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Environmental Qualitvy Standards of Soils in Japan

Substance

Target level of soil quality examined through leaching and content tests

cadmium

0.01 mg/l in sample solution and less than 1 mg/kg in rice for paddy fields

total cyanide

not detectable in sample solution

organic phosphorus

not detectable in sample solution

lead

0.01 mg/I or less in sample solution

chromium (VI)

0.05 mg/1 or less in sample solution

arsenic

0.01 mg/l or less in SS, and less than 15 mg/kg in soil for paddy fields

total mercury

0.0005 mg/1 or less in sample solution

alkyl mercury not detectable in sample solution

PCBs not detectable in sample solution

copper less than 125 mg/kg in soil for paddy fields
dichloromethane 0.02 mg/1 or less in sample solution

carbon tetrachloride

Leaching test

0.002 mg/1 or less in sample solution

1,2-dichloroethane

0.004 mg/1 or less in sample solution sample concentration

1,1-dichloroethylene

0.02 mg/I or less in sample solution

cis-1,2-dichloroethylene

0.04 mg/1 or less in sample solution from standard test

1,1,1-trichloroethane

1 mg/l or less in sample solution mixing

1,1,2-trichloroethane

0.006 mg/1 or less in sample solution

trichloroethylene

method, time, pH

0.03 mg/1 or less in sample solution

tetrachloroethylene

0.01 mg/1 or less in sample solution according to the

1,3-dichloropropene

0.002 mg/1 or less in sample solution

thiuram

0.006 mg/1 or less in sample solution chemical propertles

simazine

0.003 mg/1 or less in sample solution

thiobencarb 0.02 mg/l or less in sample solution J apan JIS ,
benzene 0.01 mg/1 or less in sample solution
selenium 0.01 mg/1 or less in sample solution USEPA TCLP

Standards of Soil Contamination Prevention law
Substance Leaching concentration (* ST-II) Total contents Remarks
cadmium <0.01 mg/Lin SS (*0.3mg/L) < 150mg/kg
total cyanide not detectable in SS (*1.0mg/L) < (Free cyanide)50mg/kg
lead <0.01 mg/Lin SS (*0.3mg/L) <150mg/kg
chromium (VI) <0.05 mg/Lin SS (*1.5mg/L) <250mg/kg
arsenic <0.01 mg/L in SS (*0.3mg/L) < 150mg/kg
total mercury < 0.0005 mg/Lin SS (*0.005mg/L) < 15mg/kg
alkyl mercury not detectable in SS (*not detected)
fluorine < 0.8 mg/Lin SS (*24mg/L) <4,000mg/kg not included in
boron <1 mg/Lin SS (*30mg/L) <4,000mg/kg Env St.
(copper) Item of Env. S
dichloromethane <0.02 mg/Lin SS (*0.2mg/L)

carbon tetrachloride

<0.002 mg/L in SS (*0.02mg/L)

1,2-dichloroethane

<0.004 mg/L in SS (*0.04mg/L)

1,1-dichloroethylene

<0.02 mg/L in SS (*0.2mg/L)

cis-1,2-dichloroethylene

<0.04 mg/L in SS (*0.4mg/L)

1,1,1-trichloroethane

<1 mg/LinSS (*3mg/L)

1,1,2-trichloroethane

<0.006 mg/Lin SS (*0.06mg/L)

trichloroethylene

<0.03 mg/Lin SS (*0.3mg/L)

tetrachloroethylene

<0.01 mg/L in SS (*0.Img/L)

1,3-dichloropropene

<0.002 mg/Lin SS (0.02mg/L)

benzene

<0.01 mg/Lin SS (0.Img/L)

Leaching concentration
for the risk from
contaminated GW
VS
Total content
for risk of

thiuram <0.006 mg/Lin SS (*0.06mg/L) g g o
simazine <0.003 mg/Lin SS (*0.03mg/L) direct intake from the soils
thiobencarb <0.02 mg/Lin SS (*0.2mg/L)

selenium <0.01 mg/Lin SS (*0.3mg/L) <150mg/kg

PCBs not detectable in SS (*< 0.003mg/L)

organic phosphorus

not detectable in SS ((*1.0mg/L)

Countermeasures against soil contamination

Direct intake of soils

against risks from

Intake of ground water

*Pavement

*Restriction of entering the site

*Cover by fill or sheet
*Replacement of top soils
*In-situ containment by barrier
and cover (for small C.)
*In-situ containment by secured | | barrier and cover (high C.)
barrier and cover (high C.)
* In-situ remediation

*In-situ anti-leaching treatment
*Excavation + anti-leaching +fill
*Replacement of top soils
*In-situ containment by barrier
and cover (for small C.)

