28 July 2006 Description Heavy-Metal - Adsor bent
Conposition Technical Field The present invention 28 July 2006
relates to a heavy-netal - adsorbent conposition

contai ning dead bacterial cells, and to a nethod for
renovi ng heavy netals froma heavy-netal - contai ni ng
medi um such as environnental water by use of the
heavy- net al - adsor bent conposi tion. Background Art
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Background Art

Environmental pollution caused by heavy metals such as
cadmium, copper, zinc, chromium, and lead has grown
problematic all over the globe, because these metals are
biologically toxic even if used in trace amounts. The
coagulation-sedimentation method is widely known as a means
for removing heavy metals. This method is inexpensive, but a
large amount of sludge having a high concentration of heavy
metals is produced thereby, and thus the sludge must be
processed in a final dispeosal facility. Meanwhile, the ion
exchande method is known to produce only a small amount of
sludge, but this method does not yét prevail because of its
high cost.

Recently, there have been many reports disclosing
methods of removing heavy metals by use of biomass such as

bacteria, yeast, fungi, or algae. Some methods focusing on




environnment. Biomass is thought to specifically adsorgy jyly 2006
heavy netals such as cadm um copper, zinc, chrom um
and |l ead, and noreover, the adsorbed heavy netals can
be coIIected t hr ough desorption of the netals.
Furthernore, use of biomass is advantageous in that
bi omass is generally biodegradable and is thus
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For use of dead biomass, a variety of methods have been
reported. As an example, dead biomass is subjected to
treatment with an alkaline solution (Brierley et al., USP
4,992,179), followed by washing. Other methods include
autoclave treatment (Seki H et al. J Colloid Interface Sci.
1998: 197, 185-190) and treatment with potassium cyanide and
ethanol (Kurek E et al. Appl. Environ. Microbicl. 1982: 43,
1011-1015) . Specifically, Brierley et al. discloses that
alkaline treatment of bacterial biomass such as Bacillus
subtilis increases the amount of gold, silver, copper, or
lead adsorbed per unit weight of the biomass. The present

inventors have also investigated amount of heavy metals

adsorbed onto various bacteria treated with alkaline




al kaline treatnent is not necessarily advant ageous. 28 July 2006
Di scl osure of the Invention In view of the foregoing,

the present inventors have carried out studies

focusing on the followi ng two aspects: nethodol ogy

for bacterial treatnment and identification of

bacteria exhibiting high heavy nmet al adsorption
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bacterial cells can be regenerated through acid
treatnent, thereby |leading to conpletion of the
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| s obtained fromacid treatnent of bacteria

of §§t§§f§§ EEDB:ted from among Bacillus sp. KRI-02 or
analogues thereof, Bacillus licheniformis, and Staphvlococcus
sp. KRI-04 or analogues thereof are useful as heavy-metal
adsorbents, because, as compared with the case of alkaline
treatment, the weight of the cells does not significantly
drop after the cells undergo the acid treatment; the amount
of heavy metals adsorbed per unit weight of bacterial cells
increases; and the bacterial cells can be regenerated through
acid treatment, thereby leading to completion of the
invention.

Accordingly, the present invention provides a heavy-
metal-adsorbent composition containing bacterial cells
obtained from acid treatment of bacteria selected from among

Bacillus sp. KRI-02 or analogues thereof, Bacillus

licheniformis, and Staphylococcus sp. KRI-04 or analogues




anong Bacillus sp. KRI-02 or anal ogues thereof,
Bacillus licheniforms, and Staphyl ococcus sp. KRI-O%"“IY%O6
or anal ogues thereof. The present invention also
provi des a bacterium selected fromanong Bacillus sp.
KRI - 02 (FERM BP-8165), Bacillus licheniforms KRI-03
(FERM BP-8167), and Staphyl ococcus sp. KRl -04 (FERM
BP-8166). The present invention also provides a
thegegéy- netal - adsor bi ng apparatus conprising (A) at
| east one heavy-netal - adsorbing reservoir containing
t hd @ ovesart iloveadthioay ¢l spePaPvidsesr Befethod of
conposi tion, and_(B) an acid-containing reservoir. By
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13 ﬁdsor tion/desgr%tiog f strain KRI-02 with respect
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the%gg#aining cell beads with respect to Cu (the first
Cycié and the tenth cycle). Fig. 4 shows the
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selected from among Bacillus sp. KRI-02 (FERM BP-8165),
Bacillus licheniformis KRI-03 (FERM BP-8167), and
Staphylococcus sp. KRI-04 (FERM BP-8166) .

The present invention also provides a heavy-metal-
adsorbing apparatus comprising (A) at least one heavy-metal-
adsorbing reservoir containing the above—menfioned heavy-
metal-adsorbent composition, and (B) an acid-containing
reservoir.

By use of the heavy-metal-adsorbent composition of the
present invention, it has become possible to efficiently

remove heavy metals from, for example, river water, lakes and

marshes, and industrial effluents.

Brief Description of the Drawings
Fig. 1 shows the results of a test carried out to
investigate adsorption/desorption of strain KRI-02 with

respect to Cu.




the tenth cycle). Fig. 5 shows the adsorption capacit
of heat-treated cell beads with respect to Cu. Fig. %?‘hﬂy2006
shows the adsorption capacity of heat-treated cel
beads with respect to Zn. Fig. 7 shows the adsorption
capacity of heat-treated cell beads with respect to
_Cu (the first cycle and the tenth cycle). Fig. 8
tz dsorp |on capaC|ty of heat-treated cell

eddd wi4 ¥ T K G s tordre Iged e to

tenth cycle). shoms rel ati ons between the

9
investigete Ao t&@lnt/ dese£8d 19Rd OFn S&dsPpEREN 02 Mg th10
shows relatlons bet ween the nunber of regeneration

res@f&ﬁego ‘cel | beads and Zn adsorption. Fig. 11 shows
jp tlon capaci,t c%HHF|| beads with respect to Zn
eothlena] Hlicn ceppcddnt ° esfclwalr—ged
fronta Ia ctor 2 shows adsorpti
concaiRire “Crdpdscad TS GFoPsCEs Loy 1606 CeeRF pesds and
W, th respect to Zn and Fe contained in industrial
theeFFPﬁén%@ §'§Charged froma plating factory Fig 13
W th

t t
et 16 ttf"”s S EbRER el PR ACIaRaEr JE TP Lent s

Congéiéne g?%&% cy e egh%%hn%e%%C%%o&gazasgEEFP%ggggpgg Fig and
thepﬁ aehl J §% ? with respect to Zn contained in

quSTT | ef fluents discharged froma plating

fa%ﬁ%rVG WheR, s> t%%S%H%%%%%lo%s% %% [£/26% heat-treated
cell beads with respect to Cu.

Fig. 6 shows the adsorption capacity of heat-treated
cell beads with respect to Zn.

Fig. 7 shows the adsorption capacity of heat-treated
cell beads with respect to Cu (the first cycle and the tenth
cycle) .

Fig. 8 shows the adsorption capacity of heat-treated
cell beads with respect to zZn (the first cycle and the tenth
cycle) .

Fig. 9 shows relations between the amount of added cell
beads and Zn adsorption.

Fig. 10 shows relations between the number of
regeneration cycles of cell beads and 7n adsorption.

Fig. 11 shows adsorption capacity of cell beads with
respect to Zn and Fe contained in industrial effluents

discharged from a plating factory.

Fig. 12 shows adsorption capacity (repeated use) of



enpl oyed. Fig. 15 shows the rel ation between the

nunber of regeneration cycles in a plating waste 28 July 2006

wat er reservoir and Zn adsorption. Figs. 16 and 17

are schematic illustrations show ng an exenplary

system for renoving heavy netals fromwaste water

Fig. 18 refers to the systemshow in Fig. 17, and

shows flows of waster water streams flowing to 4 beads
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Figs. 16 and 17 are schematic illustrations showing an
exemplary system for removing heavy metals from waste water.
Fig. 18 refers to the system shown in Fig. 17, and

shows flows of waster water streams flowing to 4 beads

reservoirs.

Best Modes for Carrying Out the Invention

The present invention employs, as the above-mentioned
heavy-metal adsorbent, acid-treated cells of bacteria
selected from among Bacillus sp. KRI-02 or analogues thereof,
Bacillus licheniformis, and Staphylococcus sp. KRI-04 or
analogues thereof. Notably, when treated with acid, these
specific bacteria are hardly troubled by significant weight

reduction, and therefore increase the quantity of heavy



simlar to that of the bacterial strain. No particu
[imtation is inposed on the type of acid which rraya"ra‘h“yzo06
be used for the acid treatnment of the above bacteria,
so long as the acid is able to kill the bacteria, and
enpl oyabl e aci ds include inorganic acids such as
hydrochloric acid, sulfuric acid, and nitric acid; and
anlc acid such as acetic acid, formc acid, valeric
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No particular limitation is imposed on the type of acid
which may be used for the acid treatment of the above
bacteria, so long as the acid is able to kill the bacteria,
and employable acids include inorganic acids such as
hydrochloric acid, sulfuric acid, and nitric acid; and
organic acid such as acetic acid, formic acid, valeric acid,
propionic acid, oxalic acid, and citric acid. Conditions
required for acid treatment are that they attain death of
bacteria. As an example of preferred acid treatments,
bacteria are treated in an aqueous acid solution of pH -0.5
to 2 for 15 to 150 minutes. Acid treatment temperatures are
preferably those at which the bacteria are grown. Preferably,
bacteria are washed with water before the acid treatment.

Bacterial cells treated with acid are preferably washed

with water so as to have a neutral pH. Although the acid-




constituted of proteins, |ipids, glycosides, etc.
Therefore, alkaline treatnent dissolves proteins an
aci di ¢ substances. Moreover, nost of their
constituents are solubilized through hydrolysis, and
only insol uble substances are left behind. 1In
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trena§ egofsildéer 8¢y tlRatdnet 6Rl yaikeraltoi sherehtyi fhrar e
cations), but also basic substances are forced out of
SUSPREIS OB ditds Yand ca P reAGL ALY eRpAbErdofinper g ydéeatop
inside their bodies. Thus it becomes easier to
thrgugh) drgeespeiatingri 6prel dewdnioncheditagineavy simtalr
ions and thereby maximze the utility of bonding
eahgsiti ons of heavy netal atons within the bacteri a.
Exanpl es of the heavy netals which the acid-treated
celTlh§ éffGSt%écaﬁ!rte%%{dy itﬁ\?é'ﬁ:teidoﬁeééﬁ @é@éb@tt paiet yery
ude A% Hg, Ni , Pb, Pd,
Sma&r'#d rzﬁiuCéi S8 3al| )thfe%We?ﬁ@theé@ygﬁ@PéFﬁéd§éFBeﬁ?lls
nposi.ti on according to_the prevent invention may be
trEPEEFhalF Ao Lthe taForetEnt Poned1OBRYER ¥ r it er TP s

queous carrier or a solid

l.ud
1DCESFF?§r%%E%5y SEShrEE GlBoEPEar £ er neriad=" ieh
d | ut d
untgS; %S??F&ﬂ%ue§58§§ Febicy narer o Hetades aSEBEBGEtSf these

the _so C

aciJUTRERATLRN Yo X 8r8aﬁw.éﬁg T Pssﬁﬁﬁrébﬁpebgir?ﬁﬁed
celﬁgnggsb%ﬁ?% %@% %%ﬁta%@h a gQﬂ%&Hﬁal

he
trea her "heav rB%nts t han

t hegnhed 'S%t%' %ﬁiﬁ%@be%ﬁ% 15%%8%%%% L gyenti on,

pl asti ci zérs, rers r cants, ant’ls atic

f , |
con%gﬁﬂh§ed.%%”b?gtégﬁgThélggﬁgg ??géEgﬁagg,t%Ek.erfhefg¥%re,

rei nforcing agents oncentration o
alkaghfet teakedenel k3 sRHe9RRB pkBteins and acidic substances.

