substances, nitrogen oxide nceds to undergo cmission volame control like sulfur

oxides. The total mass emission control standard, however, is applied to it as men-

tioned in the next paragraph 2).

The summary of the emission standards for soot and smoke is shown in Table 2-2.

Table 2-2 Concept of Emission Standard

Substance Example of

Emission st:ylc

Soot and smoke

substance
. R ey - Combustion of
Suifar oxide 850, 80, S
materials -
Soot and dust Soot, etc. Same as above

Emisston facility

Type standard

Soot and smoke
cmitting facility

Emission standard
cmission volume control,
(K-valuc conrol methad,
total mass emission conirol

Basis of standard
sclling__ -

First concept

Samc as above

Snme as above
concentralion controd

(dcpending on facility type
and scale

First concept

Hazardous

NO., Cd. b,

Combustion of
material,
synthesis,
resolution,
pressurization

Same as above

Same as above
concentration control
depending on substance type
and facility type. For NO,,
total mass cmission control
standard is applied.

Second concept

substances HF, Cl,, HCL.
R ete.

| Special
hazardous Unspecified

Combustion of |
material

Sanie as above

Same as above
;

[cniission volume control,
{K-valuc control method)

First concept

substance

(@ Special emission standard _
For an area polluted more than a specified level, the special emission standard is applied
to prevent the pollution from accelerating more. Based on the fact that new removal
equipment can treat cmission gas more effectively than the existing equipment, a more
strict emission standard than the standard applied to existing facilities is applied to a
“new facility. The special emission standard is applicable in only an area in where cmis-
sion facilities of sulfur oxides and soot and dust are concentrated.
More stringent prefectural standard
In case the general emission standard established by tl_le"national government produces
only an insufficient cffect for protecting human health and preserving the living environ-
ment judging from the natural and social conditions, the local government can set by
-ordinance a more strict criteria called the “More Stringent Prefectural Standard” than
" the national genecral standard. The substances the “More stringent Prefectural Stan-
dard” can cover are limited to soot and dust and hazardous substanccs; but sulfur oxide
is excluded from the objective. The reasons for exception of sulfur oxides are that (i)
the general cmission standard of sulfur oxide is determined for cach arca depending on
pollution level and (ii) reduction of sulfur contents in fuel, which is the basic counter-
measure for the emission of sulfur oxides, should be conducted by the national govern-
ment on the basis of the supply-and-demand relationship. In addition, the Dircctor
General of the Environment Agency can recommend that a prefecture determine or
change its “More Stringent prefectural standard” when he recognizes the necessity to

prevent air pollution.
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2y Total mass emission control standard

Aithough as mentioned in the Emission Standards of the plewous section, the gzound

concentration control system by the K-value control is employed for sulfur oxide, this type

of emission standard cannot suppress the total emission:volume in an area where plants arc

conceitrated. It is, therefore, quite dilficult to satisfy the cnvironmental quality standard in

such an area. The total mass emission control method was created to deal with this condi-

tion. Since the procedure of the total TIldbb emission control is reldtwely comphc'lted as

shown in"Fig. 2-2, the basic system is descn ibed as follows:

@

@

'The national government specifies an area (specified area) to which total mass emission

control is applicd and type of soot and smoke (specified soot and smoke), and deter-

minies the standard concerning the'scalé of a plant c_mittihg a specified soot and smoke.

Ac’cofdin_g to the national staﬁdard, the govcrmor of a prefecture determines the scale

standard of a plant emitting a specified soot and smoke in a specified area, makes a

specified soot and smoke total mass reduction plan related to a plant exceeding the scale

standard (spcc:fled plant) and deteunmes a total mass emission control standard aiong

the guideline set by the national Government.

The governor of the prefecture must decide following matters'in a reduction p'lan.

(i) Total emission volume of specified soot and smoke emitted in a specified area

(i) Total emission volume of a specified soot and smoke emitted from all specified
plants in a specificd area

(iii) Permissible total emission volume of a specified soot and smoke in a specified area,
calculated according to a calculation method specified by the national government
along the envnonmental quality standard

(iv) Goal of reduction of total emission volume mentioned i in (ii) taking into account the
ratio of (ii) occupying (i), scale of specified plants in a specified area and future
prospect on raw material and fuel used by the specified plants

(v} Period of project achievement and method _

Upon the establishment of the specificd soot and smoke total mass reduction plan, the

prefecture is obliged to listen to the opinions of concerncd cities and villages and report

~ an cstablished plan to the Director General of the Environment Agency. As the promi-

nent means of the method (v) executing the goal of reduction mentioned in (iv) of the
pamgrdph (3, allocation of reduction volume to specificd plants is empioyed in many
plans. : _

Soot and smoke specified for tolal mass emission controt are sulfur oxides and nitrogen
oxides. As of 1989, 24 areas ar¢ specified for sulfur oxides and three areas for nitrogen
oxide. The governor of a prefecture has the privilege fo establish a special total mass
emission control standard which is based on the same principle as the special emission

standard in contrast with the general emission standard.
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3)

4)

5)

Fuel use standard -

The fuel usc standard is classified into'the following two types.

(D Mcasures relating to the seasonal use of fuel

@ Measmes relating to the use of fuel in a spcc:lflcd area

In the measure of (1), to correspond to a poliution by sulfur oxides in the building scetion in
the center of d‘City, a fuel use standard is specified for each area so t_hat the use of excellent
quality fuel and the reduction of fuet can be recommended or ordered to reduce its emission
volume. ‘

Although the emission standard for sulfur oxides is specified for each area, in thc bulldmg
section in the center of a city, the pollution sometimes becomes serious in the winter even if
the pollutidn concentration throughout a year is not so high. This is due to the increase of
fuel consnmptmn by heating of bmldmgs This measure, therefore, is set to cope with such
phenomenon. The areas were spemﬁcd ‘1cc01d111g to the natice dated in 1970 (regqrdmg the
prevention of air pollution due to the heating of bmldmgs in the center of cities), and the
conditions of such area are that (i) the air is or can be sernousiy polluted so that the monthly
average of the poliution conceutmtlon by emitted sulfur oxides of the same month in these
two years is over 0.05 ppm or there is'a month when at least that value is exceeded and (ji)
such soot and smoke erhitting facility that consumes {uel of more than 10,000 ki per year is
or is certain to be installed in a building ina given area. Currently, 14 arcas are specifie'd all

over Japan,

The reason for setting the measure of (2) is, upon the introduction of the total mass emission
control related to sulfur oxides, fo encourage small plants to improve their sulfur oxides
emission because they are also contributing to air poliution by sulfur oxides.

Standard on particulate discharging facility _

In contrast to soot and dust, particulates undergo no emission concentration confrol. The
standard concerning the structure, operation and management of a particulate 'dischargiﬁg
facility is applied. The reasons why the discharge of particulates is not restricted quantita-
tively but by such standard are that; (3) particulate is discharged in a different style from
soot and dust, and not discharged from a stack; (2) an influence of partncul’ztes on the health
is thought to be lower than soot and dust because the size of particulate is relatweiy large;

(3) particulate is scartered over a smaller area so that the damage is limited to near a plant.

Maximum permissible limits of motor vehicle exhaust

The law specifies that the Director General of the Environment Agency should determing
the maximum permissible limit of the volume of exhaust (carbon monoxide, hydrocarbon,
lead compound, nitrogen oxide and particulate matter) discharged in the air when a motor
vehicle runs under a specmed condition. _ _

Because the volume of automobile cxhausts is closely related to the structure and equip-

ment of a motor vehicle, it is not restricted by the Air Pollution Control Law but in the
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system of the Vehicles for Road Transportation Law. When determinining a matter con-
cerning the control of motor vehicle exhaust in accordance with the Law, the Ministry of
Transport must take into account securing of the maximum permissible limit specified by
the Director General of the Environment Agency. Fig. 2-3 shows the system for motor

vehicle exhaust control.

e Meastizement of molor vehicle exliaust on streets (See, 200 — —  — -+ Reguest fur kealffic contral (See. 2144)) —————
1 t
; - o -~ il el CEnMents iance) (See. 248
Adr Pollutien Control Law —} [’kf.&.....mu of e exliust {povernmental ardiance) (Sce. 2483) [ Progasal of opinioas concerning the impravement of road.
- Specification of 1he types of vehicles objective for control (Osder of the Prime ete. (Sec. 2142

Minister's Olfice) {Sec. 2{6)

Setting of the muaximem permissible limit of metor vehiche exlesust (notive of Environment Agency) (See. 19-00)

l— Securing Ihe nraximam permissible Emig of motor vehicle exbaust (See. 19-2))

|

— Vehicles for Road Vehicle safety standard Chapter —
Transportation Liw (Sec. 4, Sec. 49)

QOrdinance of the Ministry of Transport

| New vehicle
Compulsian of vehicte Exarmination of vehicle type — Traffic Safety and Nuisance Rescarch [nstitute — Revoeation (Sec. 75-3))
inspection: (Sec. S8) specification {See. 73}

Exanimation of vehiche type approval (enforcement regubation (Sce. 62 4))

New vehiele (registration) (Sce. 7)

tnspection (See. 75) — Car maket ————————
[ New vehicle inspection (Sce. 59)

P{c[i'minnry' inspection (See. 71)

Bistrict lund transport office — Penalty (Sec. 197)
Vehicle on use

; Inspection for continued use {See. 62)
L_ Specificd maintznance — Specified naintenance wurkshopl

inspection {Sce. 94, 5}

Obligativn of vehicle nuaintenance —— Peridic inspection and maintenance (Sec. 48) — Viehicle inspection stundard
|-: Instruction of inspection {Sce. 53, 2) — Reporl  —— Penally (Sec. L1209

Oeder for maintenance (See. 34.1) — Stop ofuse — Penalty (Sec. )
'— Roazd Traffic Law - - I Tishebitkon of driving a pdorly nraintained sehicle (Sec. 62) -
Yehicle inspection (Sce. 6341 — Maintenance sepori {Sec. 13-(2))

Traffic ule for preventing o fraffic poilution (Sec. 110, 2 and -l) -

Nole: $ection 2 1) meuns. for example. the article 24, sectiva Fof the Air Polletion Control Law.

Fig. 2-3 Systematic Chart of Motor Vehicle Exhaust Control

(5) chulatlon concerning the obscrvance of the control standard
As the procedurc for Elddptlllg to the control standard, as for sool and smoke, (1) the prior

report system of an emitting facility, (3 order of modification in a proposed plan such as the
stru.ct'ure of a soot and smoke emitting facility, (3@ order of improvement of a soot and smoke
emitting facility and (@) penalty to a violation of the emission standard are specified. Concerning
. particulates, the order for adapting to its facility standard is specified. In addition, the penaltics for

a violation of such orders are specified. These orders and penalties are described below.
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1} Order related to soot and smoke
(© Prior report system .

This system makes a pezson who mtends to install a soot and smoke emitting facility in
his phnt notify in ddv(mce the governor of a pu,feu_urc to examme whcthm_ or not that
facility is adaptable to the cmission standavd.
It is very difficult to take a preventive counter medsmc from thc technu,al and eccmomic'
rcasons aftei ab emitting facility is constructed. Thus th_ls system is based on the concept
to take a sufficient measure at the construction stage to make the emission control really
effective. This system enables the governor of a prefecture not only to cheek in ‘advance
but also to obtain the data of emitting facilities existing in his responsible area complete-
ly. (In the case of dlsuqc of an cmitting faclllly also, the obhgﬂuon of notification is
placed.) _
The prior report must be submitted to the Governor 60 days before thc 1mtallanon of
an emitting fauilty. The povernor of a pruiectme examines the case in these 60 days and
as reqﬁifed, dispatches an order of meodification in the proposed pian, which is men-
tioned in next section, to the factory.
The matters which should be notified are as follows.

(i) Name, address and president name of a company

(i) Name and address of a factory

.(iii) Type of the soot and smoke emitting facility

(iv) Structure of the soot and smoke emitting facility

(v) Use method of the soot and smoke emitting facility

(vi) Disposal method of soot and smoke

When a new soot and smoke emitting facility is specificcl, the factory equipped with that
facility is under an obligation to notify the govemor.of a prefecture of it in the same
manger as the prior report system. In this case, as it is impossible to dispatch an order
of modification in the proposed plan c'oncernfng an existing facility, the order of im-
provement mentioned later is dispatched instead, '
When changing the structure, use method and 50 on of a notified soot and smoke cmit-
ting facility also, the factory is under obligation to notity the govérnor of it. The gov-
ernotr examines It in the same manner as the prior reported cases and, as required,
dispatchcs an order for modification in the proposed plan.

(2 Order for modification in proposed plan _
The governor of a prefecture examines the prior report of a soot and smoke .emitting
facility from a factory, and il he recognizes that the emission standard (general emission
standard, spceial emission standard and more stringent prefectural standard) is not satis-
fied, he can dispatch an order for modification to a factory.
Although, practically, the content of an oider for modification in the proposed plan
varies depending on the individual case, the basic concept is that (i) the dispatch of an
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order for modification should be limited in an indispensable case because such orders
Aimposc a serious burden on a concerned person and (it} an order of improvement of
disposal method and so on should be substituted if possible.

(@ Qrder of improvement '
In case the governor of the pi‘efccturc recognizes that a soot and smoke emitting facility
is likely to continuously emit soot and smoke whose volume ‘or concentration fails to
meet the emission standards at the outlet and that continued emission of such soot and
smoke may causc damage 1o human health or the living environment, he may order the
person in charge to improve, within a prescribed period, the structure, the method of
operation, or the method of disposal of soot and smoke generated by the soot and
smoke emitting facility, or to suspend the operation of the facility temporarily.
While the prior report system and order for modification in a proposed plan are preven-
tive'méasurcs to prevent air pollution by checking in advance, an order of improvement
is dispatched when the emission standard is or may be violated (this is not an only
possibility but means that emission of soot and smoke not complying with the standard
is estimated because an inappropfiate dust collector is used without improvement). For
the rcason, this serves as a sccurity for the obedience to the standard aiming to force
the emission standard to be followed. It can be said, however, that'a preventive concept
is also contained in this measure because the case of “likely to continuously emit soot
and smoke” is included in the objectives of diépatching this ordet.

(@) Penalty f(_)f'a violation of the emission standard (direct penalty)
A pérson in charge of an chiittiﬁg soot and smoke facility such as a plant is inhibited
from emitting soot and smmoke not complying with the emission standard. If he violates
this standard, he will be treated judicially as an administrative criminal immediately
without such a procedure as an order of improvement and subjected to imprisonment
with labor not more than six months or a fine of not more than ¥ 100,000.
Whilc the order of improvement has a preventive characteristic to prevent a violation of
the cmission standard:dcspite_a security proccdure for securing the standard, the direct
pehéity systeni aims at enforcing obcedicnce to the standard by arresting the person who
aétually causes the violation. Anyway, this aims at strengthening the security for the
standard by combining it with an order of iniprovement.

2) Order related to particulates

Concerning a particulate discharging facility also, a person in charge of discharging particu-

lates is under an obligati'on to submit to the governor of a prefecture a prior report of an

establishment/extension of the facility or modification of its structure for the same reason as

a soot and smoke emitting facility. As mentioned in the section of restriction standards,

however, particulate is different from soot and smoke in its generation style and particle

size t'here'by affecting human_ health and the living environment less. In addition, the rclated

restriction standard is not an emission standard but a standard related to the structure,

operation and management of a facility. For these reasons, the security procedure for secur-
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ing the standard related to particulates is niorc lenieqt than that-for soot and smoke.
Although the prior report system is adopted, no order fon i‘ﬂOdlflC&thn imapr oposcd plan is
specified as well as order of 1mpmvemcut and direct penalty arc not specified. As a auurlty'
procedure for the standard, only the order for confonmng to the facility standard is specn-
fied." Although the content of the order for conforming o the facility standard differs de-
pending on the individual case, the basic concept is that the governor of a prefecture, when
"he recognizes that a pé\'rticnlate discharging facility does not satisfy its standard, can order

the person possessing that facility to conform to the standard and, as required, to tempo-
rarily suspend the operation of the f’lClllty

(6) Obligation of monitoring and surveillance :

A person in charge of emitting soot and smoke is under an obligation to monitor the volume
and concentration of soot and.smoke related to a soct and smoke emittihg facility and record the
result. This is based on the concept that a person in charge of emitting soot and smokc.is expected
to observe the emission standard by fulfilling this obligation and at the same time, the governor of
a prefecture is expected to be able to take ﬁtl-'appropriate air pollutioh preventive measure by
gathering the data measured. The frequency and method of the measurement are. specnfled in by

the Environmental Agency and Table 2-3 shows the outline.

N Obllgjanon of the governor of a prefecture on surveillance of air pollutlon _

The governor of a prefecture is under an obligation to monitor and survey from time to time
the level of air pollution and publicize the conditions of air poliutlon. {t is necessary to manage the
air environment to prevent an air poilulion Thus the reason 'why this 6blig1tion is placed on the
governor of a prcfccturc is to confirm aiways how cffectwely the emlssmn control is fulfilled and
check the coordination between administrative purpose and means.

Concretely, the governor confirms how the envtronmentdl quality standards are satisfied on the
basis of information obtained from this surveillance 'md if worsening of air pollutlon is recognized,
he can propose the necessity of the application of a special emission standard to the national
government and take such a countcrmeasure as setting more stringent prefectural 'standard.

As a supervisory measure to individual cmission sources, the. governor is privileged with an
authority to have his competent officials enter a factory for inspection. In addition, the governor is
obliged to mcasure an air pollution concentration in the area near a road which is or can be

scriously polluted by motor vehicle exhaust.

(8) Emergency countermeasure taken by the governor of a prefecture _

Even if a person in charge of cmitting soot and smoke observes the emission standard, air -
pollution can occur rapidly duc to weather conditions and s0 on. Th.e procedure which the governor
should take at such an cmergency and the requirement for its countermeasurc are specified. Tabie

2-4 shows the requirements for emergency countermeasures.
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Table 2-3 Measurement and Recording Methods

" Substance |

Type of soat and
smoke enitting
Facility to be
measured

Entisston volume
af sulfur oxides

Facility ut which
emission volume
of sulfur oxides

cxceeds L Nm¥h

Measuring

period and

frequency
Onee ur more
i work
period of less
than two
mosaths

Meusuring method

Revord storage

Any one of the loHowing methods must be

taken.

(0 Measurement of concenlration: the
method specified on JIS K 0103,
Measurement of emission volume: the
mcthaod specified on 1S 7, 8808

() Mecasurement of sulfur content: the
methods specificd on JIS K 2301, K 2541
or M 8813, Measurement of fucl
consumption: the methods specilied on
JIS Z 8762 and Z 8763 or other methods

{3 Mceasvrement by the method specified by
the Director General of the Environment

CAgeney

Samte as above
(facility installcd
in a speeified
plant)

Always

Same as ubove

S

Sulfur content in
fuel

All facilities =
related to sulfur
oxides

Meisiirement by the method specificd on JIS
K 2301, K 2541 or M 8813, If another method
is available for measuring the conteat, its use
is permitted.

Concentration of
soot and dust -

Facility at which
emission volume
cxceeds 40,000
m’rh

Cuce or more
in a work
period of less
than two
months

wiﬁlcilily at which

cimission volume
exceeds 40,000
“m*h

Twice or more
per yeur

Mceasurement by the method specified on JIS
A

Concentration of
hazardous
substances

Facility at which
emission velumeé

Onee or more
i a work

exceeds 40,000 period of less

m'/h than {wo
maonths

Same as ubhove Always

Facility at which
cmission volume
exceeds 40,000
m*h

‘Fwice or more
per year

<Cadimium, lead>>

Collected by the method specified on JIS Z
8808 and measured by atomic absorption
spectrometry, spectrophotometry or
polarography

<Chlorine>

Measured by ortho tolidine method or
continuous analysis method specified on HS
K 0106

< Hydrogen chloride>

Measured by mercuric thiocyanate method
specificd on HIS K (07

< Hydrogen fluoride>

Meuxsured by the spectrophotometry on JiS
KO105 ‘

<Nitrogen oxides>

“Measured by the method specified on JIS K

0104. At the same time, it is nccessary (o
measure the density of residual oxygen
concentration in discharged gas by means of
orsat apuratus. For regular measurement, a
method specificd by the Dircctor General of
the Environment Agency can be substituted.

Record in a speciticd
recording sheet (for regular
measurcment, record
specificd matters inan
arbitravy paperd and store it
for three years.

