DESCRIPTION METHOD OF PURIFYING SOIL AND/OR GROUNDWATER 5 Technical Field [0001]
The present invention relates to a method of purifying soil and/or groundwater adopting a conventional
approach in which hydrogen peroxide is used as an oxidizer, wherein it is possible to accomplish
purification of pollution without decreasing pH of a-purification object and to shorten the purification
period, and further it is possible to apply to the purification of highly concentrated pollution. iS
Background Art [0002] Asa fact that pollution by organic matters in soil and/or groundwater
significantly affects the environment becBrmessapgparerit, Yarfous ediilations are enhanced. Under the
20 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 livipg pragnisins sedipelydes aghichemisalss PEassHYRlivesraromatic
compounds 25 contained in petroleum and any fractions thereof, chlorinated organic compounds, and

the like. [0003] -2 by such organic matters. A physical method of purification can purify polluted sites,
but has a disadvantage that secondary processing is required for the eliminated pollutants. A biological
method of purificatibda AERSH less affecting the 5 ambient environment but has a disadvantage of
difficulty in a lishing a satisfactory effect for highly concentrated pollution. On the other hand, a
chemical method of purification is a method that decomposes target pollutants and, therefore,
secondary processing [8motpequiced, andvesatisfactogy effect k0-can hetaccamplished farhighly
concentrated pollution as well. [0004] There is known a Fenton process in which an oxidizer such

as hydrogen peroxidiB ArferaCsmpouiit @& g Ferbiis S s Repthfydrate piat ear Bugphiitcitions

funcnon"EJa§§d¥g@¥ﬁtperoxide is used as an oxidizer, wherein it is possible
10 to accomplish purification of pollution without decreasing pH

of a purification object and to shorten the purification period,

and further it is possible to apply to the purification of highly

concentrated pollution.

1% Background Art
[o002]

As a fact that pollution by organic matters in soil and/or
groundwater significantly affects the environment becomes
apparent, variocus regulations are enhanced. Under the

20  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

25 contained in petroleum and any fractions thereof, chlorinated
organic compounds, and the like.

[0003]
Various physical, chemical, and biolcgical methods of

purification have been tried to apply to purify the pollutiocn



/15 are added to generate hydroxyl radicals, which are then reacted with organic matters so as to
oxidatively decompose the organic matters. An attempt has been made in which this Fenton process is
applied in the method of purifying soil polluted by persistent organic compounds (refer to Patent
Document 1). 20[0005] It is said that the optimum pH tange is 3 to 4 in a usual Fenton process. In 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. 25 However, assuming that the
purification of°$biFisTarfiéd vt fh Tid 6ptimum PHPFaENYEc3 o e sbcohddryipotibfiér ataycocewrand
spread due to eluygn of h??v -énOFtal. omporl;)er]gs g{l soil. Iggrd%{ to cover this disadvantage, an

approach has béen b/ro%%sea it Which g%UffeHng a‘fé%nfl isUsE 8 Tany But %%ﬁﬁcé’t?o%oélt E<q|

constant pH efineas Aeutralitys Patent Docyments 2and3 prappse-addition ofap, pxdizer and a
buffering agent in order to prevent decrease of pH due to decomposition of pollutant organic matters.

However, thelalsovedooumentstdoinof desclilié S-d meanssfer previentinggrecipitation ofinétadlic ions

such as jron as a catalyst in a high pH range. Without this means, blocking of a passage or piping is
likely to E)vccuraﬁlgel 0 5re%ﬁb‘ffa¥i8%%$%etgl%orﬂ68n€nt§Jc%ﬂfja\fﬁéﬁ ﬁg&oﬂﬁdﬁéﬁsﬁ} s itBn,

depending on, the-kind ot exidizers or environment of10-a site fo beypurified, therehyposing a problem

in a purification work. [0006] Further, addition of an oxidizer and a chelating agent is proposed in
order to preventigretipitation®@f metaltic fons 15 sdcheastironiasad catalystcln arpinvention:disclosed in
Patent Document 4, addition of the chelating agent is carried out in order to prevent precipitation of

mainly iron. ﬁtﬁNé‘\/_é?,egi%@ thEPH FATGRIERENS i a6iRT sieLa spécified Attlar falit ot the ehelating
agentK)beaQQ@Qﬁ%Q%?WE?E%%&Q%R%S§gLH%%‘requir@d, and a satisfactory effect

10 can be accomplished for highly concentrated pollution as well.
[0004]

There is known a Fenton process in which an oxidizer such
as hydrogen peroxide and a compound (e.g.; ferrous sulfate
neptahydrate) that can supply iron ions functioning as a catalyst

15 are added to generate hydroxyl radicals, which are then reacted
with organic matters so as to oxidatively decompose the organic
matters. An attempt has been made in which this Fenton process
is applied in the method of purifying soil poliuted by persistent
crganic compounds (refer to Patent Document 1).

20 [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.

25 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. 1In
order to cover this disadvantage, an approach has been proposed

in which a buffering agent is used to carry out purification at



20 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. Also 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 25 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. - 4 - {0007} Futhel adlitiores! arehdlating agent ined: pHitrangemean heutiality ds proposed.

Patent Document 6 proposes addition.of a chelating agent such as EDTA. However, EDTA is
persistent and'5 %%ér)eefo{?léis ﬁla{iylscianfﬁ%aﬁﬂy %ﬁégﬁ%%%rgrﬁ ﬁign?‘ enVitdimeRtsadras etBsytdfis when

being used in actyakpusification of s0il, espegially. usedinsitu, which; may cayse a serjous problem.
Further, as described in Patent Document 5, shortage of the amount of the chelating agent to be
added causesgrecipitatiort 6£16 metaflicdons antexcelsive amoumtdhereof reducesipurification

effect; thus, in either casg)iﬁpurification cannot be carried out effectively. Patent Document 1: 15 Jpn.

Pat. Appin. LAidOBeh Pibiicatior K" 7285 772 S dtent Dottiment 273pi ‘Pat-ApBINe LA peh
Publication Nq,2004:20235¢Rateat Decument ;a1 Pat.Appin. §;aid;0pen.Rublication No.
2004-305959 20Patent Document 4: Jpn. Pat. Appin. Laid-Open Publication No. 2002-159959
blocking of a passage or piping is likely to occur dus to
precipitation of metal components contained in groundwater, such
as iron, depending on the kind of oxidizers or environment of
10  a site tobe purified, thereby posing a problem in a purification
work.
[0006]
Further, addition of an oxidizer and a chelating agent
is proposed in order to prevent precipitation of metallic ions
15 such as iron as a catalyst. In an invention disclosed in Patent
Document 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
20 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. Also 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
25 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 pellution such as elution of heavy metal

more likely to occur in terms of the pH range of the liquid.



