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Estimation of adherent chloride ion amount on concrete surface
of bridge pier by using GIS data and meteorological data
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Abstract

Salt damage is one of the deterioration phenomenon of concrete bridge, and it is worrisome phenomenon because lots of bridges
were constructed at coastal area in Japan. Salt damage is resulting from the chloride ion adhering to the concrete surface. Cracks in a
concrete is happened by the rebar’s corrosion and expansion, which is wreaked by the chloride ion seeping into concrete. In addition,
cracks in a concrete of the bridges is progressed in case they are located in an area of high sea salt, and as a result the bridges are
damaged. Lots of bridges in Japan were constructed during the period of rapid economic growth, and 50-year-old bridges are
expected to go up to 47% of the total in 2026 ®. Therefore, efficient maintenance and improvement in prediction accuracy of
deterioration phenomenon are necessary. In these circumstances, the prediction of deterioration phenomenon for the current bridge
maintenance used the assumed amount of the chloride ion adhering to the concrete surface, and it is constant value depending on the
distance from the coast ®. However, it is considered that the degree of actual chloride ion adhered differs depending on the
environment around the bridge such as coastal distance, elevation of ground, wind speed, and wind direction. Therefore, it is
necessary to consider the environment around the bridge for estimating the amount of the chloride ion adhering to the concrete
surface.

Hashimoto © proposed the index around the bridges for prediction of deterioration phenomenon, and compared the condition of
bridge deterioration and those indexes. The clear relationship between those indexes and the condition of bridge deterioration was not
shown, and it was pointed out the necessity for comparing those indexes to the flying chloride ion amount.

This research aims at developing a system to estimate the chloride ion amount adhering to the concrete surface from the location
environment around the bridge, which is evaluated by GIS data and meteorological data. The flying chloride ion amount was
estimated from the existing calculation model of chloride ion amount. The accuracy verification of this calculation model pointed out
the necessity to improvement in accuracy input data, such as meteorological data and wave data. While the network of weather and
wave observation is constructed in Japan by Japan Meteorological Agency and Ministry of Land, Infrastructure, Transport and
Tourism, the distance between observations points is so long. Therefore, the weather and wave factors at arbitrary point were
estimated by using MSM GPV data and CWM GPV data, which are the numerical prediction model data and are 5 km interval
gridded data. GIS data set as input data are the following: the shortest distance, the elevation of ground, the sea-bottom slope, coastal
shape, azimuth direction of coastal line, azimuth direction of bridge axis and land cover. Meteorological data set as input data are
wind speed, wind direction and rainfall amount, and the wave data set as input data are significant wave height, wave period and
wave direction. In addition, we inferred places within study area where chloride ions are easily adhering by using distribution map of
adherent chloride ion amount.

As a verification result, estimation result of wind speed by using MSM was within the range of between 0.5 and 0.7 on correlation
coefficient. Error of wind direction within the range of between 0 and plus or minus 2 were account for 70% of the total. Estimation
result of rainfall amount by using MSM was within the range of between 0.4 and 0.9 on correlation coefficient. In addition, the
predictive value of presence or absence of rainfall was more likely than 80%. The wave data set as input data are significant wave
height, wave period and wave direction are estimated by using CWM. However, the correlation values of wave period and wave
direction was not good. Therefore, data of significant wave height and wave period was estimated using observation values of Kochi
port in every month, and breaker height and breaker depth are calculated by computational software.