Table 2-4 Requiremients for Emergency Couhtcrmeasures

Substance

General cmergency

Serious cmergency

Sulfur oxides

Suspended particle
matter

0.2 ppm or more for three hours
3 ppm or more for two hours

(3.5 ppm or more

Average for 48 hours: (.15 ppm or

more

0.7 ppm for two hours

0.5 ppm for three hours

2 mg/Nm* for two hours

3 mg/Nm? for three hours

Carbon monoxide

30 ppm or more

50 ppm or more

Nitrogen dioxide

0.5 ppm or more

1 ppm or more

Oxidant

0.12 ppm or more

(1.4 ppm or more

Note: All the values mentioned here are the hourly mean.,
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As shown in Table 2-4, the emergency _coﬂntcrmcﬁsureé are classificd into relatively slight
gc_ncral emergency and scrious emergency and the countermeasurc taken by the governor corre-
sponds to this classification. The main measures for gencral emergency are () to p’ublicizc ihat air
pollution occurs and @ to recommend that persons in charge of umttmg soot and smokc and
motor vehlclc drivers lCdllCC the emission volume of soot and smoke-and refrain from driving cars,
respectively. The main measures for a serious emergency are to order (1) the reduction of soot and
smoke concentration and @ the rcstuct:on of the use of soot and sinoke emitting facilities. Con-
cerning the facility emitting sulfur oxides of more than 10 m® per hour, the person 1esponsnble for
that facility is ordered o make and submit an emission volume reduction plan both at a general
and a serious emergency. The governors recommendation or order related to emergency coun-
termeasures will be forimed ‘u:cmdlng to his submitted pldl]

Because judging whether an emergency Londlt:on is temporary or contmudl is closely related to
weather conditions, it is necessary for the governor of a prefecture to communicate with the weath-
er bureau, and cooperate with related cities and persons in charge of emitting soot and sioke to
invoke an emérgcncy couﬁtefm'casure and exercise it smoothly. For this reason, the povernor is
expected to cooperate with the concerned organizations: beforehand so as to determine an

emergency countermeasurc invoking procedure.

(9 Compensauon for damages— Strict hablllty of enterprises

This law specifies that if human life or physical condition is menaced by a health damaging -
substance (soot and smokc, specified substances and partlculates specified by the governmental |
ordinance as a substance which can damage only the living environment) emitted from the opera-
tion of a plant, the enterprise is responsible for compensation for the damage. This makes clear the
strict liability of enterprises. An injury caused on operation is excluded from the application. This
is based on the reasons that because a worker is doing business operation with enterprises under a
work contract, a damage caused in business activity should not be treated in the same manner as
the damage given to a third party and such a damage should be treated in the ranges of the Labor

Standard Act and Labor Accident Compensation Security Law,

(10) Others
In addition to (1) through (9) mentioned above, the following regulation are added, so that the
entire system consists of 37 articles. The details of the various standards are specified by the gov-
c—:fnmcntal and cabinet ordinances.

@ Matters concerning the rights for requesting a pcrson in charge of emittmg soot and
smoke to submit reference materials and on-the- -spot inspection, given to related admin-
istrative organizations and local govemment:to an extent necessary for the fulfillment of
this law. : o

(2 Matters concerning the obligation of a person responsible for emitting soot and smoke
to report to related administrative organizations and local government, corresponding
to the (1) above
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Matters concerning the promotion of the rescarch for air poltution prevention by the

~

mnoml government
Matters concerning the financial and technological clSSlS’Id“LBS to persons responsible for

®

emitting soot and smoke for air pollution prevention by the nationa! government

Specification about exclusion of nuclear substances from the application of this law

@ @

Penalty for a violation of the responsibility or order imposed on a person responsible
for emitting soot and smoke, specified on this law

(7) Matters concerning the relation between this law and local government regulations
2.1.3 Law for the Establishment of the Organization for Pollution Control in Specified Factories

Atthoﬁgh the pollution control in Japan was executed with the Air Pollution Control Law,
Water Pollution Control Law and other ‘regulations' based on the Basic Law for Environmental
Pollution Control, there was a great gap betweén the content of the restriction demanded by the
laws and the poiiutlon preventive system of a factony objective for control. Considering such
circumstances, this law was enacted in 1971 to smoothen the lCSpOﬂblblllty of an enterprise to
pollution control, by i imposing an obligation of establishment of a pollution preventive organization
in a factory on an enterprise.

The pollntlon p:evenuve orgdnwatton stipulated in this law is constituted of the poilution
control manager, who possesses specialized knowledge and skills related to pollutlon prevention,
the pollution control supervisor, who supervises the pollution control manager and, in a plant
equipped with both soot and smoke emitting and waste water effluent facilities in the specified
scale, the chief pollution control manager, who directs pollution control managers and assists pollu-
tibn control Supervisors'. The requirement of this law is satisfied by registering this systém to an
appropriate governor of this system. '

Due to the enforcement of this taw, since 1971, the establishment of the poltution prevention
system in individual factorics were progressed year by year, so that the’ purpose of this law has been
achieved. In addition, the prevailing of this system contributed to spreading of poliution preventive
technology and strengthening of the cooperation between admimistrative side and enterprises.

This section describes the outline of this law from the viewpoint of air.pollution control man-

agers.

(D Objectlve factory

Of factories equipped with a soot and smoke emitting facility specaf!ed by the Air Pollution
Control Law, a factory belonging to any one of (1) manufd(,turer (2) electric supplier, (3) gas
suppher and (4) heat supplier is under an obllgatlon to establish its poilution: preventive organiza-

tion.

(2) Structure of poliution 'preventive organization

As mentioned previously, the law spccifics that this system is organized of a pollution control
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supervisor, a chief pollution control manager (applicable only to factories larger than a specified

scalc) and poliution control managers. Each role and requirement of qualification are specified as

follows:

D

2)

3)

Pollution control supervisor

‘Requirement of qualification: Person supervising the business operation of a factory

‘Role: (1) Administration of a soot and smoke cmitting facility, disposal proccss'ing facil-

lty and attached facilities

@ Administration of me'isulement and rewrdmg of emission volume

©) Adm:mstmtlon of the work necessary for air pol]unon control
Pollution control manager
Reqmrcment of quahflcmon Person who has passed the examination or mastered a qml-
ification t:almng course glven by the national government
Role: Inspection of fue] and raw material
Operation, inspection and repair of soot and emitting facility
Measurement of the emission concentration and volume of soot and smoke
Inspection and repair of measuring devices

Emergency measure for an accident of a soot and smoke emiitlng facility

@@0@@@

Measurcs for rcductlon of the emission concentratlon and volume of soot and
sinoke at an cmergency

Chief poi]utaon control manager

Requirement of quallttcatlo_n: Person who has passed the examination given by the national
govemmcnt _ ' o
Role: Assistance for a pollution control superﬁéor and direction of poilution control man-

agers in respect to the rolc of a pollution control manager

Pmulcallly, often, the role of a po!lutlon control Supcrviqor is p!aycd by the general dlre(,tm of

a factmy, a pollution control mamgu by a manager who has passed the examination or mastered a

qualification training course, and a chief pollutlon control manager by director who has passed the

examination. Although a pollution control superwsor and a chief polluuon control manager each

are assigned in a factory, a pollution control manager must be assngned to each individual soot and

smoke cmlttmg facility. In addition, cach factory is under obligation to assign qualificd substitutes

of a pollution control supervisor, a chicf pollution control manager and a pollution control manager

so as (o cope with possible deaths, transfers, and business trips.

(3) Statc examination and qualilication trammg course

The requirement for the qualification of a pollution control mdnager is to pass a state examlm-

tion or master a qualification training course. The pollution control managers are classified into the -

following five categories depending on the scale and characteristic of a plant:

(1) First grade air pollution control manager
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Factory-einitting soot and smoke of more than 40,000 m® per hour, containing any of
the hazardous substances specified in the Air Pollution Control Law

(2y Second grade air pollution ‘control manager
Factory emitting soot and smoke of less than 40,000 m® per hour, containing any of the
hazardous substances specified in the Air Pollution Control Law

@ Third grade air pollution control manager
Factory eémitting soot and smoke of more than 40,000 m” per hour

@ Fourth grade air pollution control 'manager
Factory emitting soot and smoke of tess than 40,000 m® per hour

@& Dust Pollution control manager '

| Factory having a dust discharging facility

A state examination is held once a year under the four classifications mentioned above. Until
1989 since this law was enforced, a total of 19 state cxaminations have been given and 52,156
persons in total from type 1 to type 4 received the qualification of air pollution control manager
and 4,141 persons of dust pollution control manager.

The qualification training course is the system to give the same qualification as the state ex-
amination through participation in the training course. However, the objective qualifications are
only the Second and Fourth grades, and the dust pollution. Factories requiring the assignment of a
pollution control manager of those categories are relatively small in most cases. Thus this proce-
dure is set considering that it is difficult for such small factories to correspond to the requirement of
this law if no such special measure is provided, because they seldom have a sufficient capacity to
give an in-house seminar for the state examination. This training course is held every year and the

persons receiving both grades 2 and 4 totals 44,870, and 14,952 for the dust poilution.

2.2 Environmental Quality Standard in Foreign Countries and its Concept
2.2.1 Basi¢ Concept of Setting an Envirenmental Quality Standard

An environmental quality standard is a criteria obtained by determining a concentration level
of pollutants in an environment (o attain administrative goals of conducting environmental ¢valua-
tion on pol\ﬁtant emission sources and establishing anti-poltution policy, in order to maintain health
of a community and preserve environment. Since the word “environmental quality standard” is
originally an administrative term, however, the meaning differs depending on the administrative
purpose of each country'. The concept of the environmental quality standard has the following four

meanings:

(1) The standard which has legal restriction for administrative acts

@ The guide or guideline for environmental administration in the community

@ The g'o'zi.l ‘or desirous goal for the present to take administrative or technical measures for
the environment in the community

(@) Thé criteria to judge the environmental quality
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Tho.se' four items have the same purpose to maintain the health of the community and to
protect the environment, but the contents and the operation method differ. The standard has a
legal and administrati@ power and is the strongest of all the four concepts. While no definite
distinction exists between the guide/guidelihe and the goal; the criteria is the basis and an accu-
mulation of scientific knowledge for setting the environmental quality standard. The'envir(_jnmental
quality standard is also derived from the criteria considering the relation'beh".rccn cost and benefit,
scientific and economic feasibility. To’set the- environmental quality standard, the action of the
pollutant concentration’ upon. the human body, and the effect on the animals, plants and materials
should be examined scientitically. However, ‘the effect on the health of human beings must be given
top priority. For this reason, toxtcology mformatnon epidemiological research lesults and Cll!llCdl
cases are demanded. From the reasons mentloned above, the international comparison of the en-
vironmental quality standard must be made on basis of the prec1se understanding on the unit of
measurement (for example a one hour value and 30 minute value), the measurement- method, efc,
as well as the characteristics and roles of the criteria. In 1963 & World Health Orga_mzatlon (WHO)
expert committee on air pollution presented four catego_ries regarding concentration, exposure
time, and the corresponding effects as a guide to air 'p.ollution. These categorics, which are very
helpful in considering thc environmental conditions which should be maintained to protect the

health of the human beings and keep the living environment in good condition, are shown below.

Level . Combination of concentration and exposure time in which an effect (including a
(_:hange of reflection, adaptation, or protective response) is not observed directly or
indirectly with the present knowledge in the case of a certain value or less

Level I.  Combination of concentration and exposure time in which the Stlmllldti(}ll of a
sensitive organ, damage to plant llfc decrease of VlSlblllty, or adverse mﬂuence on
other environments may occur in the case of a certain value or more

Level I1l: - Combination of concentration and exposure time in which various changes which
are likely to lead to the obstruction of important. physiological functions, chronic
diseases, or short life may occur in the case of a certain value or more

Level 1IV: Combination of concentration and exposurc time in which an acute disease or
death may occur in a sensitive group among inhabitants in the case of a certain

value or morg
2.2.2 Japan

(1) Concept of environmnental qual.ity staudard_ _
The environmental quality standards in Japan are defined explicitly in (he Basic Law for En-
vironmental Pollution Control. Namely, they delincate the pollutant tevel at which the health and
living environment of the general inhabitants may not be ruined by the cohta_mination phendmena
" and are an administrative target value in pollution control. The goal of the standards is that the
pollutant is “desirable to be maintained” below the target level. Therefore, an excess of the level

does not necessarily ruin the health of the inhabitants immediately. If the excess continues, howev-
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cr, an cffect on the sick and the aged or deaths are likely to increase, Keeping the pollutants less
than the level will stop these mattets and maintain the health of the inhabitants in a desirable
condition. If the pollutants exceed these standards, an administrative office takes various measurcs
to reduce the pollutént concentration, but unlike the case of the emission standard it does not carry
out control directly against each emission sourcc. However, it is cxputcd that tightening of restrie-
tions is rcquued to maintain the cnvironmental criteria. Therefore, it can be said that the cnviron-
mental quality standards take on a characteristic of indircct restriction of the emission source.

For estabiishing the standards, protcction of the health of the human beings should be given top
priority and consideration should be given to maintcnance of the living environment before eco-
nomic development. Also, appropriate scientific judgment is ‘always added to these standards and
necessary revision is made. In Japan, the government establishes the standards as an administrative
goal and takes required measures, such as stipulation of a pollution control plan or revision of
emission standards, in order to attain this goal. Therefore,. these standards arc neither scholarly
tolerance limits nor restrictive standards which immediately execute administrative power if the

goal is not attained.

(2) Establishment of caviropmental quality standards

The environmental quality standards in Japan are established conccrning air poliution, water
pollution, noise and soil poliution based on'the Basic Low for Environmental Pollution Control. As
far as air pollution is:concerned, the standard values have beén set in the order of SO, (1969), CO
(1970), and SPM (1972) In 1973 the environmental standard concerning SO, werc revised and
those concerning the photochemical oxidant and NO, were also set. Furthermore, the standard
concerning NO, was revised in 1978. _

The Central Council for Environmental Polluuon Control submits a report on the environmen-
tal quality standards in repiy to a guestion put by the Director-General of the Environment Agen-
¢y, and the environmental quality standards are established based on this report as a notification of
the Environment Agency. The Prime Minister appoints persons learning and experience on pollu-
tion control to the Central Council for Environmenial Pollution Control, and not_only scholars and
researchers are selected but also people from every class of socicty such as fepresentatives of
inhabitants, workers and the industrial world. The environmental quality standards can be deter-
mined from two points of view, “protection of the health of the human beings” and “maintenance
of the living environment.” The environmental quality standards concerning air pollution were

' maiﬁly determined from a viewpoint to _protebt the health of human beings and the living environ-
ment can be maintained in its limits. These standards correspond to level I of the WHO and are
determined considering the effect of each substance upon human beings, and the actual situation of

air pollution in Japan bascd on the home and foreign information in view of complete safety.
(3} SO

S0, is the substance for which the environmental quallty standards were eS[dhhSth for the first

time in Japan. The outline of the standard established in 1969 is as follows:
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(1) The number of hours when the concentration level is maintained at 0.2 ppm or less in an
hour st be 9% or more against the total number of hours throughout the year.

(@ The number of (hys when a daily average of the concentration 1eVel in an hour is main-
tained at 0.05 ppm or less must be 70% or more against the total number of days through-
out the year.

(® The number of hours when the concentration level is maintained at 0.01 ppm or less in an
hour must be 88% or more against the total number of hours throughout the year.

@ The annual average of the concentration level in an hour must not excced 0.05 ppm

throughout the year. -

The air pollution subcommittee of the Centrat Council for Environmental Pollution Control,
however, reexamined the standard for the following reasons:
(O There was a fair chance that the standard would be attained and maintained in all arcas
during 1973 by promotmg various measurcs.
@ Judging’ from fact that an adverse effect of air pollution was observed even in arcas which
satisfy the standard, the standard was not sufficient to protect the health of human beings.

It is w1dely known that SO, exerts mﬂuencc on the réspiratory system organs in the fong and
short terms-and the influence of SO, is 5t|engthened if it coexists with SPM and. NO,. 1t is testified
‘that SO, itself causes a cerebro- physmlogncal response, increase of resplrdtory tract resisiance,
pathological change of the superior resplratory tract, and a decrease of immunity of the rt:spmtm ¥y
organ against bacteria and viruscs. Morcover, with respect to the influence of SO, upon human
beings in the regional environment the following were considered the minimum conditions which
are the criteria fo prevent the obstacle to the health of human beings:

(1) The worsening of the patient’s condition is not proved epidemidlogically

(2 An increase of mortality rate is not proved

(3 An increase of the chronic symptom of the obstructive respiratory organ is not proved

(@ An undesirablc responsc or trouble of the respiratory function of youths is not proved

epidemiotogically

In addition to the rcasons mentioned above, considering the conditions on which SO, does not
exert undesirable influence upon the health of human beings in the present knowledge, the new
standard was established in 1973. Considering that the new standard was strict from the interna-
tional point of view, and that a large quantity of good q’uali.ty fossil fuel is hard to obtain, attain-
ment and maintenance of the new standard were an extremely difficult tusk. Consequently, the
following measures were taken comprehensively and powerfuily: '

(1 Promoting a low sulfurization program

(2 Strengthening restriction to an emission source

(3@ Stipulating and carrying out the pollution contro! plan

@ Carrying out the environmental assessment

(®) Using the energy efficiently
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® Establishing the monitor and measurement system

(7) Promoting investigation and research

As a result, SO, concentration in the air continues to decrease. As shown in Fig. 2-4, the
annual average of SO, at the air monitoring stations was decreasing with 0.059 ppm in 1967 at its
peak, and it fell to 0.01 ppm in 1987. In addition, the attainment ratc of the new standard became

99.6% in 1987, which satisfies the standard value in almost ail the points.

sulfur dioxide.(SO;)

(ppm)
0.07})
0.06}9;
0.05
0.04
©0.03
0.02
0.01

Annual average

Fig. 2-4 Secular Change of Ambient Air Concentration of S0,

(4) NO,

NQO, easily infiltrates the deepest part of the lung, exerts an adverse 1mpaLt on the lung and
other organs, and the toxicity of NO, itself is stronger than SO,. In addition, if it cocxists with SO,
and SPM, its toxicity is strengthened. Moreover, NO, exerts a bad influence on the living environ-
ment such as damage to animals and plants, and reacts with hydrocarbon, particulasly unsaturatcd
hydrocarbon under ultraviolet radiation, leading to secondary production of a photochemical ox-
idant. Japan’s cuvironmental standard for NO, was established in 1973. With respect to the en-
vironmental conditions, the daily average was 0.02 ppm and the achiéve_me_nt period was 8 years in
big cities and § years in general regions. The standard, which was extremely strict considering the
complete-safety, was established based on the information available at that time. Afterwards, as
the scientific development on the influence of NO, on health had been progressed, the Central
Council for Environmental Pollution Control reexamined the standard in {1977, and the standard
was revised based on-its report in 1978, The new information on the influence of N02 on health
was as follows.

The WHOQ Enviromnental Health Criteria Expert Council on the nitrogenous compound con-
sider_ed that 0.5 ppm is the minimum level at which an undesirable effect is observed from the
information obtained by experiments on animals in the case of a single exposure of NO, and
determined that the cxposure level requifcd for the protection of public health is a one hour value
0f010 10 0.17 ppm or. lcss S .

The Central Council for Env;lonmenhl Pollutlon COI]tl 01 to thh a re-evaluation of criteria
and guidelines on the influence of NO, upon human beings is referred, examined the single effect

of NO, and the coexistence effect with other substances through laboratory experiments and evalu-
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ated home and foreign cpidemiological réseal‘ch, and then suggested that the guidclines for a one
hour exposure be 0.1 10 0.2 ppm for a short-term exposure and that the annual average be 0.02 to
0.03 ppm for a long-term exposure. When establishing the cnvi_ro_m_nént'al standard, the Council
esteemed the guideline as much as possible, fotmed a pblitical judgment on the _1'eiizlbility as an
adminisfrativé goal, and set the standard valu.e within the zone _of 0.04 to 0.0_6 ppm using a daily
average of the one hour value as before. This has a close relation with the annual 98% valuc of the
daily average and the annual average, and the standard value 0.04 to 0.06 ppm set by the daily
averagce is nearly comparable to the annual average 0.02 to 0.03 ppm of the Council’s guideline. In
addition, if this standard value is satisfied, 'thé one hour value 0.1 to 0.2 ppm which was indicated
as the short-term guideline can be sceured with high probability judging from the observation data
so far obtained. This environmental standard value of NQO; is equiva.lcnt to the guidelines Snggested
by the expert committee of the Central Council as the environmental conditions. The criteria and
guidelines were cstablished asking for experts’ judgment and the environmental standard itself was
estziblishéd on the government office’s own judgment and responsibility. Establishment -of the
standard is characterized by the fact that science and administration, so to speak, shared the re-
sponsibility. |

A new trial of setting the standard within a zone was made, which had not been found in the

conventional standards, and the following xﬁatters must be done to achieve and maintain the stan-
dard. _ '

(D In an area where the daily average exceeds 0,06 ppm we should fry to attain 0.06 ppm at all

*the 111011it0ring stations of the corrcsponding area.