£38 July 2006

Moreover, most of their constituents are solubilized through
hydrolysis, and only insoluble substances are left béhind.
In contrast, when bacteria are treated with acid, proteins
continue to stay in denatured form. Thus it is considered
that not only metal ions (which are cations), but also basic
substances are forced out of their bodies and an enormous
number of pores develop inside their bodies. Thus it becomes
easier to accelerate penetration of ions including heavy
metal ions and thereby maximize the utility of bonding
positions of heavy metal atoms within the bacteria.

Examples of the heavy metals which the acid-treated
cells of the present invention can adsorb thereto include Ag,

Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Pd, and Zn.



t he heavy- net al - adsorbent conposition is preferably 5
to 100 W.% nore preferably 10 to 100 wt . % 28 July 2006
particularly preferably 20 to 100 wt.% as reduced to
the dry weight of the cells. Exanples of the inorganic
carrier used as a carrier for the acid-treated cells
include silica gel, alum na, glass, diatonmaceous
earth, and Teflon. Exanples of the resin carrier
i ndihsd drecenywledsd, - assropibanitd e cdeoisidtiionesiccording to the
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the heavy-metal-adsorbent composition is preferably 5 to 100
wt.%, more preferably 10 to 100 wt.%, particularly preferably
20 to 100 wt.%, as reduced to the dry weight of the cells.
Examples of the inorganic carrier used as a carrier for
the acid-treated cells include silica gel, alumina, glass,
diaﬁomaceous earth, and Teflon. Examples of the resin
carrier include cellulose, acrylamide derivatives,
polysulfone, polyvinyl alcohol, polystyrene, calcium alginate,
carrageenan, and polyethylene imine. These inorganic
carriers and resin carriers may be.employed singly or in
combination.
The acid-treated cells are preferably employed in the

form of "cell beads," each formed of cells and an inorganic

or resin carrier therefor. BAmong them, cell beads formed of




be obtai ned. Moreover, pores may be introduced into
the cell Dbeads by freeze-thaw ng treatnent, whereby 28 July 2006
i nproved heavy- netal adsorption performance can be
obtai ned. The heat treatnent is preferably perforned
for 2 mnutes to 30 mnutes at 120 to 250'C, nore
preferably for 5 mnutes to 30 mnutes at 150 to
200" C. When cell beads flocculate during the
aclfedviraiaclce ldds grst icorr asrieatomanti et Hdearedm tonmect ed
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pl ati ng, and
treated with heat, improved water resistance of the beads can

be obtained. Moreover, pores may be introduced into the cell
beads by freeze-thawing treatment, whereby improved heavy-
metal adsorption performance can be obtained. The heat
treatment is preferably performed for 2 minutes to 30 minutes
at 120 to 250°C, more preferably for 5 minutes to 30 minutes
at 150 to 200°C.

When cell beads flocculate during the heavy-metal
adsorption treatment, the area connected with heavy metal
tends to shrink, so flocculation of cell beads should be
refrained preferably. In one preferred flocculation
preventing technique, in addition to acid-treated cells and
resin, an additive such as Teflon powder, dibutyl phthalate,

castor oil, or ethyl acetate is added during preparation of

10




ot her heavy-netal -contai ning environnental nedia. wh

such heavy-netal -containing nedia are desired to be%JulyZOOS
treated with the conposition of the present

invention, the followng nethod may be perforned

anmong ot her nethods. Specifically, carriers carrying

acid treated cells immbilized thereon are brought

[ h b d, Li
cel bR Al Sy e e oA e R £ TRP R LS Sy L Toed 1n
h a, col umm, packed with_car

an %é?ﬁy.naf°8.@%3%9e§t§ 857§ wﬁﬁgB%r.tsaetﬁ5F£85851 .1
to 2UEIMAN BULR O THITH! polBREE T8I FhE REERRE ok chR®acia-

rum ar

tre%%%%abgﬁqsln AiF%rEQEPQS%%loPa@éﬁéfgtféﬁ %ﬁtcell beads can

I'nvent1on, resu Ing In renova
be greggétggﬁ%ﬁégggglg%eégﬁ Qfgg?ggeh% &SnEtf%Q & fditions
of ﬁ%%gt' .gﬁkﬁﬁ% a%k ggﬁ s%ﬁ a%rtﬁBs ”%hg%@&% for

owers --0fr the a d|t

impReh aly %%ea%%%EeﬁEB@lé ege%gtg% EQEést E@b"”g

recovery of heavy netals acid treated cells

fr%@éﬂ“éﬂhé%%?ﬂhe%%ﬁab%n@%&%1%%3%e@%h%a%%dt&%a&%@S%@Eﬁ

as a heavy-netal adsorbent agai'n. In order to renove

theh@@%YTRledhs -EHAR-8 cheawyn ?%%Qtloﬁoekatﬁbn raedhym
such as industrial effluen plating water, by use

invehttibe , heawyvekakiadeanbent repppes tr-om Qﬁethéavy -metal-
present i nvention, preferably, a heavy-netal -adsorbing

con@BPAR AU sebn Gy di mgaxttmeé 0bF ovh&0héA) yafdt 4 B)c@i€aining
enpl oyed: (A) at |east one reservoir containing a

medieavynatiak- adsorbanentaonpasketi on, sand ¢Bhtalining heavy

aci d-contai ning reservoir. The heavy-netal-adsorption
metmeéser waidr spArifayadéryenkbarticantegubesgiuss; of river water,

specifically, after heavy netal adsorption treatnent
lake/marsh water, sewage, industrial effluents, so0il, cooling
water for incinerator ashes, waste water from plating, and
other heavy-metal-containing environmentazl media. When such
heavy-metal-containing media are desired to be treated with
the compeosition of the present invention, the following
method may be performed among other methods. Specifically,
carriers carrying acid-treated cells immobilized thereon are
brought into contact with any of the above-mentioned ligquid
medium, more specifically, the liquid medium is allowed to
pass through & column packed with carriers carrying acid-
treated ceills immobilized thereson.

Through such a treatment, heavy metals present in the

medium are adsorbed by the acid-treated cells contained in

the composition of the present invention, resulting in the

i1




t akes place therein, heavy netals are recovered and
t he hgavy- nmet al - adsor ben%/ conposition i s regenerat eo28 July 2006
for anew treatnent. Electroplating factories produce,

in a post-plating washing step, waste water

contai ning heavy netals at high concentrations. Since

hi gh I evel s of cyan conpounds are used in zinc

Iat are deconposed. t hr qugh oxi dati on i
OGS indrty eBHehaREa T ¢ PRCCASSobPSR hEoRT dniiBl &l s ngre
ere hexa Ient chrom.um i s enploye ,
ca s SR o O T A ot oAby shel Pedigipn of an
treat nent, Thereafter caustic soda or a simlar

OT IRt Arde] .csr FAdeATFANHE Fcdtng ir. I8 lmr%rsza%—or by
LS T R S, L.
ena?ﬁ-oﬁ%%g”rﬁee”%%sea%afo i R e T e gereaat
ceple il 333@1@%“ V\me%y?l\ﬁa e GREROE R KRRk B heBbanie

n ort| ereof are transported to fina
as %‘spos éﬁ Iaﬁ&f%qalpurposes and only a

o aﬁ# o%éls > e eLPe%%veT'heeraQ}‘f 'Em%t s 1935 MRl %H}l?r{?‘%ra‘i—

ter rgoing treat 'S treat 6d W

coﬂ%ﬁTﬁﬁ E@kﬁﬁﬁﬁer%b ascq %Eﬁgﬁ %%fﬁﬂ%n@r% a?ﬁaglng

I nvention to eby renD eavy metals con
wattei?:er %Jyn’uQ‘%rfe ) |he%er|—%%%rl %ﬁs@r&%ﬁ@ fc%ano% iROLYTRE the
f1 dccul ant” whi ch ot herw se wi produce a rge

pr RN e rdl iUgge o MIEQAYAL,, tahr@a% #3€ 9 a8 rbing
heavy- net al - adsorbent conposition of the present

appae@itld Amciibidt ithe rilabky ngPea) f kedadser B"rkeoﬁm loyed:

capacity, when heavy netals are recovered at ﬁ
(A)Cencanta=at iers dasemihe heavw-imehal a heavy-—metal adsorbent
composition, and (B) an acid-containing reservoir. The
heavy-metal-adsorption reservoir (A) may serve for continuous
use; specifically, after heavy metal adsorption treatment
takes place therein, heavy metals are recovered and the
heavy-metal-adsorbent compositicn is regenerated for anew
treatment.

Electroplating factories produce, in a post-plating
washing step, waste water containing heavy metals at high
concentrations. Since high levels of cyan compounds are used
in zinc plating, they are decomposed through oxidation in a
preliminary treatment. In the case of chromium plating where
hexavalent chromium is employed, it is converted into

trivalent chromium in a preliminary treatment. Thereafter,

caustic soda or a similar substance i1s added to the plating

12




adsor bent conposition which adsorb the heavy netals
thereon, not only the life of the final disposal si t 48 July 2006
is prolonged but also, recycling of resources can be
reali zed. Thus, the heavy-netal -adsorbent conposition
and the heavy-netal-adsorbing apparatus of the
present invention are very useful for collecting
heav netals particularly from plating waste water.
WasE HRItES CRELEITIRE BlaSentichFent COK ORI petc. so as to
.%is i bed in nDre 13 28 July 2006 detail by way of
shi Fe®H WRiLER §98@F§Sn8tbﬁ§l€oH§tru%ﬂb%%quﬁ%$%Ynga
l t he |%¥ent| qn thereto nple 1 (Sel ection. and
POLYEERt iHHPE&TER oﬂsb&éééﬁ|§owﬁ grmeadsdrsoneldy Retars in
th (EEFEIH ft; referr %g "heavy- net al - adsorbed
ShACEEY P )ujﬂg(el) ag |§ § Udﬂeﬁéswv Yptsdsdebed
. cteri,a ) ended jn saline and
dlSFﬁsﬁgsd oSt 6Refond Y83 STRESE ebt band acey s s
disha ;eede ﬁkP Br i n_Heart I@fu3|on Agar _medi um
5’85'? i PRy T ErvPhgav g™ f“&ﬂor ené &89%?@@ ePﬁeare
eedln r ol oni es were
eraf R T o EReP058Y Redceorsn deT LG REgEORRS:
t irs iym t the col oni es were observed
ang Bgé& %rg?%égﬁ ﬁlcggécope (A ynpus U LH1000, Japan)

Th%?%%%g%f &%Ikas% n%a@%@”b%%%&% er%%%%%ePnggggﬁéﬁg

bsence o $pore, and presenceé or absence o

tre@%ﬁ@n&l k&@a;uédﬁ %hogﬂgl¥ﬁgg?o &oﬁggoggéﬂgd on a

Brain Fbart sion Agar ckins

come§1@Loi‘i agarnaedi-uaLiB. lmehtleggmrtb VRECRYSEENETe heavy

reover tests were carried out
rnetals contained therein, there will no longer be a need for

a polymer flccculant which otherwise will produce a large
amount of sludge. Moreover, through use of the heavy-metal-
adsorbent composition of the present invention exhibiting
highly spegific adsorption capacity, when heavy metals are
recovered at high concentrations from the heavy-metal-
adsorbent composition which adsorb the heavy metals thereon,
not only the life of the final disposal site is prolonged but
also, recycling of resources can be realized.

