r Description Heavy- Mt al - Adsor bent Conposition
Technical Field The present invention relates to a
heavy- net al - adsor bent conposition containing dead
bacterial cells, and to a nethod for renoving heavy
metal s froma heavy-netal - containing medi um such as
envi ronnental water by use of the
heavy- net al - adsor bent conposi t |on Background Art

Envi r onment al poIIutio% *C5I¢EE B heavy metals such as
cadm um copper, zinc, chromum and | ead has grown
probl ematic all over the gl obe, because these netal s
are bi ol ogi alhy g¥|c even |f u b%l%ﬁ%ce anmount s.
The coagul at| IS mnably known
as a nmeans for renoving heavy netals. This nmethod is
i nexpensi ve, but a |arge anobunt of sludge having a
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by use of biomass such as bacteria, yeast, “fungi, or
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reported, but other nethods using dead biomass are

he /A deNed I A HIkRls fftiem .t he standpoint  that
they do not require cultivation of biomass in the

envi ronnent. Bionass is thought to specifically adsorb
heavy netals such as cadm um copper, zinc, chrom um
Baaytdwaad Arend
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 i1s 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 disposal facility. Meanwhile, the ion
exchange method is known to produce only a small amount of
sludge, but this method does not yet 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, fungl, or algae. Some methods focusing on



nor eover, the adsorbed heavy netals can be coll ected

t hrough desorption of the netals. Furthernore, use of
bi omass is advantageous in that biomass is generally
bi odegradable and is thus environnmentally friendly.
For use of live biomass, such as live bacteria, the
bacteria are first subjected to culturing and then to
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i's not necessarily advantageous. Di'sclosure of the
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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), foilowed 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. Microbiol. 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 bicmass. The present

inventors have also investigated amount of heavy metals

adsorbed cnto wvarious bacteria treated with alkaline



nmet hodol ogy for bacterial treatnent and identification

of bacteria exhibiting high heavy-netal adsorption

capacity. Through the studies, they have found that

acid-treated cells of bacteria selected from anong

Bacillus sp. KRI-02 or anal ogues thereof, Bacillus

l'icheniforms, and Staphylococcus sp. KRI-04 or

anal ogues thereof are useful as heav - et al
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bacterial cells obtained fromacid treatnent of
bacteria selected fromanong Bacillus sp. KR -02 or

. _anal oques .thereaf, Bacillus |I|ichenifo=is, and
Dlsgﬁgﬁﬁ vl 8dodi gﬁ % n%ﬁp 204 or analogues 3 a thereof.

Th%rp. S%ﬂtof Q:%lentfq%n ?%pr Ay tn'{eg.%%% (Efors have

r erfoving heavy et Savy- net al - cont al fi ng
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her eof, Baci | I cheni fo=is, and Staphyl ococcus

Thx%@ghK%heO%t%l%%al %lé@s hakReredhs ThatPresentreated cells
i nvention al so prOV|des a bacterium selected from

of MNP BACiddivster KR BRohERMBR18168). KRI-02 or
analogues thereof, Bacillus licheniformis, and Staphylococcus
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 amcunt
of heavy metals adsorbed per unit weight of bacterial cells
increases; and the bacterial cells can be regenerated through
acld treatment, thereby leading toc 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



Bacillus lichenifo-rms KR -03 (FERM 3P-8167), and
St aphyl ococcus sp. KRI-04 (FERM BP-8166). The present
i nvention al so provides a heavy-netal - adsorbi ng
apparatus conprising (A) at |east one heavy-netal -
adsor bi ng reservoir containing the above-nenti oned
heavy- netal -adsorbent conposition, and (B) an
acid-containing reservoir. By use of the
theg@afy- net al - adsor bent conposition of the present
invention, it has becone possible to efficiently

r erfoife Hi%a’i%ﬁtrrétnéieéltf%malfs& pé)@é’r%ﬁeé G W@P%P@r
Iakes and nmarshes, and industrial effluents. Brlef
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shows the results qof a test .carr .
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thé%% %;ptlon capaC|ty of heat-treated cell beads with
respect to Cu. Fig. 6 shows the adsorption capacity of
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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-mentioned 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.



cycle). Fig. 8 shows the adsorption capacity of
heat-treated cell beads with respect to Zn (the first
cycle and the tenth <cycle). Fig. 9 shows relations
bet ween the anmobunt of added cell beads and Zn
adsorption. Fig. 10 shows rel ations between the nunber
of regeneration cycles of cell beads and Zn

adsorptlon Fig. 11 shows adsorption capacity of cel
bedd<d wit I Qhé%dié'lﬁ KSR arkE e (&oitt &idted gch out to
, |ndustr|al effluents, discharged froma plati .
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re Gitedin industrial effluents di scharged from a
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théqéﬁiﬁ q217 are schematic |IIustrat|ons showi ng an
exenpl a ysten1for renovi ng heavy netals fromwaste
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celB®dS 45 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 teo Zn (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
regeneraticn cycles of cell beads and Zn 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




reservoirs. Best Mddes for Carrying Qut the Invention
The present invention enploys, as the above-nentioned
heavy- net aLl adsorbent, acid-treated cells of bacteria
sel ected fromanong Bacillus sp. KRI-02 or anal ogues
thereof, Bacillus licheniform s, and Staphyl ococcu5
sp. KRI-04 or anal ogues thereof. Notably, when
treated with acid, these specific bacteria are hardly .
celdy AFsI%ed Wy Tsirgsrataic W@ gRc Teedgettadnedapg industrial
therefore increase the quantity of heavy 6 netals
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oxalic acid, and citric acid. Conditions
addphifad for acid treatnent are that they attain death
of ~ bacteria. As an exanple of preferred acid

tre@id®NtB6 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

reservolrs.

Best Modes for Carrying Cut the Invention

The present invention employs, as the above-menticned
heavy-metal adsorbent, acid-treated cells of bacteria
selected from among Bacillus sp. KRI-0Z or analogues thereof,
Bacillus licheniformis, and Staphyvlococcus 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



bacteria are treated in an aqueous acid solution of pH
-0.5 to 2 for 15 to 150 m nutes. Acid treatnent
tenperatures are preferably those at which the
bacteria are grown. Preferably, bacteria are washed
with water before the acid treatnent. Bacterial cells
treated with acid are preferably washed w th water so
as to have a_neutral pH. Although the acid_7 treated
metdel SREFIRT KUY & 3t 1S 4B 1dr P fSiimSa  Amond
suspensi on, they are preferably enpl oyed in a dry form
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cations but so baslc substances are forced out of

sihhelF Bodiest 36‘@' Ak eNyImUS, 1 nher, of pores devel op
inside their bodies. Thus it becones easier to

accgh ep 2t € et r i PN ©foh ONS 1Med sk neh heav eyt acid

ions and thereby maximze the utility of bonding
wh S ihd PNSe Of s reafyr NBiala @t DM it e tacteydwe
bacteria, so long as the acid is able to kill the bacteris,
and employable acids include inorganic acids such as
hydrochloric acid, sulfuric acid, and nitric acid; and
organic acild such as acetic acid, formic acid, wvaleric acid,
propionic acid, oxalic acid, and citric acid. Conditions
regquired 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-