(2 In an area where the daily average is within a zone of 0.04 ppm to 0.06 ppm, as a general
rule, we should maintain the present level if little change is found in the urhaﬁization and
industrialization within this zone, and if the urbanization and industrialization progress, the
daily average should not exceed the above-mentioned value. This is usually called the “prin-
ciple of nonaggravation.” It is quite natural that this stipulation neither means that the
concentration can be raised to 0.06 ppm without special reasons nor denies an improvement
of the present level within the zone tlirough practically possi'ble and reasonable efforts.

(3 As a general rule, in an area where the daily average is 0.04 ppntor less we should prevent

it from exceeding 0.04 ppm to a considerable degree.

Most of the nitrogenous compounds in the air are produced with combustion. The cmission
sources of NO, can be divided into two types, stationary sources like factorics and mobil sources
like motor vehicles. The concentration of NO, in the air shows a slight improvement in and after
1979 as shown in Fig. 2-5. However, the situation was worse in 1987 than in 1986 both in the air
monitoring stations which were established throughout the nation in order to know the’géneral
situation of the air poltution and in the motor vehicle emission gas monitoring stations (monitoring
stations installed along streets in order to observe the air pollution near roads). 6.0% of the air
~ monitoring stations and 37.4% of the motor vehicle emission gas monitoring stations exceeded the

upper limit of the standard in 1987.
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Fig. 2-5 Sccular Change of Ambient Air Concentration of NO,

(5) SPM

Preparations for establishment of the SPM environmental standard had been made before the
Environment Agency started. At the beginning the expert committee of the Living Environment
Council which responded to the request for advice of the Minister for Health and Welfare carried
out an examination from the technical point of view for approximately onc year and submitted “a
report of the expert committee on the environmental standard for suspended particulate matters”
in 1970. As the Environment Agency started, the Central Council for Environmental Pollution
Control took over the deliberation of this matter and submitted the proposal of the SPM environ-
mental standard to the Director-General of the Environment Agency in 1971. The Environment
Agency established the environmental standard for suspended particulate matters as Notification
No. 1 of the Environment Agency in 1972 based oni this proposal. A part of the measurement
method was added and revised in 1981. The grounds for establishment of the standard are as
fol}m:vs: - _ _

Particulate matiters cause a visibility disorder and damage animals and plants, implements,'
buildings, clothes, etc. and also exert an adverse influence on the health of human beings. Among
them, the suspended particulate matters with a particle diameter of 10 wm or less have a big
influence on the health of human beings because of the following mcdical characteristics: (1) The
particles with a particle diameter of 10 prm or less are slow in precipitation and stay in the air for a
relatively long time. (2) Most of the particulate matters with a particle diameter of 10 wm or more
arc captured by the nostril, pharynx and larynx, but 90% of particulate matters with a particle
diameter of 10 um to 5 um precipitate on the respiratory tracts and pulmonary alveoli causing an
adverse influence on the respiratory' organs. (3} The precipitation ratc on the pulmonary alveoli of
the particulate matters with a particle diameter of 4 wm to 2 um or less is the highest.

Incidentally, the size of a particle which is an object of the environmental standard is deter-
mined by its measurement method. In the EPA high volume method ddoptcd in the United States
and Canada, it is said that particles with a particle diameter of 0.1 to 100 um are captured, and
these total suspended particulates are an object of the environmen_tzﬂ standard. In the LIB high
volume method adopted in West Germany and Sweden, it is said that particles with a particle

diameter of .5 to 80 um are captured. Since a low-volumc pump is used in the BS standard
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method or OECD smoke ine'thod, it is considered that the maximum particle diameter of the
captured particles is approximately 20 to 30 gm. Only Japan covers the particles with a particle
diameter of 10 pzm _of.less as of May 1987, and most of the countries cover total suspended particu-
lates with a particle diameter of 20 to 30 wm or less. A-lot of rescarch has been done recently on
particle diameters wheﬁ particulate matters are taken in by the human 'bod.y and its mechanism.
The relation between the medical effect of being taken in:by the human body and particle dia-
meters is as follows: S

>10 pm: most all the particles are captured by the nasal cavity and pharynx.

5 to'l[).,um: 90% of the particles are precipitated on the respiratory tract and pulmonary
alveoli. (The precipitation rate on the pulmonary alveoli is maximum when the
particle diameter is 2 to 4 pm.)

0.5 to 5 wm: The precipitation rate gradually decreases and it is 25 to 30% when the particle
diameter s 0.5 pm.

<0.5 pm:  The precipitation rate increases again.

It is considered that the particle diameter of the particulate matters which may have an influ-
ence on the respiratory organs is 10 pm or less, and the standard in Japan which took this point
into consideration are worthy of special mention. The EPA reexamined comprehensively an influ-
ence of particulate matters on health, weather conditions, ctc. and issued the final regulation of the
air environmental standard for SPM on June 3, 1987 (40 CFR50).

Fig. 2-6 shows an annual average of the suspended particulate matters at the air monitoring
stations in Japan. It has decreased gradually since 1974, but it remained at the same level during
the past few years. The achievement rate of the environmental standard in the air moﬁitoring
stations was as low as 52.6% in 1987. The diesel black smoke with the increase of diesel cars

recently and dusts causced by spike tires in cold districts are at issue.
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Fig, 2-6 Secular Change of Ambient Air Concentration of SPM
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- 2.2.3 Korea

The erivironmental issues in Korea came into the open from the beginning of 1960 when Korea
started to industrialize. There is no-doubt that sporadic environmental disputes occurred before
that time. HQchcr, generally they merely appeared as an ihfringement of personal properties or
damage to health partly because the the concern about environment pollution was very low in the
community. Under these circumstances the Polfution Control Law was cstablished in 1963. As the
industrial developmént was accelerated before long, river contamination and air pollution in citics
became aggravated. Particularly, construction of highways in big cities increased air pollution. In
the latter half of the 1960s a campaign against pollution became active so that the nation’s aware-
ness of the environment started to change. Since the national policy gives top priority to economic
development, however, it cannot be denied that the eénvironmental policies took a back seat. At the
end of 1970s the-environmen:tzil ‘pollution had become a grave health threat to human beings.
Finally in 1978 the Environmental Preservation Law was enacted and the National Environment
Research Center was established and in 1980 the Environment Agcency was inaugurated, In Korea
an environmental right is stipulated in the Counstitution. That is, “(1) The people shall have the right
to live in a wholesome and comfortable environment and the nation and people shall have the
obligation to cooperate in oider to presérve the ‘environment. (2 The contents and functions of the

“environmental rights shall be determined by law.” A harmony between economic development and
‘environmental protection is positioned as a basic line of the environmental policies in the Sth
‘Economic Development Plan (1982 to 1986).

‘The Environmental Preservation Law deals with the basic environmental policies, air and water
pbllution control, noise and vibration regulations, fund raising of the environmental policy project,
“and arbitration of environmental disputes. The laws such as the National Environmental Policy
Law, Environmental Dispute Arbitl‘ation.Law, Air Pollution Control Law, Water Pollution Control
Law, Noise and Vibration Regulation Law were enacted to supplement the Environmental Pre-
servation Law. The air environmental standards stipulated by the Air Pollution Control Law arc
shown in Table 2-5.° ' '

Table 2-5 Air Quality Standards in Korea

[tem K ' Standard value
Sulfur dioxide Aunuat average: 0,05 ppm or less
(503 24-hour average: 0.15 ppm or less (8O, must not exceed this value three times or more a ycar)
Carbon monoxide Monthly average: 8 ppm or less
(CO) 8-hour average: 20 ppm or less (CO must not exceed this value three times or more a year.)
" Nitrogen oxides | Annual average: 0.05 ppm or lcss
(NOZ) One-hour average: 0.15 ppm or less (NO, must not exceed this valuc three times or more a year.)
Total Suspcnded particulate Annual average: 150 pg/m® or less
(TSP) 24-hour average: 300 ,u.g/m or less (TSP must not exceed this value three times or more & year.)
Oxidant Annual average: 0.02 ppm or less
(as O3) Onc-hour average: 0.1-ppm or fess (O, must not exceed this value three times or more a year.)
Hydrocarbo'n Annual average: 3 ppm or less
(HC) QOne-hour average: 10 ppm or less (HC must not exceed this valuc three times or more a year.)

Source: Data of the Environment Agency in Korea
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Among stationary sources in Korea, almost ail the fuels used in factories arc high sulfer content
heavy oil and approximately 75% of home heating is charcoal briquette. As moving sources, almost
all buses and ficight trains use light oil, taxis use LPG, and private vehicles use gasoline. For this
reason, SO;. and suspended particulates are a main problem in the air po!lutlon of Korea. As for
the SO, concentration. of the main Korcan cmes in 1986 the annual avcmgc in Seoul and Inchon
exceeded the environmental standard, and parhcularly the SO, concentration in winter {December

~ to February) reached 0. 088 ppm. It is‘assumed tlnt fuel containing a high percentage of sulfur such
as heavy oil of 1.6% sulfur (heating in buildings), hght oil of 0.4% sulfur (vehicle fuel), briquette
of 0.3 to 0.9% sulfur (heating in houses) caused this situation. The suspended particulates show a
similar seasonal change. 1t is considered that the suspended particulates are duc to discard and
transport of ash of briquette for heating, and scattering of coal and lignite stored in open air. The
environmental concentrations of TSP in Seoul and that in Pusan in 1987 were 175 and. 197 pg/m?,
respectively, which exceeded the standard value. As the mode of living is changing, however, the
briquette is replaced with oil-and town gas, and dust tends to decrease. Recently people have a

growing interest in air poliution caused by cars.
2.2.4 Taiwan

The cconomy in Taiwan has been led by the development of the export-oriented industries
since the '19605 and the economic growth rate as high as 9.1% in 1960 and 10% in the 1970s:on
average was attained. Furthermore, the national income per capita amounted to. US$4.987.00 in
1987 and it was estimated at U5$6,045.00 in 1988, which is an income level following ! apan,'Si'nga—
pore, and Fong Kong in Asian countries. With respect to the encrgy supply-demand in Taiwan
coal, oil, and water power resources are scarce. Taiwan has ample natural gas resources wluch now

rank first in the energy supply The energy used fox the industrial development, however, has
depended on imported coal and oil, After the oil crisis, cmphdsm has been laid on coal and atomic
energy. Since there are some wnstramt on atomic encrgy, the 1mp01t of coal is increasing rapidly.
‘Under these circumstances, although the environmental legislation in Taiwan started with the fac-
tory law, the legislation suitable for the promotion of industrialization and economic development
was arranged in the 1970s. The Water Pollution Control Law, Air Poltution Control Law, and

fastc Matter Disposal Law were established in 1974, 1975 and 1980, respectively, and in 1983 the
Noise Control Law was also established. In 1987 the Exccutive Yuan Health Bureau Environmen-
tal Protection Agency was raised to the status of the Exccutive Yuan Environmental Protection,
Bureau. With this raising of its status, various laws related to environment protection have been
established and revision work also has been actively carried out. Table 2-6 shows the environmental

standards related to air poliution.
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Tahle 2-6 Ambient Alr Qualify Standards in Taiwan

'Envi_rdnme'ntzil air quzility standards:'
(a) Suspended particulate matters (SPM)

ftem

Permissible value excluding the
coarse particulates with a particle
diameter of L} p or more

Permissible value including the
coarse particulates with a particle
diameter of 10 ¢ or more

(Unit: pg/Nm?)

Monthly average

Non-industrial area: 210
Industrial area: 240

Annual average

Non-industrial area: 140
Industrial area: 160

Non-industrial arca: 260
Industrial area; 290

The Particelate Matter concen-

tration must not excced the
permissible value twice or
more throughout the year.

Non-industrial arca: 174
[ndustrial area 190

(b) Sulfur oxides

- * Sulfur oxides concentration

By arca

One hour value

Draily average of one hour value

Aunual average of one hour value

Norti-industrial area Industrial area
0.3 ppm 0.5 ppm
.1 0.15
0.05 0.075

* Accumulative volume of sulfur oxides (Accumulative volume calcu-

lated in terms of sulfur trioxide for 30 consecutive days with an

exhaust area of 100 cm?)

Nen-industrial area

Industrial area .

60
90

Unit: mg {S0,}/100 cm?/30 days

(c) Nitrogen oxides

By area

Non-industrial area

Industrial area

Daily average

(.05 ppmn 0.1 ppm

(d) Carbon monoxide

8§ hour average

Daily average

The concentration of carbon
monoxide must not exceed this value.

20 ppm

10 ppm

40 ppm

In addition to the above-mentioned, a long-term target is set as shown below.

Long-term air pollution control target

[tem Suspended particulite matters (SPM) N h
Including particulates | Excluding particulates | SOz co NG, ]:;?:i]r:c‘::ul;gf Ozone | Lead
with a diameter of 10 | with a diameter of less|  PPD ppmt ppm ppm - ppm pglm
Targel M OT more 10 pm .
1991 170 140 0.05 0y 1 0.0% 1.0 0.12 L5
1996 10 75 0.03 10 (2) 0.05 0.31 0.12 15
) (1).Daily "
Remarks Annual average Annual average Annual | average Daily  |6a.m.~Y a.m.j Hourly E:):f&l
: & averag average | (2) 8 hour average |average average | oo
average B

The actual environment pollution in the main cities of Taiwan and the conformance rate of the

cnvirohmc:ntal standards are made public, and the concentration of pollutant in Taipe and its

industrial vicinity is high. The Environmental Protection Bureau published the situation of the air

poltution as PSI (Pollution Standard Index) to try to arouse the citizen’s attention. However, there
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are still many areas where PSUis 100 or more. SO, seems to be frhprove(l considerably, but 34% of
the monitoring stations have not attained the standard as ot 1987. There were 7, 700 000 motor
vehicles at the end of 1987, and motorcyclcs accounted for 77. 3% I‘urthcl more, cars are 1ncrca€mg
at the rate of S,(}O(}_pcr month, whlch is a main factor of the NO, and CO pollution in the urban

districts.
2.2.5 China’

Coat is used in China for enérgy of power plants and factories, and heating and cooking .in
houses, and ‘it accounts for approximatcly 70% of the primary energy in the country. For this
reason, the air pollution caused by dust, SO, and NO, is 'worsening. The Environmental Protec-
tion Law (trial) enacted in 1979 expresses the environment policy called the “Three Simultaneous
Principles.” That is; (1) to design the production.facilities_ and pollution control facilities simul-
tancously, (2) to execute the construction of both facilities simultaneously .and (3) to operile them
simultaneously. Installation of wet type dust coliectors (they account for appro.ximately 609 of all
the devices) in old power plants.and electric dust collectors in modern large-size plants have been

carried out as improvement measures against dust and particulates dlschar;,ed from power plants.
Although desulfurizers were not installed in the past for an economic reason, they have been
instailed in the arcas such as Sichuan where acid rain does serious damage to '\gricultuml products
However, denitration equipment has not been installed yet. ,

Laws and regulations related to the air environment in China are as follows. Table 2-7 shows
the environment air quality standards stlpulated in the Air Pollution Control Law.

Environmental Protection Law (trial) (1979)

Environmental Air Quality Standards (1'982')

Air Pollutant Emission Standards (1983)

Boiler Dust Emission Standards (1983)

Pollutant Emission Standards for Low Speed Automobile (1983)

Smoke Emission Standards for Free Acceleration Dicsel Car (1983)

Air Pollution Controi Law {1987)

Table 2-7 Environmental Air Quality Standard in China

Maximum concentration value {mg/Nm™)

Item Sampling time Ist class 2nd class 3rd class

standard standard standard
Total particutate matters Daily average 0.15 0.30 .50
(100 pm or less) Once _ 0.30 LG 1.50
Suspended particutate matters  § Daily average 0.05 0.15 0.25
{10 g or less) Once 015 0.50 . 0.70
Annual daily average 0.02 .06 0.10
Sulfur dioxide Daily average 0.05 0.15 0.25
Cnce L ) 0.15 . 0.50 . .00
. ) Daily average 445 0.10 T 015
Nitrogen oxides Once | 0.10 005 0.30
. R Draity average 4.00 . 4.00 ) 6,00
Carbon nmnm.urif,r _ Once . 0060 | 10.00 20.00
Oxidant One hour average LA 0.16 . 0.20
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(Note)

I. The daily avcrage means a maximum valuc which any daily average concentration must 1ot exceed.

2. Onee means a maximum value which any one-time sample must not exceed.

3. Annual daily HVCTﬂgL Weans a m'mmum value which any annual daily average concertration must nol

exceed.
4. One hour aversge means a maximum valee which a one hour value must not exceed onée or more a month.
5. lst class standard: Air quality which does not exert ary adverse inpuet on a natural ecosystem and the
health of human beings even through a tongtime contact.
2nd class. standard: Air quality which does not damage the health of human beings and animals and plants in
citics and rural communitics even through longtime contact.
3rd class standard: Air quality which does not cause any acute or chronic intoxication to Thuman beings or
_prevent the animals and plants in citics {excluding the sensitive ones) grow normally
6. The eavironmental air quality standards are classified into the following three categories depending on the
geographical features of each district, weather conditions, ecology, politics, economics, and degree of air
" pollution. o
Ist category: Protection zones of natural environment, beauty spots, places of historic interest, and areas of
medical treatment prcscnbed by the government
2nd category: Residential arcas, mixed areas of commerce, traffic, and residences, cultural area, beauty
spots and places of historic interest and suburban rural communities, which are desigoed by
_ city planning.
3rd itegory: Urban industrial areas where the air is seriously poliuted und the center of the mumcnpdt
transporlt, trunk lines, ete.

The environmmental standards in China shows values as severe as in developed countries includ-
g Japan, but'the pei'centagc of achievement of standards scems to be rather low. The following
concrete C'lses are reported.

(1) Air pollution in big cities including Peking, Shanghai, Wuhan, and Kuangchou

@ Occurrence of Smo_g and photochemlcal smog caused by SO,, NO,, and dust cmitted from

~ petroleum compi_exes located in inland basins such as Lanchou

(3 Crop damage due to acid rain produced in areas, south of Yangizechiang including Chung-

- ching, Kueiyang; Kungchou, and Nanchang
1t is said in this connection that the coal used in China has a sulfuric content as high as 2 to 3%

and 18,000,600 tons of SO, are emitted in a year.
2.2.6 U.S.A.

A movement towards federal lawvﬁéking related to air pollution in .the U.S. was triggeréd by
the outbreak of an air pbllution problem' in California in 1950. In 1955, a .law was enacted to
mandate the Secretary of Health, Education, and welfare to take the initiative in education, train-
ing, and technical assistance concerning air pollution in the said state and other regions, followed
by the establishment of the Air Pollution Control Act to expand the above law in 1959. Both the
Senate and the House of Representatives organized their committees, actively discussing the legisia-

tion of air pollution. The committee of the Hduse of Representatives targeted automobile: cxhaust
gas, resultmg in the institution of the Automobile Exhaust Gas Study Act in 1960, coupled with
discussion about the roles of the federal government. In 1962, “Silent Spring” by R. Carson was
pubhshcd and there oceurred the event of fog in London enhancing interest in legal restrictions
on pollution. The 2nd Natlonal Convention of the Academic Socicty of Air Poliution held in
Washington D.C. was attended by 1,500 pcaple. In 1963, the Clean Air Law was passed by Con-
gres_sl, foiiowed by the institution of the Automobile Air Pollution Control Law in 1983, thus initiat-
ing emissior_i control for new cars. Since then, the Clean Air Act has received minnor a_nd major

amendments over 10 times up to 1983. While this act has brought about considerable improvements
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in air quality, there remain some regions which fail to fulfill the cnvironmentat standards,

The U.S. airquality standards have been established under the Clean Air Act: thcy are divided
into the standards established with attention paid to human hcalth (Primary St'mdardq) and the
other standqrds taking note of the lwmg environment (Sccondary Standards).. Both stlpulatc the
standard values of 6 ltems such 'lS 50, and NQ,, rcspcctwelv (qce Part 111, Table 1-18). Tn order to
maintain these enwronmenta] mnd'irds each state ‘is to formulate. its own implementation. plan
and obtain ifs dpplOV'l[ by the Environmental Protectlon Agency Following this pl'm each state is
cauymg out the emission control for stationary sources. In addition, the Environmental Protection
Agency itself has also established the national standard values of emission from moblle sources,
main new souees, Ian_d sources of toxnc_.substance‘s. The evaluation of air quality is performed based
on data available from the national _ai_'r quality measurement data bank of the Environmental Pro-
tcetion Agency. These data are assembled from about 5,000 air pollution mositors all over the U.S.

