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Environmental Quality Standards of Soils in Japan
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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/l or less in sample solution
chromium (VI) 0.05 mg/l 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/l 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/l or less in sample solution
carbon tetrachloride 0.002 mg/l or less in sample solution
1,2-dichloroethane 0.004 mg/l or less in sample solution
1,1-dichloroethylene 0.02 mg/l or less in sample solution
cis-1,2-dichloroethylene 0.04 mg/l or less in sample solution
1,1,1-trichloroethane 1 mg/l or less in sample solution
1,1,2-trichloroethane 0.006 mg/l or less in sample solution
trichloroethylene 0.03 mg/l or less in sample solution
tetrachloroethylene 0.01 mg/l or less in sample solution
1,3-dichloropropene 0.002 mg/l or less in sample solution
thiuram 0.006 mg/l or less in sample solution
simazine 0.003 mg/l or less in sample solution
thiobencarb 0.02 mg/l or less in sample solution
benzene 0.01 mg/l or less in sample solution
selenium 0.01 mg/l or less in sample solution

Leaching test 
sample concentration

from standard test
mixing 

method, time, pH
according to the 

chemical properties

Japan JIS,
USEPA TCLP

Standards of Soil Contamination Prevention law 
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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 

Env St.boron < 1 mg/Lin SS (*30mg/L) < 4,000mg/kg
（copper） Item of Env. S
dichloromethane < 0.02 mg/L in 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/L in SS (*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 (*0.1mg/L)
1,3-dichloropropene < 0.002 mg/Lin SS (0.02mg/L)
benzene < 0.01 mg/Lin SS (0.1mg/L)
thiuram < 0.006 mg/Lin SS (*0.06mg/L)
simazine < 0.003 mg/Lin SS (*0.03mg/L)
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)

Leaching  concentration
for the risk from 

contaminated GW 
vs

Total content 
for risk of 

direct intake from the soils

Countermeasures against soil contamination
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Direct intake of soils
•Restriction of entering the site
•Pavement
•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.)
• 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
barrier and cover (high C.)
• In-situ remediation
•Excavation + transport
•Excavation + site treatment

Intake of ground water

against risks from
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Remediation of contaminated sites

In-situ remediation - Physical  extraction
More Geotechnical sorption

- Chemical degradation
Source & Plume - Biological degradation

- Thermal
- Combination

Ex-situ remediation - Physical
- Chemical
- Biological
- Thermal

Prevention of expansion
(containment, anti-leaching) Most passive??

Phytoremediation
plants
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Engineering remedial action on contaminated sites 

Source zone isolation Pump and treat system

Passive and semi-passive plume control Funnel and gate system

Cherry et al. 1996 
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SVE (Soil Vapor Extraction) System

Extraction well

VOCs

Pumping well

Water treatment unit

Gas treatment unit

Vacuum
pump

Air/Water
separater

Imamura, 2003  
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Lime mixing SVE（石灰混合土壌ガス抽出法）

CaO ＋ H 2O → Ca(OH) 2 ＋15.6kcal

Contaminated 
soil

（VOCs)

hydration
heat

High 
temp.

AirAir

SVE

CaO+Air

principle

Especially for cohesive soil

Imamura, 2003  
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Bio-remediation
～Principle of Fuel Hydrocarbon～

Micro-organism
土壌微生物

Carbon-dioxide
二酸化炭素

water

Nutrient(N,P)
栄養塩(窒素,ﾘﾝ)

Hydro carbon
石油系炭化水素

enzyme
酸素 degradation

分解

O2

Imamura, 2003  
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Bio-venting
空気注入

空気の流れ

栄養塩の流れ

注入井 栄養塩タンク

抽出井

大気放出

ブロア

Air (O2) Injection well
Nutrient tank

Nutrient
Air

Extraction well

Atmosphere

Imamura, 2003  
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土粒子

反応剤

Inside Reactive barrier 
Reactive materials: Capture and degradation

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

Ex:（silica，gravel）
Soil grain

Reactive materials

Cleanup
water

Reactive 
barrier

Contaminated G water

Passive and semi-passive plume control

Imamura, 2003  

Permeable reactive barrier(透過性浄化壁) Selection and Applicability of Treatment Methods
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•System Reliability
•Capital(short and long time)
•Time
•Types of contaminant
•Level of contamination
(Concentration, Area, Depth)
•Types of soils
•Ground water table
•Surrounding environment
• etc.

