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a. Theme: Dévelopmant of analytical method for
PCBs In the alr, water and soll samples.

b. Name of reseachers: Ms. Auchaya Beonyatumanond, Ms. Wanna
Loavokul.

c. Name of JICA expert and his paticipation:
Dr. Seiji Watanabe

Technical advice on whale work
d. Duration; Qctober 1992 10 Septamber 1993

e. Objectivas:

To develop congener specific PCB quantification method by using
Kanechlor products as secondary standard.

To survey distribution of PCBs in alr, soil and soil samples near a dunp
site of PCB containing electrical equipment.

h. Expenditure:

i. Equipment used:
Thai: for rutine PCBs analysis: HRGC/ECD (HP5890 series [[)]

2.4 FRRHE®

Sy AR MERELHICE, HRREVIN T v T L, TRBNOEMERIEE
LA < Tidwiran, KK PCBs ORIEICZHBIT 2 HFEMIZIE, HR : GC/ECD K,
BE;GCMS ANV DL ik ol ~F P, 7 b, mBE EKHKET DY
LEDNSH D, RBRLHOFIE LT, TP T GCECD HKEHNIDHRAROHEE L TH
B, ~BIIGWTAIIA V20V, aUF14 3= 1608 (FiIHY A 58
DOBEDIRET) >STD 1 45 F>E TS5 7 145 r—>all 1: 45 3>0 2: 45
2—>STD : 45 4. THAFHN 20Kl » D0, GCECD ¥ ¥ V7 HR L LTH T KEDH
FEAHS, column carrier : 2ml/min, septum purge: 1ml/min. injector purge:50 ml/min.
gt 53 m¥min THLH 5, 50 HOANE I TEBE. RAZIDKEFR L XTELZE4
DO 1EPEIPND.

KRR : ¢ S4aE o ey AT :
14MEsy 1RHS=Y kg/cm?
. " 0.053xX60xX9.5x50x%x1.03 023
: N = =0.
ARRA RO 150x47

RoAEH: Ho~X&HR: 0
kg/em?
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AHHEV->FSEUL,
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ClP BENSRB/RTELIEINEF oI Lo EORBREIIR->TWS. L.
COZEOEEHRIZHEINS RS, FREBICCP HERTI LI rOREERT
T B P IEDNT D50 ) PI—s D TOUARTEE 32 L85 (R2.6 55)
EHIlF vl LERECP LHAETZZLWWLEES,

Fhix. ” 1 want to have your proposal on this year's research because [ want to check
it.” YBMERLIZCPIZE>TLES DI BLOBEREX /L ¥ 7V S BEERLSH
Bo THNAT LW ZANF—BRBIPDZILHRVES, 751 FEEALCP LD
BREZBETIEROZHY, SHBICHEDL THRNBEORRIZRZ LN ZLEMWAL
THEEL,

QOutline of air born PCBs sampling

List ot 1o0ls:
Power supply: Electric generator (2 sets)

Reservoir of gasoline (5 1)

Extending cord {100 m)

Transformer {200V to 100V, 1)
Pumping: Low volume air sampler (3 scis, ane portable ty pe)

Rubber tube (3 m)

Clip stand (3 sets)

Tape measure {50 m)

Aluminum fail (50 cm)
Mueasurement of: Anemometer (2 se1s)
wyather condition Stop watch (1}

Thermometer and humidity meter (1)

. Compass

Misceilancous: Screw driver (+, -}, Adjustable spanner, Pliess, Cetter,

Adhesiun tape
Sumpling procedute:
(1) A low volume air sampler s set at 25 m fur from the PCB storage on the windwarnl side, the
pthurs samplers are st indsvidually ot 2 moand 25 m far fiom the stonge on the leeward side.
(23 The pusition, height fTom the ground, of polyurcthang form column ubes will be decided ot
the site in considering with the situation wound the siosige,
(2) Adi samples ate collected at the rate of 20 Jimin for } houes.
(4) One anemometar (whyg type) is setat 25 m far from stvage on the leeward side. Anothes
will b used neur the storage.
{3) Wind speed and direction should be recotded every 30 minutes during the starl of samp)
collection to finishing.

{0} Air temperature and humidity also should be recordad at the same time.

Conligurauon ol samphing

®2.5 ¥> 7> SHEREAS -




Technique Criteria C/P name | C/P name

Gaschromatography principle

Retention time (Rt) Usually what is the unit? Clear Clear

A

Point the range corresponding to Rt in the above Clear Clear
figure?

®2.6 C/POTDILZA

HEbhIT

WO TRDBI R HAfiBEEIES L. BPETIERFOSEZBELIS & Lo
ol IIHEMLCLLTAT v IS AT v 7 THRD BP0 8H->T, LT EBRDER
LTLEW., RSB LLBAHTEFML TS, RE. CP »5HOEDHIZZDE
EETHOPLVWSHWHELZREE L N, %@ﬁﬁ%:&{)yﬁmamﬂcﬁéﬂoféﬁﬁﬁ
LT, ZOHICDLWTHEL THRIRZIEMNTELEES ERELT. 25
L= L&D, BRI CP HEZS ) IR MOMAMET2EBBED OBk ->TW
Z20TCERWIE, HENRBVWSH D,

ETAT.CP KGR PCBs M TER LD ko eBbhhid Nugms L~
WL ED PCBs THNE, 22PN TTEBITLLED. 1 EEXLEVDED. .

&% 30k

1) S.Tateya,S. Tanabe, R. Tatsukawa, In Toxic Contamination in Large Lakes; N. W.
Schmidtke, Ed.; Lewis Publishers: Chelsea, MI, 1988; Vol.3, pp237-281.

2) F.Wania, D. Mackay, Environ. Sci. Technol., 30(9), 390A(1996)

3) S. Watanabe, L. Wanna, B. Ruchaya, S. T. Monthip, S. Ohgaki, Environ. Pollut.
92(3), 289. (1996)

4) #HHE B8 BRH=2-217 1. (1996)

5) H.Iwata, S. Tanabe, N. Sakai, A. Nishimura, R. Tatsukawa, Environ. Pollut., 85,
15 (1994).
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3) A Sensitive Diffusional Sampler :Martin Ferm (1991)
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FEEETZ L, HMEOWRCEHIERITTHS. L d, KT ) o FHEEKIE
HO ppm L XIVOEEEHZIZOWTIR, BRTEEIRWI L TH D,

W25 UERERESEEE LTSI H T RWHEBELENROTH D, 2hICME.
OOKEN Doctor" TH 2 ZIFIC, EOEIWPSHL NI L TH D,

Zo5hiE, BELUAOHABHENRT -V —THR L. BREIEILHIEIIR V. 22
T, OECC 2 L TEHNXBZB2AAEMHS0EMRICIEL A L. EEH 2O
REMICETIEHORMEZRDZ I LI LT,

Eh. RAEZS NV RERLTWS PCD (REHER) Sty L7
A7 LK 4.1 CBITFAEEHIOBRIIOVT S, EINREORMARESIEL TV 51
2OV - U oEREFRDL I EIZ L,

ZO&KR, PCD O &5 REATHBIOFEAN id, 3. 4EFICRE L 20EREH 2
ZEOFEMAL T ED EGATH A EHADO LS LEFEETIZ, 20 I0HR
PoOEERIEEH T, FIZIEZRBTELEOILTH T,

Z LT, 2OZ LIIBHEMBRICRITz % 1 LI D A —F(Mae Moh) K J7 R &R - - - HIRIR
WL 2 SO NETCHERLD NI T NVAEL Ry« OFBICEEX N7 PCD & EGAT
DERAT- a L OBEHRERAREILICEIDEFTII B TELZFRIZILTH,
J27 ppm POHRYEEZERL, KBTI -OOT=2 )V T THBIDIZ, #FhEN
MERZLIREOWAELTHDL, —H ETHBL LIS LTI L0/RIICIEDTLARN
D FREEAPTOTEZNEIERTER W TAD ) IR BRWARLEEZ =,

COEIBRBRIH->TE, TEFEEAZDHDOHFIZOVWTWAE, WEHE IV L &
BTHd, Thid. BABROHRSREEMICFETA> TWABRIRD 240, ZhPh
DRHHIG U EEEH R E T —E2h—ICEB L. FOHXTHASRE % KE LiaH
SRFELEZHGSOREEZTHIE. BENAOLHEETF—Y —0EEMICE T 2MEL—&
CHHLTLES, 20, KBNEMCHE (HRBE 7 AVHRISRELTNS) B
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7p, BEQELOL LA TRTEZS bRl fIZIE. TRLPFEITE-TVBOR
fib 2 OB TIZ A, 2—F—hRM LEE A RICEDhE T ZOSEERHET LT T,
2 HoEEF— —DERE Y IZEFRR V. PICO HYEE) - LW BRGNS
OEOKFBEREMHRL TS LS3ICBbh, BEERELEL R -2LbDTH %,

tbAA, FOMERTCIEBOWTIIEY B UAREAZOEFH 2 THIIER2 $52 L. &
7=, HEDSERLERE 50 KOR L ROLFIZDONT, ED L 3 REDHIRYH 2 #H
AT LHLIRE Lkt

LHL, 9 Aickro T 28l L3 REZ. kR LT TERT /) THiTEh, Y
DHY Y F—NR— b HFNEADTNBZRIZE D ST, by 7ilid TRATEIH L
WVEEH Z B> TVEDIC, JICAEMARIZVWVWIIHRILE2E>TW\WD, J LEXTED
B2LDICnh, BERIDOEMEF—LORTHIBEEROEBIIR>TLE .

KRLEEMHEOFEENS OECC 2@ U THEDBHIRWAEDIR, £5 LEEHOKE.
LTS5 yHEHDZ ETHo 2.

—HEOBEHITIE., FIEEAZZLIORY RO, AROM EITHIT, £EHE»5 6
~8 r HETORABRHZADEEEMIPRBIIRENTW=, 27, ERE2BI LD,
BREHZA—A—IEL T BRI PE L. AROENENL I N TEL. LT,
ZRS0BEBICHSE, W OOEEE TS 7L L TEEHZOEAHIEEBID S B
BFELILEWURTEIIENTER, LL, TERE/BEHZ) 2EALLEEDT
HEEMAMRIBLILRITELD, BRELTHBIFETZTHAI . ThdL, &
LEMALDT - —DEEMICED 2L, BENREZEHRTI-OO0FREZALGERL
FILTHILHRRTH S,

L2l 10 ¥ B REFETH o=, COROMBDI DRI TAo7z, 1 TREDN
BEITHNER L RTH) ZANTPEOEBEA A A0 TH S,

ZARNICHL EABR 1998 F 125 19 0

CO 5490ppm CH4 994ppm SO2 48.7ppm  NO 48.3ppm

DT 1ETEH, HOBEVRIIhDSETH D, TNIOTRARVISERLBERHAR
oL, BHEGTRMSHEME LT UBRVWE=S Y VI F—F—&RT L DB
Lz



=410 ZERREA 2ZE0OWRR(Small Cylinder only)

April 1996
PLECE  INDICATIVE PACK | GAS | PLECE ~ INDICATIVE PACK | GAS
QUALITY | DATE | ke/cm® | QUALITY | DATE | ke/cm?
ROOM 219 ROOM 320
Not CO 8.47 ppm | 1991 | 60 Na+ NO2  4.50 ppm | 1995 | 100
Not+ 02 SPECIAL | 1991 0 Nat S0z  0.56 ppm | 1991 | 100
Not 02 +CH.4 1991 | 45 Nt S0 42.7 ppm | 1991 { 100
+ 74 4,10 ppm Not S0 300 ppm | 1991 100
Not 50> 86.0 ppm [19911{ 75 No+ S0- 302 ppm | 1991 90
Not HoS 4.5 ppm {1991} 100
ROOM 305 Not HzS  18.5 ppm | 1991 ) 100
Ozt N> 0.984ppm | 1991 0 NotCalle  1.02 ppm | 1991 | 100
Nzt NO 437  ppm {1991 | 90 NotCsHe  2.01 ppm [ 1991 | 100
Not 02 +(Ha 1991 | 45 NatCaHe  1.02 ppm | 1991 | 100
+ 7+ 4,47 ppm N2CaHe  1.02 ppm | 1991 | 100
N SPECIAL 1991 | 40 N2+CH.+C5Ha+C0 1991 | 100
+10. 0+1. 4+38.6 ppm
ROOM 320 N2+CH.a+C5HetC 1991 | 100
AirtNO=  4.35 ppm | 1991 | 100 +10.0+1. 4+38. 7 ppn
AirtNO- 43.3 ppm | 12911 90
AirtCis  4.92 ppm {19911 100 ROOM 323
Air+CH.  9.81 ppom | 1991 | 100 H> 99.999 % | 1991
AirtCHs 301 ppm | 1991 100 NO 0.45 ppm | 1991
N> Special 1991 NO 1.82 ppm | 1992 | 60
Nz 99.999 % 1991 NO 87.3 ppm | 1991 | 100
N2+ 0: Special 1991 No+ €0 8.62 ppm f 1991 | O
Not CO 8.61 ppm | 1991 N2t €O 8.82 ppm | 1991 | 100
Not CO 36.1 ppm {1991 80 No+ N0 305 ppm j 1991 90
Nt €O 36.1 ppm | 1991 100 N2+ NO 308 ppm [1991] 0
Not CO 448 ppm [ 1991 ] 100 S0- 0.52 ppm | 1991 90
Not €O 449 ppm | 1991 | 100 S0. 45.1 ppm | 1991 0
Not CO 645 ppm | 1991 | 100 S0 184.3 ppm | 1991 60
Not CO 646 ppm | 1991 | 100
Nat C0 300 % 1991 | 100
Nat CO 300 % | 1991 100
Not OO 4003 ppm | 1991 100
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3) ® W MW

ZCTik~% MOBILE Y ix, HCEFI T4 5 FROBBASESETCH S, K4.9
THELELSIZ, ERTC ik 2 5D MOBILE % 25, R~ BHicL b 1 &I
HHSETHKEL. B2 180X EOEICEBELTWEH, EHTV—7NVEFIWT W
WeHF—FiIBonT. RFTE2ALIZZONBETE-NLT2REITOMREICIE Y E -
T,

LU, BERLES A LTEHDPEFHLONBIIEDZI ORI, MHrRENZK
S[RBOTFT—FDENSD L% FR L. MOBILE #EHEH X 2 H TEMBIE @Y7
BAICBEHLTE ) L7752 a2BbhiltHE,

HAABEHN T TERE /) TRIHOGBHEGIEL TH, ZoBEINE LT 26
SEET—F—DOHBERDIT. TOEMEBIWEIT I 2B U CBENEIBITL T
A=W FT—OEBHEFIIDIFITEILDP>-DTH 3.