Reviewing the status of conformity with the environmental standards for air pollut"m“é%‘in u.s.,
the standards for SO,, TSP, NOZ, and Pb have been fulflllcd in most reglons CO and O3, however,
are still at prohlelmtlcal levels, though a dccreasmg trend can been seen. The cause. thereof is
apparently automobiles, aga:nst which various restrictive measures have. been taken. Espemally for
O3, air pollut:on control plans have been formuiated to enable the fuifmment of the standalds till
1990, except in such cities as Los Angeles Houston and New York. In Anchorage though it is a
local topic, a problem occurred with air potlution caused by CO emission from engmes wh1ch were
left idling to prevent cats from freezmg while parked. The most critical probicm for the power
industry is falling acid matters, which are known in the form of acid mm Some people believe that
the current standards can sufficiently manage the inhibition of S, and NO,, which are the precur-
sots of acid rain, whereas other people believe the standards to be insufficient and thus bring bills
before the Congress, but in many cascs they receive no backing and find it withdrawn. This is due
to thc uncertainties of data and their interpretation as well. The data pertinént to acid rain are
asscmbled from monitoring stations spread over the whole country. At present, wet f']llmo mattels
are being measured at 150 shtlons, and a plan is now being worked out to add 100 monitoring

stations to measure dry falling matters.

2.2.7 West Germany

The Federal Immission Control Act established in 1974 is the basic law concerning air pollution
control and norsc reduction in West Germany. The term “Immrssmon is a German word which hqq
no synonym in English, and it has been defined as “air pollutants, nolse v1brat|on llght heat,
radiation, and related environmental factors, which affect humans, dmmals plams and other ob-
jects.” In addition, “Emission™ has been defined as pollutants noise, v1bratlon heat tadiatlon
and related phenomcna, which stem from apparatuses.” This act provided a new base ' for
cnvironmental preservation, and its principle is to prevent 'polluti(’m at its sources. Ulrder.thizs law, |
moreover, the factory manager is obliged mandatorily to ‘EppOmt a manager for cnvnronmentai
preservation. His duaties include: () to develop those processeq and products that are h'irmless to

the environment; (2) to examine the environmental confornnty of new processes and products, G to
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check the requirements for environmental protection in the company and propose the improvement
of deficiencies; and (@) to educate employees about the effect of this law. He is also requested to
make suggestions on investment required for cnvironmental preservation.

In West Germany under a federal system, the nation’s functions are performed by the federal,
state, and municipal governments. In the field of envitonmental protection, the federal gavernment
has a full legislative power concerning air pollution control, waste disposal, and noise prevention,
while administrative measures are executed by each state. Recently, the national legislation has
been increasingly supplemented by the legislative action of the EC. The federal Environmental
Agency was organized in 1974, when the Environmental Preservation Law was cnacted, and this
Agency coordinates environmental studies in the federal government, utilizing the results of such
studies. In addition, the Environmental Statistics Law was instituted in the same year, providing a
legal base for ;wquisition.of echological, economic and financial data on specific environmental
loads. West Germany’s environmental standards are as shown in Table 1-18 of Part I1L

Air quality is monitorcd through a broad monitoring network, which takes measuréments at
the following numbers of stations: SO, at 220 stations; CO at 150; particulate matter at 140; O and
NO;, at 125 each; and H,S at 9. This monitoring network is also utilized for a European air moni-
toring plan. With regard to the emission volumes of air pollutants, the volume of sooty particulates
emitted from power plants, ccment factories, steel mills, etc. was'éubstantially reduced subject to a
“Guide to Technical Instructions on Air Pollution Control” which stipulates general restriction$ on
emission, the restricted values of emis_sion from speciﬁc plants and technical requirements. The
emission volume of SO, has slightly decreased since the middle of 1970, The desulfurization of
combustion gas was introduced around. 1974, and has increased its prevalence in association with
acid rain. Of the emission volume of NO,, power plants are reportedly occupying 40%. In West
Germany, the following matters are now the urgent themes on air pollution control:

@ Global scale environmental problems such as the prohibition of the use of chlorofluiorocar-

bon, and the reduction of the volume of CO, gencrated.

(2 Prohibition of the usé of leaded gasoline, the reduction of particulate matters emitted from

diesel cars, and the reduction of air pollutants from automobile cmission.

(3 Continuation of countermeasures for prevention of forest destruction.

@ Remodeling of plants for air pollution control
2.3 Emission Standards in Foreign Countrics and its Concept

2.3.1 Japan

The follﬂ'l.vin'gs are two basic concép'ts of setting the emission standards.

[0} The concept that cmission standard should be established as a restrictive measure to attain
environmental standards Whlch is dpphcable for SO,, NQO,, and so on which are usually
emitted on a broad scale area.

) The concept that a specified d1lut10n rate between emission concentration and environmen-
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tal concentration may be considered if facilitics emitting poltutants such as Cd, HCl, ete.

are limited and combined pollutants arc considered negligible.

The first concept is based on the assumption that the totat emission volume of ‘poliutants and
the environmental concentration of pollutants in a specified area are propotional to each other if
facilities are concentrated in the area at more than the specified level. Conseque'nﬂy, _th§ cmission
standard value. differs depending on the degree of the concentration of facilities and the emission
volume of the pollutant in an area. In other words, in association with cconomy growth which leads

“to more production of a pollutant, the more severe of an emission standard Vallte.ishou]d-be legis-
lated. Emission standards, however, are established by giving administrative consideration such as
. technical and economic feasibility. - '

The second concept is that it is enough to consider only the influence of one facility producing
the pollutant upon the environment. In that case, it is nc_:cessafy to assume the permissible environ-
ment concentration concerning the corresponding pollution component around a factory which is
subjed to the most influcnce. If the acceptable environment concentration is assumed, in order to
correlate the permissible environmental concentration with the emission éoncen’tratibn called the
emission standards; 1t is necessary {o consider how much the substance is diluted when it is emitted
it the air. Further, in case of final legislation of the emission standard value, the concept that the

-value can be varied depending on individual sources should be noted, because the pollutants
volume and diffusion concentration are affected with factory size, emission volume, etc. In the case
of TOXIC substances, however, even if the emission volume of TOXIC substances differs to the
scale of factorics, a uniform value applicable to alf emission SOui'ces_ should be instituted based on

administrative judgement of existing emission control techniques for toxic substances.

(1) Sulfur oxides :

If residents made a comp!mnt about an mdmdual damage due to an air pollunon phenoinenon
caused by soot and smoke accompanied with coal combustion, necessary’ measures were taken
according to the prefectual or municipal ordinances of Tokyo, Osaka, and Kanagawa, etc. until
around 1955, However, generally black smoke coming from a forest of stacks was accepied as a
symbol of economic prosperity and the pollution was considered to be a geographw'll problem.
After the govcmment decided to install a petrochemlcql complex in Yotsukaichi in 1955 in order to
measure the economic growth in Japan, regional developments were planned and promoted aiming
at heavy chemical industrialization throughout the coiuitry. Yotsukaichi complexes have begun
operation successively since 1960 and following this the production facilities were expanded at the
same time throughout the. country. Consequently, the output of the mining and maﬁufacturiﬁg
“industries increased and encrgy consu'mption increased rapidly. The total energy 'supplied mainly by
the domestic coal around 1955 was 560x 10" Keal '(44 8% of domesﬁc coal, 4. 4% of imbor[éd coal,
20.2% of oil, 9.4% of other cnergy sources), while in 1965 it amounted to 1 ,656x10" Keal (19% of
domestic coal, 8.2% of imported coal, 58.4% of 011 11.3% of water powc1) owing to the encrgy
conversion policy to cope with an increasing energy demand. Energy consumption was almost

tripled in 10 years. Japan was ablc to cope with the increase in encrgy consumption because of
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import of oil containing a high percentage of sulfur from the Middle and Near East. Afterwards in
1970 the energy demand doubled amounting to 3,105% 102 Kcal (8.1% of domestic coal, 12.6% of
imported coal, 70.8% of oil, 6.3% of water power),

Under these circumstances the phenomenon of air pollution became an issuc over a wide arca
exceeding the limit of a local public entity. An influence on the health of people and the living
environment became more and more serious and countermeasures were required on a nationwide
scale. Namely, frbm 1954 to 1957 legistation concerning “the living environment pollution control”
was examined, but it was not realized. The Soot and Smoke Regulation Law was enacted in 1962.
This law stipulated the following: | _

(1) Anareca where remarkable air pollution oceurs is designated as an area requiring the regula-

tion. _
(@ I a prescribed apparatus exhausting soot and smoke is installed in factories, etc. of the
area, it is mandatory to 'give a prior notification. _

(® If the concentration of soot and smoke emitted from an facility exceeds a given standard,
orders are given to take measures such as a structural improvement of the facility exhaust-
ing soot and smoke. In addition, financing and other subsidics arc provided if necessary to
promote installation of smokc and soot removal facilitics in the factories and enterprises,
and technical studies to cope with the automobile exhaust gas and other problems are pro-
moted. _

This law regulated the emission of soot and smoke in main industrial cities such as Tokyo,
Kawasaki, Yotsukaichi, Osaka, and Kyushuu. However, since even in the designated arcas the
emission of soof and smoke of small-scale facilities is not regulated, a partial revision of the law
was made in 1963 so that the local self-governing bodies were able to stipulate necessary regula-

" tions, and the concentration of the sulfur oxides emitted from the facilities was limited to 2,200
ppm. These regulations contributed to the installation of dust collectors and at the same time the
coal combustion rate was lowered owing to energy conversion so that the air pollution caused by
the dust fall which was a big issue at that time was greatly improved.

The air pollution caused by the sulfur oxides, however, was aggravated with the sharp increase
of oil fuel. On the other hand, effective measures were not taken in the method of regulating the
e’m_is_sion ‘concentration in each facility. The number of cars also has rapidly increased, and the air
pbiiution caused by the automobile exhaust gas has been éggrava_tcd. Therefore, the development
of desulfurization of heavy oil of which technical research has been done since 1966 and the promo-
tion of guidance to install the desulfurizer of cxhaust gas were resolved in the Diet, and the Special
. Committee for Anti Industrial Pollution made examinations in a wide area. In the examinations the
Special Commitice drastically reconsidered the past antipollution measures which did not producé
the anticipated results because individual emergency measures lacked organié corielation among
measures and consistency, and clarified the basic principle and idea of the antipollution measures.
In 1967 the Basic Law for Environmental Pollution Control was enacted to prepare and promote

the comprehensive and systematic antipollution measures.
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As the Basic Law for Environmenta! Poliution Control ‘was established, “the Soot and Smoke
Regulation Law and other laws” were reviewed, and the Air Pollution Control Law were estab-

lished together with the governmental and ministerial ordinances in 1968.

The Oii't.lin_e of the emission regulation established by the Air Potlution Control Law is'as fol-

lows: | _ . o o '

(O Desrgnatc an-arca where f’lClllIlES that cxhaust soot and smokc are installed’ denscly and
smoke: emitted from these facilities po[iute the air consider ably aud whele instatlation of
facilitics exhausting soot and smoke is certain so that air potiution is forecast as a reguhuon
target area in advance (des_lgnatcd area).

(2 Establish the emission standards to bc observed by emission sources in each"desi'gnated
area. With respect to the emission standairds for sulfur oxides, an allowable limit of the
volume of sulfur oxides emitted from stacks is sct accordihg to the stack height. With re-
spect to soot and other dust, an allowable volume limit :fo'r soot and other dust included in
the mattcrs emitted from stacks is set for each type of facility. '

@ Require prior notification when'a facility emitting soot and smoke is installed in the desig-
nated area and to observe thé emission standards for emission sources. If they do not con-
form to the enission standards, they are ordered to change their plan (including abolition of
their plan) and to make an improvement. Furthermore, in the case of an ecmergéncy where
the air pollution is serious and the health of human beings may be damag‘ed, these ordi-

- pances can ask emission sources for help to reduce the smoke discharge and advise installers
of facilities cxhausting a large amount of sulfur oxides that they should take measures to
reduce its discharge. There are 20 designated areas in 17 'me‘tropol'ifan cities and districts.
‘The sulfur oxide emission concentration is set to 1,800 to 2,800 ppm with a certain latitude
a.}lozwc'd. |
The regulations which were established twice aims at preventing the environmental pollu-
tion by controlling the sulfur oxides emitted from each chimne_nyince the establishment of
the environmental criteria was forced to be postponed until 1969, only aggravation of air
pollution caused by sulfur oxides was prevented in opposition to an 'increasiné energy con-
sumption. Under these circumstances the ideal way of regulating the sulfur oxides changed

- to a more rational one in connection .with the environmental concentration. Name!y, before
the Environmental Pollution Prevention Act was established, a conce.'ption'(')f the environ-
mental criteria did not exist. Therefore, people understood the necessity of reducing the
environmental pollution caused by emission of air pollutants, but did not have a clear go:'i.l
of how much it should be reduced. Even if the sulfur oxide emission concentration of the
source is constant in the past emission regulation, the more the gas discharge is, the more
the sulfur oxide discharge becomes so that the environmenta! concentration on carth be-
comes high. - ’ ; ' '

Furthermore, even il the sulfur oxide discharge is the same, the environmental concentration

on carth becomes high when stacks are lower. Consequently, the emission concentration regulation
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system can ncither fmprovc the environinental concentration drasticatly nor set up a standard for
the emission regulation value with which environmental imprdvcm(:nts can be realized. When the
Envirdmﬁcntal Pollution P.reventio'n Act was established, this point was taken into considcration,
and in the Air Pollution Control Law established in June 1968 the quantity regulation system (K
value i'eglllafion) in accordance with the effective stack height was adopted.

The less the K value is, the severer the emission regulation becomes in this K value regulation
as shqivn in paragraph 4.1 of Chaptcf V1, and the K value can be satisficd by cither reducing the
SO, discharge or by making the stacks higher. Aiso_, this K value regulation has a relation that 584
times of the concentration (ppm) on earth are the K value. Therefore, when the K value is given,
the emission regulation valuc (emission tolerance) can be calculated from the cffective stack
he_.ight. : o '

In making a summafy of the history of the K value regulation so far, a regulation of K=20.4 to
29.2 was established in 27 arcas in December. 1968. The regulation was tightened 5 times by May
1973 when the environpnie_ntal criteria were reviewed. During this period the regulation was ex-
tended throughout the country (Jﬁne 1971), and the K value was made severer within the range of
6.42 to 22.2. Furlhé_rmore,'when the second K value regulation tightening was carried out, a con-
cept was‘ introduced so that special emission standards more rigorous than the general ones are
applied if new facilities are installed in an area which is polluted to a high degree by sulfur oxides.
Also, in 1971 a fuel _regule;tion system where fuel containing a low percentage of sulfur is used was
introduced to cope with a seasonal phenomenon of environmental aggra{!ation due to house heat-
ing in winter. Afterwards, the K value regulation tightening (3.0 to 17.5) was carried out twice in
order to satisfy the environmental criteria which were revised and tightened in 1973. In addition, a
total discharge regulation system where the total discharge of sulfur oxides are regulated by factory
was introduced in 1974. These regulations contributed much to a gradual reduction of the environ-
mental concentration of sulfur oxides and the conformance rate of the environmental criteria

attained 99.6% in 1987. (The number of measurement stations was 1,603.)

(2) Nitrogen oxides _ _

- When the Air:Pollution Control Law was established, with respect to the emission regulation of
nitrogen oxides there was still no sign of development of the denitration technique, and the prob-
lem was not.taken up for discussion. However, in the caée of future emission regulatidn, it was
decided that the emission standards would be set for each type of facility uniformly throughout the
country. This is because the discharge of nitrogen oxides differs depending on the facility and fuel
and the K _val:ue regulation cannot be establisﬁcd like in the case of sulfur oxides. Then, after the
ehvifonmemal criteria for n'itrbgen dioxide were established in 1973, the regulations were carried
out three times _Successively: the first one for Iargé—size facilities in the same yéaf, and in 1975 the
second one in whic.h the _environme_ntal criteria were applied to more facilities, and in 1977 the
third one in which the criteria for the existing large-size facilities were tightencd, these criteria were
applied to more facilities, and the criteria for newly established facilities were tightened. Among

approximately 144,000 facilities emitting smoke, the emission standards were set for 13,000 facili-
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tics (they accounted for apptoxhﬁatcly 9% of all the facilitics cmitting smoke and their NO, dis-
charge accounted for 73% of the total daqchargc) which wexe the' main source of nitrogen’ oxides.
Moreover, since there were some facilities where a contubution to the environmental concentration
was not ncgllglblc among the 1em<1m1ng facilities to which the emission standards were riot applled
the dth revision was carried out in 1979 to extend the regulation. As a result, a :egulatlon was
carried out in 105, 000 facilitics (thcy accounted for monc than 70% of all the hc;ht:eq cmlttmg
smoke and their NO, discharge accounted for 95% of the total dascharge). Furthermore, from the .
téchnoldgicai point of view the criteria of a level whicli the low NO, combustion fechniqtie was able
to clear as before was established. Small-sized boilers with the minimum-scale heating surface arca
of 10 m? or less lmwng a large combustion capacity which emit a large amount of NO, have spread

since September 1985, Since an aggravation of the air pollutlon might be cansed a.condition that

the burner combustion capacity was 50 I/h or more was newly established and'adf_}ed to a facility
emitting soof and shl_okc in order to secure the validity of the law. In addition, it was expected thit
the gas turbines and diesel engines would spread to some extent particularly in big cities in the
future so that the condition was added to a facility emitting soot and smoke since February 1987.
The environmental criteria of nitrogen oxides were revised in J uly 1978, 'md the Tokyo Metlopolls
Yokohama c1ty, and Osaka city where'it was consldered that these critéria were ‘attained urgently
were desngnated as a total quantity reguldtlon area in June 1981. The emission standards of ni-
trogen oxides were cstablished by facilities (62 facilities), by size of facilities, and by installation
date of facilities. For the details of these values refer to the scction of data on the “Air Polution
Control Law.” |

(3) Dust _

The dust emission regulation was carried out for the first time in 1962 by “the law conceming
dust emission reguldtion, etc.” Regardless of the size of facilities, the emission standards were
established uniformly for individual facilities, for example, 1.2 g/Nm® for a boiler, 1.0 g/Nm? for a
cement kiln, and 0.5 _g/Nm3 for a blast furnace. Afterwards, as the Air Poliution Control Law was
established, the emission standards were revised to a value as severe as 1/3 to 1/10 of the old
emission standards, and the concentration regulation by type and size of facilities was also estab-
lished. When a revision was made, the environmental criteria of suspended particulate matters had
not been established yet. The emission concen_tration'of dust was determined almost uniformly
accofding to the performance of the dust collector to be installed. Since the conventional system
produced results to some extent, the concentration regulation system was adopted. However, even
if the emission concentration is the same, the bigger the facilitics are, the larger-the dischérge
becomes. Therefore, the severer concentration cmission standards are applied to bigger facilities.
An idea of quantity regulation is incorporated in the form of concentration regulation. Thén', the
third revision was made in 1982 after approximately 11 years had passed. As far as the third
revision was concerned, the emission standards were tightened to abo_u'f half the vixlhe; a stan_dard
oxygen concentration correction system of dust concentration was introduced in order to pfeveht

unfair conformance of the cmission standards by diluting emission gas and to establish and take fair
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regulations and measnres for a facility emitting soot and smoke, and new cmission standards were
established for 7 kinds of facilities emitting soot and smoke.” As a result, approximately 5,000
facilities were newly regulated. Conscquently, more than 99% of the facilities emitting soot and
smoke in Japan were regulated. Furthermore, in 1987 gas turbines and diesel engines were desig-
nated as apparatus emitting soot and smoke and the emission standards were established. The dust
emission standards are cstablished by type (59 facilities) and size of facilitics. For the detail of the

values refer to the section of data “the Air Poliution Control Law.”

(4) Toxic substances
The government ordinance designated cadmium and its compounds, chlorine, hydrogen chlo-
ride, fluorine, hydrogen fluoride, silicon fluoride, lead and its compounds, and nitrogen oxides as

toxic substances. Among them the emission standards for nitrogen oxides are established scparate-

ly. Therefore, uéually matters other than the nitrogen oxides are designated as toxic substances.
‘The emission standards (concentration) of lead and its compounds, for ekample, are determined in
terms of the amount of lcad because of the restriction of the measurcment technique. Consequent-
ly, the emission standards arc established for 5 elements of chlorine, hydrogen chloride, fluorine,
lead, and cadmium.

