Two dimensional ultrasenic anemometer recording part

Data logging terminal

Photo 2-3 (2) Snapshots of MS2 station
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(3) Mineral Department Office (MS3)

This office is located in Phra Pradaeng county, 4.6 km away flom and . to the nozthwcst of
South Bangkok Power. The eastern end of the offu,e faces Chao Phraya river and the west side of
the bmldmg commands a candl 120 m apart. The station, MS3 was placed in a corner of the p'lrk
within Mineral Department site, The area has Bangkok Stecl Industry on the other side of Chao
Phraya river at a distance of 2.4 km to the west and Ajinomoto (Thailand) 600 m to the south.

“The traffic volume of the vi_cini_ty' roads is small, but 700 m apart to the n0rth-nbrth-’ea$t of the
station there are 'fe'rryboat tel'tﬁinals3 for shuttling service across Chao Phraya (in term of boats,
1,300 boats per day). Furthermore, Chao Phraya river itself has the traffic volume of 150 boats per
day, in size ranging between scveral hundreds up to 10,000 or more in tonmge

Suks'tW'\t road (Route 303) runs with dfu[y traffic volume of 55,000 vehu,les at 1 km apart from
and to the west-south-west of the station MS3. The air quality was measured by instruments placed

in MS3. Photo 2-4 are snépshots taken in the vicinity of MS3.
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Figure 2-5 The avea map of MS3,
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The external appcarance of MS3

A manifold traced by the ribbon heater

Photo 2-4 Snapshot of MS3 station Air intake
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(4) Provincial Office of Samut Prakarn (MS4) _

The station MS4 was placed at the front gate side of Commuonity Center in the premises of
provinciat office and has Chao Phraya.river to the west and 30 m apart across a road within the
premises. To the east of MS4, however, as shown in Figure 2-6, SuKhumvit road (Route 3) runs
about 90 m apart from MS4 with daily traffic of 35,000 vehicles. Therc s an interscction to the
north-north-east of MS4 and about 200 m apart, which has a daily traffic volume of 47,000 vehicles.
There exists no factory in the neighborhood of MS4.

The air quality was measurcd by instruments placed in MS4. Photo 2-5 shows some of snap-
shots of the MS4 arca.

RIVED —— e

Figure 2-6 The avea map of MS4 station
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Samut Prakarn Provincial Office

Chao Phraya river viewed from M54

Photo 2-5 Snapshots taken from MS4 spot

1f- 15



(5) Housing and Industrial Estate office (MS5)

The station MSS was placed within the premiscs of Housing and Industrial Gstatc office of
Bang Plec county. The area is basicly a grassland and has scattered shops and houscs to the south
of MSS and at a distance of 60 m as shown in Figure 2-7 or has a non-developed housing site to the
further south. _ _ _ :

There is the Industrial Estate office to the east of MS5 and 150 m apart across a lane leading to
Thepharak road (Route 3268), which is non- paved. The spot where MSS is placed has no factory in
its neighborhood but has, to the south and 1.3 km apart, Bfingna-Trat Highway (Roule 34) with
daily traffic of about 32,000 vehicles.

The air quality was measured by instruments pi‘iced in MSS and the wind bpced as well as

direction was by an anemometer mounted on a pole 10 m high. Photo 2-6 shows the netghbmhood

views snapshotted.

MS 5
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Figure 2-7 'The area map of MS5
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3, Education and training relevant to handling of measoring instruments

The ficld survey, as aforementioned, is dependcnt on instruments of automatic and continuous
type to complete a year round monitoring of such variables as 302 and wind velocnty Thus the
maintenance of those instruments was thought of utmost importance to assure the accuracy of
measurements throughout such a long period. The job was basicaly arranged such that ONEB is
responsible for the'fégulzir inspection and maintenance of instroments and the Japanese staff team
for the periodi{:al check ﬁnd part replacement of them. .

Under the circumstances, it was decided that ONEB staif enginecers receive the training course
with respect.to basic theories involved, handling, m_aintenzmce and calibration of'ap.plied instru-
ments. The trainiﬁg was also pradiced'from the viewpoint that thosé instruments can be operated
by Thai staff members even after the completion of this project. :

The technical tmnsfer cooperation with respect to instruments handling was made three times
in total each at the fitst, second and third field trip by Japanese staff. As for periodical inspection
and méintenan_ée of instruments, the transfer coope_ration was made wh_eiy 1st, 2nd, 3rd and 4th
Japanese survey team practiced the scheduled checks on instruments. The persons who received
such training and the content of transfer cooperations are listed as follows.

(1) Handling, mainienan@ and calibration of instruments

The first field survey period

Mr. Warawut Suadee . Environmc.ntal Officer
Mr. Kanok Suksomsunk ditto

Mr. Khunchai Kriengkrai-udom  ditto

Mr. Santad Koompalum ditto

The second field survey period

Mr. Warawut Suadee

Mr. Kanok Suksomsunk

Mr. Khunchai Kriengkrai-udom
Mr. Santad Koompalum

Mr. Suphol Cheiwkijkachorn
The third field survey period

Mr. Warawut Suadec
Mr. Kanok Suksomsunk
Mr, Khunchai Kriengkrai-udbm
Mr. Santad Koompalum
Mr.. Supho! Cheiwkijkachorn
(2) Scheduled inspection and maintenance of instruments
The first survey period

Mr. Warawut Suadee _
Mr. Khunchai Kriengkrai-udom

Me. Santad Koompalum
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The sccond field survey period

Mr. Warawut Suadee

Mr. Khunchai Kricngkrai-udom
Mr. Santad Koompalum |
The third field survey period

Mr. Warawut Suadece
Mr. Khunchai Kriengkrai-udom
Mr. Santad Koompalum

The fourth field survey period

Mr. Warawut Suadee
Mr. Khunchai Kriengkrai-udom
Mr. Santad Koompalum
~ Mr. Phunsak Tiramongkol
Mr. Kanok Suksomsunk _
The outline of technical transfer efforts such as handling of instruments, etc is as follows. It is

described more in detail in the succeeding chapter with respect to each monitoring target.
3.1 The technical transfer refated to instrument han&ling

The first effort of such technical transfer was made immediately after the monitoring station
structure was built and the measuring instruments were brought in and placed in it.

The way of operation and handling of instruments were taught through practical drills and then
by means of instruction manuals written in English and prepared in advance. After measurcments
started, Japane.se staff checked together with ONEB staft the condition of instruments and read-
ings once every hour according to the check manuals. As for Low volume samplers as well as
Andersen samplers, all of them were temporarily assembled in an ONEB room and were subject to
calibration while technical transfer relevant to such job being made. Then samplers were trans-
ported o cach of stations where the result of training at ONEB was again reconfirmed.

From the second field survey on, the technical transfers continued in such a way that both Thai
and Japanese parties coworked in the adjustment and calibration of instruments. An activity snap

is shown in Photo 3-1.
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3.2 Technical transfer about scheduled inspection and maintenance

The transfer cooperation was made four times with respect to the scheduled inspection and

maintenance of instruments.

{1) SO, meter

1) chhcement and 'ldjllStm(,llt of lamp unit

2) Cleaning of detector window

3) Cleaning of mcasuring cell

4) Replacement of detector window

5) A!igmhent of optical axis _

6} The way of inspection of I/O and CPU board when sensitivity is_drobped
(2) NO, meter

1) Cleaning of cell window

2) Replacement of photomultiplier

3) Cleaning of detector interior

4) Inspection method of dark currcnt of detector

5) Voltage measurement of O generator power source

6) The way of inspection of 1/O and CPU board when sensitivity is dropped.
(3) pray adsorption type dust meter

1) Cleaning of cell

2) Precaution refevant to fi-ray source

3) Adjustment of flow stabilization circuit

4) Cleaning of dust trap

5) The way of inspection of I/Q and CPU boqrd
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Two dimensional ultrasonic ancmometer being
explained

Two dimeasional ultrasonic anenometer being

adjusted

Three dimensional ultrasonic anemometer being explained

Photo 3-1 (1) Technical transfer interactions snapshotied

I1 - 21



penoysdeus suonaeIaur IaJsuel) [ea1uyaa], (7) 1

paurejds Suteg redmies ussispuy pue 19|dwies SWNI0A 33

paumidxa

-¢ o104

pateigies Sureq 19[dUIES SWNOA MO

Suraq 1219w 20UR[EG UCHEIPEL PUE UOREIDEY

11 - 22



4. Long term field survey (1 year survey)

A year tong ficld survey continued for the period of January 17, 1988 through Jatiuary 16, 1989 -
to measure an hour averages of 8O, , NO, NO,, SPM, wind speed and direction, air turburency,
solar radiation and radiation balance by using respective instruments. The measurement data were
typed out in hard copies and were simultancously transmitted to a data logger and a telemetric
printer installed at ONEB central Supervisory and control room. (The data obscrved by MSI sta-
tion, however, were not transmitted to ONEB.)

In addition to data collection above, total suspended particulate were monitored by low volume
sampler at cach station, where two samplers were installed, one with a polyfluorocarbon filter to
improve the accuracy of elemental as well as ion analysis and the other with a quartz filter for
carbon anatysis of the dust. '

The filters of sampler were replaced once every half a month and trapped particulate matters
were sﬁbject to analyses throughout the survey period.

Table 4-1 summarizes the type of measurements practiced at every station.

Table 4-1 The type of measurements practiced at MSI through MSS for
the longterm field survey period -

Observation Mueasurements Instruments
MSt ONEB Station Sulphur dioxide (SO.) Ultraviolet-spectrophotometry
Nitrogen oxides (N(j;riNO)) Chemilgminescence NO, meter
Suspended particulate matter fH-ray adsportion lype meter
Total suspended particulate (TSP) Tow volume sznﬁplcr
T Wind velocity and direction 3__-I|i_|ilélisi01i;1] ultrasonic anemometer
Air terbulency ditto
| Solar radiation Lppley pyi'hcliomcter o
Net l‘il(j-i‘c-l-l_i-(;n flux Net radiation flux wicter T
Ms2 Power plant (EGAT) i 50, Ultraviolet Spcclrolphmmnclr_; o
NO, NO-, Chemilumineseence NO, meter
B B _ f-ray adsorptivn type meter
TSP Low volume smnpler
. D Wind velocity and direction W}-{Iimcnsiunnl ultrasenic anemometer
[MS37 Mineral Department Officc | SO; Ultraviolet Specirophotometry B
. NQ, NO, ____Chcmilumincsccncc NO, meter
SPM f-ray adsorption t_v'ﬁéilrnrc'lc'f o
TSP Low volume sampler
_TEI Samut Pmk:i:n Provincial M§Og -;7_7 - UIErawio-iE:t Spectrophotometsy T
Office - NO. NO, W7Ch;—l;1ilmuincsccncc NO, meter |
SPM f{-ra;IUSl)rpti()_lnl.-[i}.)ﬁcrliwitﬁ:vt;rﬁ___m_“_— )
TSP _ Luj'\;'-_\}:-Jl'tlrit;ii:ualcr B
MS3 Hc;:ﬁégﬁa[u:t:ml Estate 50, ~ Ulfraviolet Spectmphummelr-y- S
) Office WNO. NO, ’ | Chemiiluminescence NO, mcter
SPM B B-ruy adsorption type meter
TSP Low volume sampler
Wind velocity and direction 2-dimensional ultrasonic ancmometer
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4.1 Measurement of environmental pollutant concentrations
4.1.1. Measurement of SO, atmospheric concentration

In order to monitor the status quo of SO, pollution in Samut Pr'ikarn Induistrial Dtstuct the
S0, medsurmg instruments of automat:c and continuous type werc placed at five stations and
pollutant concentrations were measured once cvery hour contmuous]y throughout one year survey
period. The instruments were subject to the calibration once cver y week and dlso to the scheduled

inspection, once every three months.

(1) SO, cnvironmental concentration measurement

There arc several measurement methods proposed for the measurement of S0, + 80; as
shown in Table 4-2. Among these, methods of (1) through (4) are described in Japanese Industrial
Standards (JIS) as continuous monitor of environmental SO, concentration. In addition, the
methods of (2) through (4) and (9) are described in Federal Register of EPA (U.8.A.) as con-
tinuous monitor and the mcthod (9) as standard one for manual analysis. The method (1) is em-

ployed as one to judge whether the measured value meets the national control standards stipulated.