EH AV —n— ORI, T MOBILE iZ FPICMNTHRET 205, Bk
TRV, £z RELSPERV] 203D THo 7,

ENTT—TNVR LOBTRYMERSTW N THRTEE, £/, BENEETH D
CEIZIEEVWRRWOT, RERYOEET X5 -2 b, ABRTHI LT,

Ricblh, ROBAIBWEDZ v 7 ITH LTI RMEBAFR T A2BAMIR Y5 T,
DBEOT —ZMFRLEOMOT A P -2 MR R EZHARLTHLD, Thrbo kR
WIRRTE o, FH RHCBZBLELE, YU TN L VHORF—-VED
BEOMIZ, HAPOHRXTOV T v MIETAEDOKZOERR L. ELTHYL S
—N—MIZNEERLTHroEHATEA L. BT L TAkEFOSGEL SBIOL2HR
g A

RNTHARATH 2, HANBEREATEI TR, VI v b B2ELTHEBTLBK
. RHAEZE-TOREL LEFEZI SR, ZH5 ARG EERBIZFNRS LWLVRE
Rorblanwize, BIRICBELZ I &IZ L,

FLT72y MREBICIEBMABETOCA MIflE /-2 &, RROOREIY -
Jzo ZRUX. BELF MmO/ A TOTZA MY, KRICEDE=ZR/REET L GEIZEN
heT. FOHRYSEBIROMNBICES=RAT A D74 Y —DHATHW-DOTH 3,

B RN 2 ML, TI0RBCEHEEICHZEDERREBOTWED
THbdo

ZOHO—HEHT 220VEREINTNWED6, EEROI L FFICH b (FiF7-EH



REAHIHEFEzEONE,. BELTEEDGZOEESEKIEDY., FEHFORSMIIS L L
h, MBEROZALTERMEZ R THRBOTITHGBICOREBERIIL, X—X5 1 L %EL
[P @ AYAINET ARy SAW

DT 4 ERKOTA P—O5AN, BlTHMAL MOBILE 2#ATGEIC L1-FITH S,
TAMBRETREE, 1 TOELVF—INNF—BEDIIF->THAEEL T IOHFITE
S>TWhiE, MBERPSEDTH D,

L L. £ LAERBOGESKERICIRZID T, BSFCMATHAPZOMOE
MEAGEABRLES X LRVWAY LS —n—rOKHEICE, B2ER2BXLEEROAT
MEEL LTOENEZRILS>E LEVWIOEHBEEOLZBRDTH A > D,

HRHREZF VL TRy NT— O HEZOOHELE, TDRTHNEDHRT 2 %
FEFOTWSRBRWETH B,

2.2 WA S FO—LADXG

LBHFA. LETEDFTA, DS HA, ERLAIIIHTEFTA L. Ratr{tBHIL
FAUEDI DD, v ZHLERETORBETE—NiE, DAY I —1— b IRAY
AITohb,

FOZ—XIHFEREBOF R LRVWEYTF L UREERIORED, &TIEE»S BR
WCHEH#E LT3, s, WEHDZEFTELTOWREZ T L, BbRWTK
NV OBELRODEENRRV, FLT 100 5—% > MEELTELWTIS, 2BS
NEDREDETLIOHENDHDII - TH b,

W0y, COEOKERRAKBO S BEIRRADFERIIFIAO—EOI RO T, KA
WE-TREB LT NAFETTOEYENLWIIIE T EERIZI AdHOBREES 1K
BFEHLIMELTHTHETRELEZL NS,

FLTC, EEEFEMEERTILISORAY VY —n—bTH0WNE, TN ZFETS
EFFROBBITFTCFELOBAEES L2, JICA S#HE ODA DERPYNVIZES T
DOEEMIBEZTELLOIRANV Y PXZEZZIETH S

FhiddhvcidRrn, FRTCHNERI v 7BATLII2~3 ANDOFT 7= v Y HEUR
Eh, BBORMEDPT-IOEF. VT ZFOMOBEEARARLTINSEDT, KA
BETERLT—-YDFLOHETIRITTROE D RIEHATR TN D,

—F, BHEOEBIPL 72w 72D LS TR - TAERICENDE, 6108



W LEHONATD—TCEH b aL LTk, COHOFKREHRS AT I —1—FC
LT, MRID) HRBEZLZVWEVWSBESRIDAZTN TN S, b, ¥50LT
b TREQICHE L) LREBILELYBTH D,

¥z HFCHLDH, JICADEMENPMF ISR LARRERIC-BETLFEHLE
DTHL WIT I+ CRRECMEELIPRWEERI N, DEEMRE LTOERKSDHE
BhHEER->TLES LRELTLh=EBE LW S,

72, RRAEORERNBEERMAICL > TH. HERICFRRAICHTIXHERNEWN S
e A== Mo THBREICLIDPEBBEGEHTI22E00D5F, LithL
EROFBINEROFHME VWS L &I, MREENEEZ T TCRABEZRN,

FITC, BEBREO—D>»5HETEBALT. XFPSETREGEARRAWT 7= v 7%
BT2EDICLEN THEFBE) &, F5LENERF 2w I0BBHLETICE ST
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V. XERHOBMBIHED ML — =>4 (Training for instrumental

analysis of air pollutants)

W1991.10~1991.12, ¥« ¥H, ¥4 TEBRFEAFFIEL 2 — (BRIC) 702”7 b, EHRE

FH—8A

1. %% 8E (Outline of the program)

BHEOANBA. ¥ HIBETREMAHFEL 4 — (ERTC: Evironmental Research
and Training Center, ONEB: Office of the National Environmental Board )} iZ 3T T
ot (II) 20~ bIS5 700 ORME#21TI 22 TH . BHTILER 3 F 10
H20H~12 H 28 HETOD 27H. 1~2 AOARKMABELEARRICH LD 57
DL == TEFTS 2 LIChRoTiN .

HELTHZ L, RUBRICKE BEY. BESOMTHYIMEB HELERTED,

Mo b 72 70MEABARICERARTH Y. KEMTHLYER TR L —o0 0T
ZOEARTE] EHASh . BREBVITS L TEREY, BoRN, S5 LTH
h&Ehd., PRAMTELEECEIREODY, 5 AFEHTHBZAZILLD) LA ki
Bl B@EDIMID ML -2 FiZhR, Bhoan— FR{ESHTRo =, Rithd JICA
HUBEIZOL I RBABI LT Rbo 1,

2. WABB (Purpose)

“EHMEERSEE (ODA F3) X h HA»S Y M HICHRIHEL L ¥ —0BY, KK
UMM EDI S XN L9 - A EORERHEOEMR2ELTIMERC
#HL., MIEHO L —= 2 T ERITSOBEMNTH - 12,

oo BROEBNS, BEICEWT TEEEGEH I DORIKER TSRS FERRLK
# (PAHs) SO RUHIBRIERMHHAZ] . TBERO#EE) . THEEREY
Ho#z, . THRHEO -BLIKEEHHAE) . TIVI7BOBREFEKRERSE, S, 11
DA T —OMAMLIZH AL TUILW L OEFEF DS o 7=,



3. WA K% (Training procedures)
3.1 e
BN#REMREBOBEERVT L ¥ —DHETF—~, Bl <NV Ex2EE L, A2 D

< bS8 (GC) |\ A2 O~ 7S 758 (LC) RUA AL 20 M5 745
(IC) k2\WT, MR, HHMTEOEERUEBISERTo,
BHO LA (H~% 830-1730{H LBHHEB %R <) 3.
SHFEIR GC. LC RUIC OB AR, BB, ISAMFICEET 2 R R U H
“F #® GC. LC RUIC OMBHY, H%. BE R CEREROEEISE
EERROFELE. RELONNY
KAFRHREE B O MR R ORI
2T, RO 17 Hi
- B GC. LC RUIC MEOE®, 86 HE. WERFORE. KRR
DA ELBITY
MBSO, GC. LCRUIC 2% LIRS, 17 L CEBEY
{127,

3.2 MERUNROEDF (Lectures and discussion)

s OV NS TN BB R ERIE REIRRE, BREKER, A—H—0FF R M,
»bORE (BF—VE2H/) 2/F8 L. HFHOLVIZEDET, BT R
BEXT—-70EMEAH L, EFEHT ¥ X b (Textbook of Instrumental Analysis: Short-Term
Lesson and Training for Liquid Chromatograhpy, Ton Chromatography and Gas
Chromatography) Z{ER{ L 7. BMBREERMERL. 1y HMET 250 ~—C %82 240
ko=,

BEE. FERPEAG. FRET—S—Aw TN I —TEL, BHLE. 5
AL b BBREBEIZCHLODBD, BAKI R HTH o |

FHFRIXME HEBAICBRMERAO JICA BEICOE—%#A4, SMABCERALE, 7
DEHE, HECHL - AOMFEHCIFFIMEEL, L TEMEBCEALTS
CEDIEBATE. BATHDAATHIILRERD PO TH D, REPEML &,

MELIZE 522 DIZAFDED, REMALETLENS D, L RF. HERIZ. =
D—hABEEL. 724 Fb@<. COLIRIETEMRE LLEHET S, HLITZ
RETHLRAEROEN, CTARBEIIIREEOEHNEKEL 3,




3.3 REEIEM (Technical training for environmental analysis)
3.3.1 RBREZER UKRKROR (Laboratories)

ERE, HWIIBLIAOEVEOTHD, BERH IO, A—F < Jagmn
e e A 2 UGB L <. R DBEROBE TS o 1.t » T BT R EM
MESSIAM R 2RO RS ERETS T L 38T,

ERGAMTRML, PO TR CHROMERE I N — 7 BB LT - M-8 TH b .
KET MO FREMTERERIIE, FEBBL TRV, DA, TERRr
RKOBADPFM TN T D, POTAEELEHRENACOMNED 2 WITHED -8
CHERLTWERETTHDL. HMTHELZS VL SIIEEMBEMLE LT,

3.3.2 RE MR UM (Reagents, materials and instruments)

GC. PO THADMERBERLVBEON TV SEBR M EEFEA LTV, ThE AR
PO ERAG AR MBS L,

Y7070 M. LRSI, TE2RT0402B8 L2 hEomm, B
HIZHR LT Wil 2RI HAD SR D F8i-.

AERBFEBRYPRL T 28H, TH, X588, #5798 AR LE>TLE
HAEDBED, HETE, ROKS L-EHMOfIZ, ZOHPSHIZIRE0OEBREL
zh, deEL TR LE,

LCRUIC I, KREIRDP =0T, FRMEMCES I & | B2 ERREIEY,
BB L. LCRRKRBPOTNT b FRUSHEEERREARRO (PAHs) 94712, IC ik
MMEROAMEBIICHERA L FLIMEXNEICEH, /8T L v —F LT, 4
ey, VEEERUEMEMICIEYH 2B SHhTE ., BBMEE RS ICILER S 2
EEZOGNEDT, AZLRUPTL v —2BMbBFE, Y7L vP—-¥ 4 7I8E LT

3.3.3 REAAF (Experimental)

GC: - BHEAX, aMH 2 TR AHSOBRY R ERPEOR D WA
- AR BAG A 0T A K R EORHE IO o (5
BEAZOHEBREY GC DRI
«GC LB OHME
- HBEELIBITIRAEHOY L 7)) L Y HECERRBOU Y T EER)



» GC Iz & B3 KmE R D R{ILKFED R
- RAAORICKEROEERVERLTIZRELHR
TS OFE LORTBEBOER

LC: » LC B RUNE
LC oigfE
BEAEOBNET LC OKIE
ANA T 21— LXTFT—H LTI LDRAHPOEGREBTRBLKREO Y
A 24
b ERASOFLE  AHOM., 7V -7y
¢. LCIC X2 ERABHERILKEDSHT
d. ZRFEFHRRLARORELTERL CICHEEE
Aty TN hA— )P EAVIRRATOTATE REOY LT ) LT
b AREGR S O BiALEE © i
¢ LCIZLB7NTE FROMT
d ZVTbe FEORERTERT TICBEIE
S TF—8 DX O RUBEBDIER

IC: - ICHBOFMLRUIE
IC Ok
LR R 2 D24

4. K. BASERBE (Results in the program and problems to be solved)

4.1 HEOBRERUFER (Achievement of the program)

(1) 202 NS 70HEXBH A AFICELT, AFEEGIE., T TICEEPLHIOESR
FEUTHBL WD, SELORBICTET, HBFIBLLTWLITH> =,
LAEL KEORFEENSZITI /07 IS T70HEE/ — b eAD L BRYABINT
BhH, Ihixs, WERDERDSHFDHONEZPLE D BRLTES T, BYIPS
MET I LIl TNETORBMIME /O PRER- T2,

B, BRaAUEA%2EL. EXABREHOSBEOAPR ko,
(2) AR, ELQPOTLTE KR, BRYVE, RIKER, $HREEERRIKER.



BEMROIE ERTC 0BEERBICHTIHDIIK > . HICHEKROY L7 A TRT
AL O ERIZE R UEH OBV AICESR 2B W, EERICHELEE L, B8R
Lo THE L EFRHLBERE L

(3) BERUEEI., 270/, HEADICETLEZ, HERII. EHERREVRWZH,
RE—HOBEDNVLEROPER LWL THD, £, MR ORECIRERE
THATWE LS E ok,

BYl. ThLDEREFT>THE. HEBILZOLEHICIT>TE 5o/, —HiIZWh
i, 7N TEBDOIMEOBRFLH I RERHRS XS0 Ro . 0o L HED
MOAD O E D BN PEWSIBRETH . LOBETIE, EEEREZRI RO
BOBIEDLHAM AR T IZIRAYB D BT hWEELAIRSEZAD R U,
MEED —AUBTHETITE, FMHRIIODVWT 3~ FlIrE LB,

(4) 7ar b 7S 7M. EL<OEMSHTCHERAIN, BB > THBOERAYT
BEREHFELLERSZ, SERO LS ICHEED SV L, BRRUEEASHLERICD
b, b=y ogERDEN RV, i, BRI EWED, BREBICH LTS
BhL—=2 bk, AR THMEREERL LS & 2451 RERICBVLTE,
IM1ITrL—0 T4 K5 RBEIEE LU,
(5) BHMTIIENOEMPAFTELRONOT, HEOBME2EGLTERIT2602FS
LBERHo -, EH, BER, 7 A LEOLBERFRAT VL ARF—NVHERUTE. H
SRRBRUE., Y3 DA, YUV ALE, 2V, . 7k UESEORK
MHIZBERTHo . BEEDLD, FVYREED, xVEYH, BREBEL. H>
ZBEEMED LI RENTAALBL Uiz, AIZAE, Y7V A TRECA-S DT L
A4 v FERDFTED, FROOMBEEZD, BBESE2 ThIERICHERTE .

