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Abstract

There are three spatial scales in the study of air pollution, micro-scale, local-scale and
meso-scale. This thesis describes the long term monitoring of characteristic air pollutants in Gunma
Prefecture within these scales and effective monitoring methods and policies to protect human health
in the future by analyzing the monitoring data. /

As a first approach, hazardous air pollutants were examined within a few kilometers of an
emission source (micro-scale). Volatile organic compounds (VOCs) are dominant among the
hazardous air pollutants released to the atmosphere in Gunma. The concentration and distribution of
VOCs in the vicinity of the emission source was obtained and the health risk to inhabitants was
evaluated. We established one-week duration integrated sampling (4 times/year) of VOCs by a
canister method, used by many local governments to obtain mean concentration distribution. This
method enables a more accurate yearly mean value of VOCs, with less sampling.

The yearly mean value obtained by a conventional 24-hour method (12 times / year) was 1 to
1.5 times higher than that obtained by the 1 week method (4 times / year) at an actual sampling site.
This was the result of a few extremely high concentration samples being included in the 24-hour
method samples and the influence of these rare high concentration samples is eliminated by using the
geometric mean. Thus the geometric yearly mean value almost agreed with the yearly mean value by
the 1 week method. Five VOCs with high rates of discharge around Gunma were measured by the 1
week method near the factories. A simulation model was simultaneously applied to these factories,
and the difference between measured values and simulation results are discussed. These differences
were mainly due to excessive emissions from these factories, indicating that it is important for local
government to check exact emission amounts. If discharge were precisely known, measurement at
many stations would not be necessary, and effective surveys combined with accurate simulations
could assess health risk. Actual monitoring data and simulation results indicated that the health risk
near high VOCs discharges were not significant at present emissions.

Secondly, 9 VOCs and formaldehyde distribution and behavior in ambient air in Gunma
(local-scale) were studied. Among these ten compounds, 7 VOCs are emitted from a fixed emission
source and 2 VOCs are emitted from automobiles, and formaldehyde is secondarily formed in the
atmosphere from vehicle emissions. Five stations with long term measurement of VOCs revealed that
the temporal and spatial variations of pollutants originating outside of Gunma were extremely small,
and therefore advection from other sources could be ignored. Compounds with very low background
concentrations do affect ambient air quality around emission sources of the same compound(s), even
when discharge is low. However, with present discharge amounts, pollution by the VOCs emitted
from fixed emission sources was not significant. Pollution by VOCs emitted from automobiles, in
particular by benzene, was intense along a roadside with great traffic density. Although the benzene
concentration in ambient air has been decreasing, an excess lifetime cancer risk can exceed 10-5
along some major urban roadways. The concentrations of the 9 VOCs studied in Gunma reflect the
local human activities.

Formaldehyde concentrations in ambient air were measured at urban and rural sites in Gunma.
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At both sites, mean concentrations of formaldehyde were significantly higher from April to
September (summer) than from October to March (winter). Formaldehyde concentrations in the rural
site were essentially equal with the urban site in summer, but were significantly lower in winter. The
calculated fraction of formaldehyde formed photochemically, based on concentrations of benzene,
was as high as 80 % in both sites in summer. The results suggest that formaldehyde concentrations
were high even in rural air, reflecting photochemical reactions rather than automobile exhaust. This
contrasted with the concentration distribution of VOCs.

Finally, an advection of an air pollutant from outside of Gunma (meso-scale) was discussed by
observing fog, gas and particulate matter at adjacent mountainous and plain areas. We made serial
observations on acid fog at Mt. Akagi and Mt. Haruna for 5 years. The long-term observations
indicate that there was no significant difference in the chemical components in fogwater at both sites,
except for ammonium ion. However, there were some cases where the chemical components of
fogwater at each site differed remarkably, even in concurrent fog events. Nitrate and sulfate ions
contributed to acidification of fogwater at Mts. Akagi and Haruna and 95% of sulfate ion in the
fogwater originated from air pollution. Ammonia gas in the air was the main neutralizer of acidity in
fogwater. When absorption of excessive nitric acid gas over ammonia gas in the air occurred, the pH
of fogwater was lowered. The backward trajectory analysis indicated that the fogwater at Mt. Akagi
was mainly affected by an air mass from the Kanto Plain, including Tokyo, while the fogwater at Mt.
Haruna was influenced by an air mass from large, western cities, such as Nagoya and Osaka, as well
as Tokyo. We also investigated influences of Miyake-jima volcanic emissions on fogwater at the top
of Mt. Akagi. Some fogwater was greatly affected by sulfur dioxide and hydrogen chloride,
originating from volcanic gas. When this specific fogwater was observed at Mt. Akagi, we estimate
that a large amount of sulfur dioxide is transported to Gunma. This transport is recognized in other
research, for example, by sulfur dioxide monitoring at the earth's surface and real-time simulation of
long-range atmospheric dispersion of volcanic gases. These results indicate indirect evidence of an air
pollutant advection from the South Kanto area.

Gas and particulate matter were observed to result in a case of environmental standard excess
for suspended particulate matter (SPM) in Gunma, and the influence of air pollutants from South
Kanto are likely the cause. It has been pointed out that in the Kanto region the high SPM
concentration occurred in early winter. However, the SPM concentration variation in Gunma revealed
that a high concentration frequently occurred not in early winter but from spring to summer. This
was mainly attributed to an increase in ammonjum nitrate concentration particles added to ammonium
sulfate particles, which are consistently present from spring to summer. We showed that the
concentration of vanadium was a useful indicator of an advection from the South Kanto area, and we
attempted to calculate the contribution of this advection to total nitric acid and ammonium sulfate
concentration by multiple regression analysis, using the vanadium concentration and the sulphur
dioxide concentration (an indicator of local pollution) as explanatory variables. The multiple
regression analysis indicated that at least 30% and 70% of total nitric acid and sulfate aerosol in
Gunma resulted from advection from the South Kanto area.
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Fig. 1-1 Spatial scale of air pollution
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T A=V TOHFE (Fiud, 2007) BEBRIOBICEELRSZTHA I,

2. FEOBMLEH

ABFFEO B RIIHERICBIT 2 REIFRT —F 2 Eic, BERNOKXKIBELRWE O HAG
EEBERALMIL, KKIFLRNBICEDRBEREZRETSI L THD, LizdoT, 2
7uBLPa— I NVAr— LV TOFERIIFOHMFEREOMBETH S 72D, YRR LR
RgpLird, Fle, AVAF— L TOFERIIATR Lz X ) ICHE RS REHEEHRICKY
THRED, KETHOZTIRELRETILNERDLD, —F., BT VT AT —LTDIE
Bed, FLLTHBADDIWVIZERERICTREND OBENBEEZTHD & S, KFEHEM
HIECTIRIZE A EBELE STy, HRRRTHBRENMKENLZIT2HEIL. HER
NTOFERDEDFEED D VIZBRENOKRE T2 OBH & B3 i/ SV (Jijima et
al., 2008), X HIZ, Fu— NV RF—LERB L ABRPEOLSHIIHERNTIZE—E
THD (HF., 2001) Z &iomzx, BRICZ OMBEIIEEM COMNKREEDEKE TH D, L
EoR»b, BT OT7~T7 0 —R"AVRr— VBT REFERIT, AFFEENHLAND
e, RFRTHEO~QDIZ u~A YAy — LV TORKIFRICELSEZRVGBTHIZ L E
T 5,

21. SHORS—IL

I RTF—VORKIFEIT, BEFEPLBBXLES km OFEHARATHY ., BERNMD
PEH SN AWM EZO L ODRENBELE R D, MHRETHFHEITNLBHY, ZDOXR
TN TOELEIIEBR~OREBTIIRL, £ LTAM~OKRL 2EETHD, H1E
HZRBBEIEBERETH IR, THIEXNRBERIBD TEIKIChbEY, BERNTORET —
ERIFEEAEFELRNIEHH Y, RFETIIEY HFbARV, —F., HAPs IZ oW\ Tk
EELECZOMEIARZ I TS 10 EFERERBLTEY, HIREOT— X IEHS
N, LHLRRL, ZOMATIZEA TS LIEIEXT. REFABOREN+AHERE
ATIEWZRY, MZ T, HAPs O KRR ~DOHEHIIAR~DHEH L E2 D | PEHBAKI L F
EEFELRWED, BERICBIT A RKKIBLBRIEROERBE AR+, HDHWVIEELR
WIEAENBIZEEAETHD, LEBRST, 25 LzER»b0Hmic kv, BiiEROR
RURIZBELSRoTWHHBELEZEXOND, £Z T, AFETIX, HAPs © 5 LEE
BN TRAEBRNS WEREEBLEWVOC)D—MICELA LK > T, AUER~DEE
VRZEWHIBEANLHRTHZ LIZT B,

22. O—ALRr—IL

BAETIRKMHRICB T 2ZRBIEYHBERENZOR T —ADOFERE LTHYE T3,
OB D L, FRFEE LTH/NMNRBEOE - R T IE ERE TR, H DR
EEBPBEERLZS>TWNWBEr—RA2BRETHI LIThD, FliX, TEFMO L S 722 RIR
DEEEE - TVNE T — AR, BERIFED L S ICHRERPEFHICER-TNBEELD
NAT—ZARINICEY TS, BRBEICOVWTIENEMEORERENKEXL, 150 m
BEMND & —RBEICEI A2 (B, 2004) 2, BEBEELELTWHIUTEOHIEEE
DRERHL LTFONDFREELH LD, AR T —I VR r— L OiFEY L



LTEHLZTWD, £, ZOATF—AOKRKFBRICRD &, BEREROEENRPEY (—
wHEH) oz, REFPCTRIGELTHOLEDBERENDHBE (ZWER) 2oV TH
ERLRTNIERLRV, ZHCIE, BEELFFVF U FRT AT FERENZY T3,
HERORNZEBRT I L, KAMBEERARIIEFEES S, BBEOETICOWVWTHK
HEMO KL SIZ 1TV, LR - T, REBCHSCEZBILYICOWVTIR, TEHE
RKREHFHERBRY, = IV R T — L TOFEREITRVICS WVRETH D, B, BB
BADOZBMER I OB ERORBEEYERRIIZ ZHE 100 %E#HELTVS
(BERR., 2009), £Z T, RIFE T L ZHHBPETHo THMONDEE (L
LTt M DORERE) BEEIND HAPs BEEBHEMED 5> H, 9 D VOCs & H/Lb
TATERERRE Lz, ZOFIZERBERANTIIIELACHHENRVWVYELEENS
B, TORESMEMDZLIEIHBERANSOREEBORFELIERBT AL CERATHS, 3
FURARF—=NVERRLEDT, HEREKOSHFEZHEET IR, BERPSRETHSEEE
NOPEHEINOIMEICONWTERT AR TH D, £/, VOCs B—RIEHDATH S DI
LU, RALTATE RiZ—KRIEH & ZREROBEFNEZ b, TEDSADOENITH
WTHLEETS,

23. AYRH—]L

AV AT —=VDRIIFRETIE, BERIIEx OFEF TR, bkl LT
LDRADMBENDHD, ke, FRUENEEREZBE T30, —KREHOEENFDOEE
BsdZ i3, BEOBBE CERBICL s TAERT A2 ZRYWEDEELEZ 5
EBREBELRD, “IRERWE L LTIEAY Vv, HRFRBPELRERDLY., ZORIr—10
HREZWmCH2HE. MOTEERYETH D, Y VIIHEETFLE L FOEERS T
HY., POTEKEATRICBITFA A =DV RS — L TCOBERTH-T-, FNUREIETITIKR
HHLIVL LAZOREHM CTRBELRDZy —AP/H2ITHY, BEERL2ENICL S
VEVNBRENEbEWVWHEO—Do Lo TS,

BREFETEXZHE. BROKRKFRREEMBIIRR L B0 & T 2 ERO KE L
THA5, AMETIEIZOEBRORFIHREZRBLZEE 16 SHRAMEE2, DK,
B CRBI MR & M5 (Fig. 128 M), A YRy — A THEROKRZIFLRLE L DA,
BRI CORTIBEEIBEROKRGRECRIETHEL BT 2 ENEEH L A
3. AW TIIEK &R TRYER & USROS T 2 OBIRER> S, EERHE DX
tx‘uﬂ:?ﬁ%ihﬂi%ﬁ@j(ﬁ IHEZBHEBIZONWTEET S,

3. BEROBME

HEROERR I OHHEES Fig. 1-31XR Lz, ZOWEITHEE RN TOXREIS L
ERREMIT L LDOTHB, LEN->T, 74—V FOBMECEMEEY T B, =2
THEROMBEZ RS, RE, ELICHEMRY V7Y I HEORIICO VTR, £E
THH TRRT 5, '

3.1, B IUEREE ' ~
BERIIEHREOLER 100 km, BEAELEEETORETICMET S (Fig 12
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Fig. 1-2 Kanto region

M), BROET» S TZILETH Y, Fricdbilix 2000 m O L% 2 X > T
FEERIFETOA TS, EEmEPRSKETHHHEER 1000 m OROKIKEZFET, &
PEREELTWS, ZOZHETRLENZD, EEBH & O KR53 E S E T
BT 5580 & S TV 5 (Chang et al., 1989), FHIZHf LT, RO HEEHIZEEN
RI->THEY, EEH10m oA bLFET S (Fig. 13 A TSR,

K[EZFAE L TR EERRERAETHY, EFEREAES A LEL, HREREOZEIC
FOFEEI Y OENBKELT, LFEGE L TAEOB I WEGRNK L, Lo LG
WTIHAECKEOHMENRH Y, & LA BARBEHKEICIV, FBEAREITREL, B410T
EMBLZ 1800 mm THD, NEICHHD, BEEOENFEMHDLWIZHMTHAREL
R HEmMIZH D,

32. EXBLUVERRE

ANBIEK 200 5 AT, EDO%L BIRAPAELARE, Fig. 1-3 TITEES 100 m BT o Hiuiiz
HLPLTW5, HE AL IR TIIHRERCEEN L HEETHY . ADEEIL 100
Nkm? fiif%dH B VT FRLT ) TEWY, Zhicxt L, Ao b =i TR
Eiomz, MTEFBAERATHY ., AREELLFEHD 10 ~ 15 FTHDH, ARDK 10
5N Lo H LT EOMRICFEET 5,

TR LOELOMFENEL . BENBATH D, HEITES L XU
DINFEICE <. BRI KB 2 Bk e FREn 5 RIRILEREEICER LTS, ROEM TR
AR R FRI DK EEN L, KEDEOZRBEREL LTHDA TV D, BRI
BNRAEED > bRGEEN SO 2EERE <, O KA Z Pl &3 5 imk S RLE
EOHTTERB L,
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~100m

Fig. 1-3 Gunma Prefecture, (altitude is indicated by colors)

NHZZEEAN RRETH DD, RN TOBIIZABHEICA Y L ZABRKE W, @l
TR IR B B B ELE SR O FIF PR A b, BER A EhiEE R X Ob R A BhEE A
HHEIZE->TWD, ROKIBICIIEILEHEELRH Y, 70,000 &/HEREORZHENH
D O(BEEIR, 2006), AW RNRERRKZERETHDH, —AGERKITRIGERFE R, BEiLicE
17 58, EEICERE 18 BB X U500 52E->TWbd, |l —aiif o ERE 17 505,
BRTRAXOZHERETE LZ 60,000 5/HTHs (BEHI, 2006), milE, —iE e bicdk
IR EEE LR Y, A URRCHEET S LAEEIERHO 13 H20VIEZFNLLF T
& D, T S TH A H oD S B EE LA OE B 1T 10,000 ~ 20,000 1/ H FREE O AZ iR E O B E
b,



FT—8 =/0RST—ILOKEFR

MBYWEIT, HEENTHHEDZ W VOCs & L., REFRRIOEERORBREREL NS
BRArOEZEToM, SFHIZAETH Y., SEHO OB\ EBMENEESRE N, =5 LR
ERPODEBEEI IRy —ATFHTHITIE., REEFELE CEHRBZ SN METLLIS 23
FRTHDLEEZDN, KHRXTH ZNEZFELE,

%2 ETIZ, VOCs DAGHBEXHUBIcHhie v, BROEEHEERICH T 5 RS
MEZET, ThEMETDEDOH LOHIEEORSIEZTo7, & blo. KKk Lk
TEBEDOT 4 —A FTEFTRBREITV, MEEFET VOCs DETHIEIC & OREEMNH
00 EH LB LT,

FIETIH, F2ETHILEFERZESE, W 22 0EERAEIREL T VOCs D
EZREL. BEROBEI R OREEEZEELE, FREAKICYIal—v gy
ETAERWT, BREFEFORESMETRL, EAEE OHEBETo72, ZOLET,
REREFEOEROEERETF DD OHRALERFEICOVWTEREL T,



B2E Fr_R9-—HEFELIIERUEFRIELEPDOR

b fHE
B Fr-—R9—ZAVEXSPIEREERILSYO—BREEH(LERE
DET
1. FL®HIC

R RS VTORKIBRER LIS, MBLLRZ20RBREREAIEROREY R
&T%éyk#i&&&fhéo::Tﬂ%ﬂ%&?évmbm\m&éné%mﬁﬁw
REFEEME BIAT BT LR THIEHA 725D T, RETPEES ppt A —
F—TwmLod I ENELN, LrLANL, AIERDOHIIFDER Y —EK VT
2LEBEZON, BEIZHNTIERE (ZLLTEI M) 2BETERN, T, KR
ERHIMBRECX D2 KRERT, BREHEEORARFEDEVAEN TV DA TERDOKRER
BREIRRD, ThOIRATIVEIIERE L CREERKIF LY E (HAPs) & FEIT L,
HFAFEFFITERICE DR Tk bk,