As a verification result, estimated adherent chloride ion amount showed overestimate to measured value. The cause of overestimation
was considered that estimated value was resulting from the lack of influenced of wash out by rainfall. In addition, the reason of
overestimation was considered that the wave data at study area was not able to use during the course of seawater aerosol production

process.
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The places where chloride ions are easily adhering were inferred by using distribution map of adherent chloride ion amount. There
are two rivers at study area, and coastal shapes are sandy beach. Droplet diameter of seawater aerosols that is occurred in the sandy
beach is small. Therefore, lots of seawater aerosols are transported to inland compared to artificial coast. In addition, wind speed does
not decrease on a river because influence of ground roughness is relatively small. In the result, it is considered that adherent chloride

ion amount is increasing compared to the surrounding land.
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v v 7=/ (SAGAGIS Wind effect®) Z A L 16 SIS B E ORI 24T > 72, M 2.13 I[ZHJEUC & 5 HiBRh A
D54 2~

BOEA M s MsTA
)-
¥t v
. S 5 T
> T A ABINLE
- LR i 5 ;I: —E
Lol }; th iz B D1E
lg‘_ﬂ = B 0700000
: i - | 0800000
s .t#' 0900000
- > 3 ‘ A 1000000
e ‘?«% v 1.100000
e ' i 1200000
s P2 i, | 1300000
O e l 1400000

2.13 RAF 180° & 5t RIED S
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HIEA R & B JREAHIEIT, 2.3 L0 7 A X ZABLAIGIEIC R STV M S MASF S COHIER) FAE & 7 A & 2B E
TOHFENFEMOLLAEMS M TR CORBEIZELH Z & TiTo 7.

WEr, ¢
Vr = Vysm - W E;rsg; (2.3)

Vp : RHIEJEE(m/s)

Vysu : MSM @ JEG# (m/s)
WETarger © HEER TOHIENRAE
WEysy : MSM C O M 2h FAi

245 WREAEEIZEL DEELTIE

M S MOJRGHIZH 15 10 m COHEEM ThH 5728, K[RBLAIZHIT D1 EEGRICE T 2 0ERH 5. JRHO L
13 2.4, 2.5 OEHOREFL] 10 (2 L0707, K214 [EGEEBD A A—TV %, £ 26 I ARBEEFLENRELT
WD IR EHLEE O X5 WD K 5 BERUE & X Z;(m) & R & Fifak R

Z1
Vz1 = Vysm - (E)a (2.4)

2.5

Vg ZHEGH (m/s)

Vg1 @ BB T 2 B (m/s)
Z; : BERUE & & (m)

a NEFEH

Vi ’
10m
\I, Total height: Z

SRBARED
MEM L AL

2.14 BEEHBROAFA—2
12



£ 2-6 HEEHEORS" (BFBEFR, 2004)

BERES NCF "
WEREAERS | b BS | NEEH ShEEDREE
i m) a
I 250 0.10 EER-EL
I 350 0.15 HEhELE
HEIDEEH

I 450 0.20 T 5 25 A

I\ 550 0.27 AROETO TG E

v 650 0.35 KERT O Sl T it

24.6 1BFHERRKEDHTE

Rk T — & ORI EGE R & [FERICHEEE 32.6~33.6° , fREF 132.4~134.35° OHEIPATIT o7z, BRI L
{EA A > DY LICEEEE RIFTT — % Thd. X 2.15 [ZHEKT — % OMH&ESHZ2 /T, BKROMITIA v 2l
TH—ThHHEL, THAXABREOEFICH S 4 HOMSMEFHOVHEE L > TWD. B, BAKREOFEHMEN
0.5mm/h LY b7V GAIT 1 BRI KEE OmmE LT,

2.15 BXKT—420mHEEH
(HH : BT #HEROLES Y KUy b EYA VERIZKRKT—4 3858 L TEH)
F—4#4 Y —X : Landsat8 E{® (GSI, TSIC, GEO Grid/AIST) ,

Landsat8 &Ei{§ (courtesy of the U.S. Geological Survey) ,
BEMA (GEBCO)
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o, R2TITRTHER I Y MS M LHEE L2 ARBIHA TORKOAEL i L7, AWFFETHEM D51
WA F L BOHEET VL, BEROGEITHEA A A Tk b~k SN2V S FUE L TER Y, BWNOAE @E, &
RIS E MY

