; e3eWMZ6T! 2 2 APR 2003 SPECI FI CATION METHOD FOR REMEDI ATI ON OF 22 APR 2003
CONTAM NATED SO LS Technical Field This invention relates to the t echnol ogy
of cleaning soils contam nated by hal ogenat ed organic conpounds Background
Art In sem conductor plants and nmetal working shops, trichl

ot her chl orinated organic conmpounds are heavily used as deg Wﬁl |WM nts
and thereafter discharged or dunped. *The accunul ati on of su
organi ¢ conmpounds contam nates soils or groundwater to beﬁ,ﬂ“mmﬂmj ""‘m di ment
in subsequent efforts to nake SPEGTFICATIGR of the former | ant
or develop the land in the surrounding area. In addition, the*eontam nation
of groundwater by the accunul ated chl ori nated organi ¢ conpounds poses
serious soci al MR FROR REMEDEATEQNe @ Fo \CONTAMINATED SOLLSn maki ng
effective use of the contam nated groundwater. Methods of treating the thus
contani nated groundwater with iron-base netal reducing agents to deconpose
t he cB‘ﬁFHFﬁLﬁéﬂt Figddihat they are harm ess described in many patents

i ncl udi ng, Thek en&enkeonEtemhmed dapaneseebahenbgubli eathainyyos.

49158/ 19 0, 49;_[98/ 19 g)apg i Pa%egt No;,:l 2636171 Jgganese Pat ent
DoresfPé Rnﬁ88 SQ%Eﬁt “Ro®Y 53159611568 8kd2Bd665TIE88AYSrn the net hod

descr Bae#tgroubdafted Japanese Patent Publication No. 49158/1990, water of
i nterest that fi t e S e hydr ocar bons is
adj ust ed tgi ﬁ%ﬁpbgh@%cQSE Ipcilé tttshgrrllqr g&%gd%\?\fb’?hﬁgr gﬁB rg ‘ot her base netal s
as reaﬁeicﬁéoat@@ﬁmlenﬁ and ﬁt’éthﬁé‘dcdéé?élm@é&dl RTERBACNEANPABAAEsBLPat ent

Publ i aakkqn Nesef&t%%%b%%asﬂht;orsotmemeeahat kR8reareerotiikbhaigel
cont ai ni n eg’anl c. conmpounds wi.th netall ;‘c égducl n% gents, it is adjusted
¢ 50

to pHOf rac&HH‘ p&A08d % 1S Q&RG eRt988iChat its redox
pot enbbmlpomstdsufcfolncﬂamway:elsomrl&d b@ geonndwaleroxbdbzcbge an 2 APR 2003 _

2 S UbSt nc%ht u%gntd% r %d t'on m‘}ii%ag%%%c%.al.b%nhglebofz %ﬁ%zﬂ 1,

cont afi Rated vvater cont al I'S supplied
with Hypdmeges ite odmay @ lang mrsdelv\eé@poxh@eﬂ,aadd mh@heatsuwogmdjlegt ed to a

reduc ol O3 FONHAE! rldnrGibheb £ UbRLARGABICRyaTnECL | vat ed

charcoal bearing 1ron ar s The met hod described”in Japanese
Dores i€ umilatedashd exdaddded NégaS‘(}PSEQ}“PQQBdFs PefesoFeELessi §§CdAdundwat er

cont a@ﬁm%sbmsh@x@a@latfe@dowamm Ralfifycanty andmakahaceetiezed vy

deco sing the cont am. na (%)éopas |g1% t he contam nated groundwat er
thro:&f? %eﬁ:r%aa é\?&%’ Ti'ron or other metallic particles in
a non- oxyg&etdhnois |oefd te:raatnmuqnmhte thus lcanttpminad ede girod ndesdcerbed i n

Japangﬁq: Dq_l}_%%t 'b%s%aﬂr}%'%%lﬁ‘ryeﬁﬁl%g%gﬁa ge@l%o %Q)Gg%yo;n?}%ée' th%ne of cleaning

groundwat er cont.am na rgani ¢ poflutan except that the
cont afoRdRsL naDd sg @0 rthad airﬁk?Yd@@@rrﬂ@sfed-elW’ d@@grn@etihencmamafm nat ed

gr ounghaateyt ot hrxﬁmla@erf&a@&mesU@fﬁeenleeyefaptah@sec@@&leﬁts of an
adsorbent such as activated cha icullate netals such as iron

filingubligatdomd{asodd ivd/ 1c93?|’9 'bégaﬁ?ﬁl/llé)(?ot'o JeBArgTen &PEE g Sndwat er
i ncl udzesmwlqnlaamése/memwomﬁsm (Aol nicemamdl s .i n which the

cont argd;%tgg)rﬁ}gjag%u tStEHGA;é Magygum extracted fromthe soil and renedi at ed

but als ) t'echnol ogy. Ot her nethods that are known to
be appli cabllre tth;E smﬁts)d s ada bk rima |E xéasioreot iJaupasves ed @adigndsi t i on

techni for SRIIAHE LHERR! Sl 0¥ DhddbsiBl e UgmRAlis Al SO known
are met s of bi or emedi at10n tHat USe m croor gani sms to Clean 50|Is or

gr oundmettfelrc Wt dersignepese halngenatas &ydwnarétona HE ashinstad &l

net hogsyy dps g iped abpumdatey Adided WERIENREdf dh@thedWbaskhe i nventive
nmet hods descrl bed i n Exam ned Japanese Pat ent  Publication Nos. 49158/ 1990
and 49“@@ FRAUHRh AgeBFientn Ndie Agided dgseribed e FFAIINSS ¢ eat

pr OCeSEapmrieﬁie qraﬁehﬁt VIRES e teilorf rmm fmgcs/ilesaos,nq:mrmorﬂﬂfr to treat

cont am natde gr ound terg t.hetb 2 I% R 2003 - cum%er sQone, operation of
purrpl NG iy erD P a(?'?dl A9 $ rrﬁ%l i “}?eéldl%e subj ect ed
to pHvaxi}hanem”artltlmtcretdlmxmgrmgdntﬁ dits sidd \eetfj ubage it dbypHs arfe &b taabl e neans

fhggeqflc‘#nﬂ%atl OI’I!S‘e/r Q{%S %&ﬁ%f% to aq{q%yﬁ-ﬁ%cgﬁéﬁ Fﬁv' "

treat rmﬁermla:bntsarﬁuﬁwwhs kﬂwegﬁemm@owcthm@@ddﬂeum SO sone
econonm ¢ di sadvant ages such as the need to support |ess reactive iron-based
reduci ng agents on activated charcoal and other carriers. The inventive

met hods descri bed in Japanese Donestic Patent Announcenent Nos. 501520/ 1993
and 506631/1994 nmay be classified as nethods for in-situ treatnent of
groundwat er which are primarily intended to ensure that the stream of
groundwater flowing in a contam nated region will not foul the downstream
region; in other wor ds they are not |ntended to rerredl ate the cont am nat ed

o o o ey



Z 2 APR 2003 - 4 obstacles to | and devel opnent. In short, these PR 2003
technol ogies are not suitable for achieving the intended soil rene |at|$$
(2) The nethods of cleaning groundwater using iron and other netal based
reduci ng agents are exclusively directed to groundwater; they nay be able
to prevent the dissipation of contam.,nated groundwater but certainly not

i ntended to clean contami nated soil's “per se; therefore, these nethods are

not applicable to the cleaning of unsaturated zones above the groundwater
| evel sotbabantsit e dd19 setimst aleaqysibed drglXapaneag tBedientt dfo.achi evi ng t he

intendegh e0i1, SBRARHARG WU d¥odth i £ARA Jdthadd Aefdpability to
gr oundwat er and prevent_ t he af qQrenenti oned probl em of cl oggi ng, the nethods

use cARRRANRILS (SHRRF GqD it 993Ut e HRR Kis ﬁthe?tcelr"i%’r ates their
r eact Iaujge&tﬁnﬁlﬂmﬁr?mm;aﬁléij@mwﬁ aofretdimlrnqlstﬁ;eatﬁin(ﬂrrﬂbmpgsu ng a .
cost pro ot her.. net ha re also direct to.co m nat wat er an

their aopf%r"? aﬁ’ﬁrﬁ} iS5k & quat HE cszi%cce11 & r aattefcﬂfa}‘t%(io nants such
as chIhﬁaruatqadlmrgm otdmpaetdsls.n a waterfilled environnent using iron

and ot her ngialy aétﬂ?dsjm%gﬁ% algenj areve |ghrdle fethnds,  hat thernal Iy

deconpose excav evat tenperatures, heavy facilities are
neede PR YRTERPH HEMt ior%(h’én‘”:bfl%dm% o EleHung gHANNAwater soi |

parti cd&ist 4 End hedas) W%é&’nﬂ?%o@ﬁﬂ:éﬂ\% GaRpbi | ities of soi |
such as su ort;ng Mu tures and S V|n as the hahitat of, livin

or gani SHArafr e A RANS %eﬂﬁﬁfdl%é:rlﬁ t he

t r eat esbsam ik féd og&dunc(v@t%ethmdgld a)fpetmwaﬁmllsﬁb:mrﬂ&mcmampl i cabl e
to all kin 0 C fe ols have differe t ch racferistics.
Even |?g "lds |(£sr pc%l’sﬂs‘?s %& %h]fejlr“rm B “factt on I}qsn'scf)g(ﬁ‘?[p aJI ngCI t he

react i envixomeent anoBlmle]ra:Iely.a #ir@lmigm:ﬂ tdesnidmd i Bn rmﬁm@b Di scl osure
of t h%éxﬁ@!@@ié %J&% qi:ﬁf&méé}ferwrmpses@éeilhﬁldlf@Sféﬂoﬂ@V@f't ion is to

provide a nethod for soll renediation of contam nated soils that is
appl i c"ala‘F%mt‘bg aglfﬁ‘H&H@%éJ%t%Q%t?%cbwd}W?ﬁﬂate‘? QXgRIHR 2003 - 5

only thel B@tdnts, dexdpt atletk zoHe ol fhen o awsvedsdrb@yedndut al so the
soil :,é?an uns%é‘ukrate zone %gove t he groundwat er | evel ichis not filled

with vAEEIMRRS Y RARSIN g Syt FHRVH R 55 4gh fated by
hal ogepetmelbbaysuldinfadcat by ar dam it aonpieina o€ an Eddorsded siudh t hat

the c é;stf aé‘é@f@ééeé‘r&%e&ge?f%ds gtre?xféi‘cﬂﬁatpc,?rd\ A @y oL i

tenperatures using re ants y conpose conpar a |v{<a?§/ cheap iron
mat er i Bikings-its first enmbodi nent, the present i nvention provides a nethod

for remedi %tﬂ@r%eﬂ%ﬁ@%ﬁ'@é%’aﬁ%ésa 1%%%&9&&%5&@ wat er cont ent
of at least 5%that is |ocated ejther er or shal |l ower than the

gr ound¥ERERAYRLEF b‘l‘cm%ﬂ“h‘éso‘b@éns‘ék%a Y SR AT SWoht ani nat ed by
a hal WM@mwmlmmmmcm:stmmwa bg/r@hhdwutr@ratswmmvxder to be

presen e|th hi n_,0r SOi e rades s
ol ogerst b Erdart tn el ot SR o edisited "y 0 ot hea
practi CR&T) nta@hmdbrag&age@wsemm@nodw Blea'emrmgkmsat@ lbe on powder one

t hat C?%?i‘?ébfé %tgagéh% J_H\Eﬁ]&é CREARD a&lgs(x{\{ekl) @ specific surface

area east suc a partic Sl ze at at | east 50% of
t he padefeneasphian at%%%qws 18mauny emed bt el xR vRted 1s0il® RY % of such

i ron ppMEghal Ot BEabHESES! eué@rkmml@;@rm@e%dé%fi 1§9¢femé@fa@f&hod of
soil remediation,can also, be p rac%%ced i n. an advant ageous nner

by
sel ect PRt aLSLMLCTORRIPRLRMS Lo i P igreY W?)B?\H Ywith a copper
cont endecompbeingngee opoDldtan®d. wt % and by allowing 0.1 - 10 wt % of such

copper -containing i ron_ powder fo_ be present either ear said
cor - 1T BoReREry s te Rhet Podr phEERRRs %se%ﬁ%%&p?%w‘ae & rathod for
renediuarbuuefprohlem$nafedhenrlewnn mmhehlaveeduwenmetu@d$ance that is

wat er - 88%8?&&&”9:1"@&81{?1%5' .?A;B ?1¥‘§ékpé‘ﬁéﬁ‘%tﬂuﬁf1¥‘9£fé ﬁ ogdded toget her
w th sal resent ther within or near
sai d 3@9158/1298 ang 413@@@)3199@ and Japanese Patent No. 2636171 are

all intended to treat process water or the wastewater from

factories and in order to treat contaminated groundwater, the



Preferably, said reducing substance that is water-sol ubl e and whi ci2 2 APR 2003
exhibits weak acidity in water is selected from anbng i norgani c conpounds
excepting those containing nitrogen and phosphorus and added to said soil
in an anount of at least 100 ppm It is also preferred that said reducing
substance that is water-soluble and vvhr ch exhibits weak acidity in water is
at | east one conmpound sel ected from the group consisting of sodium
hydrogensul fite, sodiumdisulfite and sodiumdithionite. Preferably, said
hal ogeﬂmmtw%mgmmmnuhnﬁ igungeigtadad natsta fibtstn H&@é’r&ﬂi}:@nﬂ 3.5 - 9.
Inits t odi nent, the entrnve met.ho

remedi‘i':ﬂci1 qb clbsnt"h%?‘{atje qe b rf‘w ?/%er}rgospgfl eﬁ’eﬁ &Pdgrganr C
corrpomrtda |Lsendngﬂadnefd dltm:tl\rezi iomyeyare byt e Gwididblso ntehaats isudhasisa hi gher
terrpe I :ﬁ{g}ﬁf t to said soil
by utr I Zi n&;ﬂl%p def'tagat!{bgér1he£:'rfrjlreraéns se qelcét{{eb%% rom ano ’gﬁh %‘cj)f chem cal

r eact iFRVIgTY diesforiganitatdansouridie Metdadsmanred tJ(ﬁﬂ @ppliyeat . Said

hal oganqatask of flad & GAERRYSh %@tcdrﬁaaﬁﬁlﬁteemmrs J%&{M&O“S' sting
of di chl orq net hane, chloroform car bonélg chl ori de, 1-di chI or oet hane,

1, 2- did JRFAME HANDAWR FAWHC AN AL G o'%{%r?é*
1, 1, 1 ikdéttachippaet Haves dedot2i vk tietomdid sud atdtarnsingl, dgatitehlcr oet hyl ene,

cis-1, Oroe\%]é)e&{yllg%e%_éd{ Q? h'rérz éjdrcltgeolrsoet hyl ene, trichloroethylene,

tetrac | ene oroproperneand 1, 3di chl oropropane. Inits
fourth enbdmeremventruerqm%tdmdsr Mﬂr@@rmrmwmtmsm renedi ati on
of congAEMAlGhGdemddt WHLD ﬁil{)ﬁf)ﬁ/f@éﬁ Ar{ “5 71994 364

copper-contai ning 1ron powder or are unr m xed w t}ﬂ said soil.

I n it ckagsif bR rﬁ?ﬁhoqihef% eefe'rﬁlfithv"elrﬂﬂ@ﬁq# cﬁ/ﬁ dEoundwatRId f or
remediviich Hfe mxﬁdﬂr@ ethtsaid&d i1 to v@ummm 1§i9é ot Fetiin rw\der or said
copper - co r%: owder or bot h, te‘?f? are xed

uni for‘?ﬁ%}‘%ﬁ’ﬁ es‘g ﬁ It BB irrleqll'rc?en d‘f d‘%teaﬁl Soil. In
one exdojstidan hhegiont mrermmhrrem:dse; ttery sarted rnatonimposwtbd dro sai d
copper r r i sper lyin

2 Shodi SRR dhd (b AbRe Rl ROLLA Rl SETI Sl S LT Yot Y1 N0
copperewmmmrdmﬁadwm:r fnr b@fam@;ke, rﬁterds iedrssarys did UARIeY

agi t athOfa (B¢ Gr SAESEA d K 610 NasHDb 1Ye £8n R@{@U&l ad¥¥Bdn O idie@d angle to
t he ground surface) I n anot her_ exanple of the fifth enbodi nent, ejther

sai d i FOF RRFtBrated Fharrral cﬁ‘)‘rﬁarrﬁ RAGHGPHoWhe ook er s

di spersbshdyd doyredns nforarrpémmgaee cgren:nsgqr reBade ing \ﬂifbﬁlhthlet her said iron
powder or said co er cont nr@nﬁ%uon powder or_bot re mx éh t he

soi | URRFEEYT tR R FH RYI AT Ohabt WS FEO R T X r'?“%‘? or at an
angl e h® Iw@meﬂrrmesmdm@lyl n yet another exanple of the fifth

enbodi nent h ' o wder or
bot h ar e, i B Lo B o B b B e e "phase
in m.wﬁtmtwwr%&wm&rmawooww cprRemdy Arbrthowder or
bot h aé&ntanEshtéd wdt&r st | swiileso A0 LR YO M Ad dt e CRO LIBWRInghase in which
sai d |ror&§£owder or said copper-containing iron powder or both are m xed

with tPECROFMS under agitation. In still another exanple of the fifth

enbodi pENtWheri elx'sh@etnhg k@r pﬂsrmpuhg e@@tmﬂnam@ b 1r ajaiuws obrlayers. In a
desired has unna a e & each

appl i e%r&?ﬁgw urgﬁJ €§0+ Y |%}r{15r gs\‘;}g?L 3b§/1a% di st ance of

0. 05 - (B&H) amdrcp?sherxmﬂtlen@@drmt\ivath@ q:)lnels@mlratw@rdemmp@mes to a
met hod, e iat f t S h a water
contenté%? éétgfgaﬂ;‘%égrb:?h%%ﬁér%@%tg% ]Z??%erg% é{EjéIEQ%?s sﬁlzlilfovér t han the
ground9Rses ardcexbrActadivwakerpntanthis candy suhbbrblenbaedl bEiedic

COMPOURgvESt& ! BaneAs t 41 Béd UoﬂthbéO&hBﬁlna 83Sth&t OtRé Mﬁaxﬁlﬁ&%@m nat ed
area so thgt contam nant is, noved_at an accel erat ed rate and (ﬁgr aded
is

sai
2 2 A Fepibebag gﬁom e CRRE 2T HHOP oA PITR PSR 107 E R D PPRdere
Erel I mhasmléys pbatedhe@eoareﬁemsthy soephpataasedpal eaI?S@ddlrgiarSnp_ref erably
gg: e {;ﬁ&’e{é%é’ﬁ?{@fé‘%ggg{%% AFE0i8kén 09 +ECLLeRRCLRLADLY1 béy' Se Mt OgEN
and, hence, are incapable of eliminating the already mentioned