ERERVFNBBECLI2BREEL VWIBANDEX DL, HAPs T L3 KRIBLRITE
HOBREEHLID ., REMICHE 2 FHNRBEICEENSLDNS, EIZHBWTH, HAPs
ITFEEHETHMMEND 72D, TOEREZIToTWAEMEFALMEIZBNTIE, T3
EITEFERRLUZEFZHEOCEHIRD 55, BBAIZIZI TALE A LOERTHY
EREABLEEHWNVOCHIDWTIE, VI vE=F VU IRBREESATHAER (B
R, 1995 ; B, 2002), BBOREBEBLUCHEFICERR X FR3L1D, £ OHSR~
DOREIR#ETHD, ZDOXIIC, EHELBRIELZET S HAPs OSFITITa X b & AFER
whatb\%%Jiu%ﬁ@ﬁﬁm%ﬁ1@ﬁofkbtu®MEﬁm&E$5ﬁ%
BHLTWABEMELALTH S, BRDLQEI)IZIZDEEFETIZ, HIE DENIC
LDBAPOHEFEHEDOEG N RENI EZ2HEL TN S,

Zhizs L, 1 BoFERRFEMEZES L, ACHAIEEE CHEEYEZ I VBERL
BHTZ2L0BXFBH D, EEE, 2001 4 8 Al [FAAF L BB REHFAE~
:JTwJﬁ&ﬂén\%%@24%%@@@$%M1@%%&@%&%@Méntoi

ﬁ%&ﬁ%@mai1ﬁﬁut@ﬁ%$ﬁmﬁm%ﬁzﬁ\E4@%§@Mﬁﬁ%$
$Wﬁ%ﬁkiD%EE<%¢T%5&%¢LTméQ

AR T 2 EREEE LS H(VOC)HIE T, E@%ﬁ@mlww%&bomf@ﬁ
SENTFNETH B JUA - JHEF, 1987 ; B 5., 1992 ; Uchiyama and Hasegawa, 2000) . .
FEZL OMFAEMETHRAINTWAX ¥y =X ¥ —1E Tk 24 BB 28 2 5 8B EH1L
BEUIfTbA TR, Zhid, Ry v T HFy =R ¥ -3 077 —0OFHEH#(3.3 ml/min)
‘axkzxﬁ—@§§<ﬁﬁ6L>@wmﬁztéﬁlvaa BROSY VT H =R
F—H 7 I7—2ERATHIE. —BREFERZTI DI, BMFETYy=2 & —
@%%M}Lutmfé%gﬁ%b\ﬁbﬁm#@bf@%k&éoﬂﬁ\@ﬁﬁ%ms
mi/min) % FIHFRER Ny T F ¥y =R F —H 75 — B S (Cardin . et al, 2001;
Rossner and Farant, 2002). RIIM DO ERFEAERA~OBEARHFI N TS, ZD8y
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THXR =AY T T ERATHE, BRTESHAVWLRATVWS 6L F Yy =X ¥ —
T—EBOEHGERSBFETH S, —@E L W) EHEEREZTHE, Fvy=XF—F
T®D VOCs DIRTFREMNBBEL 2D, TR OV TIIEERBH D VIEEXKEZANT
DRV ENTEY, —HOBEYES _BEREGL2EOWELBRL Lk 4 BARRET
HNIEBRHFRAEFEERH D L HEIN TV A Brymer et al, 1996; £4JI[, 2001 ; Ochiai et
al, 2002), L22L., T oK 24 FFHBEIRENTZRE 2 EREL VI HBHLTEL
FTRETCRELELOT, EED Y 4 — 1 FT—RBEEHER LTV, fEkD 24 R
BREUE & D B (Ochiai et al, 2003)XIE & A ERENTWARY, —IEBERERE T 24 B
BRIELRRY, BEFOREFERRELL LTI EBRELLND, ZOH, —#
MEEBEEZ A WTERRELHELZ RO 22 DIITRESEFICRES L, 24 BRER
ELREOKECHENETHINERIETILNENDD, EARATECOHESEH. £
DEIBEES & KREDOEENKEN, EBIC, TV VIBEMN S50 ppbv ML _ETidFicFEKR
EEMDORIFEITB VT, ADIRENH 3 FREME I FEHMcClenny et al, 2002)XHTEY
HA, HFICEEHRICBNTIE, ZOREDT YV VBERIEENTHS,

AETIE, WELZEUCRABRIBEET T, VOCs BEXEVWEB 2 b2 ERAFB X
VOCs IMEMES Y VBREFEWVEHERIZBWT, EXTEOF¥y=X ¥ —EIZL5
— B EEARER A & ESR D 24 BRI BUE & OB EIT\V., TOHFAM%E#R L,

2. EBAE
21. YUTYLTMEAOBRE
7)) ZRREEHREREFER (REEALIREK) BE (BT, BR) BIUOHESE

REERENHT BBRAET) BN (LT, #8) O 2R TiToz, AEHAD

BEIIDLTO LB TH B,

FOR : BETEMICAE L, A6K 200 m 12 AMRED . B A 100 m (ITIXBABR@E D BE- T
b, ZHEEIIAMRE Y 2349 25,000 /12 h, BAJRE Y 2349 20,000 &/12 h TH B (F
B 14 FEERTAZER), KREY odbfilix KRB EOFEEHIR TH D8, TR
MRERZFREFOMER I OZOBEAIEXREREO YTty ¥ —LTHSEN I H#
LTWa, :

R ARIIEMATHY, EBICKEREEBRERIIFELRY, EEFAH2 km #Ehn
TNRMEA TEEMA 5 5, Jb8 LUK 100 m BN TERZH, BER X OHiE
BBE->TEY, WTHOERED 10,000 5/2h BEOXZEETHD (BEEER, 2001),
L, BEIEBRICZEENE DL, B0 1 FIRBETH S,

22, FY—REA—BEKRICKBHAH
221, FY=-RXA4—D %%

FERALEX vy =X & —3NEE 6L @ Silonite™ Canister (Entech Instruments Inc.) T 5,
XY= AL — @%@@@ﬁ@&J—“/ﬁﬁ%(mmmide3wm)%ﬁ%bto:
DEBIIEERSEFMBTES IO ICHELTH S,

EPT. FAT 77 LREBELERCTEHAN, 2y =RF—% 85 CREICIE L 22E 5K
ET3, Zhid, F¥=RFX—ORFPIZL->T, 7V —=V 7 EBORERSNTES



Table 2-1 Analytical conditions for GC/MS

DB-VRX (Agilent Technologies)

Column 60 mx0.25 mm ID, 1.4 pm film thickness
0°C (7min hold) -5°C/min-140°C-

Oven temp. 15°¢/min-220°C (2min hold)

Interface temp. 260°C

Injection temp. 220°C

Carrier gas He 1.0 ml/min

lon source temp. 230°C

EIBEREINZNEICT OO FHESRTHD, BEShEXvy=RFZ—% 27V —=
CIUEBIZHER L, BEWNE 105 CREICMET 2, ¥FY =2 X —D VT IZBLEEE,
MEE e T TMEEEZ 10 FREREVEL., BEROREEZITY, F0%. SV EHE
EIMBEE o TR (FHEZRT R, 99.999 %) ZF ¥ =RXF¥ —ITK 150 kPa ETEA L,
XY _AF—ZMBELZEE | BRI EKE L, mBRPae YA THREZ 5 BV IR
Ui, BFICEy=AX—%HEE & L, REHERARE L,

222. REBREW

BB TEB LTy =R F — IRy VT Ry =R —F 75 —(— R
H : Entech CS1200E. Entech Instruments Inc.., 24 BEE£EE : HEMMI PF5201A3155, HEMMI
SLIDE RULE CO., LTD.)%Z B Y £, £ £4 0.5 mU/min, 3.3 ml/min D FE TT o7z, R
BHER DK T LieFd vy =2 % —1% 20 CITRTZNTZHBCB LI Z—BKE L%, F]RR
N1SELRD L5 REHE TINBMESE(99.9999 %) THR L. ofrE e Lk,

223. BESRBER

BEER T 2 IERER VOCs B S EAEHAPs-J44 + KT T7 v 782 AV (&E
5. 1998), BEIXE 100 ppbyv (BEARTUR) ICHABEATWS (Prunxgy, <R
PEUVBR RN DFH 500 ppby), ZOBEERTRAEMBHMER CEEFRL T, &
WEHTREZRAB L, ABICII~RA 7o —ar bu—7F %§ 2 - B BRI E (Entech 4600A,
Entech Instruments Inc.)Z AV, 100 fEFR L - HREZEET R L 2% S bIZEFRET20
BICHIR L7 (RIREEIE e X & 1ERk. /A LT,

224. WAk :

ST ICIE B BhiR HE 45 B (Entech 7100A, Entech Instruments Inc.)% #E#% L7z GC/MS (Agilent
6890N / 5973N, Agilent Technologies)% iV 7z, £EHEH 213 100 ~ 1000 ml, ¥ > 7 /L1 750 ml
Z-150 ClZT@mEA SN HFZ AL —X VT v 7 TR L, -30 CO Tenax & (ZHBHNE L7121,
DT DCEA LTz, W% Table 2-1 2R Lz, KREFIZIZFERIZEL OBEED
VOC BFET D, GCMS ITBIREDOE WSITHFIETH AN, v b v 7 2ADOFEL £
RUITRVERTIERW, I T7AF—T7 VOFERENERU ETIE, flxE7TF¥r0X 5%
FERFHRIRIEL AR AR EDHEICL Y  HIC 13- 7T Z V0727 Vu= b UL DOSHEREN,
Ll T3 T OPMMBEL 0 CItREo2Z Litko T, BHERSEREONDZ
ERHEINTNE (HED. 1998), ERICZOFEZAWEZLEZ A, 2TORIERS



MBI OWTRFRERBEBLND, I T LF—7 OFBEEIXOCE L, 7.
Z< D= ) v/ AOFNL BMNERSEZRECRAELRTRIZRb2VWED, EETEN
HDE DM, SCAN E— R TN EITo, 2L, m-F L Ll pd v Lz OFE
TROMEETERWZD, EELE1WEE LTHoT=,

225 BREHROER

AP ORGEERE~OHEARIT 500 ml ZEHEL Lz, GOMS ORSEREMENA L LES
&, CFCll ®RMUBEMRBRED T Y - NI AT R (—BRBETOBENR—ETIT & A
EEFLARY) 2FEKFICHELTHNEDT GCMS DREELEHMHRATECTCEA LAY
DEBEICKY . NEEEIEATTEIRERETHFT 2T o7,

BEARITL 10, 20, 50, 100, 200, 500, 1000 pptv (—HMEITZ D SHEORE) 1275 s %
MMZ7z 8 MTERR L7z, BA)I(1998)IZEMEE L E 2 TR LI REBNESMEITIRFT
HOEPRREZBEOR2VDT, EEORELFUBRGETHREREZER TR THB LR
TWd, ZORRAE L TREEBICHEAIAENTVE VAT —a Y ha—F —(MFC)D
MREVBBTON TS, LaL, 8 RHbORLIBWEDN X DERITEFNEL X OFEHL
DHXXY =2 A —DREZERTDHLRETH S, £z, PRVEBHEDEEIZ MFC OF%
FEZ DR L, REHEMMFC OBEREE 25U EE BT L, BRUEEY R ERRE
DX ¥ =AF—DWNEZ 200 kPaBREICMZ D Z L EOHBIZLY ., MFC OBRES*R DT
TLRTED, UELDOBEHIZED, 223 THlR~AZ 2 DOBEOF vy = XX —h 5 OB
B2ELEEDZ L TREREER LS, BRI o7,

BNZRIETHRERZIERT 256, BBREAORENRKEL 2D, HBREE T R
BEROERELZFMT 2L, HEXBOHEBREIELATH, EREERCOREENE
BHESRL2ONIBERH D, 5 (1998)IXBBIRELD 4> Y IZ Relative Response Factor
RREOZAWTHREROERMEEZFIMT AL EZEBBLTEY, MATEFOHEAPERD
REICEDET, 10 ~ 50 FICRETE L, +OREERELZRTHLHELTVWS, =
DD, ALEWIZ L > TERBEMOMANTRERERICER Ll o7,

226, ER-BRHTRES&UHEMED M

SEIOBRFMZWER X UORHBRMDL)Z Table 2-2 2R L7, KAETOBRHBR
BLOEERFITRRERO 7213 100 pptv)IEHET X% 5 E#HRVIELHEL, ZOERRE
ZDENENIFMBIOI0/FE L, :

—EEERR R CTEADNECA T M) & SHST 2 HBICIT o 7= 24 BERIRE &
bz 7T DOEOEHFEHELLT. Miwos) & LB 5 Z & T, — B R EG R ERE % 3140
Lc, 2B, —EMEREBUI_ERNEZTV., REEREOKIE., HNEER LA+
PREFEFVORBEBIVRKFLRERERRN OB,

3. BRBIUER
3.1. AEBREORE

P 7Y T OREBOSITHER OBMRNE, HKx REFAEOERMEICREL 52
DN, T TIIAREBEOEAD DVIIERECLE Ay v THF =X F—HF 75— 0Dk
BEOFLOEIZOVWTHRE LIz, v 7Y v IREOKRRERMEIT Table 2-3 DIEY Tho i,
 EERIBPEFEOEMPOEEZXCETED THo72N, HHBERXERCEEL TV
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Table 2-2 Target compounds and MDL values

No.  Compound name MW.  Monitor lons (m/z) MDL (pptv)
1 HFC134a 102.0 83 69 0.57
2 HCFC-22 98.5 51 67 1.1
3 CFC-12 120.9 85 87 0.67
4  Chloromethane 50.5 50 52 27
5 HCFC-142b 100.5 65 85 0.57
6 CFC-114 170.9 135 85 1.0
7  Vinyl Chioride 62.5 62 64 1.0
8 1,3-Butadiene 541 54 53 22
9 Bromomethane 94.9 94 96 1.1
10 Chloroethane 64.5 64 66 1.0
11 HCFC-123 152.9 83 85 0.92
12 CFC-11 1374 101 103 0.64
13 HCFC-141b 117.0 81 83 0.77
14 1,1-Dichloroethylene 96.9 96 61 0.75
15 HCFC-225ca 2029 83 85 1.2
16 Acrylonitrile 53.1 53 52 2.1
17 'Dichloromethane 84.9 84 86 8.5
18 CFC-113 187.4 151 101 1.0
19 HCFC-225¢cb 202.9 67 69 1.3
20 1,1-Dichloroethane 99.0 63 65 0.75
21 cis-1,2-Dichioroethylene 96.9 96 61 1.2
22 Chloroform 119.4 83 85 1.0
23 1,2-Dichloroethane 99.0 62 64 0.57

24 1,1,1-Trichioroethane 133.4 97 99 0.78
25 Carbon Tetrachloride 153.8 117 119 0.71
26 Benzene 78.1 78 52 4.1
27 1,2-Dichloropropane 113.0 63 76 1.2
28 Trichloroethylene 1314 130 132 1.0
29 cis-1,3-Dichloropropene 111.0 75 110 1.1
30 ftrans-1,3-Dichioropropene 111.0 75 110 0.63
31 1,1,2-Trichloroethane 133.4 97 99 0.86
32 Toulene 92.1 91 92 49
33 1,2-Dibromoethane 187.9 107 109 0.87
34 Tetrachloroethylene 165.8 166 164 0.94
35 Chlorobenzene 112.6 112 77 1.0
36 Ethyibenzene 106.2 91 106 0.94
37 m-,p-Xylene 106.2 91 106 1.0
38 Styrene - 104.2 104 78 0.81
39 1,1,22-Tetrachloroethane 167.9 83 85 0.88
40 o-Xylene 106.2 91 106 0.54
41 4-Ethyitoluene 120.2 105 120 1.5
42 1,3,5-Trimethylbenzene 120.2 105 120 0.65
43  1,2,4-Trimethylbenzene 120.2 105 120 0.95
44 m-Dichlorobenzene 147.0 146 148 0.87
45 p-Dichlorobenzene 147.0 146 148 072
46 o-Dichlorobenzene 147.0 146 148 0.75
47 1,2,4-Trichlorobenzene 181.4 180 182 0.35
48 Hexachloro-1,3-butadiene 260.8 190 188 © 0.92

20%LL T HIEE 100%E T, YV BRELRETHREERIHAILAVECLERELTE

D, BRIZEBITH>—BHURKREFMHIZIFEEBRTEZOTIIRVNREEZ NS,

Run 6 BLXWT7T TENEFNE6BIVSFEDF ¥ =¥ —% U TREIKZ— B EHER R
2TV, WEEDIXL2E 2N, R%E Table 24 TR T, BHENEWEDS b,
R ETHEERZERSD)II 10%LL T TH o 7z, BT, bz 2 (1.9%), 2P (8.2%).
Ml 7Zupep=FLi(s8%n)ad, REPIZEIHEN, BROBELEHNREVHET
LRIERRICEFR—ERRLN, ARBOEN 10 CRETEV V7S —EEORED
o 2ENHEBECHELEXDAZ LR,

RSD BREDTEMEDEL L, EEBMEMEDEKEBE ChoTz, —F. 13- &Y



Table 2-3 Meteorological parameters and ozone concentrations during the sampling period.