= 2-1 HE%E
MSM
fEKkdHY FEKAL
. fFEKk&HY A B
T AR
FEK7EL C D

2 P#E  (A+D)/N
FEAKE VETE  4/(A+C)
FEKHE L : B/(B + D)

T—HH¥ N

25 HEEIEMA T OEDHTEETIL
ARG T+ A EEM A A BEOHEETT L O 1%, MEER AR, MXek, fEREO7a2nb7k

5. ZOFETFT BN THEM A 4 T ERK T X OWE_ LI X OWE_E T ool R 25V E PHIZ & 2 35-& 12k S5
HT LA, B, MR LT H11.25° ORMEEHE L. X 2.16 IS5 mRICB I A8 a2 R~

BEH T ik 1%
- =
HE

SRHTIE
/4
. WitE 7
v /AR - S
i B
T omEnE e
.- Ery =
wazEEx 29—

2.16 EELYML I EDHEEETIL



2.5.1 BIENTFHRLEIBIE
YRR 78 AR AR T 31T B IR FRIRIE AR B Oy (T8 /m3 /sec), SIGARIKEAR DR ATFRIKEEIR L0y —rorqr (1 /m3 /sec)
IR 2.6, 271k VkKES.

Orotar =6 60y f(Hy) - (1/T) (2.6)

8 ¢ FRIRFS AR T HREk

§=1: AL

§=7: ¥k

0o = 2.0 X 10*(fl/m?) : FHEZR AL TRIA(E LR
f(Hp) = C - Hy

Hy, : WeBEs C=1

T : JA#i(sec)

_,.Ad
d—d+7 1

Bu—total = Ororal * fd st T (-5 )ad 2.7)

d : SEFRIKE L (m)
dg : FHFRIKELE (m)
d, = 400um : A THFREE
dg = 50pm : ¥k

Ad = 10pm : FUNELRE

252 EXi@EE

WKL OB AR, MR U K D KRR E EIC K D BB TEITWRR L BERSE Tk Ens &
T 5. FAEHEEEICRET S R ARIRE R ORI LBIRE O, , (0 /m3 /sec)i, K 2.8I12XVKRED. 7k, NP o
L BRI TR R & ViR TR AR B - OB R TH A, R R EA G COREMETH S 720, B LA
BEDRIEZAT S .

Ui )}] (2.8)

1 1
Hd,z,x = ed—total ' Z—exp [_Z_ . {Z + wy (
a a

Zg  FEIRERIE 34T 4555 & (m)
Zy=3-Hy, : NI
Z,=6"H, : i
Z : Wik e (m)
X Wik R (m)
Useq : 1 1-JEGE (m/s)
Wq © RTRIIRIE D KERIE THEE (m/s)

15



253 f{IEGERE

WKL DT B WA IT, W2 5 A TCZ2 KSR B OEMIC L O BRI H#28 3 5 2 L TREPEZD L T5.
F7, X 2.9 1T XV FRIKEEIRELO 5, 2% B EEHUR E IR U7 RRIKE R DA A A4 8My , . (kg/m3 [sec) T4
g, W, X210 LY My, kR EEEICK T 5 1 e o8& &Mt fERELZ R CoEZREEHL, 2%
LR 55 2 B 72 S SRR R D 3 LA A 2 HFy,  (kg/mP) T 5. 7238, Fyp ARG £ 7420 & DL
MIZEAMEETH DD, 211K Y MERORMMIEETT .

