DHEEFENE DT AT F T - LAF 4 T— 3 Y ~ORLY A

DOIREEFHENEDOY AT F TV - L AT T —2 3 D

HLD) L A

Approaches for Sustainable Remediation in Japan and Foreign Countries

=

#oA w0

ke *kck

R

Tetsuo YASUTAKA, Yasuhide FURUKAWA, and Ming ZHANG

= N

Y AFF TN L AT 4 T~ 3 (Sustainable
Remediation) & \9) F3HEE THMPEH ) Ho Frken]
REVEZ B L 72 THIBG RO R AR E, ZOHRO 5
FEIBIT AL 7T U L ARLERIELERL, 2000 104
SRR E FULICRIBENTEMETH 5,

YATFF TN VAT = a VT 2080
EIBSHLI T d % Sustainable Remediation Forum” (L
T, SuRF) @ White paper (U.S. Sustainable Re-
mediation Forum, 2009) (X, A7+ 7 -
L AT =2 a v Of&lE, 1990 SER OIS -
AT AL R MBVILER S O T )L F — R F 2 Kl #
% G A AT o 3 Gk 5K R0 Rl Rel] 2 & WOk &
NN LT & 72 A7 EFiiC £D < AR 20 A
FEDRDAT v 7 & LTMEDITLNTEBY, s
Pt 5 O TR0 3 B L2 BT B FRkEa] BB 0 2t
HelfE ) LEEDHEARD DD b o

FATF T L AT =23 VIZHLTE, ASTM-
E2876 (ASTM International, 2013a) < ISO TC190
(Inter-national Organization for Standardization,
2016) 2B BHEILLEAT VD, /2, A FY R
RKE, BFFEIHFATFTN L AT TV 3
Y ORI Z A 2k TH 5 SURF 325
A3y, 20174E 3 HHIAE, #5107 BT ST
W5,

*RF 7 ToOB - ENLHEWIREA RS AT £
GROEi=
k% 55700 RTOT - P IBIE HAizeiT SEmEa
*kkBH L O - ENHSEIISEEN EEBAE AT D
ThV—TE

RIZIEWMAE 462 2017

=77, BARTIEHEGRREIB W CREREO
BEPD ) AT FHE - HEEHOMSITEASN TS D
OO, FKD X %) A7 GRS R3S A A
FEIZB L CIBEEROPTERIZ SN TW ARV, L
PLEDS, YATFTF TN LATFT A= a3 YIZH
T AR HAIE LG E > TBY, 2014 410 HHEE
it 7 —HLCCO;, 515V 7 » [COCARA (life-cycle
CO. Calculation tool for Remedial Activities)| (13
By —, 2014, Ri6,2012) ) J— AL,
2015 4R |21, WRUHRBREE M & ESE R AR G W ST H el
BRBRBE e M A [ LG G kI B 5 BREEAN
AT A T4 ) GREEEREER &, 2015) &4
B, & HI121E 2016 412 i SEFATAR A TR BT I R
% it { Sustainable Remediation 7>V —3> 7 4 (LL
T, SRaAyV—v T L) HETEN, FMEEARHE
%% D) SURF-JAPAN 253k 37 &b 7 & Fefinlfese -
BEGRISRAN O ADHEA TV B
REETIEFATF TN - LAF 1 L= a3y OiER
7 MEa % 3iAs 5 & &b, ERNStosim B
%o

1. YXFF T - LAF4 I -0 )—2 -
LAF4I—->3>

1.1 $RFTFTI - LATAI—2 3 DEHFE
Bl ER
FATFTIV - LATH T =2 aryOEFRELT
1, 2009 40 SURF White Paper Tl&, [BRSN7%E
BEBEWIIEHT A2 &T, AHE oML BEOM T
OMEIRZ AT L EEZFATF TN - L AT o
I—yariE#HTL] LENTWwS (US. Sustain-

43



el BIEHYSRE ) A7 — ) X7 B ERE L/ E R A T

able Remediation Forum, 2009). ¥ 7z, 20104 |2
SuRF-UK 28ABI L7 [A Framework for Assessing
the Sustainability of Soil and Groundwater Remedi-
ation] T, [KEW, B, &0 3 20NT y A8
AL AR REETH D, L AT A =2 3
YERATHIBRIC L FER BRI A FE T S LA E
BRLEEL WD L5 NTWv 5 (Sustainable
Remediation Forum UK, 2010). 3£, % < ® SuRF
TOHR ISO IZBWTIE, FTtrEET 57
L—27—=27 kLT, &% BE HEx03-50KMH
HEZELTWwD 7 — A0% v, SURF-UK O#E

Bl MR BITARHifREE £ LITRT .