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

“Treatment Technologies Screening
Matrix and Reference Guide”

for hazardous waste remediation
by

The Federal Remediation 
Technology Roundtable (FRTR)

established 1991
an interagency committee

Dept. Defense (AF, Army, Navy)
Dept. Energy, Dept. Interior, EPA,
National Aeronautics and Space

Agency 
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https://frtr.gov/matrix2/section3/table3_2.pdf
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trichloroethene (TCE)
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: General survey investigation
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http://www.env.go.jp/water/report/h30-03/h30-03_full.pdf
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Sources of GW contamination 2017汚染原因（項目別分類）
Total contaminants

VOCs

Heavy metals and others

Factory and waste disp.

Factory and 

Natural factors

Agricultural
activity

nitric and 
nitrous nitrogen

18

Well investigation

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

18
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Remediation taken for ground water cleaning 2017

P&T

Bioremediation

Other in-situ treatment

Soil vapor gas extraction

Contaminated soil treatment

Remedial methods total
Heavy 
metals Nitrite

Nitrate
combined

Number of sites

Base number

Others
Removal, containment,

Barrier well, etc. 

http://www.env.go.jp/water/report/h30-03/h30-03_full.pdf
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Status of GW remediation work 2017

Status of 
remediation 

work

Done, 
under operation

Under
consideration

Not scheduled

Base
number

Source of  contamination              
Factory   waste

known unknown 
Polluter 

known unknown 

Agriculture unknownNatural
factors 

number

Base number

Source

Reasons of these difference?

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

Polluter 



Body taking GW remediation 2017

Base
number

Source of contamination

factory     waste
Polluter 

known unknown 
Polluter 

known unknown 

Agri-

culture 

source
unknownnatural

factors 

number

Body taking 
remediation

polluter

multi- polluter

land owner

local gov.

others
unknown

Base number
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http://www.env.go.jp/water/report/h30-03/h30-03_full.pdf
Number of GW contamination caused by

factory found in general survey
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20172003 Year

N
um

be
r 

http://www.env.go.jp/water/report/h30-03/h30-03_full.pdf
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Number of soil contamination cases identified in Japan

Number of cases 
below EQS

Items added to  EQSs for soil
(15 items including VOCs,

Feb. 21 1994)
(Fluorine and boron, 

Mar. 28, 2001)

Number of cases 
exceeding EQS

http://www.env.go.jp/water/report/h31-01/full.pdf
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90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17
(year)

Enforcement of Soil Contamination
Prevention Law Feb. 15, 2003

2017：1,064
(by SCPL:578)

Enforcement of EQSs for soil
August 23, 1991

Total number of IV: 26,506 (6,480 by SCPL)  
exceeding EQS: 12,663 (4,451 by SCPL)

Revision of SCP Law April. 1, 2010

Reported number of soil contamination
investigation in Japan by SCPL
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2002 03 04 05 06 07 08 09 10 11 12 13 14 15 16 2017
(year)

number

Closed factory using contaminant

Land reform more
than 3,000m2

Self-investigation

http://www.env.go.jp/water/report/h31-01/full.pdf

578



Soil contamination designated site by SCPL
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number

Old site

Action land

Reporting land

839

2002 03 04 05 06 07 08 09 10 11 12 13 14 15 16 2017
(year)

http://www.env.go.jp/water/report/h31-01/full.pdf

Unlisted sites from SC designation under SCPL
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number

Old site

Action land

Reporting land

2002 03 04 05 06 07 08 09 10 11 12 13 14 15 16 2017
(year)

http://www.env.go.jp/water/report/h31-01/full.pdf

233
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Remediation at the sites of soil contamination 
(1991-2009) Report by MOE 
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http://www.env.go.jp/water/report/h22-02/full.pdf

12 July, 2019
EnvGeo_Eng Dr. Jiro Takemura

Why is Ex-situ
major way ?