Table 4-2 Measuring metheds of ambient sulphur oxides

: Applicable Relative
Measuring methods Pollutants conc. range standard Remarks
{1} Solution S0, 0 = 50 ppb, JIS B7952 Continuous
conductmetry : 0-1ppm analyzer
(2) Coulometry 50, 0 - 100 pph, JIS B7952 - ditto ~
0-1ppm .
(3) Flame photometric 503 0 - 100 pph, JIS B7952 - ditto -
"10-1ppm . :
{4} Ultraviolet 50, | o-100 pPPb, JIS B7952 - ditto -
spectro-photometry. 0-1ppm o
(5) Chronoamperometry 80, 0 - 100 pph, JIS B7952 - ditto -
0-1ppm Reference
(6) Lead dioxide - SO, + S0O3 | Over B.5.1747 Relative conc,
0.2 504 mg/ Part 15 measurement
4/100 cm2 | ASTM D.2010
(7)  Alkali filter SO, + §03 | Over - ~ ditto ~
0.2 8O3 mg/
) d/100 cm?2
{8) Valium molybdate | SO; + SO3 - = Chemical
: analysis
{9) Pararosaniline 50, 3 ppb-5ppb | ASTM C.2914 | Continuocus &
Chemical
analysis
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(2) Methods used in this survey

The type of analyzer used in this survey is of Ultraviolet spectro-photometry type, which uscs
the fluorescence light emitted from the sulphur dioxide in the ambicnt air brought into the excited
‘state, SO,*, by-absorbing ultraviotet ray. The SO, concentration is determined by measuring the

fluorescence intensity. The rcactions to show this principle arc shown as follows,

SO, +hvl=80,*% ... (4-1)
SO, * =80, +hv2 ... (4-2)
SO, * =8O+ (0) ..o, (4-3)
SO, * +M'=80,+M ............ (4-4)

where the rcaction ‘(4—1') indicates that a SO, molecule absorbs the UV energy bv 1 and goes into
the excited state, SO,%, the reaction (4-2) the excited molecule emitting light energy h v 2 when it
returns to the ground state, the reaction (4-3) decomposition of the excited molecule by light and
the reaction (4-4) the excited molecule losing its energy by colliding with other molecules (called
QL:enching).

- In general, when SO, molecules are irradiated by a UV ray, absorption occurs in the following
threc wavelength bands as shown in Table 4-3 and Figure 4-1 in which band 1 and band 2 are weak
in adsorption and show a large trend for quenching. Thercfore, the band 3 with the largest absorp-
tion and the least quenching trend is selected as excitation light ny means of a sclection filter. The
' fluorescence light of excited SO, is detected through the optical selection filter. Since the hydrocar-

bons in the air also emit fluorescence, they arc normally removed by using an HC cutter (scrub-
ber).

Table 4-3 Ultraviolet ray adsorption bands of 50,

Bands Wavelength
1 390-340 nm
2 326-250
3 230-190
4000 -
£x IO

coefficient
(10~ Toretem™)
g £

T I

IIIII”“ nﬁ“\‘} al\ “

| NI N

200.0 .100—0 400.0

g

Rbsdrptipn

——> Wavelength (nm)

Figure 4-1 Adsorption spectrum of SO,
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The SO, analyzer uscd in this survey is an ultraviolet-spectro- photomctry one, manufactured by
DKK Cor pomtlon GF8-31 type. The analyzer is designed such that it can introduces the internally
refined zero gas into the cell once every 20 minutes and stabilizes the zero point level by comparing-
the zero gas value with the sample value. The light source lamp is of pulsc-driven type ‘and thus
reading is taken during the pulse lightching period -of the lamp in order to minimize the cffect of
dark current of a photomultiplier tube. The mechanism is thought cficctive to 'prolong the service
life of the lamp too. _

The recordmg part of the system reads both instantaneous and hourly averages and has external
17O terminals and an external output connector to transmit hourly averages to the data logger as
well as telemetric recorder.

As for hourly averages, the automatic range switcher is built in' and changcs the range from a
smaller one to a next larger one when reading exceeds the scale r'mge (0-0.05 ppm, 0-0.1 ppim,
0-0.2 ppm, 0-0.5 ppm, 0-1.0 ppm). When reading newly starts, the range gets automatically back
to 0-0.05 ppm one.

Major specifications of this SO, analyzer are shown in Table 4-4, the measurement system
diagram in Figure 4-2 and the mechanical structure in Figure 4-3.

,;. !Ripple filtee fump 1

Gas l
[GU

L

gg:ﬁl ) : h Measurement. section
gas IN
. t
. | | Solenold value i
Sample o
In
) CPU |
; Light ;
/t:ap l
t
- |
B o] Interface for
keys & diSplay
) _
— + 3 ! —d .
- wo—>dInter
- -S| [ty
. 5 ] -
INJOUT terminals | !
1 |
Retivated
charcoal Purp 2 d
i
Lo . - - - — - _ -
I— Punp se;tJ.;—-]
| l
| .
| I
1
H

Figure 4-2 Measurement system diagram
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Table 4-4 Major specifications of $O, analyzer

Name of product:
Model:

Measurement ohject:
Heasuremént method:

Measurement range:

Display:
Beproducibi!ity;
Stability: Zero drift
Span drift
Response time:
Amblent temperature;
Power reguirements:
Power consumpiion:
Dimensions:

Welight:

Color painting:
Input/output signals:

Related equipment:

Atmospheric sulfur dioxide analyzer
GF5-31

Atmospheric 50,

Continuous measurement on the
principle of ultraviolet fluores~
cence

Instantaneous value

0-0.1, 0-0.2, 0-0.5, 0-1.0 ppnm,
manually switchéd 4 ranges

Hourly average (Saw-tooth)

0-0.05, 0-0.1, 0-0.2, 0-0.5, 0-1.0
pom,

automaticaily switched 5 ranges
Tnstantaneous value of 503

Within * 2%F5

Within & 1%Fs/day

¥ithin X 2XFS/day

Hithin 4 minutes for 90X response
0-40C ’

100YACX 10, BO/60Hz

150VA

Measurement section

© 430(WIX596(DYx270G(H} mm
" Pump section

270{WIx285(DIx280(H) mm

Heasurement! seclion 23kg

Pump seclion 6kg

Munsell N4 and N7

Transmission _ouilput

0-1¥DC {(isolated input),
instantaneous value and hourly
average,

{Max.internal resistance 5009 ,
min. load resistance 100k{ )

Cont t a

o Instantaneous value measurement
range switching signal

o Hourly average value measurement

range switching signal

Under-adjustment (TEST) signal

Blown-fuse signal

Under-calibration sjignal

o & o o

Calibration-impracticable signal

(Contact rating SOVDGC 0.14 or jess)
Contact inpyt sjiznels

¢ External reset signal

o Observatory stop signal

o Auto-catlbration stari élgna]
{Contact rating 50VDC 0.14 or less)
Data pfinter

Analog recorder

Cubicle for outdoor installation
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(3) Operation
The analyzer is put into operations by actuating front panel keys (see Figure 4-3) in which the
selection of operation modc leads the operator to various options like calibration, time setting, etc.

The detail of key operations conforms to Japanese or English manuals.

Table 4-5 (1) Key operations of SO analyzer

Qoacation ikem Key operation proceduta

(1} Time
Setting e RF Press the entry key when the present time agrees with
T [ ENT | the veokstesed floures,
Reading _]”ﬁ:' ( depression for releasing. Display returns to cu\dentratim.)
(2} Zero gas introductien .
@ ( depression for releasing.}
(3)" span gas Introduction G '
) _W-E (E depression For releasing.)
(4) Span setting value -
Yriking SPR ";me * Span gas concentration
| ” N I
feading ( depression For releasing.)
5) Butomatic cali ' '
(5) t;:m © calibeation writing E (Returns ta concentration indication after 1 second.)
(R B 1E
. : I
Reading ( depression for releasing.}
(6} Automatic calibration
period Welting (Returns to cencentrativn lndication after 1 second)
PER
Reading — (| eny {! ¢ depressfon for releasing.}
{7} tbar of remainlng )
days till next calib- | Writing E {fcturns to concentration indication after t second.)
ration . .
Reading l EHT ;- (E depression For releasing.)
(8} Rutomatic cakibratica I
starting {dith AUTO sultch in AUTE position.)
{9) NMeasurement range Instantan- ’
Switehing | onoe valus (EAG |  COVC . .
{Writing) - ENT ( Af . 0-1. 0.2. 0.5, I.O)
Auverage  [pANG | | AV - RF .
value ent| (& :0050.1,0.205 1.0}
‘ f ] | an; || AVG
Raadiog _R'i“ . .
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Table 4 (2) Key operations of SOZ analyzer

Dparation item ey operation procedure

{10) Transmissicn test Instanta- - T
naous vatuel—| | BF | [e[ | ENT |(uith TEST suitch in OF pasition)
RAugrage TRF | I

Registered Figures in trsnsmissien test

Registered figures | 000 | 00V 1 002 | 13 | oio
Dutput upltage(mv) 0 100 200 | k 1000
Indication ¢ {100 | 200 } 1000

{11} Zero point rise Ins.tmtan- I
0 release,
. eous value I megn l ERT | (. press 4 EE-;:" )

Reglstered figures for zexo rlse of instentanedus value

fegistered flgures | 300 | [301 [ .302 | 310
Raised graduaticn 1] 1 2 10°

Average Ta release, . :
e o e e e |

Hegistere:f figures for zero rise of average value

fegistered Figures | ,320 321 | 322 f 2330
Raised géaduatiun (1] 1 2 ﬂz 10

(12) Costrtctent restios e confictent E]EE' [E. ''''''

Automatic callbration
zera correction amount

Automatic calibration
span coefficignt === ENT } rreeenses J
=00 40.0%

( key serves as the negative sign key. )

Automatic calibration ]
span coefficient 7 7 210

(4) Calibration

Though the GFS-31 SO, analyzer has a provision for automatic calibration capacity, the job
was manually done in this survey. The procedures of calibration are the cOnncétion of calibration
supply gas system with SO, meter, and then calibration of zero gas and span gas by means of the
key panel on the front operation side of analyzer. The standard gas used was one cylindered with
about 90 ppm in SO, content, pre-inspected by Chemicals Inspection & Testing Institute, Japan.
Since the guamntce term of this standard gas is a half year period, it was replaced in the mlddle of

survey petiod.
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Pressure Calibration gas preparing
teducer valve equlprent with zero gas
refining function

EFALII]
B_ |ditution

Cylindered §§
ylindere Hu . 4
standard NK:
ga:n ar "'_E;_.\ g ) puertiow

50, Wepm )

t, base

slifca gel -Calibration gas OUT

(S PP O

Calibeationd
Filter | gag 1ntrcﬂ I Zero/span gas tubg
Lon .
Az _h[l “gignal 1 ,'H" ~ Spah gas Intraduc~
[ tion sigual
'
Fump ! Mewmin:
Tetminals 1, 2 ; lals 3,4
Measurement | i
section N
2erofspart gas Iff

Figure 4-4 The supply system of calibration gas

(5) Inspection and maintenance _

In order to maintain the desirable performance of the SO, meter, the inspections were ﬁrac—
ticed as shown in Table 4-6, in which weekly and monthly periodical inspections and calibrations
dependcd on ONEB and others were performed jointly by ONEB and Japahese staff.

Table 4-6 Sch‘cduled'inspectiou items of SO, analyzer

® Jects of maintenance check Cheek pariod Reference
- Sectlon
o ject Itea Contents P
| EEHE
El | w| >
1 | Flow path tubings Chack Fouling, xckling, dlscon-
nection, leak
Replacerent Each tube : a
Leak Leak teat Q
2 | Filter | Exccent(PFY Replacement | feplacerent by new ona. [n) 7.3
case Case Cleznlng Joints, filter case interior iy )
3 | Clasa slesent of Cleanlng Glass element A
measurenent section o 7.3
eplacenent Repleceoent with new ona a
4 | Swhion p-.;np in Check fbnotmal sound, ulbratien o
pumg gectlion Is pressure pormal 7 [e]
Cleaning Diaphragm, valve, joint N ..
Replacement Repllacement of diaphragm and Fu ) °
valvy by new one.
5 | HC cutkar replace- | fieplacemeat Replacenent by new cie. 7.5
ment . . o
& | Activated charcosl | Replacement Replacerent by new one., 1.5
replacement a .
T | Gzone decompaser Replacemgal Replacesent by new one. 1.5
replacement . [u]
B j Light souice lamp Aeplacerent Replacement by new one. ¥ 7.6
r2placement a
89 | Cell . Clraning Cell wall . N 7.7
10 | Calibration Calibration | Mamual zerofspan Q 5.1
11 | Clock Check Check for.time deviation [o 4.1 e,
12 | capillary Cleaning Internal eleankng A
. Replacerment | Replaement by OKK genuing o
parts :
Chack . foullng, buckling, dis-
13 | External tubings . ! ntioﬂ. leak: le] -
. Replacerent. | RepEacement by nes one, B a)
14 | Wiring with oub- Check Logsening, breakdown 2.4
sida o
* 2 yooars - 01 Chack fur abnotmality. Pecform tha specifled work.

