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-1 DESCRI PTI ON MTHOD OF PURI FYI NG SO L
AND/ OR GROUNDWATER 5 Techni cal Field [0001] The
present invention relates to a nethod of purifying
soi|l and/or groundwater adopting a conventiona
approach in which hydrogen peroxide is used as an
oxi di zer, wherein it is possible 10 to acconplish
purification of polPuEi 8nCwRt RoBt Td&cPeMsi ng pH of a
purification object and to shorten the purification
period, and further it is possible to apply to the
purificat] f_highl concentrated pol [ution. 15
Backgroaﬁ%8g9$ °€0%6§¥FY%§GaS?5£tA¥Hé R pSRPRPEATES
organic matters in soil and/or groundwater
significantly affects the environnment becones

r@8BRALERE. FY@igous regul ations are enhanced. Under the

20 circunstances, the pollution that has been
[eoouqul ated or neglected until now needs to be
purified. The term"organic matters" used here refers
mai nl yThe peesestenhvengaohcredapesndds a Wik€hod@r€f purifying
difficult to be deconposed by living organisns and
spht lnde's Tagr ¢ Whdn bat edoprdser v abnvest ianedwprroach in which
conpounds 25 contai ned in petrol eumand any fractions
hyferedt PeanrddmatedsedraganncosbRboshdyheatindn A i§kmssible
0003] Various physical, chem cal, and bj ol ogi cal _
et AT o ST ol R o r&%e/@%]e]éhtﬂtqr? ey W Hp sIsFigpsing pH
rify. tion.- 2 uch organic maiters. A .
O%%y%?%éﬁﬁ%?%é‘é%o%j ik Fﬂdcg%{is}no%a ggﬁr?‘ﬁ?l Joﬁ‘ﬁjf%la period,

aisdl RS HRW 1 Pas godhbsadvant %%%619;?% n?ﬁeg?gg?_ﬂcrattion of highly

processing is required for pol T'utants.
cncdiol 08t € abo nBLtash of purification is a method |ess

af fecting the
Background Art
[0002]

As a fact that pollution by organic matters in soil and/or
groundwater significantly affects the environment becomes
apparent, various regulations are enhanced. Under the
circumstances, the pollution that has been accumulated or
neglected until now needs to be purified. The term “organic
matters” used here refers mainly to persistent organic compounds
which are difficult to be decomposed by living organisms and
includes agrichemicals, preservatives, aromatic compounds
contained in petroleum and any fractions thereof, chlorinated
organic compounds, and the like.

[0003]
Various physicail, chemicai, and biological methods of

purification have been tried to apply to purify the pollution
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5 anbi ent environnment but has a di sadvant age of

difficulty in acconplishing a satisfactory effect for

hi ghly concentrated pollution. On the other hand, a

cheni cal nethod of purificatién~is a nethod that

deconposes target pollutants and, therefore,

secondary processing is not required, and a
byat el gt efBeters cArphnes boxbmsltishedff purhf ghhyion can
concentrated pollution as well. [0004] There is known

PRTrEEHt BALpRBEEsEIFRASwhPER BASoRi digedvanepgeashat secondary
hyd i de, (e.qg.; f
PR PP ERa R Eh AR BFE) DoRalhean. bbpryers B onants - A
i Qni . dd t .
USR8 Gy OB B ARG OO 8L
afb 98ht Co IR LRS5O l§§tt9agxédﬁié gt%ngﬁggng?sﬁ\%?gﬁulty in

organic matters. An attenpt has n made in

atbbspFesh Ofig P& 06868srh 6t 3PP| befebh tHE WEEROY Gbncentrated
purifying soil polluted by persistent organic

pcbhpoilods (Qretbe ¢tohdathenid, Dectheemitcsl) me2Bop000Fuditfication
is said that the optimumpH range is 3 to 4 in a usua
1Fentptiprdddsst deraihe seadtdnget P pH ardrgearahowdierefore,
neutrality, iron ions as a catalyst are converted to
SEYR KT WS SEAS W BE NPF g PHinacbd 2ng reathisFagpry effect
t hat the reaction, hard oceeds. 25 However ,
CHS gy Fat v %&ri Hegﬁvoﬁ%‘f’e@wt?@ Rattuktens well.
{65b&pe opti mum pH range 3 to 4, secondary pollution
may occur and spread due to elution of heavy-netal

COMPONeRL se i $Ablin eiirFerFHo(iIleErBeeggvﬁ{ W3 an oxidizer such
ha mhlc%

di sadvant age, an approach been proposed in \
adf i fefdpagedd saused ddnfainy Qg puridicald o Btate

3 a constant pH of near neutrality. Patent
hdprameitst?) ahdt3I-apsapede adsh tbas Hina oxity z2era aadalyst
a buffering agent in order to prevent decrease of pH
axfeddeddéeonposiatomwirpull weddicals, gahiichnat¢ eérrsan reacted
However, the above docunents do not describe 5 a neans )
WGt Opeve it FAGLBFECT pidsatironxbfiakbyal Vi deremrosadhagrganic
i,r.on I in hi gh pH range, Wthout this
mar%tgeﬁfssqs inCQEQe%E%% has eengma%e ig elCh this Fenton process
is applied in the method of purifying soil polluted by persistent
organic compounds {(refer to Patent Document 1}.
[0005]
It is said that the optimum pH range is 3 to 4 in a usual
Fenton process. 1In the reaction in a pH range above neutrality,
iron ions as a catalyst are converted to hydroxide so as to be
precipitated, with the result that the reaction hardly proceeds.
However, assuming that the purification of soil is carried out
in the optimum pH range 3 to 4, secondary pollution may occur
and spread due to elution of heavy-metal components in soil. In

order to cover this disadvantage, an approach has been proposed

in which a buffering agent is used to carry out purification at
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bl ocki ng of a passage or piping is likely to occur due
to precipitation of netal conponents contained in
groundwat er, such as iron, depending on the kind of
oxi di zers or environnent of 19 a site to be purified,
thereby posing a problemin a purification work.
[ 0006] Further, addition of an oxidizer and a
achenatang afenf nesrprepdseditm. orderento prevesmits 2 and 3
recipitation of metallic ions 15 such as iron as a
Pg%%ﬁ?s?@dml% Phvaahtroslidiaic rosea PufpParéne ®seuein order
t4’ addit{o& of the cEelﬁting ageat is carried out in
BrRer V" preVERRSPr BEi Bi't AP oh®of e HEIRP§F#BR,. ©Ff pollutant
r i t a used ig in acidic side, . a .
o e S P R UE R o BB bR G e aboribe

a aflslegs | So ASy SERLA+ A%y %%@%%Hﬁm 3P A&l Ofc 11O such as

so that there remai ns a danger that secondary

ipohlagisncstghyas ehudiRigRfpHeaNNgEBT a1 QRAW SHik means,

~terns of the pHrange of the liquid. Also in an

blowleimg onf dh sghesage i or Rat phtg DocuneslyStoacccur due to
conbi nation of a chelating agent and an oxidizer is

PR ®Posial: i Mpwdvee ta hddinpicmendfs ¢tret ghetdtimmgragedvaisr, such
25 conducted in order only to prevent precipitation of

ek 2 ASRARAIRAICIT dh ripdmf theididars@r environment of
description abaut a ans for preventing decrease of, _