Remediation of soil contamination reported by MOE
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http://www.env.go.jp/water/report/h31-01/full.pdf

What are differences in the groups?  How to interpret the data? 

http://www.env.go.jp/water/dojo/gb_me/index.html

Action 
land

Reporting 
land

Total site
number VOCs

Heavy 
Metals Pesicids Combined

Measures 201710‐'17 201710‐'17 201710‐'17 201710‐'17 201710‐'17 201710‐'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

soil 
replacement

with area soils 0 5 1 34 1 39 0 1 1 32 0 0 0 6
with out area soils 0 3 1 11 1 14 0 0 1 13 0 0 0 1

Embankment 0 4 1 55 1 59 0 0 1 44 0 0 0 15
GW monitoring 29 210 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 1

unti‐
leaching

in‐situ 0 6 1 4 1 10 0 0 1 5 0 0 1 5
ex‐situ and fill 0 7 0 15 0 22 0 0 0 13 0 0 0 9

cont soil
removal

Excavation 72 539 2332,091 3052,630 32 177 2402,095 2 4 33 355
in‐situ 
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 3573,533 44 315 2762,536 0 5 37 497



Area of Soil Contamination found in Japan (2017)

29

http://www.env.go.jp/water/report/h31-01/full.pdf

All (action A)   VOCs     HM     Pesticide   Combined
Average: 5.36 (1.11) 14.6 3.29 0 13.7

Max: 237.9 (41.1) 198.2 237.9 0 221.7
Total area： 2,890 (91.1) 738.0 1,435 0 727 (1,000m2)

N
um

be
r

Cumulative %Reporting area

Action area
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All (action A)   VOCs  HM     Pesticide   Combined
Average: 3.4 (2.6) 3.5 3.3 0 5.7

Max: 10.1 (75.0) 10.0 75 0 15.0
Soil contamination：relatively shallow

Depth of Soil Contamination found in Japan (2017)
after enforcement of SCPL

(m)

N
um

be
r

Cumulative % Reporting area

Action area
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Volume of Soil Contamination found in Japan (2017)

31http://www.env.go.jp/water/report/h31-01/full.pdf

All (action A) VOCs HM     Pesticide   Combine
Average: 1,307 ( 747) 1,101 1,308 0 2,263

Max: 25,529 (7,387)    5,597 25,529 0 3,120
Total: 200,038 （22,415)  15,411  177,838        0   6,789

（m3）

件
数N

um
be

r

Cumulative %Reporting area

Action area
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Depth of Soil Contamination found in Japan (2002-2011)
after enforcement of SCPL
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Depth (m)

http://www.env.go.jp/water/report/h25-01/full.pdf

N
um

be
r Cumulative %

All (action A) VOCs HM Pesticide Combined
Average: 3.0 ( 4.1) 3.4 1.8 0 4.0
Max: 41.5 (41.5) 20.0 22.0 0 41.5

Reporting area

Action area

(m)



Area of Soil Contamination found in Japan (2002-2011)
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Area (m2)

http://www.env.go.jp/water/report/h25-01/full.pdf

N
um

be
r Cumulative %

A ll (action A) VOCs HM Pesticide Combined
Average: 4.99 (0.90) 1.06 3.96 0 18.37
Max: 890.6    (21.9) 21.8  277.4 0 890.6 (1000m2)

Reporting area Action area cumulative

Volume of Soil Contamination found in Japan (2002-2011)

12 July, 2019
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N
um

be
r

Cumulative %

(1000m2)