In its seventh enbodi nent, the present invention relates to a neth%g‘wﬁ?2m3
remedi ati on of contam nated soils by which a soil with a water content of
at least 5%that is |ocated either deeper or shallower than the groundwater
| evel and that is contam nated by a hal ogenated organi c conpound is cl eaned
insituin a saturated zone by blowing a gas into or near a contam nated
area in a saturated zone so that said contaminant is noved at an
accelerated rate and degraded with an iron powder m xed and agitated phase
t hat iebgraties e ilang|dgeriopnent neakn tsRoxont e saitkernekog1es one

exanpl £r&fnd 016591 BN O £ SEVEM NPT h e nt SAI&h | SO PAVRSY 1 &1 x5, and

agi tated phase consists_of_ at | east one_single layer in a thickness of at

| east €2 tmihe MEMRREROEXSHFARIYY FFRURIWA L USHRE PR AR MR sai d
iron dpﬁm@bal Myfcﬂ ﬁéwhl Al d od gsh pd asee C@;Etsilséhﬁv@]fy aiiﬂj‘@ﬂsédeI]fnt Si nglhe col um
inadameter of at least 1 .cm_Jln yet another exanple of the sixth or
sevent%g%%(%’&?%%ﬂt ,tlé%Y "¢ o%e p% r i BV ANy W ¢ Jt%%l%%%%%“ Uhsi sts of
at | eastnioameisaned egtaymdwatten it ckerstssinmly atot est eridedn ttmdc btank east one
si ngl e i i t of . at C i i pri f the

br avi re g ted SOERE pbr e chERStore dncle diotiidt BleHbe)
concerdPRIierb b 9 e crbeamingref t yRsatieaked ZoreExa@rpve Bhand
@”Pﬁr@féﬂﬁiﬁ%@@?! Fe@é]f. Fd'tng_- e;?hcfé\$a@?&ﬁrj§@ﬁ§bﬁ¥%ﬁ@e;f h@né% r@r&%()ﬁmlent 18 hagge
in e concentration o ri chl oroe en at.occurr in anmpl e ; Fig.
315 SRPRETARIBWERE AHRLEY RS GHBE LFEPSr LT T EHeS Rt r at i on of
trichl oroethyl endet hod Dectedied the Bxap| pedileabiPiy aflfiR goosndwdter Fig. 4

isag 1 e tinme- e t a. i e concentration of

tri oh BIBarrorahe ehar 2 B EEI R REE af IR A e Se g R8P ng

t he timethegendeatcenpaygetively hbargacenen gpavhicties rbeh| ohbetmyt ene t hat
occurr radt Gvi byl h; 1 t

o G da e R ey B L e e ¢ ha

occur r@Bonnt RRf ekt ERAnptRepeby| pos ing sa LaghapiRPteBection il l ustrating
howa test vRe f_@ﬁ\élﬂplful@ﬂh@&stélﬁe D£E§@n&iit'@<\!€ék?0£? ééhﬁxﬂﬂﬂgéﬂeégh%fé?h 8 is
a schematic section illustrating how another test was conducte e

pr esent2f nYRALHr RPPHL +5y1h§ £$@Ft§8igoatg%ﬁ%ﬁ%fi%gsE%T?% agh%%jng how
yet ancofieamiepsbtsasuchnas ctielobynated poeganic i comepdonds Fnga ddtes-a
schemati CLi s St t S u t he
ot osent R ErSHRh e Sl P on ARG, OChel SRECATREPISELE Bo L (st
conduca@gdntf- Exanple 16 to investigate how the TCE concentration at varying

dept hs( g5 ofht BRe SHELR6Qs | BHEE PhePnbilfhhOtORbOYE CBRCSPRERN 851 84 501 |
changed_over tinme when a |ayer of iron fggger was forned on the soi

sur f acBlerprped 15emperaiEshy shedrngtapd &F t LB Ngeded &P UPFHRO¥Bst on
”‘3 c?néaﬁi ﬂﬁé&ﬁméﬁtloﬁSsﬁiI?lnahdiganétdEthhofépm:héesééﬂIfp@ﬁti@léﬁ before
and after umm test referr o Fig. .11, Fig. 13 is.a schenatjc

sect o EnbUFmES I HEP 0 ERomBFe 8 oBF Eacugnthn wdbrBhL O 2R SF  Tat b

or gani suchnpsusdppont ErgnpteudZunad ahdosshvinggasothehkablitahi of net hod of
t he pr At i k a =T b j . e k view of Fig.
13 shou iAot Shat ol @5 BBy orbhBy, lnb2ofl SERPIERLE, FaRds Y,
schenafpeoBdcupenoihbhengreatedofpitodpbEicndh-in the col ums used in
Exanpl e438rhEi flet A6810f1 BidrembaMALIENSESt hoD SppLesALNdi B8 AP1Fi g. 1 which

shows fhe _soil conpposition in col umm fhat. was us in
inds of sogEs since dlf%erent solls have 31% erent

characteristics. Even if this is possible, the microbial
action is slow in pushing the reaction forward and, hence, a
prolonged treatment is required.
Disclosure of the Invention

Therefore, the purpose of the present invention is to
provide a method for soil remediation of contaminated soils

that is applicable to a broad range of soils including not



2 2 AP R 2003 - 10 Conparative Exanple h where a |ayer of iron p@RdéPR 2608
present but no gas was blown in; Fig. 16(2) is a schematic section
corresponding to Fig. 13 which shows the soil conposition in a columm that
was used in Conparative Exanple i where no |ayer of iron powder was
present, nor was a gas blown in; and {i_g. 16(3) is a schematic section
corresponding to Fig. 13 which shows The soil conposition in a colunmn that
was used in Conparative Exanple j where no |ayer of iron powder was present
but nienrbyemheesobl olih a4 rsaBesateddronerbekew yilg aroundreateweheveh The

soi | s g be1 &b eagneds by1 e B CHEEH £ AYEEd | D50 &T £8P0 SEn & OFE Sith i €8 bY

hal ogenat ed organi ¢ conpounds i nc| udi ng di chl oronet hane, Thl oroform carbon
t et r ackHPe?t dE11ah 11§ M orbetieterith Wt R 3F deehhms fsavated or of orm

1,1, étsd}ﬂ& Oémﬁtkbwmﬁhidh 1sdiPs ;@chli’?&hilm‘ﬁ@c}l Vl&ﬁﬂaaﬂoé@ﬂaﬁé@ér% ) or oethhfme,
1, 1-di or pet ene._cis-1 2-dichloroet ene,. trans-1, 2-di chl oroet hyl ene,
Ui ol GTEh FOR 3 CanT i TRttt areh BY SRrATe b BT DRt hee

1, 3- di edn tanin apas ca re dedmaded eint | dnsherichpentddranddabyoddgnady ng t hese

hal ogengj eF=Null oHogls o r hegi o0 be
used in Cﬁ?%%% ng cg%%%g?nat ed ﬁs%?‘?% %gaf\;ee{g %%ﬁ%%e%oﬁf e%@ﬁg??%\?f?%%it 0.1

w % arthedl beopdrtefial$pst all species known as plain steels and plain
cast irons.f\Nitg ofti PONWISHbIRMhEE 2 €RE DPe SO eDivéRESoh hPoPideg J0 1 S

i npracticably_| ow i nﬂi)}ge rate of degrading contam nants. K The suitable iron
powder™SHIF dfPE Tepedtatien dhverR nabed (5145 Py v bGh atsPEhst 50 wt %
of thewpelita ch@sepassnient v AVl ags PRI tigst ofs 1bcaedoalcger parti cl es
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with tggiiron powder. In other words, in the in-situ treatnent or

post - excavation treatnent, the 2 2 AP R2003 - 12 surface of the soi

is desirably protected from naking direct contact with a further supply of
anbient air. Cenerally for the purpose of enabling in-situ treatnment of
contam nated soils wth iron powders, particularly for establishing an
effective way to degrade and renove chlorinated organi c conpounds in soils,
the present inventors conducted various testing and research efforts and
have found that the degradation of chlorinated organi c conpounds was

mar kedly accel erated by inparting heat to the contam nated soils so that

t hey had tenperatures higher than their natural tenperature. It also becane

g, B o b1 T T



wt % of the particles passing through a 150-um si eve, and which hag
pearlite structure forned on the surface |layers of the iron parti 12cAPR 7008
si npl est nmeans of heating contam nated soils is by addi ng heat-generating
i norgani c conmpounds, either alone or in conbination, to the soils. If the
heat of neutralization is to b6lﬂl|I§ed, both an acidic conmpound and a
basi c conpound may be added to generate a harmess salt; if the heat of

hydration is to be utilized, an inorganic conpound such as quick lime that
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soil with a specif ortion i ron stilled water was
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specifre nﬁ on_each tont af ner-. ng a tubul ar
sanpl eethylend, otetkap éO§Q§EhMlﬁgeiréwﬁtﬁécbb9r9br99@nﬁo@ﬁ6nio$ each

cont ai gerh¥8goppkpAnanNd, hence, each sanple contained both the soil in a
sat ur at ed zone and the soil_in.an unsaturated zone. The.iron powders to be
tested were BréﬁﬁrgGUFFBn?ngﬂbﬂ§9torEhﬁeaﬁﬁéﬁnFr6HVEBRH€P ?Egiéé?sproduced
by Dowa hmeenofovder remddshtyofnlof bbdtamEnaeadwaslmsr ihi ®HicRdggthuel y,
sintered, ,ground anges ifted $9 that i BE%S i cal erties_were a husted
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trichl gagat BbangogaBEeBLr abliaNchpbaki¥entaifikeSairbn"Bbalbr (b pOER! i ance
with the nethod described in "Kankyo to Sokutel "G jutsu” published by the
Japan Soci ety of Environnental Measurenent and Anal ysis, Corporation, Vol.
16, No. 15, pp. 31 - 34, 1989). According to the Soil Environmental Quality
St andards in Japan, contam nation is expressed as the anount of elution
(my/L) into water 10 tinmes as nuch as soil weight; therefore, one may
safely conclude that the Soil Environnmental Quality Standards are satisfied
if the content of a contam nant (ng/kg) is no nore than 10 tines the
reference value (nmg/L). [Exanple 1] At varying particle sizes of iron
pomder the state of degradatlon of trlchloroethylene in a soil was

o, o, o Y P Y. Y e 1 o



~ 2 AP R2003 - 15 was added an iron powder at |east 50 wt % of wiéok &PR 2003
particles passed a 150-um sieve. The results are shown in Table 1. Table 1.
Ti me- dependent change in trichloroethylene as a function of the particle
size of iron powder (in ppm Day 030 days60 days90 dayslron powder not
added8. 07.57. 36. 91 ron powder (300 gn§.85.03.32.5pass) addedl ron powder (150
unB. 22. 20. 450. 1l pass) added These results show that the iron powder

preferably has such a particle size that at |east 50 wt% of the particles
pass @res@oymmdixede unifoamdlye wAthals avigh giodd pudpere dispersgddiini on of iron

powden HeD §Qivnd & rSisali® @bidegradation of trichloroethyl ene was
investigated. The iron powder used had a carbon content of 0.2 wt%and a
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days| b VERIr fRle jadded7. 57. 27. 26. 8l r on powder added
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16 These rds@notharofafmlec] dhe fdithyembeddment , eit hlegaé”PlG‘ 2 Wt % of
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conte(#s of st at.e .of deq&alltlon f trlchI% %thylene was
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The state of degra atlon of trichloroethylene was 1 nvestigate

fol | ohAES RAY NS ATl Lar WH@dnt%tast oM e lie &e ﬁé\ﬁd&rOU@dOOS Wt % 0. 05
W% Qulrtddepnd 0.2 wt % The results are shown in Table 3. Table 3.

Ti me- dependent chan in trichloroethyle a function of .the carbon
Contentpof In yet g%ther example o eﬁe'¥35¥% embodiment, eithe

said iron powder or said copper-containing powder or both are
dispersed by a means of applying in combination a sheet-like
phase in which either said iron powder or said copper-
containing iron powder or both are mixed with the soil under
agitation and a columnar phase in which said iron powder or
said copper-containing iron powder or both are mixed with the
soil under agitation.

In still another example of the fifth embodiment, said
sheet-like phase is applied in a plurality of layers.

In a desired case, said sheet-like phase and said
columnar phase are each applied in a plurality of locations
that are spaced apart by a distance of 0.05 - 5 m.

In its sixth embodiment, the present invention relates to
a method for remediation of contaminated soils by which a soil
with a water content of at least 5% that is located either
deeper or shallower than the groundwater level and that is
contaminated by a halogenated organic compound is cleaned in
situ by blowing a gas into or near a contaminated area so that
said contaminant is moved at an accelerated rate and degraded



powder (in ppm Day 030 days60 days90 daysCarbon 22 APR 2003
cont ent 0. 00y8. 07. 56. 24. 50. 057. 86. 04. 43. 60. 196. 92. 80. 890. 290. 298. 12. 40. 450. 1
3 These results show that the carbon content of the iron powder should be

at least 0.1 % desirably at least 0.2 wt% [Exanple 4] The state of
degradation of trichloroethylene was g nvestigated for iron powders

differing in specific surface area, or “the surface area per unit weight.

The iron powders used had a carbon content of 0.2 wt%- and their particle

si ze WAL @h ieR pavdelpdiixgy \and FoitateshRhasedhfdssdd a 150 hum si eve;

t hey vgre it didde ]Ia'té'd Siai lort ey afdborfardird tddoarkhe, state of
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was conducted on sinul ated soil sanples in an unsaturated“zone that

di f f ert 9% RGAF Sthg CYTPMIART a¥SRs vials (100 n) were filled with dry
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said iron powder mixed and agitated phase consists of at least

one single column in a diameter of at least 1 cm.

In yet another example of the sixth or seventh
embodiment, said iron powder mixed and agitated phase consists
of at least one single layer in a thickness of at least 1 cm
and at least one single column in a diameter of at least 1 cm.
Brief Description of the Drawings '

Fig. 1 is a graph showing the time-dependent changes in
the concentration of trichloroethylene that occurred in
Example 8 and Comparative Example 3;

Fig. 2 is a graph showing the time-dependent change in
the concentration of trichloroethylene that occurred in
Example 10;

Fig. 3 is a graph showing the time-dependent change in
the concentration of trichloroethylene that occurred in
Example 11;



2 2 AP R2003 - 18 These results show that even in a soil system ?rgqﬁm
no saturated zone, the degradation of trichloroethylene by the inven

met hod progressed effectively with a soil water content of at |east 5%

[ Exanple 6] In order to investigate the effect of a copper-containing iron
powder on the cleaning of groundwater, a degradation test was conducted in
the foll owi ng manner using a coppercontaining iron powder. A 100 ni vi al
(product of Nichiden Rika dass Co., Ltd. with a capacity of 120 nlL) was
charged wi thigleibnised gramr ghoo0ing )thexftigre-atkengentcdharigeatigd or gani c
conpoyri, (orttldn @AMk Fof WP A CHHA U 14D WIS d) @ f)in the vial was
sealed wth a Teflon-11ned rubber stopper and an al um num cap, |eaving a
headsgatdR¥e aout 20 nl in the top of the vial. The thus seal ed vial was

sﬂaten wtm@sfakﬁ;;:a rlylaa[ﬁi)lﬁ{@ihidcﬁrﬁlﬁ%f x%]m&@éwﬁwnfggcrm rigraedi rof 1f20
shakes m nute. Fromthe aceo t he a ortion of gas
o S RO LA 1o e Bk T R o e R i S gt
chumnaaﬁpnﬁﬁdenﬁxamykﬂmrpneter GS—NB (HP-5973 of FbmﬁettPackard) to

det er mi ne E]Ehfqtlémr epe t £, &E9 ocrhq{p%y

chlorinate ganic co d |n ea e sa e copper contalnlng

i ron podvelegoneemderatsian |Cnf tmqmrwm&@mrt@mmmwmﬂ liowi ng met hod; to
50 9/ Igdferdhddusip Bl 24 i on of copper sul fate, an iron powder (E-200) was
added (at a copper.to iron ratjo of 1;3.5) and the resulting precipitate

was recoverstd wi f s & RIIMAFLT (38CHIRD VRELHAR AT NG baY @ fistledi#® gave a
copperceedict éd Ngy | t19e pPessienit vuﬁxrerat@mpﬁi ediEId 1of; 20 wt % The fol | owi ng
16 chlorin ed of gani ¢ ngﬁ? S were. cho nd'éub cted to.a degradati on
Lost i th THS tobrly chi A G (AR it o L ThA it it bt above.

di chl otremtetmec;omum@:l advym tleariooes et raumermcmlfe in FExAnghleret hane,

1, 2-dichl Or@fihaé‘els f‘?téﬁ'ﬂéﬁﬁtg{]cf’@ééf& orf &&ﬁ&f@&? ét “ghothe

(trichl or omet hane) 2-tri oroet ane 2t etrachl or oet hane,
1, 1, 2, pesletWag TR tRA LY 1”1%1|E;1Fﬁﬁlb1'eth‘}"r%fh"e°rsci s-1, 2-di chl or oet hyl ene,

trans- 1, 2dighd or pet Iy | £N€ehéihid €1¢ 05 &&t T edtow f rifsi| ¢ DEE YO r _

1, 3d|chloropropene a dlchloro ropane. The test results are shown in
Tabl e &eSH RS %On%ﬁ%‘% %x%ﬁ%%)%@glbﬁ“f‘?%‘i%’éﬁ or gani cDays(r esi dual

Cu- (resi duatigr onroﬂspomr@hpﬂsm coindwal g ngh & epesviet s Eaﬂ(w govlet  test

~)dic 4 hl orof o Stetrachl ori del, 1-
dlchl6%%%%%%%%%5§1g%ﬁgégggdi%H?or%ﬁ?%é%ﬁ%%%%q%%g ﬁ%hloroforrﬁko 51001,
1, 2- 4@&@@’@1@’@#@@@@%@9. depthsOf 510, @n@tfnaﬁfﬁ@ﬁ oaayemnedf 1a 2, 2- 1<0. 51

3. 4tetf@£&%f@§@é@@ﬁf§né—c&%ﬁ%ﬁfﬂ&@%@yé8ﬂf5§ﬁhﬁaéﬁk6@%ﬂ-é&me when a
di chl or oet hyl ene5g. g100t rans- 1, 2- 5<0. 5100di chl Or oet hyl enetri chl or oet hyl enel

31. 610b2Ee¥ h bl\?%twf’%%s‘@s 5@@*@@ ?‘HH&W F bt opehkaae ps3. 51, 3-

di chl OrOIOrOmﬁ@el 12339@ 21§Pafh élﬁ@ﬁﬁnéﬁtﬁélbﬁéﬁmlﬂs ofli £t osEd bipde,

1, 2dic Io oet Q% chl or oe | epe_and % 3- d'Ch|Q€39 an§¥hadtthe|r
cont entSHal Y_d B ?%ﬂ RS e L} A% RaFFIGE AR B tR%e start
of thesurtateohayds beforesadd 2aftér otbetdylene tesit lrSfelrcdd ctopr opene,

t he reg i?ua# peontent dropped to |less than 10%when 1 - 5 days passed after

the star the reaction. The contents of the other substances 2z a PR
Z00S Fig. 13 is a schematic section showing the state of

underground contamination by chlorinated organic compounds in
Example 17 and also showing how the cleaning method of the
present invention was applied;

Fig. 14 is a schematic plan view of Fig. 13 showing how
the method of the invention was applied;

Fig. 15 is a schematic section showing the soil
composition in the columns used in Example 18;

Fig. 16(1) is a schematic section corresponding to Fig. 1
which shows the soil composition in a column that was used in



. o 2.2 AR 2003
- 20 dropped below the detection limt 1 - 5 days after the start Of e
reaction. It should al so be nentioned that upon degradation, those 16
subst ances evol ved harml ess gases such as net hane, ethane, ethylene,
propane and propene but no other internedi ate byproducts were detected.
[ Conpar ati ve Exanple 1] The above-_r_repéigned 16 substances were subjected to
a degradation test by the sanme nethod as in Exanple 6, except that an iron
powder (E-200) was substituted for the coppercontaining iron powder. The
t est rGomparatdee Famplia matieres.a dayer afs s thander twag akeseiitbon

t et r aghjorjdlgasl wasl H-dWt rashl oroethane and 1,1, 2, 2-tetrachl oroet hane
decorrposedHE;t;ii/gI nore than 85% in one day after the start, of the reaction.