AdJust ta speclfied valuss.
A3 Clean the speclfiad place.
¢ Replace deslonated pavts for maintalning the gerformance.
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(6) Mcasurements _ _
Table 4-7 summarizes the effective measuring hours cxcept those spent for calibration as well as
equipment troubles, The figures at all measuring points are thought longer than a guideline figure

required for the effective monitoring station in Japan, i.e., 6,000 hours (cumulative).

Table 4-7 Effective measuring hours of
’ atmospheric 50; concentration

Station | Elfective mcasurement (hours) | Availability(%)
MS1 8,684 98.9
MS2 . 8,515 1 %9 ]
MS3 8502 968
MS4 8562 975
MS3 T 3225 823

{Remark: Total hours for Jan, 17, 1988 through Jan. 16, 1989
is 8,784 Tirs.)

The causes of trouble that cach monitoring station had were listed in Table 4-8 together with
measured variables. Among them, the largest downtime in case of SO, measurement, was caused
by the dew drop forinéd inside the manifold and brought into the instrument. The troubles in

photomultiplier and 'power failure follow as second and third Jargest single reason respéctivel}'.

Table 4-8 The causes of instrument downtime during the leng term survey

Wixting oot ENEIENEY I Missirg cauze ERE N ED
For calibration : FINIEE For calibration B U] Bl 8
for mintemacce 1B 7] uin for asintenanca 9] 6] =®| =
Electric power out B B 4l & Etettric pover out : gk 62f F| ®
| Over-ceryent Over-curent
T Tuklying value . . Totlying valve 1
Calibcation error [LEEE:] Lalitration ecror 1| @i m
151 | Maintenance error 15-4 | *aintenance error :
Poor indication i Pooe indication ol
o Ml Y e
Rater condentalion of Masilold Kater condensation o aanifold i L]
Qut of order of air-coaditioning . But of vrder of air-cocditioning] 6] 67| TBE TIB
Merhasical Lrooble by sater F43 fechanical trechle by water .
fechanical trooble 1|37 8 % Yechanical trouble : IR
Total 30| B3l ES5E 2 Totat 2 e
| (For cabibration S B] %] » Far calibration TGRS
For mlatenance 6] 1of 5l 15 For maintenance - 6] 710 w0
Eloctrie poer ot 164) 13| 140 140 Eleciric poer out, 1999 18] 32l e
Ceer-turrint. Qver-czrrent 2l A # B
Dutlying valve 3 Quilyirg valum 3199 3
Galibrazica exror ) g #1384  Calibation erroc jied 21 12t |
+3-2 § Fatatenance erver ¥5-3 | Maiatesance evvor - | s
Poor_iodication § Pooe indicatioa | 5l &
Tl b nya Bl
Fater enodensation of ®aaifold 1% Faler condensation of ranifold 6
Ouk of onler of air-conditioning 9p v Qut of order of aix-conditioning [ 2| 19| 149] 148
Sechanical leoubla by water - - Hachanical trovble by water M4m0
Hechanical trouhle PNIEHEIRE Pochanical tovble Wi 1
Total S Total 1539 w2 iig] iy
For calitwation Rl 9] B 2 For eallbration -
L For maintenaice AL For maintenance
Electric poer out %y 3 R+ Elecsric pover ot
Dver-Current . [ her-cursent
Houttyicg vaim 5] w1 " [Outlying vale [
[Catibration error I Calibration error 15 I
¥5-3 | Mintemrnca eraor Sl 4y 4 Hrialenance error
Poor indication . Poor irdication
Attt ™ oo
#aler condensation of msnifold ) Hyter condendation of sanifold -
ut af arder of jr-corditicning Xt of orfer of air-corditioniag
rechanical lrouble by water | Yecharical drcuble by water
Tochanicat teouble | BLI Bz 0| [Fechanical seocble
Toual el 250 93] . [t
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The hourly values of SO, concentration at cach station are listed in the Data File chapter as

shown by an example of Table 4-10. A summary of SOZ mcasurcmcent is shown in Table 4-9 which

shows measurements of all stations satisfying the require ment set by Standards (daily average;

0.3 ihg/m3m0.il7 ppm, geometrical yearly mean; 0.10 mg/m*=0.039 ppm). The detail discussion

must resort to the separate part.
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Table 4-9 A summary of 80, concenfration measurements

Station MS! MS2 MS3 M54 MS5
Effective measuring time  (days)*! 362 354 352 360 296
Yearly average {pp) 7 12 w | s 3
Geometrical ycnrly“niean (ppb) 4 8 6 -3 2 |
Peak hourly value (pby| 109 | 112 199 7% | 48
Peak daily average (ppb) < 34 71 20 a
Daily average (98%) value  (ppb) 19 30 60 - 14 8

(*Elfective measuring day means one in which hourly value is measured over 20 hours

per day.)

Table 4-10 SO, concentration measurement data (an example)
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4.1.2 Measurement of NO; atmosphteric concentration

In order to hwcsﬁgate the status of pollutibn by NO, concentration at Samut'Prakar_n Industrial
District, five monitoring stations were placed within the térritory’ where the hourly averages of both
NO and NO, were monitored for one year period by using instruments of automatic and con:
tinuously driven type. The instruments werc subject to weekly calibration and to the scheduled

maintenance once every three months.

(1) Mcasuring instruments of zltmospheric NQ, concentration

The proposed methods for measurement of atmos.pheric nitrogen oxides (NO and NO,) can be
ma'iiﬂy grouped into two types, Absorption spectrophotometric method ‘which uses Salzman rea-
gent (wet method) and Chemiluminescence method (di‘y method). Th_e former is widely in use in
countries like Japan, West Germany, South Africa and ltaly, whereas the latter is employed by such
countrics as France, Netherlands, Taiwan, Korea, Singapore, Australia, Canada, United States and
others.

(2) The NO, analyzer used in this project
The type of analyzer used in this survey is one of Chemiluminescence type, which detects
chemiluminescence as the resuit of NO and O; reactions as shown betow or continuously the NO

concentration since the luminescence intensity is proportional to the concentration of NO.

NO -+ O_'.; == NOZ + 02 ......... (4'5)
NO+O;=NO*+ 0, ..., (4-6)
NO;* =NO, +hv ....., o))

Namely, NO in the air reacts rapidiy w:th ; to form NOZ , the part of which, say, about 10%
takes the excited state, NO,*. When this NO,* transforms into NO, , the ground state, chemilu-
minescence is emitted with the wavelength between 600 and 2,500 nm (as shown in Figure 4-5).
The spectra of ray is then detected by a photomultiplier 'tube.' In other words, NO is measured
indirectly in term of chemiluminescence intensity. Accordingly in order to measurc the NO, con-
centration, the system needs a converter to change NO; into NO. The NO, value is thus thought
equivaleat to dlfferencc of NO, (NO+NQO,) and NO. The converter works to convert the NO, of

sample air stream into NO and makes it possible to measure the total NO of both NO, origin and

originally existing portion.
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Figure 4-5 The chemilumninescence characteristics of NO-O,

The instrument applied in this survey is one of chemiluminescence types, GLN-31 manufac-
tured by DKK Corporauon which is featured by a capacity of mcasuring both NO and NO, by
letting the sample air every 20 minutes through the converter and of giving the continuous output
~ of both measured data.

The system also intakes the air intermittently every 4.5 minutes, thereby arrests chemilumines-
cence and detects the dark current of the photomultiplier as the major source of noise signal, which
is stored in the system memory.

The stored information is then utilized to minimize the drift of zero pomt and to stabilize the
measuring conditions. The recording part of the instrument stores both instantaneous and hourly
average concentration values of NO and NO, and has external 1/0 terminals and an external
output connector, both of which serves to transmit hourly measured values to the data logger.

The instrument is also equipped with an automatic range switching mechanism as such is same
case with GFS-31 type SO, analyzer. Specifications of the analyzer are shown in Table 4-11, the

measurement system diagram in Figure 4-6 and the mechanical structure of analyzer in Figure 4-7.
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Table 4-11 Major specifications of NO, analyzer

Name of product: Atmospheric nitrogen oxides
analyzer

Hodel: GLN-31

Object components: Atmuspheric NO, NOg, NOy

Meému@mentpflmﬂpie: Chemiluminescence, continucous

’ measufement

Measurement'rénge: }n§1gn§én§gus Valﬁg
Q-¢.1, 0-0.2, 0-0.5, 0-1, 0-2, 0-§
ppm.

Manually switched 6 ranges.

ranges for NO, NOz, NOy can be set
lndeﬁendently{

Hourly average value

(Saw-tooth record}

0-0.1, 0-0.2, 0-0.5, 0-1, 0~2, 0-5
pPm

Automatically switched 6 ranges.

Indication: Instantaneous values of NO and NOjy
(Simultaneous indication)

Hepeatability: Within & 2X%FS

Zero drift: Within =* 2XFS/day

Span drift: Within & 2%FS/day

Response time: Within 3 minutes for 90X response

Ambient temperature: 0-407T

Povwer requirements: I0OYAC 50 and 60H=z

Power consumption: 250VA

Dimensions: Measurement section

430(¥)x595(D)I %270 CH) mm
Pump section
240(HIx250(D)%x280CH) mm

Height: _ Measurement section 32 kg
Pump section - | 7.5 kg
Color painting: Munsell N4 and N7

Input/output signals: Transmission outpit
0-1¥DC (Isolated from input), in-
stantaneous and hourly average
values of NO, NOg, NO,
act t_ als

O Measurement range signal
(Instantanecus and average values
of NO, NO2 and NOy independently)

O TEST {(under adjustment) signal

O Blown~-fuse signal

O Under-calibration signal (optional)

O Automatic-calibration-impracticable
signatl (optional)
Contact input signal

QO External reset signal

QO Observatory (station) stop signal

O External startlng signal of
avtomatic calibration (optisnal)

II-306



2azAleuE *OQN 10 aanns featueyda agy, (1)

L sandiy

LOTISPS JUIWRINSEAw JO TAwRE 125

-3a3uTI0 «#3T0y ATQED
f1suTwrTaId Io 1 Y3INTHd 103080023 JYADDL
’ .Humnc..nuw " 397Ut seb oy #2704 2TGED ¥ 2 Tewtwiay
mp g4 T S0 z&m / 2 HaUNIEd uuuu»c,ao and Emﬁ
N

(3 'a v}
syutef swnd
ap1s .u_cNEu»:unmE\l

"] u.wn.«u

ases 1337 .mh\\

397w 9TdwRs -

p /@Oe@n\

5=

ey Euproey”
:aumu:u

, \

5 )asny $I0703WUR3 STRUTUIDY
¢ wu angyno fanduy 3nd3no /andut
TRUIAYX3 TRLIDIXI

uOT303S JuawaanNSRew JO Yaued JuSIS

A

CUBY WYY uem.n 300

\ /N

uyEIns glny

! {

~J

/ .

\ /

HO3TMS 1531 n!rr..._ Py

1 Eee

#3mO 2531 OLOY

-2 © o

HFATME MO

Py
SCURT F03BTTPUI ]

S48y woTzTIadg ~

SwnssIve

O

/!