Exanpl es of the heavy netals which the acid-treated
cells of the present invention can adsorb thereto
include Ag, Cd, Co, C, Cu, Fe, Hg, Mh, N, Pb, Pd,
and Zn. 8 The heavy- netal - adsor bent conposition
according to the prevent invention nmay be in the form
of the aforenentioned acid-treated cells per se or
may i nclude an aqueous carrier or a solid carrier.
tr eIl o ik beyelies dar Madien el dder ahdt doEng
aqueous sol utions, and exanples of conpositions
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Moreover, most of their constituents are solubilized through
hydrolysis, and only insoluble substances are left behind.
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 beccmes
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,

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



9 acid-treated cells and a resin carrier therefor are
particularly preferred. The ratio by weight of the
acid- treated cells to the inorganic carrier or resin
carrier of <cell beads is preferably 1:10 to 10:1,
nore preferably 1:5 to 5:1. Cell beads may be
produced by a variety of nethods; for exanple, an
admi xture of acid-treated cells and any of the
af of eareit 3 OfTae el 14 A5 3 99 Ta et i id i s e 4o Tl st itgmthe
such as liquid nitrogen (dropw se addition nethod);
pPregremdl tigriratingg yay felidl e fogimed ftll@naf@@rementloned
exanmpl e, |lactose, and onto the nuclei, an adm xture
acigh-tdEaliad ealdd el sand any ¢nalide oEaMeRiSoredrier
carriers is sprayed (granulation nethod). Wen cel
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treated with heat, inproved water resistance of the
Wa%@%ﬂu%%bﬁ%wn%@é&/@%a% Or’lﬁa)?OB@OSltlonS
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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 tc 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,
diatomaceous earth, and Teflon. Examples of the resin
carrier include celluleose, acrylamide derivatives,
peolysulfone, polyvinyl alcohecl, 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 emplcyed in the
form of "cell beads," each formed ¢f cells and an inorganic

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



to 2 times by weight, with respect to the wei ght of
the acid- treated cells. Alternatively, flocculation
of cell beads can be prevented by heat treatnent of
the beads. The conditions of heat treatnent are the
sanme as those enployed for inproving the
af orenenti oned water resistance. Wen a
heavy-netal -containing mediumis treated with the
acireadhieaiadl caldsorasehta comigsiqaonief ther piasantte
i nvention, heavy netals can be renoved fromthe
#ﬁ%ﬂﬂﬂ&ﬁ#%ﬂprQiﬂﬁﬁﬁdm ngheediadic Byawpliebtoblt libe acid-
heavy- net al - cont ai ning medi um i ncl ude envi ronnent al
tremiter wrlhoito ddm dinigprieavipr metaley;, wamin carrier of
specifically, nmention may be given of river water,
ce} kgar she watreralehage 1 4 fdusttilal mshfe rerkeradyiv 1:5 to
coollng wat er for incinerator ashes, waste water from
*plating, and other heavy-netal-c ontaining
environmental nedia. When such heavy-netal -containing
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of the present |nvent|on the foll owin net hod may_be
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agent such as EGWA or EDTA, enabling recovery of
be haawyi el al sio Ntk Y podeisdrtkeBtednt roduced 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°cC.

When cell beads flocculate during the heavy-metal
adsorption treatment, the area connected with heavy metal
tends te 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 i1s added during preparation of

16



cell's fromwhich heavy netal s have been rel eased is
reusable as a heavy-netal adsorbent again. |In order
to renove heavy netals from a heavy-netal - contai ning
medi um such as industrial effluent or plating water,
by use of the heavy-netal -adsorbent conposition of the
present invention, preferably, a heavy-netal-adsorbing
pparat us incl udi he _f.ql i.NQ. a -
celd B A% U5 PHeksr o PLeEY 6 b BBk Py nb g Lovea 1n
heavy-.met.al - rbent_. co I1i.00, a B
&R &1 tonciéion’iadgasgotroe;%grt\/lg}er. hé'}eﬁ%;eglg\/y?ﬂ%ert(eal)p- agsegragtliyor? -1
r rvoin (A . ser.ve faor i.nu ; e
co oot dt e Ty TR Uil s M pishe 2ot
erddee Alace {RIERLALLREAYY, TRY3LE, 208 (EACAYCEEd afdags can
Yhe heavy-net’al-adsorbent “conposition I's regenerate

be .fpc{re\ﬁerhqy%d tl{f%{g?@ttr SO AtiNG fAHOr | @8.PEAAHS 1 ons
ost-p I ng

ri
inmap ating was step, waste water

of ek ta: e;/éeﬁ&sﬂkgﬁé/yaf?tﬁles A i gh tkﬁg@?}&ﬂl@ﬂe@%oﬁi nce

cyan COﬂ"pOUI’]dS are used 1 n zZinc

im;ﬂ.lcﬂ{ii ey A & ARCUMAs sk ddy ough odidation in a

prelimnary treatnment. In the case of chrom um plating

Whefigen Nexgyal fife €T QM AKR 1 51 ATRLQYR 14 drSeated with
converted Into trivalent chromumin a prelimnary

thd NeVRMatANefeafifint LAY G isfla Orce Yradedit

substance is added to the plating 12 waste water

in¥OM @il NOZf PGretil K &tan WY GFEHBe Bt Bro® A 1AS Hekvy-metal-
shift the pH value towards a basic pH Subsequently, a

cored Wiy fhatouw anExahpadaed it ghsedics®yt-nenad-ubheaining

matter in the formof sludge, and the sludge-renoved
medirerinsl udd sebaigedierMst wattdr ofr tdel ISlatdgmiirtsing heavy

handl ed by waste disposal contractors, and major
metpord,i onsd tdhyeseiof i @riel vt manspiant edht od igiaterdicsposiater water,

sites for landfill purposes, and only a fraction is
lake(sedksh water, sewage, industrial effluents, soil, cooling
water for incinerator ashes, waste water from plating, and
other heavy-metal-contailning environmental media. When such
heavy-metal-containing media are desired to be treated with
the composition 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 liquid
medium, more specifically, the liquid medium is allowed to
pass through a column packed with carriers carrying acid-
treated cells immobilized thereon.