Reporting area

Action area

All (action A) VOCs HM Pesticide Combined
Average: 14.6 ( 7.9 ) 4.4 11.0 0 67.2
Max: 1,269.8 (371.9) 110.6 798.2 0 1,269.5

Volume (m3)

Brownfield
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Definition:
(US_EPA：http://www.epa.gov/brownfields/index.html)

Real property, the expansion, redevelopment, or reuse of which may 
be complicated by the presence or potential presence of a hazardous 
substance, pollutant, or contaminant. Cleaning up and reinvesting in 
these properties protects the environment, reduces blight, and takes 

development pressures off greenspaces and working lands. 
Small Business Liability Relief and Brownfields Revitalization Act 

= “the Brownfields Law“, 2002.
Increasing the value of BF, creating business chance, and job

(1$=>18$, 61,000 jobs)
Japan:土壌汚染をめぐるブラウンフィールド問題の実態等について中間とりまとめ

http://www.env.go.jp/houdou/gazou/8300/9506/2641.pdf
「土壌汚染の存在、あるいはその懸念から、本来、その土地が有する潜在的な価

値よりも著しく低い用途あるいは未利用となった土地」
Concerns: Increase brown-field abandonment without investigation/remediation.

High cost of remediation, even investigation

Survey about BF in Japan
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http://www.env.go.jp/houdou/gazou/8300/9506/
2641.pdf

BF: High potential
of soil contamination

Value: 43Tyen
Area:113,000ha

BF:cost of clean-up
too high to revitalize

Value: 10.8Tyen
Area:28,000ha

Potential sites
Value: 94Tyen

Area:272,000ha

Cooperate land:
Value: 406Tyen

Area:2,240,000ha
Private land:

Value: 748Tyen
Area:11,230,000ha



Case Study
Toyosu

Former Tokyo Coal Gas factory
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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.

TSUKIJI

TOYOSU

12 July, 2019
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Plan of New Toyosu Market

Project cost: 450By
• construction:153By (50%up)
• remediation: 67By (15%up)

(280Km3=> 410Km3)
• land price +other:230By   

12 July, 2019 EnvGeo_Eng Dr. Jiro Takemura
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at 2013   

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
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http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.html
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Toxic chemicals found in soil and ground water
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http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.html
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GW contamination by benzene found in detail investigation 
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GW Env St : Cs =0.01mg/L
1000Cs<C

100Cs<C<1000Cs
10Cs<100Cs
Cs<C<10Cs

Detection limit<C<Cs
C< Detection limit

100mg/L

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

30m

10m
mesh

Soil contamination by benzene found in detail investigation   
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Leaching concentration St : Cs =0.01mg/L

1000Cs<C
100Cs<C<1000Cs

10Cs<100Cs
Cs<C<10Cs

Detection limit<C<Cs
C< Detection limit

G10-4 430mg/L

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

30m

10m
mesh

p50



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

benzene

benzene

cyanogens compound GW
Soil leaching

Soil content
Remediation process (1)
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Current 
GL
GL of 
Former

Gas factory

Clay  
layer

Non-contaminated soil
Contaminated 

soil

Contaminated 
soil

Ex-situ Soil Remediation

Bio
Washing Thermal (400~600oC)

<= Soil remediation=>

Barrier 
wall

cover

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

Remediation process (2)
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GW remediation refilling Anti-liquefaction Reclamation &MW

Monitoring well

gravel
refilling

Water treatment

contaminated
GW

sewage

refilling

SVE

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

-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.
-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.