Thus, the heavy-metal-adsorbent composition and the
heavy-metal-adsorbing apparatus of the present invention are
very useful for collecting heavy metals, particularly from

plating waste water.

Examples

Next, the present invention will be described in more
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respect to catal ase reaction, oxidase reaction,
acid/gas production from d ucose, and
cxidation/fernmentation (O F) of Qucose. In the
second bacteriumtest, tests regarding biochem ca
properties of the bacteria were perfornmed by use of
an APl system (bi oMori eux, France:
http://ww. bi omeri eux. fr/hone-en.htn) in accordance
det\ﬁnltlh biyh@aya ofgexamylesos whitas dhemeAt nﬁét Redcepstraed as
. system Additional tests regardi ng physiol ogica
llmﬁ%éﬁéfﬁpéslaﬁenﬁﬁénbééﬁéﬁﬁa -were perforned. b. Results
The results of the first-stage test are shown in Table
1 Table 1 Specinen No KRI-OZ KRI-Y3--KRI-O4 Cul ture

28 July 2006

Rod Coccus hoIo &
Exafﬂflﬁ >1 ésélﬁstSOﬁ P@dSl?e?téftlﬁaElén(Pﬁobag eF?/plaP pich
Gamstain + + + NMbvenent + Im% orm
adsgEl eVl MefeRgd BﬁfFeBnﬁlf‘FeﬁerGﬁﬁﬁFBdHtP &ar gg¥y metal-
%ﬁg gulture { 48h Culture tinme: 48h Culture
adsprpgd Qﬁteéﬂﬁcular Irregular Circular Margin: slight

l)Nhégieétgégbé aﬁgagytﬁétafﬂggégrbed bacteria

A soll sample was suspended‘in saline and then allowed
to stand, and the resultant supernatant was seeded into a
Brain Heart Infusion Agar medium contfalning 1lmM heavy metal.
One day after the seeding, emerging colonies were selected.
(2) Identification of the obtained colonies
a. Methods

In the first bacterium test, the colonies were cbserved
under an optical microscope (Olympus U-LH1C00, Japan) in
terms of cell form, Gram stain, presence or absence of spore,
and presence or absence of movement with flagella.
Additionally, colony forms formed on a Brain Heart Infusion
Agar (Becton Dickinson, NJ, U.$.A} + agar medium (B. H. I
agar) were observed. Moreover, tests were carried out with
respect to catalase reaction, oxidase reaction, acid/gas
production from Glucose, and oxidation/fermentation (O/F) of
Glucose.

In the second bacterium test, tests regarding
biochemical properties of the bacteria were performed by use
of an API system (bioMérilieux, France:

http://www.biomerieux.fr/home en.htm) in accordance with the
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undul ate Short and flat Short and flat Short and fl
Not gl ossy A ossy dossy Pale yellow Pale yell ow Pa
yellow Culture 37 + + + tenp. *C 45 + + + Catal ase +
+ + Oxidase Production of acid/gas (glucose) QF
test +/+ (glucose) Additional Sensitivity test
agai nst furazolidone + The genus Bacillus Bacill us
St aphyl ococcus _ group which exhibits simlar
meagugsEen: Methpgspli fee RegaEive, w Weak response 15
28 July 2006 The results obtained fromthe .
sedGid-dage ttesitsak® daddiltidopayY siedrsigre PHowRLitaes of
Tables 2 to 4. Table 2 (KRI-02) Presence or absence
thegPacseidft ¥Er6nPESALEBESE ycerol + Erythritol -

D-ar%binose L- ar abi nose -+ R bose + :
b. Results

July 2006

The results of the first-stage test are shown in Table

1.
Table 1
Specimen No. KRI~02 KRI-03 KRI-04
Culture 37 37 37
temp. °C
Cell Rod Rod Coccus
morphology (1.0 x 3.0 to 5.0 (0.8 x 2.0 to 4.0 (90.8 um)
prn ) pm)
Gram stain + + +
Spore + + ' -
Movement - + -
Colony form  |[Medium: B.H.I Medium: B.H.I Medivm: B.H.I
agar agar agar
Culture time: 48h|Culture time: 4Bh|Culture time: 48h
Circular Irregular Circular
Margin: =light Margin: fimbriate|Entire smooth
undulate Short and flat Short and fiat
Shert and flat Not glossy Glossy
Glossy Pale yellow Pale yellow
Pale vyvellow
Culture 37 -+ + +
temp. °C |45 + + +
Catalase + + +
Cxidase - = -
Production of ~-/= -/= +/-
acid/gas
{gilucose)
O/F test -/~ ~-/= +/+
(glucose)
Additional - - Sensitivity
test ' against
furazolidone +
The genus Bacillus Bacillus Staphylococcus
group which
exhibits
similar
property
+: Positive, -: Negative, w: Weak response
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D- xyl ose - L-xylose - Adonitol - P-Methyl-D xyl ose -
Galgctose a ucgse + Fructose + Nhnnosey+ Sor%ose . 28 July 2006
Rhammose - Dulcitol - Inositol - Mannitol + Sorbitol +

a- Met hyl - D- mannose a- Met hyl - D- gl ucose

+N- acetyl gl ucosam ne - Anygdalin - Arbutin - Aesculin +

Salicin + Cellobiose + Mal tose + Lactose - Meli bi ose

- Sucrose Treggse - Ilnulin - Melezitose - Raffinose
30gr 6ﬁ5u1@5y6’ GernedxfEPTotReGEREPBRT §589e test and
D—turanose - yxose D-tagatose - D-fucose -

addEtﬂeeééeteE¢§r§E?t5POWE 4PabRPOFS & GEofate -
ochen1ca| t est 2-Ketogluconic acid 5-Ketogluconic
Tabé@ia (BR&EZPZdt osi dase - Arginine di hydrol ase Lysine

Pre S8CH REXYLaSEJH FRLREfGanboxylase Ulility of

SIoEbE Ach o FZS PrRdyELion + urease Ty ppiEioL -
SiEanL IASEs — T ndot e[ L OGUEdJgTACET Of T [RLGEIIE Ly o+
—':alyflsgéﬂ_dbe + I\II lf%[_gyigé]él(lll orr =+ Ad A&(.[)I‘H_[{'_%Il LEbl

] gperty at F S-owthr—propd det
B:-?ll\\qﬁnqx iL,é'\_- tyirc\}r'glgf TnGayahf;On?e h nroanar+t vy @}.chd'gé E-I al e
IIMEOUUI_I\: CUTTUT U1 ULl A uv"ﬁ T |~JI \J'JCI T y sll H‘U /70U I_ A T
ﬁ?r\ 'Jf\i f‘l C"JI t Qg\ AV ol BN <. f\'JC‘Qi s Q\:FII‘P!’SQ \Ic‘i o .
UL I A>3 UuUCT U TUT L II Uk Ulf\.)l A\ e o= p wy | L AT UT y\.)l J T
Dduu.E 3 I.“J 03) PS Eh%% oF—absenece FH dnt at i on
annito or a-Methyl-D-mannose -—

a-Methyl-D-glucose +N-acetylglucosamine —-|Amygdalin -

Arbutin - Aesculin + Salicin +
Cellobiose + Maltose + Lactose -
Melibiose - Sucrose + Trepase -
Inulin - Melezitose - Raffinose -
Starch - Glycogen + Xyiitol -
Gentiocbiose - D-turanose - D-lyxose -
D-tagatose - D-fucose - L-fucose -
D-arabitol- L-arabitel- Gluconate -

Biochemical test

2-Ketogluconic acid -

B-Galactosidase -

Lysine decarboxylase -
Utility of citric acid -
Urease -

Indole productieon -
Biratinase +

5-Ketogluconic acid -
Arginine dihydrolase -

Ornithine decarbosiylase -
H;S production -
Tryptophan deaminase -
Acetoin production +
Nitrate reduction -+

Additional test

Growth property at 50°C +

Growth property under anaercbic condition -
Growth property in 10% NaCl +

Hippuric acid salt hydrolysis -

Casein hydrolysis +

Table 3 (KRI-03)

Presence or absence of fermentation

Bp-Methyl-D-xylose -

Control - Glycerol + Erythritol -

D-arabinose - L-arabinose + Ribose +

D-xylose + L-xylose - Adonitol -
Galactose - Glucose +

Fructose +

Mannose +

Sorbose -

Rhamnose -

Dulcitol -

Inositol +

Mannitol +

Sorbitol +

o-Methyl-D-mannose -

a-Methyl-D—glucose +

W-acetylglucosamine +

Amygdalin -
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Control - Gycerol + Erythritol D arabinose -
L- ar abi nose }ll- Ri bose + D-xylose + L-xylose - Adonito%s‘jLIlyzoofj
- P-Methyl - D xyl ose - Gal actose d ucose + Fructose +
Mannose + Sorbose - Rhamose - Dulcitol - Inositol +
Manni tol + Sorbitol + |a-Methyl-D mannose

_j a-Methyl - D-gl ucose +N-acetyl gl ucosam ne +j Anygdal i n
A AGnJUlY 2006 AR Aig Aesculin FsahigddT s+

EEIT PRI T VAl 1 Ot 1E0keC] OSE - VETTD ose

Md BRASGT- ot Sd@loggu_ose Raf 1 ”:Eﬁepas% 4 ch—

fﬁl}ﬁ_(i(ﬁg&n + )\yl T tot Mek_li_%lilltgé)é osSEe - DFt &Ef’ﬂ’?qéé" _YXOST

s-Ea’cf?:Sﬂf‘erbe T ,L:' Uiy cogln PR AV LS -

1 | | ULU L.IIUIII L.cll L1=4S) Z- INCcU O
(%Erﬂ:'l%ﬁﬂlbg% :J = 5-'r( lt%]rang%éjb“k actd—F= ;i:}/}éocseOg’i gase t
ﬁtﬁﬁﬁétbs% 4 Aun,ﬂ\ﬂ%%cgég e o dbL=Tucose; —

0 1‘&81”' hydrota "—aT.: bySinetecarbogytase -t —
. n‘bhﬂ" %carbox ase i? Iity of c:?’r:c actd H2S
B et -0 Urease—Tryptophan-deapinase—| pdole
PSHQELPERILC REAFS n product i2ohS rod PIGOECAAELT

IGAACEOP BORAS ifon._+ Addi t i ofFEIPERT BRYRERI P oderty
s imen decarpilirsgr hper t v un@Epibibes ssicerbesidiaseon +
Wridifty pfopbiiif PRid0% Nadl [Hes production -