For the ot s Ut des @ RERGMAT ¥S IR LIRS fi3dn occurred
in 1 -1313ydas P sifcﬁisr ﬁﬂmf:aiianr tcarpdshier i cin w:cdllﬁﬁmrmpitmﬂ]wdsw msféiflr to

i nvest e the .ef fect of .a copper-caontaining ifon powder.on soil cleaning,
atri clf‘ﬁgo oéne%%ﬁﬁtelhvee Qs%ﬁﬂqloen ]pr sared'$ ?]'Oame&giooliﬂzzreo& \ﬁa(%“éc%e‘?/va“éasadded to 40
g of gareBersoi Inoxt hersely gasepaldwry 00 amgd kg of a trichl oroet hyl ene
cont am nat gd $0iq ¢, 3Mi id o eS¢ j 9 -cont ai ni ng
iron pomde?dlag?fd 1tGh(eB')tr]n'J?ést ﬁe%?/vas s{ega ,?3‘_3%#2‘ \%cgﬁﬂ%s?adg{a%ﬁiﬂ%lil to

pr eparle® G IShRyY s Jdte il IRMRAS Ehi At ot HY | SHAID et r¥as ok §fhis
nmeasurifl vdniph it VD Blakp e B MEr Vvl Sr Mot Bowddie wagr adat i on
period, the specinmen was left ta stand in a constant-tenperature chanber at
25 C. PARSSIS UG I dgvias lglﬁa%’é - Table 7. DResi dual

tri chimgste tvydee Ny Tarepiidiiout e NoveietioisedFe powder (E-200)

used3<0. 53 <0 ) t testedq. 5 T 7. sh I concentration
of trichl oﬁ%‘ﬁ‘?lﬁsy‘fiejﬁsg AL A EHES b (e T80 ol SN LdIE, £RRCOM 201
days ftlyyse comtammR DAYy -h@logenated pxgaiic rompamdsnindluding,

tri Ch'&i&?ﬁé‘ﬁ’ér@éﬁxﬂ?&P@?ﬁ@ofﬁx& g@éfﬂ»&?st@éf%l?f@r&i@, ef,hla_ne and no ot her

i nternedi ate products were detected. This tendency was observed not only in

the detBPPURTISHRARA/ thi Tl HFRHAIRA N ButMSFRBLGREIF B-HER chi brimat ed
grgﬁriﬁrWMh ﬂﬁl}EIZ-&QéliﬁEfcﬂ@IcﬁWé@télﬁanéTﬁthyit@J@iOf?rm and duct ed
|1 C or one e. ar lve e econpos on. was conducte
o't R R CET A LB ¢ el S TSRl f s et A A et hat - an

i ron pavlelerd, 2009 nswk, thisthleteetiptende ttojppeloxositlay beme, i r on powder .
h ' ' | . db

The te@%/gﬁ&gicgo%@f&?&“ 1,“31&‘}?&1‘?1%?%%6[?&&8@&& hy! eneg; decopposed by nore

than 6 er the'start o eaction and by nore than 99%in
12 dayBropane ythe hnvereionniy  phayeatenhied bhogegkrrtingethese

COppefh&P&é&H‘iéw éf@&hi@%ﬁpdﬁdé’ﬁ%’-bém&n@ieﬁpor ding to t_he met hod
of the invention, the reduction of hal ggr(eana ed organi c compounds with the
h

i ron powderThe MR RAYISKS st rle siFeth ¢_ARY TP ARIRA MG ced by usi ng
the i reoipoviierei & caribomatovtent tdf aat elieies g sSUbgt Bingwd may abéy sodi um
hydr o | f|t t_j r-sol ubl d i ch_exhj bi weak.acidity in
wat er g&?ﬁ% éfe u](‘:lp(%\%@s%jbgtg\aﬁ'%:cgl?iglt(ry?v%gv\g%e?rgﬂ?u% %e%é\)d& ’?f\%i%ﬁaje@hi bits weak
aci di tgash Woers . nein berom| pevdelr | mavingea gravipen toort ert WessH thaniron
powderg 4l nat i i relim pari ont am nati on
sour cee bg ‘g%li ?%ejr!@%%[acﬁgﬁ?gﬁ%/%gﬁoﬁhg}r’ e%ﬁeféé%n@%g&mégﬁg?gnﬁo be injected.

| f t heCoRbRBIPYNESHst BRE S HBAPle ivperrPwden| shamtd vipe cdd dusted t 8O weak

aci di tyave ¥a¢Rralpapeietet 9igetEhgetatNladsaMYNGLs esf £han 100 ppm the
ef fectiveness of using said reduci ng substance in conbination with the iron

powder PRECIGHPECPRERLA yS1BVE FRViERI QBPRLRESURE S U8t ancR@arEeHesi rabl y
added parafichapunf bdfoataleasdw 10Ot ppnly ALnotRe deste abt edegngding addi tion

s Deteen 200804 (19, 00021 Lhio! Ber AOTLALO OES 2001 PREVSE BP Ene Urther
iron powder and an uneconomically excessive amount of the iron
powder has to be used.

With a view to increasing the area of contact with
contaminants, thereby enhancing the reaction efficiency, the

iron powders to be added to soils are a spongy iron powder



2 2 APR 2003 - 22 acconplished; if the addition exceeds 10, 000 ppngfﬂg
cost of the chemcal required to treat the target is increased to a R 2003
economcally infeasible level. A container of water containing 100 ppm of
trichl oroethylene (TCE) as a hal ogenated organi c conmpound was charged with
500 ppm of sodi um hydrogensul fite (NaHSO3), then with 6,000 - 12,000 ppm of
an iron powder (E-200); the container was seal ed and shaken. Gas sanpl es

were taken out of the headspace in the top of the container at given tine
i nt er RRA4 OFn FORPEXTLOA LR iNge 1oPe RPMSETd R tc RAVGe ISP 1Concent rati on
of trisukifacecihitehendd athadagtulsion &m’y§e aeasvaBIgnatareasbopnoon Table 8

and Fig,,1, fromwhich one.can see that with the |apse of tjne,, the

F11 chEB 68t nyhBnbhE R AR FibE onioRFaateHOsRaPRRGS Boen ea FEEitY han 10 ppm

at dawi8h econltamiasatshertde heronr @owskead eteswasabdgddcs 1can caysial of 6, 000
8 i i : toi i NaHSC3

P e S E o~ a e HEPREAIY, rAVARE S e TR SR Wi ¢

ppn0100. 01Ghe) BPRVESRNERIERE CRR 131D Iisgd 159 QZQB.MMBICAMS. 39712. 52.

0883. €45:3899.5Pkctblit G40 rERbRRrAHY & e & dRAmRly Profhe

ti me-dependent changes in"the concentration of trichl oroetr}yl ene were
nmeasufediRTdEN HFENs RAWISIndint iAdhSBequs Bedifiierns ofexanier sl um

hydr ogansithidrt @olag itels added colfta it SdgpearimnowThe) cblper 9; they are
al so shown i.n Fig. 1 t%%et hecr i t.h the r eosul tos dgfr Exagjol §e8. kﬁ@cor ding to
Tabl ecémécr?&ltFiodEj. € FFREe HE D EWEE o ARET 4

t ri chiwdrtdenhyheneraowyec exft rGatli on 200 widicr edsfe tdteeadippemiddnterit 2isA P R 2003
- 23 i I odj ]J}égy%gﬁ;}%(# i !#%tt X Etymg:v in the
case \/9;1&?21% %%8“%%%8’0%! ltll‘LBe Iron po e%démgfs aa ed, %%@dﬁan G%rdgays wer e
requi f@r fthe madea A es@statiiam o sHular it esh argaide P qudsess t han

10 pprif taR! @cdhpel AN ANOESH Y, e e aéﬂéfbdngnaﬂﬂ-p”)
(NaHS03 not, added) DaysFe addition = 6,0(2%6gpm:e addition = ,, 000
ppn01GPIFAIR I8 £ 1980 POKIEIS A5 gy GRfie s aneganagicals f‘ﬁ%& 5758. 444
t 1854. ;538. 9=l ih iﬂdMBaxfB&Qs SER &Xﬂéﬂﬂ&?dﬁbﬁﬂﬁﬁfﬁaa&%hl& Gh 64 I

Exampl e 9], A t.ai ner, of, water cont aini ng. 100 p trigchl.orqethyl ene
(TCE) aé%oue{lthﬁf)gg'r}at_e Oor‘"bte{kniocte(%e(r\?posuo V\“/éesqlc-{]:}ﬁta'r ge 3\/‘1?)[6;1 tplporﬁ1 olfrgysodi um
di sul fligss (MeaSA09) wittherthw tatd: 00D deggradataien rafh qrovdarina®ta00); t he

cont aimep%%rﬁseﬂi&dam% shidsly et sa e Wie dakale UorPipdifer

headspace Iin the top of, the contalner at given tinme intervals and neasured
for tHS t§GRNIBEHdShtd ERHFN 3T concent rati on of trichl or oet hyl ene.

Throughout theHeasientin i Mas ka&imait 4 the Hrdh ey of the
rreasurq(’afgn% are s.tfwn .|tr}{Ta | e 10 and Fig. 2,tfrom whlegh .Qﬂgaggn see that
wi th (e 4T ht Chere R SRR n e R e T i et i
shar plof, aJeigh-preasmtdaredihpmnct aaycdipresdde aaseommeratdre iron
powder; was, c{ﬁpq}lé : AP 1gjg%o P djﬁp é&l)@n 1,08 nt change
in TCE conclgn ra |éc}1naar&n p ¢ Sargdg}él |n‘i pper%ln%}ays e addition =
6, 000 MAFHDLIPED 0197Y gin sland impywv ppp3vorlpq For excavation, mixing

machines such as a kneader, a mixer and a blender may be

employed. If the excavated soil is clayey or otherwise low in

fluidity, an impact mixing method is desirably applied by a

multi-shaft rotating hammer.

The iron particles are gradually deactivated to lose

activity as their surfaces are oxidized; hence, in order to

maintain the ability of the iron powder to degrade

contaminants, care must be taken to ensure that no additional

oxygen or oxidizing substance will be supplied to the soil

once it has been mixed with the iron powder. 1In other words,

in the in-situ treatment or post-excavation treatment, the



539.8 7 25.1 9 13.4 15 2.6 26 0.4 [Exanple 10] A contai ner of vat er 2 App 2003
contai ning 100 ppmof trichloroethylene (TCE) as a hal ogenated organic
conmpound was charged with 500 ppm of sodiumdithionite (Na2S204), then with
6, 000 ppm of an iron powder (E-200); the container was seal ed and shaken.
Gas sanples were taken out of the headspace in the top of the container at
given tine intervals and neasured forlghe ti nme- dependent change in the
concentration of trichloroethylene. Throughout the neasurenent, pH was kept
at 4. BSuﬂfdhe'BﬁatHEnddfﬂ(ﬁstd&s edﬂeﬂ:ﬁnmm1makiﬁ§ﬂ&1ﬂéﬁand Fi g.

3, from of tlrre t he
trichl or\(l)mjtah% ene concen ra %ka B’rease :nrply ‘even to | ess than 10 ppm
at day 10 i reeraralse fherthe I"EBIIIHCU':'E pwmrah/ﬂalsxgachdwmru direstmertt of 6, 000

ppm T i t n (. m (Na2S204
i Skl BSOS R (i Gl L)

PP 10 VLA AL (3 52 BPCBIGR). "83236012 Jegzads @f@l]re;m%t ai ner of water
cont ai rdHﬂg)rlﬂfhhﬂEHndﬁgér{i@f'&cﬁﬁ;QﬁiﬂWA eih%‘ds(oTiC:Hi%1 athed szgﬁﬁlf taitxﬁﬂexﬁfc&asnl Cth
conpound was .charge sodi um nsu e en
6 I T SRMHIT T8 JS AR S bt b feBthehn
shaken.tlGas ﬂmrpi@gsrammdml@m ahifowind thesl hﬂ@t&p:are:ompddmist a@msf t he

cont ai V, endent
change THF (LS SbdidPedl Sy Yulp VLT AR Yo MortodirdfRer

measur eishks §H Wat Kdpry dadi tempergturgse hlegitﬂlt sthen tﬂ’f@mamﬁ‘lmﬁélnt are
shown i ferfah e NG o6 pdS B WHEY e chis ARR ARPDe AR can see

that with the | apse of time, the trichloroethyl ene concentratlon decr eased

shar pl CORKAMIAA L EO ke Fam bR AeFORRLLsE] nlrt e Taidel Ynfeip kehend on
powder yms I&dﬁﬁrbS?ﬂ e WY of i Bi D0y e hedd %ﬂ%eummmr&ent change

in TCE .con ratlo I.n 03 added in DaysFe add tlon:
6 000 JPREI0: gﬁ%ﬁf?i*ﬁﬂsﬁa EAEEnY A0 St ce
Exanpl eItl]wa!s oa)mcm feundfthat ex anuﬁmglmoafnwmaﬁedus cntttcm qgeiwq/éxene

(TCE) at_l[[g&g t i (o1qyeTalllsTe R of an
iron po erfb( -2 %?&%g%ggt}glc?\er was seal ed toq?kher vme%h air and' shaken.
Gas sarﬁ)l@e@/\kfkct%}kléfﬁﬁ%ta@a e HeakRgle S0t améay opish ﬁﬁelééﬁﬁ'—aﬁﬁer at

given tyoe dat sefincj OEthfch?% i | {redaps Rt entewiangs th
concentraftion o Ior oet ene ne exper | rrent was conducted,
except 13fht2 (RRAGH ‘?rﬁ’ilﬂémc "Eaﬁ‘?@?e%a&“r AL LRV OFHdG esul t s

of the imswamemsewe shovvn in Table 13 and Fig. 5, fromwhich one can
see that th oet hyl ene ¢ centratlon decrease the .| apse of
time, provi e%et‘% E())%fesrerix_‘atr O Se fg\lle%elhrfgl or%%%mr%%c?c?osnoll’]aﬁ ﬁ/vabsy achi eved
when t hrdding weea tegpererrit byg Comrgaiam ecdipoumdee, depvemieralatamyesin n TCE
concentdghb ik idhn L PRE (He@%lfydedxf %ﬁ@%mow&ﬁ%@ﬂ&ﬂﬁh =6, 000

ppnFe addition = 6, pmin airin
gas 1100“?)(5%()“'@76]38?‘9@'78'?9‘5‘67% ‘1‘*235‘@)1%800“‘@0@(}3\ g pdepsic gemponngd, 73

18. 75 4fhay BE.ddAdEd 8o [fehergrsea EX@fﬂi’i@sﬁ]scﬂiCPniﬂlﬂ% toéatwadpr cont ai ni ng
00 pp WE t{lCh| oroetgg/l ene£ as_a, hal ogenat ed or ound was

chargegEtll 3199 4%, B izgdy g HORIR Ja‘Fo‘?%“pc(‘g) 1P , $pm of an

i ron poyulibck almné) OHa pfo&mdesmtlselllﬁeae ¢ NARED 9t on (BHadidWnapprbef an

iron p h t ) i ners

wer e sewc?%dtog%?%g?r%?heg%g% css/ﬁa é'élié SOM ﬁ%rteh ake%g)g% of the

headspak®ed reibiex o@l@mee@thmmmbmtmn givesuch pagen einaledeind neasur ed

for thenihdkafeasidensuchangeshielbec C&’é‘f&”ﬁ'iﬁ_&f&éhf’cﬁrié'&@i&roﬂ igne.

The results of the neasurenments are shown I n and rom
whi ch oﬁ“l%l‘%a%nge%h?%’ﬂoifh‘é ?‘Fi—‘éhlW%E?W@n@%t?%tb%ﬁ#‘aecreased with

t he |ap§1@o@éaﬁi@’ecorbpk§uhdlstbﬁc2ﬁ’é§ %ﬁl@ﬁdlmeﬂ@lak@@ PhHslersed g, the
reaction ate yas un t preience of both the iron @owder and

sodi um &Yi ??’f th%o‘gb'é%t?%ﬁb‘?’é?‘gelﬂ'&?e%% SR GMEPQNat S sHREPRERGHRY ast
with thepenc'ahesr typer caésoninarganss compedhdys i mpy dvedadyed! tow ng both

the irog,ppuder 2nd s0fh St NEEEREENSH! Lhi&ols E51RELSENS,' L SOEsgyStem

and, if they are in a solid form, water may be added either



Tabl e 14. Ti me-dependent changes in TEC concentration (in ppm Days %g'M”szs
addition - 10, 000 ppnfFe addition = 10,000 ppm plus Na2S03 ( O . 04 M pH =
9.3 - 9.2Fe addition = 10,000 ppmplus NaHSO3 ( O . 04 M pH = 4.7 -

6. 60500500500146447137524243982323381335140430226875. 4526019638 . 4- 234~

145 - ~- - 26. 2 On the pages thh follow, the third enbodi nent of the

i nvention will be described with reférence to working exanples to

denonstrate that upon prelimnary heating, chlorinated 2 2 AP R 2003 -

27 obPgiRre @6nﬁ§&ﬁ§stﬁﬁl§o?ﬂdé§hobé éﬁfgéﬂﬁv@?Y:dé@?a&éﬂpﬁyaéﬁr?ron powder

to beggmenkagsliessan( BvamBliatizhedshshawe tRahi dts7naBueapped container 1
(capaiihﬁ: 2 h% was charged with a soil under test 2 (ca. 3 kg) and set in
a con ErftHtErature bath 3 where it was maintained at a constant

t enper at ur &. héhe ihgaadedgdaom érobouhe'sohkaknés anbatez mekusefokr about 100

omB. Theacenhal AEL: LNas LhLESH LN oA 3ED URLS o (gas sl ing. By

i nserfi ng a m’cro-syringe roug fhe Séptum 5, t fie gasin the headspace
4 canheetdngwmedium,t A& 4¢r ergac@iand &nahpeelieated &CrMBrowater or
Fbmﬂe%tgea%gar@ohglggag%rsi&he CQQ%%QtRQE'QQeﬁElif&Bhohgnﬁhﬁﬂ @igan c
conpound i1 n the sanpl ed gas. Tﬁe test soil was a soil ving a_water

cont eMAr8f WaESFi nbetwWWRERTY r BERI- dr oeTheF8nBay TRE) dAKECAAYi FERPPAREAer were

di speriged ithe 89RECbVEnaiedds 10k tefibekgtane;lam¥rhhe ivedl, powder had

the trad E- 200 .and Ll abl e f T, l.ndust Co.
Lid.  PEAsRAaTeReBoR DGR BAY BF 0238, GoWRr oPgl & SFIEaBien "ERSERG0 w oo of
the paedicives swsulpgliess iatdbS@hemssieveianthe pppest.i c ISugbate'area of 2000
cne/ g h%rat rse’to\g'bteh .u%i&%’é';fx' t h‘éa%%&j%%‘% BEef%ﬁgklxlﬁ?:ﬁFte@%\?M%;ih‘bf‘%ﬁrkéyer s

the individual particrées” THe contai’ner par _ g rest soi
2 was thaftt gepesaied hieatt BPODoFUTZONLt AMPELSSIPS Baehconvenigotdyys at a

mai nt g1Redd §EPeha! Wreuph 48 GsaedmhbArgasnenchBe Rlrdspachifgnan anal yzed.
The result is shown’in Table 15.

greenhouses.

By performing the above-described soil treatment for 2 -
3 months, contaminated soils can be remediated to meet the
Environmental Quality Standards in Japan concerning soil
contamination (Notification from the Environmental Agency on
August 23, 1991, Amended by Notification No. 19 in 1993,
Notification Nos. 5 and 25 in 1994 and Notification No. 19 in
1995).

The first to seventh embodiments of the invention are now
described below more specifically by means of Examples 1 - 7.

In Examples 1 - 4, samples were prepared in the following
manner. A light-tight PVC container measuring 100 mm (i.d.)
and 500 mm (height) was filled with a specimen prepared by
mixing a trichloroethylene-contaminated soil with a specified
proportion of iron powder. Distilled water was introduced
into the container to a height of 150 mm from its bottom,
thereby reproducing a saturated zone corresponding to a soil
below the groundwater level whereas an unsaturated zone
corresponding to a soil above the groundwater level was
reproduced in the top 350 mm portion.