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
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Therefore, if waste water before or after undergoing
treatnent is treated with the heavy-rnetal - adsor bent
conposition of the present invention to thereby renove
heavy netals contained therein, there will no | onger
be a need for a polyner floccul ant which otherw se
wi Il produce a | arge anount of sludge. Moreover,

t hr augh e qQf the heavy-nmnetal - adsorbent conposition
reR e Tor iteted T SR o1 EARG PREGREY TpBeEF e are
e S LGRS T G Ty Thare hgisenet an
[ [ . -
conmposi tion which adsorb the heavy netals thereon,
m@%ﬂ%m%@ﬁgFﬁéﬂﬁq¥§QW%dm?%%%l5W@?§H__0Iby

nged b I ) [ f
enSIP0GEL B Pl LY 40,0 LSO SRRERN e
dth h - - ad ' f t
on L o ISR T LG8, PORRE YD Ohed e pears
co SR R i A PULALLYG O LA 0 SR UL

as iap ﬂ@gﬁ—%e%aefagc}sl%e:’%é a%aiq{(arrpl es, which shoul d not

be const rue € Tnvention thereto.

SO e ek s e sl

adso heavy ne ter to as

co Ilwyﬁriﬁg%%u S,gfﬂ%?%@%q{cﬂgﬂiqﬁ l)ef_(ﬁl)u eat ipqr?:lt(lfng

eavy- bacteria A soil sanple was

watsspandedsd n, salide, ang, then ald owed e o Shaiihi@fh of the

the resultant supernatant was seeded into a  Brain

prdfait 1 MFdst 00h AGafe ABRING CONtRl S PG -Neaer Bl -

One day after the seeding, emerging colonies were
apst et Ldinc (idgemd ficatdpimef (2)henrabt @ined L Argnicgsed:

a. Methods
(A) at least one reservoir containing 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 regenefated 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 oxidaticn in a
preliminary treatment. In the case c¢f chromium plating where
hexavalent chromium is employed, it is converted into

trivalent chromium in a preliminary treatment. Thereafter,

caustic soda or a similar substance 1s added to the plating

12



In the first bacteriumtest, the colonies were

observed under an optical mcroscope (A ynpus

U- LH1000, Japan) in terns of cell form G amstain,

presence or absence of spore, and presence or absence

of nmovement with flagella. Additionally, colony forns

formed on a Brain Heart Infusion Agar (Becton
e s &1 PO ROV, B e IR G woth 25 ©0
L Bt SOt (Ol o GAGed anduboeabently,
o SR B im bt b SR g b rEgter 40
thé;;tod%%@r toisjizstlgu];ﬂg%eg? ba }@{é%lﬁfc&f&%?eﬁo%e@%abcyeru%% of
@i G 4 T rEagar Enbit et RoHCaP TRenePelen oy Naste
R LB G DI EE o ReGtI P Fodtit s of
et ) BRI T TS S Do
R L R0 B ) F G am st i néer Spor ext-

Nbv@ﬂ@%@f&fe, if waste water before or after undergoing
treatment is treated with the heavy-metal-adsorbent
composition of the present invention to thereby remove heavy
metals contained therein, there will no longer be a need for
a polymer flocculant which otherwise will produce a large
amount of sludge. Moreover, through use of the heavy-metal-
adsorbent composition of the present invention exhibiting
highly spe;ific 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

13



Col ony formvedi um B.H | Medium B.H IMdium B. H
agaragaragar Culture tine: 48hCulture tinme: 48hCul ture
time: 48h CircularlrregularG rcul ar Mrgin:
slightMargin: finbriateEntire snooth undul ateShort and
flatShort and flat Short and fl at Not gl ossyd ossy

d ossyPal e yel | owPal e yel | ow Pal e yel | ow Cul t ure37+++

tenp., CA5+++ Catal ase+++ (Xi dase---. Production
QT 2y AT o AR Gyl STy S Kbaiay By Epnstrued as
. (gl ucos Addi tional Sensitivity testagai nst
llmfﬁ%ﬁﬁﬂéﬁﬁnﬁ?“@nﬁﬂPQﬁﬁhﬁﬁﬁﬁﬂ1I usBaci | | usSt aphyl ococcus

group which exhibits simlar property +: Positive, -:
Negative, w. Wak response 15 The results obtained

Exa&a{é‘%tfﬁ( COC‘eq.‘S].d-C%} ?agxedlﬁie%bqalggié:a(at%%é B)%?%lactt%srtisa ¥nich
adscrb heavy metals (hereinafter referred to as "heavy-metal-
adsorbed bacteria™))
(1) Selection of heavy-metal-adsorked 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 containing 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 observed
‘under an optical microscope (Olympus U-LH1000, Japan) in
terms c¢f 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.S.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 baciterium test, tests regarding
biochemical properties of the bacteria were performed by use
of an API system (bioMérieux, France:

http://www.biomerieux.fr/home en.htm} in accordance with the

14



Presence o
+Erythrito

r
| -

absence of fernentati on Control
D- ar abi nose -L-ar abi nose +Ri bose +
D xyl ose -L-xyl ose -Adonitol

-d ycerol

3- Met hyl - D- xyl ose- Gal act ose -3 ucose + Fructose

+Mannose +Sorbose - Rhammose -Dulcitol -Inositol -

Manni t ol +Sorbitol +a-Methyl-D nannose -

a- Met hyl - D- gl ucose+N- acet yl gl ucosam ne - Anygdalin -
me3gUR AR & d RL+SAS SYFFTCel | obi ose +Mal t ose

+Lact ose Mel i bi ose -Sucrose +Trepase - Inulin

the paqiédde
b %B%ilolchem cal

D-t agat ose

Mers, 85de M8 %r abi t ol - L- ar abi t ol - G uconat e

test 2-Ketogl uconic acid -5-Ketogl uconic
% Gal act osi dase - Argi ni ne di hydrol ase - Lysine

A RN RS o See 92 IS P Y@ AR QgEr adxAG per ties of

nti obi ose -D-turanose-D- | yxose -

Cl et LS Hrdtfuct bt O SRR G 7 Table

1 deam nase - | ndol e production-Acetoin production +
"Biratinase +Nitrate reduction + Additional test G owth
T2l erty at50C + Growth property under
anaer obi ccondition - G owh property inl10% NaCd +
SpeHippnrye. aci d sarthygdrol ys{s - GaIeobn hydr ¢l ysi ssr1-04
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 (©0.8 pm)
pm ) pn)
Gram stain + + +
Spore + + -
Movement - + -
Colony form Medium: B.H.I Medium: B.H.I Medium: B.H.I
agar agar agar
Culture time: 48h|Culture time: 48h|Culture time: 48h
Circular Irregular Circular
Margin: slight Margin: fimbriate|Entire smooth
undulate Short and flat Short and flat
Short and flat Not glossy Glossy
Glossy Pale yellow Pale yellow
Pale yellow
Culture 37 + + +
temp. °C |45 + + +
Catalase + + +
Oxidase - - -
Production of -/- -/= +/-
acid/gas
{glucose)
0O/F test -/- ) +/+
(glucose)
Additional - - Sensitivity
test against
furazolidone +
The genus Bacillus Bacillus Staphylococcus
group which
exhibits
similar
propexrty
+: Positive, Negative, w: Weak response
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Table 3 (KRI-03) Presence or absence of fernentation