/

s6eb sanssaag

\

{+233 sbuez juaumIncEIW ‘ouTy
“Zon ‘pN Jo sanTeA pazngesy) ARTHSTQ

J3zAJRUE 3Y) jo WeIdeip WHSAS Juawamsedsw Y, 0-F 2IndLg

ao3eIauab awozg (x)

BIeSn feuTwlsy Jndine/sndul C

Z TEOSIBUS pajeaTisy H
1 TEODIEYD PIJRATIOV :

."wmeua.ﬂm
aasodwosop sudzl
}

18 T0I3U0]

B0 JIA3UT ARTASTP egel
asejIsjuT 3NCUT 183T0T0

muqhuuuc.husuu:amu.ﬁnc«u
w
n
ase aajuy andut Boteuy (%)

I
F 133774 USWATE S5BTg .ﬂ.

_I uDTyoaR dung

UMD Svd}
Rung
% I 1m 1
L G )
g &
1
T —{ = =
[gQN3 UoTLaL
LexZe
atieb BanssaIy
© 5
nye1mbay
ERON, = g
AzeTTTdR)
AzeTTTdR] I
Uy e fee [
CoIIIIITITITIIIIITIITE
P
- L
ki pﬁa%l Fdnvsh
AT V

|
|

Fo.muuun audwaINERay

o, -

~
=
n

| tsvo uvam
1

(5¥D O¥3Z



£xtarnal connectlon terminal board

Cooling fan ~

A : Hoisa
Joint block l;l[/ //suppressur
' Anlk 1 T
Ozona ~———
decomposar
g r/‘é
- £

Cowétter -~ :1 | —~Detector
E_t:;ily“' . . % /tljU board
M’.E | —I1/0 board
7 St ] l o
sva—Jl . 1 I _
Solernid sv2 CFU power
valves ) // | | / sauLce
-
LY 1>< >‘D... ) ] [I / - :|
Caoling
Requlator ><"‘~.. . [ oot
Ozone "':D | LF}/ soures
getterator L ~] rowRE SoUTCE
tube /[ 1 _IFor ot
: p ]/ “miltiplier tube.
"[::nzgg;r;er_, ull : - oo f Tempair:ture
generaktor tube ) :};——4 : i xegulakor
: [Zi97 T ey e

Display RN .
toard e ;l|
. =~

~

P ure gage
Measurement section ress 978

=N

Joint block {:“_w_q__'
| ———Pouer connector {100VAC)
fotivaked | |
charcoal 2 [~ EGlass element

Activated T

charcoal 1 i

©

Silica gel—
case ™

Pung section

Vigure 4-7 {2) The mechanical structure of NO, analyzer

(3} Measurcments

The instrument is designed such that operations like calibration, antomatic calibration, time
adjustment, etc., can be selected by actuating the key panel on its front. The detail description of
key operations resorts to the brochures written both in English and Japanese but operation modes

available are briefly shown in Table 4-12.
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Table 4-12 Operation modes of the NO, mmlyzér
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(4) Calibration
Prior to calibration, the zero gas generator and the cylindered standard gas (with about 4.5 ppm
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NO content) supply source are connected to the instrument and then front key panel is actuated to

. complete the zero point/span corrections. The cylinderéd standard gas in use is one inspected by
Chemicals Inspection & Testing Institute, Japan and has a guarantee period of a half year for its

concentration. Thercfore the standard gas required the replacement every half a year during the

survey period.

5) Inspection and maintenance
p .
In order to maintain the desirable condition of the NO, analyzer, it was subject to various

inspections and maintenance jobs as listed in Table 4-13 in which weekly and monthly oncs were

dependent on ONEB and others were performed jointly by ONEB and Japanese staff.




Table 4-13 Inspections and maintenance jobs of NO, analyzer

Malntenance objeck iktena Intetval Reference
seckion
X . . . ol wn
Ttem - Lckion Qascription RESE
- HEHHE
g é M |w] >~
$} Flow path tuslng theck Fouling, trickling, O
. disconnection, leak
Replacerient | Each tube g
. Leak . Leak test . Q
. 2| Filter { Elemant (PF ) Replacemant | Replazement by a nevw a . 1.2
case N ong : :
Filter case Cleaning Jcint, tase mte:m: Fay
3 Glass element of purp | Cleaning Glass element A 11 73
Replacement | Replacesent by a new (]
2
4 | Suction pumpd in pumpg Check Strange sdund, strang2 O
section vibratien
Kowmal pressute [6] )
Cleaning _ Giaphragn, valve, joint iy 7.4

Replacesent | Replasc diaphragm ard

valve by new ongs - 0 .
s Check Strange sound, strange 7.5
Solenaid valve chatbaclng. seurel O
Replacement | Replacedent by a.pew n
: : one -
-} Comiezter Peplacement } Replace catalyst. 0 7.8
1| Ozong decemposer Replacement | Replace catalyst. a ‘1.7
8| Ozone generating tube Cleaning Fa¥ .
8| Silica gel in purp Check Calor change te pink |O 7.8
section Replacement | Replacement by a new
or rejuvenated silica =]
qel -
14 Actluated charcoal 1, 2 . ‘I Replacemant by a new 7.9
of pump section ! Replacement chazcaal . o '
11 Cell ] Cleaning Cell window, cell wall - Fay 7.10
12 | Callbration Calibeation | Zeco, span Of a5
13| Cleck Check Theck Far time shift (o] a-.‘1(5)
14 Lapillary Eleaning Interfor cleaning R Fay
Heplacement | Replacement by genuing o
DXK packs
15 External pipings Check Fouling, buckling, Ie) 2.3
disconnection, leak
Replacerent | Replacement by a new s}
plpe
16 External comections Checl Looseness, breakdousd o ) 2.4

¢} 1 Check for any abrarmality. Take specified actfions, Adjust to specified values.
A Clead specified places. :
{1 * Replace spechfied patts fot malntalaing the performance of the amalyzet,

(6) Measurements
The cflective mcasunng hours of both NO and NO;,_ contents at each station are shown in T"Lble
4-14. All of them satisfy the minimum requirement hours stipulated for an effective monitoring

station in Japan.

Table 4-14 Effective measuring hours of NO and NO, ai each station

Station Effective measuring hours Availability(%)
NO NO, NO NO,
MSI 8.550 8.560- 97.4 97.4
" TMs2 7,880 7968 807 884
TTMS3 6,674 6,805 76.0 775
MS4 7.004 7,097 80.8 808
MSS 7,641 7.640 87.0 87.0

Total hours for the period of Jan. 17, 1938 through Jan. 16, 1989 is 8,784 hrs.

As for causes of analyzer troubles, the breakdown is listed in Table 4-8, which indicates a single

largest reason for analyzer downtime is the trouble of photomultiplier and the sccond and third
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causes are found wrong calibration and power failure respectively. The hourly readings of NO, and

NO,(NO + NO,) at each station are as exemplified in Table 4-16 or more thoroughly in Data Filc

Chapter. The analytical study result is discussed in Part 1 as well. The summary of measurement

results in Table 4-15 shows that the concentrations observed in all stations satisty the value required

by Standards (Hourly Valuc; 0.32 mp/m*=0.173 ppm).

Table 4-15 A swmimary of concentration measurement results

Station MS1 MS2 MS3 MS:d MSS
Effective measuring days NQ; 354 '_2__7:()
. NO, 354 E

Yearly average {ppb) ’ NO, 6 13

= : _“‘l‘m\lO,‘ 38 7&177
Geomclﬁca! annual mé;; NO, 12 () ' o o
(ppb) NO, 23 14 s
Houtly peak vaiue (ppb) NO, 138 o T
(ppY) NO, 497 132 251
Day average peak value NO, T 2 41
(ppb) NO, 176 56 s
T):W ave rdgL 98% value NE)Z 33 20 30
(ppb) TNO, |1 40 62

An cffective meunsuring day is enc which obtains more than 20 hourly valucs.

1

HOUR 1
DRY
1 1
2 3
3 2
L3 &
5 2
& 5
? 10
8 5
g .
10 £ 3
11 18
12 7
13 2e
14 10
135 5
id 28
1?7 8
td 29
19 17
20 11
21 15
22 39
23 [ ¥4
24 20
25 &
2% 1
27 3
28 4
29 2
HLlH 1
HAXY X4
AVE 12
HOUR 29
TOTAL
s

Table 4-16 NO, concentration measurenient results (example)
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4.1.3 Atmospheric concentration measurement of suspended particulate matter .

In order to grasp the poltution status quo by the suspended particulate matter, five monitoring
stations were installed across the Samut Prakarn Industrial District and hourly SPM average con-
cerations were measured. The calibration and scheduled inspection are practiced once cvery month

and once every three months respectively.

(1} SPM measuring method

There. are basu,ly six groups of method pr 0posed for the mecasurement of atmospheric particu-
late matter concentrations as shown in Table 4-17. Among them, types of analyzer that allow the
automatic measurement of hourly values are Digital partlculale meter, f-ray -absorptlon method,
Piezoelectric balance method. Each of these six methods has good and bad points and varies in
measured diameter of particulate matter. Accordingly which method to be employed depends
largely on various conditions of the country. In Japan, the total suspended particulates (TSP) is
defined as duét suspended in the atmospheric air and the portion of such dust in diameter less than
10 pm is called Suspended Partlculalc Matter (SPM) The mlpllcatron of this definition is that such
SPM can deposit inside the human lung and influcnce his 1esplrat01y organs. Thus the control
standards was set for the SPM concentration in the air and snnultaneouslv the Low volume air
sampler with a sorting device for 10 um size particles is employed as standard method. But this
method is not suitable for a short term measurement. To cover this weakness of Low volume
sampler, Piezoelectric balance meter and f-ray absorption type dust meter are added as standard
methods to make hourly measurement possibie.

(2) Dust meters applied to this survey

The type of dust meter used in this survey is a f-ray absorption meter suitable for the measure-
ment of hourly SPM concentration. The beta-ray analyzer is an instrument based on the principle
that absorption rate of beta-ray increases in propotion to the mass of the substance when its quality
remains constant and the ray at a low cnergy level irradiates the substance. Thus the beta ray
irradiation on the particulatc matter collected on the filtration paper gives mfnrmmons about its

quantity.

The relationship between intensity of beta-ray transmitted and dust quantity is cxpressed by the
following cquation
[=1,exp (—pm-Xim) ... (4-8)
where;
I : Beta ray illtensity transmitted through filter and particulate matter
.I(, : Beta ray intensity transmitted only through filter
pum ; Mass absorption coefficient (cm?/g)
Xm : Mass of particulate matter (g/om?)
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Table 4-17 Classification of measuring method of atmosphere particnlate matter concentration