Specimens were prepared in containers that were as many
as the samples to be taken; they were then left at ordinary



For conparison, the sane test soil was subjected to the sane experi H%ﬁtAPR 2003
(held at a constant tenperature of 40 C ), except that no iron powler was
added. The result of this experinent is also shown in Table 15 under
Conparative Exanple A A simlar experinent was conducted on the sane test
soil (loaded wth an iron powder), ept that the vessel containing said
soil was not placed in the constanftéﬁperature bath but held at room
tenperature between 17 and 25 C. The result of this experinment is also

shown tempgabieuiés ufmbera Gopealblied et ixanphied Sampln@ vad RO - 28 Table

15. Tc n i d / 0] | e

Ton DGO s, | B R S PR fP diBY el 4T D E HAWAE ® & el o
at RT)@XB@@Q@H O’Qr%t%he BeP todikatketiomtofiCFacehteninge Wt ected with
t he anaéwé&rand\? REEcEANeSER 4 Ja&&talﬁmedlﬁ%‘tﬂ?e@ﬁé ngpiheigoi! to which

the iron & had be%ﬂ-@ﬁdEd he va hase TCE was conpl etely degraded
and noﬁ%% t2AOr Y b %%%%t *PR€vut si de of the
soil. "< O. f_ﬁl(i)é itdn T}f&hb@eﬂé e ans té@tec‘l’%ems;)ﬂ@@mé@dﬁb@m A0 pog@

antitati a I n ron er wa
ndaed Bie TERRTEAl Leoh TegBE | BLIE0 PEPRGCEs ! o AR PHEEE 16 was
done abnidusiengeCoii bodk; aE+20Qevwas i preribdice tediﬂlqtdveglxadesilniﬁfmempl e 13]
As sh Fi - 30 d.
o sodfondaFady Ficfedls MRACA 8oBhrp oyl BPopEPB & NeERd (50 cmin 1
non- coﬁ@éﬂ$ﬁ%@eﬁ°s%P?c¥§$%¢ %alkWeshick, a quick |ine layer 1 cmthick, a

non- Conta”‘ﬁﬁt@ﬂdéﬁlto|ﬁa@é & @H&i@ﬁ&ﬁ ﬁcﬂﬁﬁéc@ﬂtH@Wn@ﬁé §é@éré&yer 10 cm
thick, .and a Is%ﬁr thlck t hat conS|sted of a TCE nt am nat ed soi

| ayer RN aROY e%h%hh%¥tﬁaF?ﬁepF%§%+cc%ﬁ&?%?% of flakes of quick
i me wbrstdahmreetlhyﬂene anabppioxvast gotindone by 2 kgthddeid CE cont ami nat ed

soi | S t

ri ol SoBRESHEL uEih2ind ERGI ESRMERLEE Sl fhy SPURRaEs Mt Dy i o 7 5
ny/ kg. mﬁ@dophaby@@n%m‘se@t@ﬂ @hesatdpmlzfcmaaﬁrnageﬁh@owatqﬂayer in which
an i rOBoR@&H‘érofvaé QbiPeéﬁéddéﬂéiﬂimxXga{:hé QPEEﬁﬂéfélétRleﬁel wt % The iron

powder was the sanme as_what was used anpl e . The 1ndividual |ayers
t hus pFP%ﬁeHErﬁF%ﬂPnr?%étéﬁﬁtEPn@FY7SleeW§b€thKéﬂ %P@Bl&aQC%fwh%Eer from

above @néd ﬁtéﬂh@@WHQSoBﬁibé@SJ.hheR&ﬁfc%GFt§|Sﬁﬁdtéitblg’}luﬁ@l@" pubheshedqet er 8
was, set t it cou asure the

2 2 A d
 omor B OFBSoTapat sof ey ot EpThiorReBtin BersleRett st dae | ayer . Four
i dent i aphlgelis, oforhosatijonpnéol. wkbe Nonsibucppd 3hd-124t 198%jand in a

Penper at ur eagsiLfifecd HheaLs by epORgLEal 0 *@ﬂi Shindibhecin,
r enovedaBAl, seAPraBinatéonakénerpsasEad péth@naWQUD 29fcﬂi%5¥@mlthe

surfacen ¢M$rlﬁﬁblﬁbt69n508t@ﬂe9fashﬁuEﬁEa§0§6§m1waisﬂtSOthebéfbﬁg no iron
powder added t her eiié gand tHEI . TCE concenﬁ‘r ations vvergﬂgeasu
a

concenPREt 8K GALe greduds Lhakt hBE PRAL EBKHFPREGD Q%Ira%t%f
measur sngntihedsatee sanfieftiedf id shel coatdateoi aecohsaniyanei ght and then

det erm ni he trichloro | epe, conce ratl n.relatiy o,th ry soil
wel ght (PaARa0Eei BheBoRbr Fhe. SHeriBaSEber FRERFRoRARyS (B9& ke o
G j ut sgExpmpleshed by the Japan Society of EnV| ronnent al Nbasur ement and

Anal ysi <, CREPOSRULAD, pYoLicld: shcsle BPondbonddd, 1RBO)caTHI semet nod

provides a nore r EI cture o how rem)ved from
the soApgrafatiesupfsteic éEreéﬁbﬁh?ﬂﬁtFénanﬁaé&rEﬁﬁn#gvﬁﬁélgﬂéﬂﬁ -in Table

16 toget her TWlet ﬁrbﬁ”@éﬁééw aséaaﬁhaga cEPhoROBBAERRGNO £t DE2SRER hRQL Was
conducted as.in ExarrEIe 13 exce hst % e;k I| was nOthﬂet‘-% intq the

soi |, RoFPREITLC SPFi ﬁEPeGrﬁatﬂ r8P0 ¢m %OH- PhptRs 3 &° tH& case
is showmuo Ehg aﬂouiliheolfeadkiusmh vaspeor. at wte ; amdeTQEaltevelE measur enent s

2;(;(132 \énérl Ha]r: e sa#et%&%ﬁé?%ggﬁxitﬁb\éﬁﬁfaeangvexcéﬁf" ne| ?’%er iron

powder fpduloqungkthlrﬂe wasegsed)and tiran pbwdewi WaWasdde'd tprthkled with
wat er S 0 i sSe Al h i e results
of terrp-(lao-lrlgt’u(rie QQ?%E‘”FISV(% %gagsiﬂrgr?é%t Eogragis%\gnv\n%b?ﬁ%ngl i’QTB gnder
Conpar shose E)aam:plcéeb pasbed tBrough a 300-pm sieve; and iii) there



Exanpl e 13day 01 day5 days10 days30 daysSoi| tenperature Cl4332622158€mPR 2003

concentration, 7.5 1.40.220.023m /kg 2 2 AP R2003 - 30 Table 17. Conp.

Ex. Cday 01 day5 days10 days30 daysSoil tenperature C1313141414TCE

concentration, 7.4 - 2.1 - 0.80ng/ kg Table 18. Conp. Ex. Dday 01 day5

days10 days30 daysSoil tenperature C]’(;413141314TCE concentration, 7.4 - 7.2

7.2 7.1ng/ kg By conparing Tables 16 %d"l?, one can see that heating the

soi|l accelerates the speed of TCE degradation and at day 30, the TCE | evel

dr oppéths adilesd Amgitan iwdemeat eeastirdl @) widhy oo rihwssl nartiwlesl ue of

0. 80 t tialned in the absence of heating. Note that the
'fPe(é%& [EE 1%’@%& Vé}f?éxﬂ? 9

posi titon € SO ere this drastic drop in TCE concentration occurred
(i.e., sanPitFsosits aHe iowh 11 ifate® PCE cont ani nated soil |ayer (no
iron posiesr Mas BidtledepirtiereiRiigd riam € fiecH Iorodxmdieind aagded | ayer.

Qovi ously, irrespective of Eﬁl}le positi an where the iron poywder was present,
heating of soil CLRID Q% G Paf S d HRE Yo YO “%fi;\‘g‘ﬂ and renoved

fromthe whole area of the TCE contam nated soil. Conparimgphepl es 17 and

1ﬁ, gne can TeadiTy see That] Thg, prESencgo0fayBe | GENGHYWIST v PTH/sD Ees to
t he fat ] f—LCE nrat—& g af premgntiongd sgnyt Tng—posgtgon|(i n
t he 1%‘%&&;%6{;&’&%{;,[%0 soclkfél(fayer 'Si ng{no ﬁr'sn povvdee}'Hddec th%lr'lglt 0),| the
TCE dorc@htRHddn W0 1'her el by'T corpora‘tsl‘ﬁg t he i?d% povder ;“ *Rowevier ,
wi t hdiRagiatdddtfd he soil, the T onceéntration did pot dedrease to the
extr gniaton [mowdewe{ 15haguwn i n| TabFe“16. |1 n ofcl ugi or? - 4he pres nté of| the
i ron |qovekey adddd i butes to TCE degradati on and upon heating the soil,| the
TCE degradation is further enhanced and even TCE that is renbte fromthe
iron powder can be degraded effectively. As described on the foregoing
pages, the THse ’é?ﬁ)‘b’fgj"r%e?ﬁo‘bf“%% the st i PRRIRY dreteriRantfeous! y
appl i caldie 4 pdhei EBs s eI that SOt | 1600 810 Rat € b by red i thiad Bsk or gani ¢

conmpounds is remediated with the aid of an iron powder and
pass a 150 um sieve.

[Example 2]

At varying proportions of addition of iron powder to
soil, the state of degradation of trichloroethylene was
investigated.

The iron powder used had a carbon content of 0.2 wt% and
a specific surface area of 2,000 cm’/g; its particle size was
such that at least 50 wt% of the particles passed a 150 pm
sieve; the state of degradation of trichloroethylene was
investigated for the following four cases: i) no iron powder
was added to the soil; ii) the iron powder was added in an
amount of 0.03 wt%; iii) it was added in an amount of 0.1 wt$%;
and iv) it was added in an amount of 1.0 wt%.

The results are shown in Table 2.

Table 2. Time-dependent change in trichloroethylene as a
function of the proportion of addition of iron

powder
(in ppm)
Day 0 30 days 60 days 90 days

Iron powder not added 7.5 7.2 7.2 6.8
Iron powder added in

0.03% 8.1 7.2 6.3 5.5

0.1% 7.0 2.5 0.90 0.29

1.0% 7.3 0.82 0.06 0.01




2 2 AP R2003 - 31 heating the soil accelerates the degradation %?'¥ﬂ%2m3
contam nants so that the cleaning process is conpleted within a shorter
time than when no heating is done. In addition, the invention method
prevents the rel ease of chlorinated organic conpounds into air atnosphere,
t hereby preventing the generation of n?%IOUS secondary products. Coupled
with the sinplicity and economy of the process, these features of the
invention nmethod adds to its conmercial value as a technol ogy for cleaning
contam nated soils. [Exanple 14] The nethod of the invention is desirably

i mpl enent ed atﬁeéeefééaﬁtsngha@rtﬂye £e0195§tt@at 0§ udesilabipeahi story
of the use of the | and; %?ehe state of soil contamination that_is

char act et$38H By? th%*klﬂﬁ t RECR oRPYrfhamiorhdt he 2ddednfRAatellsoil, its

quantityjekaspiersmof its occurrence, and the scope of contam nation,

ly th d d ted th I
narel Y, (0 SXheTha PDShd PRGN L1 4004 “AEIBHGE, BhoRer s bheLbEaBEEC
pressuredegpedatuongoﬁvtryehhoscethyyeneuwéacénVeaSugatadd adsorbability on
S o Ot Nhe! SELR! SoRHED A8cANfadah kgeOlelDeaaPEACE! afoa bEEISHEE OF

soil partigcles, hydraufic conductivit cone in efature,
wat er coflelt;, idoiag@dsiad ko g (ﬁmdwa)tre@ﬂ argunt of dlrahtity, aff dadat e
and direghtRNa phALLigREEH}zEO0tREL ULl EQELdS0r @k ngrChher paRt ed1esgani ¢
conpounds is desirably a base metal powder having reduci ng action, notably
an iron pageed aghd0aBpdhgye r cBhpofbRrEe| Qf ndearadarianl @f | n-situ working
is primtirighiioneebiylakengashénséat égatedofbrcohkafbbibwongi Abar

consi der n.in,s h a_sh =i in h e e ent
cuch as ShEEEsRRsotaerOrcEtnbaitaroR ERL thoR PRATEr: "0nRp hRT PP ER T
appl i ed wtér @Flawb%e ahd BoAtwhBrmated area. To state nore specifically,
taking into aggaupLshiesssPResREWhR O Ba@%ggglgn namely, the extent and

depth of the contamnated area, a E ra of sheet-1ike mixed and

agi t at edTph&Sed - ar@lﬁﬁa€659§ﬂaétb9 ange ép EFF@HlaﬁoﬁFPMléﬁé Pay@r on top
of another at suita@@h8tioR 8fAtReRc39B8n- c8RtefibasiEnggonpreferably 0.05 - 5
m The spaci ngs need not be constant and the direction of piling up the
sheet-1i ke phases P8V HSF necessarily vertical in the strict sense of the
term If the contamnated area is limted in scope, a colm&nappmnxed and

agi t at eg phase Tay beapplTed T plLac® O oo & AT T @ThAFs (e pT 458y 8T
sheet - | Egrggﬁeg i g gortat edphases;—tomeke a (..UI mmar—mxeg—and—agrtat ed
phase, a ver tbc 5 P& is bored in t%e grounq an agit ted m X u e of

t he reagent sué és an iron powder a%d t he so pushf A CO into
the hol ¢. The_ abgve-noted range for the spaC| bet § t%o sheet = ke

m xed and aglpa €d phases is alls pﬁllcable%. the c ﬁg b=twé%ﬁ a

sheet - | ike i fed?and agitated hag(§ -dnd col? agi tOxt

phase. The IomhesbiMESudtsosﬁawnthatsehetoaebsnreonpenatpdnahecdmwenience;
if the u (Y S ede e & 0040 t n S is
considerggﬁeekeghbggg.EFPEFhégéﬁglgeqdwgﬁétgggo?gﬁgg %g Eﬁ%§? gr?egQaﬁd
agi t at ed [Bam®les 4iincreased, the time and the labor that are required to

apply the pha&ﬁeaeeat@cb@aaeqra@e%hbabbx,teleﬁqaeebtﬁ9nbheb@eeng machi ne
havi ng a.core inside dianeter of no nore 10,.cmiS ysed to ap Iy a

pIural|t&n8ﬁs€&ﬁﬁﬁﬁ§rfﬁFxéHOQnHOH&PfétQ&f5ﬁ§§€§ i é&&&ﬁf§§a€ ﬁ&?cln a
square, h&eangukamhersﬁt&ebegaréap@e&eumltThelghmct spaci ng betmeen
adj acent colqu .phases varies mntg t.he annﬁnt %f he |r%h pa g
nature of the 8§ FEOPhEWASESoPSEGN AT RaATR | &Eﬁn 8& ng
i s typi cahlejirwipalriticle wizer wher sbich whialti ats LeasWhen Mm&nnﬁgtmhe
sheet-1ik or cal u ar, i-xed and aaitate ses h eagent such as
an iron %Mgétlegegaﬁgt gﬁﬁfgp X%Xegh Xd@g%e gbl dﬁﬁ %%e whol e
area of ﬁﬁelsdmlamh@mom@tc@ﬁténﬂnﬁﬁéd withe eriade ﬁété@gdﬁgaﬁﬂéﬂbéﬁbounds

I'f the re3demlotéet il chie Walh iRQWERN ghltald @e&r%%eSf%hm@wl QG r@egani ¢

conmpounds_ . in the ground is |ocalized, the contam nant in ?e soil or

gr oundwaGdif TEFENY Yadues Ofe SPESEAC PULEASE: 136&3Gn 30 ST FacR08f CRHE

| atter argd atoh@ecaa tlne t he contanlnant di stant fromthe reagent
noves throughT%Pe soi | conc tratlo sion to cone closer to 2 2 A
P R 2003 - q“§qs P@hﬁ?‘ chi eve a uni formdistribution;
eventual ly, the contanlnant coIIects by itself on the surface of the
reactant and undergoes degradation w thout being desorbed fromsaid
surface. Therefore, uniformm xing of the reagent such as an iron powder
and the contam nated soil in order to ensure their contact is preferred but
by no nmeans necessary. In other words, even if the reagent does not nake
dlrect contact mnth the contantnatlon source, the former helps p05|t|ve

o Y o 1. . . . oy e T 1



- 34 over the contanminated area; alternatively, a colummar phase i r2 MAP&h2003
the reagent is mxed with the soil under agitation may be created in or

near the contam nation source. Non-in-situ cleaning of excavated soil can

be acconplished by maki ng heaps or the like in which the iron powder has

m xed with the soil by diffusion. As er the case of in-situ cleaning, it is
not absolutely necessary that the iron’powder should diffuse through the
soil uniformy and lam nar diffusion will suffice for the intended

cl eani ngalHenever Time-+tdrpersientn-aiange | igantinigclofo metshplterte sz la the iron

powder diffused tfypugh it Rer (S)ér}r{;eé léﬁé’@f% ld deet ded Oaxgé}{“@fti@r{ at nosphere

and undergo oxi dation to bec r in cleaning ability. To avoid this
possibility, the BRWRE of soil in which the iron powder has been mi xed
under agitation are desirably covered with sheets or use@r{ @i nat i on