2 5H 8@@@3& B&}ré%&ﬁfjf eﬁ%ﬁes%wﬁﬁl&ﬁdatwb%ef%? Fputfifd cation

ondary pollution such as elution of heavy netal

W A .
nore likely to occur in terns of the pH range of the
[dogBy d. ... .4 [0007) Further,

addition of a chelating agent in a pH range near

neut r afutthés, PA@POSESh FatantoDRGUWENt. R i PRI®% ing agent
addition of a chelating agent such as EDTA. However,

isEDFApcsegensi stdrt: andobetdet ef os€i ptyasi@gnidi eatdM ic ions

affect the anbient environnent such as ecosystens
suffeAsberoly as@dchhadgsbal bumrf loaendnoofdseclosed in Patent

especial ly, used in situ, which may cause a serious

4,” addition of the chelating agent is carried out in

order to prevent precipitation of mainly iron. However, since
the pH range used is in acidic side, a specified molar ratio of
the chelating agent to be added is as small as 1/3 based upon
that of iron, so that there remains a danger that secondary

pollution such as elution of heavy metal occurs in terms of the

PH range of the liquid. Alsoc in an invention disclosed in Patent

Document 5, a combination of a chelating agent and an oxidizer
is proposed. However, addition of the chelating agent is
conducted in order only to prevent precipitation of metallic ions
such as iron and there is no description about a means for
preventing decrease of pH caused by a buffering agent and the
like, so that secondary pollution such as elution of heavy metal

more likely to occur in terms of the pH range of the liquid.
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Further, as described in Patent Docunent 5, shortage

of the anmpbunt of the chelating agent to be added

causes precipitation of 10 netallic ions and excessive
amount thereof reduces purifitation effect; thus, in

either case, purification cannot be carried out

effectively. Patent Docunent 1. 15 Jpn. Pat. Appln.
(@@ pen Publication No. 7-75772 Patent Document 2:

Jpn. Pat. Appln. Laid-Open Publication No. 2004-202357

Pat ent FBBEURENt2 1 G ofap . chpla hing Agerdpén 2 pH range near
Publicatian No. 2004-305959 20 Patent Docunent 4. .
NSRS htY SApBERPOEE . CRRRCBhOIT At T BT OB6aES1addbgion of

P . : . | n. Laid-Qpen .
@ ST TRE T Sudd0EtTs- PIPunvebodtihe Sopessipkqnt and
: . "o i ) 7 .
t:D sg?ggtﬁggggﬁgﬂégﬁEég%?%J%P%ro Iensgfgg%é%sg?géﬁo%@ent such
ad hacd et Owhd00BInP uskie I exantal e QL8 of soil,
been nade in view of the above problens resided in
eqrecimlilor, ardex] famds B objlecth they eefiuss & O0sepiOVsderéblem.
nmet hod of purifying soil and/or groundwater capable

Figrthagsi oy agspiiiing 6o Ratsyst Bocohepors f ghogtage of the amount
soi | / groundwater 5 pol | uted QX persistent organic
ofc dhSoritRL &t 0% agenk ia Rrutaddsd eeaysrs tieeahipl eaition of

I , 5, and the |ike, ble of =
T e R S AL Pt SHBTe-peragcation
i d j f d furt 0 .
Ty A i DI EOnRBALT d Bh barT ot o= 1D g Tt out

e £3Qlo¢iiR@ 1the Probl ens

Patent Document 1:

Jpn. Pat. Appln. Laid-Open Publication No. 7-75772
Patent Document 2:

Jpn. Pat. Appln. Laid-Open Publication No. 2004-202357
Patent Document 3:

Jpn. Pat. Appln. Laid-Open Publication No. 2004-305959
Patent Document 4:

Jpn. Pat. Appln. Laid-Open Publication No. 2002-159959
Patent Document 5;

Jpn. Pat. Appln. Laid-Open Publication No. 2000-301172
Patent Document 6:

PCT Appln. Laid-open Publication No. 2003-503197

Disclosure of the Invention
Problems to be Solved by the Invention

[0008]
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[0009] As a result of the intensive studies to solve

t he above problens, the present inventors have

finally found that a method 15 conprising adding a

bi odegr adabl e chel ati ng agent>to a purification object

to produce an iron ion conplex and then adding an

oxi di zer, and preferably further adding a pH buffering

agent The papabhe bivewchmpllisshioegrefibdet ineview of the above
purification while preventing secondary pollution
PEGRLBHS byl &2 d okt dheneavpIndtriFs, 229 s Agldctaghereof is to

reventin eci piLtation of irop_ions, as a catal yst
pFBVlggc%ﬁ%%EE?éogfr%%E%EBhn%fS%biI%?%ﬁ?%,g%ﬁﬂnﬁﬁ%Eer capable
0 d .invention, That is, th resent
of B L o bP sy he B RerkBhoDr O toBPF S ¥RG S AOuh/ FropRgnatex
pbol hewingy (A2 rk@stdht 8§g%ﬁchcgﬁFBHgdgfaeuahf¥ﬁgg without
soi | and/or" groundwater characterized in that it
2£08PEisgStha shBpeRt additbanent aeébggg%ﬁgélb&ﬁd the like,
chel ati ng agent wherein a di car boxynet hyl am ne
cépaldbgredablcenphelsatngge agest 1 ve epiesend£ei &y itthehort period
follow ng general fornmula (1) is added to a - 6
opurinte catd om bifetty,i angd fokaheratapableOob porAfPitg highly
iron ions being present in the purification object to
CRHe By FRF nRO EBwhi @%- of bi odegradabl e chel ati ng
agent and iron ion; and a step of addition of an
oxi di zer wherein an oxidizer is 5 added after formng
C I whi l e .maintaipning the pH value of the
M%%?sl féig(;gt?%%wé% e% ea]?r%jg%m 0. [Chemcal formula 1] /

X RN\ M 10 CH2COOX (R represents an organic
group not containing nitrogen atons, and X represents

H or amsad kadduinets kh@ziniaﬁsgﬁghggu@ﬁegufbfé&ﬁé Othe above

according to (1), characterize
problems, the present inventors have finally found that a method

comprising adding a biodegradable chelating agent to a

purificationobjecttopwoducéanironioncxm@lexandthenadding

an oxidizer, and preferably further adding a pH buffering agent
is capable of accomplishing effective purification while
preventing secondary pollution caused by elution of heavymetals,
as well as preventing precipitation of iron ions as a catalyst
for decomposition reaction of pollutants, and have completed the
invention,
That is, the present invention provides a method of

purifying shown in the following (1) to (7).
(1) Amethod of purifying soil and/or groundwater characterized
in that it comprises:

a step of addition of a biodegradable chelating agent
wherein a dicarboxymethylamine biodegradable chelating agent

represented by the following general formula (1) is added to a
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in that said Rin the general fornula (1) represents
-CH (CH3) COOX, 15 - CH(COOX) C2H4COOKX,
- CH( COOX) CH2COOX, or -C2HASBX (X is H or an al kal
metal ). (3) The method of pur®fication according to
(1) or (2), characterized in that in said step of
addition of an oxidizer, said oxidizer is added while
puai hiabhiog eleepH Walaumodfirt het i20cPHUriF iteatti.Onto iron ions.
object at 7 to 9. (4) The nethod of purification
batee diasg ol amneapier bf i ¢ayien obidrt tehaeaeberfoedaigrmplex
£2§t, in said steg ff additi on of an oxidizer, at
© %?dﬁﬁﬁagﬁpﬁﬁf? F1RGRFeRTCRE| BREed PROHPR gRBYp
ot assj um car bonat e