.
::r?l‘::; teg h“:?::':::‘f . Prlnciple $ize rangs Remiarks
Fllter Smoka sampler | o Suck air through white fiiter. Oto I0-30um a Widnly wed In Buropaan
contam!- (OECD method)| Uaually 24 hours. Contamina=- countrles. Method recommended
nxtlon tloa of {lier g messured by by QECD. Alr ducking spaed fa
method reflection Index maler, Valun low and aumple Is limited to
is converted to Internatlonal {shalable particles, The
smoke unlt fugfog). Simpls zeaulta of monktorlag la
mechanisra and fitted ta Influenced by black color
continuous monltortng 1udstencas, £nd pot Indicaling
real welght, Limited range
of ehamleal analyaiy Ia
postible even by small
. quantliy of asmple
Tape aampler | o Samsd with OECD methed, Sample | 0 to 40 pm o Flow rate s larger than OEGD
{ASTM metbod)| collected on filter automatic— methed. Effective sampling of
ally forwardlng with 2-6 houry fnhalable particles Is
Interval. Contamlcatlon is possthle by method smployad in
evaluated by transparancy Index USA. Fitted for continuous
and expredsed by hate unit . monltazIng.
(COK) usuaily, but some cases,
by raflectlon Index (RUDS}
Filtratlon High rolume @ Alr 1n sucked thzough glass 0.1 to 80-100 vt | o Widely used in YSA, Partice-
anmpilng axmypler fitea fllter usually by turblne Iute larger than inhalable
metbod bower, Collected 2ample is particle is apt to be
wealghed under constant tempera~ coltected, and not {itted for
turg and humidity. Moat widely moenitering In dirty places,
t3ad and {n Fest Germany Samapiing {a usuxily for § days
tembrane [llter and rotary pamp with 24 houra cycle, Ubtaln-
arg employed, . able encugh sample for!
chemical analysts,
Low volume o Frlnclipls Is saame with high 0 to 20-30 vm o Flow rate 1a smaller than high
1ampler " velume sampler, but fow rate volume sampler and possible to
. 12 far samiler and deslgned to sample Inhnlable particles
ba fitted for long term alr eltectively, In Japan, used
sucking. - with cyclon type separator or
multi-stage separatar to cut
the particles larger than
10 microns.
Light Digital dust o By light scattesing, disectly 0.5 to 10 im o Used as monitor of SPM in
scattering | analyrer measure particulate as aerosol. Japan Insoms extent. But
method Individual particles are catibration iz always
counted and mezasure parlicies necessary and evalustion
slte or integrate the scaltered {mpossible 1o campare with
lignt from a certain volume of diract welight wetkod.
Betaray Beta ray o Particulate matter Is collecied Oto 20pm o Instroment coat {3 usvaliv
shsorplion | abserption of fliter for a cerlain time {fllter systewm) #xpenslve, In West Germany,
method wmaxs mooitor {usually 30 wis.) continuousty. used for manitoring.
Deia ray freadiated and 2 pazt Impartant inslzument to study
of energy Is absorbed, Welght thort time varlation of
. cong, it determined by Bela ray particulate.
X intensity transmitted, .
Piera Piezo balance ] o Based oa plezo osclilator 0.01 to F0um o This mzthad ix high sensitive,
balanca mass monitor method. The welght of {etectrostatic but defects in elactrostatic
method parllcles accuraulated on sytem) collection index and lopaels
osclllator proporticnally 0.3 to 20 pm of humldity to sample.
change by ribzatlon number, {impacter system) Detectlon of weight without
and weight conc. B delermined remaoving substances &ccurdi-
hy this zelation. lated on quartz 1s lraited.
Pazlicle Cascade © Particulates are clayyifizd 0.5 to 20y o Cone. In certaln range of
separating | fmpactor Into peverzi stages by lmpac- particle siza is evaluated.
method tlon. Weight of each substance Used in tJSA but not widely
is directly weighed. used.
Dichotomos a Known as vertical impactor. Oto 30 um o Used in USA for wonitor of
sacapler Particulate ks separated to 2 sulfate. Under conslderation
slze range and each particle 1y . to be used for monitotlng
eollected on filter and parliculzte matter in USA,
.welghed. .

From the equation (4-8), the mass of particulatc matter is calculated as
Xm = Hpm In{I,/1) ....... e (4-9)
Also the concentration of particulate matter is expressed as
C = S/V-Xmx10? = (S$/V)-(1/pm)-In{I/DX10* ... oo (4-10)
where;

C:concentration of. particulate matter (mg/m?)

S:collection area (éﬁiz)

V:air aspiration volume (m?)

The type of dust meter used in this survey is a beta-ray absorption onc, DUB-12 type manufac-
tured by DKK Corporation. This dust analyzer aépirates the sample air at a fixed rate of 18 liter/
min fhrough' a cyclone sieve and traps the airborne SPM by a glass fiber made filter which is then
irradiated by the beta-ray to measure the transmitted intensity. The mass concentration (mg/m?) is

calculated through an internal data treatment based on above mentioned principle. The measured
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fwourly avcraige values are simultaneously recorded at each station and are transnﬁtted to a data
logger in the central observation center. _

The detection part of the instrument is designed as shown in Figure 4-8 such that beta-ray
channel and-air aspiration channel intersect-each other at an acute aing!e where the filter is placed
horizontally. The detection paﬁ is thus divided into two parts, above and under the filter level. The
beta-ray cmitting source (_Prorﬁethium 147, 7 Pm) is instalicd in the upper part and the semicon-
ductor detector (silicon valence electron detector) in the lower part. The mechanical design permits
blank monitoring, dust collection and its detection at a same spot and the detection error due to the
misplacement of filter is minimized. The arrangement is also recommendable for monitoring of low
concentration of dust in a high sensitivity and makes it po'ssibl'c to. measure instantaneous values of
varying concentrations. _ ' _

The procedures of measurement conforms to a programme time chart shown in Figure 4-9
which covers such operations as. filter forwarding, blank monitoring, air flow measur¢ment and
completes a series of automatic and continuous operations,

Major specifications of beta-ray dust meter and the flow chart of monitoring processes are
shown in Table 4-18 and in'Figure 4-10 respectively.

Air inlet
Sealed Beta ray

Line source cell ~__ | t o
Filter

Semi conductor \ A
detector Datecting cell

Figure 4-8 The mechanical design of detection part
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Figure 4-9 The programate time chart
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Electric circuit
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Figure 4-10 The system diagraﬁl of beta-ray absorption analyzer

Beta-ray source is Promethium 147 of about 100 microcurie and is designed such that the leak-
age or permeatation of the radioactive isotope from source container will not cause the environ-
mental poﬂution problem. It is strictly forbidden to tak.e_ out the sealed ray source for any reason.
In Japan, the qualification, permit and registration are not required for handling such an radicac-
tive substance. Though the half life of Promethium 147 being about 2.6 years, the drift of zero
point by time elaspe is small as shown in Figure 4-11 and thus the source can be vsed ldngcr than 7

years.

(mafad)

- Average gap of zero {ug/m®)

1
1
1
1
i
1
i
1
1
1

100 aCi 30 uCi (7 years} 10 uCi
(Primary stage) (After 4.5 years) (After 8.5 years)

Figure 4-11 The drift of zero point by source intensity
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(3) Operations
Operations of the instrument arc by the key pannet installed in the front part of the analyzer
(as shown in Figure 4-12) and comply with operation modes listed in Table 4-19 which cover anto-

matic monitoring, calibration, time setting, etc. The key operations are described more in detail in

brochures Japancse

cell\
\‘ I [ Ol __Power indicatoc
Display Operation panel | - |Prryr O~ | power switch
o1
Astorisk Emj i |~ Capstan
key Guide rolter 41— (o i © Guide roller
Clear kay Tension roller 4—f><8 Tension rollec
Down ke -
Y Hardle 7| G N
o & o [ Frame lock screw
Fi )
7 f
Take up ree} Flowmeler Paroff ceel

and English.

Displgy Radiation source

Deteetor cell

[ A

Figure 4-12 Operation board of front part

Taﬁle 4-19 Operation modes of the dust meter

Pinch roller

Mode

Indicater L

Objective

o Automatic monitor

In case of time mode
_ blinking at a second

Normally indicating time (flash 1 sec)
alarm signal indicating at abnormal

inverval

Manual handling Moving ray source, filter forwarding,
ON/OFF of pump, flow rate regulation

Equivalent Recarding and indicating of membrane

membrane value value

Calibration Blank monitoring, membrane monitor,
calibration ’

Span coefficient Recording and indicating of span
eoefficient

Time Timea correction and indication

(R Month and Day Correction of month and day

FiEit Yoar Correction of year

Station number Reccrding of station number

Bl Judgement Confirmation of ROM, recording of

Corrected Value A

= Corrected Valye B

Transmittance test

corrected number, printing data,
confirmation of installed watch

Recording and indicating of numerical
values for zere point adjustment,
without changing membrane

Recording and indicating of numerical
values for adjustment of sensibility
without changing membrane

Cutput selecting 10 divided
sensibility of 0-1000 pulse/hour

I -
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{4) Calibration
The calibration of beta-ray analyzer is donc as foliows; ,
{a) Place an cquivalent 111cmbranc"filn1 made of polyamide resin with a premeasured and
known blank valuc on the filter of detecter :
(b) Irradiate and get the membrane absorb the bcta -ray and 1cad the output of weight concen-
tration corresponding to the thickness of the film.

(¢} Confirm the equivalent membranc value or correct, if required, su(,h equivalent value by
opcrating the key pannel.

Figurc 4-14 shows results of measuring the equivalent membrane value with respect to several

types of material, Reviewing the figures, a linearity is found as secn in Figure 4-14 for materials
varying in density.

S Betector celt
T Equivalent membrane fitm

Notch

Figure 4-13 Placement of a equivalent membrane

Palyirzido [Hm

Gisdos Class ﬁbc‘r filier paper
(X!

Polyfuron

filter

LA

ak
‘Polyimido (ilm
. Polyfuson filter
Alumimam, foil

* Titanjum Foil

L5

(%3 Mylas film
Polyimido film
Mylar ilm

Quiput of Deta ray analyser

Weight (ug/m?)

Figure 4-14 ‘Fhe corelation between the ontput of befa-ray absorption analyzer and the density of equivalent crnbrane
made of various matevials,
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(5) Inspection and maintenancc

The appropriate inspection and maintenance jobs are paramountly important in order (o main-

tain the desirable performance and operation of the analyzer and were practiced as shown in Table

4-20. The monthly replacement of filter, monthly calibration by means of an cquivalent membrane
and daily inspection were donc by ONEB and other inspections jointly by ONEB and Japanesc

siaff.

Table 4-20 Inspection items of beta-ray abserption dust meter

Items to be maintenanced Interval
@l v
= ﬁ =
el 43 L=
Na. Item fction Description é é é 3
By
~|mo]-~
1] Filter paper Replacement | Replace by a new tolk ]
2] Cyclone sieve sectlon Cleaning Qust krap cleaning A
’ Cleaning Cyclone sieve cleaning &
3 Diaphzagm Replacenznk | Replace diaphragm by a new ohe. [m]
%‘ Sampling pump Replacement | Aeplace or ovechaul the pump. B
a c
=]
&3
-~
a8
g
o
8raid-hose Replacement | Replace the hose by a new one. . a |
4{ Internal tubing conne- Cleaning Internally deposited dust cemoval 4% -
ti i
_vians Replacement | Replace tubes by new ones. 4] i
5] Bzta ray sourca cell Cleaning Internally deposited dust remaval Fa¥ J
5] Sampling tube Cleaning Inner wall clesning A
. Replacement | Replace by new ones. W]
7| Calibration Calibration | With equivalent {calibraticn} Film Q
8} flow rate regulator Ad justment Balancing adjustment [e)
9} Flowmeter Cleaning Cleaning of inner wall and Floak O
10} Flow rate adjust value Cleanirg Cleaning of nesdle and inner wall Al

(6) Measuremerit

The effective measuring hours and SPM instrument availability at each station are shown in

Table 4-21. The figure_s show that all of stations satisfy the minimum requirement as effective

monitoring station in Japan.

Table 4-21 Effective measuring hours of atmospheric SPM concentration
af each station

Station Effective measurement {hougs) Availability (%)
MS] 8,399 5.6
TTTMS2 8419 95.8
MS3 8,579 97.7
| Msd gs4 | s
MS3 5,322 w7

Total hours for Jan. 17, 1988 through Jan. 16, 1989 is 8,784 hrs.

The breakdown of instrument downtime is shown in Table 4-8. The cause for troubles varies

from one station to the other, but the mechanical trouble comes first, then comes power failure

next.

1
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The summary of hourly SPM values is shown in Table 4-23 and data recorded by cach station

are presented in Data File Chapter. A summary of SPM measurement is shown in Table 4-22. The

analytical study of them resorts to Part I11.

MIN

HAX

AVE

nHousk

TOTAL

Table 4-22 A summary of SPM concentration measured

Station : M5 MS2. | MS3 MS4 | - MSS
Effective measuring hours - 348 344 - 355 3507 343
Yearly average (pg/m’) ' 60 56 1 63 68 43 .
Geomedrical yearly average (ug/m™)} 46 42 S0 44 32
Hourly peak value (up/m) 477 870 702 605 661
Daily peak average (sg/m’) 16 | 169 i 157 200 119
Daily average 98% value {ppim?) 130 125 132 162 103

An effective measuring day is onc when measurements is possible more than 20 hours.

‘Fable 4-23 An example.of SPM concex_ltralion measured

[EXREERNET "HONTHLY REPOAT LENE RN ¥] N PAGE
178BYEAR 2 RONYH ITEH {113) 5PH sr. ¢ 1} (H51) UNEB STATICH {UGIHIY
1 2 3 L 5 ] T B W0 1% 12 13 4 35 s 17 18 19 20 21 22 " 23 24 HIN  MAX RVE HOUR
IB &6 31 49 43 4B 43 FL 62 56 21 35 31 40 4B 50 352 460 83 11? %1 B2 &2 ¢ 21 119 57 24
32 &4 4G 75 34 64 P4 1YWY 118 k11 52 %7 34 S5 32 72 .93 100 120 118 132 85 96 117 3z 1327 81 24
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4.1.4 Measurement of atmospheric concentration of TSP

In order (o analyze the pollution status of Samut Prakain Industrial District area by TSP (Total
Suspended Particulate), Low volume Samplers installed in five stations continued the monitoring
for one year survey p'eriod. The filter placcment, its cxchange (once every half month) and instru-
ment inspection were done jointly by Japanese and ONEB staff during Ist through 3rd ficld trips
which lasted 15 days each, The same jobs were carried out by ONER staff for the remaining ten
and a half month period. Each monitoring station had two Low volume sampiers, one with a
polyfluorocarbon filter to assure elemental and ion analyses and the other with a quartz filter for

carbon analysis.