Control -dycerol

+Erythritol

D- ar abi nose
- L-arabi nose +Ri bose + D xyl ose +L-xyl ose - Adonit ol

R- Met hyl - D- xyl ose - Gal act ose -d ucose + Fructose

+Mannose +Sorbose - Rhammose -Dulcitol -lnositol +

Manni t ol +Sorbitol +a-Met hyI - D-mannose -

1 hﬁ%@ﬂfﬁé% gségc%mweﬁ@aﬁeq%w T G e S e e
oGRS g S B R TR0 Ao | o
Tah ”?%8&'@% P UranosgsD I yose | D-tagatose e

preseBb@Chemreahctest -kehegtiuqoni ¢ acid -5-Ketogl uconi c

aGid o1 13- Gal act 0s

[diage 3/ gi ni ne di hy

GrOtRsEcch LySi ne

peCaiRoxXyLase Forn

114281 HEEATOOXYI ase

rRipbEe T4+ Ty oOf

ﬁrmocs@cw H2s T 11,98 = Urease - TRyBhopban

AU TASE. 5y {JEOLE AHRANEEL 0N ACeT O JBIAdUEs 1o 7
e oo Lo T Ao T Rgh Lestromth
ﬁaubnf;:s@ coonh 1 on o o7 s
annito Sorkitol +

a-Methyl-D-mannose —

oa—-Methyl-D-glucose +

N-acetylglucosamine -

Amygdalin -

Arbutin -

Aesculin +

Salicin +

Cellobiose + Maltose + Lactese -
Melibiose - Sucrose + Trepase -
Inulin - Melezitose - Raffinose -
Starch - Glycogen + Xylitol -
Gentiobiose - D-turanose - D-lyxose —
D-tagatose - D-fucose - L-fucose -
D-arabitol- L-arabitol- Gluconate -

Biochemical test

2-Ketogluconic acid

5-Ketogluconic acid -

B-Galactosidase -

Arginine dihydrolase -

Lysine decarboxylase

Crnithine decarboxylase -

Utility of citric ac

id -

H:S preoduction -

Urease -

Tryptophan

deaminase -

Indole production -

Acetoin production +

Biratinase +

Nitrate reduction +

Additional test

Growth property at 5

0°C +

Growth property under anaerobic condition -

Growth property in 1

0% NaCl +

Hippuric acid salt h

ydrelysis -

Casein hydrolysis +

Table 3 (KRI-03)

Presence or absence of

fermentation

Control - Glycerol + Erythritol -
D-arabinose - L-arabincse + Ribose +
D-xylose + L-xylose - Adonitol -
B-Methyl-D-xylose - Galactose - Glucose +

Fructose +

Mannose +

Sorbose -

Rhamnose -

Dulcitol -

Inositol +

Mannitol -+

Sorbitol +

a—Methyl-D-mannose =

o—Methyl-D-glucose +

N-acetylglucosamine +

Amygdalin -
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H ppuric acid salthydrolysis - Casein hydrolysis+
Table 4 (KRI-04) Biochem cal test and acidification
test Urease +Argi nine di hydrolase - Onithine

decar boxyl ase -Aesculin hydrolysis - d ucose +Fructose
- D-mannose -D-nmaltose + Lactose -Trepase + D nmannitol
+Raf finose - Reduction of nitrate to Acetoin

RAEOGUGT Lon - SUl T1 1& skuli Ak act 0SI dase|szAl gihlne

et T¥lamsdase A kal e fJaesphat ase - Pyrpakidonyd

@éiygl@yeaase - NovVod Co&)isg sodium 5ucr0§@eigag@s+i stance

TN Ay gl ucosamipg o [ EUL anose - L-BhLabl nse -

S‘eajrchqu-LUI o1 dase GHdogKéRSQ D-cettob X%gtol KRI—=

é\@ﬁtlo"ﬂ‘f&% lU bet UIIQD l%rlalrllgsge_ll.lb Bacit Dlliyxglélé _ tte

Bpﬁé‘da%s‘é' +l lll:‘ Udblﬁ-—fr‘ﬁo‘s%””() Ul:‘ I UEIILI Ifhgc‘)‘sél OTTT

E?E%g%lﬂoﬁEUIlb. Jﬂ"iéaﬁgﬁiﬁp he Uablbll ihggﬁaﬂgﬂlbu

P =y 1
o DACT . I U o . 1T T\ = Uz, NAIM=UoS WAadS UCL T 171 IIUU LU
qug%@mlcaf téﬁ; . .
o ono O B C

Nt 1l el ~rhoant .0 o and rnanand
AR DT A TEE A AL 11 T LT e

BmcF%]lﬁthioﬁlfdﬁ%e genus St aphyl o gﬁgﬁ;l?\é‘flghrw‘rlﬁyqrﬁzaiﬁpﬁq ies

BYS i GSAAFBPEYRASRadnot  be | (FEREDERY JeCPEbPEY 7% T he

Hatt e @h G458t Hafed 9Sraphyl ogh8chEedstivm =04

Urease - Tryptophan deaminase -
Indole production - Acetoin production +
Biratinase - 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 4 (KRI-04)

Biochemical test and acidification test
Urease + Arginine dihydrolase -
Ornithine decarboxylase - |[Resculin 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 - Pyrrolidenyl

allylamidase -

Novobiocin sodium sucrose +
resistance -
N-acetylglucosamine - D-turancse —
L-arabinose - P-Glucuronidase +
D-ribose - D~celloblose -

KRI-02 was found to belong to the genus Bacillus, but
the species of the bacteria cannct be identified from these

results. Therefore, the bacterium was named Bacillus sp.
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KRI - 02, KRI-03, and KRI-04 were deposited as FERM
BP- 8165, FERM BP-8167, and FERM BP- 8166,
respectively, to an independent adm nistrative
institution, National Institute of Advanced

I ndustrial Science and Technology, Pat ent

M croorgani sms Depositary (Chuo 6, 1-1-1 Higashi,

Tsukuba- shi | bar aki - ken, Ja code: 305- 8566)
KRIAG&ustK%i 0302 . dE&%ﬁ%Jr%e% Eggﬁ fv Fé?o 02, KRI-03,

and KRI-04 was cultured in a _ Brain Heart knfus
Baciddiugm!EBReegd) o&id St R8A RESREd BRICEH [Hgr i chegqdogmiR ¥R~

hydrochloric acid (five tinmes the vol une equiv
03. toK%eoexewaaeif@wdoFome%%et‘é?. B eass S Rk P oecus,
t he bact s suspended .t .
SIS S5 sl A emlﬂlmpsa&@% E&dé&eBE&Féﬁ Fam
was shaken for two. hours at 37C.