Patent Document 5: Jpn. Pat, Appin. Laid-Open Publication No. 2000-301172 Patent Document 6: 25
PCT Appin, Laid-open Publication No. 2003-503197 Disclosure of the Invention Problems to be Solved
by the Invention [0008] S The present invention has been made in view of the above problems
resided in the prior arts, and an object thereof is te-pravide a method of purifying soil and/or
groundwater capable of easily applying to a system of purifying soil/groundwater polluted by persistent
organic compounds at in situ without affecting the ambient environment, ecosystems, and the like,
capable of adédHiflishing effective purification in short period of time and in safety, and further capable

of purifying highly concentrated pollution. Means for Solving the Problems [0009 As a result of
the intensive studies to%éﬂ%?ﬁé a%%% %?%e?%s?thc Erje‘g%ﬁﬂﬁv%ﬁ?d}g havé' fﬁlﬁ"{ff&?ﬁdrﬁﬁgfa

method comptisipg adging abigdegradaple chelatng agent ip-a pugfication object 4o, prodybe, an iron

ion complex and then adding an oxidizer, and preferably further adding a pH buffering agent is capable
of accomplishing: effectivecparificationwhile preveniting Seesndary pallitioncausediyrelution-af heavy
metals, as well as preventing precipitation of iron ions as a catalyst for decomposition reaction of

pollutants, andt iaGd Complete P e inverntion: 1Y 2 TAEOrdingtF Bl A8pEcE B the SRS tors thére is
provided a methad of purifying sailandiar groundwater characterized, in that it comprises:a step of

addition of a 5a biodegradablechelatingagentwhereina dicarboxymethylamine biodegradable chelating
agent selected froni theigroup cetisisting bt methyldlytinhsdjacetic:acid, glutamate diacetic acid and
salts thereof is added to a purification object in a molar ratio of 0.5 to 4.0 to iron ions being present in

the purificatibr bbjeet totRerEBy-fobkic4 compesearbiddeyistable chlating ageht AhdiFdtriont and a
step of additiop of idi rein, an,oxidizer is added, after forming the. camplex while
maintaining %ﬁg %ﬁa%/wa%jﬁego %Egﬁg riﬁ%a%gfl Xé)%e%tea 5 (tgog ?L% " The %gfggel %i?s%:%s%?e %?ovides a
method®f purifyingishowm itsthenfollowinag ¢ixte Eho(lA rethedof pwifying seiband/er-groundwater

effect; thus, in either case, purification cannot be carried out

effectively.

Patent Document 1:
15 Jpn. Pat. Appln. Laid-Open Publication No. 7-75772
Patent Document 2:
Jon. Pat. Appln. Laid-Open Publication No. 2004-202357
Patent Document 3:
Jpn. Pat. Appln. Laid-Open Publication No. 2004-305959
20 Patent Document 4:
Jpn. Pat. Appln. Laid-Cpen Publication No. 2002-159%59
Patent Document 5:
Jpn. Pat. Appln. Laid-Open Publication No. 2000-301172
Patent Document &:

25 PCT Appln. Laid-open Publication No. 2003-5031%7

Disclosure of the Invention
Problems to be Solved by the Invention

f0008]



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 - 6 - purification object in a molar ratio of 0.5 to 4.0 to iron ions being present in the
purification object to thereby forma complex of biodegradable chelating agent and iron ion; and a
step of addition of an oxidizer wherein an oxidizer is 5 added after forming the complex while
maintaining the pH value of the purification object at 5 to 10. [Chemical formula 1] z CH2COOX R1\1)
10CH2COOX (R represeatsar:@rganicigrodp 1o contaning:-nitrogeniatoms, and.X represgats H or

an alkali metal) %,) The mgﬁhodﬁof urification according to (1), characterized An that s%q R in the
general formufa )ereﬁr%%enfgsm-tH 8?@%&%0%} 15 1:EH(E: %)Cﬁ?ﬂ%odi)]@, -Cﬁ?CC? )k?@ﬁ COOX,
or -C2H4S03XH{Xrisd+ orian atkali metal) 1 43) A heveéthdd effpurificationiaccorgingl to {1)0r2),

characterizedgjg C;U%Em?stag@ st%p%?g%qgitiog of aenigxigiyzer,%%agq (gxidizertig added while maintaining the

pH value of the 20 purification object at 7 to 9. (4) The 'method lpnug?ificatlon accféyd:ing to any one of

(1) to (3), chapactéfizéd in thatl in' said.step of addition: sbas Oxidizer patleastene pH baffering agent

selected from.a,group gansisting of sodium.carbopate.patassium carhonate, Galcium carbonate, 25
magnesium carbonate, sodium hydrogen carbonate, and potassium hydr‘bgen carbonate. (5) The

method of pufification'dcdbrding fo&Y 6h&8F (1) tornc  the  like,  capable  of

accomplishing effective purification in short period of
time and in safety, and further capable of purifying highly

concentrated pollutiocn.

Means for Solwving the Problens
[0009]

As a result of the intensive studies to solve the
above problems, the present inventors have finally found
that a method comprising adding a biodegradable chelating
agent to a purification object to produce an iron ion
complex and then adding an oxidizer, and preferably further
adding a pH buffering agent is capable of accomplishing
effective purification while preventing secondary pollution
caused by elution of heavy metals, as well as preventing
precipitation of iron ilcons as a catalvst for decomposition
reaction of pollutants, and have completed the invention.