When the emission standards for the toxic substances were established in Japan (1971), the
emission source concentration and the concentration in the environment of SO, and CO of which
the number of measurement cases was large were adopted for reference to know the degree of
diffusion of toxic substances. Namely, the following dilution was observed on the whole. When the
emission concentration of S0, was approximately 1,000 ppm, a long-time average concentration in

“the air was 0.05 ppm, which ‘was approximately 20,000 times thinner, And a short-time average
concentration in the air, which was dcnser, was 0.5 ppm, which was approximately 2,000 times
thinner. In addition, since the CO content of the automobile exhaust gas was 5% (50,000 ppm) on
average and the environmental concentration was 25 to 50 ppm at that time, it was considered that
the dilution rate was 2,000 to 1,000 times.

The above-mentioned two cases indicate a dilution rate by two or more sources, and it is
considered that the dilution rate by a single source which produces toxic substances is larger than
that by two or more sources. However, when thc emission standards of toxic substances were
established, the dilution rate was considered to be 1,000 times that of the environmental acceptable
concentration taking safety into consideration, The value of 1/30 to 1/100 of the industrial environ-
mental concentration was adopted as the permissible envifonmental concentration of toxic sub-
stances referring to the concentration indicated in the Industrial Health Law, etc. in nations
worldwide. _

The emission standards for toxic substances are established by toxic substance and facilities. For

the detail of the values refer to the section of data on the “Air Pollution Control Law.”

2.3.2 U.S.A.

In the U.S.A. the National Ambient Air Quality Standard (NAAQS) of 6 types of main air
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potlutants (SO,, SPM,_'CO, NO,, lead, and ozonc) was cstablished by the C_Iéa_h _Air Act (CAA),
and it is stipulated that each state prepares a State Implc‘mcntation Plan neé{éssary to achieve the
NAAQOS according to the critéria_ instituted by the Environment Protection Agency (EPA) and
obtains an ﬁppn'OVaE from thie EPA so that 247 Air Quality Control Reg’io'ns throﬁgho'ut_ the U.S.A.
can achieve the NAAQS. In the U.S.A., there are_inan'y regions which have an air quﬁlity clearier
than the NAAQS, and the Prevention of Significant Deterioration: (PSD) is carried out for these
regions so that pollution may not become worse than the present situation. Under thesc circum-
stances, the following 4 air pollutant emission standards are applied to newly installed fixed
sources, and the emission standards based on the Rcasonably' Available Control Technology
(RACT) is applicd to the existing facilitics.

(1) NSPS (New Source Performance Standard) -

(@ NESHAP (National Emission Standards for Hazardous Alr Pollutants)

- (3 BACT (Best Available Control Technology)
@ LAER (Lowest Achievable Emission Rate)

The NSPS is the emission standard of thE: specml air poliutants (dust, SOQ, NO\, CQ, acid mist,
H,S, VOC (Volatile Organic Compound), TRC (Total Reduced Compound), etc. ) for the station-:
ary sources to be newly installed in the NAAQS achievement areas. The NESHAP are the cmis-
sion standards for stationary sources emitting the toxic substances prescribed in Article 112 of the
CAA. On the other hand, BACT and LAER are the emission standards applied to stationary
sources to be newly mstalled in the PSD arcas and the NAAQS nonachievement areas. The NSPS
and NESHAP are the emission standards which were standardized at the federal government level,
and the BACT and LAER are the allowable discharge determined by an EPA branch or state
government according to the condition of air quality in each area, and the emission tolerance
differs depending on the arca where the newly installed and added factories are located even if the

industry type is the same.

H Outiine of NSPS

_ The EPA established the NSPS of the main facilities in December 1971 and made it pubhc as:an
EPA rule (40CFR60). Article 111 of the Clean Air Act also stipulates that a review should be made
every four years of the type of facilities to which the NSPS is applied and the emission concentra-
tion of air poliutants emitted from the corresponding facilitics in view of the development of the air
‘poliutant emission technology. With this stipulation, thc EPA has continued to revise the NSPS
after 1971 and established the NSPS for 56 facilities as of 1986. The emission standard value of this
NSPS differs depending on the facilities, and the target pollutants for the emission régulation differ
depending on the facilities. Table 2-8 shows an example thereof. -

VIII - 62



Table 2-8 Example of New Source Performance Standard in the U.S. A,

Targel fucililics

Emission standards

Remarks

Sewage disposal Tacilitics
(Sludge incincrator)

Drst, 11,65 plke (sludge)

incinerator
(45 t/day or more).

Dust, 0.18 g/Nm’*

When CO, is 12%

Partland cement,
(kiln, clinker crusher)

Dust
Kiln 0.15 kg/ten
Clinkers 0.03 kgfton

Proportionate to the amount
of products

Nitric acid factory

NOs, 1.5 kgfton

Sulfuric acid factory

50, 2 kp/ton
Sulfuric acid mist, 0.075% kgiton

Asphalt concrete

Dust, 90 mg/Nm*

Coat eleaning factory

Dust, (.07 g/Nm’

Ferroalloy manufacture :

Dust -
(.23 to 0.45 kg/kWh

[ron manufacture
(Electrie furnace) .

‘Dust. 12 mg/Nm?

Thermal power plant builer _
{Constructed after September 18, 1978)
{73,000 KWh or more)

Dust, 46.8 mgfkWh
NO,

Anthracite } 3 .

Bituminous coal 936 me/kWh

Sub-bituminous coal 756 mg/kWh

Lignite (From the Dakotas, etc.) 1.22 p/kWh
50,

Solid fuel 1.87 p/kWh

Liguid gas £.22 p/k'Wh

Generad boiler
T3.000 KWh or more

Particulate matters 0.155 g/kWh

50, (including mixed combustion with waste woml)
Solid fuel 1.87 g/kWh .
Liguid 1.22 g/kWh

MNO, (including mix¢d combustion with waste wood)
Gas .31 p/kWh
Liquid (.46 g/kWh
Solid 108 g/kWh

(2) Outline of NESHAP

In Article 112 of the Clean Air Act the emission standards (NESHAP) for the toxic substances
are :'stipu]ated. The_EPA established the emission standards for the following 9 substances as the
EPA rule '(40CFR6.1).bas.ed on Article 112 of the CAA by January 1987 since the standing CAA
was established in 1977,

® Radon-222 (Subpart-B, -W)

¢ Beryilium (Subpart-C, -D)

® Mefbﬁry (Sub'p.ar_t-E) _

® Vinyl chloride (Subpart-F)

e Radioactive substances (Subpart-H, -1, -K)

e Benzene (Shbpart-J)
® Asbestos (Subpart -M)
® Inorgamc arsenic compounds (Subpart-N, -O, -P)

® Fugacious emission matters (Subparth)

The EPA is cxamining the necessity of e_stablishing the NESHAP for the following 21 sub-

stances.
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Acrylonitrite {50 FR 743!9 June 10,
1985)

1,3-Buadicne €50 FR 41466; October 10,
1985) - .

{Added by 51 FR 11022, April 1, I986]

Cadmium {50 FR 42000; October 16,
1985) -

[Added by: 51 FR 11022, April 1, 1986) ~

Carbon Tetrachloride {50 FR 32621; Au-
gust 13, 1985) :

Chiorinated Benzenes (50 FR 32628; Au-
gust 13, 1385)

Chiorofluorocarban — £13 (50 FR 24313;
June 10, 1985)

Chloroform {50 FR 39626; Szptember 27
1985)

{Added by 51 FR 11022, April 1, 1986)

Chloroprene (50 FR- 39632 September
27, 1985)

[Added by 51 FR 11022, April 1, 1986]

Chromium (50 FR 24317; June 10, 1985)

Epichlorohydrin (50 FR 24575; Junc 11,
1985)

Ethylene Dichloride (50 FR 41994 Octo-

[Added by 51 FR 11022, Apri 1, 1986)

Ethylene Oxide (30 FR 40286; Ociober 2,
1985)

[Added by 51 FR 11022, April 1, 19886)

Hexachlorocyclopentadicne (50 FR
401 54; October 1, 1985)

{Added by 51 FR 11022, April 1, 1986]

Manganese (50 FR 32627; August 13,

: 1983)

Methyl Chloroform (50 FR 24314; June
10, 1985} :

Methylene Chloride (50 FR 42037; Qcto-
ber 17, 1985)

{Added by 51 FR- 11022, April I, 1986]

Perchlorocthylene (50 FR 52880, Decem-
ber 26, 1985)

{Added by 51 .FR 7719, March 5, I986]

Polycyclic Orgamc Matter (49°FR 31680;
August 8, 1984)

Toluene (49 FR 22195; May 235, 1984)

~ Trichlorocthylene (50 FR 32422; Dcccm-

ber 23, 1985)
{Added by 51 FR 7715, March 5, 1986)
Vinylidene Chloride (30 FR 32632; Au-
_ gust 13, 1985}

ber 16, 1985)

(3) Outline of BACT and LAER

The BACT is the perm1351blc limit of the specific air pollutants applied to stationary sources
newly instalicd or established in the areas included in the SPD plan. On the other hand, the LAER
is applied to stationary sources newly installed or established in the NAAQ nonachicvement areas,
which is tight emission standards to improve the environmental air quality disregarding the econo-
mic elements, '

Since the emission standard value of BACT and LAER differs depending on the state in which
the facilities are located even if the type of industry is the sahe, the EPA requcéts that PEI Associ-
atés Inc. collect information on the BACT and LAER which are carried out in various parts of the
U.S.A. The PB report (PB 85-229664, BACT/LAER Clearinghouse; A Compilation of Control
Technology Determinations) containing 2,000 pages published in June 1985 introduced 1,085 cases
of the BACT and LAER which were approved for 113 typbs of industries and 2,181 manufacturing
processcs. This report contains detailed information such as the location of factories, the type of
facilities to which the BACT/LLAER is applied, the production process, and the ty'pe of air pollu-
tants for which discharge is reduced and its emission tolerance. If you newly establish a factory in
an area to which the BACT/LAER is applicd, you can know what kind of elhission standards are

applied by checking this report.

{4y Emission standards based on RACT _

The emission standards based on a feasible prevention technology arc applied to the existing
facilities. In the “RACT” the pollutantsarc reduced by using a feasible t.ech'nology and the emis-
sion standards are determined in consideration of economic factors such as expense and other

social factors. The EPA is now paying the most attention to the emission reduction system of the
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air pollutants which approves a transaction of the pollutant emission volume called netting, bank-

ing, offset and bubble. The EPA released an implementation procedure calicd the “Emission Trad-
ing Policy Statement” in the Federal Register in-April 7, 1982 (47FRI15076, April 17, 1982).

1)

2)

9

Bubble system

In the standing Clean Air Act the emission standards of the air pollutants are applied to
each exhaust port. Practically, the discharge of air pollutants from some cxhaust por'ts can
be eaéily reduced, but other exhaust ports do not produce the anticipated result even at a
great cost. Therefore, the whole factory with two or more exhaust ports is regarded as one

area, and as long as the discharge of poltutants emitted from this area in the air satisfies the

‘emission standards, the discharge of air pollutants in each exhaust port in the area is not

regulated. This concept is called a bubble system. If this system is adopted, without reduc-
ing the discharge of the air pollutants from an ‘exhaust port to which it is difficult to apply
the prevention technology from an economic point of view, it is enough to rcduce the dis-
charge, which includes the required reduction from the above-mentioned exhaust port,
from an exhaust port from which the dischérge can be reduced to a large extent at a small
cost. As a result, a faétory can achieve the same effect at a smaller cost.

Approval, application, and planning of 197 bubbles were in progress by the end of 1982. A
saving of expense including instaltation of air pollutant removers and the first year oper-
ational was estimated at approximately US$6006,000,000.

Banking and offset systems

The banking system is a system in which a factory reserves the difference between the
present cmission volume and the permissible emission volume as an Emission Reduction
Credit {(ERC), and the factory is allowed to keep it for the future new installation and
establishment or sell it to another factory located in the s?lme area in case the factory

succeeds in reducing the emission volume more than the emission standards by installing an

~air pollutant remover or by improving a production process. This system means that the

promotion of anti air pollution measures is related to economic profit of the company.
Selling the ERC to another company in the same air pollution control area is called the
offset system.

Generally, the banking system is carried out in the unit of the air quality control area, but
the State of Oregon .ad()pts this system on a state-wide scale. Also, Louisville, San Francis-
co, Seattle-Tacoma, and Alleghency County adopt the banking system in the unit of the
area.

Netting system _

This is similar to the offset system. In the netting system the targeted stationary source is

required to be in the NAAQS achicvement arca.
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2.3.3 China -

China announced officially the emission standards of 13 types of air poltutants (Té.ble 2-9)
in 1973 and the dust emission staﬁ_dards concerning boilers (Table 2-10) in 1983 to :regulate-the
emission of the air pollutant's.' A full-scale restriction, however, started around 1987 after the Air
Pollution Control Law. wa.s"promuigated, following the Environmental Protection Law and the
Environmental Air Quality Standards in 1979 and 1982 respectively. The minimum stack height of
‘boilers is regulated bv the rated output, which is a distinctive feature of China’s emission restriction
(Table 2-11). The legal System in China differs from that of other countries in thal there is a
commendation and bounty system for a business unit and an individual who obtains excellent re-
sults or contribution to the environmental preservation as well as the system on tax reduction, tax
exemption, preferential price'and'an exemption from payment of profit to the government which
are given or allowed to the products made mainly from material such as exhaust gas and waste
solution. On the contrary, a levy of poilution'load is collected from the emitters of toxic sub-

stances, but 80% of the levy is refunded to the business units on condition that it should be allotted

for environmental preservation works.

Table 2-9 13 Types of Toxic Subsiance Emission Standards in China (Partially Omitted, Promulgated in November 1973)

; Emission standards**
Number Name of toxic Enterprise cmitting “Stack height Volume of emisston®* {Emission concentration
_ substances toxic substances*? {m) {kgfh} ' {mg/m®)
Power plant 30--150 (7 categories) - 82~2,400
1 50, Metatturgical industry | 30~ 120 (6 categories) 52~ 670
- | Chemical industry 30~100 (5 categories) : 34~ 280
2 S, Light industries | 20~120 (6 categories) 51~ 110
Chemical industry, 1 - _
__3_ _EZ?__ light industry 20~120(6 catg’gorlv:ts) 13~ 77
T - Chemical industry 20~ 30 (2 categories) 18~ 41 | ) -
4 Fluoride (as ) | Metalurgical industry 120 24
5 NO, ) e - . . -7
(As NO,) Chermical industry 20~100 (5 catcgorics) 2~ 230
Chemical industry, 20~ 50 (3 categories) 28~ 12
6 Cl, metallurgical industry :
| Metallurgical industry | 80, 100 (2 categories) 27,41 . .
Chemical industry, - b e _
7 HCl metaliurgical industry A= 30 (3 categorics) l4~ 5.9
Metallurgical industry | 80, 100 (2 categories) 14,20
> . Chemical industry, - . . -
8 co metallurgical industry A--100 (3 categories) 160~1,700 .
. - , 30~ 45 260
{ . 4
9 }IISOJ'(M!S},)i,____ ) Chémtcal industry . 60~ 80 : 600
10 b Metallurgical imluslryl___ 00, 2(}51“(2_c:1tcgories) 34, 47
11 Hg o Light industry 21, 30 (2 categorics) 0.01, 0.62
12 Beryllium compounds o q
— |(AsBe) 45~ 80 0.015
i3 Dust and productive - N agy . I "
coarse particulates™ Power plant (Dust} _ 30~150 (7 catcgon_cs) . 82 2.40{_)
(Notc) *t The actual table carries detailed values for each category, but here only the rangé of valucs and the number of categories are

*2 For enterpriscs not deseribed here refer to the item of the similar cnterprise.

shown.

*3 Values in continuous emission, intermittent emission, and emission many times a day. The values of 7 substances of SO,
dust, productive coarse particufates, CS,, Fluoride, Cly, HCIL, and CO in the table can be tripled once a day or within onc

hour.

*4 The emisston concentration is regulated for dust in places other than power plants, but it is omitted here.
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Table 2-10 Boiler Dust Emission Standards and Application Area in China (Promulgated in September 1983)

Classification Application arca Maximum permissible Maximum permissible
by area dust concentration Ringelmann blackness
mg/Na
1. Natural environment protutmn areas, beauty spols
) medical treatment areas, scenic spots and places of 200 1
- historic interest, surroundings of important buildings -
2 Municipal districts, suburban areas, industrial arcas, ) 400 {
urbai districts mote than prefectures
3 Others : 600 2

(Notc) 1. The people’s government more than prefectures prescribes the range of application area.
2. The standards arc applied to bmiors for production, heating, and daity life, and not applied 1o boilers for power gencration.

Table 211 Boiler Stack Height in China (Promulgated in Seplember 1983)

Rated output of boiler t/h <1 1~<2 2-<6 6~<10 10~ <20 20~<35
or equivalent t/b .
Minimum stack height m 20 25 30 35 40 45

{Notc} 1. When there are buildings within 200 m around stacks, the stack must be usually higher by 3 m than the tallest building.
. 2. The standards are applied to boilers for production, heating, and daily life. and not applied to boilers for power generation.

2.3.4 Korea

In Korea the Environmental Protection Law was established in 1977, and the environmental
standards and emission standards were promulgated. The emission standards of 17 substances have
been stipulated, which are SO, and NO, (Table 2- 12) and coarse particulates (Table 2-13), fuga-
cious dust (2 mg/Sm?), and dust (2 degrees or less in the Ringelmann smoke chart).

The distinctive feature in the Korean emission regulation is that after an order of improvement,
shutdown of operations or transference is given when a factory has emitted pollutants exceeding
the emission standards, if a factory is in operation further emlttmg pollutants exceeding the emis-
sion standards, the emission levy is collected. This levy is paid for an environmental pollution
prevention fund established by an investment from the government. Furthermore, the environmen-
tal pollution. prevention group uses and controls this fund to Cafry out environmental pollution
prevention programs, give relief to sufferers of environmental pollution, and to accommodate en-
trepreneurs with a long-term low-interest loan for investment in environmental pollution preven-

tion facilitics.
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Table 2-12 Gas Emission Permissible Level in Korea -

Permissible level of

Pollutant B cxhaust port
Ammonia 250 ppm or less
Carbon monoxide 400 ppm or less
Hydrocarbon 25 ppm or less
Chlorine 10 ppm1 or less

Sulfur oxides {As §O;)

Nitrogen oxides (As NO,)

Carbon disulfide
Formaldchyde

Hydrogen sulfide

Fluorine compounds {As F)
Ciidmium compounds (As Cd)
Lead compounds (As Pb)
Cyanogen compounds (As CN)
Brominc compounds (As Br)
Benzene compounds {As Cl,)
Chromium compounds {As Cr)
opper compounds {As Cu}
Phenol compounds (C;HsOH)
Arsenic compounds {As As)

1,80 ppm or tess (1,000 ppm
or less for the emission :

‘1t {acilities using T liquid fuel

containing 1.6% or less of -
the sulfur such as fucl oil)
250 ppm or less (500 ppm or
less for the exhaust port.
dedicated to coal)

120 ppm or less

50 ppm or less

30 ppm or less

10 ppm or less

1.0 mg/Sm® or icss

30 mg/Sm or less

10 ppm ot less

10 ppm or less

200 ppm ot less

1.0 mg/Sm? or less

30 mg/Sm? or less

10 ppm or less

3 ppmoor less

2.3.5 Taiwan and the Philippines

Table 2-13 Dust Emission Permissible Level in Korea

Classification by facilitics

Permissible level of
exhaust port

. Heat supply facilities using ]itillid fuel

which émits gas of 200,000 m* or more

- per hour

200 mg/Sm® or less

k.

Heat supply facilitics using hquld fuel
which ¢mits gas from 20, U(!() m® or
more (o less than 200,000 m* per hour

- Facilitics of mclting, smeliing, heat

treatment; surface treatment of metal,
and chemical product manufacture .
and refining facilitics .

. Incinerating facilities

300 mg/Sm® or less

. Heat supply facilitics using solid fuel

which emits gas of 200,000 m* or more

‘per hour
. Cement, lime, activated carbon, coal

and coal products, ceramic products,
glass manufacture facilities, and
storage facilitics of the above-
mentioned material

400 mg/Sm* or less

Heat supply facilitics using liquid 'md
solid fue! which emits gas of 500 m® or
less per hour

800 mg/Sm® or less

Emission facilitics oiher than the above

500 mg/Sm” or less

‘Table 2-14 shows the emission standards of the air pollutants in Taiwan. The emission standards

of nitrogen "compounds are divided into two areas; the emission standards for the whole area of

Taiwan Province and those for the special area including T'upel which is denscly populated, and

Kaohsiung, where factories are concentrated.

‘Table 2-14 Alr Pollutant Emission btandards in Taiwan

Fucilitics and size S0, NO, Dust a.ﬂd coarse
{(ppm) {(ppm) particutates
Combustion process
Sulfur content: 2% 1100
Domestic coal 1400
Sulfur content: 1.5% 150
Sulfur content: 1.0% 500
o ®
Gascous fuel 300 150
Liquid fuel 400 250
Solid fucl 500 350
Other than the combustion process 300 250
Waslc disposal facilitics
Amount of disposal: 400 kg/h or more 100 mg/m’
Amount of dispusal: Less than 400 kg/h 250 mp/m?