Sampling Sampling Temperature/ °C Relative humidity (%) Ozone concentration (ppbv)

site period Maxmum® Mininum® Mean Maxmum? Mininum? Mean Maxmum? Mininum? Mean
Run 1 Gunma ;g:;ggg- 282 16.1 203 86 33 62 75 4 33
Run2  Gunma 3%23823' 30.9 17.3 23.3 92 49 74 90 2 24
Run 3 Tokyo ;’:?:gggé 2717 12,5 18.4 98 49 73 42 o 17
R4 Gunma 012004 g0 a1 28 82 22 a7 a7 5 25
Run § Gunma ?:6228;:1 294 13.6 21.2 91 18 66 119 3 37
Run & Tokyo ?f:ggg; 251 14.9 19.1 99 56 87 44 2 19
Run7 Tokyo ?4772233; © 3241 204 254 94 55 77 100 [ 20

“Hourly mean values

Table 2-4 Stability of MFCs

Runé Run7
(n=6) (n=5)
Number of
detected compounds 38 40
<10 % 26 21
R.S.D 10-30 % 11 18
>30 % 1 1

TU(22%). TZ7U = ABRBLURAF L URI%ICOVWTIIRBENEEECH-
72, Run 6 BERTAFTIELDENRKEL ok, THLOWEIZTF v =R ¥ —D{HE
EEHDIVIETFYEORELZITRTWVWEDORE (BRI, 2001) B3H 3, 4 EITZFE
iz AV 7L Tnaid, £EHEREORBICLEAL LY ITEEhTVBE L EX
bivd, LiehBoT, Zb 3 WED RSD BWREL RoTEDIL, F ¥y =X X —DFEEKE
(RAEAIZITEERIL., AEOREORER L) NEEL-TEENEWV, UL SEO
ERIZBWT, Ny v T Xy =R F =Y 7S5 —DEGKELELREOITL DX IIRER
BMEICIXREE 5 X 2o T,

3.2, —EARERFHERNO T :
o7V TR CBERED S Run 512815 Miyaan & My & Holk L
TefER%E Table 2-51ZR L7, AFERRGRYEORECIRESFE L, “EREICRIT
DENPINUTTHDIENBERENTVDS, ZhE—2>DHKEREL TNIE, Run5 T
EREEINTZETOYE T Mivan & Miweek DZEIZ 30 %A TTHY ., DO EORE TR
Dolz LHWrEND, 7V EIIRETHY, REFTIZLALBRESEORVWEE 71
YHEROVHAA, HOIBREOEBNHDZAELT o VETE Mivan & Mt &< —%
L7z (Fig. 2-1 (a), (b)), FRICHERMIERRIAE S BFLFEEREON, BEDTE
RECFETLSZVZ7onr sy, BRETHDIZ72BHRLATS Miwan & Mield & <
—H L7 (Fig. 21 (c), (@), LDL, “EREGZEDOHECBRE L FoEEFRRILAKE

_16;.



Table 2-5 Weekly mean concentrations of VOCs in ambient air by the 24 h and 1-week
sampling method at Run 5.

Compound name Miwzan®  Miweek”®  Devation® Compound name Miw24n®  Miweek® Deviation®
CFC-11 217 208 4.1% Viny! Chloride 3.1 3.4 10.0%
CFC-12 423 408 -3.7% 1,1-Dichloroethylene N.D. N.D. -
CFC-113 68 63 -8.0% cis-1,2-Dichloroethylene N.D. N.D. -
CFC-114 15 14 -7.0% Trichloroethylene 189 166 -13.3%
HCFC-22 245 239 2.1% Tetrachloroethylene 49 42 -15.4%
HCFC-123 N.D. N.D. - cis-1,3-Dichloropropene 16 15 -8.1%
HCFC-141b 126 128 1.4% trans-1,3-Dichloropropene 15 14 -4.8%
HCFC-142b 64 64 -0.3% Hexachloro-1,3-butadiene N.D. N.D. -
HCFC-225ca N.D. N.D. - Benzene 297 270 -9.4%
HCFC-225¢ch N.D. N.D. - Toulene 1916 1829 4.7%
HFC134a 107 105 -1.6% Ethylbenzene 302 278 -8.3%
Chloromethane 596 569 -4.7% m, p-Xylene 128 145 12.3%
Dichloromethane - 520 552 6.0% o-Xylene 108 107 -0.2%
Chloroform 33 31 -4.9% 4-Ethyltoluene 42 43 0.6%
Carbon Tetrachioride 100 94 -6.5% 1,3,5-Trimethy!benzene 27 35 28.5%
Bromomethane . 28 27 -4.1% 1,2,4-Trimethylbenzene 73 97 27.8%
Chloroethane 29 28 -2.5% Styrene 30 38 24.0%
1,2-Dichloroethane 14 16 12.6% Chlorobenzene 12 12 2.1%
1,1,1-Trichloroethane 29 26 -9.4% m-Dichlorobenzene N.D. N.D. -
1,1-Dichloroethane N.D. N.D. - p-Dichlorobenzene 131 116 -11.4%
1,1,2-Trichloroethane . N.D. N.D. - o-Dichlorobenzene N.D. N.D. -
1,1,2,2-Tetrachloroethane N.D. N.D. - 1,2,4-Trichlorobenzene N.D. N.D. -
1,2-Dibromoethane N.D. N.D. - 1,3-Butadiene 26 31 16.3%
1,2-Dichloropropane 5.3 5.0 -5.8% Acrylonitrile N.D. N.D. -

@ Concentraion unit: pptv  ° Deviation = (M1-week-M1w-24h)/((M1-week+M1w-24h)/2)x100 N.D. = below M.D.L.

Table 2-6 Deviation in VOCs concentration in ambient air, as determined
by 24 h and 1-week sampling methods.

Run1 Run2 Run3 Run4 Run5 Run6 Run?
35 36 40 32 34 39 39

Number of
detected compounds

Deviation <10% 29 19 27 17 24 22 24
10-30 % 4 11 10 15 10 15 9
>30 % 2 6 3 0 0 2 6

ﬁfiﬁ%@%ﬁ%@%k%ﬂot@@zl@(mognamﬁmiRmstHTt<
4T ® Run TH% IZH BT,

Run 1~ 71282 Miwan & Miwek D% Table 2-6 CFEEDTRLE, BbLE X
212, % Run iZB 1T 2 RIMITKAT 25 30 CLULELIRIELS . &Y BE S FEH T 50 ppbv
ZEZ D5 Run X2 oeb 00, HEBRETIZ100 ppby #BX 286 H 0. —RHRY
YTV TEEITIZIEEBL NS EEZLND, 7E® Run THH S ER 255 B8
D55 236 WA (93%) IZOWTHEHEDEN %L T THoTo, ZEN 30%LELARo7 19
WET. REFORENERBAMEMECHNZOLONERETH-7 0N 10 WEH
27z, BEFPTHEMNERE ThHo T, N 30%E2BXDIZXAF L Run 1,2, 7). 1,3,5-
Y AFARE R 2, 7). 4TF N MV Run 2), 1,24- b Y 2 F AL F 2 (Run
2, 7Z7UVua=FJ) LR )BLN13-TZPTRun NOERIYWET, FOIFEAL
DEBELZFOFFERIARETH o, BZAFLVEABHRECZERSG»EDL, £C
D Run TENKEL RDEEPH o7, Fig. 221K RuniZBIFTARF LU EBEERRLE
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Fig. 2-1 Concentrations of CFC113 (a), HCFC 141b (b), Dichloromethane (c),
Chloroform (d), 1,3-Butadiene (e) and Styrene (f) in ambient air at Run 5.
Circles indicate daily mean values and solid lines and dotted lines ‘show
mean values obtained by 24 h sampling method and 1 week method,
respectively. ’

bOTHD, RFLrDE I RBRELFSOEEERILAZECREEHENEL 25 &,
Y2 RAZ—HFTORERBLOTIONRMLNLTNS (BAJI, 2001) 2. %& Run Ok
ROVGHBTDELTLLBENRBD LTWADIT TR, EBRKENo%Run 2 &7
TREDMAIZIERZ2 D00, RUEBFICHERLEZICLLDD LT, EEOBRSTEL
TWiz, £72. &TO Run TERKEWVWDITTIERN o, AF LU TERKE M
STEMEICBWTHEBE T, —EOEAEFTYEIZISE ORI EOFIZIZ R 72,

UEDZ Ehb, RELEIEL A EOMREICE N T, —iBl BRI L 50 EEE
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Fig. 2-2 Comparison of concentrations of styrene in ambient air by 24 h
sampling method and 1 week method.
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BT CITEREABRLEEHVOC)T=F IV U TIZBNT, ¥+ =¥ —BHREEZAWV
Te—BREGRERIEZREL Liz, 2k, XY EBIEY VOCs DETFHEIRD 5
NHZERBEINDIN, BETIE=F Y VT —F X ETHEIZT—WOFIN % &
WC, 24 BRRDEREEE (BT, 24h ¥8) 28 1 EfT-o 7% 12 BOAIEEOENEHETH
Do —HEREGRIUE (LLF. 1w ) TOEFHEEIMT 5720121, 5EkD 24h ¥
EDT—HZDOMUGEEBRTEIMLERDY, 1w & 24h BT L A3EFEHEOFENR LD
BELLINEMDZLNEETHD, 2T, ATEITHRE L7z 48 FED VOCs ZF5:1Z., 24h
HETIEA. IWWEET1EAB » ADEECTERO T —/V RTREERL, ZhZh ot
BEP DROT-ELHEL B Lz, MERIEIC L 3ELHEORNIONWTEET S &
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W3,

BIEEIMIZ 2004 €24 A5 2006463 HETD 24 » AR, 24h =TI 1 E/A @ 24 [8] (3
EPFRIZE~24 H), IwiklZ 4E/4 (5, 8, 11, 2 AI1CFERK) @ 8E (FREMERIE~R 56 H)
YTV T Tolc, 24h IETIX, REHBDWVITBRICHPDLP, FUrEMTH VT
Vo7 %ToT, £, MFBEZ LDV 7Y U I3MSI L TITY., B BRSoFHE
LTWRN, 72720, IWEIREZ SEDOY 7Y 7D 5%, 2004 4 11 H & 2005 4 2
A%< 6 BEIXHRBHIMO—2 24h IEOFBB L ER->TW3,

BRICHTY DR 0WRY  FESICENTRORIEME (24h ETIR 128, IwiETIZ48E)
DEWFHZEELHMEL L, THITEFPHEIENEH LTI LW, BEED (HE
RRE=FZ VU THE] [TholebDTHD, Zof, REHRBIER L OO EIZATEIZ
RRLAELBD THB, 2L, EBORBESTHORER L IZETRR>TVBED,
WO TERTREZEH L7 (Table 2-72M8),
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3.1. EPEOBRERKR

BEXGE Lz 48 WEF. BLZ 2312H75 30 WE DEFHED 2004, 2005 £ L
BIZEETRIEL ETholz, LTOERIIING., EETHREMU LD 30 BEIZHOWT
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Table 2-7 Target compound list and MQL values.
(unit: pg/md)

Compound name M.Q.L. Compound name M.Q.L.
HFC134a 0.12  Carbon Tetrachloride 0.07
HCFC-22 0.02 Benzene 0.17
CFC-12 0.06  1,2-Dichloropropane 0.08
Chloromethane 0.05  Trichloroethylene 0.07
HCFC-142b 0.01  cis-1,3-Dichloropropene 0.06
CFC-114 0.08  trans-1,3-Dichloropropene 0.05
Vinyl Chloride 0.03  1,1,2-Trichloroethane 0.11
1,3-Butadiene 0.04  Toulene 0.24
Bromomethane 0.09 1,2-Dibromoethane 0.06
Chioroethane 0.04  Tetrachloroethylene 0.09
HCFC-123 0.07  Chlorobenzene 0.05
CFC-11 0.07  Ethylbenzene 0.06
HCFC-141b 0.08  m-,p-Xylene 0.08
1,1-Dichloroethylene 0.06  Styrene 0.04
HCFC-225¢ca 0.11  1,1,2,2-Tetrachloroethane 0.07
Acrylonitrile 0.04 o-Xylene 0.08
Dichloromethane 0.18  4-Ethyitoluene 0.09
CFC-113 0.08  1,3,5-Trimethylbenzene 0.08
HCFC-225¢cb 0.11  1,2,4-Trimethylbenzene 0.08
1,1-Dichloroethane 0.06  m-Dichlorobenzene 0.09
cis-1,2-Dichloroethylene 0.14  p-Dichlorobenzene 0.08
Chloroform 0.05  o-Dichiorobenzene 0.07
1,2-Dichloroethane 0.06  1,2,4-Trichlorobenzene 0.11
1,1,1-Trichloroethane 0.04  Hexachloro-1,3-butadiene 0.22

2004 FEE R LN 2005 EEIZBIT D IwiEB LD 24h IKIC X B EEE (ZHEN Miw,
MA2an) ZFERIZ Table 2-8 IZ/R L7z, F7z, 24h BEOMIEE L RMELY L TROZEFE
BEMGum) bELETRLE (ZRIZDWTIE 33.ThR3), cis-B X trans-1,3-P 7 =
27D MGun IZEETIRMELLT & 2o 7y, EIXFEHEH L=,

32. TREGEICKDEEYBEDRL
IwBILO224hENLRDZELHEOZEZDOE|E, DFa Z2(DRIZL D EE LT,

Ml w‘MAZ4h

DF4 =
(M +MA s

M

BYEIZ DU\ T D DFa % Fig. 231278 L7z, DFa WEDETHIIL 240 IBIZ L B ELEHE
N IWELVENZ L E2ET, DRA IZ—HTEDEEL R TWNAER, £ OHWETIZ 0 ~
S50%E . MAan id Miw &9 1~ 15 ERERERMELR LE., FEXRXRBEYERE LD
BESHIZRBITA, _EHEOHEHRETHS 30 %u2—onEREEZNE. BHEEH
TEE2TOMEIZBNT IwENLEFHEEZRDDZ L, XD 24h RS, HDVITE
VMEIZR D Z & RFERR &Sz,

ABOMEIIRET CORELHEN BRI RELS, EHLIZBRENLRESR (B, #
iR 2 VOCs REFFHEZXEFORTIZRS) PEZD L. BEOEHBLZEX TREN
REFTBZENHDH, 2EL, 25 LEBREARERII—BEOLONKEH T, —#
MO T D EITIELEAERNEEZOND, ZDED 1w ETHR. £9 LEERICE
BLTHZOEENAEMFEICIKBINIZ W, —F, 24h BETIREORETI T ICRIEMR



Table 2-8 Annual mean concentrations of 30 VOCs in ambient air by the 24h and
1-week sampling method in 2004 and 2005. MA: arithmetical mean, MG:
geometric mean. Numerals in italics represent values less than the

quantitative limit. (Unit: ug/m?®)
2004 2005
No. Group Compound name M MA, MG, ML MA,,  MG..
1 HCFC-22 15 2.1 2.0 12 24 23
2 HCFC-141b 0.39 0.54 0.46 0.23 0.37 0.32
3 HFC134a 0.51 0.66 0.59 0.42 0.75 0.66
4 Dichloromethane 5.1 5.9 45 37 6.0 39
5 Trichloroethylene 1.7 2.1 14 54 53 29
6 Benzene 1.6 20 1.9 14 22 1.7
7 Toulene 14 19 15 15 20 14
8 A Ethylbenzene 3.0 43 3.7 32 46 32
9 m+p-Xylene 3.8 34 2.7 34 54 3.6
10 o-Xylene 1.3 22 1.9 1.2 20 1.4
11 4-Ethyltoluene 0.49 0.56 0.50 0.44 0.75 0.40
12 1,3,5-Trimethy Ibenzene 0.39 0.37 0.34 0.31 0.54 0.28
13 1,2,4-Trimethy Ibenzene 12 15 13 12 1.9 1.1
14 Styrene 0.68 0.74 0.62 0.47 0.94 0.40
15 1,3-Butadiene 0.15 0.16 0.14 0.14 0.23 0.12
16 CFC-11 14 1.5 1.5 12 1.4 1.4
17 CFC-12 25 2.7 2.6 23 2.6 2.6
18 CFC-113 0.48 0.53 0.51 0.63 0.95 0.80
19 CFC-114 0,08 0.11 0.10 0.10 0.10 0.10
20 B Chloroform 0.16 0.16 0.15 0.12 0.17 0.16
21 Carbon Tetrachloride 0.72 0.73 0.73 0.79 0.64 0.64
2 1,2-Dichloroethane 0.07 0.08 0.08 0.07 0.09 0.08
23 1,1,1-Trichloroethane 0.14 0.15 0.15 0.11 0.14 0.14
24 HCFC-142b 0.15 0.15 0.15 0.10 0.12 0.12
25 Chloromethane 2.1 22 22 1.6 2.1 2.0
26 Chloroethane 0.12 0.12 0.08 0.09 0.14 0.10
27 C  Tetrachloroethylene 0.40 0.42 0.36 0.34 0.54 0.32
28 cis-1,3-Dichloropropene 0.17 0.30 0.07 0.21 0.90 0.13
29 trans-1,3-Dichloropropene 0.10 0.17 0.03 028 0.57 0.04
30 p-Dichlorobenzene 0.96 0.90 0.69 0.64 0.88 0.66

CRBENDTEA S, B2, BREMNERIZLY VOCs BENEERIVELIIEI 2B
Lk, FBAERMD VOCs O % —BFRICIEIE S A FHEMIZZEZ ONED, 1FEAEARD
THH9, LizidoT, 24h ECIHBRENLRERICIIZLVEREY L IANEEND
FREMEIZH D3, BICBEBEY V IAREENDIFr—RIBODTHRTHY ., BRELT
EREHERIF L EFONBEANE, Z0d, A BDOE T 24h B0 L BETH(E
ZIWELVELS RO THA I, .
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H 24h ETIEHEL . BRAMBER> TV 1w L ZOREBRETFR LS, 24h
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2004 FELYRES RoTNDDIEEDDTH D, EFEBELESMOH T L= No. 7)
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Fig. 2-3 Deviations between Miw and MAz4n in 2004 and 2005. Numbers in the figure
correspond to the numbers in Table 2-8.
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Fig. 2-4 Variations in benzene concentration; (a),
CFC-12; (b) and cis-1,3-dichloropropene; (c)
in ambient air. @: 24h method: O: 1w
method.
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Fig. 2-6 Comparisons of DFa and DFc in 2005. Numbers in the figure correspond to the
numbers in Table 2-8.
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Table 3-1 Primary VOCs emissions in Gunma.
(source: Pollutant Release and Transfer
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Rank Compound name Discharge Ratio Accumulation EEF Hj % 4 % v —t{l 10 % ’E € EF Hj &
(tlyear) ratio L BT Table 3-1 (29, RE
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4  Ethylbenzene 389 4% 84% o -
5  Trichloroethylene 388 4% g, CdHD, EL108HETRE~DL
6  Methyl chloride 370 4% 93% s 04173 -
7 N,N-Dimethylformamide 177 2% 95% %%@Eéﬂhﬁ\ﬁw 4 A’ ICEL,
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Tone Riv.