WE, EER. COLIRTAERTHLT. FAOENTF 72wy L IZ@eH LTITD

B, TV v v L iIlEfEATORMEEE EREFSH D X5 7,

4.2 MBARUBE (Problems to be improved in future)
(1) PL—=VZHEolEBIR. BEDPIHEMNHOBEFRICTET. B GCLC
ZOMAESEORBOERIT R <. EBRE, HIZBET 2HRITZ L.

bbb AA, BEROHRERUTRFERICBET 2 MmE R0,

—7. HEET. BEEMEE ORBEFERATED ., MO EBICHE T 2RM
BN TWA LS THol, PL—UTHICHELKITSNL I D H o7,



(2) AREBIBWESINVIIHETAF L ERNOEREZEAMES LTHRDAATED.
EALTOWARNL 3 Thol. Bkd BV AT ENHES kR, SAHR%
Leh, EEERBLAEHI D SE DL OBRIIBLTWIRTTHI B LK
FEZ2ABFBISHEORE (AEHPE) 2RKOTHLT—IHE L, BIZAESHN
EVWSDONRERTH S,

(3) MEHMERZ2HAONIRKFHEI RV, BRB, 3E¥EH. HSrBHEIHL T
oz, HERHUEMERIZ. #IAE, RO BESWEOMK, EBREMFEZCIOVLWTHA
THFRER R o2, BFERERINE» S SEFECREREFDRSTWLA M, #
ADOHELZ->TED, MOMREBIFOFEEZHSBRNWLDITH S,

(4) BRI R 2 EBIZ LWL OT, BECHRECRREEZER T2 H2BEIH .
BEREAOEEEDRDPBRIAZEDNTERV. FTENRHNLH 2,

BitomE R THEERAONREL 2HFHET I, BB OHEHEI B R
THTELWERD, R AACFHNOFR L ZNEE2TREXH NI TEIH 2,
(5) HED» S ODA BET, KEOMIMBSEI SIS Che2FDIEBIYES
NRIDBEEE DD BRI N TWaD 27z, KEMIEEOEERML b, RIBHHER
BRORHOFILREDOHBPHM OB NOAVEEOHNZ2ET 20, BREhTH
ol £z, BLEENHIH. T B2y —Damlicn L, BERO Ny Y
T TR RV, KBRTF—IDPHEI L0, MBEFITEREIE LTV D, 5O,
AUFFRRESTEBEIEI L BIIBEBTELWESS Lo,

(6) HEERTCIHWT &, HRBERUREE~OEEVHEHORZEVILT2-00F
EVELLERBVWERERVEEAZCEREH AREBRESORERFEIERET LT
BRpolz. ABBRPDAKOBRNEIH S,
(7) WEIMTOKERTEHE VI L —= v ZRFROMEFIIH LT, LIVIZHD
BT, B> TEREZ2TOLENH L, WHLBHOXENLHEBRE LL DI
WIRIZOSETHERER2 LL 5K, EBHAEDRWEABIIRSBW L, EEs IR0V ED
THhd. (ZZOMEHFILNHMEL & TTOXREZIORTITHETERN] &b
T, BEWKER L LH TR —IAH o2, LERMUDOSE, TLTHET, 5-C
ENEC. THTHE, BOHTPLHRIE. AZ#D»T OB EFRINETH S,
(8) BIBENICEIT 2MABOHIRHT. BRI DEUK, RIXKE, HFFITEW T,
HEXODBERANEELEABFRO LWAERPEAEGLPTWISTH S,
WK, FHEMOE T, Pk 5 OBBHBEBHIBILEIR TN ED, F ok RHBEUEA




BITT 20T, 774 02 CkEXAKER) ZEBEAETS 2D L EWSE
Wrbolz. H2H. MEBLEDPRREM TEEZH L. BASMTFHRLA SO
TESDLA NS VICKRRBIZIT o256, 22U 2EDPET>THAL T E. TREX
FEEEPERER bR >0 T, AEFREERVTEBPARERE L. B2 UAL A
HEEATVWD DRV, TTICADIMERRITIZHTIDLIRILELTWST
EDPHND LWL B D TR T &AL, TEARTEB M, Lok
DB, BUDPADZITHEREERIEEE DL L, ##FICLTHNE, AEEASE
~NOEHIZNT T, SETIIREERLTVS0TH D,

(9) RMHICHEL AEHMAFIT., S CLiEsn, BELHED S BREFERDMESM %
AFT2FEREN N T2, FE#E» SAOEMPHEH R L LTV ADS
Ve RKBZMBICETT 272012, BERIICABEZFIIBWLWIN v I 7y 7E B2 E->TH
S RBIHLPERD,

4.3 EETDZ D (For fruitful results of the program)
ESFTHRL. RVWEBBRELTBRHFHNOEHMEGREELZ L THL. b, BHO
HOHEMEEREFREZE L THIAABILICDES,
WAHRIESREIT3EEHTH >0 LTOBIERLINTTE:,

(1) A FAp¥— AE. FHEECHTL25HICIREDTS
(2) 232=f—var, #BH ARRUBRERCLXBERSEEDITHICOITTEL
(3) BooftRICEEEEDL. REEXRL(T

(4) RIHOBINHBRUMEE LR LVEFREMES

(5) HTFROIIBAEFEICEE. WEREETLAES

(6) BaoRE BREIE»Fhik~3

(7) 8HIILTTF2. BELZAHIT LR

(8) iFhHIX, LAEERS, TELFEISIEZZITIZEHETS
(9) HFEOEE. @b, L& BEFICIFREBHETS
(10) Ze&MmEICRERD . BERLFEH#ITS

(1) #EHIZIEEDITD

(12) BAOEFEAELD

(13) B HFEHOSE (SEIEF138) 2HA, #5



5. BEOR#MEZFOMOEORMDOIER (Differences of technical cooperation

between Japan and western countries)

(1) HAEICIZ, HEAORBAFEN SECKEEOZN S RED RV,

(2) 72, ThETIHEINEEHARATERIE. A—h-RUBEC XD EROHE
DELY, HNOBRBRPAFTCERNI L, BIZHENSPTNWEIICWETE L
MW s, HEHFEHINTLERNL, LErd, BEMELREIZDT, T
Eai— O MBHREI. NuF)—THRuv 7w 7anN=d0TROEENTIS L
HDH > o

(3) —A. KRR A#ESE. FORTEHOEWHIIG CTHATRERL SCdEa N,
BRAFh TV, A—A—RUMBIIERR I BEMEERABIRK—chTsh, 8.
BIHENERCAFTE, HENLEHENA W 2. EHTEL S SR 0N %
{, AEEM, BT/, FERBZOMACLD, Py AV CHEOEHDOEWIE
Fiteffizid, £/, BERONN V7w 7EFERINTWS, ABO=HIZHESL
PR, MTHERBERIHELTWE LS TH >,

6. # B (Proposal)

6.1. THRRUFRENORBRERERET 522 & (Set-up of final goals of
administrative and research activities)

MEEA AL v 7 DAL SNVET VA K7 v 7T 57010, fTEERPHECENT
BREEARETDI I LHNEETH D HIZIE. THERT 2 PHEDH KD RH.
BE YA 2R, EERIECHBHREIIBIT2#EEZOHIEFIIENT, REEED
BamzEE NG, BIERIZE D > THIMERONE, EFORM ML —Z 0 THES
2%, FRICLD, MRTZTOVSLOHFADBEED. RF v 708l ~)eRELEE
HILillhd,

6.2 PHIRBERUHBOAY) 2RTPER (Proper maintenance of analytical equipments
and instruments)

ODA BHTHAD SHAMIHS & hiz S B R MEORTFEEI LR D OFf

BORLETH D,



WE. FRORTENRILEBOBAMIBO 5%BENLETH 2, FPE IS
BTBY—ERERHICBRTZ2ODHEWTH 2, Bio. AEMRRBICHLTIE, 26
REOTMARERME L, WSS 2 VXBESREZRULED, T, KERFITES
BERETS ZUPHETH D, REIRFEEICLD, b5 70k {EBEOEVERME
WTEDLLPHFENGER L. HENICREFNREDIIRD,

B EIC & S L b5 JICA OIBIAIRETHIZRAED S DB/ 1 7HAIN B0
T, TBERSES) . TR4HKL SO0LES54ETLEI L L ¥ —HEOMELH
ETBMOPOBBERTIIE—Eh L BbAS,

6.3 XEAWRBEBBI LI L-H0FDMBOERE (Conlete supplement of small
equipments for supporting large analytical aparatuses)

JICA IZ Lo TS Nz KEEB(GC-MS F)yE2 +2ICER 5 & ¢icid, 48 Y B HIR
DL == THbBRTH L, REMRAPHEDT. RN, H0NE, 2, F—5 0t
i, PR, HROEAEZO—EDERDP SR, HHEIMET RS S LO—BICTF R,
MAEMIB U T, EAtEREE L, SERES EH, 35, DUBSERI TWL B
BHHZ.COLDROMBEEIE > T RYUBEBOFHAHAEICR S,

—H ALHEREROANMBETCLARNCIR L THEE2BBETAZ A5 2. 012,
=BOAA 0TI 7 EBUERTOAA T WA LANIMOA F o WBEO ST
TEIEETERV A T ERN Y 7B 1 HOMEMRICEET 2 8850
AL, ZORMKERLZF., 13 PDEZEHEREO 11,000 LX) THBRSEHT 3.
BERFOA A WEOBEILANIIKOF RO 1/1,000~1/10,000 TH 25 5., AJIKIF
DETIE, BUERTOREO A 4 o YHEADERNBH T 2. £, G012 2pD<7k
TS7RFALEAFALOMAOMICHERTEILZE LV BF T L BHOBIC
TEA R TRE, MK TR LB TH. hF AL VBRI OBE NO 97 =
TN AT LREET D, RARIZ. 7230 SFOBICAFT A2 THE, 724
YIBHMHERORE NaT DN FA L MR L EWET B,

FEIEZULETREIS LS RIBATCIE, GC.GC-MS, LC, ICED MS 7L DiEsE X
FL0I NI 7w TN FIHINWIBFERERELBBET 2080H 2, NER
DIBEETL L REREIREBINTHTYL., ETHERICEEERSROE D 2ABREHE
LHRICLD, BBUEBARKEESZ. £ HBOEH2HOE. 20 L. BELRN%
Kolb o znETL20ICRBUEZRET 2,



6.4 MRS 2 NIRWBRBL > ¥ —O%(% (Set-up of a fine library)
MEEIIARAMOBKICHET20THD, MBEOR LB LIEMEFROL NV &R
ET D, HIUE. BRIEN, SEE NN, BUFTITY (FIZIE. ASTM, AOAC, EPA
methods, JIS %) 2% L. R4 v 7HAMBICHER L0, XMBEAZ T2 L5AER
BE#HI A 72V —550WEHERE L Y -2 BHET LI EDNTARTH 5.
AREHDVRIWEICLAERT - L7 LAIIHR L RV T3ER, B 28, HRY
LEEREBETIOIZENTH D, Fhold, 7XAVH (FIXF. 7R HEFE0R T2
Chemical Abstract) 237 7 R (WEERR) P OREFER—IATEEIN TS, #5E
2P —31F1azy bEEE HERELREFEELL>THRA IV E2 -2 ITHEL
THBRIERESIEH L. AFT2ILDAETH D, HEELGTHIZOLIREHRI R
TLERIELTWS,

20 LI REEMI, AEMRY v 7LV BEOERERELED, HLOLT A7 1
TERERELED, PAT4 7EERTIEMEEANLTRTH 2,

BB LT HMEE aNBR NE HERUMEOERET A Py T I Ea—
STERBTRIEMNTEDITHS S,
HHEREPMAFMOBNNBEESEIIT I LINWERS,

6.5 MBRAEIOERR FEFROABLOLEHE (Management and common-use of information
collected)
NBHLZNBEBZEIDEELEZS v 7HEERIIAFL-EHERT, MBS
WTERL, ZhELELTIMORY v 7 ILHRTRETH 3,
CFERCHHR L AV OE EICBEROERECHGEIRSRUTH 5, AR
LAXNVDEWEEBIIAFN TP BIE L CiITbh T3,
FANFLEZERMEACL>TREZN, 2F v 7BITHHIAZITREALLLTL
. F. TOHADRESTHIBLEED &, BRIZEM B RIRBZ, ZO L3R
BT TiX. MEMAORERBTRIMFETER0,

6.6 ARMEFHD 5 L IEWRBEBOHRR (Annual report for fuitful results of
research at the center)

CHIEREI ERICL o TRV HLIMR. ACIEHZVEEETHD, RoT, K

FRIZBTRIML ~VAER LT 2FETEH 2, EHINRERIZE D, 2 -2 2EH%



SHRUTENT IV ERNTH D, AKBMOII 2=/ - arslhd, ChEERT
HHitE, MEARESEOMNIPREOREL LETH L, HERKFPLREMRFTHRO BIK
VAT LESEIITLE LN,

6.7 AEMHEPEEH R ERSRLMBWOBHE (Safety management for experimental
laboratories)

FVBEYRTITAAX L VBRI AT L) PBEDL S AEZCEMEELEMD
BOHBEIZE, HEEFEPELS TR AANORBR . ERFZOFHRRUBEAOKRE 2 X T 57
DI BERKRBEEZBRETILENSH L. ZFOLIREREICIT ML/ ANYF—F
P3ZEDL S L EEMREMT I EHEE L,

AZRZ2OR M7 Z 7 THERENS 150 REOEEH R, & L. BHMoEHLICX
D)0 EREESH SV AAREIBETHE B CRERTH S, ChET.
BEAZPRATEOEBRBEDBI > THED  KBRERLBBEINE Y HEEHHT
Wdhe HRAZ DTS 70MBIZHWONEZBEHST A, AV ULHZ, ZREIINLT
. BEAR (b JELT) BB AT LERBIILENDZ.EEHAEHE L, 114
AUVFRAT UV LARF—NVETHEST 2. KEHZOREGE., KERGBEHHT I &L
BTHB. VATFLOBOWNEEES ) —2IZEb, V-V 2B < DIIHNOBRAILE
THhd. L. EFOBBAEMFT 2200 EHRTFARYELETH 5,

6.8 ARMICHTIMBRU ML —=>% (Lecture and training for the counterparts)

MOBE. 27HOTGEHEIZRB 5 AL ORS00k b L —=20 0T
DI E, FREFOBEBOEI HEN., T ANEEIBHEERTH LS
CHRBETEIL o T EBL L,

SRIDO ML —2Fizih, MEARZRIZ O S 7MFOADDICHELELES
DPORBERE-ZLB 5. Z0BOAEKRTE, BEE, BHEIFMRLOFHEVIEL Ib
Bhizgs7bDZ &TH b,

MAEHIZ. BUTHRIZHET2F6EETH 0. BRECEETHBMELSS D, RELHIR
DTEDHLDITRULZ, L. HEPIWFEEESHLABICOED, MEOMEFL, 2
EXBBWIERAS AL, RRHEOLTHLEED S, ERF— VO A% HE0H
FLHFE VWL OPOMETOTZ LEBLTHIADIE. KEHOHZEEL ~NWIZET 3
BEREHIRF -T2,



6.9 RMHAXE L FPIRME OB®R I I 2 =7 — 3 > (Deep communication between an
expert and couterparts in advance)

ek E & JICA HMRIIFHK. FAX 7213 E-Mail F LGP CHAGTII K
LETRERITbEDLEERTHARETH 2. TNRIZLD LR ML -2V T RUE
h&ZKEINHIEN DL, EFRE., PL—=2Y0H® (Purpose of the training) &
Wiz bl —=27HE (Typesof training requested) . FHTE 286, 225, R
L DO{I# (Specifications of materials. analytical instruments and reagents so far
used) FIZDOWT KB ETHL LA > THELLEDH L, 2 LETIE. HTEBOER.
INRUBRES LT ELTED ML —Z VT U TR BB O E R BT o4 E
Do ‘

HMEVPBEMIZERE L BT, BoNRHANICEASLRELRHET 20EERICHN
BTHd. HatTbabEdhne, EHERENTERY IIRLEMEH S,




VI. 24281 5BEROREBHE
R1992.7~1992.8, ¥ 1 £, ¥ 1 FHBEFRGHEL L ¥ — (BRIC) 70U =7 b, MRS

M 7%

1. &

BAMERIZEE L Tid, < OBHPEXONV— 2B THIESINTETW D, 2057,
FIZHZT 2 0BMPILK TOEBHERS TH 2. BATIE. PECSIT2BERO
KEDPBAI N, KEICR SRS 2 MIOBIEMAFEEE R LTV PETOELR
KEFPFOPIIR-TER V. DHEECBWTIMHROT =& 1) v ¥k, &ivh 8E%k
OREMFEEE L O BANIITDOATEDY, ZOEEICHALTIIBEART — ¥ DEAR
EFeRTHS, A, 14, RbF A, AV FRVPHORBF UV PIIBERRIZL
AV SERBENICIANF—FEHELSENTZIZ000DS T, BEZ OO RAFL
PRAEEFODRNEEREOLRVWAM, RAHZZOLERBIERATET. 25
PR RO LM EMTH D RE LIS W=H, SEBERNESH - KGEERM
EPREYIGDI LN FRINIMBCH D, 2D S T, BRKOKE - S H
EAITHONTEBS T, BUEEOEELHLPIIIRTWRVWOIRINTSH D,

ZCTC, AETIX 1992 8 HIZH A DL 27 HEEO 3 fiAIc B TR -
ETV. EORREL LIV BT IBUBORELHSPIZTEZ L BRI,

2. F4IIBFEXRKBHRORE Y

A OEBERBIDETE LD, FRIESBENEL BT 2—ATa Y., Bak
NEFRDOEN TV S, I IV HBEICBIT 2280 80REL. ZRICHELT
HNEIZAEDENS COREERE L TVWD, ARGERICHE L TIZEsiahr o oka
AW ADENTH D, T 6.1 ITRT LS ICHZEEEED b0 —RELIRE. EEMLY. K
RkROHHBIZNZNOBREHED 87%. 66%. Al%E LHHT WD, FERHZDEL
COLEMTRBERETR> TV L2 BREDZEIH VIV EERTL LD -2,
MAPDSHEE DR, WRAKELR ENREEIN TS,

RAHROH 2 OFHE LTUITH, REFAHSOHEH DS IFo N2, TEFMNL
RIXNVF—HBEON 0% % L., 1986 FLIEZ N E OB, MBS, B8
PWMAAROERAHDEML T3, £ET 3,400 OITEHFEA S —2FALTED., 20



35 65% DIV EHBIZGHLTWE RS, HEEOHHEHA R EHWE >0
TORGEREHAETH 5.