W th weak —actdicreducing—s bSl‘Sai"le to ?§ acSui’ib‘F‘é hel-ow ’\“"%i’i At he
sthte—they=alS8YRelp §¥Re | Y days

al r t
LILI LAY T

heaps % sheets—is—desirabl te—t revent
cont arfi G SURiagh ALAa ef i ng_abo

2 ut {during the cleaning|period. The use
of thd reageft® s®HKJas an irop podebr shoul d-Pake [t helr 811 owi ngd f &t orls
into donsi det®t i¥H/9the kind pf thedchl prindeéd ofgarf < &onpound- 29 be
renderled had@M®am’/gts concentrat$eh. depthleB contaf & ion, i?sl®xtént,
the form of THeseamsular eshdwecht uire efddhecs a g sk soil, its

tenperature,.water ¢o nt, porosity, the |evel t he groundwater, its
quant i fg;/fgr%lrfolvx;%fna er?egjilﬁ:estc’ti on aJr1ra°r¥ypcf)r ‘ﬁeﬁ CSQ:%"HE‘{JCQE?W ?%/.Spler%\i\leﬁlecagent is
desi r adurfacedanda o f et skedsturfdd enfi/gat des isabillyanti leastn@efbdPation is
approxiéﬁat/ﬁl_y 0.1 - 10 % of the soil and that the agitated | ayer is at

least 1 cm” If the concentration of the reagent is less than 0.1 W% the
reaction forAtiefrHdde omagrened i Faaedihe g’gﬁﬁ%g%mﬁ)om jroymawdes| ow,

i f the faAGAErd ORI | ALd B dU EE Mo i d G oMPbund D & K ERDI B £ O0St i S
undesi r abl h'rgh' The 1ro povder to. be advantﬁgrgousé%q used as, t he reagent
inthed BT HH L Do %gﬁ‘??g'i/ti(?b]n Wht c % REF S st of at

| east Glilgpridbuthicucthat per tiedet Sevthadf athe paridids BPdss 4 150 35

| east 50 wt % of the, particles. pass 150 um si eve, and a specif,ic surface
aroa off it VR BBh L REG LS (IR YES (HEEA h Dokt et AR i ¢
struct uretah¥y tafe keasfor? il ecmz/_gf; wheni suchpandéroins powdert was 0. 1% t he
rate ofadlesy adftd O Ofn ther O A Nabuns Pdsly Grlligd fudgss than 50 w %

of the particles, can pass a 150 umsieve, not only the rate of degradation
of the WRFRBYRHAIAP DS B 1 FanerF ey B woe 1At taingdon of the iron
powder Edmpbesspnd it has to be used in an excessive anount. Wth a view
to enhancing the reactivit the iron powder is_desirably. a spongy one
havi ng | arggnép%%chlf ct%u]rrf‘é%%tlaqaetae. &égaﬁwgae%%yo%e‘ﬁ??@f&glqrhe& ron powder
desi r abtyidiakorzogaarlene asta utincteionrof theabdteer stontodntr e( ©f «far bon and

iron. P bly, I oW i 'tJa@%#@ . 'l as
pr onot ei&%)ﬁ'e %e%%%aﬁ%né%x?&{% J_gél%:oéé aé/n\%lﬂnlglnét&(% h%(girj% nat osf&aéliaac{:ﬁcorrpound) :
| n vi eiRFatheatRd i 290§ Hiat rifferedoliicthe jstake gebidrenesmt the soil to
be treated hewgsainy g1 i PI‘ocphhl_? wée ' B0Ee®fwBe® dry #5h baadedg, in a
reduci ng atnosphere. If the soil has an unduly high el ution pH ~a hydroxide
forns off t¢Rlerpethekeny ’thd*l)ronllifmtﬁ%‘ﬂ%ra%tﬁ(i el ¥ artand tyarBindst to
| ower témw:?taamggﬂ&ﬁéfpiﬂmyredpewﬂwfinli‘gr@di%@m warks Iﬁixéclhe el gt: onde
are not_preferre r t he viewpoint, of a second use e cl eaned | and.
In or det%(? %tréénl:su?’réc;t:ﬁ%%t P‘ﬁ% §té$’£<?i otlF oFIIREER P a%é??]g of contani nants
pr oceedsorténttrainioy, in hehe riveagepaees | of delse r ad iv idwall i wials edeice ng
at nosphet Lo, . desirable way to neet this need is by using a weak acidic
reduci ng substance in conbination with the iron powder when the latter is
used t ol4®¥en B- sheet-1i ke or columar nixed and agitated phase with the
soil. [Specifically, a reducing substandgesod rasctddnu ogensulfitle,
sodi um dNe&eFi FQr%Fn%dl%dm i1 T T Oni BeghgsUSed 1 n [such gﬁ%g% that the
soi | hjas—an ei |?§ pHOf apout 379 g9, preferaniy about 3,3 =8¢ t he
weak afcidic re%eé g substance is to,he,used in g contam natgd soi | hayving
i g :

an elution pH Bt her an acidic or 2 AP R|20~~ - 36 | kal i ne rjange,
rat her| than i n@ he0teutral fange of 360 t 3.5 -9, it is dQS'red t hat @an
i norgani ¢ conpound be added and m xed when formng a sheet-Tike or col ummar
m xed and agitated phase so as to nmake adjustnent to the preferred pH range
for assuring the activity of the iron powder. Inorganic conpounds may be
acidic or basic and, considering cost, safety and ease of handling,
preferred acidic inorgani c conpounds include sulfuric acid, phosphoric acid
and sodi um hydrogensul fate, and preferred basic inorgani c conpounds include
quick linme, slaked |lime, sodium hydroxi de, sodium carbonate and cal ci um

o o o o o o o,




~~ 2 AP R200 - 37 are shown in Table 19 and Fig. 11. Both before &AdPR 2003
after the degradation experinent, a test was conducted for TCE elution from
the soil and the results are shown in Table 20 and Fig. 12. The speci nens
for the elution test were sanpled fromthe upper part of the columm using a
t ubul ar device. The iron powder usedlgas E-200. Table 19. Depth fromthe
surfaceTCE concentration(,LCg/L)layer (mm O hrl hr6 hr23 hr47 hr75 hr142

hr 022238. 12B77. 42671. 02598. 62471. 22572. 92484. 315022335. 614613. 28153. 94106. 6
3347. 22964. 72565. 435022836. 320540. 114773. 48032. 54913. 63651. 72695. 745023161.
321993-3178ﬁ8e§865@s@59@8s9$@95h§€7é&e§5§@2§5991ﬁ xﬁhaﬁkﬁa 14$03. 36420.
94301. 02728. 86 023573.0 25 4 574.011528. 56 22800. 175023651. 2223
03. 6203891531589 02 @HB7 4 e %ﬁ SEHY 1S5 (e O { acoTCE
eIutedlﬁMQMﬁiémymethmmoﬁkbmﬁés@ed effectively with a soil water

hr 00. 0,44 13500. 4570. 0254500. 4530. 0285500. 4700. 0296500. 4710.
02975d%§89%%Z0§g ﬁ f%a?é ?% Tabl e 19 shows that a contam nated soil in the
unsat utBxampkené]l need not be uniformy mxed with the reagent such as an

wd h
i ron powder @u&r&ggtté %%€§%€¥gaeée?h8rgfﬁé&tqgﬁn&ﬁ%%ﬂ%%:d| gt

adsor bed by Itself on t ce o he reagent t S|on

al | owi HECR oPORHEY cPRNENPr hpRRENGT OF ogroRnduRt &%, @Bﬁ%ﬂ?%ﬁﬂﬁ%onl%ﬁ%%out 6
days (dd42 bonasetedten the fO118king Mhnh&e hawey @fc¢§§@rpowder t he
concentra ion.o gas decreased to about one tenth the initial |evel.
As for°tH a*%f?%lﬁf?%np?wg?f) none of the sanples taken from various
depths of thel80imLextabdeprodecteberrickidan uRika08las® QoA ALEI208B - 38
ng/L s ifie p S 0, i t ds (see
Tabl e Oo5h b Ekablr LoF P PRI Y es pEHAF SRTRLE SEA LI FRERETE 15°0,
treat ed109 mh&,nefhed afldihe anahhbrmnagedeoagaglcomsm§¢mn©f(h ol ph

per”Eth&'ébeﬁﬂéf 3oﬁ€HPﬁiﬁ§n9r§ﬁnHoﬁ8Qr9(@V€|%5aY€ﬁé @0gh ayd oW
perneabi | it edr oc It can al so be

cIaSS|??€He¥an Bnauﬁ%g%ﬁPa%éHeQOHEgBeﬁb%Q%PPﬁE SRR VRL SRR FARY. and a

Sat?ralédv1ﬁ96a4hb§ﬂ9pa&% oA gpshanpoamt. infthéredpngrtdre gypand fromthe
Surrt ac

es.through the unsaturate one.5 and the sat ur at ed
zone 4 Egﬂ? %g?g Yﬁ@ng?g ﬁéaﬁgle éHuﬂdﬁgﬁgﬁﬁnﬁna?rc%ﬂﬁ Pbundwat er,
t hus pteﬂperaguaecoh&mbena&édaaspaea tfial 2@ psakiss apengnimetél ow of the
gr oundwat er r he ar he_c M nan whi ch_is_heavier
t han wat er g%ﬁﬁ Fﬁg b?gdgé?ée-ggléﬁégv%oghs a?88 F°tu Uh O% ?f»ﬁ\ ) 7 on
t he IoWPEeFﬁ@H%?ﬁ|?? FQ?BiaE FémﬁeébﬁﬁrVﬁéSs@ﬁ@cén@lY%%@t@h¥ha§|%@Sof t he

grounda@kematbarE a/mags 3 éctewmQEéﬂeebLMstynbay9731oﬂhﬂéh1é§t1he cl osest
|. ocat ow t he groundmater | evel WL

to the r sur

but thF ﬂ&ttal §rFﬁBecmE8 Fﬁmﬁa?ﬁPﬁngﬁHttﬂgaP%ﬁ?p RnEB®i ity |ayer
may becbncanedaaboneoflthéhehmndengtedndrdaﬁiuscompoﬁnﬂhEncéé@nl@ﬁted
organi ¢, 80538§T§ is such that it first infiltrates into the ground fromthe
surface an Rén bl ocked by the |ow perneability layer to forma pool
(DNAPL) . Th&heogoppereaphthipihgydéronhapowflesutesbehusedhinhtbé tast

chl orlaagegrebsﬁaaCFgoeneuee wewhﬁ dh.&%ﬂag { PoaB0 ey en feQﬁL%&‘%S@usThe

net hod he I nvention can enente icle é on t asis of a
preI|nﬁﬁ&P?lgﬂr9§yCSPP?ﬁeSH%§9§Geséﬂ|b§8nsPaWG§ro{Eu% @ﬁgWGEnﬂdded

contanuaataoaopye@hteru@ahedae&aaaE01@9099uada tnerséahlaﬂngo geol ogi cal
factors such t he nat,ure roundwat er fl ow.

by o S BEeriPiERrs ah; ket0Re Rl i thla' RRnBon ERitehr et Kafbany e

posi ti drieti.t hehdenpaoredued gaeea ancbppegroontainifngspreadpandesnt her
factorg; S aSB8RBet"cbh¥ent1ds 20 wts.

The following 16 chlorinated organic compounds were
chosen and subjected to a degradation test with the copper-
containing iron powder by the method described above:
dichloromethane, chloroform, carbon tetrachloride, 1,1-
dichloroethane, 1,2-dichloroethane, methylchloroform



2 2 APR 2003 - 39 and 14 a sheet-like iron powder m xed and ag'tat§9‘@2§§@3
8 is placed near the contam nated area 6, say, inits top |layer and a
injecting well 9 is formed by boring a hole through the high perneability
| ayer to reach the contanminated area 6 or a nearby area; then, a gas a is
injected into the well 9 to force the_contam nant into the area where the
sheet-1ike iron powder m xed and aglté ed phase 8 is placed; this allows
for efficient inplenentation of the in-situ cleaning of the contan nated
soi | . Tterichhoponeiehara), bk, Ui Zper sel o ek hdwe gr buhdl B3~ var i ous net hods.
If the spr V, tyactor, a cultivator
or the f@% |si?i%5| rably’ eir?‘pfgge% ?%tga%%ﬁé%%% p%‘/\f:ler d| ffused and

m xed phigllepoqthy beney e%l%flt?red%%ﬁ¥%@e*é@1€m%ye‘?ramﬁ } h& cont ami nati on

has pr O@i@ﬁﬁ@ﬁoé@l@ﬁiéﬁ{e asttibﬁf@r&@ﬁl@yﬂ\él?é e ﬁ@@rmﬁé@&mﬂlé&é‘t ap nat ed
area is_created by the $de§ é1¢ viat er and sl i htI water - sol ubl e

cont am AAARLPFARTORER AR CRERRBS - 7 tHRS T oLt %%a%??lty

| ayer l1shewin edsthapyéeng. machi ne such as a back hoe |s desirably enpl oyed to
forma %gﬁgllged sheet-1ike iron powder mxed and agitated phase 8 in nore
than o yer'or create in the ground a columar jron powder m xed and

agi tated phase 10 having the |ro1E§émﬂéﬁ m xed wi t CeMe B¥ampler col Jm
shape u@Ub@régate@i@ngamiCT§@¥§saKV?SédUGWpEBssed nmegesidwdl aixowr i quid
may be| Compoundt o bored holl passo| thatatihéngr 8 powdeowder fE¥200} y% dijsper sed
into the ground. If both ajl ocal | pedde@nt &y nati on] of hi gh concentrgtion
and an| gx&RNStuRetRaha@m nati om ol low cgngentration occur gl exl'y,} one or
nore of D6 FELPRUS descrihedgabpve ar € Jesi rably Conbi neq @p appropri ate

for thecspEGLfTC status of [eacth tontam matiom. Tie 1o powder phasg as a
reagent . ggaéﬁfoggggadatlon ol chlorlnaF@dSOrganlc conpourlsSneed ndt have
di rect C re—cofttam-nated—sotHd =|| the—pobi-te—st e the

chl ori hateaSsrBaRFck BARS hd 35 {he contdtinant sp ntaneoas —reves—t hr ough
the so 1:%wd%ﬂirﬁ£9ﬁﬁlﬁﬁﬁ1nf ffusion Hdtid it cohtacts t surface of a
near by | PEERBAEN1BTrEEOERent ally | 2 2 AP-R 2003 -| 40 dedr®Med. Ther ef ore,

the irph,peodder nixed and agiyated phasgghas no particul ar ed to gnsure
uni f or ptrychhotrbethaseri butli on off the iron particles and even if it |is
di sposed,iptepAittently, rather fghan contlgyously, in the gehghborhood of
t he coptatiraahedraeetnanthe [chiori nat ed 6¥b ni ¢ conpound i i’tRe soil |is

nobi | ef gneughofo achieve satista¢tory cleaning of fhe soil; thus, Tn the
met hod Qét£93h18¥88£h99e the iron powder<Omed and agltatéa 6hase can be
appl i eyt _sttu w thvery ffighefficrency—Consideringthe kimndand
concen1déthgsrggthgfeﬁhlorlnaﬁed or gani <Gcédnpound o be degraded, the depth
and exteft—or_coftafthat —therrature—of—the—soi—t+ts—water—content,
por05|1§}sggoandgg E IeveI, Bydnaul i c cepductivity and otigy factor|s, the
iron pe o BBy dilspersed in the ground ih an anpunt of about 0.1

- 10 W Fapsthesoi | . When |apgli ed, the fhisckness pf the spggt-1ike jiron
powder | gilgbdopngsbydens typically at least 1 cm preferably at |east| 10 cm
wher eas trhehdpapetbylehet hg cdl uqmar ir @i gowder ni xed | ayE?#010 is
t ypi cal kgtanch@agsbetholenprief 6rably at l<ast 5 cm | whi cheger 0t ype of| t he
iron ppwjeLditkeerBpaspend [usad, [it is desprably aopllea B8g.gvol d cont act
W th aif gtnosphere. TT Tegs Than 0. T W% of the ifon powder is mxed with
t he soihlchﬁgrhﬁggpgkegegradak3or of théibdhtanlnawt dropsl%%nsiderably;
even i nore—tTn ill re—t+sno—rmarked

i npr ovenent Qﬁdtbﬁﬁﬁ éﬁ éHbﬁGﬁPEeﬁvSQEVEEPﬁagnggﬂﬁvs T the thickness of
t he sheduchubeoethanaowdeﬁch&nedephgaens andt he3ddaohlleroprophaechhdmar

iron po i's Ies th a o_l. r,suitabl e
For 't oniHeaE Rons oy BgneenFEarkaas sh, ShPRalion bt BiRe 3t g
coIunnsd@Wsaﬂfmemntp@maﬁarMInédtandragctaoad phasé&oirnctikelgReund i s
part'cubﬁhhio%%k%ﬁpgéﬁe'%nﬁ'ghbldEBHESngéﬁﬁgggr @ﬁ%prééﬁﬁﬁa?f ontent

cont am nati on he col ummar phase
deS|rabﬂfoﬁﬁﬁﬂsﬁpeéeﬁﬁethéﬂlé@ﬁnyh?ﬂolcon fdpyhs pascedhafit@rb&hgeep enough
to reaC@t%rEOWprh%E%Ehb%hbn|aYQ%e|QQﬁE%ﬂtBebQW%h@eothE Eﬁb%@ﬁhbbbty | ayer
in the deepest part of the contam nation; the hydraulic 2 R 2~ - 41
conductivity of the iron powder m xed and agi tated phase should be equal to
or higher than that of the neighboring soil so that it is highly perneable
to the groundwater. Depending on various factors such as the kind and
concentration of the chlorinated organic conpound to be degraded and the
scheduling of the cleaning work, it is desired that at the site where the
iron powder is to diffuse, a weak acidic reduci ng substance (e. g. sodium
hydrogensulfite sodlun1d|sulf|te or sodlun1pyrosulfate) or a heatlng

. o o . . _———




2 z APR 2003 - 42 (nostly a slightly water-sol ubl e substance) thatzekneRﬁmB
as DNAPL in the saturated zone is either volatilized or noved into the
bubbl es so as to encourage its transfer fromthe saturated zone to the
unsaturated zone. As a result, even the DNAPL-Ii ke contam nant staying at
the bottom of the saturated zone is sufficiently fluidized so that it is
transferred to the overlying unsatur¥ ed zone and under goes progressive
degradati on by the columar or sheet-like iron powder m xed and agitated
phasedrbhpedabelbwr thd debeatibhelumlik. 1TheS5adeyat afferhthgastaotbe
suppl L ed d erval of its supply vary with the kind and quantity of
t he cgﬁtgﬁ?ng%ggFgggted above the bottomend of the gas injecting well, the
nature of Thesbenldapdset hermeationsd thathupesndedradaténnef thpge

Contarhnaﬁbstaneeghevbmeeaehheﬁleéscbsaebngubheagombthaneesbtﬁahg short ened
by under ground aeration of the contam nant guga conti nuous. and
n

peri o8FBY¥LeRgppPyOBANgE §RY. PFPPERE BYtehP 8Fh€ kerReddAtPsPirde, a
pIurabrbuu@tsgaérenﬁ@ebbngdweIIs may be bored in the ground and the

above escrlbg ag. i nﬁétaneously supplied through the wells to achi eve
bet t el CEPPRER ﬁgg E@ﬂ@ & ng on the kind of the contaninant, the nature of

the soil, The bhbeogk-vkengionedwdbesubstangeantery, suibhdedtedctoon of its flow
and oh &ahaegehstegﬂeb nrﬁetgsaeoﬁe%haasagnﬁﬂ ERSm glenaxxegge
d|SS|pa ion o ont am nant hi's problemis ntrcr ated; the | ayout
of th&hptopnpdkear PRWIEH aﬁdzﬁﬁﬂtyﬁédsﬁh§§é§U#69 §@rpﬁbﬁeﬁp996§5|gned to
prevegbnthendhngsSiPan pewakrt heraanitasiknzBsulkt hier enb&naigomagie for
further spread of contami nation to the periphery of the contam nated area,
a knofn underground iron powder reactive barrier 11 (see Fig. 14) is
desi rably bmstabled subgndntlee tested,nahedoar eatrachlevede,t he di ssipation
of th ont rou ter a Ie 1 La. WS, a Soi

% ; 1 3 are ro@%“%n% angEﬁégP don%%F%%Cﬁnggé%gﬁgg.d. X 86 cmin
he|gthCprDh@dfbwlmwmﬂgthemh@é% Rinr one dayaaditeredheossassi bf22hewat er 2
2 A PrRa2043 4%OfcgE%eBkhe%0§ub§%aﬁxe§0'hb quha%heah%ddwbgeas

trlchferoeth | ene at” a concentration of aceg on the
botto#POFOPH@“@6ﬁﬁéPﬁePCF@raeﬁeﬂ@hﬂ of 1309ays Pﬁeﬁr &ﬁeuﬁ§éfﬁr8¢ed zone
soi | %&e(w@h@mlgmntent 15%; sandy soil) nmade of the normal uncontani nated
soi | WE l,ed |n a thickness of 30 cm the soil 23 in turn was overlaid
wth xﬁ%@ﬁ €of 1 r on powder 24 (weight ratio, 1.0% water content, 109 in
a th|cknes&nobrdbmutol1mwﬁsth@akbytha edfpcaf oifha coppelr-contatiadngat ed

soi | %Ehgﬁio%%%k'%% s%lﬁ EH%%%&%%F %ft%gc%ﬁbk% 28%5% %gﬁg%ﬁb m 21. The

iron po on con 9 W th such
a par mr@pergdzénonmdearom@@sit wa@axr %a@f ardﬁledpm 480 &s ofasaadyase3ad .wm