Urease - Tryptophan deaminase -
Indole production - Acetoin production +
Biratinase - : Nitrate reduction +

Additional test

Growth property at 50°C +

Growth property under anaerobic condition +
Growth property in 10% NaCl +

Hippuric acid salt hydrolysis -

Casein hydrolysis +

Table 4 (KRI-04)

Biochemical test and acidification test
Urease + Arginine dihydrolase -
Ornithine decarboxylase - |RAesculin hydrolysis -
Glucose + Fructose -
D-mannose - D-maltose +
Lactose - Trepase +
D-mannitol + Raffinose -
Reduction of nitrate to Acetoin production -
sulfite +
B-Galactosidase - Arginine allylamidase
Alkaline phosphatase - Pyrrolidonyl

allylamidase -

Novobiocin sodium Sucrose +
resistance -
N-acetylglucosamine - D-turanose -
L-arabinose - B-Glucuronidase +
D-ribose - D-cellcbiose -

KRI-02 was found to belong to the genus Bacillus, but
the species of the bacteria cannot be ideqtified from these

results. Therefore, the bacterium was named Bacillus sp.
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H ppuric acid salt hydrolysis - casein hydrolysis +
Table 4 (KRI-04) Biochem cal test and acidification
test Urease + Arginine dihydrolase ornithine

decar boxyl ase Aesculin hydrolysis @ ucose + Fructose
- D-mannose - D-naltose + Lactose - Trepase +
D-mannitol + Raffinose - Reduction of nitrate to

Acet Lion . sufl P- Gal act osi dase -
.KRIAﬁérﬁhﬂng??“C i R T A TP THORDER e

rrolido al | yl am dase Navaobi gci.n sodi um Sucr ose +
Bac:fié#ét éﬁegéfyéew Pgﬁugoealﬁ?ﬂe%@eé#aﬁoééchemforms KRI-

03| BT RS & S 05 VLY (AT Lt ey dsgevs:
out PGk PERELSE: o Fﬁ%i@ac SRR SR NS

the RBFOES, B Bt EE  UE, Gr i oncRoShapBRaOtaYCES o KRI-04.
<RIRRE AT Ry GaCRE T GAnie TS DerBRocry fheBed er 16,
rER A Y e Gt PR R BB Br oFESoRhE BT er Fonrllas

1ndgﬁgﬁge§%aQHMHﬂ%QEfH§1§Q'1&%%196t10n, National Institute of

Advanced Industrial Science and Technology, Patent

28 July 2006

Microorganisms Depositary (Chuo 6, 1-1-1 Higashi, Tsukuba-shi,

Ibaraki-ken, Japan (zip code: 305-8566): August 21, 2002).

Example 2

Fach of KRI-02, KRI-03, and XKRI-04 was cultured in a
Brain Heart Infusin medium (Difco) and then washed with water,
and 0.5N hydrochloric acid (five times the volume eguivalent
to the wet weight of the bacterium) was added thereto,
whereby the bacterium was suspended therein. Subsequently,
the hydrochloric acid-added bacterium was shaken for two
hours at 37°C. In addition, comparison study was performed
through a method of Brierley et al (USP 4,9%2,179).
Specifically, 3% sodium hydroxide was added to the cultured
bacterium in a volume equivalent to five times the wet weight
of the bacterium, and then the mixture was shaken for ten
minutes at 50°C or 100°C. After completion of shaking, each
cf the bacteria was thorcughly washed with water and then

lyophilized. The results are shown in Table 5. As compared
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KRI - 02, KRI-03, and KRI-04 were deposited as FERM 28 July 2006
EP- 8165, FERM BP-8167, and FERM BP- 8166, y
respectively, to an independent adm nistrative
institution, National Institute of Advanced
I ndustrial Science and Technol ogy, Patent
M cr oorgani sns Depositary (Chuo 6, 1-1-1 Hi gashi,
Tsukuba-shi, 1baraki-ken, Japan (zip code: 305-8566):
withugbst c28e 2002pd wEXhnphée2 EachtokakRen02, KRe-08jlght of
and KRI-04 was cultured in a Brain Heart Infusin
themadiidmtiBefted) bantetrhen washéduwdt howktereduaad By5N
hydrochloric acid (five times the vol une equival ent
approxtihatwety RoiRghthef eehethacweiigbiy oWathaddedither et o,
wher eby the bacteri umwas suspended therein.
hydggiid dgadmeryed bhethydnochher Fedacied- addédbact sekam In
was shaken for two hours at 370C. In addition,
pargdgpapirsowhsnudpewssdpanf bvasaxidnar sughtaentt Wad performed
Brierley et al (USP 4,992,179). Specifically, 3%
at J88i Gm lkher seddetnes aadedigbtt heagbpsupEdr BAGteri um
in a volune equivalent to five tines the wet wei ght
of the bacterium and then the m xture was shaken for
ten_ mnutes at 50'C or 1000C. After conpletion of
Tabdgaki ng, each of the bacteria was thoroughly washed
W Th Wwater and tnen wéﬂﬁﬂﬂﬂoklgggterw%ﬁ(%@%&%I%?d%&glization)
shown in Table 5. Asygodwaredqd8 28 July 2006 wth
the Z&82TMREhed wit hpwaler 0@ +& ealarept yast g wei ght
of the acid-treated{ Bgei®ri Um WasgkkoUgwl {0 be | keduged
by approxi mately 20% whekgas the wej gitf; of THe 1313
No JGaGff"hydr oxi de- t f eat ed ghact er | um wag,or educed by 5%
Or nore. In particplar,y. wign the sodi Bghydr oxi deg. 930
Trea@aiire Nt theCifer f of med - @t 1000C, thgs[ﬁductionilmii

Wei ght reache>58yer 60%; Takle 5 0.074 0.679
Sodium hydroxide © 40.7 28.8 51.7
Y 00°C 0.134 0.039 0.483

20.5 15.2 36.8

Example 3 (Measurement of the amount of metal adsorbed to
bacteriz)

A bacterium powder which had been prepared through
lyophilization of each of the above bacteria was suspended to
a buffer (Tris: 100 mM), to thereby prepare a 60-mg/mL
suspension. The bacterium suspension {20 ulL) was added to a
2.4mM aqueous solution (1 mL) of a heavy metal (CdCl,, CuSQ.,
ZnCl,;, or NiCl,;) in Tris {10 mM), and the mixture was stirred
for two hours. After completion of reaction, the mixture was
centrifuged, and the concentration of the heavy metal in the
supernatant was measured by means.of an atomic absorption

spectrophotometer.
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Wei ght of bacteria (after |yophilization) Treatnent
Upper: wei ght Lower: wt.%vs. water-washing KRI- 28 July 2006
KRI -03 KRI-04 No treatnent 0.653 0.257 1.313 100 100
100 Treatnment with acid 0.514 0.246 0.930 78.7 95.7
70.8 500C 0.266 0.074 0.679 Sodi um hydroxi de - 40.7
28.8 51.7 1000C 0.134 0.039 0.483 20.5 15.2 36.8
Exanmpl e 3 waasurenent of the anmount of netal adsorbed
t oTheageekiLAF ArBacherPuitpdaBerSwhi 6R Rad Beumts of
prepared through |yophilization of each of the above
cadpagPerPd @BBPSHsPERBEESEotCatBaf FEFITTFREEAORAMZ, tBRI-
t hereb repare a 60-ng/ . suspension. The bacterium
03,59§p%ﬁ¥ gﬂ reue~f Py niatCadBegcraeavl bR 4AfA A otemPared
solution (1 pL) of a heavy netal (CdCl2, CUS041
ieEnttor Sop! AFEEZYaFﬁrTWPéh{%@ YL RRET ARG e Gadnium
rred for urs. After conpletign_of reaction,
adSPﬁEeﬁ1%PuFBEmégdlE@nPwﬁFaééae ShactRe EBhcBAt rAkfofSofor
t he heavgéneta er nat ant was asu

KRIﬁﬁényaaf HOatBHIE SBeSPRLEoRS SpecerBrhs OWéF%rtg¥9water-
ﬁﬁﬁ 289% The results ihomn in Tables 6 to 9.
washiBant So4F CRGAT BATANETCEPAEr JGLAFhed Eo ERE 1P the

d d KRl - R KRI,- 04
amofifE Bas EoMPERCH %gssesﬁﬁaraaggaf%ﬁetﬁs%%g%?n?“”qmnounts

of Yater-washing, ad@%% q2moupt of ¢admi Ut .4 xrT-02, KRI-

03, or XRI-04 were found to increase as compared with those
of the water-washing. Howevelr, treatment with sodium
hydroxide (100°C) provides a slight larger intake amount.
Comparison of the amount of heavy metal adsorbed to KRI-02Z,
KRI-03, or KRI-04 treated with sodium hydroxide at different
temperatures; i.e., at 50°C and 100°C, reveals that treatment
at 100°C provides larger adsorbed amount as compared with the

case of 50°C.

Table 6
Treatment Amount of cadmium adsorbed (pmol/g)
KRI-02 KRI-03 . KRI-(C4
No treatment 207.6 25.1 232.3
Treatment with acid 447.5 371.4 409.9
sodium hydroxide 50°C 200.8 2606.6 244 4
100°¢C 389.¢ 34¢.8 300.7
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adsorbed to the sodi um hydroxi de-treated KRI-02,
KRI -03, or KRI-04 was al so found to increase as 28 July 2006
conpared with the water- washing, acid-treatnent
provides |arger increase in the anount as conpared
wi th sodi um hydroxi de - treatnment. Amounts of zinc
and ni ckel adsorbed to the acid-treated KRI-02, KRI-
Tab?% ~0r KRI-04 were found to increase as conpared wth
hose of the water-washi ng. However, treatnent with

§odi um _hydr oxi de (100] GhoRh©Vd1085pBes! iipbar Iko
nt ake gﬁ%ﬁﬁ?en Conpar [SORg@L 3 Ne gﬁﬁyﬁlmpf easggigig)
Lal ra0sked 10 KRI=02, "¢ {RE- 03] 0N oRE- 04 TT gayTH
WEQa@rPP&A*&JR@l‘EM%% de—atdj i grentegpET at preg g o
g, at 50 C aniic 400 € TEVEsts that; orgatment t
i@QQEWDﬂUVk@égdﬁaigﬁfq1u>£§§§z ?njupéggéguyu ?léégﬁgtﬁ?
e CasSt 01— oU . ragl © O 11T Taltlretit ATourTt — cautr ottt
adsorbed (jinmol/g) KRI-02 KRI-03 KRI-04 No treatnent
207.6 25.1 232.3 Treatnent with acid 447.5 371.4
409.9 sodi um hydroxi de 1500C 200.8 266.6 244.4 11000C
389.9 346.8 300.7 20 28 July 2006 Table 7 Treatnent
TabAgpént of copper adsor ed (~tmol/g) KRI-02 KRI-03

(RI=04—No treatment— 6t 22066 474 eatment—witih
aci d 723r2aBEAts 618. 241“9%%1% SEh Np%ﬂ%ﬂ’r S8 ol 1) 2