*In-situ containment by secured

* In-situ remediation
*Excavation + transport
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*Excavation + site treatment
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Remediation of contaminated sites

Prevention of expansion
(containment, anti-leaching)

Most passive??

In-situ remediation - Physical extraction

More Geotechnical sorption
- Chemical degradation
Source & Plume - Biological degradation
- Thermal

- Combination Phytoremediation

Ex-situ remediation - Physical
- Chemical
- Biological
12 July, 2019 - Thermal
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Engineering remedial action on contaminated sites
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CUTOFF WALL ‘ Cherry etjl. 1996
Source zone isolation Pump and treat system

(T TTITTTIITITm

e

i REACTIVE BARRIER FUNNEL & GATES J
Passive and semi-passive plume control—Funnel and gate system
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PERMEABLE

SVE (Soil Vapor Extraction) System

Water
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ent unit

Imamura, 2003

Lime mixing SVE (B KES LIEH A HX)
Especially for cohesive soil
principle
CaO+Air Air

hydratio High
heat temp.

SVE

ca0 + H .0 — Ca(OH) -, +15. 6kcal
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Bio-remediation
~ Principle of Fuel Hydrocarbon~

0,
Hydro carbon Carbon-dioxide
Micro-organism BHRRIEKSE “EeRF%
TEMEY
L
enzyme d dati
[ £ egradation water
L #1R
Nutrient(N,P)
ERIE(EE) ®
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Bio-venting

Atmosphere i ..
A P Air (0,) Injection well

Nutrient tank

Z—

——ala
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Permeable reactive barrier(E:i8 4%k B)

Passive and semi-passive rlume control
T .

B

Contaminated G water Reactive
barrier Imamura, 2003

Inside Reactive barrier
Reactive materials: Capture and degradation

Ex. iron base , Bio-polymer
Soils :high permeability

Ex: (silica, gravel)
Soil grain’
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Selection and Applicability of Treatment Methods

*System Reliability “Treatment Technologies Screening
°Capital(short and long time) Matrix and Reference Gul.de.”
. for hazardous waste remediation
*Time by
.Eypei OE contam.lnar.lt The Federal Remediation
cvel o cor{tamlnauon Technology Roundtable (FRTR)
(Concentration, Area, Depth)
oTypeS Of SOilS established 1991

an interagency committee
Dept. Defense (AF, Army, Navy)
Dept. Energy, Dept. Interior, EPA,
* ete. National Aeronautics and Space
Agency

*Ground water table
*Surrounding environment

http://www.frtr.gov/matrix2/Preface/foreword.html

12 July, 2019 EnvGeo_Eng Dr. Jiro Takemura .




https://frtr.gov/matrix2/section3/table3_2.pdf

B Average

© Below Average

N/A-“Not Applicable”

UD - "Insufficient Data"

© - Level of Effectiveness highly dependent upon specific con-
faminant and its applicaton

Development Status

Treatment Train

Relative Overall Cost & Performance

oM

Capital

tom Reliabilty &

intainability

§

Relative Costs

Time

Availability
Nonhalogenated VOC's
Halogenated VOC's
Nonhalogenated SVOC's
Halogenated SVOC's
Fuels

Inorganics
Radionuclides
Explosives
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Codes Relative Overall Cost & Performance
@ Above Average @ - 4
D Average E > =]
O Below Average al g Sz w 2
IN/A - *Not Applicable” g = 2 % -4 §
UID - *Insufficient Data” E g o nE: s| S z &
© - Level of Effectiveness highly dependent upon specific con- 2| & 3 3 HE] % " 3 ]
faminant and its appication z| & ] & 25| 2 g z 5

Halogenated VOC's
Nonhalogenatzd SVOC's
Halogenated SVOC's

Fuels
Inorganics

Radionuclides
Explosives

36 Ex Sitc Thermal Treatment (assuming excavation)

21 Hol Ga3 TReBt mination 0 O [ . o ) o
§22 Incineration C 5 [ © L S S
23 Open Bum/Open Detonation ® . S 5 =
§2¢ Pyrolyss G < O ) =)
§25 Thermal Desorption <} ]

426 Landfil Cap >

827 Landfl Cap Entiancements/Altematives * * >

| ¢
| @
| -
| o
|

3.8 Other Treatment

128 Excavabon, Retreval, OftSte Disposal ®_|® L) .

© Below A
A~ Not Appicable™

UD- ‘Insuficient Data”
& - Level of
Bt andits apicaton

Development Status

Treatment Train

0&M

Capital

Relative Costs.