(D) Taiwan Province, (2) Taipei and Kaohsiung Prefectures
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The emission standards of the 24 air pollutants are established in the Phlhppmcq Among them,
with respect to the nitrogen oxides the emission standards of nitric acid and nitrogen oxides are
determined at 2,000 mg/Nm” in tu_ms of NQ,. Also, with respect to the sulfur oxides, the emission
standards for sulfuric ecid, sulfur dioxides and sulfur trioxide are determined at 1,500 mg/Nm? in

terms of SO,. The emission standards of particulate matters have not been established.
2.4 Desirable Legal and Administrative Improvements

1t is necessary to improve some points pointed out in ;:Ja'ragra;jh 1.2 in order to carry out the
environmental quality control efficiently and smoothly in Thailand. These points have already been
pointed out in the National Policies and Measures on E nvironmental Development pmposed by the
NEB tn 1981. The N'monal Policies and Measures on Enwronmenlal Development stated the fol-
lowing in the “Guidelines for Legal Procedures™:

(® The standmg laws related to the environmental quality preservation must be reviéwed with
‘the social and economic development.

(@ The range of responsibility of the concerned ministries must be adjusted to carry out

smooth admmnstratmn :

@ A new law will be enacted to promote the envuonmental control of air, water, etc., if
necessary.

Further the policies stated that the following matters are required to carry out the environmen-

tal aiv quality control:

(1) The %tandmg laws must be 1mpr0ved to carry out efflClCnt administration.

(2) The power of the competent authorities must be strengthened.

(3 The environmental standards and emission standards must be established. ‘

@) An effective pollution control system for the emission source must be suggested.

ased on the pomts indicated in the paragraph 1.2, we will suggest some desirable improve-
ments and expansion of the laws and 'tdmmlstratlve organization to promote the air pollution
control plan elfectively in Samut Prakan Province. Its basic concepts are as follows;

(1) The laws must be improved and expanded so that the ONEB can carry out policies related
to the environmental air quality control planned and determined by the NEB and ONEB
smoothly by virtue of the ONEB’s admlmstratlve power.

(2 The administrative subject must be clarified in each stage of control and administration in
the legal system, and the administration organization system must be improved and ex-
panded based on the stipulétion of the laws in order to realize the environmental air quality
control ddrﬁinistratioh effectively, and the responsibility of entrepreneurs must bc.stipulated
S0 that the regulators and the regulated can participate in env1r0nmental control systemati-
cally.

3 Inthe knowledge that the vital point of the environmental air quality control admmlstrdtlon
is to set an administrative goal and to carry out mutual check _of the validity of the goal and
administrative measures and the pmgress, the establi'sh.m'enl of the “mutual check” eystem
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must be stipulatcd in the legal system and the implementation system must be improved and
expanded. '

Thc concrete quggeqtlons based on the dbOVC menuoncd thxcc pomts are as follows;

(1) Revision of ICNEQA
The following revisions must be made to st:engthcn the power of the ONEBS enwronmcnta!

air quality control administration.

@

Conccrnmg the establishment of the emission standards stnpulated in the Provision 5 (6),
the exlstmg ‘suggestions to ThL govcrnmcnt agencies having the legal force” must be
chanbed to “the ONEB makes a deter mmatlon based on the NEB’s decnsmn and it must
be stlpulated that the emission standqrds can be esmbllshed only from the v1ewp0mt of
environmental admmlstration _ o ,

The Provisions 17 (2) and 25 must be revised so th'\t the cnwfonment'll Standm ds as the
target reference valuc to carry out the env:ronmental air quahty control admmlstrﬂtxon can
be established and the establlshment of the envnronmcntal standards can be the key to
various environmental control plans.

Since the emission standards based on vamon 5 (6) are posmoned as a means of regula-

tion, the stipulation of the environmental standards must come before the cmission stan-

dards as far as the order of the provisions is concerned. As described later, it is considered

that the emission standards must be stipulated in the air pollution control law if it will be
bnd(,tt,d

The Provision 5 (1)~(4) and the Provision 12 must be revised and Comp]eted so that the
ONEB can make and carry out the environmental quahty control plan That is, the env:ron-
mental qmllty control plan must be made finally by nght of ONEB if an approval is
obtained from thc NEB. _ _

The responsibility (power and duty) of the environmcﬁtél administration in the local gOV-
ernment (prdvincial or municipal) must be clarificd, and the ogbligatio'ns of the local gbvern—
ment must be newly prowded as a lcgal support -

To promote smooth and efficient environmental '1dmm|stratt0n implemented by the nation-
al and local govemmcnts, the law must be amended to Cldl‘lfy the entrepreneur’s duty and
responsibility as a poflutor; (i) to cooperate with the gbvcrnment’s 'a‘c'tivitics', (ii) to make
efforts for pollution prevention, and (iii) to share the exbenscs of pollution prcvénfién

work.

(2) Preparation and improvement of the air pollution r¢gulation law

Adverse unpdct on the environmental quality is the same with air pollutlon water pollution,

noise pollution, etc. as with the destruction Qf nature caused by the construction of a dam, but the

form of occurrence of these pollutions has its own characteristics and differs. Therefore, it is diffi-

cult to make a law for different types of po]lution indiscriminately so that cach law for air pollu-

tion, water pollution, ctc. is necessary. If the ICNEQA is positioned as a basic law prowdmg the

general framework of environmental administration in Thailand, it is ncccssary to enact a law to
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regulate air pottution, or the existing laws must be improved including a drastic revision of the
FAC, etc. to promote the air pollution controf plan in the Samut Prakan industrial arca. Since it is
unrcasonable to incorpo_ra'tc the provisions related to the enforcement of the air poltution regula-
tions into FAC in view of the legal purpose of FAC, it is desirable that an air pollution control law
should be enacted. Whether it is an air pollution control law or the improvement of the existing
law, it is necessary to improve the following items legally in order to prevent the air pollution
effectively.

1) The following matters must be stipulated to clarify the scope of the substances and facilitics

to be regulated. _

(D) Substances to be regulated: Definition of dust, coarse particulates, automobile and fer-
ryboat exhaust gas (mobile emission source of service aiong the Chao Phraya)

@ Facilitics to be regulated: Scope of faéilities to bc regulated based on emission volume,
type of pollutant and concentration, and scope of mobile emission sources.

2} Clarify the regulation methods.

@) Setting the emission standards: Separate the emission standards of a fixed emission
source from those of a mobile emission source and establish them by substance to be
regulated. _

(@) Adoption of a priorrnotification systém of the facilities to be regulated _

€) Assignmeﬁt of a duty to install smoke and soot removal facilities, ctc. on the emission
source o

(@) Order to improve smoke and soot removal facilities, etc. _
&) Expansion of examination on the emission standards in term of motor vehicle type
approval and motor vehicle inspection
3) Clarify matters to be carried out by the emission source.
(1 Duty to measure the emission volume and concentration and to keep the records
@) Daty to submit data, ctc. at the request of thc government office
4) - Clarify the matters to be cartied out by the government offices

(1) Duty to monitor the air and environmental quality

(@) Duty to announce to the public the environmental air quality

@3) Collect and manage the data of the emission source

5) Clarify the scope of responsibility of the ONEB and other government agencies and the
relationship between them. Also, clarify the scope of responsibility of the central agencies
such as the ONEB and the local self-governing bodies and relationship between them.

(3) Improvement and expansion of the administrative organization
It is expected that the administrative organization to carry out the air and environmental quali-
ty control is improved and expandéd of its own accord through the improvement and expansion of
the ICNEQA and air pollution regulation laws. It is necessary to train pﬁblic servants to be experts
in environmental administration. and technical staff and increase the staff in each stage of the
aﬂministratio_n- to give satisfactotry ma.nagement results. Among others, it is of urgent necessity to

establish environmental departments and sections in-the local self-governing bodies. For this reason
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the training of experts in administration and technical staff must be conducted urgently.

A ‘broad scopc of knowledge as specified below is required to cxccute' administration for
ambient éi_r po‘]l_ﬁﬁoh control. _ o _

() - Thorough kiujwl.cdge of the present legal structure and administrative organs related to the
‘control of air pollution = o '
Present situation of air pollution
Generating mechanism of air pollution
Adversc effects of air poliution
Control of combustion
Techniques for pt‘éveilfion of air pollution
Dispersion of pollutants:in the air

Techniques for environmental assessment

ONORONORGRORORC]

Measuring techniques of air pollutants =(en’vironr‘nent and sources)

Although envirommental administrative 'speciafists may not have to be knowledgeable about the
details of the above items (5) to (), they will need 'to know them in general. For that purpose, first
of all, it will be nécessary to prepﬁre a textbook entitled, for example, “The Fundamental Knowl-
edge of Environmental Preservation Countermeasures,” with which comprehensive education and
training for éxecution of administration for ambient air pollution control will be provided not only
to the administrative offictals of central government, but also to those of the bureaus and depart-
ments fully in charge of environmental administration, which may be established on a local govern-
ment basis in the future.

1n addition, while technical staff are required to have high expertise concerning the above (3) to
(@), not all of them need to have the whole knowledge. thdy, it is necessary to foster technical
staff specializing in the individual items. In Thailand, presently, courses related to the above (3) to
(@) have been started at Chutulongkorn University and various other universities. In order to in-
crease the number of technical staff, however, it will be necessary to begin more courses as well as
complete them. Especially for learning about the téchniqucs for combustion control and prevention
of air pollution, it will be a good idea to invite visiting profcssbrs’ from developed industrial coun-

tries or send students to such countries.

(4) Knowledge of Pollution Prevention

The postures taken by enterprises in tackling pollution ﬁevention are greatly forced by such
external impacts as legal restrictions and social r'esponsib'ility, whereas the effect-of these impacts is
limtted. Since the enterprises are'in a position to be able to know best about the occurrence of
industrial pollution, it is essential for them to establish their positive postures of dealing with the
prevention of pollution. by their own voluntary will. From this point of view, in order to make
environmental preservation effective, the enterprises must become to think of the pollution preven-
tion as an essential element of corporate management in terms of manag_eméht philo_s'ophy. Fur-

thermore, the enterprises must improve their constitution so as to be able to work out scientific and
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rational countermeasures for pollution prevention and complete the corporate organization so as to
be able to implement effectively the above countermeasures.

In line with the above described enterprises’ efforts to prevent pollution, it is a matter of course
that central and local governments need to educate and spread the knowleclgc of pollution preven-
tion and take measures to provide subsidies r:c_quired for execution of poliution control counterme-
asures. In order to specifically establish a setup to cducate and spread the knowledge of pollution
prevention, it will be first necessary that central and local governments give seminars on the knowl-
'e(ige of pollution pre\fention to énterprises’ responsible personnel or the like and, morcover, that if
empioyees in charge of poltution control are assigned in the cnterprises in the future, the said
governments should take a measure to hold technical seminars on more professional pollution
prevention for the above employees. In addition, an environment center has presently been estab-
fished in Thailand, and it will be beneficial to train private sector engineers who are in charge of
pollution prevention at this center. For the future, in addition, it is expected that the pollution
control organization system in the specified factories will be introduced into Thailand as explained
in the paragraph 2.1.3 of .the Part VIII.
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3. Investigation of Pollutant Emission Sources and Mdnito'ring of Ambicnt Pollstant Concentrations

This chapter deals with the technical aspect of the investigation of pollutant cmission sources
and monitoring of ambient pollutant concentrations which effectuates the legislative and adminis-

trative efforts in implementing national air pollution control plans,
3.1 Investigation of Emission Sources

The accurate monitoring in’vestig'ltion of ‘emission sources is a critical item to substatiate any
environmental control that aclmmlstmt:on undertakes In other words, the measurement of the
pol]utdnt concentration from emission sources. is prercquisite for ddmmlstratlon to check the com-
pliance of emission standards after any control is enacted addressing stationaly emission sources.
Such measurement also leads to the quantitative evaluation of the pollﬁtant emission volutiie from
the whole drca. Questionnaires were sent to 577 factorics as an effort to coliect thé information
about cmission volume in Samut Prakarn District and about 36 percent of the questionnaires were
returned. It was also found later that there were 572 remaining factories to which the question-
naires were not sent although they have combustion facilities. To fill this deficiency,. the wnit fuel
consumption per employee was calculated from retricved data and then used for extrapolation to
approximate the fuel consumption of these factories and the emission volume of SO, and NO,.
"Even in the retrieved sheets there were quite a few missing data with respect to the emission
volumes of $O, and NO, and thus, the method applicd is one in use in Japan for estimation of
exhaust gas volume and NO, emission volume that uses the exhaust gas factor and the NO, emis-
sion factor. Therefore, the reporter would like to draw special atiention to the fact that this inves-
tigatibn result on the air pollutant emission volume in the Samut Prakarn district is not based on
the actual measurements but on said estimation efforts.

As already mentioned in the previous paragraph, the responsible party for the emission of soot
and smoke is obliged to measure the exhaust gas volume or emission concentration and the chief of
the local government (autonomas) has the right to enter a factory for inspection or measurement of
the individual emission sources. Furthermore, from 1978 on, questionnaires have been sent by the
Environment Agency and the Ministry of International Trade and Indusiry to all factories, as done
in the Samut Prakarn prefecture this time, every three years for soot and dust and every year for
SO, and NO, to measurc the quantity of air pollutants and the effort was found to be useful for
succeeding corrective actions.

With aforementioned expericnce in Japan, the reporter thought that the careful monitoring of
cmission sources is extremely important for implementing any environmental control measure.
Hercinafter described is the method for measurement of both concentration and volume of air
pollutants emitted from factories. In Thailand, vehicles with emtission gas controls are expected to
increase in future and thus the method to analyze pollutants in the vehicle exhaust gas, n’lmely, the

testing method by a chassis dynamo meter is also described as well.
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3.1.1 Stationary Emission Sources (Factories)

The combustion gas is gencrally led to a stack through a fluc gas duct from combustion facili-
ties. The sampling of pollutants in the flue gas is made by aspiration at a place selected to take a
sample of gas in= the flue duct or stack. It is also ncccssafy to measure simultaneously the gas
velocity, its flow rate, temperature, pressure, moisture and O, concentration in addition to the
sampling of pollutants. Table 3-1 shows the measurcd variables and their objectives. In Japan it is
stipulated that these measurements arc to be practiced according to J1S (Chapter of materials) as
shown in Table 3-2 which describes in detail the sclection of a measuring position; type, materials
and handling method of measuring instruments to be applied, measuring procedure; sampling
method; treating method of analyzers, instruments, rcagents and samples; preparation method of
rcagents; method of preparing calibration curves and method of calculating concentrations. The

outline of these measuring methods is described as follows:

(1) Gas sampling _

The gas sampler varies depending on the gas analysis method. An example is the chemical
method to analyze the components of the poisonoﬁs gas collected by the appropriate absorption
liquid by means of an absorption bottle through which a sample gas is passed. The analyzer consists
of a sampling tube, connection tube, collection part, gas aspiration device and instrument for
measuring the sucked gas volume. Another is a method with a continuous analyzer and this appa-
ratus consisté of a szimpling tube, connection tube and continuous analyzer. The construction of

these two types of gas sampling apparatus are shown in Fig. 3-1 and Fig. 3-2, respectively.

Table 3-1 Measuring Variables at Flue Duet and Their Objectives

Measuring variables

Measuring ebjectives

Flue gas temperature

{1} Colculusion of flue gas {wet volume)
(2} Calculation of effgetive stack height

Meisture in flue pas

{» Caleulation of flue gas (dry volume)

Velocity of ftue gas

Pressure

(13 Cateulation of flue gas volume
- | <2y Caleylation of pollutant emission valyme

[0 Measurement of flue gas flow velocity

(@ Combustivn control (appropriate air rativ)
{2; Mouitoring of poliutant concentration deercase by increasing eacess air ratio

Concentration of SO, in flue gas

() Culeuletion of 50, emission valume

Cereentration of NO, in flue gas

@ Caleulation of NO, emission volume

Concentration of dust in flue gis

(N Calculation of dust emission

Table 3-2 JIS No. of Measuring at Flue Duet

Measuring viwinhles

s Mo,

'Mcnsuring puint

JIS Z §308 4. Measuring Position, Hole and Point

Flue pgas temperature

JIS Z 8308 5. Measurement of Temperasture of Flue Gas

Moisturé in Hue gas

IS Z 8508 &. Measarement of Water Content in Flue Gas

Velavity of fuee gy

SIS Z 8808 7. Measurcment of Velocity und Flow Rate of Flue Gas

Sampling of flue pas

JES K095 Method for Saspling of Stock Gas

Concentration of dust in fluc gas

NS 28508 8. 9., 10, Method of Measuring Dust Concentration Fiue Gas ]

Concentration of SO, in Nue gos

FIS K 0103+ Methods for Determination u[_Sulfur Oxides in Flue Gus

Concentration of $O» in flue gos

JIS B 74981 Conlinuzous Analyzer for Sulfur Dioxide in Flue Gas

Concentration of NO, in flue'gas

JIS KOUM  Methods for Determination of Oxitfes of Nitrogen in Flue Gas

Concentention of MO, in flue pas

JIi§ B 7982 Continuaus Analyzer for Oxides of Nitrogen in Flue Gas

Concentrution of O, in flue gus

JISK M Methods for Determination of Oxygen in Flue Gas
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Where, Ar

LuRERCcCTOZZOCRETT

Bypassing

Gas sampling tube (1.0()0 to 2,000 mm long,
approx. 20 vam in dia.) '

- Adupter

- Filter matcrial

: Heat insulator -

. Absorbi n§; bottle (with an upside filter ptite Ga:

150 to 250 m# in valume}
Glass fifter (G,)

: Gas drying tower (silica gel particles)
+ Flow control cock

Enclosed suction pump ((1.5~3 ¢/min)
Thermometer -

i Pressuse gage

: Wet gus meler (15 €/one rotalion)
: Three-way cock

1 Bypassing wash bottle (same as E)

: Silicone rubber tube

Spherical glass fitting

s Heater
. Thermometer

Murcury manometer

Fig. 3-1 Flue Gas Sampling Method Using Absorption Botiles

li) Sampling D’

=

CcTECTINTMOO® >

Drain By-pass Recorder

Sampling tube
Connecting tube
Desiccator

inlet for calibration gas
Coarse filter
Fine filter
Heater

Cut-off valve
Flowmeter
Suction pump
Needle valve

S
2

o

=2

Iig. 3-2 Flue Gas Sampling Method Using a Continuous Analyzer
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1) Gas sampling tube and connécting tube

The gas sampling tube should be equipped with a filter material to remove soots and dust in
flue gas as shown in Fig. 3-1. Matcrldls () that do not affect the resuits of the flue gas
analysis, through chemical reactions or adsorptions 2 which can wathst'_md corrosion from
components in flue gas, and those (@ which maintain sufficient mechanical strength at the
~ high temperature of flue gas should be selected for the sampling tube, filter material, pack-
ing and connecting tubc Table 3-3 lists the materials suitable for the sampling tube or
connecting tube for cach gas to be analyzed. If the moisture in the flue gas condenses in the

sampling tube or connecting tube, the gas to be analyzed dissolves into this condensate and

causes troubles for the gas sampling.

Table 3-3 Materials of Gas Sampling Tube and Connecting Tube by Gas to be Analyzed

Gas to be analyzed Sampling tube material Packing material Filter nizltcri;]_l__
Carbon menpoxide : OEEOEE® B®&® Q@E
Ammonia WRO®EE ® 01010
Total sulfur oxides & sulfur dioxide O OeE® ®) OIOL6]
Nitrogen oxides 0@ @E® @& @OE
Fluorine compounds @, ® ® @
Chlorine 61010 ® OOE
Hydrogen chloride ®E® ® OIOI0)]
Hydrogen sulfide OIGI010)] ®© 101010
Hydrogen cyanide 016]610)] ® GOE
mMuaterial of tube Filter material

(1) Hard glass @ Nonfa_lkali glass-wool ar silicu-woal

(@ Quariz . @ Sintered plass

(@ Ordinary steel {0 Carborundum

@ Stainicss steel

(&) Ceramic

(® Fluororesin of fluororubber
(@) Palyvinyl chloride

Silicone rubber

(@ Neoprene
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2) Sampling method using absorbing bottles
When the flue gas sampling volume is rclatively large, absmblng bottles and by pass wash
bottles which are connectcd to a gas suction apparatus are used in the coliccting part as
shown in Fig. 3-1. The fluc gas is passed through the 'thsorbmg botties and the wash bottles,
where the absorpnon liquid corresponding to the gas to be analyzed is placed to extract the
toxic gas components. The shape and voluime of the absarbing bottles are generally speci-
ficd for cach gas to be analyzed and a'ccordingly the use of the épe(':ified one is recommend-
able. ' ' '
The sampling of the flue gas is conducted first by passing the gas through the by-pass to
replace the contents in the piping with the flue gas and then by sucking the flue gas into the
'absofbing bottles until a given quantity of the gas is sucked. The suction flow rate is about
2 ¢/min at maximum. The qu'mt:ty of the sampled flue gas is obtained as a dry gas usually
set at 0°C and 1 atm.