The&&rﬁ?&:ei's&]? RS ¥PFo PREE A tgtrfraéjﬂi‘gf O&Or?éﬂlﬁo&pof KRI-04.
B U 4,992, 179

KRIS@E?L%%ﬁY?&d a@&-%ﬁ&‘&% ! %Fﬁgsgﬁﬁ?uﬁégFE%“b?éiF&ﬁF
LT e e L {%2 A e SRaEE t or
1nd§% nd“n%“%? 1%55%9%%% bac%gti%%kq Coﬁ%&ﬁ%ﬁ%ﬁ %Bstlgute of

eria was horoug

né%d"’ai%‘?{}lasbacl’}‘iagh%%g_ dnPhild ZI%% nB'l%g{yﬁS‘éJatt%n%r €

OWn in conpared W th e case washed

M1 Y Fﬁﬁné'ﬁ% BALTRN o i Waighty ef; 4 %ﬁ% Tsukuba=-shi,

acl eat ed cteriu mas found to be réduced by

1Q>i<_' JIBt S p20%z ipheigas the weidaht: elidde $adi umoo) .
ydroxi dé-tréat ed bacteri umwas reduced By 50% or

nore. In particular, when the sodi um hydroxi de
treatnment was perforned at 100C, the reduction in
Wej1ghty reaches over 60% Table 5 Weight of bacteria
(after | yophi l'i zati on) Upper: wei ght
Fach of KRI-02, KRI-03, and KRI-04 was culfured in a
Brain Heart Infusin medium {(Difcc) and then washed with water,
and 0.5N hydrochloric acid {five times the volume equivalent
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 4,992,179).
Specifically, 3% sodium hydroxide was added to the cultured
bacterium in a volume eguivalent 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

of the bacteria was thoroughly washed with water and then

lyophilized. The results are shown in Table 5. As compared
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Treat ment Lower: wt.% vs. water-washing

KRI - 02KRI - 03KRI - 04 0. 6530. 2571. 313 No treat nent
100100100 Treatnment with aci dO.5140. 2460. 930
78.795.770. 8 5000. 2660. 0740.679 S di h 40.728.851.7
d ido um y rox e 100C0.1340.0390.483

20.515. 236. 8 Exanpl e 3 (Measurenent of the anmount of

witq“Ftt%'lle acdazssoer bweadshteod wbi (i1t %\rra{ta r (no treatment), the weight of
the acid-treated bacterium was found to be reduced by
approximately 20%, whereas the weight of the sodium
hydroxide-treated bacterium was reduced by 50% or more. In
particular, when the sodium hydroxide treatment was performed

at 100°C, the reduction in weight reaches over 60%.

Table 5
Weight of bacteria (after lyophilization)
Upper: welght
Treatment Lower: wt.% vs. water-washing
KRI-02 KRI-03 KRI-04
0.653 0.257 1.313
No t t
© treatmen 100 100 100
. , 0.514 0.246 C.930
Treatment with acid 78 .7 95 7 70.8
50°C 0.266 0.074 0.679
Sodium hydroxide 40.7 28.8 °1.7
Y 100°C 0.134 0.039 0.483
20.5 15.2 36.8

Example 3 (Measurement cof the amount of metal adsorbed to
bacteria)

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 pL) 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

spectrophotcmeter.
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A bacterium powder which had been prepared through

| yophilization of each of the above bacteria was

suspended to a buffer (Tris: 100 mM, to thereby

prepare a 60-ng/nL suspension. The bacterium

suspension (20 L) was added to a 2.4nmM aqueous

solution (1 nm.) of a heavy netal (CdClZ CUSO4

Znd 2i or N|C12) in Tris % m xture %

st iTeed et % \id ehathosn A ra %ngp "of MRglRES of!

the m xture was centrifu and t conce trati
Cadﬁﬂél%é’él\%/ BV PSCRESCS MpeiHiat St At SAESSuKEd-Bg - KR T-

nmeans_aqf an at omi_c absorpt.i on spectrgpho neter. 19

03, TRE |K§§ulot s""é’nr@ RO TR FEOLESSE Vot uftts Cgppared
. d dt t t ed
inGETTD 200 SERREL SCoBed Lo ARSI LR coppiun

ads%a‘ih‘%&?éﬁ %@53%%%6#% R O R ICaFBRE, BTRL ol a0 ©F

h de-t 02, KRI-03, KRI - .04
KR%%%%%@? RN Pl S S R
cid-treat rovides | ar i_ncrease |n t he unt

Wa sk N mpr'Ed W S6 G dmCRyEr oxulé‘ergterea et > ATd lnﬁ%
socffy G B rﬁf AP S0 5 S0 ST spounce
of %% é% \Mf t of% E?b£?§eﬁ¥¥%%gf%%teﬁpﬁ§&e52 KRI-

provi des a

3S'dr9*i%Rf-Qf4g%J gf%%bdag%gqtnfre%%@%“;% fgp%l%@fp%%se

heavy metal adsof be Rl -02

of ttrheeau%%evy%éﬁqidlm hwée&det%a%éﬁer@mﬁh sodium

tenperatures; i.€., at 50C and 100C, reveal s that

hyddSald@nts o @)1 906y %9%515? Haen Adear hed A uRlo RS .

conpared wth the case of Tabl e 6

CompBatIBNATHYE HicsadBrumadsonked I RRG®ed to KRI-02,
Rl - 02KRI - 03KRI - 04

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.