. t . i b t h I . .
ol ol bt 5N A . SErRGnaB: i eLPBonarE e ShaT i (dizer is

' a%@%&%ﬁ%@ﬂﬁf’t@ off tl%%hﬂ@lehﬁgﬁﬁggﬁngﬁl b‘&qgt};gl-fi value

purificatlion according to any one

of 1)nd Opufﬁicé?@ﬁéﬁcé@%ééﬁdat nsthatigai d oxidizer is
hydr ogen peroxide. (6) The nethod of purification

[Glcantch hgf doma@ny Dhe of (1) to 30 (5), characterized
in that, prelimnary to the step of addition 7 of a
bi odegr adabl e chel-atH090%gent, it further conprises a
step of pretrgaiqent wherein the pH(df) the
purification objectcH.800¢xecreased from6 or nore to

ss than 5 but_ l.ess than 6 .so s to allowthe
o s Rt bt S T A oLy atoms,
arfd & NELOOCL A PUE 143 i AN RECQRALDE Lo any one of (1)
to (6), characterized in that, prelimnary to the

(Bt eheOlnerdidt beNpu el £acht 0drIL adabhenghel ating Ag8™oterized
it further conprises a step of pretréatnent wherein

in rbatisoris] Brien BdderkricoratthBopuni &i(dat tepresbpest-CHIQH3) COOX,
Advant ages of the Invention [0010] The net hod of
~QBUGAGRAtd ot Yoo r §HiF 00K ) Clle (RI0¥sent ~CaNe3R3BN*hds H or an
afggig(%;égq)qg advant ages.
(3) The method of purification according to (1)} or (2),
characterized in that in said step of addition of an oxidizer,
said oxidizer is added while maintaining the pH value of the
purification object at 7 to 9.
(4) The method of purification according to any one of (1) to
(3),charactefizedij1that,jj1saidstepcﬁfadaitionofEﬂloxidizer,
at least one pH buffering agent selected from a group consisting
of - sodium carbonate, potassium carbonate, calcium carbonate,
magnesium carbonate, sodium hydrogen carbonate, and potassium
hydrogen carbonate.
(5) The method of purification according to any one of (1) to
(4), characterized in that said oxidizer is hydrogen peroxide.

{6} The method of purification according to any one of (1) to

{(5), characterized in that, preliminary to the step of addition
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15 (1) It is possible to deconpose pollutant organic
conpounds in a high pH range within which elution of
heavy netals does not occur, at a particularly high
speed of deconposition wthout -inhibiting reaction of
a deconposition agent (an oxidizer and an
iron-chel ate conplex as a catalyst). 20 (2) It is
opos diislde gredefflectheébyiprevean t genefatitberandmprises a step
recigitation of hydroxide formed frommnetallic ions .
o5 phehEea ANt ashareht athstriinch BhghopH. fhageion object is
whereby ;a_purification process. can be carried out
dGFE RoTE ot U r rﬂ:"eWeolt&:ﬁlioﬁg18§Sat83§sgg'%uto}e%? iy 6 so
sqi,l ._and/or _groundwat er. caused,by_the .
e Feal PR a8 HH Tl e bt ssolSy frtg groundwater.
i bl 1 .S: ' [ t
P et B S AP T s o 0 o
(&Y £ chhipdegriadablie tehel gbidni Roenty thydhed8hep of addition
per oxi de as an oxidizer, and carbonate as a p
obuf képidegragebtie 8he({d)ihly dgepossitblfartbeacconpkisbs a step
purification of highly concentrated pollution. Thus,
chgumtdiargntentt Wbepeesehtronnvant izorg aiddeidst posst lpher i ftication
safely purify soil and/or groundwater polluted by
oltf@hi ¢ 5 compounds in short period of time. Further
it is possible to acconplish purification in situ
wi thout greatly affecting the anbient environnent
ch_as ecosyste and the like. Best Mde for
ASHYATRF @ Tie TRGRADR 10 [0011] Soil and/ or
[&6 dwater to be purified in the present invention
are ‘assuned to be polluted by persistent organic
mat t ershe EX&ARb@SoOfpli REF PEFBIGE ABELLASHA NELULBe present
agrichem cals, preservatives, aronmatic conpounds
ircenttaisrechd 9 yied riod Eowiang adyaritadeacti on thereof,
chl ori nated organi c conmpounds, and the |ike. Exanples
(f Tthe sapomatbéecbapdemadspesatzd hbdtam: petgayl eumanrbunds in

any fraction thereof include toluene, benzene, and the
a |high pH range within which elution of heavy metals does not

occur, at a particularly high speed of decomposition without
inhibiting reaction of a decomposition agent (an oxidizer and
an iron-chelate complex as a catalyst).

(2) It is possible to effectively prevent generation and

precipitation of hydroxide formed frommetallic ions such as iron

as a catalyst in a high pH range, whereby a purification process
can be carried out without occurrence of blocking of a passage
or piping for soil and/or groundwater caused by the precipitation
of metal components.

(3} It is possible to use agents having a low environmental load,

_that is, agents used in the present invention are a biodegradable

chelating agent, hydrogen peroxide as an oxidizer, and carbonate

as a pH buffering agent.
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Exanpl es of the chlorinated organi c conpounds incl ude
trichloroethylene (TCE), tetrachl oroethyl ene (PCE)
and the 20 |ike. Hydroxyl radicals generated by
reacti on of hydrogen peroxidé and iron ions in the
present invention have a strong oxidizing power and
therefore can be applied not only to the chlorinated

(argani ¢scpopeinds but aaksfpl @shobueneichenzanes h2ghly
oi | -based soil pollution. FOOlZ] A net hod of
cporghicatednpattotibng to the present invention

conprises: a step of addition of a biodegradable

chel at ThysagertoDdingdreitheap b sdeyriatedl el ohelidt iagossible

agent | s added to a_ purification object in a nolar
tPaF?Se6¥ BUBLty 2°Hlt 8ufl( B8R 96ﬁ§ndﬁé Ag BPé%éﬁﬁdthtﬁéqanlc

ur|f| atlon ob ect to 0
egr%dja%lséh telpaﬁﬁln%cs éjgér%tl%?n hfggn 1E\nﬂs pgssible to
[
a%%%“%P R R s 2 RS e the
bt ¥t Uenv O ofn PUELEL CALT 00, 0Dk eChs 3tnd LR 19 1)
Step of addltlonnof a blodegr%dgb e %h ?at?n% aagét
[ron ions being present in a purification object have
a 10 function of reacting with an oxidizer to
BgeheMode fiydrCxyryiagli catsthe Dmvertioel y deconpose
or ani ¢ pollutants in the purification object.
Bfore, it is only necessary for the iron ions to
be cont ai ned |29the purification object at a

concen??éiléﬂd ?fgﬁP%ﬁ@WFB?reFPeéﬁlQérbﬁiﬁét#vethe present
of the jron jons

eco OSItlon % ngcent tIO
LSRR 44 s dindd S spo{)f e a@ryp%mt%t groanic
mQ{%EnglHEigﬁﬁ ndi o t9E35P§ §9 %&h%Qslfggiu aqglé%emlcals,

ase wheré a suitable and e 1 ron IO

pl@éé@f\l‘@&ixyeé’r aseRbthb EANAGNRL ehrandhay %r?'plertroli hAeind any

addition of the iron ions is not require
tepeinth Rhee o, chlorinated organic compounds, and the like.
Examples of the aromatic compounds contained in petroleum and
any fraction thereof include toluene, benzene, and the like.
Examples of the chlorinated organic compounds include
trichloroethylene (TCE), tetrachloroethylene (PCE), and the
like.