C: Higashiagatsuma
Toluene 1200
Dichloromethane 19

B: Ota
Toluene 300

Ethylbenzene 180
Kylene 490

D: Ora
Trichloroethylene 79
Dichloromethane 140

A lsesaki
Rylene 18 )
Dichloromethane 420
E: Qizumi
Toluene 1400
Ethylbenzene 40
Kylene 36

Fig. 3-1 Locations of emission source compound name and
discharge (t / year).

VIRV AT 2 FUAMEET VOCs TH Y, — AN AETH D, WA ST M 5 WH
(ZHEHEOB X7 90 %IcHY) L, TR OOMEOPEHENRZ VS HEFRZREL .
ZORATHEEITo72, MERNEVED S H, ¥ L Uid3MORMEEEZEF 223, PRTR
BHTIEHBLTX UL EERBINTEY, FICEAEEFEOKHEZ LTy, £I T,
ARETHLF VL VEIEORMEOSRMETRMOEI Z L& L,

AT U7z & 90, ARE TR I MR BRI X DR ATEDEROEREENRRD
BLETHD, LN T, BERBDOFHNRBECELRSH S, 7Y 7
I3 EEE R EEE Ao, RS KOOI FIEE 2 ECHEMISE A~/ T, ZZ Tk
BT 5, FEREIZ S, 8. 11, 2 HOHE 4[]l L, 2004 35 X O 2005 FHE D 2 FfkHIE
Z1T>7

22, AEMAOEME
AR L L-FEFE2EADES LUOPEEE L £ HI2 Fig. 3-1 IR L7z, VOCs DHE
HEZE | TR L ICRMEEEAEL, SEIOFHEMA L C HALSHIRORR
ICALBT 5D, Z O TIIMEN SR FETOMICS ZHOBEEHHBERGFET 528, 5
[EEZ OFFEME TIHER L Ty, BLITFIZ, SR W T 2R~ 5,
ARG\ S TN, BIXEEAERTETHDL, M~MHECHT TELIE
RHATRRIBHEALTW S, e Ry, E~FEICIEEEMEENSL L.
BB ITVEEMIE 300 m FREHNTWA, 2004 45 o FH & HSUXF AT 5 ALER
500 m fEh 7= ABRME, 2005 EREITEA 250 m ICH D ARMAT = A2 — MIEE LT,



B: KHM. M&RFTEN 1 km, FAZIZTH. BE. EFESAVIRL > THEMEZHER LT
W5, AEMRIIEEFROILAE, EXEHATHETIHOEHFEFVER—L 2F )
TUH,

C: HEER (AEYUMKFIIEEN), ZOMAR M UHEHEEFRAHNRTHHE, B
BN 1 km CEZDLPRRLDOD, Vo X7 o HHEERID D, WTHOE
EFLIEMEIEZ)IT, JIOXBIZIOFLE oo TR, FE#MENIEN > T
%, AN T, FHAPE-> TV, JIIKHR-> TEEOFEHMICHMARH Y, TOFIZ
REPBELTVS, AEMSI M= PEHEEROTER 300 m, Y7o i Xy
PEHHEEFT O RALTAT 700 m (28 DETRAKEE, 2005 FEIXAEFHEDI OB EA 300 m
O BRFEH NS 2B LT, '

D: BEEET, ETRGNOEEEA~K 2 km, BEXEHMARET, TOFRZERESHELTH
Do EDFMIZHEELROIMBIIRFELTH D, BHEARIZC EDEWN, 2004 £
EORMEMAIIFERNORI 400 miZhHZTREFEE £, 2005 FEIXFEFEM O
ER A CHET 5 BRR FE~BE,

E: KIRETRFBTEMMA, TEMAHOIRCH DD, LAREEBEEMTHE, £
DO FAIXTHEB LIOHMIIEESHIEL TV 5, AEMAITFERILILER 100 m
 ORFHBHANTH B,

23. AOREBEETHETL
REIFEREEFRORDREZEBETNVIISEEETDIN, 20X BEL LT SOx ¥ -
NOx ZRR L LEKRKERET A TH D, 29 LIHAERE VOCs OEAR CIXEEHD
DEEVRESERD, BT, KABREFRRLEOMEEIZII00mFETHLDIZHL, 4H
MBRELTWARBERIT, fHNEEL< LD 10~20 m BRE, BAIC Lo ClIHAmE2PEH
N9 52, BBEOEPLDIHE WoTer—2bF4xHD, 25 LERERTIE, BT
DEBOEBLZERT I LIITET, ERORKIEHRETNVOBERIIRETH 5,

) LTEAEWMLE D S OPEHIFIC S LI KRKIEBET V0, BREELEICIVERS
#UMETI-LIS & LT, —RICEKX LTS (AN 5. 2001), METI-LIS (X EHAIIZ Version up
ENTEY, AFEIZBWTIE, METL-LIS Ver. 3.00 Z AWz, ZOET/VIZHEH D DR
HCBRETFRHMM R CHOVWERENRTRETH D, HZL, SEIXFEFAIL TCOBBEN
REFHBRELZTFRATHIZERTENTHS72D, UTIRTERBVEGRIHIBRERE
H/7, :

O KBEMIX 2003 FEOT AT RER (RET) DOBRFIDTAFAROT —F & E
A L7z (5E# CD-ROM 7> b E#EF AR TTEE) .

Q@ WROBB N Z—VITFEFMKEBRBL L. EHEHELZHERS LT,

® HEH R IXSFEFEMPOMI, BSIES5 m, 2L, HHMFE CHL 2 HHE RN

ROLNTEBEIF. A VEHOONMNEBERLOEE2HRE, WThoBAaThiIkHAD

X1 yEre Lz,

BETHMAIIHE 1.5m,

HEFNOBREBR IIZ, BRIZEY 10~20m & LT,

® ®



3. BRBLUER
3. BEOEEHIE
2004 35 X T8 2005 FEEE DA HRICIT B FHREZ WERIC Fig. 32 1IRT. 28, B
BEHET A DBEEY RAT-DICHEWE TIThVR, RUEVREBER L,
3.1.1. {FS8 :
SruuAZrRBLOF YL YOPHEREREN TS, Y7ra X Fico0T,
2004 EEDEEIIMMOHS L FIIEEEDLLRWVRBE TH oz, BIEHKAFFHE,» S 500
mBEHLTHWAONREOEE LE X bhiolcd, 2005 FECHHEN? D 250 m OHUR
CHEAEBEB ST LA, BRENEE SN, ERECIIEREENRYREVEIZD
MK'“V977¢VF%E%&éEE%<\A$¥W®%@ﬁ%6ﬂmﬁ$ﬁ@mSmm
PR & BTz,
F LTSN TIE 2004 4E & 2005 EEQREMZIEF UTH Y . BAERD L OBEBEICIT

45
| Isesaki
40 F " 2004 o
@ Ota
35 } B 0 Higashiagatsuma
«E g Ora
> 30 g Oizumi
=
5 25 p
£ 20
3
o 15
8
10
5
0
Dichloromethane Trichloroethylene  Toluene Bhylbenzene Xylene Benzene
4 m Isesaki
005
40 F* 2 m Ota
O Higashiagatsuma W
« 35T @ Higashiagatsuma S
£ - @Ora
> 30 F g Oizumi
=4
§
g 20
)
g 15,
o
° 10
5
0

Dichloromethane Trichioroethylene  Toluene BEhylbenzene Xylene Benzene

_Fig. 32 Annual mean concentrations of VOCs in 2004 and 2005. Asterisks indicate
; known emission source.
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Fig. 3-4 Modeling of dichloromethane concentration in Isesaki.
Discharge: 420 t/year

Fig. 3-5 Modeling of trichloroethylene concentration in Ora.
Discharge: 79 t/year
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Fig. 3-6 Modeling of toluene concentration in Oizumi.
Discharge (a): 1400 t/year, (b) 80 t/year
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Fig. 3-7 Annual variations in reported PRTR values discharged from.
factories A and E .
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Table 4-1 Target compounds with quantitative
.and detection limits.

Compound name Quantitative Detection

= limit limit BHEDPRLVICEBIETZ 72 AWz,
Vinyl Chioride 0.01 0.004 4 S
1,3-Butadiene 0.03 0.01 RAHRMOMT L7 =271 20
Acrylonitrile 0.05 0.01 CIRINTHBIC—BRHE L &, &
Dichloromethane 0.05 0.02 WRN 15 FL25 L85 RENE TR
Chlorofom 0.02 0.01 0/\ 7% N S -
1,2-Dichloroethane 0.03 0.01 %%&ww9@fﬁﬁg“ﬁmﬁﬂabtc
Benzene 0.04 0.01 SRV BROMELLINERLLOBKE. &
Trichloroethylene 0.04 0.01 ETRBfE % Table 4-1iZ~RL 7T,
Tetrachloroethylene 0.03 0.01




Table 4-2 Mean concentrations of VOCs from September, 1998 to
March 2002 in Gunma. N.D.: less than detection limits, tr:
less than quantitative limits (beyond the detection limit).

(unit: pg/m?)

Compound name Shibukawa Numata  Isesaki Kiryu Annaka
Mean _ 0.059 0017 0038 0.030 0.026

i . Max.  0.71 0.23 0.21 0.76 0.10
Viny! Chioride Min. N.D. N.D. N.D. N.D. N.D.
S.D. 0.16 0.047  0.047 0.11 0.022

Mean  0.14 0.14 0.22 0.22 0.10

. Max.  0.61 0.46 0.65 0.99 0.91
1,3-Butadiene Min. tr 0049  ND. N.D. N.D.
S.D. 0.1 0.092 0.15 0.19 0.14

Mean 0.08 tr tr tr 0.06

Acryronitie Max.  0.68 0.40 0.23 0.30 1.0
Min. N.D. N.D. N.D. N.D. N.D.

S.D. 0.16 0.081 0.060  0.064 0.17

Mean 1.6 1.3 4.9 3.6 1.8

. Max. 6.7 43 56 25 6.5
Dichloromethane . 0.17 0.18 0.42 0.61 0.30
S.D. 1.8 1.2 15 45 1.6

Mean  0.12 0.08 0.11 0.16 0.10

Choroform Max.  0.40 0.22 0.26 0.35 0.26
Min. N.D. N.D. N.D. 0.055 0.020

SD.  0.069 0.043 0055  0.075 0.050

Mean  0.07 0.06 0.07 0.07 0.07

) Max.  0.20 0.16 0.26 1.8 0.32
1.2-Dichioroethane tr tr tr N.D. N.D.
SD.  0.039 0.026  0.040 0.27 0.055

Mean 1.5 1.3 2.5 22 . 1.5

Benzehe Max. 35 35 6.1 6.6 3.7
Min. 0.35 0.27 1.1 0.86 0.59

S.D. 0.74 0.68 1.2 1.2 0.65

Mean  0.33 0.14 0.84 0.85 0.58

. Max. 25 2.1 57 14 3.4
Trichloroetylene N.D. N.D. 0.10 0.061 0.074
S.D. 0.55 0.41 1.2 26 0.72

Mean  0.25 0.12 0.37 0.33 0.34

Max. 1.1 0.57 1.4 5.0 2.1
Tetrachioroethylene ) tr N.D. 0.003 tr 0.084
S.D. 0.28 0.13 0.34 0.95 0.33
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Fig. 4-1 Temporal change in concentrations of chloroform (a) and 1,2-dichloroethane (b) in
Gunma from September, 1998 to March, 2002.
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Fig. 4-2 Temporal change in concentrations of trichloroethylene (a) and tetrachloroethylene (b)
in Gunma from September, 1998 to March, 2002.
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Fig. 4-3 Temporal change in concentrations of vinylchloride (a) and acrylonitrile (b) in Gunma
from September, 1998 to March, 2002.
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Fig. 4-5 Temporal change in concentrations of benzene (a) and 1,3-butadiene (b) in Gunma
from September, 1998 to March, 2002.
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RN, BEEMBEAFE, MOBRBEIZE-s THERV BV HEhTWwWa e EX b, AL
ENE/NMNIRBELON TV DIAREE DS D, BIXIEERICBITAIRC PV BEIHBER
BEZTHOHBTNERBES ARZ B2, BB, 13-7F Vv aflEfah &
BETHITHEP20LT, B, BHIVEW, IV FORCEBUEFERELED
TebZEBZbID (42.THRD) 2001 EEOEFHBRENLEHMIITBITEE /13-
TEPTURELRERDMERE Table 4-3 IR L7z, R TOR B UEIEL LD 4
HADBLE 2 EHD, EEBENDOEHESRLREVED, KEFOFEMBEN 1,3-7
APTUDORBEPEMLUNoT2L bEZXLNBMN, VOCs DRED S DOEHEMERIIMEIC
IHETIRE—ETHD (B, 2004) ZLhb, BRETIIHBEIUINDORF 2 OHEHIK
DRBEIND, £, WBERZ7 4 — AV FELEEREINS, XU rORENDORIEF
BebiEti(Kato et al, 2004 ; KFED, 200N)ENTVBH I END, _UPUrcBELTiIRE—
HANRG—=NVTET TR, SORKERATF =NV TOBRFBHLEN DR,

Table 4-3 Ratio of benzene / 1,3-butadiene at five locations in 2001.