Tabie 6
Treatment Amount of cadmium adsorbed (pmol/g)
KRI-02Z2 KRI-03 . KRI-04
No treatment 207.6 25.1 232.3
Treatment with acid 447 .5 371.4 409.9
, . 5¢°C 200.8 266.6 244 .4
sedium hydroxide -rres 389.9 346.8 300.7
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No treatnent 207.625.1232.3 Treatnent with’
aci d447.5371.4409.9 h d 50C200. 8266.6244.4 id di y

rox

e 100C389. 9346.8300.7 um so 20 Table 7
Tr eat ment Anount of copper adsorbed (.tnol/Q)

KRI - 02KRI -03KRI -04 No treatnent 611. 2206. 6474. 3
Treatnent with acid723.2552.5618.2 di h
Ta][)'51%0(:;464.7494.6546.4 d id

Amount of copper adscrbed (Mmol/qg)

Table 8

Treatment
KRI-02 KRI-03 KRI-04
No treatment 611.2 206.6 474.3
Treatment with acid 723.2 552.5 618.2
, : 50°C 464.7 494.6 546.4
sodium hydroxide Igges 671.3 537.6 591.3
Treatment Amount of zinc adsorbed {Umol/qg)
KRI-02 KRI-03 KRI-04
N¢ treatment 2L9.5 66.8 366.9
Treatment with acid 458.6 385.9 418.6
. . 50°¢C 322.2 326.14 381.5
d d d
sodium hydroxide [oapec T g6 8 390.8 430.1

Table 9

Treatment Amount of nickel adsorbed (Umol/qg)
KRI-02 KRI-03 KRI-04
No treatment 10.2 42.1 37.1
Treatment with acid 392.3 318.5 330.1
. . 50°C 244 .2 293.7 252.1
d d d
sodium hydroxide —aos 407.0 335.7 322.3

Example

4 {Adsorption and release test)

Lycophilized bacteria

Tris buffer

mg/mL) .

(PH 7.53),

(KRI-02)

were suspended in 100mM

to thereby prepare a suspension

(60

The bacterium suspension (20 uL) was added to a

2.4mM aqueous solution (1 mL) of heavy metals (CuS0, and

NiCly)

hours

the resultant mixture was cenitrifuged,

the supernatant

acid

in Tris

(pE 1.54)

(a)

(10 m),

{(at pH 6.0 and pH 7.3).

from the bacterium layer.

21

and the mixture was stirred for two
After completion of reaction,
to thereby separate

Hydrochloric

was added to the bacterium layer and then




so um y 1000C671.3537.6591.3 rox e Table 8
Tr eat nent Anount of zinc adsorbed (nol/Q)

KRI - 02KRI - 03KRI - 04 No treatnment219. 566. 8366. 9
Treatnment with aci d458.6385.9418.6 d d
50C322. 2326.4381.5id h so rox e

100- C466. 8390. 8430.1 um y Table 9

stirred for 30 minutes, and the resultant mixture was again
centrifuged to thereby separate the supernatant (b) from the
bacteria layer. The concentration of the heavy metals
contained in each of the supernatants (a) and (b) was
measured by use of an atomic absorption spectrophotometer,
whereby amount of the heavy metal adsorbed to or desorbed
from the bacterium.was determined. The hydrochloric acid-
treated baéteria layer was washed with 100mM Tris (pH 7.3) to
thereby make the pH conditions neutral, and the procedures
for adsorption and desorption of heavy metal were repeated
{three times). The resuits are shown in Figs. 1 and 2. For
the second adsorption, both metals showed reduced amount of
adscrption as compared with the first adscrption. The second
and third adsorptions showed almost a similar ievel of
adsorption. Regarding desorption of Cu, excellent results of
90% or more the amount cof adsorption was obtained. In the
cagse of Ni, although the desorption amount 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

elther metal species.

Example 5
Synthesis of cell beads containing additives

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

degree: 98%), KRI-02 (the same weight as PVA) and an additive
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Tr eat ment Anount of ni ckel adsorbed (1nol/Q)

KRI - 02KRI - 03KRI - 04 No treatment 10. 242. 137. 1 Tr eat nent
with aci d392.3318.5330.1 di d 50244.2293.7252.1id h
so rox e 1000C407.0335.7322.3 um y Exanple 4
(Adsorption and rel ease test) Lyophilized bacteria
(KRI-OZ) wer e suspended in 100nM Tris buffer (pH

to there prepare a suspensi on (60 / mL The
We% déiﬁ %\5{:,&21% & [ Zd§Ed 1 ohg gg@sle:rﬁspare
ueous sol utio nL) .of heavy netal s (CuSO4
St %éle)or} frafy jad d(%fé Wistd Gohe TENCU P RIS itﬁr@algh use

for two hours

OF OB eI G 3 B BB o HCurg s thawing
and AR 'fﬁé%%??aﬂté% unPly 8P R B0 fon P2 M eRC R (BHIE G AP deT

cas%r o1l ed tt%ytlh%cb Catteer,.I umci/aoy dl%rlll% t1h I%t%alate

Example 6
Evaluation of flocculation property of additive-containing
cell beads

The gel beads (0.35 g) was investigated in terms of
their flocculation property (stability} Through use of an
ash-cooling water sample (20 ml, pH 7.5) obtained from an
incinerateor, the water 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 was'observed 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 oil 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 (ratic by weight) on flocculation of
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stirred for 30 m nutes,

agai n
(b) f

and the resultant m xture was

centrifuged to thereby separate the supernatant

romthe

bacteria | ayer.

The concentrati on of the

heavy netal s contained in each of the supernatants (a)

measured by use of an atom c absorption

spect rophot onet er,
dsorbed to or desor
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thus proving that
i nvention is reusable for
Exanpl e 5 Synthesis of cell

and t
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rp ion,

ﬁPgoHa §Tc5APR

@sP

wher eby anount of the heavy net al
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GEPE LAt FE
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ereby

4

Sﬁogdsﬁcﬁﬁfﬂ%ﬁ ids
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A anaERar

as t
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hat of

Tapi®ads containing additives To a 10% (w v) aqueous

sol ution of polyvinyl
Eff%%?Y%%rhﬁ%ﬁb@nra%ngohof&%@gul%ﬁﬁgﬁ'EECBEEQE degree

al cohol

(PVA) (degree of

LOBther

t he

KRI.-Q2 (the same weight as ditive
Tefapnpyel e ladded. and the ¥ xtdre%wds §ti@r2d. TWe5
PVAt hus- pr €pared 3$uspensibn was added|drbpw se tlo |i quid
Celdi trogernthrqugh usei af a gyriinge, |ar@ theg product
was sbbj ected tadreezeanhawi ngs and Tyophi|l'Tzation
The additive was fornmed of leflon powler,
A, AA: No flocculation, C: Flocc lation is observed, B:

Slight flocculation is observed

Example

8

Adsorption capacity of Teflon-containing cell beads

Teflon-containing cell beads

(KPI-02)

1:1:2

{ratio by weight))

(Teflon :

were formed.

PVA

cells

Adsorpfion

test was carried out by use of an ash-cooling water sample

(20 mL,

added to the resultant mixture for release test.

pH 7.5),

and then oxalic acid

(20 mL, pH 1.2)

The

was

adsorption and regeneration procedures were repeated, whereby

adsqrption capacity of the beads was observed.