B IORKBFRORRL., ZELSOHFEARTH S, SBBTHTOFEOT AN F—HE
BO5H ATUHER,. UUHNBLRZLZE0OTHE. BHEORETHRIATHE TR
WE—Id 2% DT, UDEHERMTH %o ABOINERE, L IF 171 ORMIE
HEETOHRRIEIC & 5 KRIFRDHES, YALD LBoRENE Ao EVDATY
Do

BitE, ¥4 125173 “MILRADPERRLWORFNEBEIZNZhOBAD /2, 1/3
THLH. COFFHHBOHRMEEZTHLTICERIEBE LT84, 2011 FiZi3=
RRAGER M OBBEH B DKM 3 f5. RRBLHTOAD 2 BIcR B LFMIATED. 9
KIS R EAERIG T B AR R Z 0,

K61 7MICHBFZ2RERNERY LR "
(#  1000t/5)

RAERAIFE (%) (Fam REFIWE (%)

B 19884 : S0l 15 _

I% Hix R Is Wi Y
RibA® 813 1.5 41.2 0.1 1.693 1.4 84.1 0.4
BERMILY 401 10.8 66.6 11.8 2,077 11.6 60.0 26:4
—EEER 552 26.4 23.1 4.4 3,186 26.8 10.8 60.3
—MimE 2,054 2.5 87.2 0.3 8,404 1.6 95.7 0.4
—HERR 86.338 21.1 31.8 18.8 388.600 17.9 30.8 42.9
SENFRYE 514 40.2 17.9 3.4 1.596 67.1 25.6 2.7
# ' 1 - 100.0 - 2 - 100.0 ° -

- =8 Thailand Development Research-Institute- - R —

3. ZARLBIFIMKOERE - SHE
3.1 Bk OFRERAM & $RER Mt m

19924 8 H, ¥4 OEH/INITHTABLUTZOHBO 3 2B W TEKORIETT
o7, RS OEKEER6.11C779, ONEB (0fficial of National Environment Board)
I ZHAOROEICMHEL, 3 MAATRD RAGROBEAZBEEZ NS,
ERTC (Environmental Research and Training centre} & Pathum Thani {23 % Office of
Industry iZ& $i2/32 0255 40kn (FE BN BAICLHE T 2055 1 CB T 2BRIAME
EWNICEHTERTH L0, BiENL I 60R[GERYWEHOREERIZHZ5DIZH
L. BFZNVIVDORRUEROZEBARDZIRVEEZ LW METH S,




Ayutthaya

Bl @ : FEits

Pathum Thani @

Nontha Buri

®
ONEB

Chachoengsaon

Bangkok

Samut Prakan
Samut Sakhon

Krung Thep Bay

X16.1 BADRERM OB (¥4 -/1239)

3.2 FEKODOIER - Tk

BEADREIL., SeHEPEROBEKY Y 75— (FHEY v b — 8808-04) W TH -
o COBKY LTI —F NN IBBREGIRBETH S0, BAUMIIEEKIFZ BT
ZEMBTHLRATZ. LOL. YA ORWICH =2 6~9 AiCIZFL ALY BEHRYBS
720, EHBRTHOREIVRVEEL S,

BRHOBEIZ, 3MATHRIL7~BAS ERTCIZEXEL, ~EBIZIVHEPROALT
U740V F— (4T, Type HA, P H 4 X 0.45um) I2& b 2@ L. pHA—F— (1>
F. HI-8424) # LT AKDOPHEREL, 1A 207 737 0 —EBWTHKPO
A & S OREEEFNRENRIT > =0

®E.2IZAM A0V NS T4 —DMREE, £/, H6.2, 6.3 ICZ0RMETH
FUEEERNE X UBKERNOMBMR 0 75 LEFR Lk, X, BX6.113 ERIC
DR LOZBELEERBAY 75— BER6.2IERICOERENTOS T 70" 57
EZNFREBEL-LDOTH S,



R6.2A4FU90XMTS5T7 4~ 12K DBKOITRGE

Anion (Cl '.NU:;'.SU.:E")

Column . HITACHI #2710~-SA-IC

Eluent > 0.75aM KHP + 2X iso-Propyl Alcohol + 5% Etylen Glycol
Flow rate . 1.0m}/min

Injection volume : 10041l

Detector : conductivity detector

Temperature 1 40°C

Cation (Na*,NHs',K*,Ca2*,Mg?*)

Column : Shodex IC YD-521
Eluent : omM Tartaric acid + 0.8sM Dipicolinic acid
Flow rate ! 1.0ml/min
Injection volume : 10041
Detector . conductivity detector
Temperature : 40C
A B
S
g i 2
s 2 =
2
§ '
| [ T T R R R (R R S S B | [ N N R R R 2 T A D R R |
v © v =
| Time {min) - Time (min) -

(A) :CL",NO,", SO, Tppm 4R H 8 M (B): BEKELH
K6.2BAA>OD27OX T3 A
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x® 6.3 MAKPLERD DIHTRR

(1992 FBR. #4 - 12> %)
Sample Sempiing Rsinfail pH Concenteation ( zeq/1)
nese . period (un) CI” K02~ S0.~ H Na® WE.C G W knj." Cat.” Ani./Cat,
Samples coilectad at ERTC
E2-01  7/29-30 63.7 4.%9 3.4 B.3 24.0 25.7 8.3 4.4 1.0 17.0 1.3 4.1 588 0.57
E9z-02 /303 15.3 5.23 4.4 1.9 150 5.3 283 1.7 2.1 10,0 5.0 31.3 62.9 0.50
ER-03 7/31-813 4.0 4,49 3.4 252 1427 2.4 62 ZI  39 22,0 N2 181.3 2.9 D.84
ES2-04 8/3-4 ° 3.5 4.4 7.0 124 829 3.1 1.0 &Z.Z2 41 420 5.0 102.4 122.4 0.83
E9z-05  8/4-5 1.0 4.15 6.2 389 147.9 70.8 183 4.3 2.8 7.0 8.3 193.0 214.5 0.%0
E32-06  8/5% 5.8 528 6.5 9.7 919 .53 139 222 1.8 845 6.7 109.0 114.3 0.94
207 8/6-13 1.9 6.88 93.8 109.2 491.0 0.1 88.3 61.] 17.7 820.5 B0.0 634.0 1I67.7 0.59
Bz0a  8/13-17 0.8 6.35 [33.2 64.8 802.1 0.5 133.9 10.0 18.7 5539.5 68.3 800.2 7:.9 1.01
9209 8/17-U 2. 532 1% 8.0 %04 4.8 13.5 40.0 35 675 8.3 744 1317 0.54
ES2-10  8/24-26 2.2 6.21 9.9 108 406 0.5 487 W3 3.3 620 1.5 5.3 154 0.53
£s2-11  8/28-37 M7 57 37T 3.4 A2 1.7 35 2.6 0.8 7.5 2.5 213 465 0.59
E32-12  8/Z7-3) 56.3 3.1 38 144 3.6 &3 25 255 0.0 21.0 417 C.44
£92-13  8/31-973 13.2 3.3 13.5 865 1.7 450 35 W5 42 112.0 159.7 0.70
Yeighted Mean Cong, 4.8 7.4 81 M1 13.2 13.0 170 2.4 4L 44 59.7 91.5 0.65
Semples collectad at DXEB
0g2-01  8/6-14 1.9 6.16 10.7T 8.4 4.7 0.7 4.4 42,8 &9 1320 5.8 60.7 200.5 0.30
09Z-02 8/14-16 3.8 6% 169 151 102.3 0.1 21.3 367 4.4 ZM.0 0.0 135.3  306.4 0.44
D203 8/16-21 297 6.25 62 44 W5 0.6 6.5 23.9 1.5 107.0 5.0 3.0 144.5 0.23
032-04 8/21-28 85 1.2 53 6.8 4.1 0.1 7.0 444 2.1 1675 8.7 5.8 2217 0.25
0s2-05  8/26-28 4.0 2.8 19.4 129.2 19.1 8.5 5.9 2285 |58 171.3 350.0 0.49
09206 8/23-31 8.5 25 45 211 0.0 25.0 1.3 7.0 5.0 .1 1023 0.33
Xeighted Mean Conc. 6.3 19 B5 5§ 0.5 9.4 322 26 131.0 58 50,0 181.4 0.28
Sampies collectad st Pathum Thani
Pz-01 &/1-13 1.4 548 400 187 LT 0.3 &4.8 40.0 167 240.0 5.9 176.0 387.6 0.45 |
P02 8/13-18 1.6 B.32 204 115 654 0.5 2.9 4565 6.2 2425 W.2 8.3 329.7 0.30
Psz-03  8/18-2 7.1 BM 20 0.7 0.8 05 2.7 2.9 10.0 153.5 (0.8 0.5 2654 0.30
P-4 &/2¢4-27 X8 678 39 23 10.0 0.2 48 83 1.8 585 3.3 6.2 TI.7 0.2l
Yeighted Mean Conc. 6.63 104 47 2.5 0.2 106 146 3.8 910 59 8.5 132.0 .28
Yokohema, Japan  Jun., |3X~Hov., 1291 (59 rain sampie)
Neighted Mean Conc. 457 399 239 SIS Zn2 w2 AT 21 120 1.6 1153 109.8 1.0%

“fotal mnioa "Total cation

6.3 L0, BBkopHiZ, ERTC: 4.88, ONEB: 6.32, Pathum Thani :6.63 C&H b, Bk
CERERBU LIRS s kb o/, Zhid, 1987 F4~11 Hiz¥ fo&tbciibhi=8
ALLFHOBRTH S . 6. 4 L HAHICHATHD L. NO,-, SO2 #BEIVWTHY
ERTC >ONEB >Phathum Thani OMAIZZ2>TW3, FERICEEIL ONEB & b BA@ ERTC
CBWTEHRKPOEREMEBEN S Ro B R e LTE, EERICIRWTW 2 RO
J2IZ 2 hitEh T HE & NS R E DS BRTC (T T M e L C W A AT REME DS % £
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ABSTRACT

A survey of atmospheric aerosols in a suburban area of Bangkok, Thailand was conducted using an Andersen sampler.
Significant amounts of Na and Cl collected in the area were considered to be derived from sea salt. Difference of the Na/Cl
rafio in the area to that of sea salt indicated a considerable amount of Cl toss which is assumed to be caused by the chemical
reaction to form NaNO, which is the main nitrate species present. Most of the sulfate in the sample was found to be
(NH,),50,, in the form of fine particles which is different from the sulphate derived from sea salt and soil. Ancther
characteristic noticed is that CaCO, seemns to play an influential rote in causing a cation rich trend in the aerosols which is a
particular contrast to aerosols in Tokyo, Japan. This could be one of the strongest factors determining the characteristics of

the atmospheric environment around Bangkok. The size distribution of K and Mg particles are also discussed in particular

relation to sources.
Keywords:
INTRODUCTION

Air pollutants emitted from various sources to the
atmosphere can be classified as either gaseous or particulate
matter. These categories are closely related to each other
through gas-to-particle convetsion, called condensation, and
particle-to-gas conversion, called evaporation [1-8]. From the
point of view of aerosol sciences, a particle is described as
primary if it is emitted directlly from its source to the
atmosphere. On the other hand, a particle which was first
emitted to the atmosphere as gaseous material and which was
then converted to particulate matter through ambient
chemical and physical processes is described a secondary
particle 2, 5, 7, 8] Gaseous pallutants are normally
evaluated by their levels of concentration, but this is not
adequate for particulates. Understanding the behaviour of
particulate matter and its complex influence on human
beings, animals, and plants requires analysis of size
distribution, concentration and chemical components [9].

This paper focuses on the investigation of the size dis-
tributions of particulate matter in the atmosphere. The con-
centration and chemical components are also discussed with
reference to the source contributions to the ambient aerosol.

EXPERIMENTAL

Atmospheric aerosols were coliected by an Andersen

Aerosol, size distribution, nitrate, sulphate, calcium carbonate, Bangkok.

sampler {Dylec Model KN-200) with an air flow rate of
283 | min" which was calibrated according to Dylec
Corporation's manual on a roof of the Environmental
Research and Training Centre, ERTC, in Pathumthani,
Thailand as shown in Figure 1. The sampling site is located in
a suburb about 50 km far from downtown Bangkok No
significant man-made air pollution sources surround directly
it other than a highway which runs about 1¢ km far to the
west. The sampling was conducted to obtain one set of
sample during the period of 4-14 August, 1993,  With
reference to collecting media, Teflon filters of Toyo Polyflon 20
was used for all stages, and Toyo Polyflon 50, in turn, was
used for back up.

One quarter of a whole filter was cut out, and scaked in
15 ml of high purity water for one hour to extract water
soluble species. The three anions Ct, NO, and $0,7 and five
cations Na*, NH,*, K", Ca'! and Mg*? were analysed by ion
chromatography {Shodex IC YD-521 and 1-524A). The
calibration was conducted by using respective standard
solutions made by Wako Chemicals for these species.

RESULTS AND DISCUSSION

Figure 2 shows the size distributions of Na, C] and
nitrate at the sampling site. They seem to be distributed in a
monomodal form with a peak in the coarse particle range
(> 2 pm) . Normally, it is considered that aerosols in the
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Figure 1.

coarse particle range originate from natural sources while
those in the fine particle range (2 um) are derived from
anthropogenic sources [10].

Sea salt contains Na and C) in the mole ratio of about
0.89 [11]. Because of their skewness to the coarse particle
range, Na and Cl in the sample were considered to be mostly
of sea salt origin. The mole basis ratio of Na to Cl in the
sample, however, does not coincide with that of sea satt. This
discrepancy was caused by Cl loss which is thought to occur
through the mechanism of a sea salt particle reacting with
ambient NG, and/or HNO,, to form NaNQ, and releasing
HC1 [12). Table 1 shows the comparison of Na, Cl and
nitrate concentrations by Andersen sampler stage. The mole
basis ratic of Na/(Cl +NO,) from the 0th to 4th Andersen
sampler stages were 1,11, 0.98, 1.00, 0.98, 1.03, respectively.
The particles on the Oth to 4th stages fall into the coarse
particle range. These values are consistently close to 1, which
suggests that Clis replaced by nitrate, as has been recognised
in urban area in Japan, such as Tokyo and Nagoya [18, 20].