Whole area (road side) Steel pipe sheet pile
(sea side) soil cement +  steel sheet pile
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P44



Containment wall 
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(road side) 

(sea side) 

soil cement 

steel sheet pile

soil cement Impervious 
clay layer

Joint filled
with sealing material 

Why steel pile wall??
http://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou.html Soil clean-up

12 July, 2019
EnvGeo_Eng Dr. Jiro Takemura
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sieving  

cyclone sieving

refilling 

dewaterbobble 
washing  

scrubbling 
washing  

Soil washing
Contaminated soil  

cement 
recycle 

residue  

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

Soil clean-up 

12 July, 2019 EnvGeo_Eng Dr. Jiro Takemura 51

Thermal treatment
Contaminated soil  

Ex-situ bio treatment
soil  volatile gas 

Pre-t CS   Pre-t S   
oil & benzene   

decomposition   

atmosphere  Soil 
washing  

refilling  

Heat +nutrient  

Air              air

Pre-t CS   Pre-t S   

Soil  washing  refilling  

Air blower  

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

contam.
water  

oil removal  Benz removal  

floating in water   Vo. by aeration  

gas with Benz 
Act C.Filter atmosphere  

sewage

Coagulation-Sedimentation Method 

clean water  

GW treatment procedure 

SVE 

contam. water  

Cut-off wall  

D. well  

Impervious 
clay layer

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

R. well  



GW monitoring and control

12 July, 2019
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Cut-off wall  

pumping well  
monitoring well  

Gravel layer  

Asphalt pave  

concrete slab Storage   Storage   designed
GWL   

ordinarily
maintained

GWL
< AP 1.8m   

Why？

Impervious  clay layer

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

Cost of project??

A.P
+2.0m

Function of gravel?

P47
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Impervious  clay layer

（100Myen）
億円

2009.22011.2 2013.3 2015.32016.3

Construction 990 990 1,532 2,752 2,747
Remediation 586 586 741 849 858

Land 2,370 1,980 1,859 1,859 1,859
others 370 370 389 424 420
total 4,316 3,926 4,521 5,884 5,884

http://www.shijou.metro.tokyo.jp/toyosu/situation/photo-p6/

浄化対策費用？？ ＝＞ 価値があるか？？
Huge remediation cost => deserved?

12 July, 2019 EnvGeo_Eng Dr. Jiro Takemura

Huge remediation cost => deserved?
浄化対策費用？？ ＝＞ 価値があるか？？
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Impervious  clay layer

（100Myen）
億円

2009.2 2011.2 2013.3 2015.3 2016.3

construction 990 990 1,532 2,752 2,747
Remediation 586 586 741 849 858

Land 2,370 1,980 1,859 1,859 1,859
others 370 370 389 424 420
total 4,316 3,926 4,521 5,884 5,884
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Newly found problems at Toyosu
豊洲の新たな問題

56

All info: Open to public いる
http://www.shijou.metro.tokyo.jp/toyosu/Postpone of opening 

2016.11の移転延期

Food safety and security
食の安全と安心 ??

9th GW
Monitoring 

EIA Additional 
measure

12 July, 2019

Open 2018.10



Ground water management outline after remediation
（by mid 2016)

57

BM pit
(for monitoring)

12 July, 2019 EnvGeo_Eng Dr. Jiro Takemura

GW management Details

58第18回 豊洲新市場予定地の土壌汚染対策工事に関する技術会議 （2014.11.17）
12 July, 2019

GW monitoring
after the

remediation

59

2014.11~
9 times

7th Monitoring (2016.5)（Benzne）

Over Env
Standard

8回目モニタリング2016.8-9)結果（ベンゼン）
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9th monitoring (2016.11-12) (Benzene)

Over ES

>10 times

0.79

GW
monitoring

after the
remediation P34

12 July, 2019 EnvGeo_Eng Dr. Jiro Takemura
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Fill＝＞basement
(盛土） （地下ピット）

GW monitoring
地下水モニタリング

Over ES
地下水環境基準超過

Remediation of Soil Contamination
土壌汚染対策の内容

Objectives 対策の要件
①Prevention of exposure
against the health problems
生涯曝露による健康被害を防止

- Intake of soil
(汚染土壌を直接曝露)、

- Intake of GW
(汚染地下水等を曝露)

- Continuing exposure of
contaminated air (汚染空気の

継続的曝露)
②Food safety and Security

食の安全・安心の観点

-Contamination of food by
volatized gas (Benzene and
Cyanide gas)
揮発ガス成分（ベンゼン、シアン化合物）が隙間
や亀裂から建物内に侵入することによる生鮮食
料品への影響防止。