Time:

Availability
Nonhalogenated VOC's
Halogenated VOC's
Nonhalogenated SVOC's.
Halogenated SVOC's
Fuels

Inorganics.
Radionuclides.
Explosives

Ground Water, Surface Water, and Leachate:
9 Biolog

4.29 Enhanced Bioremediation °

4.30 Monitored Natural Altenuation [ *

<| ¢
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4.31 Phytoremediation
3.10In S itu PhysicallChemical Treatment

L
< o @]

3.11 Ex Situ Bioloaical Treatment
441 Bioreactors
442 Constructed Wellapds o o

3.12 Ex Situ Physical/Chemical reatment (assuming pumping)
| Adsorption/ Absorpiion

o | o . . . . . . o o

® 3 O s > . . [ e) o)

e | o G 3 > 3 0 5 e) )
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439 In-Wel Ar Stripping . > > C > > . [0 ) )
440 PassivelReactve Treatment Walid | o > S O > ® ) ® ) O

 Advanced Oxidation Processes

 Air Stripping

| Granuated Actvated Carbon/Liquid Phase Carbon Adsomtion

‘Groundwaler Pumping/Pump & Treat

48 lon Exchange

49 Precipitation/Coagulation/Flocculation
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4.53 Deep Well Injection |
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Rating
® Above Average
o

g

Average 8
© Bolow Average @
NA- “Not Appiicable” H
UD - “Insuficient Data" g
© - Level of Effectiveness highly dependent upon specific con- ]
taminant and ts appication H

Treatment Train

oM
Capital

»

4
> 2
£ ., §
s3| = E =
25| 8 g s -g
a2 & | & E 2

Halogenated VOC's
Nonhalogenated SVOC's
Halogenated SVOC's

Explosives

455 High Energy Destrucion

4 56 Membrane Separation

®_Above Avelaﬁ

O _Below Averaae

Development Status Implmeted s prtf e ! emedy ol mitile

sites, well documented, understood,

Has been implemented al ful scale but stil needs

Not been fully implemented but has been tested
{plol.bench. 1ab scal) and s pomisng

- Nonhalogenated VOCs Fuels

il Fi
- Helogenated YOCs - Iorganics FlotorFul cale

or Full Scale

Scale status of an avalable lechnology improvements, lesting, et & Levelof
Treatment Train ‘Stand-alone lechnology (not complex in terms of | Relativel simple (two-car train or so), and well | Gomplex (more technologies, media o be. Effectiveness

i the technology only effeciive as partof the reatment rain? | number of media/treatment technologies, maybe | understood, widely applied, etc L,M,,'Zd gg,‘mm M,‘im ‘waste, etc) highly dependent

one “routie” technology in addition) wonspectc
contaminant ane
&M Low degree of OBM intenst Average degree of O&M itensity High degree of O8M intens

8 |Operation and Maintenance Infensive v nensity oh deg intensty ‘c‘;f,;ﬁ‘“‘m

& |Capital

[ [, Low degree of capilal investment ge deg ioh degree of capital investment

B System Relbity Mainainabiy

o [The expected range of demonsirated rlsbity and | High refabilty and low maintenance Average reliabilty and average mainienance Low reliabilty and high mainlenance N/A “Not Applicable”
g okg

& | Relative Costs X ) 1D “hsficentDats”
B e oo, nd operations and mainte- | Low degree of falive o othes oplions ige degree of general costs relative to High deg relative to olher o e
S | nance (O&M) costs of the core process that defines other options optians

§ each and pre-and post-treatment

£ [Time in'stu soil Less than 1 year 1-3 years More than 3 years for in situ soil

2 :"";: ém"ﬁe’:g:;"m"; 2 Xstusol Toss han 05 year 051 year Wore than 1 year for ex sita soll

= Jtechnology groundwater Less than 3 years 3-10 years More than 10 years for water

Availabili

Number ofvendors thal can design, construct, and More than 4 vendors 24 vendors Fewer than 2 vendors

maintain the technology
Contaminants Treated
Contaminants are classified info eight oups Effectiveness Demonstrated at Pilot or Full Limited Effectiveness Demonstrated at Pilot No Demonstrated Effectiveness at Same as above

Pilot or Full Scale




Chronological variation of exceeding ratio

Sources of GW contamination 2017:52 /&R (I8 B B4 £8)