Adsorp

tion

capacity observed in the first cycle was compared with that
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castor oil, ethyl acetate, and/or dibutyl phthal ate.
Exanpl e 6 Eval uation of floccul ation property of
addi tive-containing cell beads The gel beads (0.35 g)
was investigated in ternms of their flocculation
property (stability) through use of an ash-cooling
wat er sanple (20 nL, pH 7.5) obtained from an
i ncinerator, the water containing alkali netals and
obSATEAT nd i (1RTRR Al gF@SPI?ftﬁFgEFeaﬁﬁéﬁﬁsuﬁgerwent
conpared with heavy netals (cadn1un1 copper, _zinc,
10 Svf sz d )userAf%lﬁé}sfsaﬁa%arﬂgl e TSERIE L&t drmdearar mpgal
hours, adhesion or flocculation of the gel was
(COEREH \d At H FAIGF YR ERACHeads it Asddg aso
additjv re.found to flocgul ate. The hi ghest effect
Ob%ﬁrveé%rd. Fmédgi&rtlﬁflevé‘ﬁ??ﬁﬁtfl%cE‘BFiaFFBLﬁVG e&l FPBeRAs VY

observed in eads cont ai ning n additive
me*iﬁnﬁ P SrCRE e éﬁfefforswaf S .y o
r oil..and ethyl cet e exhi ted he effect in
e A T AT oy T ST SHTAAG 1 xi ng
rati,o qaffloc Iatl of QSads In order to study the
a

COTGFHA O x§ %all addi tives or KR -02 (ratio

by wei ght) on flocculatlon of 23 beads, sone types of
Tef |l on-contai ning cell beads were produced In the
}g%&ﬁ? npnner as enployed in Exanple 6, flocculation
operty (stability) of beads (0.35 g) was

Effriyﬁﬁga@%%da vreetgftgns - Iﬁ%%ccg%qg tth'l%nwaatn% SALR (20 o f

taining no cell (KRI-02) flocculate, and that
floccul ation of beads is prevented by increasing the

;na@%tgl%@édQ Qn COMPANE ks S efpyd Nam PVA (:Tabl & Q) by
weight)) were prcduced in the above-described method, and the
beads were lyophilized and subsequently 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-cooling water sample (20 mL, pH 7.5) in a similar manner
as above. In additicn, 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 heat 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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Effect of mxing ratio on floccul ati on of beads

Tefl on1110. 20. 20. 5 PVA111111 Cel 1 012122 CAAAABAA A,
AA: No flocculation, C Flocculation is observed, B
Slight flocculation is observed Exanple 8 Adsorption
capacity of Teflon-containing cell beads

Tefl on-containing cell beads (Teflon : PVA : cells

KPI-02) = 1:1:2 (ratio by weight),) were _forned. :
0n G B el VS A SATL AP oS 1ot BadaS which had
sh-cool i n ter s I 20 nL, pH 7..5), and then
un i 0 P40 THeS T 2 e “elded Lohg ted €5 one
resul tant m xture f.or .release.test. The adsorptjon, .
and i e Goh SRR G Sh i 6 SRFE Y S5ed. CUREPBBgAtLons
adsor.pti.on .capaci.ty of, .t he beads was .observed.
of TG 1oh TRARi 1y COget VAT i PRI Gy SRS
C red wth tha 4 observed in.t.he tenth.cycle. .
s ERRY i e ey o B6 I Bh gy eeEs imposed
i o, f.eductd qn j n,heavy netal (copper or
by %%%f:t; actgdesagérrap%}%n{%aqgsdcigtyan% %t)h'e beads was observed.
In addition, adsorption and renoval of the heavy
netal s were successfully perforned with substantially
Fsg 1affect by salts contained in the sanple in high
concentrations (Figs. 3 and 4). Exanple 9 Effects of

Ch it eATEM: i fd%ﬁ'@ﬁ ik)%ln_h%fzé‘{ %%%rt%ﬁ %r:éa%fs .

beads Gel beads cont (PVA:ce
(1 31 #1Q DY h MVelighfd Jp MBS B Y adlsed ddb e beads had been

above-descri bed nethod, and the beads were

undHd 1#ZRd A0 ithspaysidas heatrd rated e (@ 1ected,

and oxalic acid (20 mL, pH 1.2) were added thereto, whereby
each metal was released. Subsequently, the beads were washed
with Tris (100 mM}, and then subjected To another absorption
process. These sequential progesses (one cycle is referred
to as usage cycle} were repeated for investigation of change
in adsorption 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 reducticn in
adsorption capacity of the beads against heavy metal {copper
or zinc) was observed. In addition, adsorption and removal
of the heavy metals were accomplished withcout being affeclted
by salts contained in the sample in high concentrations (Figs.

7 and 8}.

Examplie 11
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m nutes (at 180C). 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

ncent r at hea (Z|nc ni ckel ) and
Prc’a HAr e © a‘F‘? C?{% fng% PRI HHYESIUN i n the
ash-cool i ng mater npl e were determ ned through use

of Hht a@%n’i"]%l%s%ii%t}i’%‘hn Spesiedphot badt gk | Omfbaaﬂ%%rﬁnd
a ﬁﬁ&ﬁ?%%%begﬁ¥m£$ had Jg%ﬁregsoeggo he tcaﬁ rJSC%% :Eeréree 98 to

99 et T b e S “oZaadfs P ENeG G B de B and the
refifiari Rrsicndl f@ﬁ%ﬂf%sd“éa%g@pe{%ﬁ%@maﬁ in a
caﬁ%fa?%fqaé%?fn%a”é Bl e AT e FhREREIeaTalY ene

ot her,. as observed in the revious tests.
po»@E

ot Qe HnEes of S et 3 i o HE BRI Hatithy (eitemm)
lﬁ %ﬁygﬂcattf rar‘?‘lﬁbec‘g a tsal%é%yno v\;}}eldlt%c;té t%u{éous PVA

a Sor ptl capacl t was | np rea

soﬂdﬂﬁﬁh éyﬂ qﬁeat}§$g§$£dlégéqn§ng%hln %g%%ﬁ@%bgnproduct

capacity of ds After

wa@bﬂ/leecpf&m’éﬁ%é‘e@@t ('"fG"Qf")t edargf;}:gasﬁ%}\eﬂe&sgﬁveig{bg? gﬂ%ﬁn&ter

the adsorption process, t’he be

of oXa] i1t aci f (X Qvdte PpalrAlees e Added tah%'leéx% atnﬁ:l then

whereby each netal was released Subsequent |y,

trdweads mer 20ashetedh o (100 M, and then
subj ected to anot her absorption process. These

sequenti al processes (one cycle is referred to as

usage cycle) were repeated for investigation of change
Exdnpladsiar pti on capacity of beads caused by

regeneration. Adsorption capacity observed in the
Evdliustiycl e awelsl dorguiy etroduced through granulation in
Tterms 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 granulated cell beads undergo heat treatment, bacterial

cells can be stably immobilized without disintegration of

granules.
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%]

with 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 zinc) was observed. In

addi tion, adsorption and renoval of the heavy netals
were acconplished wi thout being affected by salts

tained in the sanple in high concentrations (Figs.
Exaﬁmgﬁa Exanpl e 11 26 Production of cell beads

i AT B ot shen 1o,
SoRE Lol SS9 28 00 L0 S BN TSI v,
f ygal
plaqu# s e st iﬁ%%ﬁ{?al}ﬁeslers%éaaﬁfﬁei?ﬁ%ﬁ' %‘ﬁ%%a beagisr to
mxﬁ%@ea“ﬁasep%%”e i S P e o freeze-
PR TE AT

o G DY TR R S e e

(Oﬂﬁrtlcles ha a dlaq?ter mm-.wer

pga?ré'fe Bt H R evélqaﬁ“’aa% < wa reaﬁamé)lfeor&foml'
coﬂgégﬁ %%I&?O ﬁéﬁﬁphgi%%:%¥aJ ng:%y % tﬂ%%%%% of