3) Sampling method by means of a vacuum flask or injection cylmdcr
When the samphng volume of flue gas is small as in the case of NOj, a flask or injection
cylinder is used in the coliecting section. An example of each sampling apparatus is shown
in Fig. 3-3 and Fig. 3-4.

Sampling flasks

Pollution source =x

/

A
A1 Sampling tube E,; E;: Triangle cock I : Suction pump
B : Heat insulator F : Silicone rubber tube ) ¢ Washing bottle
C: Filter . G: Sampling flask K : Manometer
D : Heater H: Desiccant

Fig. 3-3 Flue Gas Sampling Apparatus Using a Vacuum Flask
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Poliution source

F : Sllicone rubber tube
G ! Desiccant

+ Filter H : Suction pump
|
i

: Sampling tube
1 Heat insulator

: Washing bottle
1 Sampling injection cylinder

+ Heater
1 Triangle cock

mooO®R>

Fig. 3-4 Flue Gas Sampling Apparatus Using an Injection Cylinder

When a vacuum flask is used, absorbing fluid is poured into the flask with the internal
volume of about' 1 liter) and the interior is depressurized until the fluid boils. The internal
pressure of the flask i is measured just before the three -way cock is opened and the flue gas
is sampled. After the samplmg, the three-way cock is closed and the flask is removed from
the samphng apparatus, '
When an injection cylinder is used, it is moistened before it is mounted onto the sampling
apparatus as shown in Fig. 3-4. After the interior of the piping is completcly replaced with
the flue gtls, the cock of the injection cylinder is opened and a predetermined quantity of
the {luc gas is sampled by one-time suction. Immediately after that, the cock is closed and
the injection cylinder is removed. After 1t is cooled, the volume of the sampled gas and the
temperature arc mecasured. Then, it 18 connected to another injection cylinder containing
the absorbing fluid and the absorbing fluid is dropped into the sampling cylinder and is
shaken. After it is kept for a certain period of time, the absorbing fluid is taken out.

4) Sampling method using a continuous analyzer

Generally, a continuous analyzer introduces gas at about room temperature and under
atmospheric pressure into it for me_asurement and recording. If vapor is mixed in the flue
gas it often causes analytical problems. To aveid such troubles, the connecting tube is
connected to a coolmg desiccator and the gas is cooled and desiccated.

(2) Analysm of sulfur oxidcs _

The method of measuring sulfur oxides in the flue gas is divided into two parts, the analysis of
total sulfur oxides and that of sulfur djoxide. These analytical methods and the applicable analysis
concéntration ranges are shown in Table 3-4. (As for the details of the analytical methods, please
refer to JIS K 0103 “Analytical method for sulfur oxides in flue gas” and JIS B 7981 “Automatic

analyzer for sulfur dioxide in flue gas”.)
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{a) Chemical Analysis Method

Table 3-4 Analytical Method for Sulfur Oxides in Fiue Gas

ltems Gases to be Applicable conlgcnlté Res.sp.ons.c time Interfering Substance
Methods unalyzed ration fange (ppm) |- MR T )
m Nultrohzatum Titration Mc:hud S0,450, more than 250 acid gas .
(2). Precipitation Titration Method 50,480, 50~ 700 metal salt dust
@ Turbidimetric Mcthod 50,450, 10~ 300 7~20 mia,
(L) Continuous analytical method (awtomatic méasﬁriug instrument)
@ Solution Conductivity Methiod SO, 5~2,000 15 min. HCL, HF
(&) Infrared Absorption Method 80, 10~2,000 . 4 CH,
Q Ultraviolet Absorption Method SO, 102,000 4 B B
@ Clame Photometry Method SO, B 5--1,000 4 H.S
(& Controlled Potential Electrolysis 50, 52 00 A HE, H.S
Method - s ; :

(3) Analysis of nitrogen oxides

The method of measuring nitrogen oxides in the flue gas is grouped into the chemical analysis

method and the continuous analysis method. These analytical nieth_c)ds and the applicable analysis

concentration ranges are shown i;i_Table 3-5. (As for the details of the analytical methods, please

refer to JIS K 0104 “Analytical method for nitrogen oxides in flue gas” and JIS B 7982 “Automatic
analyzer for nitrogen oxides in flue gas™.)

(1) Chemical analysis method

Table 3-5 Analytical Methods for Nitrogen Oxides

items ‘e ~Applicable - ) ‘
G:‘:ﬁ:’ t?oj(l;c conceniration 1n!1{1€(sli|;l{::gzrs Effects of cocxistent substances
Methods anatyze range (ppm) § ¥ _ :
| (1) Phenol disulfonic NO+NQ, 10~300 20 hours Nitrate, nitrite and organic nitrogen componnds
) acid absorptiometry ‘ bring a positive creor while halides a negative
% CIror.
_(EE (2} Zinc reduction NO+NG, 10~1000 - 20 minutes 2000 ppm or less SO, brings no disturbance.
Bo raphthylethylene
5.2 diamine
=g absorptiometry -
(3) Salzmann NO, 5500 20 minutcs ’
absorptiometry

(b) Continuous analytical method (automatic measuring instrument)

(1) Chemiluminescence method NO 0~25 to 0~1000 | CO, may give a ncgative error.
(2) Infrared absorption method NO 0--100 to 0~1000 | May be influenced by CQO, and H,O. To remove these
influences, gascous, solid or special optical type filters are
- used.
{3) Ultraviolet shsorption method | NO Ditto NO may be interfered with by SO, and NO,. Interference
* Ultraviolet absorption method NO, can'be removed by the multicomponent operation method
il or corrclative spectrospic muhod For NOE. effcct of
i B . cocxislent pases is smatl. -
{4) Conltr():ch potentiaf electrolysis}  NO+NO, Ditto May be interfered with by CO and aromatic hydmcarbons
method :
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{4) Mcasurement of soot and dust volume

The measurcment of soot and dust in flue gas is prescribed by JIS Z 8808 “Measuring method
for the concentration of dust in fluc gas”. This methed is to filtvate and collect dust by sucking the
flue gas at the same flow rate as the flue gas (equal flow rate suction) through the suction nozzle of
a dust sampling apparatus shown in Fig. 3-5 which is inserted into the duct from the measuring hole
made on the fluc duct wall. This measurement necessitates the determination of the flow rate of gas
sucked at an equal flow rate at the measuring p'oint beforehand. Thercfore, it is necessary to
measure the temperature, moisture, SIatic pressure, mass per unit volume, flow i'a_tc, ete. of flue

gas at the measuring point. Fig. 3-6 shows the outline of the dust measuring method.

v
Duct %
_ Adjusting valve
_ : % Heat <t f_tl)r suc:ion Qil mist separator
: d eat resisting ow rate y
Dram catcher\ g /material / Thermo Throttle flow meter
Cylinder 4 Glass fibre / meter Thermometer

filter paper

Connecting tube ‘Manometer

=

- 7
Dust collector 7
N
Direction of flow ;
of flue gas ] Wet gas meter
,ﬁ_____ué 50, absorption . Manometer
bottle - Mist separator
: : Suction flow rate
Dust collecting part 4 Gas suction part - [ measuring part

Fig. 3-5 Example of Construction of Dust Concentration Measuring Apparatus

The important point to be observed is to make the suction gas flow rate equal to the flue gas
flow rate. In other words, if this equal flow rate suction is not appropriately maintained, for exam-
ple, as shown in Fig. 3-7, if the suction rate is larger than the flow rate of the flue gas flowing
through the duct, dust flowing in that condition by inertia does not enter the suction openiug but
passes through. Consequently, the result of the measurement is smaller than the frue dust concen-
tration. On the contrary, if the suction rate is smaller than the flow rate, the dust concentration
measured becomes farger than the true value. This is the pomt which is baslcally different from the

sampling of gascous components in flue gas. (For details, please refer to JIS Z 8808).
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2, The processes indicated within the dashed lines are shown for
the measurement by employing the balanced-type sampling

apparatus.

3. The processes indicated within the frame of chain line are need-

ed for the measurement of flow rate of flue gas or of dust,

Fig. 3-6 Qutline of Dust Measuring Me!hud (318 Z 8808)
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Fig, 3-7 Relation between Suction Rate and Dust Concentration
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Recently, automatic continuous measuring instruments (phototransmission type, photoscatter-
_ing type, contact electrification type, f-ray transmission type and Piezo balance type measuring
instruments) relatively have come into wide use to continuously measure the dust concentration but
these have not yet been prcscribcd in JIS methods, because the direct indication of the duct mass

conceniration in a dry flue gas is questionable.

3.1.2 Vghicles

The measurcment of the exhaust gas from vehicles is generaﬂy made by using a chassis (lynamo—
meter. Because the flow rate of the exhaust of a vehicle engine varies widely, the exhaust gas
sampling is made at a contant flow condition using CVS (Constant Volume Samipler) to measure its
poliutant concentration. | _

The quantity of pollutants exhausted during the running of vehicles varies with depending on
type of vehicle, running conditions {(acceleration, running, deccle_ration, idling, etc.), manufactur-
ing year and, strictly speaking, manufacturers and even from engine to cngihe. Furthermore, for a

: cargo th‘wk, it varies also with its loading condition. Therefore, the measurement of poltutants by

“use of a chassis dynamo-meter is generally conducted in a given running mode.

~ CVS body Vs Sampling bag

_-? CVS control panel

Conirol apparatus
for running patiern

Inertia wheel

Fig. 3-8 Chassis Dynamo-meter Testing Apparatus

In Japan the exhausted quantity (quantity of exhausted pollutants per km of running) is meas-
ured in 10 modes for passenger vehicles and the pollutant concentrdtion (ppm) is measured in six
modes for-cargo vehicles. The 10-mode measurement is the method to measure the quantity of
poliutants exhausted from the exhaust pipe during the Opei-ation in-a running mode shown in Fig.
3-9 after the enginc of the vehicle to which a 110 kg dead weight was added becomes the warm-up’
condition. The running time in 10 modes is specified to be 135 seconds and the average speed 17.7
km/h.
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Fig. 3-9 10-Modce Measurement

The six-mode measurement, which corresponds to the running condition of a cargo vehicle, is
the method to measure the concentration of the pollutants in the exhausted gas by adding the
values obtained from the concentration, which is expressed as a volume ratio of the po]lutants ,
exhausied from the exhaust pipe during the running of the vehicle under the running conditions .

shown in Table 3-6, multiplied by the corresponding factor in the right column of the same table.

Table 3-6 6-mode Measurement (1)

Running condition Factor

[ Condition in which the pr:mc: mnvcr is run under no load. (.125

Condition in which the prime mover is run at 2,000 revolutions (The inlet-manifold 0.114
boost pressure shall be 125 mmHg in this case.) - :

Condition in which the prime mover is run at 3,000 revolutions (The inlet-manifold 0277
buoost pressure shall be 125 mme in this case. - :

Condition in which the prime mover is run at3 000 rcvolunons (The inlet- lmmfold

boost pressure shatl be 200 mmHg in this case.) 0.254

Condition in which the prime miover is run at 2,000 revolutions (Tllc inlet- mdmfold 0.139
boost pressure shall be 420 mmHg in this case.) :

Condition in which the prime mover is run at 2,000 cevolutions (The inlet-manifold
boost pressure shall be 420 mmHg in this case.) through condition of a decelerated
running at 1,UK) revolutions with the carbureter throttle valve totally closed (The 6.091
time required to decelerate the prime mover from 2,000 to 1,000 revolutions :,Inll
be 10 seconds in this case.)

The six-mode measuremeiﬁ fb:‘ diesel cargo vehicles is the method to measure the concentra-
tion of the pollutants in the exhausted gas by adding the values obtained from the concentration,
which is expressed as a volume ratio of the pollutants exhausted from the exhaust pipe during the
running of the vehicle under the running conditions shown in Table 3-7, mutltiplied by the corres-
ponding factor in the right column of the same table. _ _

When particulate matters are sampled, a dilution tunnel which dilutes them immediately 'afler
exhaustion from the muffler as quickly as possible and stabilizes the flow as a whole is used becatise
it is necessary to keep the inlet condition of the sampling probe constant and to decrease the effect
of moisture condensation on particies. When the measurement for hydroca_rbous is made, an’ 11-
mode system which consists of the 10-mode system and an additional condition of a cold start time

because the 10-mode system is for a hot cycle.
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Table 3-7 6-mode Measurement for Diesel Cargo Vehicles (2)

o ~ Running condition Factor
Caondition in which the prime maover is run under no load. 0.355
Condition in which the prime mover is run under the full load at revolutions 409 0.071
of those at its maximum power i
Conditiun in which the prime mover is run under 25% of the Tull load at .

ons 19 co ol il TN (.05
revolutions 40% of those al its maxunum power
Condition in which the prime mover is run under'the full load a1 revolutions 60% 0.107
of those al its maximum power . )
Condition in which the prime mover is run under 25% of the full load at 0122
revolufions 60% of those at its maximum power :
Conditions in which the prime mover is run under 75% of the full foad at 0.28
revolutions 809 of those at its maximum power -

As is well-known, in Japan the emission control has been implemented since 1973 and consecu-
tively reinforced against poilutanis exhausted from vehicles. Such emission control standards are

shown in Table 3-8 for reference.
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lahh, 3-8(1) Transition of Vehicle Exhaust Gas Contml Standards and ils Apphcmlon Time (Gasoline/LPG Vehicles)

Classifteation of wmruls

Kinds of vehicle/Pollutants

Controls in "73

in 74

Controlsi

Controls in 75

Controls in 76

Controls in *77

CcO

[26.0 g/km (18.4 g/km}
New, Apr. "73:
Cont., Dec. *73

2,70 g/km (2.10 g/km)
- Mew. Apr, '715; |
Cont.. Dec, '75

0.39 g/km (0.25 g/km)}

u : 2.5 pikm {16.6 gfkm) New, Apr, 157
2 2 cycle-light passenger car New, Apr. ‘73, Cont., Dec. ™15
5 . Cont., Dee. 713 Until Sept. 30 77
S I S [SUUORIUN I | seghmidSetm) | e
# 3.80 g/km (2.94 glkm) 0.39 wfkm {0.25 giki)
g Others New, Apr. 7 New, Apr. ‘75;
= Cont., Dec. ‘73 Cont.. Dec. 75
2 0.50 g/km {U.30 g/km)
3 . 2 cycle New, Apr. "73;
) Light Lo Dee B3 | e
; E::sengcr 1.20 p/km (0.85 glkm)
o 4 cych. New, Apr. '76;
% nox ST : A o Cont.,Mar. 77 - | -~ -~ .~ |
§ Ordinary or llghl type 3.00 g/km (2,18 g/km} 160 g/km (120 g/km)0.84 g/kmi (8.64 gfkm)
3 with equivalent incrtia New. Apr. "73; New. Apr. '75; New, Apr. ’76;
P
- weight 1,000 kg or below Cont., Dec. '73. Cont.. Dec. '75 __ Comt.,Mar77 - |
Ordinary or fight type 1.20 g/km (0.85 g/km)
with equivalent inertia New, Apr. '76:
weight above 1,00 kg Cont., Mar. ‘77
Vehicle gross weight
L7 tor below 26.0 g/km (18.4 g/km) 17.0 g/km {13.0 gikm)
Cco New, Apr. '73; New, Apr. 75
Cont.. Dec, '73 Cont., Dec. 75
Others
% - :
2 ‘ 22.5 gtkm (16.6 g/km) 15.0 gikm (12.0 g/km)
e 2 cycle light truck New, Apr. *73; New. Apr. '75;
=] : _Comt, Dec.'73 | Cont., Dec. '75
-§ HC Vehicle gross weight
4 L7 ¢ or below 3.80 g/km (2.94 g/km) 2,70 g/km (2.10 p/km)
-;5 New. Apr. "73; New. Apr. "75;
o Comt., Dec, 73 Cont., Dec. 75
= Others
E 50 p/km (0.30 g/km) -
5 2 cycle New, Apr. '73;
= . Cont., Dec. 73
= Lighttruck  pr o rm s mr s e e e e b e ko oo oo e b e e e e
3
4 eycle
NO. .
* Light Vehicle gross 3.00 p/km {2.18 gfkm) 12.30 g/km (1.80 g/km)
wegi | weight L7t New, Apr. *73; New, Apr. “75;
8 or below Cont., Dec. "73 Coal., Dec. 75
e | Vehicle gross
t,l:?l::r weight above 1.7t
s - | and not above 2,51
» 1.6% (E.29%) PG 1.1% (0.8%) \
] cO New, Apr. 73;
= Cont., Dec. "3
a 520 ppm (410 ppmn)/LPG 440 ppm (350 ppm) |
= He New, Apr. "3,
Eﬁ Cont., Dec. '73 .
; 2200 ppm (1830 ppny) 1850 ppm (1550 ppm)
3 NOx New, Apr. "73: New, Aug. 77,
= Cont., Dec. 73 Cont., Apr. ‘78
(Notes)

[. Application time of extaust gas control for calculation of exhaust gas volume was regarded cqu*l! to the period when the production of the
sakd car continued.

3

The upper cow ligures are dllowable limits and figures in (

) ure average values. The measuring methods are as follows:

(1) For gusoline/LPG cars, passeager cars and Hght weight busesftrecks and for heavy weight buses/trucks a B)-munde test und a b-mode test
were uset. respectively.
(2) Diesel cars
To passenger cars of which capacity is 1) persons or less (controls in "86. and "87) and thuse of which gross vehicle weight is 1.7 t or below
(controls in "88). a 10-mode test was applicd and to other cars. a 6-mode test for diesel cars was applied.
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Tabte 3-8(1) -Transition of Vehicle Exhanst Gas Conirot Standards and its Application Time (Gasoline/LPG Vehicles)

) Find targes figures i Gentnal Second target figures by Controls I Report of Central Enviremmental
Comtroly Frairdameatal Pidfetion Coencd Environmentil Boltution Council } Conirob | Control Pollution Covacl {July 10,786y
in 78 Conlrols Controts Controls o | % | W Contrals Controls Controls
in ‘7% in "8I © o in 82 8 in “HE in 'HY in H
048 efkm
(0,25 g{km})
New,
Apr. 78:
Cont.,
Mar. “79
[2.70 g/km (2.10 p/km)
New. Dec. '88:
. Lont Mo 8 1
"""""""""""""""""""""""""""""""""""""""""""""""" 0.39 gikm 025 grkm)| | T
New, Dec, '88.
Cont._._N_ov_._‘_S')
"""""" 160 g/km (1.20 gikm) 074 gk (0.50 gr)
New, Jan. '79; . New, Oct. 90;
.  Cont.., Sept. 91
RN RS N RpUUpEp Ay o AN SRRyt KRRyt
1.60 g/km (1.20 g/km)(1.26 g/km (0.90 g/km) 0.93 gikem (.70 gikm)
tew, Jan. "T9; New, Dec. '81: New, Oct. '8
Cont., Dec. 79 Cont., Nov. '§2 Cont.. Sept. "0
1390 pprm (LI ppem) 9% ppea (750 gprm) Beppmleippm) b
New, Jfan. "TY; New, Jan. '82; New. Oct. 8%
Cont., Dee. '79 Cont., Dec. ‘82 Coni., Sept. Y}

-

F L

production cars for only passenger cars of which capacity is 10 persons or less.

controls mentioned in this table.
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='I‘ai)lc 3-8(2) Transiliuzl.of' Vehiele Exhaust Gas Conirol and its Applicatiun Time (Diesel V_éhiéles)

Classification of controls ) o Firs Lasget Bgures by Central
Coumk | Comtrols | Comrols | Conwols | Controls | Controls | Emiresmental Peuion Covndt
_ [.y) in 74 in 75 in 76 in'7? in "78 Controls
Kinds of vehicle/Pollumants i : in 79
| ‘With mapual shift
co
— Others
Z With muanual shift
£ HC
o
= Others
z : - - Same as bus and {ruck
2 Equivalent
g ) inertia weight
= With 11250 ke or below
L manual :
5 shift Equivalent
3 ineriia weight
§ NOx aba\fe 1,250 kg
Z Equivalent
= inertia weight
250k ]
Others 1.2 F}kg or below
Equivalent
inertia weight
above 1,250 kg
Vehicle gross weight ?,SU ppm
1.7 t or below (790 ppm)
CcO New,
i . . Sept. 74,
Vehicle gross weight Cont..
above 1.7t ApL.15
iola o ; 670 ppm
Vehicle gross weight pp
1.7 tor below (510 ppim)
HC New,
. . Sept. "74;
Vehicle giross weight Cont..
above 171 Apr. 75
Vehicle gross weight
= .7t or below
E ! 390 ppim S0 ppm
3 Sub- e . {450 ppm) {380 ppm) 450 ppm
£ hamb Vehicle gross weight above New, New, (340 ppm)
b €hamiber |4 71 and not above 2.51 Sept. "4 Aug, T, New. Apr. *79;
2 type Cont... Cont., Cont.. Mar. ‘80
) Wehicle gross weight Apr. 75 Apr. 78
above 2.5t
Vehicle gross weight || TTYTTTITYITTITTY T
NOx above 1.7t und
not abave 2.51
Vehicle gross " 1000 ppm 850 ppm
wPirect weight below (770 ppm) (630 ppin) 700 ppm
injection 331 New. New, {540 ppm)
type Vehicle gross | Vehicle gross ‘SCPE- M Aug. 77, New. Apr. '79;
weight abrove | weight above Cont., Cont.. Cont.. Mar. ‘80
251 350 Apr. 75 Apr. 18 i
Large ruck
and crane car
(Mores) ) *

1. Applicatio

cir continued.