04.-6-546 4| -1000C 671 3183225 £g1KBOfaplg BRI-04
No treatment' 2185 66.8 366.9
Treatment with acid 458.6 385.9 418.6
. T T150°C 322.2 326.4 381.5
d hydroxid
R A A BT e 166.8 390.8 430.1

Table 9
Treatment 2mount of nickel adsorbed {Jpmol/g)
KRI-02 KRI-03 KRI-04
No treatment 10.2 42.1 37.1
Treatment with acid 392.3 318.5 .330.1
. \ 50°¢ 244 .2 293.7 252.1
sodium hydroxide romes 407.0 335.7 322.3

Example 4 (Adsorption and release test)

Lyophilized bacteria (KRI-02) were suspended in 100mM
Tris buffer (pH 7.5), to thereby prepare a suspension (60
mg/mL) . The bacterium suspension (20 uL) was added to a
2.4mM agqueous solutionr(l mL) of heavy metals (CuS0s and
NiClz) in Tris {10 mM), and the mixture was stirred for two
hours (at pH 6.0 and pH 7.3). After completion of reaction,
the resultant mixture was centrifuged, to thereby separate
the supernatant (a) from the bacterium layer. Hydrochloric

acid (pH 1.54) was added to the bacterium layer and then
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Treatment Anount of zinc adsorb d (jinmol/g) KR -02 28 yyly 2006
KRl -03 KRI-04 No treatnent 219.5 66.8 366 9
Treatnment with acid 458.6 385.9 418.6 sodi um
hydr oxi de 1500C 322.2 326.4 381.5 11000C 466.8 390. 8
430.1 Table 9 Treatnent Amount of nickel adsorbed
(pznol/g) KRI-02 KRI-03 KRI-04 No treatnent 10.2
42.1 37.1 Treatnment with acid 392.3 318.5 330.1
stiga@icurhcRy dloxiigetesooenguihe Zesuttany nixtogeCcwagy again
335.7 322.3 Exanple 4 (Adsorption and release test)
cenfydghidecz é@ H}él@trrr%Ya SERRICAGD) TRer é@@gﬁéﬁ@@@ i) 160mMm the
Tris buffer (pH 7.5), to thereby are a suspensi on
bacteg iangayier.- Tﬁ%ebﬁﬁﬂéﬁﬂﬁﬁﬁ§ﬁgﬁeﬁ§| ﬁe(ggany|m§tah§
added to a 2.4nmM aqueous sol ution (1 m.) of heavy
congafigies touseshard tN@Cf@PeFﬁa?@ﬁ§S(1@)nﬁPd did t'RéE
m xture was stirred for two. hours (at pH 6.0 and pH
meaﬁug)ed bEf s ednplefitomist absgsPitdRr Spﬁétrf@’s”@Ptté?Wﬁterr
xture was centrifuged, to thereby separate
Whe§@ﬁ§kﬁ§¥%ﬁ& Gﬁ)tpﬁo%gﬁﬁg @ﬁéﬁérPQﬁPFQﬁQrtoH?dr@@ﬁPéPﬁ@
aci H 1.54) was added tq the b cterl m | ayer . and
from, ez% E%efdluiﬁ Y666 ST 8¢ For T ig\ﬁ%gi/oﬁh‘a Fhrkd-

cr T3 LR T a%%ggsggafgﬁgﬁygr ‘o
. s s e R
foru%%s% pQQO%t%gB de% %b%ﬁb%n %p%%%%%pho o were repeated
(three times). The results are shown in Figs. 1 and 2. For
the second adsorption, both metals showed reduced amount of
adsorption as compared with the first adsorption. The second
and third adsorptiocns showed almost a similar level of
adsorption. Regarding descrption of Cu, excellent results of
90% or more the amcunt of adsorption was obtained. In the
case cf Ni, although the desorption amcunt is insignificant,
in the second and third desorption, almost a comparable level
as that of adsorption step was obtained, thus proving that
the composition of the present invention is reusable for

either metal species.

Example 5
Synthesis of cell beads containing additives

To a 10% (w/v) agueous solution of polyvinyl alcohol
(PVA) (degree of polymerization: 1500 to 1800, saponification

degree: 98%), KRI-02 (the same weight as PVA) and an additive
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wher eby anmount of the heavy netal adsorbed to or
desorbed fromthe bacteriumwas determ ned. The 28 July 2006
hydrochl oric acid- treated bacteria | ayer was washed
with 100nM Tris (pH 7.5) to thereby nake the pH
conditions neutral, and the procedures for adsorption
and desorption of heavy netal were repeated (three
times) . The results are shown in Figs. 1 and 2. For
werghaddsledondndd$bepiishurborhsnetakseghovkll ridtiyederepared
anount of adsorption as conpared with the first
suspgseiphi vAs THeededonuwigadtehliduadsoiprireas Shomedh use
almost a simlar level of adsorption. Regarding
of gesgirphigen ehdchiheergepriefit wpesgrP3cetedod srempeethawing
the anmount of adsorption was obtained. In the case of
andNi yophiRégghiphe dBRorpeibhivpodas feriadi ghi Frédap, powder,
in the second and third desaorption, alnost a
casgemparabl ethederceiatenapngf cadsdbptvbnrstbplabs -
obt ai ned, thus proving that the conposition of the
present invention is reusable for either netal
speci es. Exanple 5 Synthesis of cell beads containing
kxaggdet fves To a 10% (W v) aqueous sol ution of pol yvi nyl

| cohol PVA)E%SEgree of '

) pol yneri zati.on; ,1500 to , |
EV&?EGG}OQaB ni-tP ﬁlOBeBF88?¥§§%?F RﬁF}EEVFfﬁgngﬁﬁBlng

liegght as PVA) and an additive 22 28 July 2006 were
celddd&ad Sand the mixture was stirred. The thus-prepared

¢ EE%%S%%EQ &Vg%?ﬁag%§§ﬁf H0eandURE aadaa tradeims of
' - LLhay 1, ilization, T
thely e %E%ﬂl%%1P%f§%§pégg¥g?ggﬁ%ggﬁgé?Pghkbﬁﬁﬂ' Q. IBe.n

I|ve Was _ | castor FI|
o<nE L RRCH AL BANLSE ToHILY) BN DELEL BocEEAOR! €:6n on

incﬁqgkgkgﬁ]cgﬂgahgkgg containing alkali metals and alkaline
earth metals in greatly larger amounts as compared with heavy
metals {cadmium, copper, zinc, and nickel). After shaking
had been performed for 12 hours, adhesion or flocculation of
the gel wasrobserved with naked eyes. Cell beads containing
no additives were found to flocculate. The highest effect of
additive for preventing flocculation of cell beads was
observed in cell beads containing as an additive a mixture of
Teflon powder and dibutyl phthalate. Castor cil and ethyl

acetate exhibited the effect in a medium degree.

Example 7
Effect of additive mixing ratio on flocculation of beads
In order to study the effect of mixing ratio of

additives or KRI-02 (ratio by weight) on flocculation of
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cell beads The gel beads (0.35 g) was investigated ir28~hﬂy2006
terms of their flocculation property (stability)
t hrough use of an ash-cooling water sanple (20 ni, pH
7.5) obtained froman incinerator, the water
containing alkali netals and alkaline earth netals in
greatly larger anpbunts as conpared with heavy netals
écadniun1 copper, zinc, and nickel) . After shaking
beafiad pewn pepedraedledion2chpbzsnindhes] onbords were
flocculation of the gel was observed w th naked eyes.
progeredpeads Wdontsing mpnwy il andasyaderiar fExmmplico 6,
floccul ate. The highest effect of additive for
flopeelahipngrrPbettyat fbab bl 1E8l | oheadsdnasl - dbser viedsin
cell beads containing as an additive a m xture of
invaet | gatpowdEr uaadodi Bt §hpronhhing evaCast 92mple 42@ mL, pH
ethyI acetate exhibited the effect in a nedi um
7. 5b|egr Baie nEqala Yratadiads eafibd imgi natrico aad L
cculatlon of beads 1n order to study the effect of
KRIn Q?—hg taerelafe aguit Fhek Broxrulabiqr aef ob%@/dmsght)
on flocculation of 23 28 July 2006 beads, sone tg
prepenied| By- é%ﬁ?%@ﬁ%%@ E%?Imb%éﬁg E%?éop@%d@%%ﬁpn¢ $ Hether
r as_enployed in Exanple 6, flocculation
tha%r%%%n?ya?§?aiP|rty) of beads (0.35 g) was
i nvestigated by use of an ash-cooling water sanple (20
m., pH 7.5). The results indicate that beads
Tabfoni@ining no cell (KRI-02) flocculate, and that
ul ation of beads is prevented by increasing the

1 XI i h bl .
sec 108 8195 EPAROAERL -0 et s PYA[TabT € 10
1 1 2

Tefbeads 1 0 0.2 0.5
PVA 1 1 1 1 1 1
Cell 0 1 2 1 2 2

C AR AR B A Y

A, AA: No flocculation, C: Flocculation is observed, B:

Slight flocculation is cbserved

Example 8
Adsorption capacity of Teflon-containing cell beads
Teflon-containing cell beads (Teflon : PVA : cells
(KPI-02) = 1:1:2 (ratio by weight)) were formed. .Adsorpfion
test was carried out by use of an ash-cooling water sample
(20 mL, pH 7.5), and then oxalic acid (20 mL, pH 1.2) was
added to the resultant mixture for release test. The
adsorption and regeneration procedures were repeated, whereby
adsorption capacity of the beads was observed. Adsorption

capacity observed in the first cycle was compared with that
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Teflon 111 0.20.205 PVA11111 Cell 012 128 jyly2006
22 CAMAABAAA AA No flocculation, C
Fl occul ation is observed, B: Slight flocculation is
observed Exanpl e 8 Adsorption capacity of
Tefl on-contai ning cell beads Teflon-containing cel
beads (Teflon : PVA : cells (KPI-02) = 1:1:2 (ratio
by weight)) were forned. Adsorption test was carried
obseytvelgy Wisdhef tamtdsisysdsl-i ngveat @ftsanphe be20smipdpekent
7.5), and then oxalic acid (20 m., pH 1.2) was added
10 wytlies ods Wseants uistamyte afldy el gasecttdson. iThéeavy metal
adsorption and regenerati on procedures were repeated,
(copmerelyy zdasdr prdser pddpac icepaefl tivhe thékdgs beasls was
observed. Adsorption capacity observed in the first
obsgydes -wasncafpareanw eAsphationd 28dJuERoPedeoobker heavy
in the tenth cycle. Even after the beads underwent 10
metey§ derst syseessidlaniieaifiopmes Wédilic Sivdrs tiamthedvdy no
nmetal (copper or zinc) adsorption _capacity of the
affigeddPvnad  tehsomked nach addie saMPadséiptileh and
renmoval of the heavy netals were successfully
congeiEAte®nd tWidfbstlaiticald)y no affect by salts
contained in the sanple in high concentrations (Figs.
3 and 4). Exanple 9 Effects of heat treatnent on
flqccul ation and adsorption of beads CGel beads
EX 35 n i ng KRI-02 (PVA cell = 1:2 (ratio by weight))