D) Summary_of the investigation

The Low volume samplers were calibrated prior to monitoring service and were brought in each
station, Staffs in five groups l(_)adéd the filters onto the instruments at 11:00 AM of the measure-
ment starting day and let meters aspirating the atmospheric air at the rate of 10 liters per minute.
After the instruments started measurement, staff visited each station twice a day in the morning
and in the afternoon and completed recording of data as shown in Tablc 4-24 as well as flow rate
adjustment.

As for weighing of the filters loaded with TSP trapped, th.ey were sent back to Ishikawajima
lnspéction & Instrumentation Co., Ltd. in Japan and were kept in a constant temp.-moisture bath
(thcrmo-hygrostat) prior to measurement by a chemical balance. The data sheet used is as shown in
Table 4-25. The atmospheric concentration of TSP was calculated by knowing both the aspirated air
volume and weight of dust trapped by the filter in compliance with the method to be discussed in

the succeeding chapter.

IT-51



Table 4-24 Data rvecording chart of Low volume sampler
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(2) Instrument
1) Low volume sampler _

The instrument is designed such that it can aspirate the ambient air at the rate of 3-25 liter
per minute and continuousty for the period of a half month in order to trap the total suspended
particulate on the filter. The instrument used in this survey (manufactured by Shibata Scientific
Technology Co., Ltd. type LT-20) has also a provision to kecp'the filter holder in a shelter that
“excludes any influence of rain drops and fallout large size dust particles.

The air aspiration volume is determined by a float type flow meter and a dry-type integrat-
ing flow meter attached to the instrument.

Though this Low Qolume sampler is equipped with a sicve to eliminate the suspended par-
ticulate of over 10 micron size before their reaching the filter, the sieve part was removed from
the sampler because the objéclivé is not measurement of suspended particitlatc matter less than
10 micron size, but that of total Suspénded particulate. The sieve is cssentially a multiple hori-
zontal plates arranged in parallel with a small gap between them. When the air passes in lami-
nar flow fhrozigh this horizontal elutriator, large sizc airborne particles deposit on the plates as
they pass thrOL:gh the clearances while fine dust particles go through with air stream. The
penetration rate of the elutriator is calculated by the following Equation {4-11)

LW gg &*

P(00) = 1 — e 4-11
(%) Sy _ (#11)

where L = length of plates (cm)
W = width of plates (cm)
" N = number of plates
o = density of acrosol particles (g/cm?)
g = acceleration of gravity (m/s%)
d = cffective diameter of aerosol particles (cm)

U]
v

i

viscosity coefficient of air (poise)

il

flow rate {cm’/s)
Figure 4-15 shows the typical example of penetration characteristics of a horizontal elut-
riator. Particles of 10 micron or over can be eliminated when the sampler 11220 is used at the

flow rate of 20 liter per minute.

1004

Penetration
rate (%) 501

{ —T T +
i 5 |30)
Particle size (um)

Figure 4-15 The efficiency curve of 2 multiple plates horizontal elutriator
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Specifications of the Low volume sampler used in this study are listed in Table 4-26 and its

external appearance in Figure 4-106.

‘Table 4-26 Specifications of Low volume sampler

Multistage separator '+ standard 20L/min
{Elutriator) . ]
Filter holder : Holder, for 55¢mm

Clip -, for SS¢mm
ddsmm (Effective}

Flowneter : Glass, float type
. "3 to 32L/min )
lntegrat_ing gas meter : Ory type, capacity 0.05 to 59L/min
VYacuum gauge : : 0 to 1000mm H,0
“Suction pump ‘ 1 AC 100V, 50/60Hz, 354
1.5/1.1 (A)
Flow rate 1 to 25L/min
Power cable : Smm, JA, with ground terminal
Fuse _ : S5A, 6.6 x 30
-Dimens ions : B0O(Y) x 480{D) x 1570(H) mm
Accessaries : Glass fiber fi]ter', $55 ‘100pcs
Milipore AP-200
Fuse {5A}) 1 pc
Briver - 1 pc
Soft cover I pc

{0 Filter holder with particle separator
@ Supoort of the holder

@ Floumeter

@ Vacuun gauge

Q) Flow vate adjustmeni cock

® Switch for pume

@ Fuse

@ Sockat for power connection

@ Integrating flowmeter
@ Fitter for pump

@ Puap

{2 Farthing terminai

Figure 4-16 The Low volume sampler
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The operation procedures of the sampler are as follows:
* The filter is weighed prior to mounting, then placed between the filter holder and adapt-
er and is fixed as illustrated by Figure 4-17.

* Prior to the start of monitoring, time and reading of the integrated flow meter arc exactly
recorded. ' _

At three minutes after the power is on, the flow meter is adjusted at a preset point.

At the end of monitoring, readings of the integrated flow meter, rotamcter and pressure

gauge are recorded before the power being switched off.

Filter Filter Adapter
holder clip

Figure 4-17 Placement of the filter

2) Wet-type gas meter

A wet-type gas meter was en.lployed for calibration of the flow rate of the rotameter in-
stalled in Andersen samplcr'and Low volume sampler and also the integrated flow meter instal-
led in the latter. The type of meter employed is one manufactured by SHINAGAWA KEIKI
Co., Ltd. model W-NK-10. |

As shown in Figure 4-18, the incoming air through the inlet is led to the front chamber and
then to a round shaped drum through suction tube. The interior of the drum is sectioned into 4
chambers water sealed. The air flow is admitted to and gocs out from each of these chambers
and gives the rotational thrust to the drum {shown by an arrow sign). The air exhaust voiume
per rotation is constant and thus the integrated flow rate can be calculated by knowing the
number of rotations. Specifications of this gas meter and-its external appearance are respective-
ly shown in Table 4-27 and Figure 4-19.

In order to calibrate the performance of rotameter and integrated flow metér, the wet-type
gas meter, pressure gauge, integrated flow meter, rotameter and the pump were all connected
in series as shown in Figure 4-23. Calibrations were done on rotameter readings and count
values of the integrated flow meter.

(Please refer the detail discussion to ” Calculation of TPM Concentration™ by Low volume

sampler and Andersen one.)
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Indat o

ﬂ Front chambet
L Blowing tubz
J R Blowing tube
Indicating
banrd

Qutler = . Drum

Batk chamber

Fipure 4-18 The mechanical structure of wet-type gas meter

Table 4-27 Specifications of the wet-type meter

Measuring range: 20 - 6.000 L/h

Drum capacity: . 10 liter

Pressure loss: Under 15 mm H0

Indicator board: 1 rotation 10 liter, minimum readint 0.02

1 maximum intergrating volume 9.999 wd

Maximum pressure: 1,000 mm HyO0

Pressure resistance! - 1,500 mmu H,0

Tol.erab].e temperatuce: Under. 50°C

fv’eight: : Hei;ght 35 kg, weight at operation 62 kg
Handle Water level gauge Thermomeier Water infet

i Alr infet

\Viater level
Water level

}EJ\ adjusting cock

o, B
. o == Yfatar autlat
ridiush‘ng scTew \, Qutlet of blowing tube

l—— : Depth L

eesn Hephit

Figuve 4-19 The external appearance of wet-type gas meter

The operation procedures of the wet-type gas meter arc as follows.
(i) Installation

The wet-type gas meter shoutd be mounted on a flat and stable (vibration-free) table
and is positioned at an exact horizontal level.

A level gauge and adjusting screw are to be used.
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(i) Adjustment of the water level |

(a) Open a plug of water inlet of blow pipe located in the right side of the meter and
pour in the water until the meniscus comes to the level 2 cm above the water level
indicator. '

(b) Confirmation of water in blow pipe
Open the plug of outlet of blow pipe on the right side of the mcter, and check the
water. When water is present inside the pipe, the meter will not rotate. Thus drain
the water completely and close the plug.

{c) ldle operation
Close the wzitcr inlet plug, connect the inlet pipe, and make the meter idly run
about 20 to 30 rotations. After idle run, return the inner pressure of meter to the
atmospheric one and drain water gradually by means of a level adjusting cock at the
right side of meter and keep the water level indicator in the midpoint of meniscus as

shown in Figurc 4-20.

Figure 4-20 Adjustment of the water level

(iif)Leak test
Tightly connect the inlet and outlet tubes to the meter not to cause any leakage and
then close the outlet. Apply the pressure from the inket side and close the infet. Obscrve
the water level and confirm that no leakage exists.

(iv)Measurement
Connect the inlet’and outlet tubes, set the meter in operation the mode and start
measurement after about 20 idle rotations of the longer pointer. When a significant
difference being ohserved between water temperature and air temperature, keep idle
operations until the former comes to an reasonable agreement with the latter.

(v) Drainage of watcr
After measurements are completed, the remaining water in the instrument is to be
‘drained completely, by opening the water discharge plug located right and back side of
the meter. Confirm the discharge incl_udiﬁg the inside of drum by tilting the instrument

backwardly.

3) Chemical balance
‘The precision chemical balance is employed for weighing the filters of Low volume samplers
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and Andersen samplers. Both samplers require a sensitivity of 1/100 mg for weighing the filters and
thus sclected is Mcttler H54AR type semi-micro balance, specifications of which are shown in
Table 4-28. | |

Table 4-28 Specifications of the chemical balance used

Weighing range o upto 17 g
Minimum weighing value | 0.01 mg
Standard deviation plus/minus 0.01 mg

4) Aging box _

- For storage of filters desiccated before and after sampling of particulate matter, the aging boxes

are normally in use. In most cases, Ca(NO,), is placed inside the aging boxes to maintain the filter
humidity constant. "
However, throughout this survey project, the door of aging boxes were kept open and accordingly
the humidity in them were thought same as that of air-conditioned room, 55-65%. (The arrange-
ment is mziinly.duc to the fact that the humidity of aging boxes is often disturbed by door opening
and closing when filters were taken in or out.)

5) Filters

Two types of filters were used for Low volume samplers to measure TSP concentration, one
made of polyfluorocarbon and the other of quartz fiber.
The former was thought instrumental in improving the elemental and ion analyses, and the
latter for analysis of total carbon and non-volatile carbon (inorganic carbon) of the particulate
matter. '

Spccificétions of the filters used in this study are listed in Table 4-29.

Table 4-29 Specifications of lilters

Quartz-fiber filter PolyErone filter

{TOY0-ROSHI OR-1Q0) (TOYO-ROSHI PFO40)
Thickness (am) 0.35 0.95
Weight {g/m2} 73 360
Percent;ge of wvacankt - _ 73

space (Vol. X)

Pressuzre loss 25 -
(ndq /5 ca/sac)

Collection efficiency 99 93.0
B (0.3 pa DOP 1)

Sampling characteristics of various filters has long been studied by Industrial Pollution Con-
trol Association of Japan {(IPCAl). According to a comparative study made by IPCAJ, four
“filters made of quartz, glass, membrane and polyfluorocarbon are selected and are subject to
experiments at same time/place conditions. The result of such an comparative study is shown in
Table 4-30.
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Table 4-30 Sampling characteristics of filters

Materiul Relative weiglt
Quurtz . ) 0.99
Glass 1.6
Polyfluorocarbon (194
Membrane 1.00

The relative weight=cach filter weight against the average
weight of tested filters.

As shown in the table, the difference of relative weight or particulate trapping characteris-
tics between them is found comparatively small. One can see, however, a slightly higher value
in a glass made filter. When such an difference is assumed significant, a possible reason that we
can think of might be that the acid gas in the air (mainly SO,) is adsorbed to the surface of
alkaline glass filter and causes an increase in the apparent weight.