Nitrate can be formed as a secondary pollutant through
photochemical reactions in the atmosphere {13, 14). Nitric
acid may react with ammonia to form fine particles, whereas
it may react with NaCl to form coarse particles as mentioned
above. Nitrate in this study dominantly falls in the coarse
particle range. Therefore, it could be concluded that NaNOQO,
was the major species in the sample, while NHNO,; was
present in low amounts.

[N
181 NOa™
14
1.24

.21 _'ﬂ [

1.8 c1- .

1.4

Size dlstribution function, x g/m>

[N}
8
"2
—
M

107t 10° 10t 10*
Particle diameter, s m

Figure 2.  Size distributions of atmospheric Na*, Cl' and

NOy in Pathumthani, Thailand.

This could be caused by evaporation of NH,NO, due to
the high temperature in the tropical climate {13, 14, 16-22).
By these findings, one can infer that photochemical reaction
exists in the Pathumthani area and in the Bangkok area as a
whole.

Figure 3 shows the size distributions of atmospheric
sulphate and ammonium. Sulphate shows a monomodal
distribution with a slight shoulder in the coarse particle range.
Sulphate will be mostly formed by SO, gas-to-particle
conversion through photochemical reactions [3-6]. Thus, the
main peak falls in the fine particle range. However, the
above mentioned slight shoulder could be explained if some
sulphate in the coarse particle range is derived from sea salt
and soil.  Altemnatively it may derive from the reaction of
H;50, with CaCQ, or sea salt.

With regard to the size distribution of ammonium as
shown in Figure 3, it has a sharp monomodal distribution
with the peak around 0.5 um, similar to that of sulphate. This
could imply that ammonium exists, as a counter ion to
sulphate. Ammonia and sulphate will form ammonium
sulphate or ammontum bisulphate.

Figure 4 shows the size distribution of Ca in the
atmosphere with a strong peak in the coarse particle range.
Ca concentration was found the most quantitative in
concentration among water soluble species obtained in this
study. Figure 5, on the other hand, shows the ionic balance
between the aerosols by the Andersen sampler stage. A
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notable cation rich trend was observed in the samples on (th
to 5th stages, while the ionic balance was almost kept on 6th
to back up stages.

An investigation of rainwater acidity has shown that
pH ranged between 5.1 to 6.3 around this sampling site and
Ca concertration is high, causing the ionic balance to shift to
the cation rich side [23]. By the investigation of rainwater
and by the results of the survey of almospheric aerosals,
CaCO, may be inferred to exist widely in the atmosphere
around the Pathumthani/Bangkok area resulting in cation
rich aerusols and rainwater. Calcium catbonate is probably

emitted from soil.

Under such circumstances, the cation rich condition
shown in Figure 5 is assumed to be caused exclusively by
CaCoO,.
conducted, so that the size distribution of atmospheric

The analysis of carbonate, however, was not

carbonate in Figure 4 was obtained by calculation as the
The role
of CaCO, causing a cation rich trend in aercsols in the
Pathumthani/Bangkok area

difference between anion and cation equivalences.

s particularly naticeable in

comparison to aerosols in Tokyo where ionic balance is almost

maintained [24].
Magnesium and K size distributions are shown in

Figure 6. Magnesium is considered to be mainly

Table 1. Comparison of Na, Cl and nitrate concentrations by Andersen sampler stage.
Concentration (ng m™)
Andersen 50% cut off Na [od} Nitrate Na/Cl Na/(Cl + Nitrate}
sampler stage diameter (um) mole ratio mole ratio
0 11 95 69 108 213 1.11
1 7 108 106 113 157 0.98
2 47 178 180 163 1.53 1.00
3 33 184 163 222 1.74 0.98
4 21 270 214 333 1.95 1.03
5 11 193 134 234 2.22 1.11
6 0.65 125 65 56 297 2.00
7 043 95 40 44 3.70 225
Back up 83 55 99 2.33 1.15
1 5
0.9 [
n o8 NH® o COa"
8 e ®
b 9.8 a4
3 0.5 te
. 0.4 2,
5 8.3+ =
T 0.2 o
EERE °
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é g , ] , : ;
o 5 5
& — o
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Figure 3.  Size distributions of atmospheric $O,” and NH, Figure 4.  Size distributions of atmospheric Ca** and CO,~

in Pathumthani, Thailand.

in Pathumthani, Thailand. CO,"calculated from
anion-cation difference in the ionic balance.
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derived from sea salt and soil. The distribution with a peak in
the coarse particle range is similar o Na although the
concentration is'much lower.

Some K will be produced by the incineration of plant
derivatives such as paper, wood and vegetable garbage,
The other K
will originate from sea salt, which will fall in the coarse
particle range. From the two different sources producing K,

which would cause the fine particle aerosols.

two peaks are noticed in size distribution of atmospheric K in
Pathumthani as shown in Figure 6.

CONCLUSIONS

Size distributions of atmospheric aerosols in a suburban
area of Bangkok, Thailand were investigated using an
Andersen sampler. Significant amounts of Na and Cl were

considered to be derived from sea salt. Difference of the

Slze distribuclon function, # g/m>

. Aﬁ L

10t 107 10t 10*
Particle dlameter, 4 m

Figure 6. Size distributions of atmospheric K* and Mg’ in

Pathumthani, Thailand.

Na/Cl ratio in the area to that of sea salt indicated a
considerable amount of Cl toss which is assumed to be caused
by the formation of NaNO, which is the main nitrate species
present. The size distribution of the ammonium has a sharp
monomodal peak which is similar to that of sulphate. Most of
the sulphate is considered ammonium sulphate or ammonium
bisulphate. The size distribution of Ca is found with a strong
peak in the coarse particle range. Calcium carbonate seems to
play an influential role in causing a cation rich trend in the
aerosols which is a particular contrast to aerosols in Toi(yo,
Japan. This could be one of the strongest factors determining
the characteristics of the atmospheric environment around
Bangkok. Magnesium is considered to be mainly derived from
sea salt and soil. Some K will be produced by the incineration
of plant derivatives. The other K will originate from sea salt.
These two different sources would cause two peaks in the
size distribution of K in the area.
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IX. HPLC £ AL REATER CAPEBREERRLKENEFE

W1995.1~1995.3, ¥4 £, ¥ FEFEFEL L F¥—702 27, HHR:E
FEFas: gl

1. BAME

AHFfE. KEHoF#H U A (airborne particulates) =74 75— (air
sampler) 2HWT TS X7 714 5—7 4 W& — (glass fiber filter) LICEEERL. %O
hOEREEFEE(KFE (polyeyclic aromatic hydrocarbons: PAHs) # &ML, &
mii{k7 o= b4~ > 7 (high performance liquid chromatography: HPLC) % R\ T 4B
A TELDOTH S,

1 NAR) a—AZT7H TS5 —ERANEXRTTER CADOHRE

NAFRY) 2 —hLx 7Y 75— (high-volume air sampler) iz —2RICH o' OES%E
BEILDBY LTS —THhHd, TOVLTI—IiZ, H5h Lo 24 RHMNEE 505057 >
=5 -ClEBELTEERREL TSR 774 N—T 4 VY —REE L, —ERMA
[POFEBUAEZHE L, DEVRVLVRRFERLODIT 5L LA LD PAH IERT
ZOTERBHLETH S, BERIEBIIFLIFANTEARA EZ—NBIZANh, K%
ANz —5—Ruy 22 (BEXFO—LOF/CRL) IZANTHEL, —80BOF 1 —
77 =T RE L.

1.2 7Y ¥—+t Y > 75— (air sampler, Andersen type) & B2 AXSEEM CAOHM
i
ZoTcidp—F) 2 —hLhFP ¥ —t 75— (low-volume air sampler, Andersen
type) Wz, TR, 1 I 28.3L ORAETZERAERS L. KTFEED UA ZRFER
WHETAY L 757—TH2, -l EEARICZTA NI —5EE L, —FERAEIERGET5,
WRED7 4+ NI -TBLTRI-1IC#EL B,

1.3 PAH D & HPLC (2 & 5 DT

PAH 3T 7noAy o 2HBEEs L cEERME (ultrasonic extraction) Li=. 18
GNHHBIEZ 7 b b)) VICEEEER L, HPLC THOBESH L. B3 o d0R
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438 (spectrofluorometer)% M /=, ¥ 1 FEH ERIC O 4K E B ITEERAERA LD
T.RERBSAFLIAPAHIBIUTFTO SEBE TH o= N/ ()T M Ity R/ (e)
Ly, RV, TPy, RAOJK)INT T T ~yJ(a)eEl v, YR

Y@ TY RSy, Ry J(ghi)RU LY, 3-AFLAT LML L,

2. ¥AEBH

& TEI, TEELOAER TR L ERRRICH > THRHOKBAML, Tho i
S KRB RIEIE LTS, KEHEROESS ) V7 ICEAL T T CIsFRrRY
BiEE, —BURESLUREBRIIODWTITDbATL 0, (LENHEORREEES AT
BE. L ELORKEMBEIIODVWTOHMRILETH D, T TRATOERRFEH
VOB THY, TREEBEICIDRETI O BERILO L LTHSWELRIH
SRNTHEN, BERIIAKHFET 2 PAHICERELYTTEDBEDE =Y ) U TETR.
HEMEE S I@BRETEALORITF TN ER2HN LT %, £, CORNBRROE,
K B WIEY (sediment) ) PAHBEORELTH VL, PAHOBRLBR R LIZOW
THHARTWL FETH S,

TOHE S LT, PAH OMFICBLTRGBRERAETH 5 HPLC— /BT
OEFIBEEITR). Y THEM (repeatability and reproducibility), #RhnME[LL
# (recovery). IR¥EME L HW - IEfERKE (accuracy test using standard reference
materials) R ¥ DT DEBUORE ETR 2. &I, NUAVHATHSHRY 21—
ALFPY LTI —BIUPR—FR) 21— LT ¥ =t B 77 -%ANTRQFER U A
OHEETRN. ZOHROPAHOEREZTR ST,

3. BAHE

T, BRICWAHICHEMOGMFE EEKERD ., HicH 2 X EPREOME, AL
FOXTY I IZONWTOHM. FAKRREEMVWE, Thid LIZETEMOY) X b
KL, BERBOEMFIIF v/ LTH5 2/, SHIEEHMEIRBIZTELTS
h, PEOBBRLFHBAZIELLWEOZLESROT, CORATHYOFEIZMD B
L. BAK (ZOBSERIC) LHEWHE L. 51, FKEMIZZOHOHMO AL
BFEEBAVL, FEEITLE2BEOSEL Lz, COBRFIGTHEI. & LRBIZH S 8M
DEFLFEIARDPOEBETHLHIREOHBNTEZLIICHART I ENEF LU,
T, BEDHKERLFEMEOEVLONFIASRVWVBEAEEZILLENH S,
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COFTHREKIMEDENLOZFIIANDZONE L b, HPLC S#ESMTICHB LT+
Z7NVDREELD P TVWOTCHEI SR> TV I 8Lk,

BT, F9ERGEZIT. COHEIBELTHY Y —N— e +3IiEHRT S
EIHEBGHDZ, CORDIZIE, HODPULOELOERGFBREERLTE S LELS
Bo RiZ, AV E—N— P L PERRFEEORE - BBORAL TR o=, O, b
KRS RITNIE, TEZFITHE - BE - BERITF CEDTBVEIEINAL—Z
CEBHVEDOLNZ B2, Tho BT L TEEOMA YT, BE. RESETR
Do KEBIEILT LM AZKRETHRVW LI, ZOROEBATLE >~%E . BEEHD
BRELTHENIDOT, BEBOALFF L AELTHIBELLRTEH, voa
TVEERHBLTBL &L, S0, HPLC O#ACTUAICE, BBOE->TLE- -
YA 70Uy bOEBMLEZOMERYEREIN:, L L, EHEREE IRV
ZERbN3, BEICIEFTT-HEMU L2, LIBEBAZVEAILIIEN
W2 0T, ERFTEIZP R Y ABERTTETIRETH 2,

SRIOHEDO—>TH 2 HPLC 2= PAH OB EIZBE L Tid, EPAB L » JIS i
WELDLATIE, BENIERTHEORWFRL TR0, UTFTOL> ais %k
Dl. TROG, FEHEFAMEH W HPLC 28O HBME (repeatability) DRl
AWz O MBI (reproducibility) SERMEINER, *[E NBS HOIZHEME % A=
HEOMREETRNEEMEOEWFE LTI L LI, ThoOMOEFMEE2AIED
FORRER-RRLD 2L LA COEZHIIFOT E DHEGE. KEEH (Quality
Assurance & Quality Control: QAQC) IZ& 2R oTH . & ICEVWRE»ITTE
WL Tze COEHHEBMPEEETOILI NS, A 20 ¢ 50 d~—2T ERIC O
BEHFI M) -ICEATEIE R,

BREROMFRFRE IV Ea—r—2RA0EED, 02 —POFHAECETIHE D
fTaofe BB, ERICTET v F U byl oAy FOXOREADEDR TS -8,
EHEHTHHEAS Excel REDVZ MO zFPEZHVWRLLNEEBDRZ, . ZOLS
REANICENTE, SEBEITEITN—VF NP2 YOBEEMIM LT B LEZ
ENADT, "—Foz7OHAN - BHFLZNICHEDLIKRBECILHEANS S &Y
FND, FiZ, EEONY I OEBZE LS, IZAOKED S BI2H 2 1F MS-D0S »»
% Windows 3.1, Windows 95, Windows38 & XA L AR O ED-TED. T¢I “BHUEN
DB LR>TLESIZENRTFRINZOT, GEDITILEND D,

AL EHBEOREIZBEIL Tk, MAMCTHELOHME L%, /> I/ MNTER
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IR > =, BRTCI&/5> 3 2 PIICHIER (nonitoring station) %F-Tuval
Lo, OB LI GoTY 7 L VBHOBRPEBROMEREZ BV L.
D, FEEITCTHOERBIZY L7V I TELZETRNTS | 7AULEDD> S, W
BEHEDFDROBEPIEINTIY L 7)) U DPRBERABAIE. COZLEEHE
CANBZ ENEIFhs, F/=. PCD (Pollution Control Department) O@EIERFDEEHL
FONBAIZE SIS » LD, 2-3rBRIKRB LTI LHBELRE LT
Hbo

TR O® TRNCIE. BEEH2VWERXOEBEZAT OWTHAZT Rz HK
OEBICEL TIFRRZD» T TU > < hIG Lz o 7205 JREHIMM 2 y Bt
T AREIELHEL. BEWRKEENMTONEI o, LI L, FEROERIC OiE#I 2%
A7BE. EERAEHTH DI I LITRER RV,

4. 7R, BRACRE

ERTC OhY v ¥ —i— MidHRAFEEREONBER S, HECHELTL +0REN
ERH->TWA0T, RFBEEFOL OB TRIZLALHOMEL R IThbhl. £,
FMBER T#, ERIC TREZ L0V TABEREEAVWTAENTE D, FoRPR
DEMokbDLEEIND, HERPHNBESRIHTIREL. LTOEDTH S,