. . L. Total contaminants Well investigation
: General survey investigation 1.600 1600
1,400 1400 VOCS
1,200 — 1200
= 1,000 1000
8
— 800 800 | | Factory and waste disp.
X7 —— g Nitric and nitrous nitrogen 600 600
N tel:trachloroethene (PCE) A - . 400 400
6 -
% ( ) trichloroethene (TCE) /V \ 202 — 202 il ‘ ‘ L
= & ) & & s & S ¢ & & S &
&0 EAC A Y S @& ¢ F
E \ ‘ Arenic " v A %*wx y e e@&« @)x \\4\0& &yx » & K 03*@ & .(&w &'S@ &
o) 3 fluori A/”\ ¥ A %\’3‘1‘— %\'«?}@ * < N &
Q- orine % 3
Q ( 176@ 1uotine M %@ﬁ‘ k4 &F http://www.env.go.jp/water/report/h30-03/h30-03_full.pdf
g 2 i 1600 1600 -
o / 140 | Heavy metals and others | | 14 Agricultural | nitric and
1200 1200 ) 1 z z
— nitrous nitrogen
0 1000 1000 activity || g
29 800 800
2 oy =~ 600 - | Factory and 600
3 N year S wo || Natural factors 400
200 l:l 200
http://www.env.go.jp/water/report/h30-03/h30-03_full.pdf 0 T — 0
(}oé qﬁ@ &@% ;‘ _\o,pq, r}o«a 6@,«9 @c\ ﬁm <& __\@é & & ‘(@@
¢ ) orfg@( R ’ @ w‘f G FANT
s & & &S
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Remediation taken for ground water cleaning 2017 Status of GW remediation work 2017
Number of sites
Remedial methods CHeavy | Nigi .
total + | VOC | metals ¥ Iﬁl‘ttrr:tz combined http:/www.env.go.jp/water/report/h30-03/h30-03_full. pdf
HIFABALE  P&T 898 715 111 1 ZI number
(562) | ( 433) | (. 77) | ( D | C 51) Source of contamination
) L 123 112 1 0 10 Status of e -
ZHHeH VE YU
Bioremediation Cc ol @l Dl olc e remediation Base Factory waste ) ... Source
i wﬂulyolluter EIT‘IP;KI T Agrlculture Natural) | k =
Other in-situ treatment ) s L L . 16 work number .| “IPolluter e, |f2ctors Unknown
C e | 4]l &l 0lC 9 known |unknown known | unknown s ries
; ; 262 245 1 0 16 Done, | 1, 289 1,056 9 119 10 3 7 136
Soil vapor gas extraction ol ol ol 9 Funder operation | ("770) | (“eaen]  m 1 el ol  n [ nlc 5o
548 371 125 0 59 4 Under 453 112 6 17 2 216 13 94
Contaminated soil treatment 2 ) consideration (393 | (89 1 @l b (193) (13| 81
(20 18| 73 [« 01 C 37 - Not scheduled ° 5,774 281 \: 49 16 P 1,393 1,098 || 1,265
. Ot scheduled - @410 | C1s8) [ C ¢ 3| 10 (1, 205) (_970) || ( 995)
Others , 170 120 31 5 14 b 7,516 | 1449 60 185 28 T 72 | 303
Removal, containment, C By |C 99| 23|« 3| C 1) Base number (5,582) [ (893) | (44 NC 112) | ( 17) (1,388) (1,031 | (2,086)
_ Barrier well, etc.
1 ¥ 1, 289 988 201 6 94
’ - (719 1 (575 | (133 [ ] 6D
Reasons of these difference?
http://www.env.go.jp/water/report/h30-03/h30-03_full.pdf
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Body taking GW remediation 2017