According to an aspect of the invention, tThere isg
provided a method of purifying scil and/or groundwater

characterized in that it comprises: a step of addition of a



(4), characterized in that said oxidizer is hydrogen peroxide.  (6) The method of purification
according to any one of (1) to 30(5), characterized in that, preliminary to the step of addition -7 of a
biodegradable chelating agent, it further comprises a step of pretreatment wherein the pH of the
purification object is decreased from 6 or more to not less than 5 but less than 6 so as to allow the iron
ions in soil to dissolve into groundwater. 5 (7) The method of purification according to any one of (1) to
(6), characterized in that, preliminary to the step of atiition of a biodegradable chelating agent, it
further comprisesia stepiatpretreatmentiwhereimison ions areadded to thespurification objeet. 10
Advantages of the Invention [0010] . The ethog f.purification according to the present invention
as the Tolowihg SHAA RS 151} 115 SOe 16 SERamposs boTatit Siganic Combey ks i a high
pH range withinwhichhelutionoofcheawy: mistélsrdoes hotiagocuy, at aypantieulatlyddgh speediaf
decomposition-withopt inhibiting. reaction, of 4 degpmposition agent (an;oxidizer.and an irgn-chelate
complex as acatalyst). 20(2) It is possible to effectively prevent generation and precipitation of
hydroxide forRigdifromarnetalliciens Stich Bs frofias catalyseine high pH:-fanged wherebyca
purification process ¢an he carriedqut without gecurrence of blocking of p-passage orpiping for soil
and/or groundwater caused by the precigitation 25 of metal components. (3) It is possible to use
agents having a6w %n\ﬁn%%féﬁial foad At i Hifetits Gisedif thé préseffinventioiard 2°™
biodegradable chelatingiagentshydrogen peroxide as ancaxidizer, and carbonate.as apH huffering
agent. (4) Itis passible to accomplish purification ofPL_j hly . concentrated pollution. Thus,
according to %%Ep%rleégﬁt inviesntior%)c %ﬁ%(%osézigll%etg sa e%/rﬁi‘rrﬂ‘% soiltér?d/orcgorrcr)“ﬁrfm)g\%vatew Btj)"ljﬂfted by
organic maintaining the pH value of the purification object at 5 to

10.
The present disclosure provides a method of

purifying shown in the following (1) te (7).
(13} A method of purifying soll and/or groundwater
characterized in that it comprises:

a step of addition of a bilocdegradable chelating agent
wherein a dicarboxymethylamine Dpiodegradable chelating
agent represented by the following general formula (1) 1is

added to a



5 compounds in short period of time. Further, it is possible to accomplish purification in situ without
greatly affecting the ambient environment such as ecosystems and the like. Best Mode for Carrying
Out the Invention 10[0011] Soil and/or groundwater to be purified in the present invention are
assumed to be polluted by persistent organic matters.&Examples of the organic matters include
agrichemicals, preservatives, aromatic compounds contained in petroleum and any 15 fraction thereof,
chlorinated organic compounds, and the like. Examples of the aromatic compounds contained in
petroleum arel gy fractiohcthepdafdntludie teluenks benzéne, ard thelike. Exdmptes.obtheichierinated

organic com%oeunrgg inrcéud“e Qgchlor%[etké}/lenef TC%)_, tetra&cg:(hloroe%ylene‘(PCE) and the 20like.
Hydroxyl radicals geherated by reactioh of hydrogen Pefoxide and irbh forsin ﬁ?erﬁ‘ré‘s%ﬂ?m%tion

have a strong pxidizing. gower and therefore can be.applied not oply to;the chigripated organic
compounds but also to toluene, benzene, 25 oil-based soil pollution. [0012] A method of

purification according:tcstherpreseatimvention comprises:.a steprofadditiomofa biedegradables
chelatin% ag?%& - 9 - wherein a biodegradable chelating agent is added to a purification object in a

molar ratio of 0518 40 1§ frohi6Rs Being SreseRPntiie Burificalion bbjett i thetdisy Fotniz cofmplex of

biodegradable:chelafing agent and;iran ign; and 5a;step pf,addjtion of an oxidizer wherein an oxidizer
is added after forming the complex while maintaining the pH value of the purification object at 5 to 10.

(1) Step of additiemofa bidgdegradablé chelating agent: Iron ions being present in a purification object
have a i0 function of reacting with an oxidizer to generate hydroxyl radicals to oxidatively decompose

organic pollutants in the purification objedt3%éfefore, it is only née]c?ssary for the
RN\ :

10 CH2C00X

(R represents an organic group not containing nitrogen atoms,

and X represents H or an alkalil metal)

(2) The method of purification according to (1}, characteriéed

in that said R in the general formula (1) represents ~CH(CH3) COOX,
15 -CH({COOX)CpH C00X, -CH{COOX)CHoCOOX, or ~CpHgaS03X (X is H or an

alkali metal}.

{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
20  purification object at 7 to 9.

{4} The method of purification according to any one of {1} fo

(3),characterizedjjlthat,jj1sanstepcxﬁadditionofen&oxidizer,

at least one pH buffering agent selected from a group consisting

of sodium carbonate, potassium carbonate, calcium carbonate,
25 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 accerding to any one of (1) to

340 (5), characterized in that, preliminary to the step of addition



iron ions to be contained in the purification object at a concentration sufficient for effective oxidative
decomposition. 15 The concentration of the iron ions in a purification object is preferably about 15 to
100 mg/L, depending on the pollution level. In the case where a suitable amount of the iron ions
is originally present in groundwater and/or soil, further7addition of the iron ions is not required.
However, depending on a 20 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. In theWase bf adgingddnidaschebripbuadihantan supplyrirdreionsomaybe addedstoce
purification object. Examples of the compaund 25 that cap supply iron iops include an jron salt such as
ferrous sulfatgl,gfe?r%%grc{?gﬁﬂ engatn ?t%@’r o THEA, e bl lﬁ)% the fron sait is Kot partictiarlyJimited

e’like. Theu amouﬁ

and determingd case hy.casedepending ondhe pallution level.|ngeneral, the amount, of irgn salts to
be added is 0 to 0.1 % by weight in terms of ferrous - 10 - sulfate based upon the total amount of a

purification object.cThe. iron saltecarn:be sipphied ito soil andforigrotmtiwaterindhe form of agaeous
solution py a f%ilité such as a well dug in the soil. The concentration of iron salt aqueous solution is 5

preferably 0 to'10 5 by WEGHE 0013171 - - T St b cidition ot bivdegradable Sheldting hgent in
the present inventionds preferably 10:be carried out withont invplying a decrease of the pH yvalye of a

purification object (while maintaining the pH value at 5 or more)’in order to prevent elution of heavy
metals. Howexerz itr iheleaseawhelezthenpHaaluerof g purification wbject is 6@ngmdres pretreatpent
may be carried out to decrease the pH value of the purification object to not less than 5 but less than 6
s0 as to allov th& r6h 161 RS JOIE T o ihtd YrouRdfatst fbrespetsficaty i an aatd-on
component irb%%cggg,‘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 lessthan 6 so as to allow the iron ions in 20soil 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 bfiffEaE 3476 i the-baselwrerEtfph value of a purification object is 6 or more, the
required am % 'hron ions can be supplied 25 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 soiktadissalve into graundwates to-therebyrenswse adegquized ke don
concentration without need of adding iron salts from outside. The acid component used for
pretreatmenticafhe sGpplicttotsSoi dnlldrogrbuadwater it deeform of aqueous solution by a facility