(MF¥., RICHEICK, BFBEOAROEELZRIULDENDRT V1 —VIZWEEE
T, BEEMRBCEIRVBI I EDSRVOT, FORTERNLETH S, L
ML, ALy —ri— h iz, BAOBEEUICHELEEEMTII L EHT OB
BRVWESROTHIZALOFEABETH S, £, THEOREE HITF 2R T
flicghQRVoT, THEORRILZZATHELPHER. A0y — - bMIKETD
(presentation) T LALEXEbLO L, HIZO&IF. BOLEHTELOHBAL
Yo TRBRBREARDTHE IIBITF 3,

(2) “HAiBE” IS L TiE, BT BT 2BET 20T, BIESRCHT 3y
ITTHRBLEL NS, FICHRHEOLES LUCMEDIRD L HMKIET
BIEERL, ZOLEDOBME IR TEL I LHEEND, X510, PIAEHH
HARIcBALTE I, WIRERBR D, EPA & JIS ik Y OBEOHHEERE T2 2 LR
., ZOMBORBCIH > EEEHOBOANEEBETZI L, TOERNE2AME
TRMNTHILHNTEDRLSTEILAEELEDN D, SHOHBHBEICE LTS,

[l
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FAEETILABRVE WS, Yo 76 PAHPHERSH ZVIMERICERLTL
30TV EVWSBALEHD, SEBOBRFAEBEE LTER-TLES R,

(B ICE LTI, BENICBAZINELOTHD, BlIZA I —T7 2—20%5 (57—
FIBREE) T, 5L TH “HADKR 28AI3 Lo TLES. 2F
XEOF - MBREOHEHEER > T D TRHETELM ERICORY v 7 HE A
RECEEEEZ, HLNA LI =T z—2 (BERAEK) 2RTLES LEEEIBLT
R5DT, +ABBLTELAMRVWEEDNRS,

(OIPLC 2 REALTWR L ZDS3EEADDPRDIEL RS TL 2. ChidFIcT7L H5
ADTVL 7 AN —IZHRBOL I RIOVEE L LIRET S, Ok EIIMeE
LREICENTHZI D, TREENTLES LI TH D, TODEIRIELBFFI=V Y
VICHADZREZILRODG LhR,

(5)ERTC M5, RlZHEit (scientific journal) TS T 2H IO TL 2 & 5 B h
ZEEREZATVARINEIROBRVTHS S5, LIL. 20BE. THL5TLEBNT
LE27=DTid, ERICHICIRXEIZND . LD ERTC 2% w72 FTHT ¥ ich 6T,
ERTC I £HE PV LS L §2 LIGED P TETRANTIT 2 L, Bl EhRWLE
NEZAHTL S, FOREEB L THUEROBEIIA>TWL DDBSHOBETH D,
COEFE, 70V b LT, BHOERLLPBERESR, T4+ —T77 ) —¥—-RE¥E
AWREMOTE, 8V A VDARRE, Fv b T—2~DBMOREREN— KETDL
HNLMER. BIFERECHET 2 AROTH LRV 7 FRATOMESEVANDE
AZHENDZI LS,

5. BEROEH & TOMOEORE & DR

KEl EPA @ Method To-13 Cld. A&FHEM LA SD PAHOMHIZ Y v 2 2L —HiH%
BWTHED, JofMtEs KD BREECERBL. REMEICL->Tr27Y—-27uv7LT
o HPLCIC X B DB EITR>T WD LI L. TOHEIKRD IS LICHERICTE
Marhrb, HROBEEEILPTVWFETH 2, SHERBEL-DIRIhSDRA
FRRLABER AT, MUSROPEREIZLEBNRTED, F50W kT Y 1 filic
JZITAhS T Bbhd,

Tz, KRt PAH OFIEiciE GC/MS REB AW Sh, (LAY EHOREN S
EABL GC/MS EHW=FEISENTWD, LEPLEBEMENEYD, D—FR)a—LT Y
F=t 7Y 753 —2@fAY 772 AWTHE L EAKTER CA SO PAH OB

—115—



FLWSHNEEFZL S L, PLCEICRIEIRWEEZOND, /=, ERTC OB BIFEICHIT
S5 TW5, BEOEN, KPHPLEHEDOPAHOREICIGHTLZ L E2E XL TH., HPLC &%
HEhATWLEEZILND,

6. WEE#IZBY 3 MR AMRNER %

1) H.Matsushita, Y. Takahashi, S. Azuma, H. Hiroi and T. Amagai: Development of highly
sensitive automatic analysis for polynuclear arcmatic hydrocarbons in airborne
particulates and its application to the survey of indoor pollution. Indoor Air
Quality in Asia {G. B. Leslie, K. J. Leslie, J. Huang, Y. Qin), pp236-243, Indoor
Air International, International Association for Indoor Air Quality, Rothenfluh
Switzerland (1994).

2) Lloyd R. Snyder, Joseph L. Glajch and Joseph J. Kirkland: Practical HPLC Method
Development. John Wiley & Sons, Inc, 1988. (R& : E@FEmEIr o b r>74—0
EHEE, BB, mABR. EFR{bPRA: )

3) US EPA Method To-13, “The determination of Benzo[a]pyrene (BaP)} and other
polynuclear aromatic hydrocarbons (PAH s) in ambient air using gas chromatographic

(GC) and high performance liquid chromatographic (HPLC) analysis”™. 1388.
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Procedure for measurement of ambient NO, concentration
by the Saltzman’s method

Principle

This method is originally developed by B.E. Saltzman (1954, Anal. Chem., 36, 610)
and modified several times, especially about conversion ratio of NO, gas to nitrite ion. Now
conversion ratio (Salzman Factor) is experimentally determined as 0.84, Namely, 1 mol
NO, produces 0.84 mol NO, ion in a Saltzman solution. The absorbing solution includes
sulfza.nilic acid (p-amino benzenesulfonic acid) and N-(1-naphtyl) c¢thylenediamine in 5 %
acetic acid solution.

The NG, in a sample air collected in a Saltzman solution reacts with sulfanilic acid and
produces diazonium compound (diazotarion reaction).

——3> HO,S {_¥NH,+ NO;, ——HO,S ¢ _¥N=NC] Diazotation
e Reaction
Sulfanific acid Benzensulfonic acid
diazonuim salt

Followed the above reaction, the compound reacts with N-(1-naphtyl)ethylenediamine
(NEDA) and produces an azo dye which is stable red color (coupling reaction). This colored
solution is measured by spectrophotometry.

- CH, - CH, - NH,
HO,S—Q-—N=N*+CI;’

NEDA
Coupling
NH - CH, - CH, - NH, Reaction
—
N=N—_»SO,H
Azo compound
Reagent

1. Absorbing solution {durable 3 months)

Sulfanilic acid (SA) 50g

N-(1-Naphtyl) ethylenediamine dihydrochloride (NEDA) 0.05¢
Acetic Acid 50 ml

Diistilled water 950 ml

SA and NEDA are dissolved completely in 950 ml distilied water using a glass stick, then
add 50 m/ acetic acid. This solution is transferred 1o a I | brown bottle and stored in a fridge.
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2. NO, standard solution (durable 1 day)

Dry NaNO, at 110 <C for three hours, then keep in a silicagel desiccator for one night.
Weigh 0.2; g and dissolved in 1 1 of distilied water (original solution). .
Take 1 ml of original solution in 2 100 ml volumetric flask and fill distilled water until the
line. This final solution (standard solution) 1 ml equivalents to 1.0 pl NO, gas (0 C, 760
mmHg)

NQ, concentration in original solution is calculated as follows.

025 2 x x—Ll - x L -1 x

&g < 2 tooomt ~ 084 107 #m¢
The standard solution must be prepared just before use, however, the original solution can
be stored in a refrigerator for one week.

Analytical Line

Take 1, 2, 3, 4, 5 ml of the standard solution in 20 ml of graduated test tubes each, then, add
9, 8, 7, 6, S m! of absorbing solution and leave 20 minutes at room temperature. Then
transfer to photo-cell tubes for the spectrophotometer and measure the absorbance at wave
length 540 nm.

Each absorbance is ploted on a8 normal scale section paper with the vertical axis for
absorbance and the horizontal for amount of NO,.

In case the points are deviate from the regression line, this work should be repeated.

Procedure for measuring absorbance

A simple type of spectrophotometer is shown in Fig.1.

y VY 1l ’
\_‘ ‘o,
ABSORBANCE
c[] 0O
O O
A B

Fig.1. A simple type of Spectrophotometer

Turn the dial B clockwise to power on state

Turn the dial I> and adjust wave length at 540 nm.

Tumn the dial A and adjust indicator to ¢ then open lid C and insert a blank tube with
absorbing solution and adjust the indicator to O using dial B. Repeat above procedure several
times and contirm the stability. Measure the absorbance of sample solutions. (Notice:
Absorbance are written in red figures).
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Procedure of sampling

Ten mf of absorbing solution is taken in an absorbing tube (brown color) and connect with
an empty impinger and a handy air sampler as shown in Fig.2.
Push the poewr switch A and adjust the flow rate 0.3 £/min by the regulator B.

'.
]
]
]
]
1
]
]
1
1
v
o 0
< O
i
5 C
] Saltzman’s
P Solution
H Max. SOpum
0 e | | Glass Filter
B A
Handy Air Sampler Misttrap  NO, absorbing tube

A . Power switch
B : Fow rate regulator
C : Power lamp

Fig.2. Schematic diagram of the apparatus for measuring NO, by Saltzman’s method

Calculation
CNo-, (ppm) = TAS X ‘1,—

Cyo, (PPm) : NO, concentration (ppm)

A :  Absorbance of a sample in 10 m¢ solution

As :  Absorbance of standard solution contains 1 uf (NTP) of NO, in 10 m¢ of
solution (nearly 0.19)

v : Volume of sampled gas (1, 0 °C, 1 amm)
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X. PETESL-EEEER

W1994.2~1994.3, PE, APKHRER2E - ¥—, EHRE
R EE

1LiXL&IC

1994 F 2~3 AIC FHERFIRE L & —ICRHEMNE & U TIRE I NEEB NG (4
Be) BT HfhEE L PELLOBEGEEEL S L L (27 eV NIZBTR 14—
OHAEWET o, T2, 194 FX THEM L AR HRERZMER BV THE, 4
1. A RS TEPSOMBEZANBIEEB Y LE. ChoOFREELTHE,
BT L EA~DHEMEERICE L TR NW i SE2lRRTH AN,

2. pETOER
21 BB EORE

P HERYREERE L Y — (LLTFE7—) B 1994 4F 2~3 HiZ 14 GRAEH L.
YO 1 EMEE LY —ICHAREND FEOREHAGBIIBNTAIHERICHET S
BIERESEETL. WRIE To 7OV ET 24 34— 2RFdTH-

FUGE R, FEDHEOEN, SEEHORFZNEAEOER. SEORERRAT —-
HZOHER - BIrE, RESEQCHET 2 RESTOHNNE & -2 >Tnw5, HE
ATz, JICA £ OECC %8 L THBRAWELED, ho vy —5i—  OH, BLsREOE
HEIDNWTL, E 9 -—RENTHADP S HFABBIRBINTWEETTHIZ LS
ﬁﬁﬁﬁt%:t%#6\+%ﬁ%ﬁu%6nﬁ#oto¢@ﬂ\ﬁ%ﬁi@@t#fﬁ
BREZRRCS D, IRETEETLI22L@PRVWIEEMNTWEDT, HETHERL
P RKIER LR, RAERRROHRB L BR. RABEET =) L TORREER X >
4k (58%) . OHP (1004) %%f Ui, AGEEEEE Oz, HAOBENEDS
PRI DWW TEFAERRE 2TV, FFNRESIC O OWTEBYE LB HTT 2 A%
Eolz. Y., KIBEFROAYEFES ENSMU THH, RdH o ERULE, EEYWED
HALUFEZH T, EAK 20 EHFHELE,

YRR, 2EOREE. KEPSBERESEDZL LIV —FHO To7 D/ VE RS
ORFBEHZHEU L, B0 ZEHE L. 2HBICOE-> TRt Clfgan s, FEA
CREEORFHEEIIRNT, TEHEHOM TRMEEFLE LEERRR, KA RAE
NERINS, DIPEOZORDE/ITHART, OB ENZ L F0ATIIAENEE
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RBUF. BIHKKIE, B -—DRIY YT EHIIERBELRDS, L5 —~OHIFRPEE
ZEVWE, 2. HWEBLOBRZME -7 4 DRUBEEZH TV, AHELSED
BROST ERMWIINTI2RVWEEEZH 2 Y, GRERERE L,

2.2 BB EOHED L RE

TEHOHELFIRCMBMLTEY, ABEKOBEL2SOTHHRII IR >TVWEA
PBE, LAL, HEOBMIE+ITIERVWILHOEEFRVBTELTEL., BEXE
DEAL 3 2RBOHAMHE LY EFEOHMN LHXFEDLS>TH 2. kKMEESDH-DIPEHORA
BTOBREHDOFFERELEZT LD, FREFENS,

BENR—#E LT, FETCOREHORKGERE=F ) L TORERP S, HRL ANV
ZFHI T 2B ORBUDFEL ko, DHPHOBRIZOWTIXZ—RORRILE> T
30, FEORROSE £33 1960 FROEFIIOVWTE CIHBEL TR, ZOME
X DRETH LS TH LORET, BRECHHBNER L EBHBEKROATROAEL R
ERENUESRRAOFIET P2 L3 VWA R0, DAEOXI[FROEEHBIKED T
ZH VT 1960 HERO—BELIRRICHE 2, FREGRI. REORIZERDEZVWE
BUERIDEICHEREREBE Lz, 2OKBE. BEZN DR Fh2hotigoBL RO
KR BHO ENLRWBRAGERSE S MAREIREICR -, Thbn, DAEOKR
P5. RN GARGSRNRLEORBENEZGL2HDO0E=F ) L 7DHE D FIZ2NT,
WREBOH R E2ETTEREZZB L. RERBECEN XM LE, DEHORTRE=
) VORETHEH,. BREBHATHII DLW TOBEEHRII>LWTER M EhE, |’
EHPHBERHOKRIETH 2MNRETIE., HEPHEINIRAI BV LTI2RMETH
o KImOBBHBMEREF T, OXTIRE LIV EOEBABERENTHDS I B,
FRECHEIPEENICHASNIBEETH H., EifiH0 SR E RS ERIN X
BEAEREBRIIR -T2 LA BRI N2FTCHELRERE2RZRB L,

EEDENDOMFD S X T, RIENRIILBERIENOAER NI I THIMIHBL
Fzo BEMIRMRBREMNEROFAIZIONT, AEBOEEDEE. T4 )78
THUBEMD R EBEEOEMER/FS L. FHAAERS S FTRLRVLFHHE L. @5
MEHFOHERBHLUEFL{OL L OBB L. HNIIE UEEREFEAAEZ FIZOWTER
BRI,

DHYHDOKRFRTEALZBBLNT, REEFELEBLTHOINEHROERFIZIONT
DHBEHETEL T =D, RENEOEF 2 HHIBELTWRLEIWARWEALREZTS
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Nize WDTZ A FITEELRMS, iR LEBELH > 1.