Hydroxyl radicals generated by reaction of hydrogen
peroxide and iron ions in the present invention have a strong
oxidizing power and therefore can be applied not only to the
chlorinated organic compounds but also to toluene, benzene,
oil-based soil pollution.

[0012]

A method of purification acéording to the present

invention comprises:

a step of addition of a biodegradable chelating agent
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20 condition such as purification period, prelimnary
addition of iron ions to the purification object as a
pretreatment can inprove the effect and reduce a
required purification peried.9lnthe case of adding
iron ions, a conmpound that can supply iron ions may
be added to a purification object. Exanples of the
wkonrpoting Bﬁoﬁbgta@aﬁléuaﬁbYatﬁﬁ? kgBgti el Hd@eantbr an
salt such as ferrous sulfate, ferrous chloride and
puheficaeioThsbvset ampuntodfirt hetibrofi Gal ttd €.00to iron ions
particularly limted and determ ned case by case
bgepe pdiesgndnin Adeppi if f oat Lenebj el Yenbealebyt ferm a complex
aggunt of iron salts to be added is 0 to 0.1 % by
ohebyhterhederhe ohetabiBusagontsantai Eo0based’ upBh t he

t ot al _ anount__of Jurification ohbject. _The,iron salt, .
con 12 Sl a fTsn naroP o ERUVAREFSLR Theoridizer is
. SOl Yyt | LY. b a_wel |
R e R
o ROHIEO Usu SOF Ubd ©00h SoB PEEf gL abl ¥501 50 10 % by wei ght.
[0013] The step of addition of a biodegradabl e
(Thelsapn@ fagenti tiidh tde Preseigianeditd OhdSating agent:
preferably to be carried out without involving a
decr ea$econfidhe pH valpmeainta ipusi pueafioatbbhechjdOt have a
(while maintaining the pH value at 5 or nore) in order
fynripr@vent redction vitheavyonbdbter Howeereraia hphdroxyl
Egise where the pH value of a purification object is 6
TaiGRr e, POroftat HeRtY ndSCHaree? roeeRn bot P bl derrbastn the
t he val ue .of the rift§ation ohject to not |ess

H
P T | UL T han TS S S0 1 ow AN GRS [5pF the
ol ¢ . . ' .
L SR R B G I B s o ogpect ac @
cANE M a8 ¥e 0 125ty QEHH i1 G e 81 da s %i‘éldéﬂﬂ'rgéa%lt ion.
acid and organic acids such as acetic acid is add

THeD ce@iderantd/tdlorglodur@sat @bnt Qodeci gas eptkier dhd e efject is
to not less than 5 but less than 6 so as to allow the
plrigfmrdlonsabould sobllGlbmdi & aleperiditrgy gn duedpal eution level.
foll owed by addition of the biodegradable chelating
agent . A e s@sepadegisove supfpable amount of the iron ions is

originally present in groundwater and/or soil, further addition
of the iron ions is not required. However, depending on a

condition such as purification period, preliminary addition of

iron ions to the purification object as a pretreatment can improve

the effect and reduce a required purification period. 1In the
case of adding iron ions, a compound that can supply iron ions
may be added to a purification object. Examples of the compound
that can supply iron ions include an iron salt such as ferrous
sulfate, ferrous chloride and the like. The use amount of the
iron salt is not particularly limited and determined case by case
depending on the pollution level. In general, the amount of iron

salts to be added is 0 to 0.1 % by weight in terms of ferrous
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previously controlling the pH value to not less than 5
but less than 6 in the case where the pH val ue of a
purification object is 6 or nore, the required anount
of iron ions can be suppliedi1Zb to groundwater. That
Is, in the case where the amount of iron ions in
groundwater is insufficient, the pH of a purification
sobfecté bsssadepsamenbatoagsl dikouldhi 61 ak! Wi FN€at 16R obiect.
ions in soil to dissolve into groundwater to thereby
Teasuren saleguiarette supplied toncelit mald/ar wirbhodivaneedin the
of adding iron salts from- 11 - outside. The acid
feshpohediiagsed sbéntprat beaa el day secduppl 2 etkll dug in the
spil and/or groundwater in the form of aqueous _ _
Sebt ut i BPIGEFEATIAY Suchrds 2 llel 29wepus nsehetion is
soLl . The concentration 5.0f the acid conponent
PE%#%Y?‘%J;Y ¢ €?e’?érab’w Ue%%L’io % by weight. [0014]
{Jgf3piodegradable chel ating agent to be added is one
“certified as biodegradable in a biodegradability test
and 1 fhEl Hske D QRRGHAARPIIA BYHE68LoSRASHIEEAh DY OFY agent
GQuidelines. 10 In the present invention,
iditeRs poxyerthyhashbeohase e refelrabiiRdtcageMaS ried out without
represented by the follow ng general formula (1) are
inmselving 0D 1bd cf Cheei el tHorpill va Rie /o CH2GROX Abc&XMn object
(1). CH2COOX (R represents an organic group not

 (wohtaimaiing sdininagshe apibive L ueaatl Xareppesents oifderr iin prevent

al kali nmetal) 20 [0016] Exanples of the alkali netal
el Ept Ay @t Ber By metiald uddovsygirumi T Ng)e gagepvrassitdq pH value

ok LB ELERI ot B orgamL SfoUp Nl SOMANIG. o
oJéLtdnwé%r%%%%§%§EJ¥H value of the purification object to not
less than 5 but less than 6 so as to allow the iron ions in soil
to dissolve into groundwater. More specifically, an acid
component including, e.g., mineral acids such as hydrochloric
acid and sulfuric acid and organic acids such as acetic acid is
added to soil and/or groundwater to decrease the pH thereof to
not less than 5 but less than 6 so as to allow the iron ions in
soil to dissolve into groundwater, followed by addition of the
biodegradable chelating agent. As described above, by
previously controlling the pH value to not less than 5 but less
than 6 in the case where the pH value of a purification object
is 6 or more, the required amount of iron ions can be supplied
to groundwater. That is, in the case where the amount of iron
ions in groundwater is insufficient, the pH of a purification
object is made somewhat acidic. This allows the iron ions in
sbil to dissolve into groundwater to thereby ensure a required

iron ion concentration without need of adding iron salts from
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- 30

25 the carbon nunber of 1 to 4. More preferably, Ris

an organi c group not containing nitrogen atons and

containing at | east one selected froma group

consi sting of -COOX and -SO3X1 Even nore preferably,

R is an organic group not containing nitrogen atons,

havi ng the carbon nunber of 1 to 4, and containing at
oheastiepne 30 selected froma group consisting of

-COOX and -S03X. - 12 Anong the

di car bBkg et hy |camprerdras edeli Hde gradald st maahtelcatn hg supplied

agents represented by the above general formula (1),
toapeik il 9r sur eepiea eganit eshe ntdrrdec gyt e sp Rition by

in the above general fornmula (1) represents -CH (CH3) _
2 - e YeEngs @ Hiebbhdus l@tﬂ%@xﬁ@é—a > @pncentration