S'GVeth%&¢b§fﬂ@@ﬂdfrhgﬁqmbaﬁ%/%@e%foh %QQ%%l%r@@Qh%E%hﬁ Fromthe top of
the colum 21 t ubul’ar col.um 15&6% enoaﬂlto réach its bottom was
| g

i nser CORtAAd nated\g9 1dont iThdSu SOt Maddh 4R ¥Eordn? at a rate of
100 Mddpprer-’t'imﬂaqmmfg titenc powdervand afhle aistuded waist lsed 1edt Hna abal | oon
whi ch, .far ana tlcal eﬁfggée%o recovered the ﬁﬂpe %plune of qjgfs as the
suppl i'ed ai(F2 Yad sary RESPAEUS S ES: SRESHRG Y 0 1% i sfy

const a:rrthbr]mméxym wrwnmnartamm Wi nre@rmmad atiitdin GErdITpsias, wat er

Dot L odiaH AR ERGIARIle, R I Mot elod SRS o zone

botto es were rom-t unsdt ur at ed zone
23 at spasdimgi wifs Aefdmta grhansk ifo@a Genstiiede tapsradure whiambey t he
sanmpl ed gas opn t b drply nalysis wwth a gas
chronato@% E/na?gesgg%gggﬁg?gg %thg %g)T Ekaﬁett Packard. Anal ysis of
the sdiaPL&nipl es was conducted in accordance with the soil elution test
proc dure gﬁ cified in NotiHesiatiadn thochiomiettthe érmevi (fonnent al Agengy; the
test i hogdcbAtadnilaysrangowasel usedve o gvdedays- A d eruddie
connencengnt of the test. ThggLsults of the [experinentggalfg shown in [Table
21 urder jlgst No. 1. obviousdy,s when air was |conti nuously ssupplied frlomthe
bot t gm of ghe r,ol um, Tcﬁpd’@stééﬁéé,\e det ect ed in t he watoer5 sarrpl es frlomthe
Sat ur-at cu Zohe LL l III LI Al S}f nl‘\ f\nnr\ = UTIL att IlaL cu it L II J.UO I’T'g/ L
of TCE and &nITARA&G / ShAWs« &ﬂﬂﬂq%rﬁfraﬁeewfe Yot anee iy Ae&r el ut ed
from tdestided rtd rneesmaﬂtaﬂ attes deate-t2idn Thign 80w tgeih e alagingedfonom t he
top of the colum was also found to contain a small quantity of TCE,

show ng that upon sparging with a gas such as air, TCE transferred to the
vapor phase, adsorbed on the surfaces of the iron particles and then
degraded. The gas recovered fromthe test systemwas found to contain

et hyl ene gas which is believed to have evol ved fromthe degraded TCE
[Exanple 18] A colunn was prepared usrng the sane contalner and sor

o " o o — o p— —\ o




| El ut edWat er gasl ayer gaswat er sanpl e( ppm) (ng/ 1) (mg/ 1) Exanpl el7ai r Pr &seAPR. 208,
860. 0118Nzpresent 1. 10. 020. 01Com

Ex. h-Present 16. 22. 472i - - 38010. 478] N2- 430130. 65 [ Conpar ati ve Exanpl e h] 2
2 AP R2003 - 45 As shown in Fig. 16(1), container A of the sane type as
used in Exanple 18 was filled with a colum 21 of the sane soil conposition
that consisted of a contaninated sofl 2ln=saturated zone 22, a soil in

unsat urated zone 23, an iron powder |ayer 24 and a heap of soil 25. An
experi ned shesrc antlugie drarieion he BanEheoNditichioedaptildiat no gas was

blown into the soil s emvia a tubular colum. The results ,are shown in
Tabl e ﬁe%%?s s%nﬁwa/o%?‘fmlselsnscee%hrﬁbte@enaﬂ q%]:z}h%rﬁi%%foqo ‘I‘Bi’—_h%ére det ect ed
from t hoseeperdiars pfodustsinseterdeteectzethe 23 and the top of the colum

whi ch were i I onEer 4 | r T ég%ﬁégg ;. ef fect
was cl earlybg}%ﬂlg%eelgd%@éfh‘%a{l@%n OV\dc(li‘_I‘ gyoerfyzfrh%wh‘ﬁ?}a ot her ﬂg}l , the
wat er sehptekchlorg ety kenerkitte R Lo av th \@kher qinkprinatsd LTI even
when 5 @siSoPass esidli o8 ther Sd A lofbet DEl SXPEmMeBf 1ch Lot SEd MR £APr e cl ear
that w hqgi continuous supply of a gas into the contam nated groundwater
in the WAEHRHME 22 the iron powder |ayer 24 alone is not

advant apeamsafaEivd cExample rg)] of the soil in the saturated zone 22 since it

k I dti i Ny in Fig.
La(5y, Cont e PR fRpEton | (Bt (MM AIAC TR AP0l P00
TCE- cortpxani_;hr@t%@m@an@mm@das:om Ppampl e he, beoxcept tehat tan ci_metssp@ﬁd&‘) cm a
non- Congg-gi 0@} ev@'aémé@éé‘éfé@é’e&gﬂfr 23nd ncé;ﬂéeﬂ&%t%ir?ilﬂ? Lﬁf&%%ﬁd@f 30 cm

and a h of “uncontam nated soil 25 on t top to at ness of 20 cm
the restiei FRstoresebisintre SR nbn | B§teof - i ron powder. The thus prepared

col um was |eficRBosdethyDend deySmpdsled tBgIReté ethah hes5Proh i 3 eg@ys TCE

concentration_in the depth direction was iLnvestigated. T results are
shown i%gﬁﬁﬁlEhﬁlsgiﬁgrg#égwehﬁ?a?Flﬂﬁeﬁn? sﬂﬁfhc€W%%n§§Esl?e#% as such
after idayprepabaiowsly JCEheasezoniomubise ywalet bohgdat ethan twigematlee sanpl es
fromth r 22 100 {1 tampated with 100 ng/L of TCE, in
additioﬁ?ﬁgéﬁigﬁﬁg%%ggﬁ réfé@nﬁggé%%fﬁﬁgsé%% ected in the soil gas fromthe
top of [Feamplen®] Taken as a whole, the 2 2 AP R 2003 - 46

concentrati 0fc8brd Hig Neb It e AREL REG S 2PHe | invoOWE o g ONERO ULl EibhUSe
through the colum for a grolon ed period, of tine, (qugaratlye Exanpl e j]

As shomﬂfiha#?%?niﬁ?§)?r% REGi FRIFPQURAS t WELR ahle t 11N ok el % Exanpl e 18
was filhegkatl acceldratbavang the sasetsonl| rapapeshineed aby Gospagative
Exanpl e_i which consisted of ﬁ.saéurateg %onergi an UQ&ﬁt gated zone 23
and a hgg% 5FOROPPWIBE AN ¢ GBI AP e BP Rt B vAsTF 2%%?%d AT 6T He’ soi | col um
from t heotablyosedzubohydnogedsuifibgenthat wsswaber+sobubly aou@pl i ed
{hr oughyhign ! URHIBLLEOLUAR Beidlieyr eaUhEepl S-day supply of nitrogen gas

e 21 under Kb. ] . Vﬁ

are shown 1n_Ta ) Test WWhen nitrogen gas conti nuously
suppl i ed i nt Shenhkedpringofpbstaned RRatngsnvatayesobubieonndowéfh the TCE

concent gghi Btk NwkAR 5@iu1ayeﬂnzwaee22ma? béeiﬁﬁééﬂéaointbetﬁ@| #Bund
decreased to. an %%EBSt undet ect abl.e Iegi : on the_other hand, the TCE

concent FQEFEReEn EBP| 1598 PPEAPE e LbErBRLEKEL¥ ol LmMAEsPE0 hi gh t hat
TCE woupdehdiniharditgr adaddbud di sohaagédagsosusburoeobpi a difbepente.
{Edus”k%{cép%hﬁa&)h!a'r&ytﬁé ggggrggggegnigh?ofgreggl’irggfggges gL PReMmet hod of
e present i nvention according to 1ts firs enbodl ABAL _can tredt soils
that arzeduningi aubetdahgechhati hat wdterganlubtenpodndbighdewhibhithave been
difficulbakOabiftyDyn! ferepnyentianal cheahpatbgay. idhensghbinthabsean be
treated by the invention include not only the Soil in the saturated zone
bel ow t kBagr d0Adraker theveffggtiypnesehetsBpingnsahd LRYUEEPEt ed zone above

said | ed@bstasceelih asmBxaavabfdwiehl shel ArbhepsRtiBed;sf ihpracta¥gpiiyon, an
iron powder that is restricted.in cafbon contentéﬁgggbiclegagape and si ze

i s added®Fo sHPPSernSaifelEAPELiRg SHBSHANCEhESHE Yi g thefBensi ve
and canaleuntpbénant ddasat 00di ppmy t anperat deesrhple eangenbént neans of
addi ng and.m.xing an iron _p er _alone,i.n a _smal Ler guantity.than_in the
prior a?agéﬁ&?nagsagstgﬁFP,g@@n?ﬁﬁiﬁgnpgecgﬁﬁbe EggFgﬁead%ﬁ¥ﬁPH a°%short
time to560chpm sramerehafurhbgraeshhaceinest afidtheveeacténni reteensal

i npacts. This advant age 2 2 AP R 2003 - 47 can be attained nore easily
by using a spongy iron powder and/or a copper-containing iron powder.
According to the second enbodi mrent of the invention, soils contam nated by

chl orinated organi c conpounds can be cleaned with the iron powder at a
significantly high speed as denonstrated in Exanple 2.
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According to the third enbodi nent of the invention, the contam nated soil

is heated during cleaning and this further increases the speed of cleaning
the soil with the iron powder. According to the fourth enbodi nent of the

i nvention, the contam nated soil and the iron powder are m xed uniformy
and this facilitates the cleaning of,4he soil. According to the fifth
enbodi nent, a reagent such as the iron powder need not be m xed uniformy
with the contam nated soil and it can be cleaned irrespective of whether it
i s trasrempilisipfa &f ahecRedvhien ssrredf wHeLA&8r pPR/i $henceRé €4t ur at ed
or ungakeuchbmdcadneequiiredcent tirbdteshkotai-gat! ¥sf aachiehaa theast ep of

m xi ng_and disEzrsLngSthe reagent .in the soil, thus enabling the cleaning

of t hECOBRIARRNAY edNE6PF P Hd SVitdl-enent ed at | ow cost. Dispersing of the
reagent cadA benzsinstredfbyaveri contadantg il00appheett-|i ke m xed and

agita [ i the ste I [.Si [ i reatly
ol el angethyiaRe Thomy Besh RaloabhaRELbgahIE SEPEUnd bl 2

cont aghazged watbmal0 pear o Bodivwehydmogensndihisear ¥aHS50E) a Eloemmar

m xed,aR@ @9giohat €d1pha9e 'p%maBﬁl hed i rehf pelvalk {(EC0EENt th@n be achi eved on
soils that .are contam nated to high degree as in a contam nation source and
whi chCen&ainest ¥asqieepled eRe §haiRd -an§as) SaBRAPS YRL e hekene QUG

di spebgi nhet headepgert ins theetblpy oFi thli toatdainkraathediven kdma xed and

agi tat.egni_ phase iasdcorébi ﬂed Wit h ghcol ymmar m x§d nd %?‘i t at ed g_?}ase, a

cont atPEEEd 1EoAP Y REgRUETEeAOry EDg: SANEAIPREPRG E SORPIFonA0 58 sour ce can
be cl eamedn¢irhitdioanblfy tinictiloperesihyd enles r #hgemesul ta oifmulhief | ed manner; if
the shgekurlient %24 aRdA0HALGE1BNES Anlds P! e rdys WRAIROBGL | aver s,
soil s that "axe contam nated to hi'gh degree as in a contam nation source and
whi chcane siegc &had Wdép ithe lapseaof Ripge3theqgrichd ogoekhyleme be cl eaned
ef fi ClcmidenthtdohPaleeired siie shaagant, even ToMldsh @fhafRNveppmb4&avat ed
contam nated soils can be cl eaned by simlar sinple steps of applying

vari oBeYmBard FOE GRESeVEETE thE rERGeRPWERT, HaSsaraded fi i ATRMB g t at od
phagesfareg 09pappeth.apart by di stances of 0.05 - 5 m adequate soil cleaning
can b onpl i if the.r nt. i ot i far C M with the
ol | GAtIE T | LR AkREnesly BHERRRR i BBy ColSesRar P Teme Bk b or
sevent h enbodi nent dNafise;i addedi bn, S8hepPw) | owi ng advant ages are attai ned:
(1) i[f a gas 1p Lnj e&ted_to t he nei ghborjood of "a contam nati on sourge in
the grodd¥swith BR AHIACL8RaEr OnP QRAPBRA |agi® a4 bR &= bef nt0HrRP TR nifnari |y
pl aced negr the contam najgg.grea, the irnj ected gas qagSeS the underground
contgm napt toj nove over &y gxtensive arega including éfeycontam natian
sourge ang, as|a result, tdie geaction with the iron ppoyder m xed and
agitated ghase i's pronote 19 real i ze efflicient cleanjfg,of the

contam najed spil; (2) if 'gaas is releaded into the gogl am nation squrce
in the safurated zone, V\ntiﬂ? iron powdgr m xed and gg% at ed phase hei ng
preliim narily placed near 'e’ contam nated area, the tbnfam nant dispersed
or stlagnaht in|the sat ur at’dlt Zone is fluildized to m)v%:3 or exanple, [into
the ynsatdratefl zone and, Mhat is nore, tlhe iron powd%ro%i xed and agijt at ed
phasd pl aBed near the contmidhated area, |for exanple,li#8the overlying
| ayer| furPher |ncreases tHe- & ficiency ofl degrading the2thlorinated qgrganic
conmpqund Mhich|is present 3d8& he contanminant in the s®i¥% (3) if theliron

powdgr isladded in an amouhi2df 0.1 - 10 wt% and if téeédron m xed and

agi t ateg, phase 1.5 appiied 11 at teast—onesingte tayer traving a ttnckness
of at I[g“‘rfg‘lpafac%va?ng':lowpa 1| east one columm having a di ameter of at

| east 1 cmThe daimiergependentc mitaargesatisd tdo Icamarettergigirdrorafed i n an

ef fici,ent | 2l Y i j ner. r [ | S.d nj ected
into the cgtflorgu}ng, gx;ggn(egr;l‘“f ST é“réoa\;@eud}%% gir?nldt%g éhoﬁolsilﬁ%gd[{r}%&%@négsaa% nospher e
is credt dxamplend s @xcepthgihati mpdim ddnagensfulificd s fdider to degrade
the copqud nNanihe 3bd1R)s arke SHdWA R0bre 4R dHeyidFOEIsPaAAYI N9 @

purity of 98% or nore is used as the inert gas, a reducing atnpsphere can

be credt di%t kHRARGHRGL AR e FasHIFS i drenme degr AEGRFEHT ity of
the id_rm_mnferg an® EAAP 1dR 2&(&?3 usbé%mﬁ]w ilr%rplt;fw@} |83 orle deﬁabd@édlod f ox
renmedi,ati gn of, .cont ated soils ich a soil contam nated by a

el oGl A SR Tt AP THAA TP i R TSR AT EY (L 596 ¢ ha
is located either deeper or shallower than the groundwater |evel or a soi
contam nat ed by a hal ogenated organi ¢ conpound and having a water content
of at |east 5% which has been excavated is cleaned by allow ng at | east one
of a spongy iron power and a copper-containing iron power to be present
either wwthin or near said soil so that it degrades said hal ogenated
organi ¢ conpound. 2. The nethod according to claim1, wherein said apongy

o, = v s — o, Y. Y A 4 o
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6. The nmethod according to claim4 or 5, wherein said reducing substaznce
that is water-soluble and which exhibits weak acidity in water is at |east
one conpound selected from 2 2 APR 2Q03 - 51 the group consisting of
sodi um hydrogensul fite, sodiumdisulfite and sodiumdithionite. 7. The

met hod according to any one of clains % 6, wherein said hal ogenated
organi ¢ conpound is degraded at a p'H:f The range of 3.5 - 9. 8. The net hod
according to any one of clainms 1 - 7, wherein when said hal ogenated organic
conpouitdmes adddpoadgdd solddam ilwdnmm@dﬂw%ma@ soitl aslglediathowevieas a hi gher
t8 enper ghuhfel RABL Wl W, dloot PRREIA Whe 1%oang>%wa%txh%sa<a%re@' Neholrd claim

, Wherein heat is i arted to said soil by utilizi n%aat | east one neans
sel ect &afy S éiﬁ‘ﬂﬁg‘"’@?@ fFesuiged. foh the tdchilofrosthyd enSor gani ¢ conpound,
a heat lcwcmdjrtamlmd tdodereaeatto lL@ssTftelametﬂwoq;paacor ding to any one of

cl ai ms e| n a| d halo nated Qarg c conp .S _at .l east one
nmenber l@ctgéd é\‘%ﬁ‘ﬁ: g:glﬁ‘é\ ?g &ng:rﬁ?[ HeRe, (30 PBYt or m
car bon t et rachl ori de (N.“a,HBijl nhtoaddeuane 1, 2d| chI or oet hane,

met hy I'chihQf orM vL haditdi o%”'—o"ﬁo%fbafg)‘im 1{lre qdlSt Léﬁm-o'i?ebﬁan Gpm

1,1, 2,/2= LEb[dLH ueLndne,IbOL%lbnlu oethylene,——cTrs- AT r,nlurue.nyit,ne,

[0) ]

t r ans+12dichtoroethytene % 'g“l“’ﬁ"thy rgt-oethytene;

1, 3di ¢hl-erppreppre—and—1,3 thi-eropropat neL%Q accordi-ng—tHo any
one of_4i4ﬁén;_i * B *8aid
copper-conBaini hg iron powdé?-8r hoth are Yniformy ni #€dlwith said sdil.
12. The me#hod According to068n9 one of claims 1 - 10, @WAebein either daid
iron powdebp or pai d copper-66nbaining iron|powder or bé8h3are not m xead
unifofmMy with paid soil bué3aoe dispersed|in the grouag.sear said soijl.
13. The nethod hccording tosglaim 12, wherg¢in either sayqiiron powder |or
sai d ¢oppeg-con aining ironspogder or bothjare di spersgg By a neans of

appl ying a.?S'nee —tTke pndbesinswm chrerthenr sard ron QURET Ot said
copper-\,uu cd;u f—Ag—+on }Juv'deg r—both—are—fixed—v i

agi t atH Sai-di-sheetlke p..blé y—be—par , to
t he grmmﬁijcurf =1 - 14 The n:egﬂgé accordi ng-tlo

clai m{12, Mhere|[n either sadd-¥ron powder ¢r said coppdr+Eantaining iron
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#L0WZ&:bhcentVRE L OR14ed PB4 (3natP1}, Yeven to less than 10 ppm at

day 10 in the case where the iron powder was added in an

amount of 6,000 ppm.

Table 12. Time-dependent change in TCE concentration (in ppm)
(NaHSO, added in 500 ppm)

Days Fe addition = 6,000 ppm
1 100.0
5 28.8
8 12.4
12 3.1
15 1.7
17 1.1
19 0.8
22 0.6
27 0.3
30 0.2

[Reference Example 1]

A container of water containing 100 ppm of
trichloroethylene (TCE) as a halogenated organic compound was
charged with 6,000 ppm of an iron powder (E-200); the
container was sealed together with air and shaken. Gas
samples were taken out of the headspace in the top of the
container at given time intervals and measured for the time-
dependent change in the concentration of trichloroethylene.
The same experiment was conducted, except that the air in the
container was replaced by 100% CO,. The results of the
measurements are shown in Table 13 and Fig. 5, from which one
can see that the trichloroethylene concentration decreased
with the lapse of time, provided that a marked improvement in

the reaction rate was achieved when the air was replaced by

co,.
Table 13. Time-dependent changes in TCE concentration (in
ppm
(NaHSO, added in 500 ppm)
Days Fe addition = 6,000 ppm Fe addition = 6,000 ppm
in air in CO, gas

1 100.00 100.00

3 81.27 80.56

7 64.12 50.38
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15 37.73 18.75
45 10.10 0.85

[Reference Example 2]

A container of water containing 100 ppm of
trichloroethylene (TCE) as a halogenated organic compound was
charged with (1) 10,000 ppm of an iron powder alone, (2)
10,000 ppm of an iron powder and 0.04 M of sodium sulfite
(Na,S0,) or (3) 10,000 ppm of an iron powder and 0.04 M of
sodium hydrogensulfite (NaHSO,); the containers were sealed
together with air and shaken. Gas samples were taken out of
the headspace in the top of each container at given time
intervals and measured for the time-dependent change in the
concentration of trichloroethylene. The results of the
measurements are shown in Table 14 and Fig. 6, from which one
can see that the trichloroethylene concentration decreased
with the lapse of time, but in the case of adding the iron
powder alone, the reaction rate was unduly slow; in the
presence of both the iron powder and sodium sulfite, the
reaction rate increased slightly. In sharp contrast with
these cases, the reaction rate was markedly improved by
allowing both the iron powder and sodium hydrogensulfite to be
present in the system.