The rclative weight of polyfluorocarbon filter is found a little smaller than the average,
~ which may suggest a better passing characteristics of the filter. In evaluation of par'ticulate
concentration by weighing the filter, the humidity of environment where weighing is performed
is a most influential single factor. Accordingly IPCAJ has conducted a study with tespect to (a)
hygroscopicity of new filters and (b) hygroscopicity of particulate matter. Eight filters made of
four different materials, two each of a same material, were weighed in the atmosphere of
varying humidity. The effect of humidity on filters were investigated together with the influ-

ence coming from type of material. The study result is as shown in Figure 4-21.

+25.0T —O— Poli-fron
———— Quartz
—0— Glass

+10.0 ——w—- Membrane

Weight deviatlon {mg)

—10.0f L

—ise A ] 1 1 1
an 0 £ &0 w
Humidity (%)

Figure 4-21 Weight change of filters by humidity

As for hygfoscopjcity of the pa.rticuiate matier, an investigation was done by using two sets
of Low volume samplers, which were continuous!y operated for two days period while changing
the filters (made of qhartz and polyfluorocarbon) every 8 hours. The filters loaded with particu-
late matter were desiccated and wéighed in various humidity atmospheres. The study result is
as shown in Figure 4-22.

To avoid the hydroscopicity effect of filters, non-used filters were simultaneously weighed
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and weight increment of them duc to varying humidity was subtracted from the mecasured
weight of filters loaded with dust, _

From Figure 4-21 one can see the weight increase in all tested filters by increasing humidity,
a most significant increase about the membrane filter, glass one coming next and then poly-
fluorocarbon filter following. From Figure 4-22, one can sec the contribution of humidity
change to weight increase being larger in particulate matter than in types of filter.

= +5
3]
-
o
2
[
u Poli-fron 2
=
g
5 Quartz 1
S .
'3 "
o Poli-fion §
2 e
]
=
o
-
=
o
)
=
-5 2 1 4 i
50 . L]

70
: (%)
Humidity (%)

© Figure 4-22 Weight change of particulate matter by humidity

(3) Calculation of Total Suspended Particulate
1) Calibration of Low volume samplers
The rotameter and integrated flow meter to be mounted on Low volume samplers were
subject to calibration jobs which used a wet-type gas meter as shown in Figure 4-23. The
wel-type gas meler, pressure gauge, integtated flow meter, rotameter and a suction pump were

all connected in series as itlustrated.

Pressure gage Valve 2
1 O
- &gp—j == Puap
/ Valve 1 Rotamerer

YWeb-type gas metetr Integrated Flow
metes

Figure 4-23 Calibration of the rotameter and integrated flow meter
for Low volume samplers

IT - 60



(i) The initial readings of the pressure gauge were recorded when new filters (polyftuoro-
carbon and quartz fiber made) were mounted on the Low volume sampler and the flow
rate of rotameter was sct at 10 liter per minute.

The readings taken are as shown in Table 4-31.

Table 4-31 Initial pressure values

Type of fillers Initial head loss
| Polyfluorocarbon filter 81 mm Ag
Quart, fiber filter {10 mm Ag

(i) To study the relationship between pressurc gauge readings and the rotameter of Low
volume sampler, ‘the mounted filters were removed from samplers and then the flow
rate of rotameter was again fixed at 10 liter per minute and the water head loss was
adjusted to the initial préssurc values shown in Table 4-31 by controlling Valve 1.

(iiiyWhile keeping the condition above stated, measured were time and count value of the
integrated gas meter required to complete 10 liter air flow through the wet—t.ype gas
meter.

(iv)The readings of the pressuse gauge were recorded when the flow rate of rotameter were
set at 5, 15, 20 and 25 liter/min respectively. Also measured were time requirement and
the count value of integrated gas mceter to complete the air flow of 5, 10, 15, 20 and 25
liter per minute respectively. Table 4-32 shows an example of measurement and the
complete set of data file in Appendix. _

(v) The flow rate calculable from the time requirement to complete aspiration of a prede-
termined amount of air was subject to the temperature correction since the rotameter is
designed at 20°C. The cquation used for such correction is:

Qgo = ((273 + TH/(273 + Temp.)) X VX 60/t ... (4-12)
where '

Qgy; the flow rate through the wet-type pas meter at 20°C (liter/min)

Temp.; the wet-type gaé meter temperature during calibration (°C)

T, the designed temperature of rotameter (20°C)

V: the measured air volume of wet-type gas meter (liter)

t; time required to aspirate the amount of air (s)

(vi)The flow rate Qr at the designed conditions of rotameter is expressed as a function of
Qr, reading value of rotameter, as shown by Equation 4-13. An example of such cali-
culation results is also shown in Table 4-32.

 Ory = Qr (273 + To)/(273 + Temp.)) 2 ((760 — AP)/PG)/2 ...ooocooe (4-13)
where _
Qry; .the flow rate of rotameter at designed conditions (liter/min)
Qr; the reading value of rotameter (liter/min)
P,; the dcsigned pressure of rotameter (737 mm Hg)
AP; the reading value of pressure gauge (mmHg)
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Ty; the designed temperature of rotameter (20°C)
Temp.; the temperature during calibration (°C)

(vii) The relation between Qgy (the flow rate of wel—type.gas_nieter calculated by Equation
4-12) and Qr, (the flow rate of rotameter calculated by Equation 4-13) is expressed by
the following cquation.

Qgo = a(0r) D o s (4-14)

where a and b are regression coefficients.:

Figure 4-24 shows an example of such calculations and the whole set of data file is
enclosed in Appendix.

(viii)Qrs, (the flow rate when Qg is 10 liter/min) was calculated and then Qr values by
Equation 4-15 while keeping the water head loss at 0, 250, 500, 750, and 1000 mmAq
respectively. Figure 4-25 shows an example of such calculations and the whole set is
enclosed in Appendix. ' : A
Reference figures obtained were also posted on the inside face of shelter door of Low
volume samplers at each station.

Qr = Orsp/((273 + To)/(273 + Temp.))V2 x (760 — APY/Py)2 ... ... (4-15)
where : ‘ : '

Qr; the reading value of rotameter (liter/min)

Qrsy; the flow rate of rotameter calculated by Eq'uat'ion 4-14 while keeping Qg, at

10 liter per minute- (liter/min)

P,; the designed pressure of rotameter (737 mmHg)

AP; the reading value of pressure gauge (mmHg)

Ty; the designed temperature of rotameter (20°C)

‘Temp.; average temperaturcs expected at survey spots'

Jan. to Feb. 27.0°C
Mar. to Apr. 29.8
May to June 29.4
July to Aug. 28.6
Sept. to Oct. 28.1
Nov. to Dec. 26.6

Table 4-32 Calibration result of the rotameter for Low volume samplers

#a1070236 HS1-1
Pressure | Flow Counlter Value Tolal Sampling | Rel Gas Flou “Ave, Flow ]
AP Heler Total | Sampling Tine Neter Val.0z0 [~ Qg0 Val.dr0
| <mmAn> | Scale | Before | After [ Count | Volume<l>'|[ <see> Yeup<'C> | <l./min> : <L/min>
(1} 51 2377|2626 5.4 5 81.23 2477 1.9303 .13 5.03
10 5 264,86 | 269.46 5.0 5 G1.35 24.2 4.8209 . -
110 10 44.9] 50.3 10,4 10 61.09 24,2 0, 2367 .M 10.03
1t0 10 5%.5| 70.3 0.4 . 1] 64,00 24.2 9.2425
217 i5 wm.aa| g0.s 10.7 [} 12,48 2.2 3. 0247 13,84 14.01
2497 15 99.0 4 109.8 10.8 10 12,67 24.2 13.080627
162 20 132.0 ] 154,01} 22.0 20 6316 4.2 18.7200 18.72 19.70
162 W0 160,41 182.3 20.9 20 43.23 24.2 18.7101
732 25 197.7 ) 230.0 | 22.% 20 5t.1% 20.2) 235101 23.15 24,27
732 23 225.3 | M71.5 23,2 20 51.02 .2 23.5871
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Figure 4-24 The relationship between the flow rate of Wei-type g':ls meter and that of rotameter

Figure 4-25 The relation between reading value of rotameter and that of pressure gauge while air aspiration velume being
kept at 10 literfmin

2) Air aspiration volume of Low volume samplers
(1) Estimation of aspirated air volume from reading value of rotameter and that of pressure

gauge

The total air volume- aspirated through Low volume samplers was calculated by sum-

ming up incremental aspirations (R;) between (i—1) and (i) patrol'which were subject to

temperature correction,

(a) Firstly, the flow rates of rotameter before and aftm it was adjusted by patrol mem-
bers were corrected according to both Equation 4-16 and Equation 4-17 to meet the
design conditions of 20°C and 737 mmHg.

Qrag_, = ((760 — Apa,_,)fp.,)'/z x ({273 + T(,)/(?,?B + Temp.))"2



Orby; = ((760 — APb)/P)Y2 x ((273 + Tp)/(273 + Temp.)) /2
XD, (4-17)

where :
Qrag;_; the flow rate after adjustment at (i—1) patrol to meet the designed
conditions (liter/min)
QOrby;; the flow rate before adjustment at (i) patrol to meet the design conditions
: .(liter_/min)
Qra;_,; rotameter reading value after adjustment at (i¥1) patrol (liter/min)
Qrb;; rotameter reading value before adjustment at (i) patvol (liter/min)
Ty; the design temperature of rotameter (20°C)
Temp.; average temperature expected during measurement (°C)
P;; the désign pressure of rotameter (737 mmHg)
APa;_,. the reading value of pressure gauge after .adjustment at (i—1) patrol
(mmHg)
APbi; the reading value of pressure gauge before adjustment at (i) patrol
| | (mmHg)

(b) Secondly, the flow rate Qr, at design condition of rotameter was corrected into the

flow rate of wet-type gas meter, Qg at 20°C by Equation 4-18.
Qgoir = a[Quy;_4]+b
Qg = a[Qrg]+b
where :
Qgoi—13 the corrected flow rate to meet the design conditions after adjustment at
(i—1) patrol (liter/min)
Qgg; the corrected flow rate to meet the design conditions before adjustment at
(i) patrol (liter/min)

{c) The air volume aspirated R; during (i—1) partol and (i) patrol was obtained as a
product of lapse time and the mean of Hlow rate after adjustment at (i—1) patrol and
that before adjustment at (i) patrol.

R = (Qgpi-1 + Qgup)/2xtxX 1000 ... (4-19)
where
R;; the air volume aspirated during (i-1) and (i) patrol (m?)
t; lapse time during (i—1) and (i) patrol {(min)

(d) The total air volume aspirated to meet the design conditions is calculated by sum-
ming up all of incremental air volumes aspirated during each patrol time. ‘The total
air volume aspirated at field conditions is thus estimated by Equation 4-20.

Vi = ERX(Q73 4 Temp 273 +To)) covccorrorer (4-20)

where
V,; total air volume aspirated at the temperature of monitoring (m?)

n; number of patrols (excluding the initial startup and inctuding the last pairol
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when the monitoring job was terminated.)

Ty; the design temperature of rotameter (20°C)

Temp.; the average temperature expected (°C)

Table 4-33 shows an example of such calculations and the data as a whole is enclosd

‘in Appendix.