BEPHLLEOR, BEOHAD L H — - MINTIEHOHTBE IR, AR
HREROERIINT 28D TH-> =0, BBELBLTHELN-RENZBEIL, HN
DEIZG LLDEFHELRETH TR, @LOHHREL » OINEORRICE S
RIFFE R & A N O (i) HHRHLBbN 2, HEITEFNCZIERELTSH
2T, AMOR[/TEREETH 2. L LAMPREICE L TE 50 KEDHOHEE
ZIROTHEE R BETZS ) L7220 T O REMEOHGDREBORBM L &
% { DREHE-TW D,

ODEFEE, BENZOPEPCEOILEFATER, KWEEILAD L, BHIFR
TREFLIEANIREE LIS D2ETH 2 L WHEKRMTIMIIZ->T, DHEOER
2RI LI BARBEF—IBORRE LTSN BB L E I TW 5, bEIZHEIZBELT,
R O AT, EFOE P HRMMAS BERO LT BRTT A, BEMARCHM S
DEELEFOTHE IO TS, TNZNE—EORREHETF T2, BHLWOM
BRIV A RVODERTEA»S 5, REFHEEEN > T, LhHROZE
HOBRETS e FEEI S,

. HBEZANOERMS

HRE T, JICA DI B TAHE TP SHEFEEZITANTN S, Y+ AL T b
5 1FH, FAEPHEPLSE22~3 7 B, BROAKERHYEEZTANE, 22
T, AROEBEIZZ > THED SOHEEE DV TORBICMN THEV, BHEIZL S
EIBHEIMW. YA RAITREOHET Y THED S OMELICE~T, HEODOH
BT LR ADE L, FIZEERIZOVWTY, FUEDRBEWSRUTERICEY
T3, HEP S 7OARIE. 5EohETr—v-0&HTC—ROBMALT 20, ABL
FEo RV, ThiZH LT, TED S OFELIMAERICSR L EATIIONTIL.
NEMTHRIA T 2, CoMEE, #ROMEEIZ>VLWTHEBLTWS, ZhiE, &
EHOKEZEL LE TS AVBOBEINEALTHEI L BRER>TWE LI TH S, B
WHRERONGIE, RELZAVF 27 LAOREIEANIILETH 20, BREMNIZIIRE
ik AREBEHEALBREE RS, L, Rt COHNBROBIZE B L TWHWEETHS
Do REHMTH., HUEBMEEIIBREINEZHND 2D, BERAWEHELEDZEIC
ENEHDTH B, HEHEHEEIZY:>TE. REBOEENDPLER LIIFE/HE
ROD RENICEIHFICEHEIAZTNEI SRR TER L,
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FAN, REEHBRATORBRE LB LT 2B ERORENL . HRARORKSKMN
MR, ERETCH 2 EBRTREEREY - b T2 U BE2ERINTED, &0
R E S o EAREFSNRVEBEES N, BANICE. YAF ARNZRERICEEN
T ADRBERF > TRBICHE LTS, REREEME L LTIRES TV 5 BHEER
i, BHEROBROLRWI L H > T BATEEINEZLLIEEHPOREATE
THEEREL T HMEADS 5 <. BHTGBICTHA 2 AW, OXOMBLD iSO
ABZIANLNGNWIT A ZIm-> T, DPEOBIREZEVICBETE 2 @WA E 0,
JICATHEHOIHMEETOREDEHIIZIREERT 20 HA4RIEE2ZCFBRESEC
HLUTIIEHBEORAZ{TNERZILE L LI, BaiiBEoRERE -BO% %Y
FFL0,
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XI. PEORRREERSORR

Wi1993.9, TE, BHYKFREESY . #— SHIRSE
WE

1.IZ &I

PEZWVWERBRE LVWEECRBERBERT TV DM, o TEERSARMOR AN
EITHoE I, PEHL EERZ2BEGRIIMESATVWD, ADEMEITE D
ERIIE) TAAF-HEOWMIE T ETREFROFEELHASETND,

Flo, BRMERRIZIRZI 2B L 2> T 0. M4, BME. KRYE, LEHBE%ETIL.
FICBRIEHOBNCRETR R, EHMPSBEOREYOERSE. BYERIC L 5 RHHH
REEVBEMLLTETNWS,

BEMROTERFER, ARCHMEOILLBRE ORI L Y AT 5 S0x - Nox THY |
SHETETHERT L EEREOBREF RIS LT, ZhbOBERERSE S %
T AHEEHEERPFOTRY, PETHREE LTV S,

Fo, PEHIHARRKOAREEREITHY . AEANTHRMESREEALTBY.
B LI TN O RS HEETWS, UL, PETH., BREEECESE
B OYEEIREERE 2T L, Sox OFREIEI 2B Z &1, =2 ORI R CHERETRD
ErLHETHY . MHEM, BEME, FEMCEATBMBREROBENEZ SR TV 5,

2. fED T RNX—FEF

FTUANPEOAREER L —RTRAFIZHDEHROEE RV S0, FE B o
FlERLIZLOTHD, BRERBIFETHREREIIFAEML, £hiZ2R T, S0,
HFHELHEMLTWS, £/, FEE-RIRNF-IIHDL D HROKFENBDOTKRE
L1999 ETHH 8% E DTV D, WK, TxL¥ -z k& 2B kiIH Y
ZRWIEEREZEETNIE, AROBBEIET I IHNL, FRIZB-T SO, FHEL A
SN A Z L AFHRENS,

£11.2 RT LI, PROBRIIMESOCEFENBVLONEL, ZoRiTA > F
LT AV REIROVIZERD, BIZE2TLHL RIS, Wil - &M - EF « R
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MESEOEENORRIIFES B THETH 3% L IETE . Th b OHIRIIRIE TS
FORAM TR TLH D,

i, FETIIEBK - BREOESI o Y -k (85, 000kcal /kg EAT) L#REHE LTHEA
SNTW., 20k, BROEBENE . POFAREROERICL-T, FEI
BAAKRBEREE LTS,

® 11,1 PEORMREER - —RI RN HHIEHORS - 0, LROFEENE

BEER | R -ILEHS | 0.5 E
(10*t) | BROAE (%) (')
1985 | 8.72 72.8 1325
1990 | [0.80 74.2 1494
1990 | 10.84 4.1 1622
1992 1 1t 14 4.3 1685
1993 | 11.51 6.8 1795
1994} 12.40 i1 1825

B 2hEEAMENTRERS

o ® o= (%
L db | 076 |16 # 8 |107
2 K )| 0.8 |17 #& dbil.00
3 k| 097 |18 # w5088
4t A 099 |19 /& M09
5 MEL | 1.45 |20 JL G| 2.22
6 & #|| 075 |21 319
T F % 0.58 {22 # Hl]|295
8 RBHE/ | 0.63 [23 T B |3.09
8 bk iy 104 |24 P REE!L0O
10 7 &k | L.80 |25 M g |272
bLo&F | L09 (26 H #1098
(2 %= @ L03 |27 %% #5[0.70
13 # | 1.26 |28 # II)1.95
4 @ & L33 |29 §F %] 1.00
Iy b ) L97
T H £ H F B 1. 35
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. PEOKMBFRRR

FEREMBROENMIME D KRB RE LTI, BIEICL > TEET 51TV LA, SOx, NOx A3
FOERLDTH Y, HIZS0x & Nox IIEMFROREHHE L LTHETHS,

FEO SO, AEHFHEIIR 111V ISTFT L D12 1994 AT 1825 F t /FE L HEE S, A RS
ECE o TAET D SO, HEHEIIREFH B DK 0% 2 E 5, FEORKIZANE L LI
FiRaBE<, Lt I —HoBREFRERE. HERREEFEEORBTHD Z L2
5, XE 88 FiMiizis it B S0, DE T 0. 086mg/n’ T. “ABRETENEE 0. 02ng/m’ i
HMZEBATND,

NOX (22T, PENIAAL RV, BERAROFEERIME . (3L A ERRBBEI
EFBLOT, ZOREFERIT 450~T00 Bt /FELHEE SN TV D,

IR S0x - NOx AAREFIZAIE &4, ERERMACTR D A EN TEEMM & 22 - THE
FIZBETT L, PE2LO 77T BHOFELERNGD CLAE, £0 O L B1% DT
MRNHRELTWD, 2 B UV IRT XY CREETRUERBT CiE. BAKD pH £F
BIEDS 4. 1~4. 3 THHo8, Fk - BIEY - ULR - BRYICHEBL 52T D, £,
B RIERII BT DAOHEIZE <, pH OR/MED 4 AT ORI T ~TRILLIA
WD, BMRIIESFLAFILY pHEICR22FTL H D, TORBII T~ THRAT
HELEEME VRIS D, BRI L 2EEEERUTRBICEOMBENSREITET
WD LOEBEEENTWE,

B PEOLBERK pH EFHSHE (1992)
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4 FEOKXARBELEFOKER

FECBWTIE., BADL S LUYEERAER, BIRNGEIZ LD NO A i D Rk gk
BRBEEBOZBII L —HORERZREFECRETHY ., ELAREF —M&RES
RTWAIZBERW,

WECETABEERE LY 2T, ETHERERERITSEL & THY, TOHK
MTEBET REICER SRS D L AEE TS,

AAROYEEM I S E OB 5 2 & OfBEA,

a. A RO TENV,
b. PETIIR h—AARA ZHED/NHEOREEERESHZ BB L TV, ZALICHER

RIOPEER ML U E2u,

c. iR E MR EE T HHMT LMo TRy,
HThHAH, ILOBBRIGL, UTFTOHARARLN TS,
a. 7 A bR

BHiEE 80%RE & U, AARSBIRMEEC X b 1/3~1/52HELT 2,
b. /PR E ~ D HE

ATED W/ hEBEFTONHBER~ICTE 8B THLZ L,

c. R, BHOBEE 2R A

U EDESHL, e FRAOPERGTAEHARREEN, $Rah52H 5, BHE
EXET, TRALF—REMRICRVBATHIRABELEICR L, BNXEOET TR
WEF—REHTEAFIA LT, MEVIGH, REWH. FERS. TFAVEESCLY, B
RELEOZRAF—REMBICOSTSEMBHOXERZIT) 7Y —rx o FitiE) #
1992 FEDLEBL TV D,

®IL3E, YA FRHEIC LS APEREEREH IO D 5, REEOH S 7o
Yl hERLELOTHES,

S E R E T & LT
a B OR LR B SRR (- TPy b)) L9 BEoO

HFIIBTDHLD
b. 4P PIAR B A T RE 722 i B R AR B IR
c. 8 B RIHEE R B4 7
D3 OOEICKEIEND,
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WFNROSFRGIRIEIL 60~80% & 2R0{EW 0, Yot A0S, ZED o8
7 Me, BRERMPT =0 V32X FOKERERBENSK SR TEY ., T/-BEHOBRBREW
REHIOAFEFILE L HIFBESHBIEANL TV A,

B35 — VT FREICL SPERACMBEEEGEOBE

1. 2 | ]
a) B:
8y =L U —— R
C) BAMEEAFS Fromis
CEAEW (RIBET) ONAA7 5
, R EEFLESEBERSE
d) BEEBECWMER
-8 # UREZERENS] SEIRIFH
bk ) peatedod i
2) BRAHEHE LS
- PHI URSEMERREATRE
T AARF =T 45 Q=
U ERELHSREET
b) ASRBRBE TS
. - ZRMER ERTRUARERTN T
3. NENGBERIHEWN
a) RKARTUHRA S ARERTES
CZBRETEDZITU— N34T
LREESTEEREFR4 S22 ,
- BNMUERR/ N7, BB BETRE - TR |
UREKETAEE-2TH 1250
D) BEENRASHGEERFER
CZEELE WRAHEA TR
MBI E T LRI RSAEFEEIEATAT

i CTREEIRSE ONINETEFLEIE

[RV]

5. MRNLTHRBEEN —BRRNZERI G -REBRICLIBEERROBE

5.1 HifE

FECEESTFETDA IR A 5 TREFOHFEIZLD S0, OHEHES LD TH
BTHY, BmAEZERE ST AmERICEDBBBNE a2 FENCEETHD, X
BWIIRETRE -BERL LTHER SO Z8BE O SO, 0HREH & LT LEATIETH 5,
TY—rxA FHEOFTH, MW CADREN DR BRED 60~80% & &V IR
WERMEIRERITICRET 252 EH TV S,

IRBEASAF = LT, RRICAM, ST R EOBHHE (15~30%) LRmRTP
ORMEDIC U BOMMA (EREKZE) 25EmM BAL, 8EHEN (1 ~3t/en?) T
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R LI B CH 5, B 112100 A 32— A OBET m— s 2 RT, BEF O R
h—hE A T ROBFEN & LT EOERSBRENS,

f 5 B W E B i 4
B - | & - e
| I

ETE
=153

i
NAFAI—=N

Bunz2aAq4a— 1 REOEFETOA—-L—}

5.2/ AN

PETIIEE O/NBBEA N -AIRA TNEEECBEH LTS, ZLEDR h—HK
A ZERER, SORBERCIFENRRS AJRERERMEIE R A 7 ~ L nlE. 28l
BO 6% 5HTVHLVWDRIERRBREERILO SO, SFHBIINRVIERTED &
Bbhd, L2L, BBTOX AR A 72 BRI[BEBBEA F~LUEBERTEDLD
FTIERY, ZOBBTOR M- ARA TS SO EMAE L LTI, MBS
HREROEAPEDTEH S, £, KEMIFEABE L O SO, EHBECERIZLF
ET& 5,

5.38AHFZ

FETEBTOR b—TFA F 2K L L, BEAEZER S W RBRIC L D BN
B 5 EAMEMREEZ TE - RAEKRF LKA TER Lic, AR T, BHHT 7 2HR
THTEBTOA M—IFRA T (EIEER 2t/h) 2HERA L. S XEEREL T 74
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[EIT. RRBIRIC L B A RE RIS & Tl 8 FHIfT o 72,

FRATOEREZE 1.3 (L7, BREESEA X DREIZ W T, SO, - NO, - CO & Ut 0,
BRELFLT7ATHAILE, TR L OHEIBRUEEN A SIIERANIETAL K RIZ %
L7z, BEEFOFERESICPECIRMMEET 2O THEBRLETSHS, . o
HWRTEANRCUPRAZL ok, IboEBIIBBETITo> 2 el tad, EEr
MARIIESTERLTLL S LERE LT,

FERTEIRKZLVZEL, ZALOBRE T AREIZHELTWB TPy, K
FORERBLOMEEEOBES L L<M-> T, ZhoO¥BENRE L E XD, /|
SREEIENETTED, INLOMEEI VL ¥ —/3— MI+RIBEBLTL S S5FF
EEPLBETHD L ERVICR U, £, WA EIRRRBRA ORI RIZ OV TIT,
B AT IRERNTIO P2 RRTRIEL, KEEZEB L TEBTHY T A8RT
RS LT,

ENABRBEEEREIRBEARERORERE

DeEED£FHE R/ 0.879% (@Hh~N—2X)
AERERBR 5 1580kcal “kg (&~ — )

DG E T8t %
> i’ &
AT a4 22wt %

N A2 Fo 7Y ALEEY—-+ERES

D RIKGNR Car 5 = 2
4IER T
it [E % iE 175kg cm’
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5.4 k. RME-RHE

(MEHFARERE

BAM—=ARA ZTHEBLTWDAKITEHK L KERORK T, £OREIL0.74%
Thot, PECHEMFCHEA L TV ARKROMBEIIN - ENEZOETE I LS
LIEL . Z0BEE SO, BB LE L 2V,

B 11.4 3 S0, DRERR AR LA LOT, FRIZHAE. SRIAROITEDN LR
PEAATD 0, BELLHE LR SO, DERETH Y, BEIXTT-HL TS, R
E L NOx, CO. O, DRIEREREZBR 1.5 (277,

AEELE L TV AIHE. KR M—HRA T 0P S5 SO, BETLA 600ppm, NO B
138 180ppm THo7m, T, 794 T v a2 RPR FAT v Va2 ORBREN L, BRA
FBITAAROBRBERIIBWBRETHL Z & lbhol,

1000 | | 'SO? emlssmn1
1USUAL WORK ! -

S00F . § -
E*GOO ‘ ‘ -
S
© 400 .