NS DIEIZOWTIE, R & w5 0
LW Es, FFIELFHOGLIZrNDb D A
T RNT—IIBW TR 2 ATV, FHI RIEE %
WET LI LD, T/, FHERRE %o 72HEIZ
OV, BRI CRERRH) 12X h AT &2,
EHICKHAOEA T 2B F 2 TRAEFH = 1T,
BEUGESTLEIE R D,

®1 SURF-UKDHRXFF T - LAF 1T~
>3 > DEES

R % e g
KA MGl | A b
LR i & P W % N
AR S & H FIA b
A (ERE R & 3
Y B Fegts s | 78220 MO
VSRR | GAWERE | MRS

i) Sustainable Remediation Forum UK (2010)

B |
-
| ZFVT2 AT RRAVEES
ATF—YRILE —DRE
= =

|x7v73 mmmponE |
=
27574 BEARIE ORI
| AL LS RBHORR
| A7v75 BREY—LICESRE
BHEEDSI—5— B
=

| A7v76 #HEIEIZED TR ]
=3

(27977 smTmonpean |
E 2

[27v78 @mgicspLEL— |

1 SuRF-UK OFHED 70O —F +— b
1#) Sustainable Remediation Forum UK (2010)

44

SuRF-UK OFHifio 70 —F v — b X 11TR$,

1.2 $XF7F T - L AT 1 T—2 3 > OFHEEG

YATF TN - LAT 4 Z— a O - FHlF
BHIHFINCHTH L < vy, BIRE S ClEEHTTRENE
R L TR ERE, EEDTTHNGD, EOHT
b, SuRF-UK ® 1 H#l % #4135 (Contaminated
Land: Applications in Real Environments, 2013).

MWL, KHFT OB TS ), HHSICBI 5L
BIHAEE IOV, YATF TN - L AT AT
—va rEBE LEH L7,

RS LTEUTOEBY TH S,

- EEEDHREPFIET 54+

c AT =RV — R HIEITER, IO BT
R, ZHHARE, TR ERSCERIREE, R
AR, BATEEDSINL 7.

LA TV ey BN ST -3
FEARI N4 AL AT =3 a >, L3RS, 31
HIbR 20 5 IO TEDSFHIR R & 72 o 720

cTHAIHY U BROY Ry T T v
RoLT#FH, HRO~AY —TF > OUETRO
30%, WLl & LCT18» AT & 54U LD
6oy ) FEE Lz,

s RERE LT, BELIEX6YFYAD30 T — R
PSEHixT S & 72 o 72

FHI I TO LB TH S,

« Tier 1 &M LC, FEBITHEM: & AHEFEEDOBLA
o, EEFHHEZITWERE L 2V — ADNEE S
N7z ZOWERT30 7 — AW 18 7 — A DSFFifixt
KL o7z,

 Tier 2 fFfili& LT, HREBLL187 —AIZD
W, FERFHEZITo TV D, AT —2Z KLY
—OEAB L OEETREL A, &2/ HE
(BEfEa A~ AMEtE [5], 7av =7 MEmEE
gtk (3], [] BHEEAOEARAFITEAETH D,
K5), BEE2/NHE (KABEE (5], RAKE
R BEEEYy [(5]), e 3/hEE (N L 24
(5], k& Hbid (5], AMEEM LG [1]) o
THHZMNSE LT, FEsiiiziTo/,

cFHRIZBW T, B/ANHB O SEB X EAMN T R
* {ERHEETAHRIT %, 20k, &RKHEEHORK

RIBIBHMBE 462 2017



DHEEFENE DT AT F T - LAF 4 T— 3 Y ~ORLY A

BEIEIS L TR LN T HOEIE 2 HET b

cfRIZ, fER, &, BRREoOGFRa T T
w1, %x:?%lﬁttf%ﬂt,%%x:7

THIET Do

EWREIDTOEBY TH D,

CFERRINA T L AT T3 v O D
, RSB EER T — T, MORET
BOHBEDHEDL20% DINTH Y, RELEIT
TR SN D572,

NS OFHE T EOFMIESE xSz

W,
1.3 YXFF T LAF4I—-3>DF—
SuRF-UK Tix, BEHIE LTHATF T - L AT
A L—=2arDF—LhBUTO6OEFEITTVS
(Sustainable Remediation Forum UK, 2010),
JERIL @ NoofdhE L RNV ERSE 2 IRiE$ 5 2 &