Shibukawa =~ Numata Isesaki Kiryu Annaka
7.0 7.3 6.9 6.8 13.2

benzene /
1,3-butadiene
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Fig. 4-6 Distribution of wind direction and speed (a) and correlation between wind direction
and concentration of vinyl chloride (b) at Shibukawa.
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Fig. 4-7 Distribution of wind direction and speed (a) and correlation between wind
direction and concentration of dichloromethane (b) at Isesaki.
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Fig. 4-8 Temporal change in concentrations of benzene (closed circle) and
1,3-butadiene (open circle) at Isesaki by moving average.
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Table 4-4 Differences in concentration of 9 VOCs among 5 locations
(Kruskal-Wallis)

CF DCE TCE PCE VC AN  DCM BZ BU
Shibukawa - Numata * ¥ * *% *

Shibukawa - Kiryu

Numata - Isesaki *k *k * *ok *ok *k

Level of significance, *: 5%, **:1%
CF: Chloroform, DCE: 1,2-Dichioroethane, TCE: Trichloroethylene, PCE: Tetrachioroethylene, VC: Vinyl
Chloride, AN: Acrylonitrile, DCM: Dichloromethane BZ: Benzene, BU:1,3-Butadiene

Bk = 078N RA LN, ZHiEk, HY U U FORE U RERBSET S, — €
DR R OBREBI B EES NED T2l E Bbiv s,
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ﬁﬁ&éhfwé%§®%M5ﬁ%5&Eﬁﬁéh1wéﬁ\%3$TﬁNt&HD\E
HIECEEEOCHEE, 3 W TEHAHERBOMERSH S, £/, 13-T7FP2 0
IO RBHTRKEPT TORGERFBEVVHEIZSTIE, T LEETLOERANELWES
B D (RE. 2009),

TDEIT, ETFTNEBODTEHERRY =LV THINFETIIRWZ D, 72& 2070
BEThHoTh, EHEND VOCs DR —H VAT — )V TORESFEERTHI LITE
BRTIEHARV, 2L TR LI, SERE LZNEMRIZD 2 BEMBROREEZ AR
LTW3LEELNEDOT, BEERNTOLHFIAFMELZE XX, BEBEENICEIT 5 VOCs
BESHOMELZMBEZLIXFETHDI EEbNS,

INETOEET, BE. BEIWIH»DLT VOCs BERIIH 2 —EBOHHEICHKEL %
Dip D EBEZ TR ENRBEINLTWS, £Z2C, BIELEZ IMEIZHONT, BIEL
o SHRBOBEZS7 5 ANV« Ut U AKruskal-Wallis)isic LV HREL, BE2
Table 4-4 2R LTz, 72720, fAERRBNTE | BBEIINE 12-P27urx X BLT
B =10 REHEIIFBITH LRV TH B,

FRAEFRBFEELRY 12-V7 v u X F 3R CoRE % SRV, ARESHOR LK
WEEBZDONDEHTIE, KEEPEL, BEEEHREATHHSEETOMER L OMFH
e DFEBEBPREV, £7z, MELFRBFEORMIIFECETEY ., FITAIERBPER
BiE (FREZOOWTIHBRFND) THHRZER, RUEBEVBEIW 13-7H# V22T



oKL DBREZEL2ISKRLTVS, 20 LHIC, EAFITIZERAEFEORREELT
BY., HEREKESOTERREL-HE T, FREDEZ Y7 un X X o EDRER
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BFREND, —F, 7B VACBITAEEEDCERERE, ZOBREFIT THilEd 3
WEHREME OB EFREIIKBRTE TVAILIT TRV, BERRNIZBTZ LD
BERWEDOAMTZEEOHIBEOARE - EEFEBICHELTWEEEZTRVWTHA S,
Flo, Z78BRNVLAR 12-V7uux 0L 5, RN TORAENEE FERTEXAY
BCTRREZBNRIZLALER LN Do b, BIRTIIBERAE»LOBKDE
BLERTIOILEEIRNVTHA I, 2L, SEHEEBR LIS bhro TWRVWHE LTEET
HLEZON, TO LIEWHEICLDERRAZEET 2 720CHB W23 1 E£/7)
EREIo72& LThH, A LRHMATOEALLENLANLR,

44. BERERICL5BEYRY
HBESNDIEERERHRKD VOCs IZLBEEY X7 138 3 ETRALEHEIZONT
. EERHNTIIZLALRD LN TWARY, E3ETHNRL2WE T, BERER
DEELRVYEIZLDAA, BERERMEFEET I HELL =L, 727 Va=rY 2o
WTH, BBRTIZZDOHHBIZEA ERLSRoTWNB I LD, REORKERIEDND,
EHIZ, REIGHBHILEYIET VOCs OFFEMEINFTHH ST, BEERANTO VOCs #E
HRBREIIEDERICH D, FRICbEZs CTHEERERICK Z@EY X7 LR OREMIT
B, L, BEIRARLZEZL2PHE L TI3HEIZOVTIE, RETHHYBOHEH
By, RAZTBEEOED LR LR (BEBR, 20060), £72. 29 L=WEIZHEHE N
BR~EIRE 2D, AR L2 L 512, BEPRESIEHEICKE L TEL R3ERAIH 5B, L
TeMloT, BICERRECIIERBEEI XA ZOLENREZONZZ LD, RUFPLBL
WI13-TE P NI DOWTREY X 7 8- 21T - 7=,

CIRAC IZEBARUVEBUVBEIWN 13- H# P ORENAMTMIZENLENRL 1 (B MestL
TEPAUVERDHZWE) BLD 24 (B MR LTRBELLS BERAERLZME) T, i
DFFHEE THIZER LM & /2o T3, THAL 2HWEIZOWVWTIERLAY X7 USND
BE) X7 RBOONDE, LML, BRAVAZEBERLLE 10° L LEEES. OB
BELHBTHE. ERENAY R ZZRBEICRLRVEELSLTHED, 22 TIEREN
AVRITDODBEBEL D, :
RUVBVBIW 13- TV 0ERERZ L LIS, SERBLEBAOAEGRIRY v
Y R 7 (Excess Lifetime Cancer Risk, EAF ELCR)%Z K %7z, ELCR DEHIZ N E 2=y
URAZ1E, FHELEARQR004; 200)BBELTCWHEEZEAL. BREEIIFMT 5 HA
BT R EHMEBE L COEHBREL L, ThbDa=y NI R 7 2EHRALTIEML
. NUEBEVRREREEUTORETCHoTCHLIITRELLEY R IVEBLAALTH
% 10° 2BBETH, FOEODEREIZBN T, NUBrizoWTIIRERRE L 130 B
LTiwd %,

Table 4-5 KEHE D=y FY X7 B L ELCR &R L7z, EKRINETH A FBIER
FOFAEICBWT, NUEIZLD ELCR 2 10° 2@z, 13-7FZ 02250 Tiie



Table 4-5 Excess lifetime cancer risk by benzene and 1,3-butadiene at 5
observation points.

Compound name

Unit risk (ug/m?)™* Shibukawa Numata Isesaki Kiryu  Annaka
?f;zjzi 7.0¢10°  62x10° 1.2x10% 1.1x10% 7.1x10°®

A X
L3:1£:ﬂ§“e 8.2x107  8.1x107 1.3x10° 1.3x10° 6.1x107

* proposed by Nakanishi and Kishimoto (2008; 2004)

MR EH ELCRIZ 10 LULTFTH o7z, FHIBERSIOCHAECREHRICBT2EBEREE
X 2.1l RE LS, FARTREZE 14000 B/HTH B, FURERTHE L FBIFT
EFFBIFGDOV A7 BEOR, ZHIIFRRR—B L CERRETORETH > T=DIZxt
L. AETEENO | ERITERDE T 2o clzd tEX b3, BERAICIIRY
P ORBELBEERERIIERS A TRV &2 D, Table 4-5 YT LT, HE
BANTIEAREIZE D ELCR 28 10° 282 21T, ERREDAICE2VWEE IO
5, ERICK > THEHEOWHME., BEORNERL D DITFRIE, MED 2 BRO[BEN
ZTOEEHFRSMIIYTIXZELEBLR2VA, BB EE 10,000 A/8 Ll ED3ZEEM
HHERBETIE, VBT ELBELCRA 10° 2823 ¢ FREND, ZTOBREDKE
BIIHRRAOHHICKBITAERE, FEMFEDIFLALETICETUEEDS, 2L,
OFHEIET YV v FORCEVBERENI 2T 2000 FELURTORIEELED TIT272 b0
ThH D, Fig. 48226 bnD LI, REFANUEVBETERL THBY, 2002 £ TiX
1998 EDBBLEXGOREICR- TS, T5 LERVEVRBECRTIXFEERIZE
27 Z TR, Z2ERNR DT, 1998 E1 b0 10 FHETRKRFRXUEUVBEITES
LTIz > T 3d (BREA A — 52— hitp://www.env.go.jp/air/osen/monitoring/index.html) .
CIDGHEMIZEBE 1 ALY ORVEBVOHEHENENITRoTZE LT, THERE
BlZHTIIDHB L, 20,000 5/HLL EDOBBOIHRTELCR 28 10° 28 2 52BN 03 H 508,
BERATIIZO LEBBRIIADOZWHHRARICEBLNS,
HERATRBEENZVERII. WTHHEETH Y, iET (17 5) . miET (17 5, 18
), MEF (50 8) Tix, VTR LEFTIC L - TIE 50,000 /B 28 %2 5 (BEB B, 2006),
) LIERRETIXELCR 2 10° 28 L TW5 L FREN B, ELCR 10° UL F&E
FRLED ETHRLIE, SORIEHERBFORVEVRBECERARDLNE, Lk
LRRBL, THUEORBFANV B REBRBMICEIERRIX IBLNDZ b, =
ARERKT 4w b (NI, 1994 ; Kajihara et al,, 2000) OENDDEEZLMETHA 5,
Flo, BRIEZHUBEEDLEELWVRERS (COx HIR) PPV ABHIBT A TEY, =
NHORMEZ VT LRITFIIER LR, SifMWE THD THC OFFHEZ BRI &,
NUBCEFERCEHOVBHbIFE END HAED, 2009) Z b, AEIEAEE M
LDORUVECHEHIERO 7 Fu—F b RRETh L Bbh s,
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—5. BEMEPOEL LTRETAIRVEUVBLIV 13-7 200t BERBETOR
Enm<., 13-7Z Y4285 ELCR X 10° XV /AEWHR, RuPriziBnTid, ER
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BrOStHEIIRAEmICH Y, BEOKRKHTR YU EBER, 1998 EURKEORESDLT
Lo TS, LA, HICRBEENZ W HEH-OERER VT, &K% L LT ELCR 2 10°
ZEIET D FREMENTRIE S,

TDES, BERAL WO IO =D L RF—NIZBITE—KREEBEESFLEED
VOCs 13, £OHIRIZIIT 2 AM - BEREE WOEESCHBEDET) OREI 2B
LTWBZEBBALNERoT, THIE, AP OBKIIBEER®D VOCs BEICIEE A
HEEEZRVWIELERT S, £, RUBUR 13-TEIVICRELRB LS IC,
PEHAER., 2T 2bb, SFHREEFOENEETAZ L 2EHRL, —BEBEPT
OREFHFHECH L TELSRZ2ERBIRLNE, FEROBREY X Z7EHE VI BAND
HERORKIGREERTI720I00X, BIC AR - EEETHO K/, BERDOFEERRN
RERERETIEER 7778 —LRBLEDNLS,



BSE —RFHEZRENHIHIARERYRBES®
~BERACSTSRLATLTE FBESH~

1. XC®HIC

FABETE-REHOLBHEREE L LN D VOCs DEBERNTOAFHIZOWVWTHDL
P LTc, AETIE—®RIFBIZME, KERFTOZKRERLELZONDIWE L LT, HL
LTNT e REEVHIT, TOHBENICRBITIBESFLERT 3,

ANFEBDRBEA THHHHROEKF I, FVALATAFTE R, T FTAFE R, 7
T hrEWVole VK= NAEYHNEEIZE T TV B (Williams et al,, 1996), AL LT /L
T FRREEREL ., BBLF v 7 BR EDEKES F 52 £ S ¥ 5 (Squire and
Cameron, 1984; Craft et al., 1987; Weston et al., 1986)7= . AKXt L CHRO TEMENHE W, =
oo Yo 2T ZEGRBEOEREESE (Kim et al, 2002; Salvi, 2000)TH BT TR, T
PE—HERER. [REIXWE, V& 0o 7tk 2 K %5 & # Z -+ (Morgan, 1997; Feron et
al., 19D)FEEMENH D, FAATATE FXKRBRIZEI BT VAR —BHFIT, TESBA
ThHDEX THEM LT % (German and Harper, 2002; Salvi, 2001; von Mutius, 2002),

REFORVLT VT Fid, EEFHEND (—kEkH) BELREFTOERSH
5 (ZWRERR) BERHD CRARDL. 1993), HERNICBIT 2EERELER? D DR/ A
7T B FOPEH X 14 t/year (2002 45 PRTR JE H{E) 725 4 tiyear (2006 £E PRTR /@& HfH)
ERAOLTWS, oM, BHAOEERERD DO 23 tyear BRENHFSHT
WD (RRFERE - BRIEE.2003), — 5. BEIEZ F.0 & LEBEIRATRD 51340 500 tyear
DEEHBHEFF SN TE Y (BREEER - BEH, 2003), —KkIFHO T3 RAERIZEH
BHHEA 2 TdH D(Anderson et al, 1996)Z L IZEE W2V, X & 2 —LD & ) 7 thEHIER R
BEEEOEV., UERBEFEBECFERALTWAERH D, 25 LEREE2HERTS L.
NRB 13- TE VT, —BILRBLE VS T-EEREOHEH 2 MMZ A2 LIXTE B4,
BIZRNVLT VT B RORKF~DORHIEZE < 72 5 (Winebrake et al.,, 2001), BATH Z 5
L7 EtOERESNEMTILE, MR NICHEI SV LT AT E ROKHEDE AN EA
Eha,

LA T, EVBEROBEREEBRLEY. HICA Y T LU BRKREP RV LT LT
t FOEEYE T 5 (Duane at al,, 2002), Fic. FALTATFE RiZ AL <2005 b %
A U (Lipari et al,, 1984), FNUFERavRELLTLTE RETERNTAFE ROFXFERB
HIRYFE RIS 72 > TV B & D4 (Benning and Wahner, 1998)% 5, LaxLAans, =9
L EYBEROEAERZERICAD Z LIIEEETH D, —FH. SVAT AT Ridi{bik
FEOMIRENZ BT D IALFERISIT & o THAERKT B (Arlander et al,, 1995), AR -7k
NLT VT B RO—HITESCHICRSREN, KEF CTlERES 2 H L% &£ U 5 (Sunmer and
Shepson, 1999; Comes et al., 1997), Z DEFEHET P H VI OEEMEORIBYWE L 2V .
TR 72 bF R E v 7% B & Z 9 (Arias and Hastie, 1996)¢& EZ b7, KEFDF
AT NVT e FBRERZERTXEIENBMBETH B,

BVLTNVT e FOPRHBEEZE 2 5 L, REFBERXFHESETHEE 2V, 22
CERZE TEREITWV < ONFET 5 (B 21X Montero et al,, 2001), LALARBL, —K



RNV VEMNHEICBITE, KEFRALLTALTE FEBECETAITAEIZLEVH
HFEaN TR, RETIHEERAOCTHME BMBTHELATLTE FEB L £ 5 F/H
WhosTHRIEL., TOREERETo/z, TOBREPLHBERETOFRVAT AT E RO
BESABIOREIXRER*EE L,

2. HEAE
2.1. HEMA

RALT T FORBMAIL, 4 ETOFBBRBIVRPLRALTHD, FRIFIX
M (BAERERE) & LT, EFRENE (RERRL) L LTOMETHS, FEHIF
TEAOK 12 FA,. BEROBEHICMBL, B2 600 0MBEETERHD, BATYH
FEOTr/onrFZ % VOCs OFHENRH D . HEHMAIT 14000 &/BREOHEE
REENHDERINVE. BEROFRIGEBENV ZR TITo/, —F. BFHIIALLS
FA. BEROEEBICUE L, TEHELIAEEIORBETHD, REHSIZEHS
FEOHT, KAVATALTE FOBEERERENLOEETIbLAA, BHELEELIZL
A EIRVHIETH DR | KKIERERERR TIT -7,

22. BHEBRMBIUIH

TAEEAMIL 1998 4F 9 A~ 2003 £ 3 A 55 » A, 1 BI/ADEIETH 7Y T %1T
o, BB, 1 EOV TV U TEERIX 24 BERE LTz, AR THNIE, BEREEIZRS
7oz, bHD LEBFHSMET BIIE 2Bl L) REBEREZTIRETIZH S, 2
HAICBITARMORBEEBLITETAIZLLENO—2THBID, Y7V 78R
BEIXZNBBRTH T,

RVATNATE F¥=bue7=z= e KT UONPH)IT— U v ¥ (R~ afl)
ICZER % 200 mlmin TET I EIZE>TERLE, £FETHIA Y VidBEIRERL L
TATe ROGEERETLZOT, Y UVBREOBEBWTI VLIV ULEZHRE LI — b
Uy % DNPH I — Y v PORNZELY {17 72(Sirju and Shepson, 1995), #iZ iR IBAS
. BTV SRR ER I TREERDH Y. ZOKSPREBEBUCERES RITT
7o, I— N oPaeEre—F%— (AT vy 78, GTH-1) THEL, AKE LY 10
~ 15 CEL oz, ZHNICLY, BRZERETH U RHORBERMAAREL 2o,

Y7V TH%O DNPH U — b v VIIHEREFES L, EBICHEEEZITo 2%,
—BBUNIZ O Lz, SNV TATE RiZ DNPH A— ) v PHNT, SAVALATATE
F24-V=ha7 2=V FZIVUORETHEINTNS, ZN%E 10 mlIOTER=RY
JVTESH &, R 72 DNPH X8I F4 2 o 4 2 A3 #kst g (R Y —#. TOYOPAK IC-SP M)
FRAWTKRELE, BHKEZERIZ 10 ml A RXT 7L, HPLC ¥ 27 A (Agilent
Technology £, HP-1100) T43#T L 7z (Kolliker at al, 1998; Grosjean et al, 1999; Z&li. 1999),
THT ML Table 5-1IZRT BV THD, KFETHWE HPLC VAT L E A A —F
T VA RHZFELT,. DAD)E BESHIEF(ELT. MSDBEFNZEHE I TR, MFDORKR
HEs TORIENFIETH 5, FERITITHERS FLMER, ERYERANER) Z2HV, #
MNRERIETEELE,

RVATAFE RERBICRUE L ORE - WELITo7m, R rOSHiconTik
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Table 5-1 Analytical conditions for HPLC and

MSD.
Instrument HP 1100
Column Zorbax Eclipse XDB-18
(2.1%x150 mm)
Mobile phase A Water/THF=95/5
HPLC/ Mobile phase B Acetonitrile
DAD Gradient elution B 40 %(0 min) - 60 %(40 min)
-100%(55min)
Flow rate 0.2 mi/min
Owen temp. 30°C
Injection vol. 5ul
Wawe length 360 nm
Instrument HP 1100 MSD
lonization Electronspray
Fragmentor witage FA:35V,AA:40V
MSD  Nebulizer N; (50 psig)
Drying gas N2 (10.0 I/min,350°C)
Mode Negative
Monitor ion 209, 223

E2RBIXO4ETHMIRERLEZDOT, ZITIIEKT D, £z, XV F 2 MEEIX
YT BEEROERERT —F 2 AV,

3. BRBLUER
31. RILAFZLTFEFOERETRIE

0.0l ng/pl DREDERER® 10 EHEIE L. AEEOEERED 0EF2EBEOEETR
fE(IDL) & L7z, THEREFORLVLT LT NBEICHRE (288 LOXKKERSI L&
RE) 32 &, IDL X DAD A L7241 029 pg/m*, MSD TiX 0.09 pg/m® ¢, MSD
DFH 3 ERE IDL 13E»- 72, A LETRO DNPH — U v PIZEANV BT AT
E RDTS o o0B8bb, 22T, 6 BORERI— P v PHORNVLAT VT RT T
sEBIEL, TOEERED 10 FE22A Yy FEETREMDL)E Lz, £ORR. Bl
MDL > IDL ThY ., 2EOEETRMEIIDNPHI— Y v P07 T v 7EICKELIND
ZERbhol, TRERSPRECHEELLZER, 01 ~05 ugm® 20, ZhdBk
B EETRMETH S, MDL BIEHoVTWNEDIE, A— kY yPnuy Mok 7T
VIENRRBZEOTHD, 2008 FEBRETIIEEA — T —25 DNPH I— R U v U2 F
BEANLTWS, 7537 DERBILLR2ENTRY ., FlxiE Presep-C (FIXMIK) 72 13 H
— NV VHFEDT T 7HIEEAEROBRIPATVS,

EEDORKESW LTz e~ 7T 506 % Fig. 5-1IZRLE (RIKE7E M AT E
FOovY—27 4R RL7%), DAD TREL DFEY—7 BHREI LTV D2, BREICED
MSD TIHIHENRL, BiFR7u< I8 EbN, LC T 7 AOHBREN GC
VB0, MSD DBIRMOE X (IEFEICEFITHo7, LEaMR->T, BIEIX MSD 2
L BEDMEREECERETO,
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Formaldehyde
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| T L 7 "r- min
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Fig. 5-1 Chromatograms of formaldehyde and acetaldehyde in ambient
air sample analyzed by DAD and MSD.