Table 14. Time-dependent changes in TEC concentration
(in ppm)
Fe addition = Fe addition =
Days Fe addition |10,000 ppm plus 10,000 ppm plus
= 10,000 ppm | Na,SO, (0.04 M) NaHSO, (0.04 M)
pH = 9.3 - 9.2 pH = 4.7 - 6.6
0 500 500 500
1 464 471 375
2 424 398 232
3 381 335 140
4 302 268 75.4
5 260 196 38.4
6 234 145 26.2

On the pages that follow, the third embodiment of the
invention will be described with reference to working examples
to demonstrate that upon preliminary heating, chlorinated
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constant-temperature bath 3 where it was maintained at a
constant temperature. The headspace 4 of the container 1 had
a volume of about 100 cm’. The container 1 was fitted with a
septum 5 for gas sampling. By inserting a micro-syringe 6
through the septum 5, the gas in the headspace 4 can be drawn
into the syringe 6 and analyzed with GC-MS of Hewlett-Packard
to measure the concentration of a chlorinated organic compound
in the sampled gas.

The test soil was a soil having a water content of 10%,
into which trichloroethylene (TCE) and an iron powder were
dispersed in respective amounts of 5 mg/kg and 1 wt%. The
iron powder had the trade name E-200 and was available from
Dowa Iron Powder Industry Co., Ltd. It had a carbon content
of 0.3%, a particle size such that 60 wt% of the particles
would pass a 150 pum sieve and a specific surface area of 2000
cm’/g or more, with a pearlitic structure present on the
surface layers of the individual particles.

The container 1 partly filled with the test soil 2 was
left to stand in the constant-temperature bath 3 for 30 days
at a maintained temperature of 40 °C and the gas in the
headspace 4 was analyzed. The result is shown in Table 15.

For comparison, the same test soil was subjected to the
same experiment (held at a constant temperature of 40 °C ),
except that no iron powder was added. The result of this
experiment is also shown in Table 15 under Comparative Example
A. A similar experiment was conducted on the same test soil
(loaded with an iron powder), except that the vessel
containing said soil was not placed in the constant-
temperature bath but held at room temperature between 17 and
25 °C. The result of this experiment is also shown in Table 15
under Comparative Example B.
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Table 15.

TCE concentration in headspace (mg/L)

day 0 5 days 30 days
Example 12 N.D <0.001 <0.001
Comp. Ex. A 4.6 4.4 4.3
(without Fe powder)
Comp. Ex. B 0.3 0.09 0.02
(held at RT)
Note: "ND" indicates that TCE could not be detected with the
analyzer.

As one can see from Table 15, upon heating the soil to
which the iron powder had been added, the vapor-phase TCE was
completely degraded and no chlorinated organic compound was
released to the outside of the soil. "< 0.001" in Table 15
means that TCE was detected but not in a quantitative amount.
In Comparative Example B where an iron powder was added but
not heated, TCE degraded at a slower rate than when heating
was done and, hence, it took a longer time to be fully
degraded.

[Example 13]

As shown in Fig. 8, a cylindrical heat-insulated
container 7 (30 cm in i.d. and 36 cm in height) was filled,
from the bottom upward, with a non-contaminated soil layer 5
cm thick, a quick lime layer 1 cm thick, a non-contaminated
soil layer 5 cm thick, a TCE contaminated soil layer 10 cm
thick, and a layer 10 cm thick that consisted of a TCE
contaminated soil layer and an iron powder.

The quick lime layer consisted of flakes of quick lime
which were used in an approximate amount of 2 kg. The TCE
contaminated soil layer consisted of a non-contaminated soil
layer in which trichloroethylene (TCE) was dispersed uniformly
at a concentration of 7.5 mg/kg. The top layer consisted of
said TCE contaminated soil layer in which an iron powder was
dispersed uniformly at a concentration of 1 wt%. The iron
powder was the same as what was used in Example 13.

The individual layers thus piled up within the container
7 were sprinkled with 1 L of water from above and the

container was thereafter closed with a cap. A thermometer 8
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was set in such a way that it could measure the temperature of
the soil at a depth of 10 cm below the surface layer. Four
identical sets of this equipment were constructed and left to
stand in a place that was shielded from direct sunshine and
where the ambient temperature was between 15 and 27 °C. On
different days, the cap 9 was removed and samples were taken
from the portion 19 - 20 cm below the surface layer (which
consisted of the TCE contaminated soil having no iron powder
added thereto) and their TCE concentrations were measured.
TCE concentration was measured by a method that comprised the
steps of measuring the water content of a soil to determine
its dry weight and then determining the trichloroethylene
concentration relative to the dry soil weight (in compliance
with the method described in "Kankyo to Sokutei Gijutsu”
published by the Japan Society of Environmental Measurement
and Analysis, Corporation, Vol. 16, No. 15, pp. 31 - 34,
1989). This method provides a more reliable picture of how
TCE was degraded and removed from the soil. The results of
TCE concentration measurements are shown in Table 16 together
with temperature readings.

For comparison, the same test was conducted as in Example
13 except that quick lime was not put into the soil, nor was
it sprinkled with water. The soil composition for this case
is shown in Fig. 9. The results of temperature and TCE level
measurements are shown in Table 17 under Comparative Example
C.

Another test was conducted in the same manner as in
Example 13 except that neither iron powder nor quick lime was
used and that the soil was not sprinkled with water. The soil
composition for this case is shown in Fig. 10. The results of
temperature and TCE level measurements are shown in Table 18
under Comparative Example D.

Table 16.
Example 13 day 0 |1 day 5 days 10 days |30 days
Soil temperature °C 14 33 26 22 15

TCE concentration,

7.5 - 1.4 0.22 0.023
mg/kg
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Table 17.

Comp. Ex. C day 0 |1 day 5 days 10 days |30 days

Soil temperature °C 13 13 14 14 14

TCE concentration, 7.4 _ 2.1 _ 0.80

mg/kg

Table 18.

Comp. Ex. D day 0 |1 day 5 days 10 days |30 days

Soil temperature °C 14 13 14 13 14

TCE concentration, 7.4 _ 7.9 7.9 7.1

mg/kg

By comparing Tables 16 and 17, one can see that heating
the soil accelerates the speed of TCE degradation and at day
30, the TCE level dropped to 0.023 mg/kg which was extremely
low compared to the value of 0.80 mg/kg that was attained in
the absence of heating. Note that the position of the soil
where this drastic drop in TCE concentration occurred (i.e.,
sampling position) was within the TCE contaminated soil layer
(no iron powder was added) and remotest from the iron powder
loaded layer. Obviously, irrespective of the position where
the iron powder was present, heating of soil was effective in
allowing TCE to be degraded and removed from the whole area of
the TCE contaminated soil.

Comparing Tables 17 and 18, one can readily see that the
presence of the iron powder contributes to the degradation of
TCE; even at the aforementioned sampling position (in the TCE
contaminated soil layer having no iron powder added thereto),
the TCE concentration was lowered by incorporating the iron
powder; however, without heating the soil, the TCE
concentration did not decrease to the extremely low level
shown in Table 16.

In conclusion, the presence of the iron powder
contributes to TCE degradation and upon heating the soil, the
TCE degradation is further enhanced and even TCE that is
remote from the iron powder can be degraded effectively.

As described on the foregoing pages, the third embodiment
of the present invention is advantageously applicable to the
case where a soil contaminated by chlorinated organic
compounds is remediated with the aid of an iron powder and
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a shorter time than when no heatlng 1s done. In addition, the
invention method prevents the release of chlorinated organic
compounds into air atmosphere, thereby preventing the
generation of noxious secondary products. Coupled with the
simplicity and economy of the process, these features of the
invention method adds to its commercial value as a technology
for cleaning contaminated soils.
[Example 14]

The method of the invention is desirably implemented
after evaluating various factors that include: i) the history
of the use of the land; ii) the state of soil contamination
that is characterized by the kind of the contaminant in the
contaminated soil, its quantity, the form of its occurrence,
and the scope of contamination, namely the extent and depth of
the contaminated area; iii) the physical properties of the
contaminant such as its solubility in water, vapor pressure,
specific gravity, viscosity, surface tension and adsorbability
on soil; iv) other factors such as the nature of the soil
(i.e., the size of soil particles, hydraulic conductivity and
cone index), soil temperature, water content, soil porosity,
groundwater level, its quantity, flow rate and direction.

The reagent to be used for degrading chlorinated organic
compounds is desirably a base metal powder having reducing
action, notably an iron powder, and a spongy iron powder is
more desirable.

In-situ working is primarily done by taking the state of
soil contamination into consideration in such a way that a
sheet-like phase in which the reagent such as an iron powder
is mixed with the surface soil under agitation is applied over
or above the contaminated area. To state more specifically,
taking into account the scope of contamination, namely, the
extent and depth of the contaminated area, a plurality of
sheet-1like mixed and agitated phases are placed side by side
or piled up with one layer on top of another at suitable
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$10%&&" Chikmnar phases varies with the amount of the iron powder, the
nature of the soil, the kind of contaminant and its quantity;
the spacing is typically within 10 m, preferably within 5 m.

When forming the sheet-like and/or columnar mixed and

agitated phases, the reagent such as an iron powder need not
be uniformly mixed under agitation in the whole area of the
soil that is contaminated with chlorinated organic compounds.
If the reagent such as an iron powder that degrades
chlorinated organic compounds in the ground is localized, the
contaminant in the soil or groundwater that is near the
reagent is adsorbed on the surface of the latter and, at the
same time, the contaminant distant from the reagent moves
through the soil by concentration diffusion to come closer to
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the reagent in an attempt to achieve a uniform distribution;
eventually, the contaminant collects by itself on the surface
of the reactant and undergoes degradation without being
desorbed from said surface. Therefore, uniform mixing of the
reagent such as an iron powder and the contaminated soil in
order to ensure their contact is preferred but by no means
necessary. In other words, even if the reagent does not make
direct contact with the contamination source, the former helps
positive progress of soil cleaning without potential
dissipation of chlorinated organic compounds into the vapor
phase. Note that the method of the invention is applicable to
soils that have a water content of at least 5%.

Therefore, the reagent such as an iron powder can be
mixed in the soil under agitation by the following simple and
convenient means: if necessary, the soil at specified sites is
freed of objectionable foreign matter such as wood chips and
concrete fragments; the soil is sprayed with the reagent such
as an iron powder and agitated to mix with the latter by means
of an earth moving machine such as a back hoe; alternatively,
the surface layer of the soil may be mixed under agitation
with the reagent by means of a tractor or a cultivator; if
desired, a vertical hole is made in the ground by means of an
earth boring machine and later backfilled with a column of the
reagent, either alone or in admixture with the removed
soil. Depending on the need, compressed air or water may be
used to force the reagent such as an iron powder into the
ground at selected sites.

In certain cases, the contaminated area is near the
contamination source or otherwise located to have high
contamination level and it is in a comparatively deep
position; in other cases, a contaminant heavier than water is
localized in lumps in impermeable layers in the ground (this
phenomenon is described as "DNAPL", or dense non-aqueous phase
liquids). 1In both of these cases, a sheet-like phase in which
the reagent such as an iron powder is mixed with the soil

under agitation is desirably formed in more than one layer
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accomplished by making heaps or the like in which the iron
powder has mixed with the soil by diffusion. As in the case
of in-situ cleaning, it is not absolutely necessary that the
iron powder should diffuse through the soil uniformly and
laminar diffusion will suffice for the intended cleaning.
However, in the non-in-situ cleaning of excavated soil, the
iron powder diffused through the soil is more likely to
contact air atmosphere and undergo oxidation to become lower
in cleaning ability. To avoid this possibility, the heaps of
soil in which the iron powder has been mixed under agitation
are desirably covered with sheets or used in combination with
a weak acidic reducing substance to be described below.
Covering the heaps with sheets is desirable since they also
help prevent the contaminated soil from scattering about
during the cleaning period.

The use of the reagent such as an iron powder should
take the following factors into consideration: the kind of the
chlorinated organic compound to be rendered harmless, its
concentration, depth of contamination, its extent, the form of
its occurrence, the nature of the contaminated soil, its
temperature, water content, porosity, the level of the
groundwater, its quantity, flow rate, direction and hydraulic
conductivity. The reagent is desirably mixed with the soil
under agitation so that its concentration is approximately 0.1
- 10 wt% of the soil and that the agitated layer is at least 1
cm. If the concentration of the reagent is less than 0.1 wt%,
the reaction for degradation of chlorinated organic compounds
is unduly slow; if the reagent's concentration is higher than
10 wt%, the cleaning cost is undesirably high.

The iron powder to be advantageously used as the reagent
in the invention is made of spongy iron which has a carbon
content of at least 0.1%, with such a particle size that at



$11 1N 10%& ()-° N'100& ()-#3"IN'100& ()- I N'109& ()- ! N'109%& ()- {2 P
$11TIN' 109 () - N'10%&' ()- N'109& ()- #3"! N'109&' ()- ! N'109& ()- " #$46;
?zX6vU3K

$11TN'109%& ()- ' N'10%& ()- "' N'10%&' ()- ! N'109& ()- #3"N'109& ()-  ?@MRVW Y
SVUBK $1!#3"IN'109%& ()- ! N'109%&' ()- 4 N'100& ()- N'100& ()- #3"W ej ky| X;
vU3K

$11#N 109& () - #3" I N'10%& ()- I N'10%& ()- ! N'100%& ()- N'10% ()- yz{|}b@U3
K $1! BeN510%R (s o' TOMR Hat i#3 o8N phe%ER a( 15 ONUh0 sd'epe, Rha0®s () - { Y7vU3K
$1! #! NLLOUE 1 Q) suld¥alQV& s JY' JaQ"/«&eCa)st‘ %30 Nt Pg 'éésﬂ:%i— &R - {Y7vUSK
$11#! N 10(@9&- IN"10%& () - ' N"109%& () - N'109& (- #3"T N 100&’ (t) [ Y5VUBK
$1! #3HRM L hag foRganlitigr sdggrctirey 1ddethe carbep, goR

$1! #3¢ 'thh@%&r@r PN 1R s UNAH0R'16),- ‘UNel @Uk'e( of NeJ;Q%&a(t)lon()vY<vU3K

SN W kon¥at & 16" Andd i} %R 1Y 128 Chian' Yol O O chet 57

$1I #I NatAUR1es caN' Pa¥e @) -1SNED %8 dvle, AP INOHAYR thie rtE0UE () - <ABTUVWEFV
1l #! ﬂﬁgf(?%t(‘)m Nl (‘)0“%‘%*%) PRI R e§§’1°ﬁrgfé’t¥&'°(f) A ac?v

U3K $11rt#11#gaﬂnp@n/&f( )ther\r'lmp(qwdqw Me(a)sew RNEOYdE (As® #8 Biss wsSdz6y UK

$1! ##3'Y Mnl%%e(s)sudé\fa%%%t(.) Wilhl Q& il toNeHi g Nht0%& () - gJvUBK
$1! ##3" N' 10%&' #3" CLOY& () N'109! () - N T0%& () - N 100& () xT7vBK
$1! ##HCASFRVHEY iy GNL‘M [denrifoagsirably fosp ORe1 G IPE v y<v U3K
$1! ##I‘.l[al@é&s(p)ecﬂ‘fllﬂ%ﬁr(f)acd#iﬁ'fdﬂ J0%E (a)lréauylafé&t@onéd\r t@l%&l(rbn ]; vU3K

S0 N' 100 () - | N 109 R, #3" N L0%& ( R Y7vU3K
$11 ## QY f%f “8 Lrakdyn a B%I]fo‘n C()S"'%%’UF«E'() E%%( {(*V34{ Y5
vU3K $ﬂn¥@ﬁwel@m&q®rbdﬂ\ra1@/&x(qn | RTo0sERs 1), - tl‘kléleiml(l) cmu& <=>gJvU3K
$1! #3" ; " SX\ AXT8
ek ﬁ#&ﬁ /l)n el %‘%ﬁﬁe l”a%é&f% AR N P TeY
vuaK P J(I)alzé: qhed qYIRFLRCE COMPORNED% &' () - 10&10&10&
NLO" 1098’ (]')n' Vl%%;Tdﬂ %ﬂé‘”&&hud‘y o@@@:ﬁﬁmﬁﬂ& idE3% & )ieZ N i Y0

that the soil to be treated have an elution pH in the range of
3.5 - 9 and be held in a reducing atmosphere. 1If the soil has
an unduly high elution pH, a hydroxide forms on the surfaces
of the iron particles and their activity is lost to lower the
cleaning efficiency. In addition, extreme ends of the elution
pH are not preferred from the viewpoint of a second use of the
cleaned land.

In order to ensure that the reaction for the degradation
of contaminants proceeds efficiently, the iron powder is
desirably used in a reducing atmosphere. One desirable way to
meet this need is by using a weak acidic reducing substance in
combination with the iron powder when the latter is used to
form a sheet-like or columnar mixed and agitated phase with
the
soil. Specifically, a reducing substance such as sodium
hydrogensulfite, sodium disulfite or sodium dithionite is used
in such an amount that the soil has an elution pH of about 3.9
-~ 9, preferably about 3.5 - 8.

If the weak acidic reducing substance is to be used in a
contaminated soil having an elution pH in either an acidic or
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chlorinated organic compounds in soils can be efficiently

e ﬂnventlon,

dechlorinated or dechlorohydrogenated.
{Example 15]

A 200 L cylindrical container (86 cm high x 58 cm in
diameter) was charged with a sandy soil of a water content of
10% and 1 g of trichloroethylene (TCE) and left to stand for 2
days to make a sample column of uniform TCE contaminated soil.
The surface of the contaminated soil was overlaid with a layer
of an iron powder in an amount of 1 wt% of the contaminated
soil. Right after the formation of the layer of iron powder
(0 hours) and at 1, 6, 23, 47, 75 and 142 hours, a gas sample
was drawn from the surface layer of the soil (0 mm) and at
varying depths of 150, 350, 450, 550, 650 and 750 mm; the TCE
concentration of each gas sample was measured and the time-
dependent changes in TCE concentration as measured in the
vertical direction of the column were plotted. The results
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efficient progress of soil cleaning.

As a result, in about 6 days (142 hours) after the
formation of the layer of iron powder, the concentration of
TCE gas decreased to about one tenth of the initial level. As
for the TCE elution (mg/L), none of the samples taken from
various depths of the soil exceeded the reference value 0.03
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mg/L specified in the Japanese Soil Environmental Quality
Standards (see Table 20).
[Example 16]

As Fig. 13 shows, the underground structure to be treated
by the method of the invention generally consists of a high
permeability layer 2 comprising sand and gravel layers and a
low permeability layer 1 comprising clay and bedrocks. It can
also be classified into an unsaturated zone 5 above the
groundwater level WL and a saturated zone 4 below WL.

A contaminant infiltrating the ground from the surface
level FL passes through the unsaturated zone 5 and the
saturated zone 4 to contaminate the soil as well as
underground air and groundwater, thus producing a contaminated
area 6 that spreads along the flow of the groundwater
represented by the arrow X. The contaminant which is heavier
than water and slightly water-soluble forms a pool of lumps
(DNAPL) 7 on the low permeability layer 1 to become the source
of contamination of the groundwater.

In Fig. 13, the low permeability layer 1 which is the
closest to the ground surface is shown to be located below the
groundwater level WL but this is not always the case in nature
and the low permeability layer may be located above WL.

The underground diffusion of the chlorinated organic
compound is such that it first infiltrates into the ground
from the surface and is then blocked by the low permeability
layer to form a pool (DNAPL). The low permeability layer has
fissures through which the chlorinated organic compound would
diffuse to an even deeper area.