=C2HASO3X (X is Hor an_.alkali nmetal). ampl es .o ,
of TR PO LR BT S ot BET G Wiab B 10 & by weighe.
SoELpting agents include nethylglycine diacetic acid,
[ : : . : : : : . .
glutam c acid diacetic acid, aspartic acid diacetic
aci d, rRe BIbACGLRaRESY! EQBE Gt 86LdadbacetbChaChlde@Nds one
sodium salts 10 thereof. The addition of the chelating
cagent i Enes ab BSdeg oM PX 10fa i K DHde§P28E8bND1 Py eE8BE and
in a purification object to prevent precipitation and
igenorsitd dnladedmrdalhyditiy eceAn spwsuffied eng GRIM tdwondlelines.
of the chel ati ng agent causes precipitation of

19 éhe hyeFENE Bhderkiessidicadut vt hykaebie-Igsed chelating

inhibits purification. Thus, the chel ating agent is
gt FSBFGS68&6Y by Ahsof ot L ewind Isnerad formupapbidegre used.
[dﬁ¥gﬂ 1 nol of ironions. |In particular, a nolar ratio

0 .0 to 2.0 based upon 1 nol of iron ions provides

[ dMgher f%gﬁﬁiaQ?F thus preferable. The chelating
n be suppli

agent ca ed to soil and/or groundwater in 20
the form of aqueoysg;gebaption by a facility such as a
well dug in the soil. The supply of (tjhe chel ating
agent can be cartied, conti nuously or
intermttently. The concentration of the chelating
agent aqueous solution is preferably 50 to 5000 ng/L.
(H 0@bHe s2m (2 )arStoap aofi caddicdupomeaf camt@Xindineemitrogen atoms,

and X represents H or an alkali metal)
[0016]

Examples of the alkali metal represented by X include
sodium (Na) and potassium (K).

Preferably, R is an organic group not containing nitrogen
atoms and having the carbon number of 1 to 10, more preferably
the carbon number of 1 to 4. More preferably, R is an organic
group not containing nitrogen atoms and containing at least one
selected from a group consisting of -COOX and ~-S0O3X. Even more
preferably, R is an organic group not containing nitrogen atoms,

having the carbon number of 1 to 4, and containing at least one

selected from a group consisting of —-COOX and -SO3X.
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In the purification nethod according to the present
i nvention, an oxidizer is added after the formation of
a conplex while maintaining the pH val ue of the
purification object at 5 t0120 foxidizer addition
process) . Since organic pollutants are - 13
deconposed after the formation of a conpl ex of
bi odegradabl ehecte¢kbatbbngyagenty landnierbasktdnbwbiikgradable
mai ntai ning the pH value of the purification object
Claelat hvghaginvalneprdgerntseddnsithlee abovepgenensl efatmela (1),
of heavy netals, as well as prevent generation 5 and

PRpFetFpl 2Bty S ispliler pragat ¢6 dnBigfppes Wiendia R in the above
i di tq b d _includ '
oL B0 L ¥ e A PSR Breliton cattacoon,
) B . t |
PPIEOT] GraBanReal o onkiboRel eell Bl oA G, peca).
of danpgespiasthe EH&!‘ag{igﬁﬂaxx&@tﬁg%ﬁ&hgﬂegg A

cost, and versatility. ough varying according to
bidge poddatt1 ONcH evet i e thddie: anauntu & Mahef ¢y P8e diacetic
i njected or punped into soil, the injection
acohcefiturtaniianaafid dydeegen aerdXiadears ipr etedadl ycdt e acid,
to 5 % by wei ght based upon the anmobunt of water to be
21 ijreicteathame gehéoal ¢ aded udka eeplmtadbd of aig dsodfenm salts
peroxide is not particularly limted and determ ned
thargohy é"é’@ea@%bgh@mﬁé Bie idhe Lgdliing A9ant arsleragmsi @momplex
nvi ronnent, and the purification period. The oxidizer
Oﬁaﬂﬁf% l%;}fiﬁjir&j Y Ehd &urdf%ﬁml’eromr‘?qthgo prevent

or.r eoys i.on b aciliity such as a well
ol ugglrﬁlggaftﬁlgo%%oaf d gsl%eeul‘lsitplp Iﬁ/y%% %?rlflr{éy%%td‘? zer can be
carri ' . i.nt ' .
concgﬁg?g#?%n o%étﬂe 3%%%?§§?pé§ﬁggﬁi%g%ﬁﬁﬁPéﬁpgge“t canses

pri¥Efera Yon bt S3S Hhyrved dita 400483 1 Jhe @i 10Nt hereot

of an oxidizer is preferably carried out in 25 a pH

irtaiger svpuilniif iwhitdbnt. heTeb § pathofchehatchel ageng Bg@rteferably
satisfactorily appears in the above oxidizer addition

- ugnchépsy molsg rhatoief ils necebshbpstes npbntAmelt b iptén ions.

range of _the )
In particular, a molar ratio of 1.0 to 2.0 based upon 1 mol of

iron ions provides a higher effect and thus preferable. The
chelating agent can be supplied to soil and/cr groundwater in
the form of aqueous solution by a facility such as a well dug
in the soil. The supply of the chelating agent can be carried
out continuously or intermittently. The concentration of the
chelating agent aqueous solution is preferably 50 to 5000 mg/L.
[0017}]
(2) Step of addition of an oxidizer:

In the purification method according to the present
invention, an oxidizer is added after the formation of a complex
while maintaining the pH value of the purification object at 5

to 10 (oxidizer addition process). Since organic pollutants are
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purification object at 5 to 10, preferably 7 to 9.

However, there may be a case where the addition of an

oxi di zer accel erates 14 deconposition of organic

pol lutants in the purificati d® object to cause a

decrease of pH of the purification object. Therefore,

it is preferable to add a pH buffering agent that can
dempmpasad tfieeabolie pblrmangen 5fAs thappkikbuffetbaggradable

agent, carboni c acids, phosphoric acids, acetic acids
chadat hagl M@nbr@céplmmpmoax erlhylseern@@néamong bse.pH value of

Among them the carbon acid bufferlng agents are
t%?elP%FéSil%at%%ﬂsP}aé‘??ﬁga’? hathigh c@ﬁﬁ Yad ¥ i HE the gRepible to

ication ect hin which t

PEPTERE GrUE R Chle T g SO St W1 oaFi B Sty 1dgperation

aARPEALS; Bl Nof eL im0l coyiLopental |oad. = Examl es

oni ¢ acrd I'ng agents include sodi um
car bongkenppakassi uALCaLhANALSs €8l pLulkear BARALRe nydrogen
magnesi um carbonate sodi um hydr ogen carbonate,
pPPORESE PNp by ds BigeNat & asHDPAl 8= ABErbbEat b kepe EXaARE €Ssalt,
of the phosphoric acid 15 buffering agents include
pelrisoda ten pedraagen cphosphaice;acodi wea 1di ydrogedike. Hydrogen
phosphat e, di potassium hydrogen phosphate, potassium
Pefrpytdogempiioophacsabig irhéelrinkeo f Brnapkest @thelmvironment,
acetic acid buffering agents include acetic acid,
ORYER kv Rkt BY e, CoF e Y?R%athl%ndUtMgh Ve rying
ref rable t useﬁiﬁytnn ydr rbonat e

B | tiedn =it hoSodani bapboriter to be
d.
‘%J%%?%@fm@’ G SR D R A8 eoneaprpetion of

hﬁ@%é@éﬁ‘§é¥g%£8@”1%np%%kgr§8§bu@15@%§Qﬁ%eb¥ f%. Bgsed upon
al ways necess to

decrease of pH occurs, it 1s”not

tladchineouatt U hatbRgragenti e diat agnt a@nek—bnan@ee afse amount

purification object is 5 to 10. However, in order to
ofédmhﬂxﬁnEpepuxnﬁecasumﬁ:pamtadulamlwslﬂm$téahh&iw@termined
add a pH buffering agent to control the pH value at 7

cage Ry TrRshuddrendinagenttitarrgelution level, ambient

environment, and the purification period. The oxidizer can be
supplied to soil and/or groundwater in the form of agueous
solution by a facility such as a well dug in the soil. The supply
of the oxidizer can be carried out continuously or intermittently.
The concentration of the oxidizer aquecus soiution.is preferably
0 to 35 % by weight.
f0018]