32. BEXBORMERLABRAOFEYRE

FAEHEREORLVLATALVTE FREHBZAF VIV MRERBIURIEL L BIC
Fig. 52127 (X F 2 b EDBERICOVWTIX 3. THRAS), RNVALAT AT b NRE
WREFHICDE>TEH L TRV, HICKEPEV6~9 AXEBEICR->TWD, &L
ATNT e NBEZREHG ~9 A)LEEH (10~3 A) Ioidde, EbboHiml
BOWTHBEHOBENEEICEN>7-, Fig. 52 FOEBRZBAHEO b FERT
B, WTHHRBREDETARLILD, TOM. FHRRITIZERMLETHL72H, BHRIK
BEGELUMCMOEPOERN D A AREMENH B, AR Lz L 5 CHBRICBIT 2EERE
B2 0—REFHITHAD LTV ER, —kFHOERETHL BB E LD HITE 4 E
TEREL 13-TH VP VBEORTHRREI o TWRNI EMnD, ok LIXE X2V,
BRATERIORRXENTIERLS, SHLERMICOE2BHBLETHA S,

FAEHRMEETORN LT AT E ROFEREIIFBIF T 42 pgm®, EF T35 pg/md
Tholed, AEERRONER» -T2, ZHIEEI4ETRV -V runr i oo, X
VEURE LB TH D, BREEA (http:/www.env.go.jp/air/osen/mon_h11/index.html)iZ X B
L. 199 FITBIT B HERORKFHRALLAT AT & RIBEOFHEIX 3.1 pg/m’, FHE (4.0
pgmH)RLHEFA .1 pg/md) & Vo REHIXFIBTQRS3 pgm)REBHTR4 pg/m)o X 9
RHFEHTLY ORBETH D, BAHIK TIXIbk(Macintosh et al; 2000y 3 —w v /¥
(Solberg et al, 200D FIEFNHEINTWVENR, WTFhdh 1.2 ~3.6 pgm’ LIEBRETH
STz, —F. ¥V ¥ TOHEIEF (Bakeas et al., 2003) TiL 9.7 ~ 17.2 pgm® & W\ S FEFITHE
BEXBEIRLTVWS, Zhi, FV VYO BBHERICERERLEDL TH S MIBE
BEMENTVEINLTHD, BFHIZLLAA,. FRIHETHXEHE TIXRVA, KK+
DFEAVLETNANTE FBEIZBAROKXREHIESL ThHo i,

BEHICBTIFBIFBLIVEFORKPRLLAT AT E FREIXZZNEN., 54 BX
V5.1 pgm® TIFERLCThocniixt L, BEHTIEZREN I3 B IV 21 pgm® T,
FRBEOBRENTEIC @ <00DEN o, LizioT, BEECTOEBENICBIT A KKH
RULT AT e FREZ, ST L BT TIZERETHY, RRIZEOREITAARDOK
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Fig. 5-2 Concentrations of formaldehyde and oxidants over time at Isesaki (A) and
Annaka (B). @ formaldehyde; A oxidants. Solid lines indicate the regression
of formaldehyde concentration over time.
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Fig. 5-3 Relationship between formaldehyde and oxidants
concentrations at Isesaki (A) and Annaka (B).
O in winter; @ in summer. Solid lines indicate the
regression between the concentrations of
formaldehyde and oxidants in summer. The dotted
line in (A) indicates regression for Annaka.



HHEBPZNUETHDZ D, BEERISICED _RERICEDFERRENESE
Zbhic, —RIZHEBRIZEWNTL, BEHIOIEHTERABREINDZ LBEL, —
REFH SN D2ERMRIH DO L 2 RREIIGLEWE T, BEMICEBE L 25, 4 EOBHET,
BEHWER OBAIZ L THRWE, ZFET TR BEROSZSWVFRIFECHLREHOBRE
BEEHIVERIZ@E<00)EN-70, HERIEETOLRIEES X F v MNEER KD
BmWHIIRTH D, ZDZ b, BEMICBITIHEROR VAT VT E RORARIZ, #
MR EBFE L I EERBIC LD ZRERPRELSFETHILE2IFL TS,

33. KEPHRILLTZILTEREXFOAUMREDOBER

ZFHFREL MIN ODROHRFERIGEOBRER SN DD, FF 0 MNREITRRE
IVEMICELS RDZ2OP— R TH 2, BFNHRIZBWTSH, FLVATATE REBEXA
N B A3 K & U (Satsumabayashi et al., 1995; Miiller, 1997), L7z -> T, R/ ALATILTE R
EHAFERIGOBBREFTNDICIE, TR L2E 212, BOVERSMETOREREL T
Do LDLZ2A DL, KIFETIToM 24 BRI (A AT AT FREO B EHERK
£3) LHEFEAFVF U NBED 1 REEN O THHBNIZ- & LN EBERIGE D
MELZBRTHZ LN TER,

Fig. S2WRLEEAXFVH L MBREIZ, AVAT AT E REBRREBEORERELZRLT
WD, TOREHEBIIFNVATATE FORBREHB LIZIZ—HKLTEY ., BMEERIESK
NETNAVTE FOERIZFEELTWRZLERRFLTCVWD, T2 C, ZhbHMEOEFEL
o &V ERZHIL, BEMEEFERIS T Ty FLAEZDOMRFig. 53 THb, BE
HIZBWTIIANVATATE REAF VA VBEORICIZAEERMEER < 0L0DARL
L. HEREIIFBHRB I CERFTEREN, 064, 082 Thotz, —F. EFEHzRBN
TIHAHAE BICHEERMEBREED bRz, BEHRICK T IFEBEOEFERITIE
DEYFZHEL, THETTRERZT TR —REHOEEEZ R L TWA EBbiLd, Zh
WX L TEFTIEARALLAT AT b FREIZFBIFELZIZE OIS 20k b1, BERER
BDIEDEIR ZRR2NVI e, —REFHOEBITIFLA LRI ol ERTREND,
TRbob, BHRICBITIEEHORALLT AT FEBERX, 1I3EAERRIEERIGICE S
TRERICE > THEENRTWVS & Bbh s, BT 2ERESRE —KIEHOEEH
R (DEY, RTOFRVLTATE RRIZWRAER LE) LREL., TR E2FZIFEORIE
EE gL (Fig. 53 @QIBTHAR)., FRFCBTIBEHROENVLAT LT E Nig
EIXEREREI Y EFICHY ., ZRAERZET TR, —KREHOEEZZITTHWBI LR
mRENTE, .

728, Fig. 53 T, AFTF U MEEMLFREND LY KIBIEBEDHRL LT L
T RBRBEB SN TWVD (Fig 5-3FIC, PBIVQ T/RLE), ZORRIWVWTIEBERN
BHIESNTEY., KZHTEIBEMENRKENWT AT E FEEIZ., BEEERRETHOOKR
EOEERIER L 72> TV 5 (Baez et al,, 1993; Matsunaga et al., 2007)72 %, FTDHEL E
bid, P (2000 4 5 A) TIRFBIETHRZORIZ, DR VBORAKE-2H, BHIiC
XEOEENRH TR, Q (20024 6 A) ITRABHFEBBIEERNORIEY D, Z0
WA IS RERE S HSE L 7e, BB ERBRAA I ISBEC. TN E TRERBBEN T2,
FxRUF L MBEIRFFFIZELS 2o TWk, Fig. 53 THAFVF UV MNOBREREL 0



vy PLTWBdH, AAVLTATE FREL ORBERRE ot Bbh s,

34. RIWLFPLTEFDORIEERKEICKDER
Possanzini et al.(2002)/% M V= 2 HEIEOANLRETH L RAZ L, KEFERGIT L2
TERTDHIHRNVLTATE FORPRE L, BMEFICLDEVLAT VT & FERSEF
(photochemical fraction)iZ kK. TH % b b,

[Toluene]

F=lp———— 1
, 16 [Formaldehyde] M

Z Z . [Formaldehyde]d & U¥Toluene]ix Z N EN KRN LT NLT b RBIOR M T DR
FREERE. p RABEHTRTO M VIZHTERNVLTATE ROLERERT,
LA LARS, BIFBRFICBO T M VIZESEN LT TR, THEM5 04k
HEEHRT L IZ LiITTERY, 220, AFETIHRORXCBNWT, Mz roRbyic
NRUBYERAWHAZLIZLEE, TR,

F=1- [Benzene] @

[Formaldehyde]
TRINHIQRXZANVWT, LIEoEREZED D, BxOHBEIZRBIT S p 2RO BITIE,
TV EATEERAOCEERERLETHD, LLaRL, ZZTHRERDOIE, BRI
BII22F0 (A REBHENRELZRETOEETRTO) EHEKTH D, ZDH
AlX., PRV ERIALEERBERTHY . BRETORIERNLIZLE S 5 (Sagebiel et al,
1996; Staehelin et al., 1998; Kristensson et al., 2004), H AR TIZE 5(2002 b)A% b > R /VEER
5, BEIENLLDHEL LT AT E R, RUBVOHHEEEZRDTRY, FOEZAVTp
EEELZEZA, p=121 Lo T,

QAPL/ELNFEELEAFNVAT AT FBEOBGE% Fig. 541277, A LAV
LATNT e NBEIZHEHEZROT, REEBRSBEENL TS, S HIZE, BEBIT
BHELFIIFIVLAT VT FOWLBRICEE 2% % 72 LTV 2 (Thompson, 1980)7=
BERIZEZVRKFNLRAWMICENVLAT LT FRRESNTZHERIL. F ERRAICRDZE
NHd (ZOHA. Fig 5-4 THETL, 0L LTW3), EFCRITS FEN 10 %A FTT
HHGEEIFINZRL, TV THBIRIZZORY LHBAR DT EBERENT
W5, EFEIZBNT, AVATATE FBEY, BRIEOKEMZILALRVWERTIE S
pgm® %, BHEOEEORE WFRBIFETIZ7 g’ 282 DL, £D 60 %2 HILFERIE
CEDHOTHY, BRIZ I > TIRZOEEIT 80 %ITHEL TS, F EBRNVLT IV
TEROBRBULBESLDEATNWAZ L 2ELXD L, _RERDEGZIEIDIZBVWEEZD
N, BEEORBEORNVLTNVT E FIIZMHMARE b, BEERGICE D2 ZRERIZED D
DONRETHD EBbNID,

BAREIIBWT, SNVLATATE REMK, L LTEBEETANLRET I VB
BIWI3-TEF VTR, FRBLERFT TRARRBEZEZRRD N, LML Lanb,
FREDOREREZ LLRZNS, RLATATE RIZOWTIERAIR LZX 52, BIESRLZE
LTHBIFLET TRERBEZIRDONT, FCEFEZBVWTRRAEREOCRE L~V
Tholce TDXIT, ZRERDPEER L RIWHEICONTUE, 72& ZBERNZLT
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Fig. 5-4 Fraction of photochemically-produced formaidehyde vs.
formaldehyde concentration: A Isesaki in summer, A
Annaka in summer, O Isesaki in winter and @ Annaka
in winter.

b, BAERBTZEIZZEREOREL RAFREERSZ ZENHALNE RS T,

ZOXCHBERNOKRNVATATE RIIZOERB L OOHARRILZELTFTF 2 MT
IV, HBEEAFTF Y MIBOFRERICLY 1 BEREOEIMAISLTRBY ., F03%
B 5 FE B BRI A b OB LTV B (Chang et al, 1989), L7=23->T, BERRA
DENLT AT RBEZINAELLDOBHROEELZ T TOAHEELHY ., ZOBAI
AV AT —=NABRIZRDETHA S5, KR TIIERFESETORENRTE bz,
RAVLTNTE RBREERENIZBR LT B3I LIFIRTIENTERD -, 5%
—HINAR—NTEF TR, bID LUEGHICBITARILVATLTE FOXEBICLER T
RETHA D,

35. RILAZLTEFIZKZBEYRY

RNV AT T E R IARC OFEMTIERVCEB o e@iE. | (B MZRLTRRIAED H
2YE) THY, MOBBEICBVWTHREPAEIIRD LN T WS, EPA IEFAZ=y
MU RZ% 13 X 10° (ngm®) 1 & E D TV 5 (B FF M B AT AR . 2005 f) , ELCR % 107
VAL TEET S ETE, ZOBREIXN08 pgm’ THHZ LR EN S, Fig. 5-3
bb»3L31C, ERCZBVTIEANLNLATATE REAFIUF Y MNEBEOEKEICIIEE
REEAPED LN TS, BHICBITBEUFK (Fig. 53 B)ZHR) »oEXHE, —KkE



ERBEFEELRVHIE TH-oTh, TFVF 2 MRED 20 ppb F2E TEEIZ 0.8 pg/m’ 1X&E
BT5THEH, BEROHBREREEND, BEFEOLIF T F 0 MNEEDRKR{ED 20 ppb
PR VHIRIIEEES ., BEERIZBWVTIR., BABRERMZLEALFEELRVHIRTOL
BEBRTIE (—FBCABRRER L TVWABFTE2HE) ZELHB T, FVAT AT E FIC
XBELCRIIFEL_ALZBBELTNDEEZXOND,
TOEIITEHRNATIATE RIZE B2 —A VA — )V TOEERBA LN ER>TWVWE T
D, FOVRTIEBNEEDLELZEEBRN, FALTIATE FO—KIFHE X OCZKRAER
OFENTEHR., BFENICHRETH Y, EHIZELCR 2 10° LV TEET S OIXERRT
XEELV, BHEBTOMKIEITRAEREMGA TS0, T-VOC DHIEZHET IR L.
HBELRHEOEAERE LTV I THAI, £, N ATF /) — LD HEE~DF
AL EENTWHER, FETVAPFOFRNAT AT E FE, TAT E REOHEMBEREL
TWB (AR, 2008) ZEbbY., +H%2I X /FMERSHELELRBTHS I,

AR X TIHBHNZERICOWTIEIR Y H#b s, #E B (Ohura et al.,, 2005), FEEBTHHE
(5. 2007) DEEREICRBITARNVLT LT E Rizks ELCR iZhEh 105, 104
UETHBLEOBENDHD, FIVALATAT & RIZFFBENTRAENRRD bIL(Liu et al., 2006),
YERAEM THIENERTORNLAT AT E FEERBARKOEKIZET S
(Cavalcante et al., 2006) = & b 5D, KEDAMIIB L IFEZEANATE I T EED . 1998)
TLEERTDHE, RAVATATE RICEBAENAY R 71E, BEMICHRTNEZMET
»H 5, '

4. FER

BHEROETHBLIOBHET 55 »y Aizbz, AAVATATE FBEOBRIZ1T-
7o TORKR, HTHBLUVENTE L DICESTORERAFIVEARILE P27, EET
BOWTIIHHR & BMEHTREZSEDOLNT, LFZBNTOL, HHHMABFNE LY
LEBCEREChH T, XBIZBITARNVLTATE FREEOEEZEIZ., —KRIFHED
BOWERBTDEEX DN, —F T, ERZBWTEIETH G BNE L IZIERBEDO K
NATNAT e RCBRBSNA TRV, —KRIFHEDES bbb bT, MR TR EZEN
R0 TeDiE, EFCRB OV CIE—REEH % EE D ZRAERBEZ Y, TR KREKF R/ L
TATE FBRE2XETA 27O ThHolz, TOREROFEERIIZLETH 50 %, BEF
TIX 80 %IZHELTEY, BERICBITARKFHRV LT AT E FREZELS LTHRE
BERIGIC L D ZRAERIZKEL SN TV, ‘