BRI 2 - ko & ULz fTbI s 2 &
JEHI3 : —H v, EWIE, RS D, R

OKBEREN ZEND L

FEHI4 - GLgk e D, B0 S 2MEN 2 SN D
Z&

JEHI 5« @) 2 itin & FIERRE OB % S
Z&

JEHI6 ) B EIC ROV T WD Tk

INSHOBERINS AN L EBY, FATFT
Vo LAF Y L= 3 2BWTiE, ZoiFEMiTED
LT LR G, EN, FHHM AT RV —

DZN, B REERE, PEELRF-T-FEko
THY, BHEREICEZIPEPLNLTND I L) »HS
bbb,

1.4 JU=2 - LATF1I- 3> EDER%R
YATF TN - VAT 4 = v LR K
bbb F—"7— 75,
(Green Remediation) TH 5% (7z2& 2L, US. EPA,
2008 - 2009), ) =¥ - HATFF TNV LATA T
—ar (GSR) W HlgFHEbibns By, 2
TFTN L AT AT a yOEE L FERHE D L <
WP LHAIPLHEBELCEZEZTTH A,
LVATFA =2 arTld, WA7F7NWV - AT
—2a VB AREEHICENZEVTREY), il

JY)—r AT =gy

TN =

RIZIEWMAE 462 2017

-»L,TA—A—

LEEEY), TANVF— K&, K, L& AEERE
BB IS X 2N AR O E HIETE 2 A
Thbo 2000 FRME LD, KEZH.LITED ST
BY, FEHWIBEH G2 TSR Y — Vv sEAN AL
THEIR RSN TWD, )=V LAT4IZ— 3
v O FFA 5 1k, @ Best Management Practice
(BMP) & IHEA 2 BRIFEEFHIIR 0 72 o> 38 F F 61 4
DM (72& 21E US. EPA, 2010), @4l
fif (COHEMm A, $ROBIRHES) 5w T—fﬁ
3“7@77'(%, MY, FrE R ERE LR OB
THIRNS, TR T Tjt%li(f@ﬂ*ﬂiﬂiﬁﬁﬁéﬂﬁt
TR, TEREICBWTHHIISN T,
NGO )=V LATA I =23 yOEZHIE
ASTMETEMENTEY, KEA—/=T77 Y F
A MEEEZFULICFEBRICER - B SN FEL LY
bbo BERADY VTNTHL, TOBEHIEIY AT
FIN - LAT 4 =2 ar i) bHEATND,

2. EEFEMTEZ

2.1 ISOAEE L TOEFERR

PFATFTN - LAT A4 =2 a3 ZIZhhb 5 ISO
B OFRRIE 1SO/TC190 HefirZE H& D SCTWG12 12
BWTHEDLNL TS
for Standardization, 2016) . #RELA ¥ A TH Y,
FAY, A2)7, A=A FFV7, HRIPFLE R
DIGEYE L Cnde ABKIEBLICHATF TN - L
AFAL L= a3 yDTL—LT =720V TN S
NTHY, ERXZA ISO LIS 72 ik ORIEEEREZ &
o EVEEHRATA RTA4 X h b b HEONEE
2DV TOFEFEDBIER STV 2,

2.2 ASTM RIEDEAT

7 AW 7 ClE ASTM #i4%, E2876-13 [Standard
Guide for Integrating Sustainable Objectives into
Cleanup] 73347 &1L Cw5% (ASTM International,
2013a)o ZOOHT, BREEMIE CBERE BEIEY, RAER
B, OKERE, TAVF—, M EARER) 2 TR <,
WAL - 3 A MEIK, HIEEGE - T I 2 =T
NORFFIZE L Vo 7N 2Bl S5 [2Hga
R2ZTADOEM, U—H NI 2T A DFENIEHED
T H 7% Core elements & L TRt ST 5%, TiLh

(International Organization

45



el BIEHYSRE ) A7 — ) X7 B ERE L/ E R A T

DHETEHIZOWT, BMP BRI L FEAFLHR S
TWh,

HFATF TN - LAT 4 L= 3 TldRvy, ASTM
2251%, E2893-13 [Standard Guide for Greener Clean-
ups) WA T =2 - LATFTA T =23 LIZDOWTD
A D 5 AT ST v % (ASTM International,
2013b)e 7 A A1 OHfy, EPA IEB L ICEEMEOA
AR A L E LTWADIZRL, FATF 7L - L
AT T— a »OET - BIZE R ESEDTT - T
LHEBINL