The addition of an oxidizer is preferably carried out in
a pH range within which the effect of the chelating agent
satisfactorily appears in the above oxidizer addition process,
s0 that it is necessary to maintain the pH range of the
puxificétionobjectatEStoZUL preferably 7 toc 9. However, there

may be a case where the addition of an oxidizer accelerates
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- 15 supplied to soil and/or groundwater in the form

of aqueous solution whose pH val ue has been

controlled at the intended range by a facility such

as a well dug in the soil.-[0@19+ 5 Although the

purification nmethod according to the present

invention is basically assuned to be applied to
dpooinposation of owpidi apdlantgroundwatRe puirsfichtihe object

present invention is not |imted to this
teodusgupatdomaup ey odl Sloe Ipelrdgildaéd dnoob $econddtherefore,
,grpcessing performed ex situ. 10 Exanples [0020] _ '
1'sokhe RE@Fpiasl e drd yiddgaont PHECpréBEnegehy ehalorras Ilaintain

be escrigﬁd bel ow. Note that the foll ow ng exanples
U ABYVFiRTt T3R8t he present invention. [0021]

> . - les 1 to 9> 15 .
o Fo LooF iEe BB B A i CBEGar SRBrRF Canbure” oPrgoPhoric

) a t . ) a . . . .
%ﬁé% a&&f@%%ltldso hiom,d %wgera:%epgsgkgpmt@ﬁ eg%ixgc@ed for

20 vial to generate an iron ate co

ustibsegueny tiensitRd ahedoRQldM Bdryat-ehg ridare preferable
tetrachl oroet hyl ene (PCE) had been diSsolved as a

. camod B¢t En@itgani Tt canpouirt ain ahe@entytas pani f otalfohi@bject
28 ng/L, 680 ng/L (in the case where pHrange is 5 to

a®)] B3 hylitiim viheclcdde whisfeactplb f drige dlsTAttiOgB)ageort most
660 ng/L 25 (in the case where pHrange is 9 to 10) of
SHyHF tRferP pel v drrearamnd buf fermagehgantifermental load.
ijon liquid at

mai nt ai ni t he pH of, the react a ,
B Shioydiif GATRAT IS SFich R A g GIE diclude sodiun
C onat e/ sodi um carbonate _or a .conmhi nation .
c o% !aIge éI]'C pa%‘fr%%lo%? UTR ACE R Y et e P r%adrk??ﬁn%?hé“agnesmm
Mhdnadde via macam- Sealed.,and &
c pur ir%af cation tuest S canr rffjagrdb out .g’AfEf er eﬁala%%ehydmgen
carbonate and the like. Examples of the phosphoric acid

buffering agents include disodium hydrogen phosphate, sodium

‘dihydrogen phosphate, dipotassium hydrogen phosphate, potassium

dihydrogen phosphate and the like. Examples of the acetic acid
buffering agents include acetic acid, sodium acetate, and the
like.

Among them, it is preferable to use sodium hydrogen
carbonate independently or in combination with sodium carbonate

in terms of cost, solubility, and pH level. Alternatively, it

- 1s also preferable to use acetic acid in combination with sodium

acetate.

Even if decrease of pH occurs, it is not always necessary
to add a pH buffering agent as long as the pH range of a
purification object is 5 to 10. However, in order to reduce the
purification pericd, it is desirable to add a pH buffering agent

to contrel the pH value at 7 to 9. The buffering agent can be



10

15

20

25

of a certain tinme (1h) fromthe start of reaction, the
PCE concentration in the liquid was neasured so as to
check the progress of purification. 5 The test
results wherein nethylglyctndidiacetic acid (sodium
salt; product name "Trilon M (registered trademnark)
provi ded by BASF Japan Ltd.) or L-glutamc acid
sapateeédctacsdil (sndyum gabthdweagentin gRaukaehubedalieous
Tokyo Kasei Co., Ltd.) was used as a chel ati ng agent
s el ghowrrsanpExanplesat beeB dontrtQ IEabke the Theehdstl range
results wherein the chel ating agent was not added or
byl ychbartl hey dseehetfyp eviel di diPnéndtbacephile aci d each

@@ ich has biodegradability but falls outside the
Qb of the present invention was used were shown in

Coras 4 B8 B P B o e
i eﬁtf%ﬁnl d@fﬁa@l@ ys U M to ion of
¥ 2 KR K02 R o R S

sé‘ilfe)n&l)o@)gl_QouIQ:lLNateﬁ- :IVM 5191, Nhd ))prdbdhtN MNRMNNis not
NNN a ri LGWO -

limited to thls configuration, but may also be applied to

secondary processing performed ex situ.

Examples
[0020]

Some examples carrying out the present invention will be
described below. Note that the follewing examples do not limit
the present invention.

[0021]
<Examples 1 to 6, Comparative examples 1 to 9>

15 mg-Fe/L of FeS04-7H20 and an equal molar amount of a
chelating agent to iron ion were previously added in a 134‘ml
vial to generate an iron chelate complex. Subsequently,
simulated polluted water wherein tetrachlorocethylene (PCE) had
been dissolved as a velatile organic compound at a concentration
of 19 to 28 mg/L, 680 mg/L (in the case where pH range is 5 to
6), 63 mg/L (in the case where pH range is 7 to 8), or 660 mg/L
(in the case where pH range is 9 to 10) of hydrogen peroxide,
and a buffering agent for maintaining the pH of the reaction liquid
at a constant value which is a combination of sodium hydrogen
carbonate/sodium carbonate or a combination of acetic

acid/sodium acetate were poured into the vial. The vial was then
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O NNNNNNNMmMc .-i ~0 " ONO Wro\0OHIOION
MW~OIONNNNO "i ~ NNNNNHHMNMNNNN
M mMmCPOa C OUOCaVa mmm NaaOaayVa
aOy) 4 hOyPPy 0OOCHMWHo0owWU-H ouaooa
UUua rommrororo-H-HOO-H-HNNHHmMC a
a2CaazZCVVzo roGbb _ _Cb_ oNNaOro
se¢aladl ahdM puritiddt b)) tdr Wdd GadQdd Oul . an€cBrhklapse
EaCOHEaCO ro> rorooH> NOOH®> NoO
ofoaQceirt iR DiReC(Ah FrPmCth€ Pt&€rP Of. €Eeca¥t@Eb,2tbe PCE

WSV 2C) WCD2CDW Chbh, 00000 HPI1-1
CANCRRT PR DLW 01, the~14aKith wps Qpeapuged so as to check the

progress of purification.

The test results wherein methylglycine diacetic acid
(sodium salt; product name “Trilon M” (registered trademark)
provided by BASF Japan Ltd.) or L-glutamic acid diacetic acid
(sodium salt; reagent, manufactured by Tokyo Kasei Co., Ltd.)
was used as a chelating agent were shown in Examples 1 to 6 in
Table 1.