Md,z,x = gd,z,x - Md (29)

M, : SRR ERICE TN D
LA A B (k)

Fd,z,x = Md,z,x ) Uland +3600 (210)

Uiana : I@?J:E‘JE&:EU’ %)
1B d 7= OBBFERE(m)
3600 : AT RF ] A B (sec)

Fd,z,xl = Fd,z,x * Cos 02 + Fd,z,x *sin 92 (2.11)

6, : b2 bJm\ ) & A hiE £ 07 Lo 2

2.5.4 EFEARE
217127 — 4%t b E AW BRI A A BEHOFEIRRZ R T

1A~128 \ /
|
HEE
1
S87—8pyk ST ‘
EEAEOER k Li

2.17 WEEIEYA 4 O BOFEBERE
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3 #EREHR

3.1 fEEIEYA A EDREKRR

AR A A BORERR & AEHEOHE

JE IiH

e

RAEE 31, 3-21TRT. BE)IKE TIERE 28I 5 LI &

DB RICRE RENR S DD, W KRG TII AN LD 2T NS WEER & e o 7o P E R A A B EDZ LRI,
2016 4 12 A5 2017 4 4 A0 TR IREE TiZ—150mg/m?, WS RIE CTld—75mg/m2 L e ~>7-. £7-, 2017
4 ADD 5 AT THEIIRIE TiE+58 mg/m2 & 72 o 7=, W KAGICI U DA BRI A A B, W) KAG
(2%t LT 0.5~0.6 f5O#PAICH D. 7o, ABFFEICIEIT DAEEEOR I HWZHEHRIE S 13d = 03mmThH 2.

£ 3-1 BN KRBIZH T EABFELLDAF OB EMABTE
fTEEtYMA+o= TEEEMAA U EE
k 3 2
A (ke/m?) (mg/m)
71_ 89° 179° 269° Tty Ty
{52
20164E12H16H 0.23 0.92 1.15 0.76 228
201754 A48 0.26 0.38 0.16 0.26 78
2017%E5H811H8 0.30 0.81 0.21 0.44 132

® 32 PBRBICETIABREMIFUBRLABEE

TEEEMAF U2 HEEEMAF O BEE
_ (kg/m®) (mg/m?)
FRERES 2 e LA
71_ 105° 195° 285° Tty 1
v
20164128168 0.52 0.35 0.35 0.41 123
201754 A48 0.15 0.18 0.15 0.16 48

17



32 G ST—ARIZKBEREDDIMIRE

#33I1G 1 ST XX DBREVDOSTHERET —F €y N ERT.

K33 GISTRICFIBRADLOIMBRET St b

D X Y BiEiEE ‘e | )\'il’*gji wmRAMA AR TSR

(m) (m) (m) (m) = ) () (EIRIE)

1 17237.979 59984.176 650 4.4 2 80 89 110

2 19046.165 60104.209 556 49 1 83 94 70

3 14638.878 59455.662 608 49 1 80 61 10

4 16983.103 62733.966 3400 11.5 2 80 105 110

5 15613.608 59682.104 651 4.8 1 80 91 110

6 21052.383 63001.841 3270 8.3 2 89 54 10

7 16695.846 59506.683 280 4.6 2 80 142 20

8 16908.187 59489.339 224 4.6 2 80 39 100

9 22347.350 62529.493 2846 11 2 104 18 10

10 23146.099 62808.632 3265 15 2 104 109 10

11 20801.403 61940.701 2224 54 2 89 102 10

12 15113.402 59530.371 594 49 1 80 175 70

13 18612.450 62927.977 3388 24.2 1 83 25 70

14 18802.974 62259.855 2702 17.9 1 83 131 70

3.3 KET—RIC&KIXRBEOIMIRE
£ 34 ITEIRT — X IZ X D38 RO HIREET — ¥ & > FERT.
% 34 FERT—RIZEBAREBEBREOT—2EYF
BEE | wmm | nmmw | PRES e BIKR g ;
e AREKE RES | nEEs RS i) i KR FEI#A Ifrﬁi
(m) (m) (m) (m) (sec) )
2016412 A 0.58 0.913 0.58 1.00 1.24 7.6 160
2017418 0.46 0.918 0.46 0.81 1.00 6.8 166
2017424 0.57 0.920 0.57 0.92 1.15 6.6 171
1.096

2017437 0.51 0.913 0.51 0.93 1.15 78 161
2017448 0.83 0.917 0.83 1.23 1.55 6.9 165
2017458 0.69 0.917 0.69 1.07 1.34 6.9 160