The method of the invention can be implemented
efficiently on the basis of a preliminary survey of the above-
described status of underground contamination by chlorinated
organic compounds in relation to geological
factors such as layers, the nature of the soil and the
groundwater flow. More specifically, after verifying the kind
of the contaminant, the position of the contaminated area in

the ground, its spread and other factors, as shown in Figs. 13
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and 14 a sheet-like iron powder mixed and agitated phase 8 is
placed near the contaminated area 6, say, in its top layer and
a gas injecting well 9 is formed by boring a hole through the
high permeability layer to reach the contaminated area 6 or a
nearby area; then, a gas a is injected into the well 9 to
force the contaminant into the area where the sheet-like iron
powder mixed and agitated phase 8 is placed; this allows for
efficient implementation of the in-situ cleaning of the
contaminated soil.

The iron powder can be dispersed into the ground by
various methods. 1If the contamination has spread over a wide
area, a tractor, a cultivator or the like is desirably
employed to apply the iron powder diffused and mixed phase to
a wide area of the surface soil layer. 1If the contamination
has progressed locally as in the case where the underground
contaminated area is created by the heavier-than-water and
slightly water-soluble contaminant that is localized as lumps
(DNAPL) 7 on the low permeability layer 1, an earthmoving
machine such as a back hoe is desirably employed to form a
localized sheet-like iron powder mixed and agitated phase 8 in
more than one layer or create in the ground a columnar iron
powder mixed and agitated phase 10 having the iron powder
mixed with the soil in column shape under agitation. 1If
necessary, a compressed medium of air or liquid may be blown
into bored holes so that the iron powder is forcibly dispersed
into the ground. If both a localized contamination of high
concentration and an extensive contamination of low
concentration occur complexly, one or more of the methods
described above are desirably combined as appropriate for the
specific status of each contamination.

The iron powder phase as a reagent for the degradation of
chlorinated organic compounds need not have direct contact
with the contaminated soil. In the mobile state, the
chlorinated organic compound as the contaminant spontaneously
moves through the soil by the mechanism of diffusion until it
contacts the surface of a nearby reagent to be eventually
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degraded. Therefore, the iron powder mixed and agitated phase
has no particular need to ensure uniformity in the
distribution of the iron particles and even if it is disposed
intermittently, rather than continuously, in the neighborhood
of the contaminated area, the chlorinated organic compound in
the soil is mobile enough to achieve satisfactory cleaning of
the soil; thus, in the method of the invention, the iron
powder mixed and agitated phase can be applied in situ with
very high efficiency.

Considering the kind and concentration of the chlorinated
organic compound to be degraded, the depth and extent of
contamination, the nature of the soil, its water content,
porosity, groundwater level, hydraulic conductivity and other
factors, the iron powder is desirably dispersed in the ground
in an amount of about 0.1 - 10 wt% of the soil. When applied,
the thickness of the sheet-like iron powder mixed phase 8 is
typically at least 1 cm, preferably at least 10 cm, whereas
the diameter of the columnar iron powder mixed layer 10 is
typically at least 1 cm, preferably at least 5 cm; whichever
type of the iron powder mixed phase is used, it is desirably
applied to avoid contact with air atmosphere. If less than
0.1 wt% of the iron powder is mixed with the soil, the rate of
degradation of the contaminant drops considerably; even if
more than 10 wt% of the iron powder is used, there is no
marked improvement and only an economic disadvantage results.
If the thickness of the sheet-like iron powder mixed phase 8
or the diameter of the columnar iron powder mixed phase 10 is
less than 1 cm, they are no longer suitable for remediating a
highly concentrated contamination source.

Constructing columns of an iron powder mixed and agitated
phase in the ground is particularly effective in highly
concentrated or deep areas of contamination. If this method
is to be applied, the columnar phase desirably satisfies the
following two conditions: it should be deep enough to reach a
low permeability layer located below the high permeability
layer in the deepest part of the contamination; the hydraulic
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nitrogen gas that can prevent the oxidation of the surfaces of
the iron particles and which is cost effective. The higher
the purity of the nitrogen gas, the better; however, in view
of the underground environment and cost, nitrogen gas with a
purity of 98% or higher is suitable. These gases to be
used in the invention need not be at ordinary temperatures;
they are desirably such that if assisted with heated air,
vapor or a combination thereof, they can further enhance the
mobility of the contaminant in the ground.

The air injecting well 9 can be bored as a hole that is

vertical, at an angle or serpentine; if the position of a
contamination is located in the ground, the well penetrating
the contaminated area is formed in such a way that its bottom
end is near the bottom of the contaminated area and the gas
described in the preceding paragraph is squirted in tiny
bubbles from said bottom end. For example, if bubbles are
squirted into the saturated zone, the stagnant contaminant
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DNAPL in the saturated zone is either volatilized or moved
into the bubbles so as to encourage its transfer from the
saturated zone to the unsaturated zone. As a result, even the
DNAPL-like contaminant staying at the bottom of the saturated
zone is sufficiently fluidized so that it is transferred to
the overlying unsaturated zone and undergoes progressive
degradation by the columnar or sheet-like iron powder mixed
and agitated phases that are formed around the well. The
amount of the gas to be supplied and the interval of its
supply vary with the kind and quantity of the contaminant
located above the bottom end of the gas injecting well, the
nature of the soil and other factors; if the concentration of
the contaminant is high, the period of cleaning the soil is
desirably shortened by underground aeration of the contaminant
through continuous and periodical supply of a gas. If the
extent of contamination is wide, a plurality of gas injecting
wells may be bored in the ground and the above-described gas
is simultaneously supplied through the wells to achieve better
efficiency.

Depending on the kind of the contaminant, the nature of
the soil, the level of groundwater, its quantity, the
direction of its flow and other factors, the injection of a
gas into the well may cause dissipation of the contaminant. If
this problem is anticipated, the layout of the iron powder
mixed and agitated phases may be properly designed to prevent
the dissipation of the contaminant. If there is a concern for
further spread of contamination to the periphery of the
contaminated area, a known underground iron powder reactive
barrier 11 (see Fig. 14) is desirably installed around the
contaminated area to prevent the dissipation of the
contaminated groundwater.

[Example 17]

As Fig. 15 shows, a soil column 21 was prepared in a
cylindrical container A (58 cm i.d. x 86 cm in height) by the
following method. First, a saturated zone soil 22 (water
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(TCE) at a concentration of 100 mg/L was placed on the bottom
of the container to a height of 30 cm; then, an unsaturated
zone soil 23 (water content, 15%; sandy soil) made of the
normal uncontaminated soil was piled in a thickness of 30 cm;
the soil 23 in turn was overlaid with a layer of iron powder
24 (weight ratio, 1.0%; water content, 10%) in a thickness of
about 1 cm; finally, a heap of the normal uncontaminated soil
25 was applied in a thickness of 20 cm to prepare the column
21. The iron powder was a spongy one having a carbon content
of 0.3 wt%, with such a particle size that at least 50 wt% of
the particles passed a 150 pm sieve, and a specific surface
area of about 2,000 cm®’/g.

From the top of the column 21, a tubular column b long
enough to reach its bottom was inserted and air was
continuously supplied through this column at a rate of 100
ml/min. The top of the column was left open and fitted with a
balloon which, for analytical purposes, recovered the same
volume of a gas as the supplied air. This was necessary to
adjust the test system to satisfy constant-pressure, sealed
conditions.

For concentration analysis, water samples were taken from
the saturated zone 22 at a height of 5 cm from the bottom of
the column and soil samples were taken from the unsaturated
zone 23 at a height of 40 cm from the bottom; these samples as
well as the sampled gas in the balloon were subjected to
analysis with a gas chromatograph/mass spectrometer (HP-5973)
of Hewlett-Packard. Analysis of the soil samples was
conducted in accordance with the soil elution test procedure
specified in Notification No. 46 of the Environmental Agency;
the test was continued for 5 days and sampling was done 5 days
after the commencement of the test.

The results of the experiment are shown in Table 21 under
Test No. 1. Obviously, when air was continuously supplied
from the bottom of the column, TCE was little detected in the
water samples from the saturated zone 22 initially
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contaminated with 100 mg/L of TCE and only very small
quantities of TCE were found in the water eluted from the soil
in the unsaturated zone 23. The soil gas evolving from the
top of the column was also found to contain a small quantity
of TCE, showing that upon sparging with a gas such as air, TCE
transferred to the vapor phase, adsorbed on the surfaces of
the iron particles and then degraded. The gas recovered from
the test system was found to contain ethylene gas which is
believed to have evolved from the degraded TCE.

(Example 18]

A column was prepared using the same container and soil
composition as were employed in Example 17 (see Fig. 15).
Nitrogen gas rather than air was continuously supplied via a
tubular column under the same conditions as in Example 17.

The results are shown in Table 21 under Test No. 2; in 5
days after the start of the experiment, TCE became hardly
detectable in the water samples from the saturated zone 22 and
the water eluted from the soil in the unsaturated zone 23; an
extremely small quantity of TCE was detected in the soil gas
from the top of the column; it was therefore clear that TCE
had been adequately degraded and removed.

It should be mentioned here that in Example 17 where air
was supplied into the column of soil, a post-test analysis
revealed that the iron powder layer 24 on top of the
unsaturated zone 23 had been oxidized to be inactive.

Table 21.

TCE concentration
Supplied Iron :
Test No. powder Soil Eluted Water
gas layer gas water | sample
(ppm) | (mg/l) | (mg/l)
Example
17 air Present 4.2 0.86 0.01
18 N, present 1.1 0.02 0.01
Com. Ex.
h - Present 16.2 2.4 72
i - - 380 10.4 78
j N, - 430 13 0.65

[Comparative Example h]
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As shown in Fig. 16(1), container A of the same type as
used in Example 18 was filled with a column 21 of the same
soil composition that consisted of a contaminated soil in
saturated zone 22, a soil in unsaturated zone 23, an iron
powder layer 24 and a heap of soil 25. An experiment was
conducted under the same conditions except that no gas was
blown into the soil system via a tubular column.

The results are shown in Table 21 under Test No. h.

Since only small quantities of TCE were detected from those
portions of the unsaturated zone 23 and the top of the column
which were bridged by the iron powder layer 24, the TCE
degrading effect was clearly achieved by the iron powder layer
24. On the other hand, the water samples from the saturated
zone 22 were found to contain TCE even when 5 days passed from
the start of the experiment. It is therefore clear that
without continuous supply of a gas into the contaminated
groundwater in the saturated zone 22, the iron powder layer 24
alone is not advantageous for the cleaning of the soil in the
saturated zone 22 since it takes an unduly prolonged time.
[Comparative Example i]

As shown in Fig. 16(2), container A of the same type as
used in Example 18 was filled with a TCE-contaminated
saturated zone 22 in the bottom to a thickness of 30 cm, a
non-contaminated unsaturated zone 23 in the middle to a
thickness of 30 cm, and a heap of uncontaminated soil 25 on
the top to a thickness of 20 cm; the resulting soil column 26
had no layer of iron powder. The thus prepared column was
left as such for 5 days and, thereafter, the profile of TCE
concentration in the depth direction was investigated.

The results are shown in Table 21 under Test No. i. When
the soil column was left as such after its preparation, TCE
was continuously detectable in the water samples from the
saturated zone 22 initially contaminated with 100 mg/L of TCE;
in addition, a high concentration of TCE was detected in the
soil gas from the top of the column. Taken as a whole, the
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supply of nitrogen gas are shown in Table 21 under Test No. j.

When nitrogen gas continuously supplied into the soil
composition having no layer of iron powder, the TCE
concentration in the saturated zone 22 at the bottom of the
column decreased to an almost undetectable level; on the other
hand, the TCE concentration in the soil gas from the top of
the column was so high that TCE would not be degraded but
discharged as such into air atmosphere.
Industrial Applicability
As described on the foregoing pages, the method of the

present invention according to its first embodiment can treat
soils that are contaminated by chlorinated organic compounds
and which have been difficult to treat by the conventional
technology. The soils that can be treated by the invention
include not only the soil in the saturated zone below the
groundwater level but also the soil in the unsaturated zone
above said level, as well as excavated soils. In the method
of this invention, an iron powder that is restricted in carbon
content, particle shape and size is added to soils in a
restricted amount; the method is fairly inexpensive and can be
implemented at ordinary temperatures by a convenient means of
adding and mixing an iron powder alone in a smaller quantity
than in the prior art and, as a result, contaminants can be
degraded within a short time to such a state that they are
harmless and have no environmental impacts. This advantage
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can be attained more easily by using a spongy iron powder
and/or a copper-containing iron powder.

According to the second embodiment of the invention,
soils contaminated by chlorinated organic compounds can be
cleaned with the iron powder at a significantly high speed as
demonstrated in Example 2.

According to the third embodiment of the invention, the
contaminated soil is heated during cleaning and this further
increases the speed of cleaning the soil with the iron powder.

According to the fourth embodiment of the invention, the
contaminated soil and the iron powder are mixed uniformly and
this facilitates the cleaning of the soil.

According to the fifth embodiment, a reagent such as the
iron powder need not be mixed uniformly with the contaminated
soil and it can be cleaned irrespective of whether it is
treated in situ or an excavated soil or whether it is in the
saturated or unsaturated zone; this contributes to greatly
facilitate the step of mixing and dispersing the reagent in
the soil, thus enabling the cleaning of the contaminated soil
to be implemented at low cost. Dispersing of the reagent can
be assisted by various means; if a sheet-like mixed and
agitated phase is applied, the step of dispersing the reagent
is greatly simplified and efficient treatment can be achieved
on soils that are contaminated to small degree but over an
extensive area; if a columnar mixed and agitated phase is
applied, efficient treatment can be achieved on soils that are
contaminated to high degree as in a contamination source and
which are located deep in the ground and, in addition, the
step of dispersing the reagent is greatly simplified; if a
sheet-like mixed and agitated phase is combined with a
columnar mixed and agitated phase, a contaminated soil in an
extensive area including a contamination source can be cleaned
efficiently by dispersing the reagent in a simplified manner;
if the sheet-like mixed and agitated phase is applied in
superposed layers, soils that are contaminated to high degree
as in a contamination source and which are located deep in
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the ground can be cleaned efficiently by dispersing the
reagent in a simplified manner. Excavated contaminated soils
can be cleaned by similar simple steps of applying various
means for dispersing the reagent in the soil. If mixed and
agitated phages are spaced apart by distances of 0.05 - 5 m,
adequate soil cleaning can be accomplished even if the reagent
is not uniformly mixed with the soil or if it is distant from
the contaminant.

According to the sixth or seventh embodiment of the
invention, the following advantages are attained: (1) if a gas
is injected to the neighborhood of a contamination source in
the ground with an iron powder mixed and agitated phase being
preliminarily placed near the contaminated area, the injected
gas causes the underground contaminant to move over an
extensive area including the contamination source and, as a
result, the reaction with the iron powder mixed and agitated
phase is promoted to realize efficient cleaning of the
contaminated soil; (2) if a gas is released into the
contamination source in the saturated zone, with an iron
powder mixed and agitated phase being preliminarily placed
near the contaminated area, the contaminant dispersed or
stagnant in the saturated zone is fluidized to move, for
example, into the unsaturated zone and, what is more, the iron
powder mixed and agitated phase placed near the contaminated
area, for example, in the overlying layer further increases
the efficiency of degrading the chlorinated organic compound
which is present as the contaminant in the soil; (3) if the
iron powder is added in an amount of 0.1 - 10 wt% and if the
iron mixed and agitated phase is applied in at least one
single layer having a thickness of at least 1 cm and/or as at
least one column having a diameter of at least 1 cm, cleaning
of the contaminated soil can be performed in an efficient and
economical way; (4) if an inert or reducing gas is injected
into the ground, oxygen is removed from the soil and a
reducing atmosphere is created in the soil, improving the
ability of the iron powder to degrade the contaminant; and (5)
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if nitrogen gas having a purity of 98% or more is used as the
inert gas, a reducing atmosphere can be created at
comparatively low cost to improve the degrading ability of the
iron powder.
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1. A method for remediation of contaminated soils by which a
soil contaminated by a halogenated organic compound and having
a water content of at least 5% that is located either deeper
or shallower than the groundwater level or a soil contaminated
by a halogenated organic compound and having a water content
of at least 5% which has been excavated is cleaned by allowing
at least one of a spongy iron power and a copper-containing
iron power to be present either within or near said soil so
that it degrades said halogenated organic compound.

2. The method according to claim 1, wherein said apongy iron
powder contains at least 0.1 wt% of carbon, has a specific
surface area of at least 500 cm’/g with such a particle size
that at least 50% of the particles pass a sieve of 150 pm and
0.1 - 10 wt%, based on the amount of said soil, of said spongy
iron powder is allowed to be present either within or near
said soil.

3. The method according to claim 1, wherein said copper-
containing iron powder has a copper content in the range of
0.1 - 20 wt% and 0.1 - 10 wt%, based on the amount of said
soil, of copper-containing iron powder is allowed to be
present either within or near said soil.

4. The method according to any one of claims 1 - 3, wherein a
reducing substance that is water-soluble and which exhibits
weak acidity in water is added together with said iron powder
as it is allowed to be present either within or near said
soil.

5. The method according to claim 4, wherein said reducing
substance that is water-soluble and which exhibits weak
acidity in water is selected from among inorganic compounds
excepting those containing at least one of nitrogen and
phosphorus and added to said soil in an amount of at least 100
ppm.

6. The method according to claim 4 or 5, wherein said
reducing substance that is water-soluble and which exhibits
weak acidity in water is at least one compound selected from
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either said iron powder or said copper-containing iron powder
or both are not mixed uniformly with said soil but are
dispersed in the ground near said soil.
13. The method according to claim 12, wherein either said
iron powder or said copper-containing iron powder or both are
dispersed by a means of applying a sheet-like phase in which
either said iron powder or said copper-containing iron powder
or both are mixed with the soil under agitation (said sheet-
like phase may be parallel, normal or at an angle to the
ground surface).
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14. The method according to claim 12, wherein either said
iron powder or said copper-containing iron powder or both are
dispersed by a means of applying a columnar phase in which
either said iron powder or said copper-containing iron powder
or both are mixed with the soil under agitation (said columnar
phase may be parallel, normal or at an angle to the ground
surface).

15. The method according to claim 12, wherein either said
iron powder or said copper-containing iron powder or both are
dispersed by a means of applying in combination a sheet-like
phase in which either said iron powder or said copper-
containing iron powder or both are mixed with the soil under
agitation and a columnar phase in which said iron powder or
said copper-containing iron powder or both are mixed with the
soil under agitation.

16. The method according to claims 13 or 15, wherein said
sheet-like phase is applied in a plurality of layers.

17. The method according to any one of claims 13 -~ 16,
wherein said sheet-like phase and said columnar phase are each
applied in a plurality of locations that are spaced apart by a
distance of 0.05 - 5 m.

18. The method according to claim 12, by which a soil with a
water content of at least 5% that is located either deeper or
shallower than the groundwater level and that is contaminated
by a halogenated organic compound is cleaned in situ by
blowing a gas into or near a contaminated area so that said
contaminant is moved at an accelerated rate and degraded with
an iron powder mixed and agitated phase that is preliminarily
placed in or near the contaminated area.

19. The method according to claim 12, by which a soil with a
water content of at least 5% that is located either deeper or
shallower than the groundwater level and that is contaminated
by a halogenated organic compound is cleaned in situ in a
saturated zone by blowing a gas into or near a contaminated
area so that said contaminant is moved at an accelerated rate
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and degraded with an iron powder mixed and agitated phase that
is preliminarily placed in or near the contaminated area.

20. The method according to claim 18 or 19, wherein said iron
powder mixed and agitated phase consists of at least one
single layer in a thickness of at least 1 cm.

21. The method according to claim 18 or 19, wherein said iron
powder mixed and agitated phase consists of at least one
single column in a diameter of at least 1 cm.

22. The method according to claim 18 or 19, wherein said iron
powder mixed and agitated phase consists of at least one
single layer in a thickness of at least 1 cm and at least one
single column in a diameter of at least 1 cm.

23. The method according to any one of claims 18 - 22, wherein
said gas has a lower oxygen content than air.

24. The method according to any one of claims 18 - 22,
wherein nitrogen gas with a purity of at least 98% is used as
said gas.