) . . : o 0
such asliv[vct)aélﬂlﬁ# the saill, Thglcor;%()en ation of the amglcomponent solution is rPrefera}ibsly B 1qto 10 %

by weig e biodegradable chelafing agent to'be added is @R 1 e compoun
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).

20 (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 cccurrence of blocking of a passage
or piping for soil and/or groundwater caused by the precipitation

25 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.



.certified as biodegradable in a biodegradability test and intrinsic biodegradability test specified by
OECD Guidelines, 10 In the present invention, dicarboxymethylamine-based chelating agents
represented by the following general formula (1) are used. [0015] [Chemical formula 2] CH2COOX
15RN N(1) CH2COOX (R represents an organic group not containing nitrogen atoms, and X
represents H or an alkali metal) 20[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 th&tcarbon neimber of il ite I0; recreqprefetahbly25rthé icastiornumbeh ofyh tgr 4. More
preferably, R is an organic group not containing nitrogen atoms and containing at least one selected
from a group%%ﬁggﬂgﬁ%F?@O@ééH& 1863X. Even more preferably, R is an organic group not

containing nitrogen atofns, having the carbop number of 19 4. and.confaining at least one;39 selected
from a group consisting of -COOX and -S03X. 12 b Amonglthe €cii?cl:ogllr“box"ymethly'TZl\ ine-based

biodegradablecchetatingagents fepreseritedrby the above genetral formula i) paricutarlyasuitable
examples include one wherein R in the above general formula (1) represents -CH(CH3)COOX, -

CH(CoéX)CCI%@@‘é)@S-ch@@XSCHeéé@(Rﬁ “DPHASOIX DR iEH orldn Alkak prstalylie to
EX&“pmso“@%%%%@?%%@egg@¥?{§E@¥§§ in situ without greatly affecting the

ambient environment such as ecosystems and the like.

Best Mode for Carrving Cut the Invention
10 (601113

Scil and/or groundwater to be purified in the present
invention are assumed to be polluted by persistent corganic
matters. Examples of the organicmatters include agrichemicals,
preservatives, aromatic compounds contained in petroleum and any

15 fraction thereof, 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
trichloreoethylene (TCE), tetrachloroethylene (PCE), and the

20 like.

Hydroxyl radicals generated by reaction of hydrogen
peroxide and iron ions in the present invention have a strong
oxidizing power ard therefore can be applied not only to the
chlorinated organic compounds but also to teluene, benzene,

25 oil-based soil pollution.
[0012]

A method of purification according to the present
invention comprises:

a step of addition of a biodegradable chelating agent



biodegradable chalating agents include methylglycine diacetic acid, glutamate diacetic acid, aspartic
acid diacetic acid, 2- aminoethanesulfonic acid diacetic acid, and sodium salts thereof. The addition of
the chelating agent generates a complex of iron ion being present in a purification object to prevent
precipitation and generation of ferrihydrite. An insufficient addition of the chelating agent causes
precipitation of ferrihydrite and excessive addition thereof inhibits purification. Thus, the chelating
agent is preferably used in a molar ratip of 0.5 to 4.0 based upon. 1 mol of iron ions. In particular, a
molar ratio of"19rte2:0 haked dpgmAcmbl.ef irdreibas providesathigherafféet and thus preferable.
The chelating agent can be supplied to soil and/aor groundwater in the form of aqueous solution by a

facility such &84 Welfdig i the 501 The subply of thef efrelatifg agent tanbe’ chified it dsitihuously
or intermittenily; The concentration of (e chelatinb agent aqueoys,solution s preferably 20, 10,5000

mg/L. [0017] (2) Step of addition of an oxidizer:: In the purification method according to the present
invention, ancdXitlizedliscaddedrafter the: formation of @conapiex while maintairing the pH value of the
purification object at 5 to 10 (oxidizer addition process). Since organic pollutants are - 13 -

decomposed after the feffatGH of 4 Comiptex Bf bitieyiadhbie EnBlating Hyeht afd rohaBH vitiile
maintaining the pH, value of the purification object at @ high pH valye,.it is possihle to prevent elution of
heavy metals, as well as%revent gen%era%on 5 an%l preg&sitaﬁgn rg?ﬁglrﬁ ydr]ftrgf%&%r%lp!?g ‘(Se?rj[lhlge
oxidizers to ber usee: includetiysiegem peroxide; petcayboratesalt, percarbonate, perborate salt,
perborate, peracetic acid, peracetic salt and the like. Hydrogen peroxide is most preferable in terms of
damages to the’ envitGiimént, 200perationality? cbdte and versatility. Althdadh varyir:according to the

pollution level and the J@o#ntgf W t%r.to be ;:né%cete 1 or umg)%%n gggl,itge ig'ecti%r% cgn%%nta[ation of
hydrogen peroxide is pref)erak%lyrbs.S 550 t?y welgrﬁ based upon the amount o water to be injected.