18



3.4 RERFDLLEIER

2016 fED 1 A7x6 12 AITF1T 2 EGE R O L HE R 43 3-5 1”7, MSMAbHEE L 72 BUS & QG BLI R 0 32l
VL, FEBEIERERAS 0.5 205 0.7 OFEPHE 720, fEHEFEZEITIRKT 1.5m/skieo7c. BANZIT 5 HFRRZEIL 0 22 H 2
DFHNRRO TERETHDH. M 3.1 ICEEHOHEM & FEREORERINT — % %, X 3.2 [IZRMBRED S 27T, M
SMOHEEM L ¥ [RGB O FE R IERFR TETVWH EE 2D,

& 3-5 AEDLEKFER

1H 2R 3H 4R 5A 6A 78 8H 9A | 10R | 11A | 12A

25
06 | 07 | 07 | 05 | 06 | 05 [ 05 [ 06 | 07 | 06 | 06 | 0.6
TERIFREL

JRE
RMSE(m/s) 1.4 1.3 1.4 1.3 1.3 1.0 0.9 1.3 1.1 1.3 1.5 1.5

RRRE
0,+2MEI|& | 66 71 77 71 70 66 75 78 69 73 65 65
(%)

JEE m/s
10

TAH A
8

l MSM

0 100 200 300 400 500 600 700 fE%

2016 £ 1 H

JELUH m/s

T AL A

MSM

0 100 200 300 400 500 600

%
2016 £ 2 J

B 3.1 EEDHEEEEEMMEDERIT—4
19



R m/s
12

10

L A v+

2016 4¢3 A

JEE m/s

2016 4 4 H

T AL
MSM

2016 4 5 H

3.1 (&) EEDHERELRUMMEOKRIT—4
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JEE m/s

2016 4 6 H

JEER m/s
10

2016 4£ 7 H

JEE m/s

2016 4 8 H

3.1 (&) EEDHERELRUMMEOKRIT—4

21



JEER m/s
16
14
12
10

s LS R = ¢ ]

2016 £ 9 H

JEER m/s
10

0 100 200 300 400 500 600 700w

2016 4F 10 A

2016 4 11 A

3.1 (&) EEDHERELRUMMEOKRIT—4
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JEE m/s

10
T AH A
8 d 3
MSM
6 l P 1
4 | .
2
0 T T T T T T T T T T T T
0 100 200 300 400 500 600 700 %%
2016 4 12 A
E 3.1 (&%) BEEOHTEHELELKRUEBDRKRIT—4
% ke
200 200

& 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 & 7 6 5 4 3 2 1 01 2 3 4 5 6 7 8
é‘__l:l'- —
IR AR
2016 421 A 2016 4 2 A
% A%
250 200

150

123126

€ 7 6 5 4 3 2 1012 3 4 5 6 7 8

JoRL T R

2016 4 3 H 2016 4 4 H

B 3.2 REREDSTH
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i %%

200

8 7 6 5 4 -3 2 10 1 2

RV A

2016 £ 5

%4

200

8 7 6 5 4 3 2 10 1 2

JEL AR

2016 4£ 7 H

%%

200

8 7 6 5 4 3 2 101 2 3

JeR T A

2016 4 9 H

B 3.2 (&)