http://www.env.go.jp/water/report/h30-03/h30-03_full.pdf

Number of GW contamination caused by
found in general survey

number
7% v pySource of contamination, vz v e 5 90
, b et e e L - hitp://www.env.go jp/water/report/h30-03/h30-03_full. pdf
Body taking factory waste FUO 0 ES 80
remediation (524 Agri- - |l L Source o
Base Polluter Polluter . unknown 70 L
number] ‘known |unknown| known [unknown (izl’t?fi) factors
. polluter 998 935 0 99 0 1 0 19 . 60 T
i (sopleso |l ol sl ol (o [ olC 12 0 5 |
i multi- polluter 15 13 0 3 0 0 0 1 'g
C Il 129 ofc 21C 0 (0 (. 0]¢ 1 40 F
land owner (g a) 178 71 7 12 3 0 7 51 £
- (1000 ) ( 40) | ( 5 1 ¢ DL 2) ( 0) ( Dl 47 30 F f
I o 83 48 2 9 4 1 0 26
j localgov. (#3) | e5 1 | ol nlc o] o [ olc w 20 |
: 24 12 0 3 0 1 0 7
Z ot
gk, others Cwlc olc olc alc o] ¢ b | ol ® 10 r
B unknown 11 2 0 1 3 1 0 5 0
) ( 8) | ( 2) | ( 0 | D] 2) ( 1) ( 0 [ 3 - . . . " oe 0 . oF o . ’ .
Basenumber | 1289 | 1.0%6 3 TS T T 7 5 HI5 HI6 HI7 HI8 HI9 H20 H21 H22 H23 H24 H25 H26 H27 H28 H29
779) 646 5 68 6 2) [GE)) 86
( (_646) | ( 5) | ( )¢ ) ( ( 6) 2003 Year 2017
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Number of soil contamination cases identified in Japan Reported number of soil contamination
Total number of IV: 26,506 (6,480 by SCPL) 2017: 1,0§4 lnvestlgatlon in Japan by SCPL
; . (by SCPL:578)
exceeding EQS: 12,663 (4,451 by SCPL) number
Revision of SCP Law April. 1, 2010] 466 578
2500 Self-investigation e
n EETRA RS B0 | |DAERESELE SRERES [ and reform more AN
-~ DS T B : 700 Di;”*%iﬁﬁﬁc‘mﬁg%gﬁ than 3,000m2 >
: & (IBE$EAF) BELE & 379
.g Enforcement of Soil Contamination 600 -:ﬁ”i;;};ﬂa‘:j;;m 390 %
g Prevention Law Feb. 15,2003 AERAENERTRR o
.80 1500 500 BiAHEIEBEEFRBE |
k7 s MEtieEl i LA o el Closed factory using contaminant —
L (15 items including VOCs, leimbe]; ofS‘cases o i \ & ) h 154 :1); 174
E Feb. 21 1994) clow EQ 300 . 7 |
° (Fluoriné and boron, e \ “ vz vz % 7 / %
5 Mar,/28, 2001) 20 - Y % 2 Y 2 Y B h D
'g Enforcement of EQSs for soil 100 > 2 185 e — 253 — 20 200 — 20 243 S o
5 \\ R 163
Z { August 23, 1991 J 2 v Y % 9 Y % v Y Y % Z % %
i : ;: 2002 03 04 05 06 07 08 09 10 11 12 14 15 16 2017
. ﬁjéia:&/ffﬂji[ (year)
909192 93 949596 9798 99 00 01 02 030405 06 0708 0910 1112 1314 1516 17 .
(year) http://www.env.go.jp/water/report/h31-01/full.pdf
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Soil contamination designated site by SCPL

number 839
600
O B ER 5 .
so || oEmER Action land o
B EEERER LR
100 Reporting land —
300
200 N
Old site
100 \\l
s mm [ H A
2002 03 04 05 06 07 08 09
http://www.env.go.jp/water/report/h31-01/full.pdf
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Unlisted sites from SC designation under SCPL

number
300
O B 6 E X i £ 3R AR RR
250 DEHERELHER
B HEENER X2 R
200 :
Action land
150 R
Reporting land ~
50 Oldsite / 124
86 /
49 0 H /
, @ @ H H 7
2002 03 04 05 06 07 08 09 10 11 12 13
http://www.env.go.jp/water/report’/h31-01/full.pdf
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Number of site

Remediation at the sites of soil contamination
(1991-2009) Report by MOE

http://www.env.go.jp/water/report/h22-02/full.pdf wsms
H 1 ; + : | |

400 —— Removal of

Remediation of soil contamination reported by MOE

http://www.env.go.jp/water/dojo/gb_me/index.html http://www.env.go.jp/water/report/h31-01/full.pdf
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3,000 1 | R E R [ (4 ] | A I i
: | 1 )é ' ' ' | |
2500 o ! ® ! Replacement! | |
1 I . I 1 | |
! Containment : P !
2000 Anti-leaching T I :
1 I 1 I 1 | |
10— - Why is Ex-situ : : — I
| | ' 1 | !
1 I . ? 1 1 1 | |
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s 491 i i : i | i
0 1 ’T T w22 ‘ ‘ : : . e 28 7]
1 a7 58 6 77 i 103, 121 1
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SES =7 g ;aF 5 8 Sk ER S x * .9 =
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£ 81 — 38 & s .S Oz B Y & = =
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Action |Reporting| Total site Heavy

land land number | VOCs Metals | Pesicids |Combined
Measures 2017|10-'17| 201710-'17| 2017{10-'17| 2017]10-'17| 2017|10-'17| 2017/10-'17| 201710-'17
Pavement 2| 15 8 124/ 10 139 1 3 8 106 0 0 1 30
off-limit 0 20 3] 58 3| 78 0 2 2 64 0 0 1 12
<ol with area soils 0 5 1 34 1 39 0 1 1 32 0 0 0 6
replacement |with out area soils 0 3 1] 11 1 14 0 0 1 13| o) 0 0 1
Embankment 0 4 1 55 1 59 0 0 1 44 0 0 0 15
GW monitoring 29 2100 14 233 43 443 7 48 33 333 0 0 3 62
in-situ containment (barrier wall)| 1 8 1] 8 2| 16| 0 1] 2| 7| 0 0 2 8
liner containment 0 4 0 6) 0 10 0 2 0 4 0 0 0 4
prevention of expansion 0 18 0 17 0 35 0 18 0 4 0 0 0 12
strictly controlled containment 0 0 1] 2 1 2 0 0 1 1 0 0 0 il
unti-  [insitu 0 6) 1] 4 1 10 0 0 1 5 0 0 1 5i
leaching |ex-situ and fill 0 7| 0 15 0 22 0 0 0 13 0 0 0 9
Excavation 72| 539 233)2,091 3052,630 32| 177, 2402,095 2 4 33 355

cont soil [in-situ
removal |remeadiation 11 121 5 90 16| 211 12| 113 0 23 0 1 4 74
others 0 7 7] 122 7] 129 0 10 3 98 0 0 4 21
Total reported sites 92| 731 2652,622| 357|3,533] 44 315 2762,536 0 5 37| 497