In general, the:use amoupt 15 of bydrogen peroxide isinet:pasticularly limited andidetermined case by
case depending on the pollution level, ambient environment, and the purification period. The oxidizer
can be suppledifo-sdikand/orgrodntiwater in deeforposfcaciedas solutiohhya facility suthas a well

dug in the sall. Th% SUQEQ 20 ofbthe o%(idiz can ge carried oyt conti uousl\é or intermi tentl)é. The
concentratiof of the- 6xidizer adliedus solutioh 1S preférably o t6° 3596 by Weight f’d’@ii%ﬁe Atftlition of
an oxidizer ig praferablyscarded outin,25% aptd range:within.yhieh the effect of the.chelating agent

satisfactorily appears in the above oxidizer addition process, so that it is necessary to maintain the pH
range of the purificationadbject at:5 fo. 0 epreférably {7 to-9. iNewever dhereend@ycbemcase winere the
addition_of an oxidizer accelerates - 14 - , , , . , , ,
15 The concentration of the iron ions in a purification object is
preferably about 15 to 100 mg/L, depending on the pellution level.
In the case where a suitable amcunt of the iron icns is
originally present in groundwater and/or soil, further addition
of the iron ions is not required. However, depending on a
20  condition such as purification period, preliminary addition of
iron ions to thepurification object as a pretreatment can improve
the effect and reduce a required purification period. In the
case of adding iron ions, a compound that can supply ircn ions
may be added to a purificatiocn object. Examples of the compound
25 that can supply iron ions include an iron salt such as ferrous
sulfate, ferrcus 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. 1In general, the amount of iron

salts to be added is 0 to 0.1 % by weight in terms of ferrous



~decomposition of organic pollutants in the purification object to cause a decrease of pH of the
purification object. Therefore, it is preferable to add a pH buffering agent that can maintain the above
pH range. 5As the pH buffering agent, carbonic acids, phosphoric acids, acetic acids and the like are
appropriately selected for use. Among them, the carbop acid buffering agents are preferable
considering that it can maintain the pH of the purification object at 7 to 9 within which the effect of the
chelating agent most 10 satisfactorily appears and in terms of environmental load. Examples of the
carbonic acidshbuffering agerss inglude sodiumdcarbonate, potassium carhohate; calciumicashenate,
magnesium carbonate, sodium hydrogen carbonate, potassium hydrogen carbonate and the like.

Examples of the phbSph&ic-acicPts BhffeliRg agemtd ik d_odiAT hydrsgeniicgsphite, 6tium
dihydrogen phosphate. flipeiassium hvdregenieshhiate ndtassiym,ditiydiogen phasghate 40d the

like. Examples of the acetic acid buffering agents include acetic acid, sodium acetate, an
20Among themiit is pieferabte:touse-sadium ydragem carbonatesindependentlytordn combination
with sodium carbonate in terms of cost, solubility, and pH level. Alternatively, it is also preferable to

-

use acetic adid fnf &dbihation With'<bdiurfacetat@35Even if decrease of pH occurs, it is not always
necessary to [qp(_gij_% H buffering agent as long as the pH range of a purification object is 5 to 10.
However, in order to reduce the purification period, it is desirable to add a pH buffering agent to control

the pH value at 7 to 9. The buftesingragenticande «f15 -isupplieg-tosgiand/ae groundwatetinthe
form of aqueous solution whose pH value has been controlled at the intended range by a facility such
as a well dugin theeseil. §0619] At Ug thel pulificdtipnahéthod abeording ioethe presartiimvention is
basically assumed.to.be appli Egctg eoat:rlflcglt%or)tg;e smhag%/ r gro{ygdwater in fsutu, the present invention

i “May also be Appliet 16 secondaR Procassing performed ex situ.

) Y TNy Rl vin
is not limited to this conﬁgﬁra 1on, bu
10 Examples(while maintaining the pH value at 5 or more) in order to prevent

elution of heavy metals. However, in the case where the pH value
of apurification object is 6 or more, pretreatment may be carried
out to decrease the pH value of the purification cbject to not
less than 5 but less than 6 so as to allow the iron ions in soil
15 to dissclve 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
20 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 cbiect
is 6 or more, the required amount of iron ions can be supplied
25 to groundwater. That is, in the case where the amcunt of iron
ions in groundwater 1s insufficient, the pH of a purification
object is made somewhat acidic. This allows the iron ions in
soll to dissolve into groundwater to thereby ensure a required

iron ion concentration without need of adding iron salts from



[0020] Some examples carrying out the present invention will be described below. Note that the
following examples do not limit the present invention. [0021] <Examples 1 to 6, Comparative examples
1to 9> 15 mg-Fe/L of Fe504-7H20 and an equal molar amount of a chelating agent to iron ion
were previously added in a 134 ml 20 vial to generate an iton chelate complex.Subsequently,
simulated polluted water wherein tetrachloroethylene (PCE) had been dissolved as a volatile 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 caseswhere pH range is 7 to 8), or 660 mg/L 25(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 combin&fiofi of S0t Wy ardgels €ariomate/se iRt cAabdhate Brecsidinaton of
acetic acid/sedju t r into.the vial. vigl was then 16 sealed, and a purification
test was carrci&gi og:f%ﬁ%&?g\g%fe%%%g% ﬁr%lei?}h]); r%mgt g%stg%e of uaec?%ﬁ, ﬁ?e%g%l]i& Y
concentratiom inftheiliguid,was cheasured se 85 tagheck theyprogress. of pukficatipRent raThetest
results wherein methylglycine diacetic acid (sodium salt; product name "Trilon M" (registered
trademark) pfovitBg - BASTIRRAT Lfd.J of Eigitamate datetchdid GddiunPsaltovesgant:t -
manufactureq (%11_ yo Kasei Co., Ltd.) was used as a chelating agent were shown in Examples 1 to
6 in Table 1. e test results wherein the chelating agent was not added or gluconic acid or

ethylene diamine disucpinic aciskerach-ef which has biadegradahility bug falls outsidg the;seepe of the
present invention was used were shown in Comparative Examples 1 to 9 in Table 1. [0022] [Table 1]
m@1071412certified as biodegradable in a bicdegradability test and
intrinsic biodegradability test specified by OECD Guidelines.
10 In the present invention, dicarboxymethylamine-based chelating
agents represented by the following genaral formula {1} are used.
[0015]
[Chemical formula 2]
 CH:CO0X
15 RN (1)
CHzC00X
(R represents an organic group nolt centaining nitrogen atoms,
and X represents H or an alkali metal)
20 (0016}
kxamples 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
25 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 -S03X. 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

30 selected from a group consisting of —-COOX and ~3S03X.
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Among the dicarboxymethylamine-based biodegradable
chelating agents represented by the above general formula

(1), particularly sultable examples include one wherein R
in the above general formula (1) represents —-CH{CH3)CCOX, -

CH (COOX} CpH4COCX, =-CH(COOX)CH,CO0X, or =-CoHyzS03X (X is H or

an alkali metal).