i %%

200

8 7 6 5 4 3 2 -1 0 1 2 3 4 5 6 7 8

RV RA

2016 4 6 H

%%

200

150

100

30

€ 7 6 5 4 3 2 1012 3 4 5 6 7 8

JRU AR S

2016 4 8 H

%%

250

€ 7 6 5 4 3 2 1012 3 4 5 6 7 8

JeRL T A

2016 ££ 10 A

BRREDS



il %%

200 200

150 150
172127

116

€ 7 6 5 4 3 2 1012 3 4 5 6 7 8 € 7 6 5 4 3 2 1012 3 4 5 6 7 8

JR T 2 JREE
2016 4F 11 J1 2016 4F 12 J1

® 3.2 (E) ERREOSH

35 BKEDLLEKER

2016 £ 1 A D 12 HICRIT DMK EOERIE & OILERIRAZE 3-6 (TR, MSMMLHEE L 72k & K548
R OFEREE, HBEIRER 0.4 205 0.9 OFPHL 72V, BAKEOEEFAZITRKT 3.1mm/h& 2> 7-. BKEIIME
L7 A 4o OBV LIS EE KT 7 — 2 Th A2, BURTIIHERBRICIE O N oN D720, S%HEETF
EOWENLETHD. 2, R 3-TIIMSMMLHEE LIZRGBIRR TOBKOR L bl UT- G R 4277, AT
T B AEEAA 4 BOHETE T T VL, BEROHEITHED A A 3R EA~EE SNV ERELTEY, B
HRAEE, FERICHEL KET. EIEE OMEBERERIVEA BN CHETRT 8 #lIZ2Bx TR, BMHOAEE
HIWrT 21X THD EEZD. 12720, 8 HOMKE D BEHRMEVER L e o7z, BAHEVETESMRVES, K
A Ao Ok L EFEERD R 2D LB BN, 8 AILBIT 2T —ZHNICKT 2 COFGHR 6%BRETH ST
DRERBIIL RN E L, ZOHREHREMERORHITHNTWD.

® 3-6 BKEOLKER

1R 2R 3R 47 54 68 7R 8AH 98/ | 10RA [ 1A [ 12R

fEkKE
0.9 0.7 0.8 0.7 0.7 0.5 0.5 0.4 0.4 0.4 0.6 0.7

TEBERE

[EkE
RMSE(mm /h) 0.3 1.6 0.4 1.0 1.0 2.0 15 2.8 3.1 1.1 0.5 0.8

25



£ 3-1 HEIRICK ZBKEREOFME

1B 2B | 3B |4B | 56A | 6B | 7B | 8H | 9B |10BR | 11H [ 128

ﬁ%j;fé 981 | 986 | 96.6 | 947 | 929 | 872 | 938 | 927 | 82.3 | 924 | 954 | 954
Y
B%*ﬁ(;fq:* 923 | 850 | 67.3 | 750 | 750 | 738 | 436 | 154 | 500 | 529 | 70.7 | 76.0

| R e
B%;k"&‘é/:;@q]&; 98.3 | 924 | 990 | 970 |955 (902 | 978 |985 | 909 |964 | 96.9 | 968

3.6 [RET—RICKDBREADOIMIRE
F 38 IELT — X L AERENOSIMBEEET — 2t v N ERT. fATICER T 2 RERAE, Rk Lo kT
DR AR ITALIC A L CE11.25° OFEAICH Y, »OMBKIFETHD Z L2 &the L. 7ok, EEOM EREIX

WSR2 D720, G ST —XIZXDERBEDONHERET — %ty NMIBINT 5.

® 38 [RT—HIZLHBRAADT 2t b

H R L R IEJ':ELI'EJ B EER 5§J§J§l|'l'5] fEkE
(m/s) ) (m/s) ) (mm/h)
12 6.7 168.0764 10.4 166.8288 0.5
12 7.5 165.6371 11.5 165.3560 1.1
12 7.9 169.6358 11.9 169.6634 0.0
12 7.7 182.1059 11.8 185.8348 1.7
12 8.3 180.6305 12.2 181.7505 0.8
§3
5 1.6 195.7290 2.1 202.6713 0.0
5 1.8 197.8726 2.5 216.4992 0.0
5 2.1 203.5052 2.7 219.9204 0.0
5 2.6 203.2702 3.1 216.6250 0.0
5 3.3 191.8118 41 200.2164 0.0

26



3.7 EEIEYA A O BEDLLE

AR A A BOERREZK 3-9, 3-10 17 ¢. 2GR E bHEOEMEITHIEMIIT L TEIEHE & 2o 7. K &

L CEEARIC K D AE AL A A > OBENHE L O

AFWE, A, BAOMEEAENTE RPN BToND.