CHIFBEAETHY Holz—kIFHOBZOWER, & L TRARBBICEEEZ RET
DEIHMBHT, BICERIZBVWT, BERNEREROFEII»1DL T, EFEHAEICD
o THERBERNVLAT LT E NICBRBISNTWAZ EBRHALNERo Tz, ZORE L)L
MHEZT, BEALOBBRERX 10° LEOREBAV XA ZICRINTNE EEX DR
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INETIE, FE LTHBREATRETIFELRYEIZOWVWT, FROBEI X7 L)
BREZLZTCHLEUTCERE, ZITCIIHERNTHLRET AN, T LTHERAKTHS
EEEHMROKRKEEYENHERORIICRIETEELEZ S, Z 2 THRIKEDOHRAR
BOMFTBMELRDID, "7V P —#HEZLTWD, 74 THAWTER
EF )V E LT, NOAA CKEMEHEKXRSET) » 5 HYSPLIT 23, CGER (EIREMIERT. #
BRREMEE ¥ —) DIk METEX RSN TEY, AMETLINEDET L EF]
ALTWS, EEBREFNMCLAHERREOEKIIITo TELT, METLDEVIZDON
TIRHAEMETIEER L TR,

%6 ETIE, BEROLEHTENMBEBORELT., BERNTOREEDEE
ZHALMCT DL E DI, ZORRLZEEBEKANY MEOEKRORAERFREZFIA L,
P BE R HIR 2> LR RN ~OME OB IOV TER LT,

7 ETIX, FEHEORE L ILEMOFRIRIL TRFRWE B L OERY 2 2 REIMAIE
L. FRRHIE O OB RMEAPHERORRICEZDEBEORE ST H>VTRE Lz,



H6E BERUESBICEITSEREBOTRN
B8 FREUSESLCETSBRERORMEHE

1. XCHIC
BERTOIIREOREMEOCEER— o2 5D TWVD, BER TIIAMBICRE -4
BEtERE (BAD o, 1983) 2&ic, BB THICE T AN HEESNTE L, ZThET
i, EELTHRBIMREDORE TH 72N, BARFOBEYEIZTD 10 ~ 50 7 < (Stumm
et al.,, 1987), AERERA~DREIRE(Cox et al,, 1989; Braun and Fliickigera, 1989) &5 X 5
Wi oTz, 207, BRI TEO(LFERST OBRIAITON TE 72(Fuzzi et al., 1985;
Schemenauer et al.,-1995; Igawa et al., 2001; Aikawa et al., 2005; Kim and Kim, 2006), ¢ DFER,
pH 3 LUTORVEBEENRILET A IRd—a v N TRELTWVWDEZERHALNE RS
(Johnson et al., 1987; Munger et al., 1983), BARTHHR)IROXKILIZB W T, pH 1.95 & \»
5D THROVERMEENSBER S (FRDH. 1997) fl, FHHEHEMinami and Ishizaka, 1996)T
IX pH 3.3, ~H [L(Aikawa et al., 2001) Ti¥ pH 2.3 L RWVERMEDO BB K CTHEI SN T3,
EEOBVWVHIRTIIENERE T, B L2BEDEORTRIINICLS2ZhE
[E %5 (Vong et al., 1991; Igawa et al,, 2002)Z &35V, BELIT TR BTREOE» D bAE
BR~ODEERRLIIVRKEVEESLNH D, LER-T, LERICBITIBECLABEERT
MOBRTEZIEETILERDH LN, BARCBITBRHEIITL T (UKL, 1999 ;
Igawa et al, 2002) THD, ZNitx, BRTEORES V ICHERILERICRIT 5 EKEH
F—=EBRRBLTNBRIER—RER>TWVD, WHEHICBIT2ZEOBMIIZR2F %
B i), BFICAARATOERSMICOLEZZ28HT — 21X T< R o Hilk(gawa et al,
2001; Aikawa et al, 2005)TL2VE DR TRV, BEERNICBIT3EOHAIT. FEL
(198 B FRIRILICBNTIT-> TRV, MOWBEZEORENBRESN TS, LOALRMEDL,
FE L OBENIMKIC EMBETORZICEE T, RRIUICB T 2BEZEOERLIEE
THETRIIEL R oT, HRRIIFIMILTIX 1993 EN0HEICEDE T, BAILT
X 1994 D5 1998 - TEAREZERI, AL TE 7k, 22 Tik, R & B4 L TR
HIZEARZBIR L7 1994 FE235 1998 SEE T 5 EROBRELMETH L & bic, mHis
BT D2EKROMEROZERIZOVWTHRE L, BERILERICE T 2 KREIEROREIZ OV
Tk~ 3,

2. EBAHZ

2.1. BRMBRAOBE

BHIT 4 =NV FTHIRMU EBAILNTHEROIZIEFRIICME L, FIR)IE2EHAT
EREM T I Z30kmBERLTWD, AILIBEETEFOL & 5 ERIBHIZH Y, BETS
BIIEL L HEE XD KBEXOWBIZIRIC X 5187 E(keda et al, 1989)TH D, FRIWIU
WRETDIELFEBERMIED O ORKIEEDE OB OV TIIHE H(1995)3 L D £ L
WEIT-TWND,

B R OERIIRIRILB L OBEA LT, ZRENBELE 1500 m, 1200 m TH D, Bl



B % 1T - = HIRIZ 1T 3 TR ERREITES L1628 mm)2SFREEILI(1339 mm)&k W HREIZE
Nol, BEFRCIIREREN 30 CICETE—FH, £FTIT- 10 CUTETET L, FHR
BIZBXZF20CThs, BOBERMBIZ 199445 A~ 19984 11 A, =L, FFEDOL
B (12 A~ 4 8) IESEHIVIEREBOKBCLIVBERTRETHLI D, BHZT-
TR,

22. BHBEMESHHE

F K DEEUZ CALTECH-type (Jacob et al.,, 1985)7 B BIZE KR EUERE (MEH TEURATHR,
FWG-800) Z Wi, ZD¥.EIX, B —#., BAKHEER. HEM, ZKTEEDO 4
SOWHP LR INTND, B —ERELRETS L, BRBEESSEESh, B
EEATEREB LZ 20 m¥min OFECEKBIT 5, WA ENEMAT 7o S EOMW
% (J#) BESTERZV—VIHERETHILICLY, BARBLELTHEESNS, 20O
e, ZTOFROEBTIIEEL 100%HETIZLIFITET, EROXKE SR, AENK
BERECL > THEDRBRESND, AEBOWENRIILEBLZRRLICREL. BH
HREPS um ERELZEA. 074 THD, B, COEBIIFREELIZIIOMTE, &
BENeY TR ~ORKDOBAITERTE 5,

BERENTZEKIT, BAITEB~ERTL, 5§ CUTERENZABRERICHIRNY =
FLUUVER MNCERENS, RMVIEAOEFEREITN 60 ml T, EBORENLHEETO
M. £ TOBEANEREICS UEAEOR MICERE NS, BAFE L TORUVIREENR 3
B Ll bkRE L= %. BOBEREELLEBARIOELEREL, BHTHLWVWA MVIZE
KBFEREND, BABETORZ ) —VZEBEREESNR2VWED, FETH FOEIR
EiTol & ECHREATERE Lz, Z0RBOEGERILITE THER TER - &I,
INIDT ) v —TEDODRNERHBAEIND,

EAEREBITFRBLUBICEBAILE LICHEN 1S m TBAIT b, MEINLT
FGAKITERELRE L%, EHCHOWICH L, 247 E B 1. pH (pH EMEYE. HM-60V,
B DKK ) . EXEE EC (CM-60V, B H DKK ) 35 L O FE MK 1 4 (Nat, K*, Ca
* Mg**. NHs", CI, SO#. NOs', £ 47 m~< b7 F 7, IC-7000RD, A 7F U 7
A INVYRATF AR ThHB,

SIWTHERIL EPA (EPA, 1984)D FIRIZHEV, BEREEEOFHEME L ERED LI KLU
Fr NG RERDBZETIHMLE, WTFHDHE = 20 %LUAPICIE > T, 4
WA IEE T bz L HIWT L 7z (Lange et al., 2003),

23. T—H8&H

k57 — # 1Z Kolmogorov-Smirnov B EIC L V. HEKERSMICHED Z & BRER S
oo FRIRILIS L OUEL ILTOEADBEVIZOWTIE, t BED D\ T Mann-Whitney / >3
FARNY v ZREZRV, pEMN0.05KMEHAEL L,

& DI FE(Liquid water content, 2L T, LWC)iZ LWC (mg/m®) = w/(v X HiIc X W Rz, =
IT w IR MNVICERENTZEKOEEMmE). v ITFT O & E KB LzEREM), £ 1T
Jacob et al. (1985)DFEIL L - THE SN LEBOFHENR T, MR L2 L DI Z D



Table 6-1 Summary of fog events at Mts. Akagi
and Haruna. (1994-1998)

Mt.Akagi Mt.Haruna
investigation period 1994.5.2 1994.7.20
gationp 1998.121  -1998.11.13

total duration of 17717h05min 14428h39min

observation(A)
fog event
event number 397 225
sampling number 204 125
total duration (B) 2777h31min 1451h27min
rate(B)/(A)x100 15.7% 10.1%
Max. duration 48h03min 114h56min
mean LWC 74 mg /m® 63 mg/m®

BETIX074 & L7,

NP7 MY —NCIIEYRENAETMERKBEFEE L F—ICLVERB S
Meteorological Data Explorer (METEX) %#fEf L7z, METEX X F S5 V=2 bV —%F T
- > (URL: http://db.cger.nies.go.jp/metex/index.jp.htm) CEHETH Z & B TE 5,

3. BERBLUER
3. FBUSLIVBBLICETIBORERNR

FHL A BT D EDRARRE Table 6-1 1IZFT, < OEITEF N LHITHFITHITT
FBELE, BORABHBERIV LWC EHIFRLOFBRREL, RoBENRE U2
i, BT ABEYELERIIFRIRUOFPIEALLIDZ N, FRLEBELLT, £h
FHIENR 397 BLO 225 AOEZEB L=, BAEZHERTEZORXZD B, 204 B&
NS ETHoTe, 2T, BETIEPBRD TEI T, HAWIIERFEI Tho 7272
S ERBEKBEEHEETERP 2T ENELDIERRTH S,

Fig. 6-1 13FBORERMO AN ZATHD, FIRILTIE | U TOENWEREE
D 30%RE TH DI, BAILTIE 60%IZEL TS, 10 BEU LOERRICHZ3EIX
FRIRIL, BAIL L BICREOEETH -7, BRERBOPRMEIIFRRL. BAHILTER
Fh 43 FHE. 3.0EMTH o7,

EMOERERBIUORARY Fig. 621277, —&MIZ. BORERIBKEICEE
ENdLEBBZONDN, BxOUETEENOWMEOHRICEREREBABRIIRON R
oo ZAUFRTR L7z Z OHIBROFBIIEICEFETHD., EVIREIFTLTVD, T2b
B, B IZBRR LICRETIBFENZNTZDIC, BAKELEOHBERR ONRH -T2
DTHA9,

32. BAKOILFEHERRK
32.1. FBILEBRZ LIS TIBKISHTIEHEOEE

A AIZRB TS, BARRSBED 5 EHMOMEFLYES Table 62 1ZRLTE, 7o, fil
OBHAHEICBITIBELEBOZDETLLTH D, ZOFT, (4) Mt. Bamboo 35 & T(5)
Mt. Rokko IZHEDIK ICMEL TRV, L LTHEE»LHEBREINE LEbA TS
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Fig. 6-1 Duration of fog events at Mts. Akagi and Haruna.
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Fig. 6-2 Annual changes in incidence of fog (bar) and precipitation.
The precipitation is the total value from May to November
during each year.

(Mamaney, 1987) Na*, Mg?*, B8 X O CIrD LSRN PNEERIE & b L TR & VW, ZHiE, NaCl
DX D BHEKELFIZ, RKFTOEERPRE, BRE L TREMREShII<WI L
EBAbDTHA S, BRPOFEA F ik, HEBIVOIZBARED X 5 RRKIFELY
BOWMENGELD, £ZT, T NI UAR2LTHEERFRLKEL, BKRFHEEA 42~

DBEROFERr 2RI L > THE LT,
F = [Na+]ﬁ’g X [SO42-]sea
[Na+]sea X [8042']f0g




Table 6-2 Parameters for the fogwater collected at Mts. Akagi and Haruna and
comparison with other studies. The range of concentrations is shown in

parenthesis.
M ) (3) ) (5) Mt. Akagi® Mt. Haruna®

Altitude (m) 1332 1000 - 1100 800 1500 1200

EC (mS/m) - 142 125 182 - 146 (0.33-132) 16.3 (1.1-74.7)
pH 3.84* 429 369 408 377 371 (27-7.14) 373 (2.946.58)
NH,* (umol I 191 547 192 117 264 338 (4.1-2442) 452 (31.6-2327)
K* (umol I - 9.7 24 24 15 12 (0.77-145) 16 (2.0-132)
Na* (umol 1" 78 30 50 718 247 57 (<0.5-1056) 55 (0.8-1139)
ca** (Mmol I 13 20 14 48 61 21 (<0.5-873) 20  (1.2488)
Mg** (urmol 1) - 5.0 3.6 64 36 9.8 (<0.5-178) 9.2 (<0.5-260)
S0& (umol 1) 104 210 148 177 157 122 (2.9-1368) 130 (12-669)
NOs” (umnol 1) 164 409 125 88 301 303 (7.44250) 370 (18-3377)
cr (umol I™") 54 31 11 795 230 110 (3.4-1669) 128 (4.9-1769)
(1) Kmiec et al., 1998; Mt. Sudeten, Poland #this study

(2) Wrzesinsky et al, 1998; Waldstein, Germany * calculated from H* concentration

(3) Anderson et al., 1998; Mt. Whiteface, U.S.A.
(4) Lin and Peng, 1998; Mt. Bamboo, Taiwan
(5) Aikawa et al, 2005; Mt. Rokko, Japan

Z 2T, [Natlog 8 & VO [Nafsea IZFNEFNER L OCWEAFOF N U LA FURE, [SOZ]
fog B K T[S0 sea ITBEB I AT OREEA AV BEEZRT, FRIUBITEAILIICE
FTABEATIE, BEAEDT VAT BNWT, rids5 YUTTHY., BKRKFOREEA A
FEE LTRKIBFLRBERTHD Z LB REBEINT,

322. BEYMIALDER

Fig. 63 IXEBAKFOENMIA AL T NI TAALFTUVOBRRERLIELDTH D, M
BOBAE D, TOEREBIZETHS, T2bb, £ OEKICBWTHEEOERL LY
B\ A A BENRBRITHY ., ZORZIIMOHILOBE GHIDH. 1991; Millet et al,
1996; Watanabe et al., 1999) THE|EENTWVD, TOREDO— 2T, BRI AFDIC
HFETIREDEAF 2 ENORET IERMARBT AR, BTRVAENTI LBETDL
LB (Millet et al., 1996; & 5. 1997),

BIOHEME & LT, RAFP CTHERTHED D WVIZHBEIT R L OBBRKENE L LD (8
f&. 1987; Pésfai et al, 1995), T DORS CTHILAKRN | il L UOHMEETT o Vs 4
REhb, Zhboz 7Y/l (NaSOs, NaNO: 72 &) ix NaCl & Rk, KX FTH D
72, BIOBRERTHELEWTHAS (FHlb, 1991), FiicH L, EILKBH R X
WlT2Z LR 0LIE, FRUDZWVITELILE TERET S, BRPICHEIMAKETZO—B
X7 vE=THARAERE L, NHWCLEL T Z2ERKT D, T O NHCl R FIIPUNRLFTH S 72
W, FEITRR 7z NaxS0s 2 NaNOs b+ X W A G ICBIRAEO ILERE TEIINS L Bbiy
B LTEN-T, HIEAFBEFARBLIOELT Vo U DRFRBHMFPICEKR I, 2N
FBARF OB ALT ER L EFTNWEEEBELOND, 2O &%, WREREERL Y RIEF
A A DBRENDEZL OEKTIE, MBBLOMBA A VBELEVWENSE
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Fig. 6-3 Relationship between chioride ion and sodium
ion concentrations in fogwater at Mt. Akagi
(upper panel) and at Mt. Haruna (lower panel).
O, total concentration of sulfate and nitrate is
below 400 peq/l. @, total concentration of
sulfate and nitrate is 400 peqg/l and above.
Solid line indicates the ratio in seawater.

ENDLIFEIND (Fig 6-:38M), Zhix, KEVPFEFIFEFLRINLTEBY, LEOKRG
PMEESNTVAZEEERT S, &bz, 20 X) REIA ALV P ERICEENDE
ADBBE ST b & DR FFHBRIT. FhH3VIITEOREMET» L REHELZ @R L, &
I3 X OME4 L ~Fhr o TV B,

323 BKPOXEAAFY

Fig. 64 1T N OHAICH T BBARS OFHMEE, pHA 4 L EE 4 UTFI2HT
TRLELDTH D, MHEL BIC, TUE=T AL A, WA AV B X OREEEA 4
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Fig. 6-4 Fogwater composition at Mts. Akagi and Haruna, at pH <4 and pH> 4.