The test results wherein the chelating agent was not added
or gluconic acid or ethylene diamine disuccinic acid each of which
has biodegradability but falls outside the scope of the present
invention was used were shown in Comparative Examples 1 to 9 in

Table 1.

[0022]
[Table 1]
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scope of the present invention is used as shown in
Exanplés I 10 (6, @5% or [nofe qf P econpasi (i oNJWway
obt ai ned, and 5 acicel eration efjf ect of PCE
decorrp%smlon feacti oh dye tto ddditio of tihe
[Ip3
chellatiing agent Was “ekiri bitedZiln’t & pHe ande exflrdms: | 2| 8|0
to |108 However,Siln=t h&' ¢d¢ were| the Thefatdrgagent < | & | &
Is rnotsadded as shown in Conpdrat) ve|exanpllies |1, 4,
and |& arfd=i n the dase| wherei tHe chel ati ng agerft
fa||illg outsTdg the SLOPYE ofr—tie P esent T ventTon
~is ddded, as shgwn Ji n Conpar ati Je exanmples 2, 5, and
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the cas& where The“chél at“i ng” agent kﬂfal"h% oltlsiede ~ | 2 | 2 | 2
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speci fied by the present invention is highly effective

for 20 deconposition of a_chlorinated organi c conpound

in the pHrange from5 to LN [0024] <Exanples 7 to

14, Conparative exanple 10 to 16> 15 ng-Fe/ L of

FeSO4. 7H20 and a chel ati ng agent were 25 previously

added in a 134 nm vial to generate an iron chel ate

| ex. The additive amount of the chel ating agent

[0§2gqvaried as a nolar ratio of the chelating agent to

\ . g . I 2 n
wat or ShePSi 5% apFen OroebRErERRT e i pdh i enin tne
scggésBkvﬁgeaér@s¥ﬁka%hb§ntlon is used: as shogn' in° Eganples 1

organi ¢ conpoun concentration o

tohg/ Lasa buf herkngr a2gentctemppBiktanhniAg toB%aaHe@f Bhe
reaction liquid at a constanF value (from7 9y

acmhﬂehat$oaeﬂ@ﬁhﬁﬂﬁf&&ﬁ]décsmﬁbﬁﬂthyﬂ&Qgﬁﬁuxﬁﬁﬁb@ﬂﬁi@ddltion
/ sodi um car bonate, and 65 ng/L of hydrogen peroxide
ofwehe cltebouied dgent tirs \bxdlibifhel vinalthwapHt menge from 5 to
sealed and a purification test was carried out. After
eI AHSERL lé?egbei fRseivhend Khef ebpd ahéngtagentofis not added
action, .the PCE concentratlﬁn in the liquid was

& CYRE 3ot ERESIRTEHE Spt ot e 880f aﬁlﬂj(rjﬁﬁltéhef Fgse where
o8 SR 8BS FLLE PLACAEE L rcen
1n9@§£§$hnﬂs %?@édmgéeshéﬁﬁmfn'éb$%§¥%&f§% e§§¢éﬁe§n9 12 and

in Ta The test res

8, Cﬁ]ﬁi @CE%@Q@ESM&@Q@%@:tﬂdﬁ RabBh 3rpretdad@l | iMPehe case
outsi de the scope of the present invention 15 were

whehewhe chénpan@bigea tErahpl es ol stidelZhé B cbpll €f ZheThesent
test results wherein ethylene diam ne tetraacetic
ingendioni th addpéras stlewnn aiml Conpan st e tdwampbpe df 6, and

t he present i nventi on was used were shown in
91 Cohihe 3l vid Extzinpl SRCP @l tien | Feadbl @ proceeded, the PCE

decompositlon amount was less than about half to that in the case
where the chelating agent falling within the scope of the present
iﬁvention was used under the same pH conditions. The above
results reveal that addition of the biedegradable chelating agent
specified by the present invention is highly effective for
decomposition of a chlorinated organic compound in the pH range

from 5 to 10.

[0024]

<Exampleées 7 to 14, Comparative example 10 to 16>

15 mg-Fe/L of FeS04-7H70 and a chelating agent were
previously added in a 134 ml vial to generate an'iron chelate
complex. The additive amount of the chelating agent was varied
as a molar ratio of the chelating agent to iren ions added.
Subsequently, simulated polluted water wherein

tetrachloroethylene (PCE} had been dissolved as a volatile
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agent for maintaining the pH of the reaction liquid at a constant

value (from 7 to 9) which is a combination of sodium hydrogen

.carbonate/sodium carbonate, and 65 mg/L of hydrogen peroxide were

poured into the wvial. The viai was then sealed, and a
purification test was carried out. After elapse of a certain
time {1lh) from the start of reéction, the PCE concentration in
the liquid was measured so as to check the progress of
purification.

The test results wherein methylglycine diacetic acid or
glutamic acid diacetic acid was used as a chelating agent were
shown in Examples 7 to 11 and 12 to 14 in Table 2.

The test results wherein the chelating agent was added
inanmlarratiofallingoutsidethescopeofthepmesentinvention
were shown in Comparative Examples 10 to 12 in Table 2.

The test results wherein ethylene diamine tetraacetic
acid which is persistent and is outside the scope of the present
invention was used were shown in Comparative Examples 13 to 16

in Table 2.

[0025]
[Table 2]
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fopfEw u WOwo wu w-< 21 - [0026] In Exanples 7 to

11 using nethyl gl ycine diacetic acid, the nolar ratio

of therghslatdng agen 1 : 4 i - -
Wi t hi n which E%he resi du\g?%S%E@cg%c%r#rdé%d&r?%\?\gs ﬁQ{)é\?vZ.lC acid,
thEhato1ad Satdec @masid ichre 16ft P sptdishad @.id o 4.0 to iron
proceeded. However, in Conparative exanples 10 to 11,
idrise wokhinrdiich dhet hestHebat PCR coagentt rag iouwt shdeldéhe That
_range fromO0.5 to 4.0 toironions. In this case, the
is,e8rAQRPOPCELIRBREMGEatREA SKaStPrgR Y Phochedrdi biHewever, in
t hat deconposition of PCE did not sufficientl .
CHpsEéed Veraremel es16Y dF ¢ Noug i sy Beilpirt 52 t6a %%/ the chelating
errihydrite.did not_occur i npl e 7.to 11 and )
oAt VIS s 629S HEondy % at 1§ ‘shicPpetions. In this
npakat i.\we ; =y I | es 4 usi.n -
SRt A 5t 6 AT aEGEl ORETR T EReT Kbrgbdptp i exhivits
the@NEERd s 4 0N MRS £l v MWk B dt EﬁffﬁggéﬁthéﬂMc@ed;5 Further,
ratio within the scope of the present invention and
althusgtesospbsi taohonfo PEErsahiyai-aekodid hddr 8e88deth EaSmples
in the case where nethylglycine diacetic acid was
7 bsedl dmdpeonpardarve iexamhke chdse Mherss ttheaaddi bibserved in
nolar ratio of the chelating agent to iron ions was 2
Coppapasd vedegampdsi len rate as high as 5% or

In Examples 12 to 14 using glutamic acid diacetic acid,
the residual PCE concentration was low within the additive molar
ratio within the scope of the present invention and thus

decomposition of PCE satisfactorily proceeded, as in the case

~where methylglycine diacetic acid was used. 1In particulaf, in

. the case where the additive molar ratio of the chelating agent

to iron ions was 2 or less, decomposition rate as high as 5% or

more was exhibited. However, with the additive amount of the

- chelating agent which falls outside the scope of the present

invention, a decrease in the PCE decomposition rate was observed
(Comparative example 12).