What are differences in the groups? How to interpret the data?
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All (actionA) VOCs HM Pesticide Combined
Average: 5.36(1.11) 14.6 3.29 0 13.7
Max: 237.9(41.1) 198.2 2379 0 221.7
Total 22 1.1 . 1,4 2
otal area: 2,890 (91.1) 738.0 ,435 0 7(1,000m2)
120 100%
‘ve 0
100 Reporting area —— Cumulative % a0%
80
Ej 92 o
g 60 Acti 7
g ction area 6 / .
Z 40
20 29 A /////// / / 39 36 %0 20%
\ BB BE SN CORRE TR B ERAR 52 A O R (% \
http://www.env.go.jp/water/report/h31-01/full.pdf ENTAEENG])
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Area of Soil Contamination found in Japan (2017)

Depth of Soil Contamination found in Japan (2017)

after enforcement of SCPL
All (actionA) VOCs HM Pesticide Combined

Average: 3.4 (2.6) 3.5 33 0 5.7
Max: 10.1(75.0) 10.0 75 0 15.0 (m)
70+ Soil contamination .relatively shallow —n 100%
90%
60 — . 0
Cumulative % Reporting area | 50%
- 50 70%
B 20 / 60%
E % 49/ . 50%
S 50 33 Action area )
Z / 36 40%
20 30%
y 20%
o — -/ /W, - _ ’ i
0=0<05 OS\D<1 150<2 250<3 3=D<4 4=0<5 55D<10 10=D<15  15m i@
o BA B X CO R R E R R e 15 TE 4 D REH (%) |
B3-5 FREERE HREGEFR (m)
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Volume of Soil Contamination found in Japan (2017)

Average:

40

10

All (action A)

1,307 (747)
Max: 25,529 (7,387) 5,597 |25,529| 0 3,120

VOCs HM | Pesticide Combine

1,101 | 1,308 0 2,263

Total: 200,038 (22,415) 15,411 177,838 0 6,789

Reporting area

Action area \

A
s \ 7P

12

_—

0= v <50 505 v <100 100 V <200

___-.—"/—-—
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&

16
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e
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I @72 B R 0 i R O e T A 4 3 5T IO R (9 ‘
H3-6 BEFHATE EATASLR()
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Depth of Soil Contamination found in Japan (2002-2011)
after enforcement of SCPL
All (actionA) VOCs HM Pesticide Combined

Average: 3.0( 4.1) 34 1.8 0 4.0 (m)
Max: 41.5(41.5) 20.0 22.0 0 41.5

Cumulative % Action area | ggy,

60%
Reporting area
1 40
20%
1 3
10 I 0%
9 A 1 % b 9 A0 \%
Q- % % Z % % >
0?07 7T T dT 7 1_%/2 O 2 \le‘ De}gthm
NS 0 ® A i % & 9 AQ SHRBERE (M)
http://www.env.go.jp/water/report/h25-01/full.pdf ‘
32

12 July, 2019 EnvGeo_Eng Dr. Jiro Takemura




Area of Soil Contamination found in Japan (2002-2011)
All (actionA) VOCs HM Pesticide Combined

Volume of Soil Contamination found in Japan (2002-2011)
All (actionA) VOCs HM Pesticide Combined