Examples of the dicarboxymethylamine-based
hicdegradable chelating agents include methylglyoine
diacetic acid, glutamate diacetic acid, aspartic acid
diacetic acid, 2Z- amincethanesulfonic acid diacetic acid,
and sodium salts therecf. The additicn of the chelating
agent generates a complex of iron ion being present in a
purification cbjsct to prevent precipitation and generation
of ferrihydrite.

An insufficient addition of the chelating agent
causes precipitation of ferrihydrite and excessive addition
thereof inhibits purification. Thﬁs, the chelating agent
is preferably wused in a molar ratio of 0.5 to 4.0 based
ypon 1 mol of iron ions. 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/or groundwater in the form of agueous
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 o<f the
chelating agent agqueocus solution is;preferably 50 to 50460
mg /Ts.

[0017]
(2)  Step of addition of an oxidizer:

In the purification method according to the present
invention, an oxidizer 1s added after the formation of a
complex while maintaining the pH value of the purification
chiject at 5 to 10 (oxidirzer addition process}. Since

organic pollutants are
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decomposed after the formation of a complex of biodegradable
chelating agent and iron ion while maintaining the pH value of
the purification cbject at a high pH wvalue, it is possible to
prevent elution of heavy metals, as well as prevent generation
and precipitation of ferrihydrite.

Examples of the oxidizers to be used include hydrogen
peroxide, percarbonate salt, percarbonate, perborate salt,
perborate, peracetic acid, peracetic salt and the like. Hydrogen
percxide ismost preferable in terms of damages to the environment,
operationality, cost, and versatility. Although varying
according to the poiluticn level and the amount of water to be
injected or pumped into soil, the injection concentration of
nhydrogen peroxide is preferably 0.5 to 5 % by weight based upon
the amount of water to be injected. 1In general, the use amount
of hydrogen peroxide is not particularly limited and determined
case by case depending on the pollution level, ambient
environment, and the purification period. The oxidizer can be
supplied to scil and/or groundwater in the form of aqueous
solution by a facility such as a well dug in the soil. The supply
of the oxidizer can be carried out continuocusly or intermittently.
The concentration of the oxidizer aqueous solution is preferably
0 to 35 % by weight.

{0018}

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,
g0 that it is necessary to maintain the pH range of the
purificaticn object at 5 to 10, preferably 7 to 8. However, there

may be a case where the addition of an oxidizer accelerates



1-0 H CH '37 [l Initial POE concentration [mg/L] 7.97 1Z*9? Z'9Ei L'91 L'lc7 L 8.9E t'tZ T'93 9'2Z

decomposition of organic pellutants in the purification obiject
to cause a decrease of pH of the purification object. Therefore,
it is preferable to add a pH buffering agent that can maintain
the above pH range.

5 As the pH buffering agent, carbonic acids, phosphoric
acids, acetic acids and the like are appropriately selected for
use. Among them, the carbon acidbuffering agents are preferable
considering that it canmaintain the pHof the purification object
at 7 te 9 within which the effect of the chelating agent most

10 satisfactorily appears and in terms of environmental load.
Examples of the carbonic acid buffering agents include sodium
carbonate, potassium carbonate, calcium carbonate, magnesium
carbonate, sodium hydrogen carbonate, potassium hydrogen
carbonate and the like. Examples of the phosphoric acid

15 buffering agents include discdium hydrogen phosphate, sodium
dihydrogen phosphate, dipotassium hydrogen phosphate, potassium
dihydregen phosphate and the like. Examples of the acetic acid
buffering agents include acetic acid, sodium acetate, and the
like.

20 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
ig also preferable to use acetic acid in combination with sodium
acetate.

25 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 period, it is desirable to add a pH buffering agent

to control the pH value at 7 to 9. The buffering agent can be
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supplied to soil and/or groundwater in the form of agueocus
solution whose pH value has been contreolled at the intended range
by a facility such as a well dug in the soil.

foocLeg]

Although the purificationmethod according to the present
invention is basically assumed to be applied to purification of
soil and/or groundwater in situ, the present invention is not
limited to this configuration, but may also be applied to

secondary processing performed ex situ.

Examples
[0620]

Some examples carrying cut the present invention will be
described below. Note that the following examples do not Ilimit
the present invention.

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

15 mg~Fe/L of Fe304-7H,0 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 tetrachloroethylene (PCE} had
been dissolved as a volatile 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 foermaintaining the pHof the reaction liquid
at a constant value which is a combination of sodium hydrogen
carpbonate/sodium carbonate or & combination of acetic

acid/sodium acetate were poured into the vial. The vial was then
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sealed, and a purification test was carried out. After

elapse of a certain time (lh) from the start of reaction,
the PCE concentration in the liquid was measured so as to
check the progress of purification.

The test results wherein methylgliycine diacetic acid
(scdium salt; product name “"Trilon M (registered
trademark) provided by BASF Japan Ltd.) or L-glutamate
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 Tabkle 1.

The test results wherein the chelating agent was not
added or gluconic acid or ethylene diamine disuccinic acid
@ach of which has bicdegradability but falls ocutside the
scope of the present invention was used were shown in

Comparative Examples 1 to % ian Table 1.

(00221
iTable 1]
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{00237

In the case where the chelating agent failling within the
scope of the present invention is used as shown in Examples 1
to &, 45% or more of PCE decomposition was obtained, and
acceleraticoneffect of PCE decomposition reaction due to addition
of the chelating agent was exhibited in the pH range from 5 to
10. However, in the case where the chelating agent is not added
as shown in Comparative examples 1, 4, and 7 and in the case where
the chelating agent falling outside the scope of the present
invention is added as shown in Comparative examples 2, 5, and
4, the PCE decomposition reaction hardly proceeded. In the case
where the chelating agent falling outside the scope of the present
invention is added as shown in Comparative examples 3, 6, and
9, although the PCE decomposition reaction proceeded, the PCE
decomposition amount was less than about half to that in the case
where the chelating agent falling within the scope of the present
invention was used under the same pH conditions. The above
results reveal that addition of the biodegradable chelating agent
specified by the present invention is highly effective for
decompesition of a chlorinated organic compound in the pH range
from % to 10.
[o0z4]
<Examplés 7 to 14, Comparative example 10 to 16>

15 mg-Fe/L of FeS0O4°7H20 and a chelating agent were
previcusly 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 iron ions added.
Subseguently, simulated pclluted water wherein

tetrachloroethylene (PCE) had been dissolved as a volatile
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organic compound at a concentration of 26 to 52 mg/L, a
buffering agent for maintaining the pH of the reaction
liguid at a constant wvalue (from 7 to 9) which 1is a
combination of sodium hydrogen carbonate/sodium carbonate,
and 65 mg/L of hydrogen peroxide were poured into the vial.
The wvial was then sealed, and a purification test was
carried out. After elapse of a certain time (1lh) from the
start of reaction, the PCE concentraticon in the liguid was

measured so as to check the progress of purification.

or gilutamate 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 1n & melar ratio falling cutside the scope of the
present invention were shown . in Comparative Examples 10 to
12 in Table 2.