EEETE QRN &, MR T ORABRRIZB W T &R TO

R 39 PBNKEBIZE TS ABECDA T U REDOLE

HREFEARS R fE(mg/m?) # E flB(mg/m?)
20164E12R16H
S -150 +35
201744 A38
201744R48
§ +54 +99

201745A11H

£ 3-10 MBRBICHTHABELYMA T O BEOLE

TREFHARS AIEE(meg/m?) HEE(meg/m?)
20164128168
S -75 +0
201744 H3H

27



i

3.8 HEEILYMA T U BEDOD T

2016 £E D VAR 2 U, (G AL A A 2 B FE D AT INERR 2 AT - 7o R U 3.3 1R TG AL E 35 K UV 500m A
Y aDRA L M THD. 728, MSMOKEAFHRINES D RAUNHOWN TR FRUEZ FH L, LB L Ok LICk
R S LT LTV 5. 3 311 ICHBRIE ISR DS 4 o mEOREM %, X 3.4 \fH5HE L
WA F U BEEOSMMZ RS HEMRLY, EHRMA A BEIT2 A0 AL TAPS 9 AICHTFTLEALT
W5, E72, BFR)IG (AD:11) 13MEED bR TR 2kmITALBICT 523, EROMEEA A BT D
) 600mMICALE T DGR EFARE L o7, ZoEBE L GEFEIRICE D2HENS A b5, G312 ZA
BV, FOWOEMOWFRERITHHE Th 5. I K0 ik TRAET D MEER FI3RIERERIN NS WD, HilkT e v 7
DARREE STz N TR SN~ O BN S < 7o B, F 7201 B LS O R i)/ & <, BREME T L
PN E X0 A F L O ERNEL RDMENN S D EHEIND.

@ mpiE
. 500m

Ay a B

3.3 AHEERRADOHRR
(Hidt : LB ERFTEEICHOTRERAONR A ZEBA L TEH)

28



F 3-11 BBHEEBICHETA3MEELHEEDHEME
= TEE :
BT &8 %'fzj’/%’fé‘{
P (me/m)

18 2H 38 48 5H 68 78 8H 9A 108 118 128 135
1 650 19 155| 384 797 882| 475| 484 827 1130| 351 5.4 192 5750
2 556 0.2 2.9 7.1 142 18.4 6.6 7.2 12.2 172 8.4 0.7 62| 1014
3 608 03 23 6.3 138 15.8 7.1 78 125 147 54 0.8 63| 910
4 3400 0.0 0.1 0.4 12 0.9 05 0.4 13 2.9 05 0.0 0.2 8.3
5 651 03 3.1 79 149 205 7.7 8.2 136 19.3 6.3 0.9 69| 1094
6 3270 0.0 04 1.1 36 29 1.6 1.3 3.7 55 1.7 0.1 0.7 22.6
7 280 4.1 263|  69.8| 1437 155.1 96.3 99.8| 1600| 1765 643 119 356| 10434
8 224 48[ 331 86.7| 170.9| 1846 1149 119.1| 1883 208.9 74.3 144 421 12422
9 2846 0.0 0.2 04 15 12 0.6 05 1.8 24 0.7 0.0 0.2 9.6
10 3265 0.0 0.0 0.1 0.4 0.2 0.2 0.1 05 08 0.2 0.0 0.0 26
1 2224 0.1 1.7 4.1 109 10.8 5.1 46 10.4 149 54 05 2.7 713
12 594 0.2 22 5.7 109 14.9 5.7 6.1 10.0 141 47 0.6 50 802
13 3388 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.4
14 2702 0.0 0.0 0.1 0.2 0.2 0.1 0.1 0.2 0.3 0.1 0.0 0.1 12

mg/m?