The estimation of aspirated air volume by the above-mentioned method is incorrect
in case the power failures ocenr. Thus they were monitored by both recording charts

(of automatic and continuous monitors) and the count values of the integrated flow

meter. The frequency of power failure observed is listed in Tablc 4-34,

Table 4-33 An example calculation to estimate the air velume to be

aspirated by Low volume sampler

H5L-0 ROTOR X93.1070236 TEWP(C) 27.0
LAPSE STOP  ROTOR PRESSURE CORRECTED CALIBRATE® FLOV
DATE THIE TINE TIME HETER OIFFERENCE FLOW RATE FLOV RATE vaL
Ciis) City) CL/ainy  (sahq) (Lrmin} {L/aind {m3)
[T ¢ tt.g 110.0 .3 J.8
1 /1T 153 (43 8 3283 0 1023 105.0 11.0 10.3 1.0
L A1T 13 143 F @ 1.0 105.0 it.3 10.8
1 /718 8 1353 B |09 [} 10.9 110.0 1.4 10.7 1.7
L/18 9 55 F 0 11.0 110.0 11.5 10.8
I 718 14 146 B 291 O 16.7 110.90 11.2 10.3 3.1
L /18 14 48 F -0 10.9 110.9 11.4 10.7
P A9 3 133§ it ] .4 11049 ii.3 t0.8 12.3
1719 9 :53 F @ 19.9 110.0 it.1 10.7
1 /19 13 20 8 327 0 9.9 110.0 it.4 1.7 1.3
1 /1915 20 F Q 140.9% 110.0 1.4 18.7
t 7420 10 37 B IITY Q 1.0 118.9 11.5 10.8 121
P /2010 157 _F 0 6.9 Lig.9 11.4 107
1 720 15 133 8 301 [} 1.7 116.0 -2 10,3 3.3
\ /20 15 38 ¢ 0 1.0 126.0 11.5 19.8
[ EIRT I NCED [ 1.2 120.0 if.7 ii.o 1.4
1L /2110 010 F "¢ I.g 120.0 1.3 i0.§
P /2200 03 B 1133 [{] t.o 120.0 1t.3 108 15.3
P /2290 23 F 0 11.0 120.0 11.5 i0.8
1 72310 223 8 1402 0 il.o0 125.0 16.3 108 15.8
L /23 10 135 F 0 11.0 125.0 11.3 10.8
1 /734 8 30 B 1313 [i] 1.0 125.9 11.5 10.3 14.35
1 /724 850 F 0O 11.9 135.9 1.3 10.8
1 /23 M0 132 31352 [ 1.9 125.9 1.3 8.8 16.7
P 22510 :32 F ] 11.0 125.0 El.3 10.8
b /25 10 35 B 1434 Q 1.0 137.0 11.3 10.8 13.3
/38 10 138 F @ 1.9 137.0 §L.5 10.9
/Y13 36 B 170 [1] 19.8 140.0 1i.3 10.6 12.6
1 /72115 36 F 0 1.0 140.0 1.5 10.8
1 738 14 112 8§ [336 Q 1 143.0 11.68 10.9 4.1
1 /733 14 112 F -0 1.1 145.9 1.8 10.9
1 /729 10 137 8 1235 Q 1.1 113.0 1t.§ g t3.3
1 /729 10 :57 F G 11.1 113.0 Ii.6G f0.9
I ELT N EEE) 0 1i.3 133.0 1.8 EL.1 13.8
TOFAL E8720 {men) TOTAL 206.9 {(m3)

(ii) A method to estimate the air aspiration volume by using count values of the integrated

flow meter

a)' The flow rate, Y, per one rotation of the integrated flow meter was calculated by
knowing the time SE required for X rotations of the meter by Equation 4-21. An

example of such calculations is shown in Table 4-35 and other data file is enclosed in

Appendix.
Y = SE(s)/X(rotations) X Qgy(¢/min)/60(S/min) = SE-Qr/60-X

Regression coefficients;
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a = 0.957
b = -0.199

Qg0 = a(Qr0) *+ b

.. (4-21)



b)

where

Y:The flow rate per one rotation of the integrhfcd flow meter (liter/count)

SE; time required for X rotations of the meter (s)

Qgy; the flow rate of wet-type gas meter (liter/min)

A regressional equation shown by Equation (4-22) was developed to show the rela-

tionship between readings of rotameter and the flow rate of integrated flow meter

with respect to one rotation. Equation (4-22) is a third order equation.

Y = {00} |

An example of such calculations is shown in Figurc 4-26 and other data file is en-

closed in Appendix.

Table 4-34 Power fallure fime

Power’

Power - .
Dateltime Station failure Troubles - Dateftime Station | failure Troubles
(minutes) . ] {minutcs})
L1:50—15:40 MS3 230 Short circuiting of 8:00-11:00 MS2 180 Power failure’
17/0on. 1988 | f.. jAn«desensampler) | 10/Sop. 1988
16:40-16:30° MS2 10 Power failure -1 17:10 U/Scep. MSS 2490 Power failure
20/Jan. 1988 |~
15:40-15:50 MS5 10 Power failure 10:20 9/Sep. 1988 :
21/Jan. 1988 0:60-2:00 MSs3 120 Power failure
4:00-7:00 MS5 180 Power failure [ F7/Sep. 1988 | L o
10/Feb. 1988 o 1:00-11:45 MS4 645 Power failure
1020 10:40 MS2 20 Power failurc 28/Sep. 1938 o
UMar. 1988 | : 12:40 28/Sep. MSs4 1535 Power failurc
023 MS4 120 Power fail
f,‘;{’l‘,’nﬁg’g’ ! ower fatire 14:15 29/Scpt. 1988 |
. : 14:10-15:20 MS2 0 Power failure
A— 1 ailure .
?0“;(;\ pl]sl.:)égg M52 30 Power failure 15/0ct. 1988 o
3:20-3:40 N MSS 26“-_ UMP‘)wcr fail_urc 12:00-15:30 MSS 210 Power f{li!l]l'(!.
13/Apr. 1988 7/0ct. 1988
BTN : 9:30-16:40 MSsl1 430 Power failure
- 40 er failure
?3;&;;15:]933 MS3 § Power failure 30/0ct. 1988
3:40-9:40 MS?2 360 Power failure 16:10 2910“- MS2 | 2640 Power failure
U .
?;::2;&“ T B | [1z10300ct, 1988
4:20-8: ¢ swer failure
U3/ Apr. 1988 : ower Tt 4:10-6:10 Msi 120 Power failurc
JATADT. BAC S 17/Nov. 1988
1:00-3:00 MS2 120 Power faiture ——
IS/Apr. 1988 ower Tarire 12:10-12:40 MS2 30 Power failure
S10-60 MS3 70 Power failure 24/Nov. 1988
5:10-0% X ower fatl s fonm e e
7”“[\""‘)88 9:20-9:5) MS2 30 Power failure
Tes0orma0 s | 0T ewer filere | | b, 1988 '
aituly 1959 e et 17:10-19:30 MS2 140 Power failure
10:00-12:00 MSS 120 Power fail 1/Dec. 1988
HA)—147 ] OWer taiare
I uly 1988 - ° FL:50-20:20 MS2 510 " Power failure
21084 MS5 350 Power failur 2/Dec. 1988
: . 5 35 ower failure e
| Uug 20:00 9/|Dcc.2i]: MS4 3975 Power failure
4:00 97 Aug. 1988
A 2 . A | 14015 12/Dee. 198 -
3:00-6:00 MS] 180 Power failtre 2213, 12/Dee. 1958 : i
21/Aug. 1933 6:40-7:20 MS5 40 Power failure
15:10-1540° | MS2 30| Power fail 0/ec. 1988
ST " B ower Lekure " S
Zl)fAllg E9RS 9:40-15:10 MSI1 330 Power failure
SR T e 25/Dec. 1988
FA5-12:15 MS2 540 Power fail -
7iep. 1958 ‘ ower fafte 18:50-- 19:50 Ms4 60 | Power failure -
- 30/Dec. 1988
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Table 4-35 An example of calibration results of the inicgrated fiow meter for Low volume sampler

Flow Met. No 1070236 HSi-a

Flow Meter | Integrated | Sampling | Wet Gas feb. | Intesrated Average
Scale Gas Meter Time -| Flow Val. veter Flow Y
Qe count X SE <sec> | f<lir><L/min> | Y<L/count>" | <L/count>
3 5.4 §1.23 4.5883 .8671 0.90
8 5.0 81.35 4.5883 0.9383
10 10.4 64.04 9.3758 ¢.9622 0.94
10 10.8 §4.00 9.3758 0.9250
5 10.7 42.43 td. 1632 0.9372 0.83
15 10.8 42.87 £4.1632 0.9326
20 22.0 63.18 18.9507 0.9068 g.91
20 21.9 63.23 __18.9507 0.9118
25 22.3 3i.19 23.7382 0.90382 0.91
25 22.2 51.02 23.7382 0.38093
x .1 (LCOUNT)Y 1970235 319
1 qeeeees . S : Q[’ \'d
4 Lsmin L-COUNT
12 4 S 9.59
18 a.94
15 8.92
t 28 @91
1@ 1 : % 8.51
g / rereneeeees ; : : Y=aX2t+bXetcX+d
& = 0.00004E5
P b =-8.8923578
C = B.8358473
I B s S d = 0.7730808
5} 1 2 3

= 18 {Lsmini

Figure 4-26 The relationship between reading values of rotameter and the flow rate of integrated flow meter per one
rofation. ’

¢) The total air volume aspirated by Low volume sampler is obtained by summing up

sampling volume R; for a period of from a patrol to another. The value R; is calcu-
lated by Equation {4-23).

R; = g[(Ora;_, + Qrb)/2]x(IC; — IC,_ )X /1000 ..o (4-23)
where

. Rj; the air volume aspirated during (i—1) and (i) patrol (m?)
Qra;_;; the reading value of rotameter after adjustment at (i—1) patrol
(liter/min)
Qrb;; the reading value of rotameter before adjustment at (i) patrol (liter/min)
IC;_,; the count number of integrated flow meter after adjustment at (i—1) pat-
rol (count number)
IC;; the count number of integrated ﬂow. meter before adjustment (i) patrol
(count number) - '

d) The total air volume aspirated is obtained by summing up sampling volume R; dur-

11-67



ing (i—1) and (i) patrol according to Equatioh (4-24).

Vo= 3R, e, e e, (4°24)
where '
V,; the total air volume aspirated (m®)
n; the number of patrols (excluding the startup one and including the last patrol
to complete the monitoring)

‘An example of such calculations is shown in Table 4-36 and other data file is en-
closed in Appendix.

Table 4-36 An example of aspirated air volume calculations for Low volume sampler

HS1-Q ROTOR HO. 1076236
INTEGRATED HETER  ROTOR  CALIERATED  FLOW
DATE  TinE VALUE TUTAL HETER  FLOU RAYE VoL
) (CUUNTY (COMNTY (L/min)  {L/cumal)  {in3)
(A YL 410 [] 1.0
L /17T 15 143 8  MM1e 1980 19.5 0.940 2.8
L /17 I35 :43 F 3410 - 11.0 .
I 714 .9 155 B8 15158 [WRET 10.8 0.440 I.a
L /ZIR_0 155 F_ 5158 : 11.0
L /LR 14 248 B - [8315 3150 0.7 0.340 3.0
I F18 14 48 F  FB3I6 10.9
P /1Y %53 B 30835 12319 1n.e Q.040 1.8
P /19 9 53 F 30439 10.9 -
b /1915 220 B 34201 1565 1.9 0.940 3.4
b /19 15 120 F 33201 6.9
L /20 E0 157 B 46802 12601 .o 0.910 [.g
| /20 t& 57 F 46802 10.9
L /KIS 159 B 50047 3345 9.7 0.940 3.1
L 420 19 59 F 50147 1.0
/2010 D10 8 82032 Liggs 1.2 0.340 1.2
P /20 18 D10 F 52032 : 11.0
/2210 13 B TT44 15409 t.¢ 0.940 14.3
P AR E0 23 F rT4aal 1.0
I r23 10 225 B 93164 15723 .o 0.910 1.8
1723 14 135 F 93164 H.¢
1724 8 250 § 147591 14§27 1n.g 0.949 13.6
1/24 8 150 F 107591 .0
1725 10 41 8 114340 16749 IE.0 0.940 15.%
1735 10 42 F 124110 . 1.0
/25 10 136 8 139696 15358 1.0 0.940 [
I £26 10 136 F 133698 L))
I #2715 135 B 158453 187549 10.5 0.M¢ 17.6
1427 15 36 F 158453 1.0
1728 14 112 8 173468 15011 1.4 e. 110 4.1
_L /28 14 2 F 173481 111
1 /29 19 15T B IRTLiY 13650 1E.¢ 6.940 12.8
129 10 157 F  IR7IIR . 1.1
1/73¢ 11 20 B 103047 1592% 1i.3 0.940 15.0

TEYAL  190.5

Regression coefficients
4 66E-5
~0.002357
0.0350476
0.778
g{gr®)

- s I -
U1 I T '}

3) Calculation of TSP concentration measured by Low volume sampler
TSP concentration was mecasured by weighing filters before and after samplings. The
ambicnt concentration of TSP is calculated by Equation '(4-25).
C=(We—~ Ws)/VXI0® e (4-25)

where

C; the concentration of TSP {(ug/m™)

We; the weight of filter after sampling (ing)
Ws; the weight of filter before sampling (mg)
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