The test results = wherein ethylene diamine
tetraacetic acid which 1is persistent and i1s outside the
scope of the present invention was used werse shown in

Comparative Examples 13 to 16 in Tablie 2.

[0025]
[Table 2]



aaaaON a)fra Comparative | 8-10 | Example 7 [0023] In the case where the chelating
agent falling within the scope of the present invention is used as shown in Examples 1 to 6, 45% or
more of PCE decomposition was obtained, and 5 acceleration effect of PCE decomposition reaction
due to addition of the chelating agent was exhibitédl in the pH range from 5 to 10. However, in the case
where the chelating agent is not added as shown in Comparative examples 1, 4, and 7 and in the case
where the chelating agent falling outside the scope of the present 10 invention is added as shown in
Comparative examples 2, 5, and 8, the PCE decomposition reaction hardly proceeded. In the case

where the chela}ting agent falling outgide the| scope ofltha present iinvention|is ac;ded as shown in
Comparative examgles@,ﬁ, and 9, although the] PCE decomposition feactjon proceeded, the PCE 15
decomposition ameunt @a§ {ess| tharj @bout half fa fiat’in theicase wherethecchelating agent falling
within the scope of the gresent invention was used under theisame pH conditions. The above results
P = A ST g . . . . . .
reveal that addition-ofithe %lodegradable chelating agent specified by the ptesent invention is highly
effective for 20 decomposition of a chlorinated organic compgund|in the pH{rande from 5 to 10. [0024]
<Examples 7 to| 14 zComparative exgmple 10 to 16>
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15 mg-Fe/L of FeSO4.7H20 and a chelating agent were 25 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 iron ions added. Subsequently, simulated polluted water wherein
tetrachloroethylene (PCE) had been dissolved as a volatile 19 organic compound at a. concentration
of 26 to 52 mg/L, a buffering agent for maintaining the pH of the reaction liquid at a constant value
(from. 7 to 9) which is a combination of sodium hydrégen carbonate/sodium carbonate, and 65 mp/L of
hydrogen peroxide were poured into the vial. The vial was then sealed, and a purification test was
carried out. A %?%Falpse of a certain time (1h) from the start of reaction, the PCE concentration in the
liquid was measured sd as to:checkdhe progress bi purdicationne thy Thetestresultsamkerain

methylglycine,diagetic geid-or glutamate diaceticacid.-was used as.a chelafing agest were;shown in
Examples 7 to 11 and 12 to 14 in Table 2. The test results wherein the chelating agent was

added in a mbfar rdtio¥aliifg dutsitie the sclpe of theBredent intihtion Werd*SRGWwH S Comparative
Examples 10#e 42 ihckable 2TThetestresultsehereinethylenediamine tétraaceticsacid which is

persistent and js, oulsidethe seope-of the presentjpvention,was yisgd were showp in Comparative
Examples 13 to 16 in Table 2. [O,OZSL%[TabIe 2] 20 21 [0026 n Examples 7 to 11 using

methylglycind"GiatBticatid, the’ folar Fatic 'oF thie ¢hélatihy® Pt‘];tenti\ﬁ/as%l.%st?)dzﬁo to'ifon 16mY Swithin
which the residuat PCE cdniceatrétionrowas tow. Thatsis, detcomposition of PCE:satisfactarily= L
proceeded.Hewgver, in,Comparative.examples 10 to;11, the ;o cxnibits  that
decomposition of PCE did not sufficiently proceed.
Further, although precipitation of ferrihydrite did not
occur in Examples 7 to 11 and Comparative example 11, it
was clearly observed in Comparative example 10.

In Examples 12 to 14 using glutamate dlacetic acid,
the residual PCE concentration was low within the additive
molar ratio within the scope ©f the present invention and
thus decomposition of PCE satisfactorily proceeded, as in
the case where methvlaglycine diacetic acid was used. In
particular, 1in the case where the additive molar ratio of
the chelating agent to i1rcon ions was 2 or less,
decomposition rate as hich 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 decompesition 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, 1in the case where ithe additive
molar ratio of the chelating agent to iron ions is 2 or

more in Comparative axamples 14 to 16, the PCE

decomposition reaction hardly



molar ratio of the chelating agent is outside the range from 0.5 to 4.0 to iron ions.In this case, the
residual PCEconcentrationwashigh,whichexhibitsthat decomposition of PCE did not sufficiently
proceed. Further, although precipitation of ferrihydri#€ did not occur in Examples 7 to 11 and
Comparative example 11, it was clearly observed in Comparative example 10. In Examples 12 to
14 using glutamate 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 i the cage where methylalvane diacetic agdmasaised Innadieblar, n e cage phere e pddiive
molar ratio of the chelafing agent to iron ions was 2 or less, decomposition rate as high as % Or more
was exhibitegy &owewves,iwith the additiveameunteftherchetatingagent which falls outside the scope
of the present invention, a decrease in the PCE decomposition rate was observed (Comparative
example 12). [0027] ~S|fCormparativtexBrpies 1346 16 using ethylehé Bismirecetrdaretie acid,
the precipitaéioglt(}f J%r{@i(grigen\gas l[1ot g}b%gr{\elgd. Hggvi_(lee\a/gr, J.jp} tr%% case {\e/vher% the additive malar ratio
of the chelating agéentto iron ionsis 2ormore md@omparatlve examﬁes 1%'to 16, the'PCE* *°
decompositiengaaction-harely: procesdedwhighevealsthat exsgssive addition of tha.chelating agent
inhibited the decomposition reaction. As shown in the above results, the chelating agent having a
structure andtppentids defined iretiielpresentinvehtiontis Binighly effective for decoinpositioneof
chlorinated grganic.c ounds. with the additive molar ratio to iron ions in the range from 0,5 to 4.0
which falls v% A tf?e‘%ljydep% rc})if‘tpleV‘f)%é‘sczlnt%ﬁvae\irﬁo‘ﬁ’;lf@‘H&Iu%%’%l Apphicatsility Tgﬁzéj’ LeSe It cording
to the present,inventiop, after generation of a complex of biodegradable chelating agent having an
extremely low environmental load and iron ion, an oxidizer is added while 15 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 pletipitafist ffetAy SiRE ot i 1 possible to effectively and safely purify soil and/or
groundwatewg@g@d with organic compounds in a short period. In particular, it is possible to
accomplish purification in situ without greatly affecting the ambient environment such as ecosystems
and the like. Further, thecpresemntdnventibie i$ 2% extremelyeffective, fos purficateoneafdtidghly of
concentrated pollution.