1216

7935

1456

2809

1222

6714

(it : BLBEROLESHERICTEERLLY,+ o EEEZEE L THR)

2016 4 1 4EfH]

3.4 HEBIEMA AV EEDOSHR
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2016 £ 1 H

mg/m?

1216
7935
1466
2809

1222
6714

2016 4 2 H

3.4 (&) HEELMA A BEOSHE
(it : BLBEROLESHERICTEERLLY,+ o EEEZEE L THR)
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mg/m?

1216
7935
1466
2809

122.2
6714

2016 4¢3 A

mg/m?

1216
7936
1466
2809

1222
6714

2016 4 4 H

3.4 (&) HEELMA A BEOSHE
(it : BLBEROLESHERICTEERLLY,+ o EEEZEE L THR)
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mg/m?

1216
7936
14 66
2809

1222
6714

2016 4£ 5 H

mg/m?

1216
7935
1466
2809

1222
6714

2016 4 6 H

3.4 (&) HEELMA A BEOSHE
(Hist - B tEROSESHTEECAEERLLY, 4 o BEKZEBREL THER)
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mg/m?

1216
7936
14 66
2809

1222
6714

2016 £ 7 H

mg/m?

1216
7935
14.66
28.09

1222
6714

2016 4 8 H

3.4 (&) HEELMA A BEOSHE
(Hist - B tEROSESHTEECAEERLLY, 4 o BEKZEBREL THER)
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mg/m?

1216
7936
14 66
2809

1222
6714

2016 £ 9 H

mg/m?

1216
7936
14.66
28.09

1222
6714

2016 4F 10 A

3.4 (&) HEELMA A BEOSHE
(it : BLBEROLESHERICTEERLLY,+ o EEEZEE L THR)
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mg/m?

1216
7935
1466
2809

1222
6714

2016 4 11 A

mg/m?

1216
7936
1466
2809

1222
6714

2016 4F 12 A

3.4 (&) HEELMA A BEOSHE
(Hist - B tEROSESHTEECAEERLLY, 4 o BEKZEBREL THER)
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4 fEm

AIFFIIERIELDONMIREE S LCG 1S, K& - WiRT — X &AL, BMEREICHET 21 A4 8o HRHIE
ENELORRUEHEET NVEMH LT L. G 1 ST —XIT X 2 ISR IR EERE, 152, KAk, ERRIR,
MR AL, FEEAL, HHIE TH D, KRBT — Z I K AT HIBREE L, SIS 5 EUEER, MAKREZHEET S
7o, AVEMETHRET NVEAMER U2, BOEEm, FoKEOFERIE L OREIL 2016 40 1 F/ TITo 72, HRITEHD
FHRBGRELY 0.5 5 0.7 OFIFH & 72V, fEHEFEITR KT 1.bm/s& 72 o 7=, JRIEIZOW T FMFRRZEN 0 225 12 O
PHAS RO TEIFRE TH 5. BEAKBIZOWCTIIAEBRRE 0.4 05 0.9 DFH & 72 0, Bk BEOEEFZ 1T/ KT 3.1mm/h
Lipolz, 2, MSMDBLHEE LK G BIIA TORBKOE A g LR, FAICBWCHETRIT 8 H 2 ML 72,
WiRT — XX D HIBRBE L U CR IR, A, R OHEE IXR BT O R IREE T HE 7 L O &2 BREt U723,
JAR & WIAIZ B W TRERWHBEAE S Lo 7o, 2D E LR BE LR OKIRT — & 24 L, PRk & & PriokiE
EHEE LTz, AR A A BORE LY, HEMITREMICK U CGRREHE L 8- 7. JREE LTRAKIC X 25 %
E#A A DB L OFBEEERTE TN &, MR OFAEBRIC W TR R COR RS, I, HKin
DEEFEHTE o722 ERET O, SHBOBETH L.
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