2. The upper row fipures are allowable limits and figures in (

) ave average values. The measuring metkods arc as follows:

n tiene of exhawust gas control for calculation of exhuust gas volume was regarded equal 1o the period when the production of the said

(@) Fot gasoline/LPG cars. passenger cars and fight weight buses/tracks and for heavy weight busesftrucks 2 10-mode 1est and a 6-mode test
were used. respectively. )
(@ Dicsel cars
‘To passenger cars of which capacity is [0 persons or less {controls in "86. and "87) and those of which gross vehicle weight is 1.7 t or befow
{controls in "88). & -mode test was applicd und 10 other cars. a 6-mode test for dicsel cars was applicd.
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Table 3-8(2) Transition of Vehicle Exhaust Gas Control and its Application Tinte (Diesel Vehicles)

Seeund target figures by Controls

Repor of Central Environmentil
Environmental Pollution Council Controls Controls Poltutiva Counsil (July 10. 86} ——
T Contels | Controls Contyols in Ko in 87 Controls Controls Controls
in "8t in ‘82 in "83 in "88 in "§9 in K}
270 gikm (2.1 gfkm)
New. Oct. 86!
L . T A AU SR S
2,70 g/km (2.10 gikm)
Now. Oct, 8%
Cont., S¢pt. 88
0,62 piken (0,40 g/km)
New, Oct. '86;
Cont. Sept. 8T | e e
-4 0.62 g/km (040 gfkm)
New, Oct. "87;
o Cont.. Sept. 88
g i .98 grkm (0.70 gikm)
H a ~ New, QOct. "6
H ! Cont., Sept. 87 | e e e
i Application 126 gikm {9.90‘ glkm)
E time of NOx: | New, Oct. "86;
: Nu.\v : ST A7 U W TR AU SO P .
o Jun g2 098 gnuu (0.70 g/km)
: Cont.. : Mew. Oct. 8%
i Deec. 82 . Cont..Sept.'88 | | ]
H H 1.26 g/km (0.90 g/km)
: : New, Qet. '87;-
' v Cont., Sept. 88
2,70 giken (2.10 g/km)
New, Dec, "88;
RSSO0 0 SOUUUUOURURNRE ISR
0,62 g/kn (0.40 g/km)
New, Dec. "88;
Cont., Nov. '8¢ | -~ ... .
1.26 gfkm (0.90 gfkm)
New, Dec. '88;
290 b | Comt Nov. 0 | L
*(Ncwppm) 350 ppm (260 ppm)
New, Déc. '88:
Oct. "82; " H
Cont.. LComi, Nov. 89 | ettt
Sept. 83 350 ppm (zw ppm)
New, Oct. '89;
............... Cont, Sept 01 oo
------------------------------ 500 ppm (380 ppm)
New, Dec. '88:
Cont..Nov.89 ¢ .
610 ppm 520 pom, (400 ppm)
(470 ppm) New, Dec. '88;
New, LGt Nov. 89 ] e
Aug. 83 520 ppm (400 ppm)
Cont.. New, Oct. ‘89;
July &4 | Conu.Sep.90 | ...
520 ppr (40 ppm}
New. Oct. "90;
Cont., Sepi. 91

d g

. The lower row indicates the time when controls arc applied to new type cars or continued- produchon cars.
. The application time of controls in "82 (NO,) for sub-chamber type diesel cars with a mark * is Jan. 82 for new type cars and Dec 82 for

continued-production cars for only passenger cars of which capacity is 10 persons or less.

to the controls mentioned in this table.

VIII - 89

. Presently there are no vehicles corresponding to the direct injection type dicsel cars with a mark 3¢ of which gross vehicle \ve|ght is 1.7 tor below.
. To the passenger cars and light/middle weight buses and trucks among gasoline/LPG cars, controls based on a 11-mode tesi is also applied in addition



3.2, Optimal Monitorilig Station
3.2.1 Basic Concept of Air Pollutant Monitoring

The purpose of measuring ambient pollutant concentrations is two-fold: one is to monitor the
-said concentrations on a continual basis so that coniprchenéive émergency countermeasures can be
taken wpon the outbreak of high pollutant concentrations; and the other is to help work out long-
term air quality r:nan;dgérncnt pl'ms such as pollution control planning and cnvironmental impact
asscssment. The measurements of concentrations arc also used to confirm then compiiance with
the envircnmental control standards and to provide a database for other ddmmlstratlve applica-

tions. Thus monitoring is practiced;

(@ to see if the mieasured values comply with the environment control standards for air pollu-

tion;

(@) to monitor high pollutant concentrations Eead__i'ng to implementation of emergency meﬂsufes;

@ to obtain a database which will be used {or planning air pollution controls to be put into
force by central and local governments;

to obtain a database for environmental impact asscssments related to newly established
pollution sources; and _

(& to evaluate the ambient concentration Jevels after the above (3) and (@) are put into practice.

Since the monitoring of air pollution plays the main role in administrative efforts for air quality
conservation as described above, it is of critical importance to perfect the maintenance of measur-
ing instruments and thus ensure highly accurate data collection.

The measurement of ambient pollutant concentrations is sometimes practiced at_places such as
along roadways and near intersections, to detect if the concentration of gas emission from cars is
locally high or not, or may be prioritized for monitoring the average concentration across a broad
region. It is therefore necessary to select the best places for monitoring stations depending on their
application objectives. Since the number of moniforing stations is limited, it is also important to
establish monitoring stations such that their measurements can be used as the poltution indicators
that represent the entire ta'rget region. This requires the measured values at each individual station

to represent a sufficiently wide area around the said station.
3.2.2 Allocation of Monitoring Stations

(1) Location of Monitoring Stations

A gencral monitoring station will be installed to measure the average concentrations over a
sufficiently wide region around the station. The region that can be covered by each station varies
depending on its local conditions and its position relative to pollutant sources, and thus extends

from a range of several hundreds of meters to scores of kilometers. On the other hand, a station
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like the automobile emission monitoring station, which is designed to measure the cffects caused by
specific sources, cOvers a very narrow area, which only extends over a diameter of scveral meters
to several hundred meters at most. : _

Accordingly, when a monitoring station is installed or when measured vahics at that station are
evaluated, the region that can be covered by the station (the representativeness of the station) must
be always kept.'in mind.

Monitoring stations should be installed taking into account the purpose of monitoring and the
representativeness of the station. It is, however, very difficult to quantify the representative region
of a station. So at present, the allocation of a monitoring station is determined based on empirical
judgement, coupled with such considerations as meteorological knowlédgc, the distribution of pol-
lutant sources, and the current and future land utifization, as well as with thoughts to the items

listed below:

@ A zone wﬁh the highest poﬂutant concentrations in the regiou

(@ A densely populated zone in the region, especially one in the neighborhood of a district
which is suflfering from high pollutant concentrations

(@) The vicinity of the reginal borders where the station measures and cvaluates ambient pollu-
tants coming in from other regions

(@) Places where the impacts of future development are expected

(5) Places where countermeasurcs for prcvehti'on of air pollution can be easily evaluated

(6) Places where the obtained data represent the said region.

(2) Number of Monitoring Stations

Though the number of monitoring stations obviously varies depending on the purpose of en-
vironmental monitoring, appropriate mathematical models and other rational methods have not
been established yet. In the case that general ambient pollutant concentrations arc measured,
however, there are some countries that define the method of calculating the standard number of
monitoring stations or the number of stations. According to the standards of the U.S. EPAY, the
aumber of monitoring stations as shown in Tuble 3.9 is required for measurement of SO,. Concern-
ing NO,, in_ the casc.of over one million population, the said standards require 2 stations in total,
one regional-scale nionitoring station and one urban-scale permancnt ﬁmnitoring station, respec-
tively. In Japan, Article 22 of the Air Pollution Control Act stipulates the required number of

monitoring stations as shown in Table 3-10.

Table 3-9 Number of Monitoring Stations for SO, Concenfrations under the U.8. EPA Standards

No. of monitoring stations-

Population

High concentration region™

Medium concentration region

Low coneentration region"

500,000 or more 6-8 4-6 0-2
100,000 to 500,000 4-6 2-4 0-2
140,000 or less 2-4 1-2 0

Note: a) Region in which the measured valucs cxceed the primary environmental control standards [yearly average valuc 80 pe/m?
{0.028 ppm), 24-hour highest value 365 pgfm?® (0,128 ppm)] :
b) Region in which the measured values are equal to, or lower than, 60% of the primary environmental control standards, or the
secondary environmental control standards [3-hour highest value 1300 ug/m® (11455 ppm)] ’
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Table 3- 10 Mcthod of Calculaﬂng the Number of Stations in a Basic Program for Opumal Bistribution of Air Pollution
Monitoring Qt‘monsz

(1) In the case of dcvelopmcnt st’mda:ds for air pollutlon permanent momtormg networks
subject to:Article 22 of the Air Poliutlon Control Act '

The development of a monitor mg network shall be talgcted at an mhabltable arca. For the
required number of monitoring stations for such a nctwork, the standard number shall be
obtained as follows if population density against the inhabitable area (net a_re:a after deducting
the arcas of forests, intact fields, and lakes and marshes from the total area) is 2,600 pcrsons
(the national average value of population densities against inhabitable areas) or more: |

(Inhabntable area)~ (25 kn12)x[thc percentage of the area’s populatmn density over 2,600

(the national average population density)]

That is to say, the calculation formulae of the standard number of stations in thé monitor-
ing network are as follows: '

If the area’s population dé'nsity against

1 kin? of inhabitable area is 2,600 prs/km? or more:

Inhabitable area<+25 km?=Standard number of stations

If the said density is less than 2,600 prs/km?:

The area’s population density  Standard number of

Inhabitable area+25 km?x _ — =
2,600 prs - stations

{(2) In the case of the development standards for automobile emission monitoring networks
required to implement effectively and properly the measures subject to the provisions of
Articles 20 to 23 of the Air Pollution Control Act :

(i) Prefectures
The number of monitoring stations shall be one per 'prcfécturc, and, moreover, for
each prefecture having those cities (including special wards) which are not government
ordinance-designated ones and have a population of 150,000 or more, one station shall
be added for each of such cities. |

(ii} Government ordinance-designated cities
The number of monitoring stations shall be one per government ordin‘anée-desigllated
city, and for each government ordinance-designated city having an over 300,000

- population, furthermore, there shall be added in principle the number of stations

equivalent to those obtained as follows (omitting the figures below a decimal point):-
(population after deducting 300,000 from the population of the said government
ordinance-designated city)-500,000 :
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(3) Positions of Air Sampling Outlets

A manual of ambient air permanent monitoring® issucd by the Japanese Environment Agency

sets forth that the following matters shall be kept in mind in selecting the positions of air sampling

outlets:

(¥ The positions of sampling outlets should be selected for such places which are not directly

“affected by the sources of pollutants including smoke stacks, and exhaust ducts.

() The height of a sampting outlet should be set at the level that enables the operators to

determine precisely the status of pollution caused by the target pollutants to be measured,

Table 3-11 shows the heights of sampling outlets indicated in the Notice on the Environmental

Control Standards.

Table 3-11 Standard Heights of Samflling Outlets (Japan)

Pollutants

Sulfur dioxide

Nitrogen dioxide

Photochemical oxidant

Suspended particulate
matter

autlet

Height of sampling

in _princip[c, 1.5mto 10 .

in principle, L5 mto 19
w above grovad

in principle, L3 m to 10
m above ground

in principle, 3mto [0 m
above ground

wm above ground

In ‘addition, according to the U.S. Federal Regulations 40 CFR (amended by 46F 44163,
September 3, 1981}", the standard heights of air sampling outlets are prescribed as shown in Table
3-12.

‘Table 3-12 Standards for the Positions of Air Samp_ling Outlets {(U.S.A.)

Height above
ground {m}

Distance from supporting structure.

e . Other standards
Verticat {m) Horizontal (m)

Poliutant Target scale

(1) Should be put away by 20 m or moirce from
trees. .

(D The distance up 1o an obstacle such as a
building should be two times or more of the
height of that obstacle projecting above the
sampler.

(3 Wind in the direction of 18(F around the
sumpler should not be blacked.

@) Should not be covered with smoke emitted
from an incinerator or combustion Turnace.

(8 Should be kept away from the road in a
greater distance than the standards.

(@), @ und @ are sume as in the case of TSP,

@ Wind in the dircction of 2707 around the
sampler should not be blocked. The
direction should be 1807 in case of the
surface of a wall.

TSP (total
suspended
particulates)

all scales 2~15 — 2 or more

50, All sciles 3~15 | or more | or more

(1 Should be put away by 10 m or more from
the infersection and be placed at the center
of a single road section.

(@ The distance from the nearest traffic line
should be within a range from 2 m to 10 m.

(3. Wind in the direction of 180° around the
sampler should not be blocked.

Lacal scale 312 I oF more 1 or more

co

Medium scale
Meighboring
scile

(i} Sume as the paragraph (3 of TSP.

I or more (@ Same as the paragraph (® of TSP.

1 or more

() Same as the par;lgréb-h‘@-}i?‘féﬁ-._
(@ Samic as the paragraph (2} of TSP.
(3) Same as the paragraph @) of 5O,
@) Same as the paragraph ® ol TSP.
(1) to (@) are same as the paragraphs of O,.

O, All scales 3~15 I or more 1 or more

I or more

NO» All scales 3~15 1 or more
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(4) Optimal Allocation of Monitoring Stations _

~ As described in (1), the allocation of a monitoring station is presently determined based on
.cmpirical jildgcment. The recent trend of studies on the optimal allocation m()n.i'toring.stat_ions witl
be p:t,scntcd below.

Monitoring statmns alc placed for various ob]cctwcq that are often muluple including “finding
high-concentration areas” and ¢ ‘measurement of average concentrations across-a broad area”. The
aliocation of a.mbni'toring station which can meet such multiple needs is 'th_o.ught importaﬁt. In
optilﬁal 'allo(:a_tion of monitoring stations, consequently, the first bonsideration is to determine the
._di.st_r'ibution of po[[u_taﬁ_t concentrations in the whoie target region as accurately as possible. The
following are the ways to accomplish this objective:

(1) Placement of a number of simple measuring instruments across the whole rcgién to obtain
the distribution data of concentrations. One example is the measurement of SO, concentra-
tions by N'ishvmes PbO, methods")

@ Placement. of temporary measuring instruments "tround the target monitoring station to
monitor the concentrations for a certain period, - _

(3) Estimation of the concentrations in the whole region from the data available at the existing
stations by interpolation. The examples were reported by Van Egmond™®, Otaki?,
Goldstein®, Elson?, etc.

@ Application of air diffusion simulation models to estimate the concentrations in the whole
‘region or around the target monitoring station.

If the concentrations in the whole target region are known, the optimal allocation of monitoring
stations can be easily selected, There are many studics on the practical methods of working out the
optimal allocation pattern, including Nakamori et al.'”, Seinfeld'", Hougland et al.™, Hougland
et al.'", Liu et al.'" and Moore!. While these proposed methods state the allocation of monitor-
ing stations, however, they do not deal much with the size of a region that a station can represen-
tate. The following is a method studied by the Industrial Pollution Control Association of Japan:'®

According to this niethdd, the annual daily average concentration at each grid point is first
~ estimated by using a diffusion model, leading to the study of the representative region based on the
statistical variables based on the said cstimated values. That is to say, if R is the correlation coeffi-
cient between the concentrations, at a monitoring station and each grid point, o, the standard
deviation of concentration differences, and AC the absolute value of the differences in the yearly
average concentrations being within a certain limit, then this grid point is considered to be included
in the representative region of th_e said station. Fig. 3-10 illustrates an example obtained as a result
of analysis done by this method. In Figure 3-10, the alphabetic character marked in ¢ach mesh
element represents the mesh that is included in the representative region of a monitoring station
marked by that alphabetic character (Station A, B, D, G, H, or U).
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'The representative region of exch monitoring station in the Standard Case 1 (RZ0.7, 0,5 ppb, ACS5 ppb) of the representative region
concerning NO, concentrations (for Stations A, B, D, G, H, and U)

Fig. 3-10 An Example Hlustration the Representative Regiens of Monitoring Stations

In order to determine the ambient pollutant concentrations by using a limited number of moni-
toring stations, the monitoring stations are ranked to screen and separate unnecessary stations from
indispensable ones by prioritizing in light of the following five s1gmf1cance of monitoring stations:

(1) Concentrations at each monitoring station

(2 The highest concentration in the representative region of each monitoring station

(@ The total of concentrations in the representative region of each monitoring station

(#y The sum of products of population and concentration in the rcpresentative region of each

_ meniioring station

(8) The area in the representative region of each monitoring station

To be studied is how many monitoring stations can cover the target area by.adding stations in
compliance with the said priority order of the existing stations. Figure 3-11 shows an exafnpie
exhibiting the results of this study, wherein the following three items have been cstablished as the
criteria for placement of stations.

() Cumulative area S of the representative region of each station

(2 Cumulative concentration C of in the representative region of cach station
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C:J..,cds e S . (32)

@ Sum of products CP of population and centration CP in the representative rgion of cach

station

wherein s, ¢, p, and D, respectively, rcpresent area, concentration, population, and the repre-
scntative region of each monpitoring station. |

The locations of monitoring stafioris to meet the following two objectives are under examina-
tion by using the method described above: ' '

(1) To allocate the monitoring stations which can accurately high—con(ientration TEZIons.

(@ To allocate the monitoring stations so that broader region can be covered by a smaller

number of stations. S '

Morcover, the Industrial Pollution Control Association of Japan is studying the representative

" tegion of an automobile emission monitoring station based on the concept described above. An

example of the study result is presented in Fig. 3-12.

VIII - 96



g D

73
e e (8@ SN CALE)
100 1200~ -———- ¥ re0g—- -
Cumulative % Cumutative % Cmlative 7
h /..-’_— B P =
50 . / ren v e
L 2 Overlaped %
/ s

b
an'a)

s1(H @ 81 Q)
180 00 o e et e e
Comulative % ' Cimolative %
e S
/
- vren
e Onerdaped %

e
B
WP r »
___'L";" L1 Skl ma'éu (53] llln'!tlr%tn'al
3] Pt
ji¢ f1o
19 19
18 18
47 47
& {6
S 5
4 4
3 k]
2 12
1 i
e —d g ) x 0
+ 4 » Monitaring scation N

Criteria for monitoring network:

.............. Area dosage in cach repr

Humbes vl nenitonng station

csentative region

............. Population dosage .in each representative region

Prioritizing of monitoring stations:
() Concentrations at each slation -
(3 Maximum concentration in each repres

entative Tegion

® Cumulative concentration in cach representative region
(@ Suin of preducts of population and concentration CP in each representative region

(8 Arca $ of each representative region

b
L1 Momiering siation

Number of monilotiag station

- Ratio of the dimension of each representative region to the total arca

J— - Overlaped 5%

L
wnip'rrn KATAN
opiiE

il -P "

42 1]

8 9

14 8

7

1% 5

1: {5

4

2 ;

iy 2

—la 1

Moaitoring station it " D it 8 .

Numlbe: o? m:mitm'ng station Monitaring seation N aaaarx 5 ., . ;_L, Monitaring station

n Number of monitening Matam

Criteria for monitoring stations to meet the Standard Case | of the representative region of each monitoring station concerning the
concentration of NO: (22 current status monitoring stations)
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