1131ver-al & 83692 (2()i99())) 21'26 27;'4916 g 853'27 1000m? Average:  14.6(79) 44 1100 672" 1000m?)
ax: 6 @l : : -6 (1000m*) Max: 1,269.8(371.9) 110.6 7982 0  1,269.5
300 100% 140 - C lative % 7 100%
umulative %
260 - iz 804 120 Action area 13 1 80%
o 00 Cumulative % , £ 100 Reporting area —1 . 1
E 50 = /'/ e | S 5 | oo
= 13 242 i 40% § 60 9 |
Z 00 0 s t Z 40%
100 143 145 138 1 20% 40 “ T R
% 0 - T2 6 8 > 20%
0 ‘:.?E:;/T 0% 20 39 a1
PSP I RN N VI SR\ (I S\ Q 0 0%
57 457,85 85 et N o 090 o< ® AN A\ o N N N
Ot g @ et o (6% 2 2%« Area (m?) TS TS TS RS VAR SN
o \Y \N 0 ®) . o % 2N ya 2N N AQ Vol 3
AR EETHAEH () PTW®T T 9T 9 9% 9F o, Yolume (m*)
‘ Reporting area Action area cumulative A . oW BETEESLE (nd)
OB REEHER LR wza B BE —-— RH%
B A2 SRR R ER BB RS ST, | CoRHERRREHMEL  emREEEE il
http://www.env.go.jp/water/report/h25-01/full.pdf 3 12 July, 2019 http://www.env.go.jp/water/report/h25-01/full.pdf 34
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Brownfield Survey about BF in Japan
Definition: .
(US_EPA : http://www.epa.gov/brownfields/index.html) http://www.env.go.jp/houdou/gazou/8300/9506/
- . .
Real property, the expansion, redevelopment, or reuse of which may 2641.pdf (RS 43.1KM 11.9%5ha)
be complicated by the presence or potential presence of a hazardous e A mAREL TN
P yHep orp P » hazardou OLBEROAMEN DI, |  FAFFLEREGIm | EELLe
substance, pollutant, or contaminant. Cleaning up and reinvesting in (RERE 04.0kF 21275;;) ™, ot A TR " BF: High potential
these properties protects the environment, reduces blight, and takes i’f&?ﬁ?xé@%ﬁﬁ R ! [Dimrenneissn] i| of soil contamination
development pressures off greenspaces and working lands. Potential sites : (43.196F9) Value: 43Tyen
. s . o Value: 94Tyen a2 s Area:113,000ha
Small Business Liability Relief and Brownfields Revitalization Act . ; : >
. w Area:272,000ha _ :
= “the Brownfields Law*, 2002. OBFEMETSY Ir—)LE
Increasing the value of BF, creating business chance, and job 2‘; %@;ﬁﬁ%ﬂggﬁz {8 AFH L RE(H6) Cooperate land:
. . i #7483k M 1,1238ha .
(1$=>188, 61,000 jobs) T IEREARERS GoemnEe) AY??SSZ%G(F{(})ISEa
Japan: TIEFZEEHC DTSV T —ILRERBEDOREZFIZONTHEEYELESD BF:cost of clean-up R
http://www.env.go.jp/houdou/gazou/8300/9506/2641.pdf too high to revitalize Private land:

[TIEFROEFE. HAVIZDREND, K, TO L AT T HBEHLIME
ELYLELEVARHDVITRFIA LG oL
Concerns: Increase brown-field abandonment without investigation/remediation.

‘G High cost of remediation, even investigation
EnvGeo_Eng Dr. Jiro Takemura 35
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Value: 10.8Tyen
Area:28,000ha

12 July, 2019
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Value: 748Tyen
Area:11,230,000ha
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Case Study
Toyosu
Former Tokyo Coal Gas factory

12 July, 2019 EnvGeo_Eng Dr. Jiro Takemura 37

Moving of Tsukiji Market

Tsukiji market has supplied
steadily the perishable foods to the
citizens of Tokyo since 1935.

However, Tsukiji market gets older
and becomes narrower.

The Tokyo Metropolitan
Government decided to move the
market to Toyosu.

Eab Dr. Jiro Takemura .

12 July, 2019
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Plan of New Toyosu Market

C at2013
~  Project cost: 450By
* construction: 153By (50%up)
* remediation: 67By (15%up)
(280Km3=> 410Km?)
* land price +other:230By

ZIEF — FEDRIER
i i
! KEIFEIER il B‘ / -
et e
’ - &= /\ R w1 5wE
T [res] o [ ==
) L KEH A (= ,

J
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Former Tokyo Coal Gas factory
for producing urban gas

Tokyo Gas Corp. was producing the coal gas from 1956 to 1976. In the manufacturing
process of the coal gas, arsenic compounds were used as a catalyst, and benzene and the
cyanide were generated as by-products. Treatment of by-products is insufficient and
benzene and cyanogens compound accumulated in the soil.
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Toxic chemicals found in soil and ground water
http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.html

Soil

Maximum values

benzene cyanogen arsenic lead mercury  hexavalent cadmium
compound chrome

Excess ratio to Environ. Stds.
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Toxic chemicals found in soil and ground water
http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.html

Ground water

22}
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A 40

]
=

S| 2

¢ =
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< benzene cyanogen arsenic lead mercury cadmium
= compound
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GW contamination by benzene found in detail investi%nelltion

ttp://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.ht
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Soil contamination by benzene found in detail investigation
http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.html

K 1000Cs<C

B s 100Cs<C<1000Cs RS SOn il o i

B 10Cs<100Cs S 1om = oliromieng

Hw Cs<C<10Cs L Find ad mesh T

B ¢ Detection limit<C<Cs i s fso B . eRTRAsHEESEEES

" w  C<Detection limit " 30m. O u srecesvae
Leaching concentration St : Cs =0.01mg/L R