Effg%%% %&O%%%%dt&%a&ggn%b%%?Eq%%%ahg%qogegg%dhd%%%p g%n of
beads

Gel beads containing KRI-02 (PVA:cell = 1:2 {(ratio by
welght)) were produced in the above-described method, and the
beads were lyophilized and subseguently heat-treated for ten
minutes {at 180°C). The gel beads (0.35 g) were investigated
in terms of flocculation property (stability) by use of an
ash-cocling water sample (20 mL, pH 7.5) in a similar manner
as above. In addition, in order to study effect of heat
treatment on adsorption capacity of beads, change in
concentration of heavy metals (zinc, nickel) and alkaline
earth metals {calcium, magnesium) in the ash-cooling water
sample were determined through use of an atomic absorption
spectrophotometer. Comparison of cell beads which had
undergone healt treatment and cell beads which had undergone
no heat treatment reveals that, in the sample containing the

heat-treated cell beads, no adhesion of cell bead particles

to one another was observed; i.e., flocculation was prevented.
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beads were |yophilized and subsequently heat-treated 28 july 2006
for ten mnutes (at 1800C). The gel beads (0.35 g)
were investigated in terns of floccul ation property
(stability) by use of an ash-cooling water sanple (20
m., pH 7.5) in a simlar manner as above. In
addition, in order to study effect of heat treatnent
on adsorption capacity of beads, change in .
On EBRCEADFARTEN 6P BeHRJPABt GPETRENARY RRékebyadfdwhich had
al kaline earth netals &calciun1 magnesi um in the
undggfoBgolPngedrer catanple Rerdsdeesenithegchrbaghtasene
of an atom c absorption spectrophotoneter. Conparison
anogpege| PSheRASTWRACAhAGE BAEEI§BRetREAS -t rERRFRINE T BlREPTLS
cel | _beads whi ch had undergone no heat treatnent
of mglaafsiPhibe rARCRECSAREI B2EBAL BRHPAGSt KeVeal that
heat-treated cell beads, .no adhesion of cell bead
subshaptipddY PB bREVUGHROPReiNMWASSBBBES GBJCAPaELLY was imposed
floccul ation was _prevented. 25 28 July 2006 On the
by BEAfr 5F§aIR1E égﬁﬁﬁe CofPdi Al ng cel | beads which had
under gone no heat-treatnment, beads were flocculated to
one another, as observed in the previous tests.
ExaCD ceg@rations of metals in the ash-cooling water
LBipl reveal that substantially no reduction in

Rl &3 | : 0
cnadRBotR BORGER T Shekahr e oot Rae FRoAEth pern
[ f -1 ds . Af t t
T L S T e e T R

onctk RIS, L83 PEOGEp e Do Mg gogolLect e ool

andBgL eby a@@ﬁh(ggtﬁh,m?ﬁ ﬁ?b?a§§88 %%?é@g%g@%%g%,tﬁﬁereby

beads were washed W Trls.(
cacBUREESt edatoranather  absor ot don + PF 0CesS L INESGrere washed

sequenti al processes (one cycle is referre
with Tris (100 mM), and then subjected to another absorption
process. These sequential processes (one cycle is referred
to as usage cycle) were repeated for investigation of change
in adscorption capacity of beads caused by regeneration.
Adsorption capacity observed in the first cycle was compared
with that observed in the tenth cycle. Even after the beads
underwent 10 usage cycles, substantially no reductien in
adsorption capacity of the beads against heavy metal (copper
or_zinc) was cbserved. In addition, adsorption and removal
of the heévy metals were accomplished without being affected

by salts contained in the sample in high concentrations (Figs.

7 and 8}.

Example 11
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to as usage cycle) were repeated for investigation(ﬁza‘hﬂyzooa
change in adsorption capacity of beads caused by
regeneration. Adsorption capacity observed in the
first cycle was conpared w th that observed in the
tenth cycle. Even after the beads underwent 10 usage
cycles, substantially no reduction in adsorption
capacity of the beads agai nst heavy netal (copper or
Progugdyl o @ Solsseriv &gadsen © @P@Poﬁfaﬁﬁééﬁﬁpmbn and
removal of the heavy netals were acconplished w thout
beﬁ’i’gf—a@f% édtied: g Swans wormbaichdd i1 Q h@n senpive liler and
concentratiqns (Figs. 7 and 8). nple 11 26 28
a PB’& ;ﬂdz'*@@@e Brio dPLLT e 160 tdery ﬁé&&@ltfﬁf:@@g\ﬁn degree: 98 to
ranulatlon KRI - 02 whi ch had been crushed tqo 150 ~Lm
r PO eV S&id M&SPVA L dediféd CoP Tpal: ﬁnéw yafiddh, and the
S %on|f|cat on degree: 98 to 99% powder were n xed
res&i APy dsE B H?aw@aéhﬁragﬁéaﬁﬁg bﬂé§ﬁﬁt§ﬁtapomder
m x ranul ated hy use of a centrifuga
conf IRk JOb R g s ATGe SPBRSE Foal PRSCL RS bbiideRhe
xture was stirred with nuclear _grains (500 ~Lnm
powg% r@pW@Fl@&PrgﬁénWPé§ PlgdEaSePrawhisl ¢ S4F Hm)
e A solutlon (5% y ereto.
forfle At ek B betlel Al e A GRRE Y na LEr6ron ey BV
cl Vi_n er ,of 1.4 to
el A G T R A e

was”HQ E@Sgﬁhh}sgg T %ﬁ%“ﬁ e %%dEﬁgk%ﬁglgg g v&?llab%§g%eter

produce rough granul Afi 8h

of ﬁei'%B'ag7Eﬁﬁhwgggo% gkégkehh CEEE B%aQSsE %%tgﬂdfgﬁen

mnutes at 1 non at freated ceI
treW@sqagded SboMRLBLs at 180°C.

Example 12
Evaluation of cell beads produced through granulation in
terms of water resisting

Each (0.35 g} of the cell beads treated for 20 minutes
at 180°C and non-heat~treated cell beads was added to water
(20 mL) and then shaken for 24 hours. The non-heat-treated
cell beads'revealed disintegration of particles several hours
after starting of shaking, the water becoming suspended,
whereas the heat-treated cell beads maintained their shape
form 24 hours after starting of shaking. This shows that
when dranulated cell beads undergo heat treatment, bacterial
cells can be stably immobilized without disintegraticn of

granules.
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(20 m.) and then shaken for 24 hours. The 28 July 2006
non-heat-treated cell beads reveal ed disintegration
of particles several hours after starting of shaking,
the wat er becom ng suspended, whereas the
heat-treated cell beads maintained their shape form
24 hours after starting of shaking. This shows that
when granul ated cell beads undergo heat treatnent,
Exap@pdeedidal cells can be stably i nmobilized w thout
di sintegration of granules. 27 28 July 2006 Exanple
Prog3crioducti perofuispbreds bbdadsghhfoeghifuwgeezi ng The
heat-treated cell beads produced in Exanple 11 were
pl dked hegtartd agdsite daiilt fparadtseprodudecthe v Exalmpdst 11 were
beads to which had absorbs sufficient water were
plasgl| dot et wabheez el thhawitey , apddt hbe kposphitkhzabeeds to
The freeze-treated beads (0.5 g) were added to a
whighabipRg aRaore swatél isampitewazernmiprec sibdienitng pnéreeze-
and then stirred, whereby concentration of zinc in
thaphadsarngl &had divephalligsédonas ReasiFeezer bheated therds
of reaction. As a control, cell beads which had
(0.5n@er yeie achry heap PleatlREntaRbeevakproyeadPlThé28enk)
beads whi ch had . undergone freeze-treatnent exhibited
Conftzigd nghghge ﬁﬁdzﬁhe@oﬁééﬁﬁﬁéu yheggbyorpaFEBTtRRERON OF
that of the control. Specifically, when the cell )
z1nge dds Ui SRYRAE @ﬁd@F&‘SnélﬁPéégewthWﬁ&réﬁdfFH%‘ starting

cel | mhlch had under gone | hi zatio r
of GRBFEJER. oAncentPALFoRe BFL D RS %ﬂegk;\éﬁ@i ederITee
r starting of -reaction were

o PB4 FLLThed cEEFUeAP hTen o STGRT TR MG Clpghad
und%??%ﬁ%lfree ehtFFa me @Ngxggﬁitegylsggéfﬁehgge in Zn

t'r éate beads [ ééZe-

con@%k&%ﬁ%qgnogsh%%%%aqgﬁauﬁthnth@dng%ﬂeb%ontrol.
Specifically, when the cell beads which had undergone freeze-
thawing and the cells which had undergone lyophilization were
employed, concentrations of zinc in the waste water 90
minutes after starting of reaction were 354.1 pM and 332.8 uM,
respectively, which are lower than that of contrel; i.e.,
38l.6 pM. Thus, by subjecting heat-treated cell beads to
freeze~treatment, diffusion of heavy metals in beads can be
facilitated, resulting in accelerating reduction in

concentration of heavy metals in the liguid.

Example 14
Removal cof heavy metal by use of beads
The heat-treated cell beads (Example 11) were placed in

1N hydrochloric acid and then washed with MES buffer (pH 6),
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facilitated, resulting in accelerating reduction in
concentration of heavy netals in the |iquid. Exanple 28 July 2006
14 Renoval of heavy netal by use of beads The
heat-treated cell beads (Exanple 11) were placed in
IN hydrochloric acid and then washed wi th MES buffer
(pH 6), 28 28 July 2006 and the resultant beads were
added in different amounts (8, 17.5, 25, and 35 /nL)
andt ghpl aepngtaast ée\mﬁeweganrpdégd é@ntiaifﬁeﬁgnﬁu ﬁi@ourrhé (8,
m xture was stirred and investigated in terns of
17.8hadge endcéhcmarmati bn plaging. wIRéer wgkrssameles
shown in Fig. 9. Change in concentration of zinc was
contedndnat 6 inepenthonnikeuseoimt oFicesd HeAdnrmeaed 1n
sanple. That 1is, a sanple to which cell beads were
termdded rchaadki gner:onaﬁﬁ@ﬁﬁtésam Bift édng-| a“f“lg%rr@wﬂsm are
gradi ent of change in concentration. Therefore,
showadiifg FiHe Cel | Clhelds i® Qm@%ntm@e@nc%t%}w rf@aSan@OHnd
heavy nmetal such as zinc, zinc can renoved so that
to espedAt PaLItHR BMOEPSCOEaRehd P@éeléeédfisdatOsﬁaﬁaéﬁd That
value of effluent (75.6 W or lower. The cell  beads
lsfcénsﬁ@ﬁéﬁetobvh%§9 GﬁlédgéﬁﬂﬁlHﬁrenégdSﬁlﬁnanelgﬁﬁF
al so harnful heavy netal species such oppe i ron,
anopRdnicein Pai@dh cp}éurgea&ﬁm éaisgrﬁe g&R rﬁ% anJebést
The heat-treated c beads e 11
congased wth VESSht ¥ ik Jam i Hfentabboradd 28 Faste

watBrcoia iR efd Bl BRe tads SUEF) PEQ L AFr e ine Bn be
conG S 238 PSR O B Loy e, el ycheadec »
standard value of effluent (75.6 M) or lower. The cell

beads can remove, by way of adsorption, not only zinc, but
also harmful heavy metal species such as copper, iron,

cadmium, and nickel.