2.3 SuRF-International

SuRF 1%, 2006 FIZGELENT2T A ) H OiFget1E
WZhhb b EMREFLE Lz HEEN % SR 2
NEITHI M TH Do BINE LB DI ELRE %
FEHL, UV E I RO I TV, EDIE,
#ENE, HZEMICHETO Forum (B @ SuRF-UK)
#1{E->CTH Y, SuRF-International 734 [E O & B <
Az F &L TE 7z, EALIZh Db LD & FB 5
DY) CTIZBNT, fFETRZEE 21T 2L T
FEVE & BIREIR, WSRO RED X OO A
DEZMESELIEEZHME LT, HlfE, HAE
& 107 FIMA S ), ZEORFKIIFE4 RO
YIAYI=TA YT RTFo TV D, ZOHRTI
SuRF-UK %° SuRF-ANZ ANEFSIIEE 217> T\ b,
2016 44 AIChflE S -3kl ZEIOIY Ml
WEENL L LB, #£EOSURF & L ) AHEIZD
7\ F Ci% By ¥ % International Sustainable Remedia-
tion Alliance (LLF, ISRA) 729542 L7z

3. BARTDE & & Sustainable Remediation 3

=T L

3.1 R & EEFMAAESTRZZAT O V) # 4

HRUHR BRI ) & R SR A i ZE T 12 2015 4E 3 H
2 [ B RIS B 2 AN T LA A M
1] CERHEBESER S, 2015) 2 RAE L2, 200
A RIAVRT) =V - LAT s =Y a rofiftasx
& L, YMESERBE M O M #EE R T OO TH
bo A NTA UTIE, TEFROBEITLT, #
MoOBEAR 2 B e M it 70— - L2
FAT—va iy — Vb EbETIRRL TS

46

(Yasutaka et al., 2016)

72, WORUHREREE R L BR B A AR 2016 O KA T D
FHIAEDOH T, a7 TEH G R 7 #IR T 2 BRC
(R HFERNAR D & COBFETORBEAMN O (3R
BRI L LIS, T A D OFIR (BRI LaBEER
HEOHFME GLATH) ZEOMEEEE 2, FHEL
2 &2 G 5 R OBIRE RS 720 DT A MG L
TWw ) bR L GRRUERERBE)E | 2016), ¥ A7
T LAF 4 L—3 g v A x D 2 %
RLTWD, IISOFEE, #ATH GG
ROFEB DL  THHIEEER S TV 275, o
BREEME DRG0 TG Qe Sk O T T & 2 FHILFEHE
W AHEE L L CHEEIZRIGETE N L LA,
FEEZ DD B T AV X — OB RS BREEALE O 8
5, LV AHENAHEIEZINTVE LV ERIDH
B EHER SN D,

3.2 1EBREtZ2—DYXFF T - 7TO-F

WG DBV #2A

TRy —-TClE, ) - L ATA T
a YRy — v & LT, B oGS E O LCCO,
P EA I CEX 5V 7 b7 27 COCARA # AE L
TwWa (HEEEL Y5 — 2014), 612, [ AT
TN T TU—=FEE] OFT, FATFFTI - L
ATA L= a5 [SR FEHAET—-F 07
TN—T 1 DERL, RHIERONE - B AT o T
Wb ZOHTHENBIMHHLR r — AR Y T 1 OFH
e, HARENICEFTE 2 SRFETREL
TV ZE 2R HEE L OBz EDTw 5 (B
5, 2015),

3. 8 Sustainable Remediation 3>V —>7 LD

Bava

rdEoEBY), YATFTIV - LAT A= a
WL CENTH #ERzHG S ho2oH 5%, BAD
RINZAE DRI ATF TN - LAFA =23 D
MEEOFEH, S 5IIEHARATOFHTRMIEICO VT
LR SN TV WIRLTHh o7z, 7z, HEERD
LomRLHEFER, HEIAIT - BinE, S 51CI3aR
MR LA ERRESEORE 2T RZIEE 7201
S LG EANT O LETH 572,

SO REHFOL L, 20154E10 A I IXEER,

RIBIBHMBE 462 2017



DAEEFEINEOY AT F TN - L AT A = 5 DR HlA

GRIES, BHAT - BEE, FWBRE, BN
W, B vy v, BEEREES A [F
feae 7 TGRSR OH ) e EZ LT —r v ay
T EBEL, BNTOYATF T L AT T—
Tar0dHY) FIIOWTHEREIT o720 TORE,
201642 AIZpERIFa > v — 3 7 4 & LT [Sustain-
able Remediation 7>V — 3 7 4 (&5 fAE#EE)
ALY B E LI, [FAAET HIZSuRF-JAPAN & L
TH b, el ISRA NI L7z, BUfE, AR
H144t, BAKEIATIHE %D TWD (R
HAWZERT, 2016).