a complex of biodegradable chelating agent having an extremely
low environmental load and iron ion, an oxidizer is added while

15 maintaining the pH of a purification cbject 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
ferrvihydrite.

20 Thus, it is pessibletoeffectively and safely purify seil
and/or groundwater polluted with organic compounds in a short
period. Inparticular, it ispossible toaccomplishpurification
in situ without greatly affecting the ambient environment such
as ecosystems and the like. Further, the present inventiocn is

25  extremely effective for purification of highly concentrated

pollution.



- 23 - CLAIMS I. A method of purifying soil and/or groundwater characterized in that it comprises:
5a step of addition of a biodegradable chelating agent wherein a dicarboxymethylamine biodegradable
chelating agent selected from the group consisting of meth iglycine-diacetic acid, glutamate diacetic
acid and salts thereof is added to a purification-objéét irra molar ratio of 0_5 to 4.0 to iron ions being
present in the 10 purification object to thereby form a complex of biodegradable chelating agent and
iron ion; and a step of addition of an oxiffizér ¥héréf &n oxidizer is added after forming the
complex while maintaining the pH value of the purification object at 5 to 10. 15 2. The method of
purification according to claim 1, characterized in that in said step of addition of an oxidizer, said
oxidizer 20 25 -24 - js added,while maintaining,thespH valieof the puyification ebject at 7 to 9.
3. The method of purification according to any one of claims 5 1 to 2, characterized in that in said
step of addition-éfcaniexidizer;, dtileast ohepHbufferngagentselected from a group consisting of
sodium carbonate, Cpotassium carbonate, calcium carbonate, magnesium carbonate, sodium hydrogen
a

carBonate, and fofassiuri hydtdgen Carbonatd 10759 2 43Fhé méthod of paralion'dtebrdifg to any
one of claims:k ta-.3,.characterized in.that said oxidizer is @Mg@gﬁﬁrﬁf ré)é%qet selected from
the group consisting of methylglycine~diacetic acid, glutamate
diacetic acid and salts therecf is added to a purification object
in a molar ratic of 0.5 to 4.0 £o iron lons being present in the
10 purification object to thereby form a complex of blodegradable
chelating agent and iron lon; and
2 step of addition of an oxidizer wherein an oxidizer is added
after forming the cemplex while maintaining the pH value of the

purification object at 5 to 10.

15
2. The method of purification according to claim 1,
characterized in that
in said step of addition of an oxidizer, said oxidizer
20
25

30



5. The method of purification according to any one of claims 151 to 4, characterized in that,

preliminary to the step of addition of a biodegradable chelating agent, it further comprises a. step of
pre reatmentwheren the pH of the purification object is decreased from 6 or more to not less than 5 but
less than 6 so as to allow the iron ions in soil 20 to Zlissoclve into groundwater. 6. The method of
purification according to any one of claims 1 to 5, characterized in that, preliminary to the step
of additiorcofg Brstiegradablez23 chelating agent ftifurthercomprisesarstep. 6f pretreatment wherein
iron ions are ;?dglgd to the purification object. - 25-- Method Of Purifying Soil And/Or Groundwater
ABSTRACT An‘object of the present invention is to provide an effective purification method
having a low environmental load, 5 in the purification of soil and/or groundwater polluted by persistent
organic compounds. There is provided a method comprising adding a dicarboxymethylamine-based
biodegradable chelating’agent réprésented by the foltowing.generalfarmula(L) do.a purification object
in agnolgr ratio 0.5 to 4.0 to iron ions 10 being present in the purification object to generate a complex
of bibdegratifble’chelsting agent and ifdh ibfiéand adding an oxidizer while maintaining the pH value of

the purification object at.5 to 1Q, hreferably using a pH-buffering.agent. [Chemical formula 1]
15CH2COOX RN N(1) CH2COOX (No Figure) R Sl e
buffaring'agent,seiectecﬁfrom&agxoug>consistinq<1fsodiuﬂmcarbonate,

potassiwmcarbonatefcalcimﬂcarbonatefH@gnesimncarbonate,sodium

hydrogen carbonate, and potassium hydrogen carbonate.

4. The method of purification according to any one of claims

1 to 3, characterized in that said oxidizer is hvdrogen peroxide.

5. Themethod of purification according to any one of claims
15 1 to 4, characterized in that,
preliminary to the step of addition of a biodegradable
chelating agent, it further comprises a step of pretreatment wherein
the pH of the purification object is decreased from 6 or more to
not itess than 5 but less than 6 so as to allow the iron ions in soil
20  to dissclve into groundwater.

-~

&. The method cf purification according to any one of claims
|

1 to 5, characterized in that,

preiiminary to the step of addition of a bpiocdegradable

3]
o

chelating agent, it further comprises a step of pretreatment wherein

iron ions are added to the purification obiect.
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Method Of Purifying Seil And/Or Groundwater

ABSESTRZAC?T

An object of the present invention is to provide an
effective purificatioh method having a low environmental load,
in the purification of soil and/gr groundwater polluted by
persistent organic compounds. There is provided a method
comprising adding a dicarboxymeéhylaminembased biodegradable
chelating agent represented by the following general formula (1)
to a purification object in a molar ratio 0.5 to 4.0 to iron ions
being present in the purification object to generate a complex
of biodegradable chelating agent and iron ion and adding an
oxidizer while maintaining the pH value of the purification
object at 5 to 10, preferably using a pH buffering agent.
(Chemical formula 1}

 CHC00X

RTN N (1)
CH2C00X

(No Figure)