Example 15
Regeneration of beads

The heat-treated cell beads (Example 11, 0.35 g) were
washed with MES buffer (pH 6) and then added to a plating
waste water sample (20 mL) containing zinc and iron, and the
mixture was stirred. After completion of adsorption reaction,
the cell beads were collected from the waste water and then
added to 1N hydrochloric acid (20 mL) for removal of the
heavy metals. Subsequently, the resultant beads were washed
with MES, and the waste water was refreshed. These

sequential processes for adsorption and desorption were
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added to IN hydrochloric acid (20 nL) for removal of 28 July 2006

the heavy netals. Subsequently, the resultant beads

were washed wth MES, and the waste water was

refreshed. These sequential processes for adsorption

and desorption were 29 28 July 2006 repeated whereby

regeneration of beads were repeated. Concentrations of

heavy netal s were neasured through use of an atomc
repgbsedptiher chyecevepkoadiorerf Teedselvatrieonmshiepted.

bet ween the anmount of zinc adsorbed (pH 7) and the
Congegmiyea tdbonsr efeheratyi ortiad sshewe meaBiugedlohrpnighi alse of

concentrations of zinc and iron at the start of
an agovdpt ieds oPioddess swecs rp@hopimeded -458h4V Falavepageir

respectively. The anmounts of zinc and iron adsorbed
betweegeltheheagsinkercd 3612 pasloried 48 i mend fhe number of

average, respectively, per gram (dry weight) of cel
regpagdstiopvds ashwen degdheratlifon wWastpetfeppegntpations of

times, the formof cell beads was naintained, and the
zingeadsl éxtinbiatedhesgistrantifalaldgonptdlbangecicgssheere 790 pM

adsorption anounts of the heavy netals. In addition,
andg@%BoHMridine agfe rielye / he@vparstiales v .adSoe bemownt gepf zinc and
. beads were found to be desorbed. These results .
Lropp@iceatrd echate ta9d ic dldadse aigs ehafe 2 ¢80dt ancle ‘agaimet 1in

rapi d change i.n pH, and repeated use ,of the bea i S
AVeFEIS b e SP IS 16§76 HEEYs e P AORE 1 beads.

vl A O LT B R el B o
cMeBAAPATLE i, 400, ) ers 240 0,3t sserol
T
heasl\'?n#g\%{’setaﬁtsj.r M9, 6heYOLHL 1 882 SREeHlore00s PAL ned@f! feldis
adsorbed to cell beads were found to be desorbed. These

results indicate that the cell beads have resistance against

rapid change in pH, and repeated use of the beads is possible.

Example 16
Use of beads in treatment of waste water produced from
plating factory (1) - mass balance in agitation reservoir
Heat-treated cell beads (Example 11, 400 g) were added
to a reservoir (50 L) for cyanide plating waste.water
containing heavy metals, and change in concentrations of zinc
and iron was investigated through sampling of water under
stirring (revolution speed: 200 rpm). Table 11 shows

concentrations c¢f zinc and iron in the cyanide plating waste

water (pH 7.5) contained in the reservoir. Zinc and iron had
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concentrations of zinc and iron in the cyanide plat|
waste water (pH 7.5) contained in the reservoir.
and iron had 30 28 July 2006 been present in the
wast e water at concentrations higher than the standard
val ue of effluent. Fig. 11 shows change in
concentrations of the heavy netals after addition of

the cell beads. The cell beads were cglc | ate tolé than
beendbrHeRt nEnakde VRS 2 hfbunt sCOFCER! %ag%?n% tqheyq than

pnol , respectively, per r dr of .t he beads
tne PaRrbATa LR be il PRty oorid 3 o BTG ey 7
reaction water Zinc 894 76.5 179 e 17
conggaRgat hoRs eaf nERE B?a%ﬁs?%tﬁéFe?fB?Bdgggbtf?%n?g the ce11

pl ating facto (2 I ncrease in concentration.
bealle ol B bt HRF L Wi mﬁﬁ%ﬁinﬁ%@a S, "Bt and
simlar nethod described_in e 16, heat - £eat
irogelp b@@@@téménﬁﬁe mmolto@na)l@veikeu%aedr?épﬁc 1vely, per
reservoir faqr cyanide plating waste water, and
gramqd gyt i 8h g%a %Eﬁa§al (90 minutes) of zinc and iron
was perforned. Thereafter, the beads were added to a
IN hydrochloric acid solution (20 L) for rel ease of
T ngt hs and regeneration of the beads. After
a ng etion of regeneration of the beads, the beads
were washed with an aqueous sog* &Mproxide sol ution
(pH 7) and again added to the wast e wat er

% July 2006

Keseyvolrf. T@@@@n@msprpt on ?ﬁgeéﬁéfése
metal reaction water
Zinc 894 76.5
Iron 422 179
Example 17

Use of beads in treatment of waste water produced from
plating factory (2) - increase in concentration of metals
adsorbed to and removed from beads

In a similar method described in Example 16, heat-
treated cell beads (Example 11, 400 g¢g) were added to a
reservoir (50 L) for cyanide plating waste water, and
adsorption and removal (90 minutes) of zinc and iron was
performed. Thereafter, the beads were added to a 1IN
hydrochloric acid solution (20 L) for release of metals and
regeneration of the beads. After completion of regeneration
of the beads, the beads were washed with an aqueous sodium
hydroxide solution {(pH 7) and again added to the plating

waste water reservoir. These adscrption and release
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31 28 July 2006 processes were repeated in order to

try concentrations of heavy netals in the hydrochlonzs‘“ﬂyzoos

acid solution. Change in concentrations of zinc and

iron in the cyanide plating waste water is shown in

Fig. 12. The results indicate that, through

repetition of adsorption processes, the concentration

of the heavy netals in the waste water is | owered.
provméﬁeﬁh@eIEer@agétaddlne@éﬁ@rat@oﬁrﬁyéoécaﬁgraép@aﬁe@f

6 times, the zinc concentration becanme |ower than the
heayyamghrdsyahuthef hy@rprnearic7eckdpsplulhphe tHEnFOMN

concentration remai ned higher than the standard val ue
congeréthbient p£791pE) andchangelini hheoryentfat Popsipg waste

zinc and iron in the hydrochloric acid solution is
watshowi FROPRgin1819ThéZr esthe sresithbatddte nehatkinc

concentration of the hydrochloric acid solution is
thrphghessedtihiaecefdaAeernft Ant RECRBABEF, ofhe concentration

regeneration of cell beads. However, the zinc
of EBRCEREVHt N6H3dF fRethastesthatafeletf chSEATBAr oUfen the

repetition of adsorption, _so that the concentration
releﬁaﬁgénéeégﬁ@ngﬁawﬂogrsaeép|vaSAFPEFatﬁegénEﬂ%FﬁontBF zinc

beads was erforneﬁ8 even._ ti E g entrat on f%ctor
COngENITrAL IS PECRIE §@rAIPﬁ8ng i P6A a&g gpiyge °
rel eased fromthe beads to the hydrochloric¢ acid
effigeuti dricas ) théhéé§et5? 3ERB, CpReepFpation remained
concentration was _ | ower _t han _t hat _of 227?and t he

highegnthahcERer sFRBAREs VAOHS PAcPELLBED % atilys dfhange
in %ég%;%g Qhﬁghé%n go 'rﬁﬁ 1%gﬂcfgtEﬁE'H Egcﬁﬁgmﬁ@ségld

FSchf'or i€ ac solu

so1hRgaBe 3¢ 5P fBLA o g.f%b@aSﬁQeWFégui@ynﬂanea@@ & the
rel'ease process was perforned
zln%GESBFEEgﬁakQoheaﬁeQBEVﬁ&&robﬂ@bgéklagi&hggiukhaﬂugg
use O
increased in accordance with the number of regeneration of
cell beads. However, the zinc concentration of the waste
water decreased through repetition of adsorption, so that the
conceniration change became small gradually. After
regeneration of beads was performed seven times,
concentration factor of zinc was 2.1 times. Although iron
was also released from the beads to the hydrochloric acid
solution as in the case of zing, the iron concentration was
lower than thaft of zing, and the iron concentration was not
increased. The ratios of zinc concentration to iron
concentration in the waste water and in the hydrochloric acid
solution to which the heavy metals were released were found

to be 2.0 and 7.8 (after the release process was performed

seven times), respectively, indicating that, thrcough use of
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28 July 2006 the beads, zinc is collected at a high
concentration than iron. Exanple 18 Use of beads ineiBJuIyZOOG
treatment of waste water produced from plating
factory - nmultiple adsorption Heat-treated cell beads
(Exanmpl e 11, 400 g) was placed in a cyanide plating
waste water reservoir, and adsorption and renoval of
zinc (90 mnutes) were perforned (the |st reservoir).
the Theageadsiner &ssobi teckadt atr el khgkenndongegenet aon obhan
~in a hydrochloric acid (20 L) and then washed wth an
1roBqueous sodi um hydroxide solution (pH 7), and the
m xture was added to anot her plating waste water
reservoir (the 2nd reservoir). The adsorption and
rel ease processes were repeated through use of five
ExaBpaei h§ waste water reservoirs (50 L) in total
Ampunt s of zinc adsorbed to beads contained in the
Userebpbeefivelabiealaeel eEserybrreaber pyedpesdafrer
addition were shown in Fig. 14. The results revea
plathag Basbepyi ontettiphe d@sospEE®Rsful Iy repeated, and
t he average anount of adsorbed zinc was found to be
31Heat=trorrgd FRlAdBrersn ExewPLfiel 2i né0BoficeWes ablafed
., of the. hydrochloric acid changes by rel ease of zinc
1o ?rSWBé%\%lsPi\%Elngn%%F?g‘ﬁ?%%ir(%?@‘?r By, Thed AGZorPtion
concentratjon,increased inearly in accordance wth
and{ PERRTRbarT of LPBobaGr BFOREE) Fele RRETerBro, (Hy Lot
repeati ng cycl e of placing the |1 beads
teS5e ﬁ%ﬁirafﬁ§aﬁﬁﬁgﬁmﬂék§ reéé%£§6bﬁéiﬁﬁPQr?%9
reservoj .. (hydrochl ori j (rultiple
rea e g S s Tha GU 56063 Linbaht Pat TR BFoS pshed
withoRhabRedohy Lh8:1kR! £ASLLLIETYOIN FAD (i 7), and the

mixture was added to another plating waste water reservoilr
(the 2nd reservoir). The adsorption and release processes
were repeated threough use of five plating waste water
reservoirs (50 L) in total. Amounts of zinc adsorbed to
beads contalned in the respective waste water reservoirs 20
minutes after addition were shown in Fig. 14. The results
reveal that adsorption of zinc was successfully repeated, and
the average amocunt of adsorbed zinc was found to be 31.1
pmol/g. In addition, how the zinc concentration of the
hydrochloric acid changes by release of zinc from beads was
investigated (Fig. 15). The zinc concentration increased
linearly in accordance with the number of regeneration cycle.
Therefore, by repeating a cycle of placing the cell beads
sequentially in a waste water reservoir and in a release