_ G10-4 430mg/L
b i

: o v mo o8 @ >
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Additional investigation  soil leaching

benzene .
cyanogens compound GW Soil content
G10-4a Z G10-
= T =5 N TN
B | BB TETR [ TEEE] BTR [T RE PEk [TREEE BTK ReHE[CRERE
s g/ | mg/0) | g/ mg/D) | mg/D) | /) | /0| (mhe)
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2LEREE (LHEHE), RETEM (k) {:iLLLT@&?Sb'(*Xn%u
[~rEr] LHEEHRERUHTK : 001mg/L LIF

45

Remediation process (1)

Ex-situ Soil Remediation .

http:// .shijou.metro.tokyo.jp/
D e o e oy P Thermal (400~600°C)

toyosu/siryou/senmon_siryou.html Washing

. . .
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Remediation process (2)

http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.html
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- | B | 6K Hmsam{&ﬁ’ e Hﬁusm

W
Water treatment sewage
M ———
nE (> () | Tt
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t | SVE

i remedia I ¥ l ac 10 Reclama O
P&T 'R 3 O 8 B+ LHED)
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Countermeasures
(road side) Steel pipe sheet pile
(sea side) soil cement + steel sheet pile
-The containment using sheet pile wall surrounding each block to prevent the
movement of the pollutant between the outside and the market planned site.

Soil
-Excavation and replacement of the soil from the old ground surface to 2m
depth (entire area) and deep depth (contaminated area) will be implemented.

l P44

Whole area

-After excavation and replacement, 4.0m reclamation

Ground water

-Groundwater remediation for reducing concentration of benzene and
cyanide to meet the ground water environmental standards (P&T and SVE)

-Gravel layer placement to prevent the capillary rise of GW

-Ground water monitoring will be implemented to prevent the rise of ground
water level.

-The new market planned site will be covered with a concrete floor of
thickness 25-40cm or asphalt of thickness 30-40cm.
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Containment wall

http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.html

Why steel pile wall??

WELASOMIL.
LA FFIC
FIEMERLAAT
BEL. kiR
BRLET.
Joint filled

R . | with sealing material

EZ800mmd)
BEEpic

WELTITABET, (sea side)

. : VAIbEA
(road side) y
EAH [ s
AR

Impervious
clay layer
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Soil clean-up

http://www.shijou.metro.tokyo.jp/
toyosu/siryou/senmon_siryou.html

12 July, 2019

13 0EDEN Soil washing
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Soil clean-up

http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.html

1 iEmanEnixh Thermal treatment
. s+ Contaminated soil .
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GW remediation

clean water
CE

{

Impervious

clay layer I _R well

h
GW treatment procedure gas wit 6,

, = waveons "‘
contam. oil removal  Bopr removal tre —————— EEELESR

SVE

B #kHR

http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon siryou html
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I iati = ?
GW monitorine and control Huge remediation cost => deserved*
http://www‘shijou.metro.tokyo.jp/gyosu/siryou/senmonﬁsiryou.html 5@'"—’:*‘1%%% ?27? = > ﬁﬁﬁbgﬁéb\ ??

Market buildings o™ 2000.22011.2.2013.32015.32016.3
Cut-off wall Asphalt pave Bt e RS e Sl Construction| 990|990 1,532 2,752| 2,747
Bk THIEE m ' s Remediation 586/ 586 741 849 858
Epr47 < : 5 | Land | 2,370 1,980 1,859 1,859 1,859
; ; g others 370, 370, 389 424 420
designed total 4,316| 3,926/ 4,521 5,884 5,884
g U Sl S
GWL S o S = o Ef M"’-:-; = ]
Eade , == -
AP.+2.0m : s e LS -
BEMTS : =
, #Fkin
pumping well Blb, RAHF B . AP+1.8mETF
: monitoring well | ordinarily
AR maintained
Impervious clay layer GWL
<AP 1.8m
Function of gravel? Why ?

Cost of project??
12 July, 2019 53
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H uge remediation cost => deserved? Newly fou;gmgg)r;alﬁp;? at Toyosu Food safety and security
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Ground water management outline after remediation
(by mid 2016)

ey
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5m
BENRETORS
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GW management Details
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7t Monitoring (2016.5) (Benzne)

GW monitoring
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9" monitoring (2016.11-12) (Benzene)
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Future Risk by the residual concontaminat
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Relocation of the market

In the original plan, November 2016,

but suspended.
Finally Toyosu M opened
Oct 11,2018
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Oil leak from varied pile in
Makati City, Manila, Philippines

See the materials in OCWi
NAPLs_spill Makati
NAPLs spill Makati 2
NAPLs spill Makati 3
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Risk management , Risk communication
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