200 ‘Experhnentaldaul A

Theoretical data )
O 1 \ 1
0 1200 - 2400 3600 4800
Time [s]

11.4 SO, BHBREATEER
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1000 . — —————— 25
~ |/ wNox| ¢ 1
S 800 | co L {20
S | I B T
600 } | ‘ 1 s @
= P A A )
£ 400 ﬁ A ol
N A T 2 N M
2000 v on \ Ao s
O L 1 1 ()
0 1200 2400 3600 4800
Time [s]
B11.5 No,C0,0, BEHME AR R
(2) BRI BESEELUR

it R X B R OBBEIC B2 SO, HEHGERE (0,6 %MEH) 2K 1.6 125
Yo BEROAEMITL S & LHRFEIL0.53%THb. 0 S0, il (0,6 %ImEHE) T
o20ppm £ 7%, B 11.6 L h EFIRBICHITS SO, HEHEBEIZH 140ppn £ R BDT, F0
WL T3% LR oo RBRERERH L2BE. REOORMREY L L. & AV E
N, FLEMGREORERIF Lo/, £/, NOBHHEEZR 1.7 IZRTH, ZhidE
FAKRETH7 180ppn TH H . ERORRMEL ZR T d o,

BEREMTOI P —hFRA Z BT IRBAEZHBS SRR EER T2 2 LI 0 70%
DOBRREDVEON, BERRELRGH T I LD TEAILEER L, =L, BEIC
K DK OHMIATEEOERERBET 2B B 20T H+AEERRERO WL, T
nid. BRETEDEE L,

KEGHRDOERIZE L TiE, BEEAD G FoX—Ths L b3, BEODEORE
BTV rur v -2 —2) CREEEANSEL, BERKEERERET 2 L
TERVWOT, OARORFEMOERBENLELRSS, £/, Ih6ESEIZ L
ER RO EIIGELB LRSS,

MME (N X)) iZo0W T BHOBARUEI A TEZ2EHRTAEIHAZLD
ROFHADEZ N, BESIDRWERbNE,
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L, BAM—IFA SCERERETREED 2 LF, 2 MELLFFNIIRD D
T, B ER L TRERNETH 2ERHHy RSS2 HATRMT 275
BREELRD I,

600 T 1 1 71 T 17 17T T 11 1 LI B S | Tr T LI B B | LB LI A o
E . S02 conc. wilhout absorbent {520 ppm)
5700 [ S—— s . I S IS TN VO —]
§ [ —0—S02 ppm (02=6%) | ]
i 400 I oty SO U DO ]

300 Lo i | e S I

SO,, ppm {0,

200 i

100

Oulll b U N N S N ) I S N N N [ U U U S S T | i1 1 Lt 1 L
0 10 20 30 40 50 60 70 80

Time , min
N.6 kRO SLBEERENECESR

- 400

350 [ —0— NO ppm (02=6%) |

T 300¢f .
© - ]
o 250 F ]
o - ;
E 200 SN :
e - """F&X ) ppm ]
- 1 P X . ]
o F LCDG%) :
Z - .
100 .

50 :

0 :l 4 1t I | 11 r 1 1 1 1 ] . 1 1 1 1 11 Lt i1 [ | . [:

(=
—
(=]

20 30 40 50 60 70

[se]
o

Time , min
1.7 EERRREEON FEHBREMESR
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5.5 AXOEH & PEOEFHDIER

Zr—NHL B8, BRACIEGIOLORIEDR L, SOMEE LTIZERFAESDL
BOFBAP. —FHERNRERESEA LTV AIOEER W, BIFOMEAE LTI, BEs
DIFFITDRNA » FASTROMEH CHERME 2 V7 — LT3, '

Hidh &l & U & B 7= IR O REHMIC DWW T, HATIRALIEE v T 2R I8 H B %
LTS & 3 — VGG BRENR DO TH D, ZORMIL. 2~3t/c0' OSFEHAT
BRETEILTHD. PETHERICHEREREB T 2MIE SN LD, ZOREE N
<. B LIEIBRAERE L TR,

REERBEEOFAS L oI, MEICBNWTHABHMORAIC RSB EZRLTH
D, BERHELGICEFERARA P—HAFA 12BN TH, ZAEHIZSE,. ZRELTWHLHOD
R EC T g

5.6 LUEHWIZAY 3 RRARABER K

()BER

D" AEHOARGREPIENE” TEEE, BESAEE /BR. BEhrIgaFEs
(1997)

2)” fRR FEEBRERER () —X) | BEEHE Vol.31 No. 5~ Vol.32 No. 3

(1995 - 1996)
NAWMEE, ” NAZF TNy b EEEG ST BRI XNV F ¢, Yol.74 No. 2
(1995)

AYuE TRARBM ~ BAROERUKENSI AT IER-ET 25433 —-)
BOGERART OIS AT K LR 2R 5 3 (1990)
fledtifgE i T RAKBS. HRPS

5)” hEMEHROMMHRRAAVHEOEHERHO DR SN EILEFHICHET 2HE”
(1) EIBFEB(1996)

(2)X%¥ - TR

DRFERZ LEELE S 27 L LER EHIER #HE
DIEEREE TEHER REMEZ B
DE[ARFLEREYLE T 2R THNZ B#E

HBBEMRIERFIID Y - 128 HREE—EE BB
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1 yNed hERoE Bt

6)AbiEad 7 T KRB &
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TEL:0282-27-3202
)=V w22 (¥k) AR AERITEI4TEH2 R4S

TEL:011-663-4701
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XI. PEIDARESEXEK

W1990.3, WIE, LFRILPREREAT (BLE TR ¥— - RISHITEE) | SRS

M1991.2, hE, bELETHS, CEEERTERER (8 - RUKNER | GURe

W1992. 10, PE, HHEBVHETREE (LF TROBREHMRE |, WAETER (HISLTRS
PEBMAARRATEMRME (EHHY - 430 %— - BEHNRE) | PELESEELRA
7, PEERGRELRAT, PERRBFIRAT (B il¥— - REHNER) SHRE

WI994 4, PIE, BORFREESLL 5 — REBLILENRS) | GERE

BERX

1. [ZC®HIZ

HFRPTREZRLBFECLEE LW VTOEEOCF T, HRAoAO, Hi12H83 5%
B, BHEHBORIEM SO PRT VTG BLELBEMX, -S> Y@t sEE
FRD O LR & I T 0 iEHURIZ T 5 IR B R i, EEENVEFIT A0S 2 MR ik
DILKEEHE DTS, L THOEOHE - REOEILIIA 2 DEFEDKEOR L
Bl iz, R - KEOBEFBROLEAEITIZORNEY | SHIIF0BRS— /Gl
DLBbND, T TEIRERBIH > THBSRIT ALY —BOHBMNC LY, BER
CELDALRAR~OFR 4 REBOELORENRLND XSk, =5 ick3
R - I - R REDRFEM 2 X ~OREFLOSHOBMBEE IR B,

11 EABERGZPEOKRKORIE

PEOERGHMORXTERES —DIZR<5 2 L8 Ly, RO - ##iv 55
BEMIZIDIEELIILD, TEAE - A OAFRRICEAIRIBE~ORERS B,
FLTINOLDORIZBEGRO FELBERL, PESEELLT RAX—FELTHERL
TEIRAROBIEIA 2B OB CA, ZBEREOEINIE T 20BOBRIC L2 ERT
b, AOABEOBHWEHRHEN TRVWIHEOSA, BERODEDEOEREDOE R
PORIDERFLAEBTHENERTR LN, - I HEOBTOBREMNEOEHITIA
ENDZHbO0, —ARFE-THEOHVAFHILEBRBOENIZ LY . 1PV CALHE
LEBZ L DTERPBALRHRCEBL S 2TV ARRTH S,

WETRL L. AOMROHEE T, FHICLYAROERBRSOBR LA S HIEL 5 5 725,
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BB OBMm-CRIEN 2 L OB OFER, SFEROBRIEFHOS V&M -
MRS ETEOBRAREETRYIL, FOMBRTE, REER»LORAICLLR
BHERIZ DR T — VB THAE L K& BRB,

4 SAEAVDERMT—HORE - BBEFRAT, PERZ0OL I BRRTESL LOERHR
ELBLTHDIN, IOLERREORRORESROSECKINEFENICHD T, £
. BBEOR#T IESEORHEEICETFES 52802, FLTIRALORERK
fEI KK 2 ERIORET., BlLOEENE LW HOBORRKOERZERIIELL . B
B - EEMNRBRTOFERIIRYBLETHD, PEIZL o THAIOKRRFRIKTH D
BUA - “EEMEBEOLEICIMZ, Ee - EFLER2LEHLOHHT A FOER#BEIY.
FRYEC, SHEREDEMATHEINIBEEOHETN R | ZTEBHLRFEDOULEEZEORIED
ExTwd, FLTHEHETORI~DOELRHHEOZWTIE)LOHmE, —&iZ
INEBTHORENE L, FEOBVRIREDFOMIERBORENEFICE-TWD
RIRCI B, P ATEYRIR L 72 B DR OB T 5N F— et HOPROM LR & & i, H
HADEPLEOERVGSRORHENZBRERBELBLTROLNATWVHRIRTSH D,

IERBZELEFEI OO, HEVICLEEROTOROBEET AR EOT D RH IR
L AHBRBE BB ~DEFOLATIIFE THY . FFFEMEORERHBEDEN
WKLo TADBEEOHBRA~DEENELY,

MARIITEMBOAEERV IR AXF—OFEARIRSAEEZER L. KEIZKRWTY
A, BHEmEECITANE Y ORESHROZRE L T 5 LEVWVETH DL, MR
LR L CIRBEHIR A~ D A DPERBREOETIZL D | AROAEEN &L IEBR 1 ORER
BZITUOEBHMOADET, TERMBROEFVED . ELVRIUGROKNEL BN D,
oT, BZARPELEEYY ORLEY AR TR E R ORKIE TOMNM XA T
T2,

—F., WHEEIZRE W TR, KEEL MUFICEEEOAD, TEMINEPL, LE
ApE . iR ATEE CORRBEROBEERN L, e bIEREFRE 20
RV B LWIRIEIZH -7, LT 1960 FRYRFZBE > BFSERRILEWTHL, £0
W T RAX—ERBEOEMNTREA T D REFGYE - NEMEICH L, E - F - FHFIZ
LEAEMBOMRENS BN, TEZHARCEBOLAEVILERBORE. BBICL VARG
DESEREOMBRCHESNTERLBELALON KM PHE L, 72, KPEO0x
FNF—PELE LT, BAPLORHEREEA L, BN TOXEBMBETIZ BT 2 A MK
F I L HEFRBREOBIEITMNE, BT A OEMZEORBELITo7,
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LAL=H T, ZhLlsd b O R MEEA~DEVRE S, SFT L2 —F Ak
HADERERDL LR 5N, HROFMAIIEEZHENLTOL LERS D, ARFAICY
o TRREMBEE SO EHLF AN L RELLETHY . LOA» L LFETOF
ARBEREL, ROMLEIT) L HEERMEO—OTH 5,

2 hEDOKREEFEOHRR
21 PEORRMRALAXAFTREORRLME~OHG

TOTOPT, RROAA, B2 T 2 PEORERBEER., Kx2PB82HRICE
ETZLeny, TOEATRAF—BOEMIHN L CEANRIENERShbE L E
L2, @RS ToRe 2RETEEZ 4T3 2 LB THRERS,

KX KE - Zho 1=K FERDIZ L2 ERBEORENLEAAELOEFRT
#Hh, ANEEOBWETR XM OBEHIR TII. BROEBILEENT T TIIRERS
PRIZIBRVBRBREL ALNB L3 iChoTETV S,
ZOZREOPTARTIBLRL., KESB T A2 X—HDK 3/4 % 5D 2 RIROBEESE N 2
DV CA, TEEEME, EEBEPSCLVREELTVS,

FPEHIZBY 5 AROHBIZEL UL REAOPEOCBRECEBENNLEZ L L 4%
WIS, BECRA L TV DRI 2 KRB R, B2 R L2 VRY —BrEy
T2 THAES, B BRI LI DRTJELOETEEREND., ARRIEHET XD
PR ZIL, ARREOWEL I U S, MEEER - BROUCEY CICF N - BRI &
BREOFERHY . 7. AROTALERCHELEZ L B ORFiL L H 5, PEOE
FTZAONOMRBEORRERD L, FRIF - T RLX— D7 dIZF OB ORPIE
LRI EROEAIZ L Y ROKEE TR L 2T TR 520 0B,
ZRORFEORRIERVUAEH IRBE OB 2 ECIIRELESFLEL L HEOREEY
EEOHEEEAE~ODEMAD RO LN DRIRO R T, ENCARND LOREICENIRZRAD
WMITFRO T CREE~OBMIIMT TEMI LD LTETHE, - Dok TBENEEH
BRICIGITRnEEL 2o TETWDH EELS,
IERREZEDRKZFERORREIUET 2201013, RTIERLAL LS chot
B OBERHMBE O RIT T 2 S MK ES L0, LR CoRMMAE ATy &/
REMHOEADE TR, BROBRICLDMEDR S, FFEHFEE ORI, RKEADT
5. BEY - BEHORMSRRL EERLARY . FORKHLBARONE L HH72x
RPMLBEENZD, TODIZR, ETELOEFRTOERLRENOBE L 2EHOE
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b, FOTICE Y BERREEFORRNRD LRRATR L2V,

Ldm - CoeEEICL Rbohss, HETO—ROBHBIZ. £ESE - - REF L
Wo b RoNic, LaL, PEBAHIERIE CIIke 2B - Sl - SEORIEZ1T
W, EOEEERAFERORROBERVHITEH DY TITbR S —F, VbW AHH
5 - REOFLE ~ORBESMT, BHEROKHE. BERXFODEL, RLA - B
BREBEOHMBARPORB~ LV o BERRIZAPENRTETRY. RBEILLOZ
NbEFE~DEHS b7,

TERBEHHOBHA RS2V TR FRICLDRERBPREOBAIREN S BT -
BEHAREE. T/IEEA Z—2RLORMAER - HEF. E5C3EROEHETO
BRRENE EE T, SEMERGE L OH U A RIIRRGERICKRECEEBLZRELTY
5, —HEE, FORE L LEMPE LWBRACKCTRFIAROBMT, TOHTRAE
R ERHEICEATOARWEENE L. ZhbhEORSOHNEOKENLHLTEROD
Bm % Bk b iz iz, BTFIRHEIEE T2 RRERORREEBIY 5.

1993 HEQPEDOMHETHO ATy FORKI, LLEFETRELKIIBASL L EORENREL
<, ALEMIHEE LY, KEHFI/MEH LY KEOBRVELWRKEAEZOND, £-2E
TOHHN AOKREIT 11.0 ko® - EAE TRUTOLDERIICEL, HEFRA PO
WUAL 1,416 F Ry ERIEOKERFESTWE, T TBEFBEOMEEITX 1,795 7 b
T, BELE 6. 5%, TR CAOHEHEIX 617 5 F 2 THIEL 7. I5DHEMNTH 5.
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4 #4 : S0, concentration in local cities in Indonesia

15.1 SO, pollution map in Indonesia
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4 # 2 NO, concentration in local cities in Indonesia'

15.2  NO, pollution map in Indonesia
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