reservoir (hydrochloric acid) (multiple adsorption),
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Ee i ncreased. Exanple 19 Construction of waste vvaterza‘july‘.2006
eavy netal renoval system by use of cell beads A
wast e wat er heavy netal renoval system shown in Fig.
16 can be established. A waste water containing heavy
nmetals at high concentrations is added to the
| eft nost adsorption reservoir 1, to thereby react the
water with cell beads contained therein for a
congeadetdimiined péricodootatinme. i8ubbequentbye reherwastecan
water is sequentially transferred to the adjacent
be dingheasdsor ption reservoir. Finally, the waste water
is treated in the rightnost adsorption reservoir and
then renoved. The cell beads are transferred fromthe
rightnost reservoir to the |eftnost reservoir
Exagpdgendfial |y, and the resultant beads are
aci d-treated, whereby adsorbed heavy netals are
Conpgragsagnf of pregémeratesnhebvvhmebaadsendhelt hustem by use
regenerated cell beads are again transferred to the
of FRedht RESES reservoir and then to the left reservoir
se%gentially. By wuse of cell beads in an ampunt _
acéoM@isng e teanbertivaiiedd lofr empdaty sirstals sbontailnedig.
in the waste _water to be treated, heavy netal
16 £8RcEft PEEREALISHEdthe wast e water can be reduced to
their environnental regul ations or |ower through use
of fat’astEadie teky EeNnipdRiREnt cPEYePR6RLS. 2Fr BafRent
east

ti is.at | one. hour. n the heavy netal
conEEEEALI RbF o SofSPRE 54 BBEIAF) 2006 “MpEFBLRPar Feservols
L, B SR B L rhEOpaEL 0oL, ey beats becores,
therein for a predetermined period of time. Subsequently,
the waste water is sequentially transferred to the adjacent
right adsorption reservoir. Finally, the waste water is
treated in the rightmest adsorption reservoir and then
removed. The cell beads are transferred from the rightmost
reservolr to the leftmost reservoir sequentially, and the
resultant beads are acid-treated, whereby adsorbed heavy
metals are released for regeneration of the beads. The thus-
regenerated cell beads are again transferred to the rightmost
reservoir and then to the left reservoir sequentially. By
use of cell beads in an amount according fto concentration of
heavy metals contained in the waste water to be treated,
heavy metal concentrations of the waste water can be reduced
to their environmental regulations or lower through use of at

least three treatment reserveirs. Treatment time is at least

one hour. When the heavy metal concentration of the
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A heavy netal renoval system shown in Fig. 17 can be 28 July 2006
established. Different fromthe case shown in Fig.
heavy netals contained in waste water are renoved by
transferring the waste water froma reservoir to
anot her reservoir, while cell beads are retained in
the reservoirs. Specifically, as shown in Fig. 18,
continuous treatnent of waste water can erforned
hydAFBhgh: Gsacef @@P#OB@§d§Ornrggeaﬁﬁaﬁrerhai beads
approgrlate for_the heav¥ nmet al concentratlon of t he
becgaesenight eFRep) YEFQREFBFFFNGChEstE WAEERSRBAL ai ni ng
heavy netals at high concentrations through
reservoirs 1-->2-->1, reservoirs 2->1->2, reservoirs
-->4-->3, and reservoirs 4- >3- >4, and by
Exa?@é@népatlng t hr ough aci d- treatnent the cell beads
i n_ treatment _of concentratj.on
el RSy HLeLCTLIENL 0L, LGl coneent Lation oL, e
ég. hIorlc acid enployed for regeneration of the
eStB G8comes high, the hydrochloric acid is

hed. Ne
évﬁ%ﬁgFgF &Sgrééﬁycég%ggslt%oﬁn gﬁﬁal Phgheavy metals
Congagtéﬁ'g e 88 Fron smbabeaae PruE she ket oy bhe

oo L Lo LEIEILC . cpiie oo

beaEF a?%a¥¥wﬁﬁhéh %ﬁS%B%eQ% %9@89§'t'g§p%§1ff€éi 4 shown

erein aciilus sp. K or anal ogues

in %h%fe@% éBﬁt@i%bh'U%r%atméﬁk Q% (EERM RBRr8168kn0pei ts

anal'ogués: the Bacillus-lTichenifo-rms is

per@%%hh&u§hEbﬁB%nhE%f6E3c§8h 03 aGEERM aﬁpaﬁéﬁﬁi Ohakt 85
anal ogues, and the Staphyl ococcus sp. KRl -

appropriate for the heavy metal concentratlon of the waste

water, by transferring waste water containing heavy metals at
high concentrations through reservoirs 121, reservoirs
2—1—2, reservoirs 3-34-33, and reservoirs 4—3—4, and by
regenerating, thrcough acid-treatment, the cell beads employed
in treatment of high concentration waste water. When the
heavy metal concentration of the hydrochloric acid employed
for regeneration of the beads becomes high, the hydrochloric

acid is refreshed.
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or anal ogues thereof are Staphyl ococcus sp. KRI-04
(FERM BP- 8166) or its anal ogues. 3. The 28 July 2006
heavy- net al - adsor bent conposition as recited in claim
1 or 2, wherein the acid-treated cells are carried by
an inorganic carrier or a resin carrier. 4. The
heavy- net al - adsor bent conposition as recited in claim
1 or 2, wherein the acid-treated cells are cell beads
Clatmsried by an inorganic carrier or a resin carrier. 5.
The heavy- net al - adsorbent conposition as recited in
cl ai m& hasher-eiat 4 lhes el tbdyga domparstidi il efdrdra ipowder |
di butyl phthal ate, castor oil, or ethyl acetate, in
bactaeidi4l orelln dieatmed i Brom 6acilhet hemivyemetaf -laastorhent
conposition as recited in claim4, wherein the cel
sel dcaelds furen parochug efla ¢ hi dughsp griskiid G2 1 an. aivaldguet hddereotf,
of renoving aeavy netals froma heavy- 36 28 July 2006
Bacnkiab - tonkannfogniedi amgl Sharlart eréeeds byp t rigat+iy @
heavy netal -containing nediumw th a
ana hegyys nehateadfisor bent  conpositi on containing
bacterial cells obtained fromacid treatnent of
badt erThe Jetascdek faom dammprBacidngss SplorKRIs g2 cided in
anal ogues thereof, Bacillus licheniform s, and
claBraphyWevetuystisp. BKRE104s oFP arfdR by so¥ haabguss thrreof
method as recited in claim7, wherein the Baccilus
are sBackRlU92spr BhaT OgueEERMePRo%1 &Pk ®WaciF§ lrnakogues; the
KRl - 02 ( FERM BP- 8165) or its_anal ogues; the,
Bacphtvs| Lichprhbnrrasr &F sBrsl Bhef | UL pREherrt oxRE 03 (FERM
KRl -03 (FERM BP-8167) or its anal ogues, and the
BP-&] 631 F oLbeciR™ SpIuRRY DA% the anaPHBULEc AR EOTP arR1~04

hyl . KR -04 ( FERM BP-
or g%g oguggogﬁgEegP are Sgap yvlococcus sp. KRI-04 (FERM RBRP-

8166) or its analogues.

3. The heavy-metal-adsorbent composition as recited in
claim 1 or 2, wherein the acid-treated cells are carried by
an ilnorganic carrier or a resin carrier.

4. The heavy-metal-adsorbent ccmposition as recited in
claim 1 or 2, wherein the acid-treated cells are cell beads
carried by an inorganic carrier or a resin carrier.

5. The heavy-metal-adsorbent composition as recited in
claim 4, wherein the cell beads contain Teflon powder,
dibutyl phthalate, castor oil, or ethyl acetate, in addition
to the carrier.

6. The heavy—metal—adsorbent composition as recited in
claim 4, wherein the cell beads are produced through
granulation.

7. A method of removing heavy metals from a heavy-
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8166) or its analogues. 9. The nethod as recited in
claim7 or 8, wherein the heavy-netal-containing 28 July 2006
mediumis selected fromanong environnental water
contai ning heavy netals or soil containing heavy
nmetals. 10. The nethod as recited in any of clains 7
through 9, wherein the acid-treated cells are carried
by an inorganic carrier or a resin carrier. 11. The
me t avet drowk abn yeg inedi im, arheofctdmiass DY hrotaghiey a heavy-
wherein the acid-treated cells are cell beads carried
me t - eont d ke med tam rveth o eaesimetakradsorkient The
method as recited in claim1l, wherein the cell beads
compoht i on Tednh bnl powe dra cldibialy | cpht hadbit einedstorm gidid
or ethyl acetate, in addition to the carrier. 13. The
treaprémd @6 bacitethiredatied Hrombhmnaiq Bhei bhi$ s87 KIBI-02
July 2006 beads are produced through granul ation. 14
or Fuwkrgiedd therdatt eBioid bet ebideiromrmhongBhci | | us
sp. KRI-02 (FERM BP-8165) and St aphyl ococcus sp.
StaRrl @do¢ RERVP BREBI66] . 01 5anaal deass - et e 0 dsor bi ng
ap aratus characterized b conprising (A at |east
on %wm%qﬁﬂw@e%mmm%mnww&
heavy-netal-adsorbent conposition as recited in_ any
Bac@héU@fSElaﬁ%%‘qzt%?o%@%l@gu%ﬁmﬁﬁ%ﬁeQﬁ1%E@dB%%h%%?%lﬁ@

reservoir. 16. The heay -netal-adsorblng apparatus as

KRI r%%l (TR PP ThhP i 137 rae‘?%l‘?%e?'A)

eavy- net al - adsorption rese sed, after
Ba%%%\w #eff%%l%%mf%cb%% {1\4 ubhc}é%”ﬂyofff”e%t%to%nﬂmm

mp-6 167 oYY (Bt Al AYSOL oL §ORESLEL N A Scoceus sp. KrI-04

or analogues thereof are Staphylococcus sp. KRI-(04 (FERM BP-
8l166) or its analcgues.

9. The method as recited in claim 7 or 8, wherein the
heavy-metal-containing medium is selected from among
environmental water containing heavy metals or soil
containing heavy metals.

10. The method as recited in any of claims 7 through 9,
wherein the acid-treated cells are carried by an inorganic
carrier-or a resin carrier.

11. The method as recited in any of claims 7 through 9,
wherein the acid-treated cells are cell beads carried by an
inorganic carrier or a resin carrier.

12. The method as recited in claim 11, wherein the cell
beads contain Teflon powder, dibutyl phthalate, castor oil,
or ethyl acetate, in addition to the carrier.

13. The method as recited in claim 11, wherein the cell
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regenerated, follow ng heavy netal 'adsorption
treat ment. 38 28 July 2006

beads are produced through granulation.

14 (Amended). A bacterium selected from among Bacillus
sp. KRI-02 (FERM BP-8165) and Staphylococcus sp. KRI-04 (FERM
BP-8166) . |

15. A heavy-metal-adsorbing apparatus, characterized by
comprising (A) at least one heavy-metal-adsorbing reservoir
containing a heavy-metal-adsorbent composition as recited in
any one of claims 1 through 6, and (B} an acid-containing
reservoir.

16. The heavy-metal-adsorbing apparatus as recited in
claim 15, wherein the ({(A) heavy-metal-adsorption reservoir is
reused after heavy metals are recovered through acid
treatment and the heavy-metal-adsorbent compeosition is

regenerated, following heavy metal adsorption treatment.
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