the former have been estab
lished lower than those for the latter because of the 
low mercury content in materials fed into the process. 
In primary smelting, ELVs for the production of copper 
and industrial gold have been established lower than 
those of lead and zinc, reflecting the difference in mer
cury emissions from the flue gas. In secondary smelt
ing, ELVs for the production of copper, lead and zinc 
have been established higher than those for industrial 
gold. The best available techniques for primary and 
secondary smelting have been assumed corresponding 
to the level of mercury impurities in the input materials.

Among waste incineration facilities, there is no con
siderable difference in mercury emissions from indus
trial waste, municipal waste and sewage sludge incin
erators. Hence, the same ELVs have been established 
for those incinerators. However, different ELVs have 
been established for waste incinerators that burn indus
trial waste (or recyclable resources) with high mercury 
impurities, for example mercury recovery facilities, 
because of the peculiarity of the sources.

With regard to cement clinker production facilities, 
the BATs for new facilities have assumed multiple 
techniques in the draft guidance on BATs/BEPs. Those 
techniques include careful selection and control of raw 
materials and fuels, dust shuttling and collecting the 
dust instead of returning it to the raw feed, and instal
lation of air pollution control devices such as wet 
scrubbers. The BATs for existing facilities are the sel
ection of materials and fuels with low mercury content. 
Still, there are cases where facilities have no option 
but to use local limestone deposits with high mercury 
content. In those cases, 140 μg/Nm3 is used as the ELV 
for existing facilities instead of 80 μg/Nm3.

Operators of the targeted sources are required to peri
odically monitor gaseous and particlebound mercury 
emissions in the flue gas based on the MOEJ method. 
A sample of the flue gas is collected manually. The 
required frequency of monitoring for a facility operat
ing throughout the year is three times per year when 
the flue gas volume is equal to or greater than 40,000 

Nm3/hr and twice per year when it is below 40,000 

Nm3/hr. The procedure to verify compliance with the 
ELVs is unique. If the monitored value is over the ELV 
applied, operators are forced to additionally monitor 
mercury emissions three times or more within 30 days. 
Out of the four or more monitored values in total, the 
maximum and minimum values are removed, and the 
average of the remainder is calculated. Then, compli
ance is verified if this average is below the applied ELV. 
If the average is over the ELV applied, local authorities 
can urge the operators to improve their operation.

5. FUTURE PERSPECTIVES
With the aim of implementing the Convention, Japan 

has introduced a regulation to reduce mercury emis
sions. This is a historymaking step in the history of 
the APCL. As the regulation is brandnew, it is impor
tant to review progress of the implementation and 
improve the regulation if necessary. From such future 
perspectives, the following four points are essential.

First, it should be recognized that the aim of the 
Convention is to reduce the total amount of mercury 
emitted and released to the environment. Therefore, it 
is less meaningful that mercury removed from the flue 
gas merely shifts to other environmental media such as 
water and soil. Hence, it is necessary to keep an eye on 
the material flow of mercury in Japan and check the 
amount of mercury moving to the environment. If 
mercury reduction is not achieved, additional mea
sures should be considered.

Second, it is essential to follow the state of compli
ance with this new regulation. If compliance is not 
ensured as a whole, it is critical to analyze the cause 
and consider improvements. In particular, Japan is 
advancing to a circular economy by recycling and 
reusing waste. Specifically, secondary smelting and 
cement clinker production facilities use considerable 
amounts of recyclable resources with mercury impuri
ties. Accordingly, achievement of both a reduction in 
mercury emissions and promotion of a circular econo
my should be pursued.

Third, it is indispensable to review the ELVs them
selves. The ELVs have been established based on ass
umed BATs, which will continuously evolve. Reflec
tion of the evolution into ELVs will be desirable. Fur
thermore, addition of the IGCC to the targeted sources 
will be considered if sufficient data on its mercury 
emissions are obtained.

Lastly, the measurement and monitoring method 
should be reviewed as well, taking into consideration 
the progress of the monitoring methodologies and the 
burden on the operators.

6. CONCLUSIONS
To implement the stipulations of the Convention, 

Japan amended the APCL and has introduced a new 
regulation to reduce mercury emissions from the target
ed sources. This regulation requires operators to com
ply with the ELVs for mercury emissions. The ELVs 
have been established based on the assumed BATs, 
taking into consideration the mercury content in fuels 
and materials and current mercury emissions from the 
sources.
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Mercury content in recyclable resources and waste 
vary widely because they include mercury as impuri
ties. This variation affects the mercury emissions from 
the sources that use those resources, including second
ary smelting processes, waste incinerators and cement 
clinker production facilities. On the other hand, air 
pollution control systems to reduce traditional air pol
lutants contribute to the reduction of mercury emissions 
as well. These facts have been reflected in the ELVs 
for mercury emissions.

In response to the entry into force of the Convention, 
the international community is taking a significant step 
to control and, where feasible, reduce mercury emis
sions. As a Party to the Convention, Japan is commit
ted to reducing mercury emissions from the targeted 
sources. The establishment of the ELVs is the center
piece to fulfill this commitment.

ACKNOWLEDGEMENT
The authors would like to express thanks to Prof. 

Kazuhiko Sakamoto, Prof. Masaki Takaoka, Prof. 
Hiroshi Moritomi and the members of the flue gas 
standard committee in the Central Environment Coun
cil for their valuable advice. The authors also acknow
ledge Ms. Tomoko Nagahama and Ms. Misako Eda for 
their excellent work in setting the ELVs.

REFERENCES
Air Pollution Control Law (1967) (in Japanese).
Central Environment Council (2016) the first report on 

implementation of mercury emission control based on 
the Minamata Convention on Mercury (in Japanese).

European Commission (2013) Best Available Techniques 

(BAT) Reference Document for the Large Combustion 
Plants Draft 1 (Working Draft in Progress).

Japan Mining Industry Association (2015) Response to 
hearing by the Ministry of the Environment.

Japanese Industrial Standards (JIS) (1981) JIS K0222 
Methods for determination of mercury in stack gas (in 
Japanese).

Minamata Convention on Mercury (2013).
Ministry of the Environment, Japan (MOEJ) (2016) Bot

tom sediment measurement method (in Japanese).
MOEJ (2017) Report on monitoring results of hazardous 

substances in the atmosphere (in Japanese).
United Nations Environmental Programme (UNEP) (2015) 

the draft guidance on best available techniques and 
best environmental practices.

United States of America Federal Register (2015) National 
Emission Standards for Hazardous Air Pollutants From 
Coal and OilFired Electric Utility Steam Generating 
Units and Standards of Performance for FossilFuel
Fired Electric Utility, IndustrialCommercialInstitu
tional, and Small IndustrialCommercialInstitutional 
Steam Generating Units; Revisions; Proposed Rule.

(Received 2 September 2017, revised 24 September 2017,  
accepted 27 September 2017)