[0027}
In Comparative examples 13 to 16 using ethylene diamine

tetraacetic acid, the precipitation of ferrihydrite was not

observed. However, in the case where the additive molar ratio

of the chelating agent to iron ions is 2 or more in Comparative

examples 14 to 16, the PCE decomposition reaction hardly
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20 nore was exhi bited. However, with the additive
anount of the chelating gg?5t~mhich falls outside the
scope of the present invenfion, a decrease in the PCE
deconposition rate was observed (Conparative exanple
12). [00271 25 In Conparative exanples 13 to 16 using
ethyl ene diamne tetraacetic acid, the precipitation
f.ferrd ' 0 rved. However, in the .
o e A TR a R v R Bl e B g 1o tn
agR@9@Nt nhA HifkQR kYRS de¥ ofirYs M, /e {LAMA] ati ve
exanples 14 to 16, the PCE deconposition reaction
har dl yw22hophoteededabsbe ol d1eMea) $hkhahe EXEER§IMBent having
addition of the chelating agent inhibited the
a decuopposit aod peaetioies Ade Showdd im tithe pateeemtr dsilddngion is
the chel ating agent having a structure and properties
higéfvned festine %péséﬁPQmmﬂaﬂﬁhmmiQi dh llpingatred organic
effective, for decaonposition of chlorinated organic

CORBRPBARIEL W e ABIABHTEI VRl M Irat YoatPAL iR ires iBridhe range

in the range., fromO0.5.to 4.0 which falls within the
frggogé%oFOt%éopWé§§htfa’h@eﬁ?& I %@qlﬁﬁﬁﬂﬁﬂo the present
inbRpkEeabi ity [0028] According to the present

invention, after generation of a conplex of

bi odegr adabl e chel ati ng agent having an extrenely | ow

environnental load and iron ion, an oxidizer is added
Indbbkeidd npphiabBingti/he pH of a purificati‘on object

at a high pH value. This process prevents secondary
[0p@Bluti on caused by elution of heavy netals, as well

as effectively prevents bl ocking of a passage or

pi pi n§ceatséadbye geie e santandyarddiqit atfiter generation of

ferrjhydrite. 20 Thus, it is possible to effectively
a %%P%%%/ el Ww@mle PG 1% @N@REt BRVEHP| ahektremely

1ol 4y LGS

anic c ounds jn_a_short eriood. In, . .
particu ar?e,n??fﬁgoapcgfgidoﬁopolggco?fglqj‘slﬁilﬁﬁ]? fi%c40F6H while
maintaining the pH of a purification object at a high pH value.

This process prevents secondary pollution caused by elution of

‘heavy metals, as well as effectively prevents blocking of a

passage or piping caused by generation and precipitation of
ferrihydrite.

Thus, it is possible to effectively and safely purify soil
and/or groundwater polluted with organic compounds in a short
period. Inparticular,iti3possibletoaccomplishpurification

in situ without greatly affecting the ambient environment such

'as ecosystems and the like. Further, the present invention is

extremely effective for purification of highly concentrated

pollution.
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in situ wthout greatly affecting the anbient
environnent such as ecosys}iqg and the like. Further,
the present invention is 25" ¢extrenely effective for
purification of highly concentrated pollution. 2 3 -
CLAI MS1 A nethod of purifying soil and/or
groundwater characterized in that it conprises: 5 a
step of addition of a b'gﬂﬁgrﬁdable chel ati ng agent
wherei n a di car boxynet hyl n %i%degradable chel ati ng
agent represented by the follow ng general fornula
(1) is added to a purification object in a nolar

ratio, oh Qe®nb@ 40 e iifamd s 1 REIdIG P deldt d:he

purification object to thereby forma conplex 10 of

char aclegr beked| £n chighat i ngcagept sasd iron ion; and a step
of addition of an oxidi zer wherein an oxidizer is

added sdfereroff grddingl d¢rheo € onph Bxdednt d dabiee ntlaé i ingnd hegent
pH value of the purification object at 5 to 10.
whe g & i dprprr giafhybanigPoomie Rradab e G BOoKng Ragent
re reseq%&)an organi_.c group not containing nitrogen
TeRE G LeD PYandex Todgraedist eneslahoalmkaRi (Aot 4F)agded to a
The. method of. puyri.fication according t | ai m1 . .
PR 60 S (Hat RALAT R T i Jeredl 4t Br b sron ions
{ | -G GHR). Q0K -
ve pREBL SRR B0 P A GG OLER PRI conpin
of MBidldgradiarine dmihadiaf i i galion,accosdingto
claiml1 or 2, characterized in that 30 in sald step
of additbpobfohdant@shdbzesn &2idi HXr dizeFe24 an oxidizer is
added after forming the complex while maintaining the pH value
of the purification object at 5 to 10.
[Chemical formula 1]

- CH2COOX
RTN\ (1)
CHCOOX

(R represents an organic group not containing nitrogen atoms,

and X represents H or an alkali metal)

2. The method of purification according to claim 1,
characterized in that

said R in the general formula (1) represents
~CH (CH3) COOX, ~CH (COOX)CpH4CO0X, -CH(COOX)CHpCOOX, or

—-CoH4S03X (X is H oxr an alkali metal).

3. The method of purification according to claim 1 or
2, characterized in that

in said step of addition of an oxidizer, said oxidizer
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I's added while naintaining the pH value of the
purification object at 7_t%%9. 4. The met hod of

purification according to ahy one of 5 clains 1 to 3,

characterized in that in said step of addition of an
oxi di zer, at |east one pH buffering agent sel ected
froma group consisting of sodium carbonate,

: [ .cal gi carban nmagnesi um. .
B G R R v R e
athydr@gen 10 carbonate.. 5. The nethod of purification
according to any one of <clains 1 to 4, characteri zed
in that said oxidizer is hydrogen peroxide. 15 6. The
met hod of purification according to any one of «clains
1 to 5. chaeackehodedfi purhét capiehi atoaryihg theasyepne of
of addition of a biodegradable chelating agent, it
clpgmehdr teopr ickeg agterapeds ipr &hagat rent 20 wherein
the pH of the EurificatLon object is decreased from®6
or mord £81foE tPRsQE tatkh 5 Bur T 8ot dhzer sgttadepst one pH
bu%k%%@/the iEon ion% in_soil to dissolve.into ,
groundat@F 7 SSTREHTEL AEGTof FaPIPI C]TFIA tdeGordi Agdivm
on f cl ai 0 haracteri zed in .
o e P e Rst T S3RENErky SRLEARN Cannarage; magnesiun

cabkbede@eadabhg umC Rehabyag QQEBBnakE,THﬁﬁhEBtﬁgggggsggdﬁogen

~step of pretreatnént “wherein ironions are a
cakbenpuei.fi cati on object. 30

5. The method of purification according to any one of
claims 1 to 4, characterized in that said oxidizer is hydrogen

peroxide.

6. The method of purification according to any one of
claims 1 to 5, characterized in that,

preliminary to the step of addition of a biodegradabie
chelating agent, it further comprises a step of pretreatment
wherein £he pH of the purification object is decreased from 6
or more to not less than 5 but less than 6 so as to alléw the

iron ions in soil to dissolve into groundwater.

7. The method of purification according to any one of
claims 1 to 6, characterized in that, |

preliminary to the step of addition of a biodegradable
chelating agent, it further comprises a step of pretreatment

wherein iron ions are added to the purification object.