U
nd

er
ne

at
h

bu
ild

in
g

O
ut

sid
e

bu
ild

in
g

第 7 回豊洲新市場予定地における土壌汚染対策等に関する専門家会議（２００８．７）

Validation of fill (盛土の根拠)

62

第 7 回豊洲新市場予定地における土壌汚染対策等に関する専門家会議（２００８．７）

床無視

Max Benzene concent.
ベンゼン観測最大値

100mg/L

Cancer risk for 70 year exposure
発がんリスクの評価：70年365日の暴露

Caamb ＝VFwambCgw

Volatile coef. 揮発係数

Risk：0.34~2.2x10-3＞10-5

Allowable value 許容値：
Caamb<0.003mg/m3

required
Cgw =0.45~2.7mg/L

Henry’s law
constanthttp://www.shijou.metro.tokyo.jp/toyosu/siryou/senmon_siryou/#kaigi07

Estimation of exposure of contaminated gas from ground water
土壌中からの汚染空気の曝露による影響の評価

Concentration in air

Allowable risk: 10-5

12 July, 2019

Effective diffusion coefficient in vadose zone
不飽和地盤内の有効拡散係数

63

Effective diffusion coefficient
of Vadose zone

De at capillary done
毛管帯における有効拡散係数

De at aeration zone
通気帯における有効拡散係数

porosity
間隙率(n)

Volumetric air content
毛管帯の気相率

De of air
気相中の拡散係数

Volumetric water content
毛管帯の体積含水率

De of water
液相の拡散係数

De of air
通気帯の気相率

De of water
通気帯の体積含水率

2.27×10-1 [ND] Benzane ベンゼン

0.33~0.57

cm2/s

9.8×10-6

0.015~0.058

8.8×10-2 0.048~0.21 0.28~0.52

0.32~0.55

100cm 350cm

If fill replaced by air
with basement?
ここで盛土が空間

(：空気）であったら?4500cm

450cm0.625cm/s

200cm

[L/m3]

2108.8 

 air
eff
ws DD

1.6~0.2×10-4

Risk evaluation
リスク評価モデルでの検討結果

64

基準値Caamb<0.003mg/m3

を満たすCgw
0.45~3.1（平均1.1)mg/L

ベンゼン：仮定Cgwに対する
Caamb=0.14~0.041mg/m3

（基準値0.003mg/m3）

がん発生リスク：
0.34~2.2x10-3＞10-5

Exposure risk
曝露のリスク

Food safety and Security
生鮮食料品への影響

生鮮食料品に付着した水分
の汚染物染物濃度：Cw

Caamb=0.013mg/m3

Cw=5.7x10-6mg/L

環境基準の1/1000未満
(0.01mg/L）

12 July, 2019 EnvGeo_Eng Dr. Jiro Takemura



Future Risk by the residual concontaminat
残存する汚染物の将来的なリスク

65

第５回豊洲市場における土壌汚染対策等に関する専門家会議資料 (7-5)
http://www.shijou.metro.tokyo.jp/toyosu/expert/index.html

青果棟（5街区）

12 July, 2019

Relocation of the market
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In the original plan, November 2016,
but suspended.

Finally Toyosu M opened
Oct 11, 2018

Oil leak from varied pile in 
Makati City, Manila, Philippines

22 March, 2019 EnvGeo_Eng Dr. Jiro Takemura 67

See the materials in OCWi
NAPLs_spill_Makati

NAPLs_spill_Makati_2
NAPLs_spill_Makati_3

安全と安心

68

１００％安全なリスクのない世界？

Safe and secure
安心

Free from care

99% ＝＞99.9%＝＞99,99%

Risk management , Risk communication
リスクマネージメント, リスクコミュニケーション

12 July, 2019
EnvGeo Eng Dr. Jiro Takemura