AKary—7AOHMIE, HARENIZBITS SRO
VEWRH ) Fodmc 3 A09e%, EEMMG~02
[ - FHCH A B E LT\ 5, Sustainable Reme-
diation Working Group & Green Remediation
Working Group 23325 EAS> TE Y, 2016 £ IEFT
THEEPHESINE R E, MEt2EDTW 5,

Bh I

KFETIR, $AFF TNV - LATFT 2= 3 Ol
&, MRAE, HAFENTORTIZ OV TG E L7z,
CZETHRRTELLEBY, YATF TN - LATA
I—va it BEBTEMENZb0Ic8E->Tw
LEINE DB EETH D, T2, FATFT I -
VAT T—vavilEEnsEHEE, HAOHRESN
BEHCBNTCITICEESINTE-HAL S HD S
D, EROT V= LT =7 EE AL T,

THEB G RO R BB HIC B TIE, R
ROBMTH DL HOBREEZF T2 {, FHBE
BRI S, RIFENOREERANICEE L
HAT, FEBDAT— 7 RV F —%EiaEiR - EE
WEETLIEDNLEE L\ YATFTN - L AT A
I—=3a3 DI L—AT—=7PTEHI LT, #HLn
BEHRPED S RO KBBREREHEE I B 55
BURESAL—XIZR Y, #HRELT, THfrFER
RS G AT — 7 RV & — RO RN
s 2 epfiiffshs, o607V —07—7
B2 T, b A EIC B v T D Sustainable
Remediation 2~V —3 7 o % Hulb LT, Bl
DTV TFETH S,

RIZIEWMAE 462 2017

B ABEREEECHEICH 72 - Tld, Sustainable Remediation
A2V =TT ADOEKENLOFHRETER ST/, R
FIE AL L BT 5, $72, 3EIEEIIS (2016) ONE %
N= 2R DOTERIZT v 77— M &fTo72,

Mo
U AL, International Sustainable Remediation Alliance (ISRA)
ANYHEN T 5,

5| F3zk

ASTM International (2013a) Standard Guide for Integrating
Sustainable Objectives into Cleanup, E2876 -13.

ASTM International (2013b) Standard Guide for Greener
Cleanups, E2893-13.

Contaminated Land: Applications in Real Environments (2013)
SuRF-UK Case Studies and Bulletins Case Study 1 -
Sustainability Assessment: Shell Terminal Facility, Madeira.

TR V5 — (2014) LCCO: 545 7 b [COCARAY, 135
R A SO

International Organization for Standardization (2016) Soil quality
- Guidance on sustainable remediation, ISO/PRF 18504.

WNEYE - PREfE - s B - RN - KA (2016) H
HRIZBUF LT ATAF TNV AT 1 T—3 3 OHU) HAKES

55 22 [ Hh T K 1455 G & 2 OB 10 SRICBI 3 B WE TR SR S
%

KA - JIREE - Ul B - BEREAT (2012) TEGYRA -
XFWIZ BT A LCCO: O M & Z DR %5 18 b Ak 135
5% & 2 OB IEXH RIS 2 TR e a4

PEZESATRS AFET (2016) Sustainable Remediation &> —
7 L. <https://staff.aist.go.jp/t.yasutaka/SRCons/
SRConsortium_index.html>

Sustainable Remediation Forum UK (2010) A Framework for
Assessing the Sustainability of Soil and Groundwater
Remediation.

B - RO - RATEA - HEFRUME - AT A F TV T 7T
—Fi#hs (2015) YATAF TNV AT 4 =2 a O
I EKREITOEBIFES. 45 21 IR - TEH G L 2ok
RSRICBE T AIFTEiR i

FHRBRER T - ST AT B N RE S AT 8 6 WF 2 T Hb PG U B S5 e
ZEERM (2015) HIEIH Yt IS BT B BRI AN R T A
FIA .

FOLHERSER (2016) BRIEHAETH 2016.

US. EPA (2008) Green Remediation; Incorporating Sustainable
Environmental Practices into Remediation of Contaminated
Sites.

US. EPA (2009) Principles for Greener Cleanups.

US. EPA (2010) Green Remediation Best Management Practices:
Soil Vapor Extraction & Air Sparging.

U.S. Sustainable Remediation Forum (2009) Sustainable
Remediation White Paper —Integrating Sustainable
Principles, Practices, and Metrics into Remediation.

Yasutaka, T, H. Zhang, K. Murayama, Y. Hama, Y. Tsukada, and Y.
Furukawa (2016) Development of a green remediation tool
in Japan. Science of The Total Environment, 563-564, 813-821.

47