NEL BHOTEY, A pH BEWE, TROLOREFREL Lo T, —F., £0fh
DA F RS, BT Na', Ca¥BLU Mg EWwWoiz, & LTHARRE S bk pH
iz & fbﬂi&f~f€“@%otu ik, AR RRIGEPEZEROBHELICES LTSI
EERET A, MHRICBTAEK pH OFEEEB L OSMHA L LI, AEETRDO IR
nol,

BHUENZEZD>E, BLXZ¥ESMNpH 4L FThole, TUVE=U LS A VREZER
W, MR TA A VRS BREICAEZEIRDONR N olz, TUYEZ T LA T PREN
BAILTHEICEN 2T Z &IV T, BALOBHMSOZIXIIT v E=T T ADFE
HEFRBBHoT=TmDELEZEZLNDN, TOREICRELR 2T, ZOHIBIZEWT, 7
YE=ZT HADREROBEERIT, %E@TE&bot%ﬁf%éu_9Lt%$ﬁm%®
TUE=THAZEL PHMEMETEEL, KERFPEREITHFEOREROBELZ M Z
5 Z &M FEE STV S (Asman and Janssen, 1987),

T ' AA A2 bl X OHEEA A IREOREE Fig. 651707z, Ziub=
HOBIZIE Table 6-3 (2777 & 2 (CHBWHHBBMRA RO b, Fil OEICR > TW D DI,
?MTV%“?AE&U%@?/% TABIEEAETHDZ EBRTEEINT, TrE=
¢A4¢/15<@ WCBWTHIEEA A > X VBRI HFET D5, WlEA A kLT

A RRLTEY, m&4¢/®tﬁnm&7/% T ADOMIZHFEET S EEZLBND,
Eﬁikwf FIILB L OELILTOZT o Yy LOERSTIIMBT > E=TLTHY,
WEEET v E= LTI LARBELRDS (ZHIZOWTIEE 7 ECTHER3), ZhiE. &
WEEHIIZ I NHaNOs BRI FIZEBIC NHy A A L HNO: H AT 5729 Thd, 2O
ik, ZELAHD NH: H AL HNO: HWANRFEIZ L TRVIAENDIFEZEBEKRT S, KAF
WEFEET ATV E=T HRAZEBEKREPRHTHEEYETHY, IV TEL ARV IT R
VI AAFNTEARPOBENMEL . PRI E LTS RETIERRY, RRLICBW
THAZ, TryE=THACH L CRBEOMEES A% LIZUIEERN L T\Wa, ZOfR»
5., BEBRILESICBITSEK pH O TR, TYyE=TH ALV @RICFET SHEEET
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Fig. 6-5 Relationship between concentrations of

ammonium ion and major anions (sulfate ion,
nitrate ion) in fogwater at Mt. Akagi (upper
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Table 6-3 Correlation coefficients
among sulfate, nitrate,
and ammonium ions in
fogwater at Mt Akagi
(bold) and Mt Haruna
(regular).

NO3 SO4* NH4*
NOs 0.875  0.895
S0  0.851 0.918
NHsS  0.904  0.949

AVNBIZL->TRVRENFER, BZ5LEEZXDND,

33. EHOBICHEBLE-ABRICEITIBKOLE

331, BAKESOHMLTENBEL

R L7k 5. B0 S EMIChbE2EHBAEKGR S ThiE, Rl & Ba I3
ETABIZIETVEZTLL TV ERVTHEEBERRBO O o7, LALREL,
BOBICEETS L. FORYOBRBELCITEVSAR LN, ZOBBHMFS. Rl
LBALTIZERMRACEREMECELEFAN 8 Ebofc, ZDI 5, BAKpHIHERE
WCRRAEFZ2ETH 72N, 1FEALDOEHICBVT, TORSORFEMITRE L
BpoTWW e, Fig. 6-61219944E9 A 22 RICRHELLEBKRFOEEL A ORKF AR
Cair(nmol/m*) DB L 2R T, BB, Car HKRRIZL-oTERSND GFIIDH, 1991),

Cair = Crog X LWC

I 2T, Cuog IFBARFORSBEQUm/)ERT, /L., BKOEEIX1 gml &Lk,
Fig. 6-6 \ZRLEEHITIZ, T 78HB420FEAFY (KBEAFV, TVE=T L
AFy., MBS T BIOWBA ) TERTD 0 %2 EHED TV, RBRAF A
HoLEENFRLUTIE2E, BALUTE I HRANILTWS, A FAFORNOE—7
(9/23. 030) X FRIKIL LA ILMF TRLND, ERAVEFICHEAFIRo-TNDHI L
N, THIEEBODEAEERI LI VLN DICEL, R LTHEBEICR-
(Schell et al., 1997), ®» BT, FREKPBMLTELILILLDIZBDTHA, THIZ
LT, 2 BEDOE—2(9/23, 2:15)TIEMRIRILTOMEEA A LAKREA A AT HA
BIzEL o TS, TNIRTVE=THTABRZ LTWAIRET, HEBETABEIZEY
AE, pH ODIET 272 b0 TH A ), WL ZANEEYEH v, £ 0HRHIRD IR
IWENRIZH B L IEEZIS WD, ZOMBH RIS L FRWILIZITICBR L TE Y
DEEZHND, R EEL LT 30 kn BE LMELTHRVDIZL2bET, 20
IR DEHMOEELZ T IAREENDD Z LIIEETREFETH S,
33.2. RN

Fig. 6-7 1IZ pH 3 L TOBAPBR S NIRRT 2, BFRBRTH D, WThoEK
HECH 70 mSmEETHY . BEFBERIN T\, MEROERIZFRR LB X OE4
OB TH DRIET. BE 300 m OHATH D, FREILTHELRIN-EPB S NIk
ORFHRHRIT. 2 THREEFERZEEL TRV ., RRLOEKIREBERMIKOXKRE
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Fig. 6-6 Fog components in air over time at Akagi (closed circle) and Haruna (open triangle) on
22 September, 1994.

RICHBINTVWDLEZDND, FRIIR L, BEILUTEEICHERINVEZEENBRI L
L EORFRBEIERETFZEBE L THADIE, b Thiz 1 A Th 3 (Fig. 6-7, No. 7).
No. 10 DR FMEFFRIZ. B ZB-> THRBHOLEZBEBL TEL T, 1FLAEPLE
HORDHODKIHETH o7z, BAIUEDTHEROFEE DT EILTERVAE, OO
FII. N DL OIRELLTER (BE) BRORSDED, 2TORDTBRRLODO 5 ~9
BEOBBETHoI b, 33.1L.THRNZX 510, BEORERSHASRIL I VM
Dofe, BRIRARAZ Y —r ETEKORBHENRRZ o7z, HDVIZZOMF OATHEMERE W
LBEbID, D2 RKO%KFHIHE®No. 8, 9)iE, HEEBPKAIKE Vo KEH O L% &
BLTWD, BAILICEIT32EIFHERMIKZT T, ZRLOKXREFTHEOKRKIBELROD
HEPLZITTHAHI ENRBRENZ,

Fig. 6-8 \ZI3TEE 2% (pH 5.5 LA E2yD>, EC232 mS/m BLTF) BEALZ L EDBFR
BBt D BB 13 Bl R L7z, WTNOBKFERELERSBRE S TWS, HlEh
TeBLITRRY, ZOBEORFRBRIIFRL2 2 FEERLTEY ., HRIRLEBLILTO
BEWVWHRD R, L OBFREMRA, Bkl e & 2 bh 5 HIL#TF o 1L HE.
HDOVIKRFELNS, REHOLEEZELTICRLoTHE TS, No. 4, 9, 11 BIV13
DIEFFFIIRE T E /L IT TEMEO LEEZRBELTVWD, Zhb 4 FFHAOEXRBRA SN
EEIF, WTHULRTEPLRERSMBEL CBY., MICX> TIERMERREENT- B L
b b,
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Japan Sea

Trajectory Fogwater
S Travel EC
No Starting time time (h) (mS/m) pH
1 188499 20:00 24 79 2.88
2 1995.5.10 20:00 24 132  2.82
3 1995.6.18 14:00 24 102 2.80
4 1995.10.23 22:.00 24 78 289
5 1996.7.20 10:00 24 116 2.72
6 1996.7.20 21:00 24 76 289
TUITTI986.10.287 2200 T2 75 284
8 1998.7.1 23:00 72 81 2.97
9 1898.7.7 21:00 48 79 285
10 19898.10.31 22:00 24 125 2.80

Fig. 6-7 Back trajectories of the air mass arriving at the foot of Mts.
Akagi (solid lines, no. 1-6) and Haruna (dotted lines, no. 7-9)
when the highly polluted fogwater (pH <3) was observed.
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WRELEZBIBONTYL, TORSBRELERZIBEXH V. HHBOMETIIZOH
BOBADEES LT LLMATE 2N L Bbhoiz,

WBEA A D 95 BITRKFRZLDEDEEZ b, A THERA AV BARHAIZR
T BBEARBRMELICKELSFEE LW, KKFOT VE=T HRAZIEKRORFUIBEL T,
EEASAEPREEZLTEBY, ALV TART IRV UL EORSYDOHFEITIEE A ERD
AL Do T, BAKDOERMEMMIT, MBI ART VE=T HAZREL LEHBRETEKIZ
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Japan Sea

Trajectory Fogwater
- Travel EC

No. Starting time time (h) (mS/m) pH

1 1994.9.27 06:00 24 0.91 6.21
2 1994.9.28 05:00 24 0.40 6.08
3 1984829 04:00 24 0.36 5.65
4 199575 21:00 24 1.50 5.84
5 1996.7.10 01:00 24 1.43 6.48
6 1997.6.28 19:00 24 1.18 6.76
7 1998.5.26 01:00 24 0.49 7.14
8 1998.6.2 20000 24 1.87 5.87
9 1968.7.30 08:00 48 1.03 5.80

13 19084014 00:00 24 101 7.04
Fig. 6-8 Back trajectories of the air mass arriving at the foot of Mts. Akagi

(solid lines, no. 1-7) and Haruna (dotted lines, no. 8-13) when
clean fogwater was observed.
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FEBFRRAENTRE R 2> 6. BB HUR O RETIF YT HE BRILESICRAE T 2B K OBE/LIC
FETHEEZON, BITEAILIZBWTIE, KRRATEE Wo 7278 B ARDKE T DK
GIBEROBEL ST TWARREENRER S,
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Fig. 6-9 The new actlve strand fogwater collector
(DFC-1100).
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FEAMICIETL, 1 Z FE -7, NOs#EEX 6 ERIEIE—ETH o 7=DIizxk L, 2000 Fix
nss-SOZ MEE DA LR NRA LN, Lz - T 2000 LI, N/S DX T IX nss-SO4> D HI N
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Fig. 6-10 Yearly changes of the mean pH, NOs/nss-SOs*
ratios, and nss-SO4% concentrations in fogwater at

Mt. Akagi.
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Fig. 6-11 Concentrations of nss-SOs 2 and NOs /nss-SO4 # ratios
in fogwater collected at Mt. Akagi from April to August
(before eruption) and September to December (after
eruption) in 2000.

2000 T HRIRILTHEONTZEKD nss-SOSBEBINNS 24 ~8A, 9~ 12 AN
SOOI ST, FOFEHEE Fig. 6-11 2R Lk, ZEBE»DOKILITAKHHERSH
R LEFHTHS 9 BUKEIE., BAKPO nss-SOFMBERL, NS HETLTWD, £
ZC., BlEEE 4~8A (0=13) £ 9~ 12H (n=30) KHTTHEEREZRToT2& T
A, 9~12 AICER LEZEKITEEIC nss-SOLNE L, NS BEN-72(p <0.05), L7=73
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Fig. 6-12 Distribution of chemical composition ratios
in fogwater at Mt. Akagi before and after
the eruption of Miyakejima. Open circles
(O) indicate from May 1996 to August
2000 (before eruption). Closed circles (@)
indicate from September 2000 to
December 2001 (after eruption).
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Fig. 6-13 Concentration of various ion components over time in the
fogwater at Mt. Akagi on 16 September 2000. Width of
bars corresponds to sampling duration.
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Fig. 6-14 SOz concentrations at Shibukawa city
(September 13 to 19, 2000).
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Fig. 6-15 (a); Fog components in air over time at Mt. Akagi on 14 November
2000. (b); Various ion components in the fog water at Mt. Akagi on
November 14, 2000. Width of bars corresponds to sampling
duration.
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Fig. 6-16 Various ion components in the fog water at Mt. Akagi from
August 28 to 31, 2001. Width of bars corresponds to
sampling duration of fogwater.
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Fig. 7-1 Schematic diagram of sampling of gases

and aerosols by the four stage filter
method.
Fo. PTFE filter to remove aerosol, Fi: poly-
amide filter for HNO;, HCI and SO: gas
collection, F2 filter impregnated with 6%
K:COs; and 2% glycerol solution for SO
collection, Fa: filter impregnated with 5%
HsPO.« and 2% glycerol solution for NH.
collection.
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Table 7-1 Compounds for analysis

compounds materials for analysis

ons cation Na*, Mg®*, K*, Ca®", NHs"
anion Cl, NOs , S04~

carbons total carbon TC

organic carbon OC
major elements Na, Mg, Al, K, Ca, Fe
metals trace elements V, Cr, Mn, Ni, Cu, Zn, As,
Cd, Sb, Ba, Pb
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Fig. 7-2 Dissociation equilibrium curve (solid line)

and actual measurement value (open
circle) of ammonium nitrate.
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Fig. 7-6 Temporal changes in the EC concentration in FP at
Maebashi. The solid line and dotted line indicate mean
value of EC concentration before and after diesel emission
control, respectively.

FRECTOBEAIIERMSIIENEEEETRY, L L, EBRSITR IR E LK
DT REANLSNETEOBEREITEIZ NV ED, ZNERIETHZ LI2LD,
KFRWEOERE, RAERNEEBTRICRDZEDHFTESL, £ T, AFETIIHRE
Bare LT, @B DHRITER L,

ERESITIRIOELFEN, U770 E TRORAZELICHITLZ L
MARFRETHDZ D, ZOFMITIEBOEEEZWMIVRWE LD THIMNELHD, £
DEELLT, FLBELSDOBREZQRIT X 5 Al OFEE THHE L (Hoffman et al., 1972) L
T EHEREBERNEAWVWE Z ERNENTH B,

[MIew/[ Al]em
B = Mo/ AlJom @

TZT, Mem BEFRPEFICBTDER M OREZRT, Mo XHIERMZRT O
BMOBETHY., APFFE TIL Wedepohl (199512 & » CTIERRENEE AWz, BIGIC
BT BEEBS D EF % Fig. 7-71ZR L7z, EF B LIZEITHIE, Z20&BIXEL LTH
S(L8E) BEEEZ DN, A TIENa, Mg, Ca B LW Fe BZNITIEV, K ZERW 2
FOMOKSIE BF R R&E <, LBEEL T CIREATE 2WT 50 AR RERN H
2LEZBND, KIZZEOHHETHY, NAF~RBRBEOEEL BRo> TS (Pio et al,
2008; Coelho et al., 2008) = L 3 HE XD &, YRR THAS,

RLROEOBRE, HFICEBERIIE»OOBHREE 2D LTHEEBELRINEERHS D
ZiFIZ, ABRERTHIRERDRHABREDLN-TRY | 230, b 23Rk
EFLTWBZERMBETH D, Figg T-TIARLERSTEOEGEFHETEELOND
DIFERNTFTTVTLATHD, NT VU LTEWREEROERE L S5 LHE TH Y (Dundar,
2006), WRBEDOETEMFIIEDOERBERICR->TWVWD, —FH., BEICBIT2E

— 102 —



10°
10°
10*

107 % H .

~o—

1
'._.__@.—

107

Enrichment Factor

o

10°
107

Max
% Mean
Min

Na Mg Al K Ca V Cr Mn Fe Ni Cu Zn As Cd Sb Ba Pb

Element
Fig. 7-7 Enrichment factors (EF) in FP collected in Maebashi.

S Rt 5% significance level

Correlation Coefficient

Fig. 7-8 Correlation between wind direction and
enrichment factor of vanadium in
Maebashi.

HRBERITZZ O 1/40 AT LIEEIZ/HE W, Fho, AF YU LADEF L RREE & OMEEHE
RER_Z L Z A, Fig 78 ICRT IS ICE~FHRA L FE(Q <0.05REDCHBERR LT,
UEDZ &nn, MBERMENDDOBMEBRT LTIV LANEZOEEL LTHA
ThBEE BN,

4, EXE

41. MBEFRBMUAOKXERDORA

Fig. 7-4 D OHBE=7 oY VBEOEHEB N KD K& WA, A L FRIRILTIRED
EZENRLT L —BLTWRY, Zhit, s L2 X KRIEOMFELRDZ TV E=TH
ABREOEPRENEVIBHGLHID, KKOMARKES IR TERR D WD %x
BB, £ T, EERREMICBIT 3% RHRIENT 21T o 72, BIfE & FRER L CIIKSEE

_103_



B+ Hh3Bp RN F12884 H3678
7
—— Maebashi

26

13

15

Fig. 7-9 Back trajectories of air mass arriving at Maebashi and Akagi in May 2003.
Numbers indicate the date.
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Fig. 7-10 SPM concentration at Maebashi in July 2003 (a) and back
trajectories of air mass arriving at Maebashi from 18 - 21 July
2003. Numbers indicate the date at 9:00.
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Table 7-2 Results of multiple regression analysis for the
concentrations of total nitric acid (a) and sulfate
aerosol (b) in Maebashi

Variable PRC' SE? SPRC® t-value*® p-value

Vv 35.787 10.892 0.526 3.286 0.011
(a) SO, 2651 0583  0.728 4.547 0.002
const. term  -96.732  36.655 - 2.639 -
®) \% 12.545  4.481 0.682 2.800  0.021
const. term 12,350 10.920 - 1.131 -
1: partial regression coefficient
2: standard error
3: standardized partial regression coefficient
4: t-value = |PRC| / SE
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