Trouy granul ion |n

ergcg m nu essgqﬁlégaﬁ% AN g%lna%#%gq{regf%%% eIrCFaftbeads:,scyrartmg

of‘%ﬁ%éﬁi t%sW%t%QntQ%q nE%l%”Be%Bgegﬁﬁ%&eﬂaﬁoﬁgaérgone

hours. e non- heat -t r eat cel S reveal e

onlc&t SidUe oA QA RA | GO, eV er @heherns LaEHEM which had
starting of shaking, the water becom ng suspended,

und@eg the heat-dfealed Salinikeads dmjntainret theign

hape form 24 hours after starting of shaki ng. This
ﬂﬁgﬂﬁkéﬂﬁﬁn as compared with that of the control.

Specifically, when the cell beads which had undergone freeze-
thawing and the cells which had undergone lyophilization were
emplioyed, concentratiocns 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 control; i.e.,
381.6 uM. 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 ligquid.

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

1IN hydrochloric acid and then washed with MES buffer (pH 6),
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when granul ated cell beads undergo heat treatnent,
bacterial cells can be stably imobilized w thout
di sintegration of granules. 27 Exanple 13 Production
of porous beads through freezing The heat-treated cell
beads produced in Exanple 11 were placed in and
washed with water, and the resultant beads to which
had absorbs sufficient water were subjected to freeze-
anG Hedvi rif Bhd-aHePaafspmate &ddast trhélifiiearatt pgareds (8,
beads (0.5 were added to a plating waste water
17 sanpl®e (@0 ) nedRtaits iy ahiing amfd e tan seaples
wher eby concentration of zinc in the sanple as tine ,
COTHlpE e e hreastifeB KSR Ps APt PhgTTE6F pagctr¥RstAgaged in
control, cell beads which had undergone only heat
CeqmS fAhneha it & e fared-raHet & S Wﬁﬁc}h/eﬁ%lts are
under gone freeze-treatnent exhi bited | arge change i

shopp Ighricéht rat | GR2RgScoRpAPRESRERTERRL O6f 2Lhe Was found
o S TS A S AR A £
1o LA, YORIIZL T pee L OlBy o e

en AT G TR 21 0L B MrE S50 LN PG, 332, M
CoUSEREA G o6 LLOREALRY. HEAPe BN oF ‘Redgyinetd) daste
watdh SEG RS St i B B A et wigg cen be
Pl Ny e Tl TN R a8 o

s TIEAR SRR, U by ol s
beads can remove, by way of adsorption, not only zinc, but

alsc harmfui heavy metal species such as copper, iron,

cadmium, and nickel.

Example 15
Regeneration of beads

The heat-treated cell beads {(Example 11, 0.3> 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 completicn of adsorption reaction,
the cell beads were collected from the waste water and then
added to 1N hydrcchloric acid (20 mlL) for removal of the
heavy metals. Subsequently, the resultant beads were washed
with MES, and the waste water was refreshed. These

sequential processes for adscorption and descrption were
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and the resultant beads were added in different
anounts (8, 17.5, 25, and 35 ng/nL) to plating waste
wat er sanples containing zinc. The m xture was
stirred and investigated in ternms of change in
concentration of zinc. The results are shown in Fig.
9. Change in concentration of zinc was found to
depend on the amount of cell beads added to sanple.
reprgdted Whenewamsadenar athiach deMeassadse niereragded-in a
hi gher anount exhibited a larger initial gradient of
Congeirigen i ipn s oric dmarat it a [rh ereafeome a sy esd dibwgudhe use of
cell beads to waste water containing any heav¥ net al
an @fcHis ATREPHiqt REFverhadmiadieso That relationship
concentration of zinc can be reduced to a standard
betpgane e emMuEnto{ 6 Mdsrieshe! The ag¢l 1th @bé%%?er of
can renpve, by way of adsorptlon not only zinc,

I SRR HalrF Ul S WJW gt &~ Sped es IgaéﬁaésC%EBEFratﬂ@ﬁs of
cadm um and nickel. Exanple 15 Regeneration of beads
zinfheaTHbat Lt et dei e e Ha e atfs A5l e PraEess gelifer'@0 1M

washed with MES buffer (pH 6) and then added to a
ancp| B il Maste Nater BRARAE (V0 ) TBEnEBPHNRG 2fnginc and
and iron, and the _ m xture was stlrred After

LR A TIRAR OO o RIGHE AR | T 2 WK G819 dpeadgol in
| ted f th t t th
ava%%ﬁ?%%ﬁ%%ﬂc@% 250 Shat 1 B w0k (Bl deddns

EV%T. %‘Q\%S{}Jeggi%l %anctl ta{%ié{egl?s lta res ét\é\éesr,.?.t St}eorm of
ceﬁe%ee%é gl proc 2t Shé r adsanpt i oéha%“ oi 0”

wer e repea ere regenera lon o S wer e

§%§ﬁ% Jgg% I
Suﬂrreasurle ougﬁ%r{sgzé J?{]Stal'gg at omv%oﬂﬁrgrag%oﬁt% of the

he .t_Off%t% dl-'Eli% elg@tal grshicRe Bet \eﬁ@nhtea% metals
aS'Jrzwggunt zi nc agl or be (pH 7) ang the nunber Y
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 féctory (1) ~ mass balance in agitation reservoir
Heat-treated cell beads (Example 11, 400 ¢g) were added
to a reservoir (50 1) 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 of zinc and iron in the cyanide plating waste

water (pH 7.5) contained in the reservoir. Zinc and iron had
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regeneration is shown in Fig. 10. Initia
concentrations of zinc and iron at the start of
adsorption process were 790 M and 458 Min average,
respectively. The anmounts of zinc and iron adsorbed
to cell beads were 36.2 nol and 4.6 jinol in average,
respectively per gram (dry weight) of cell beads.

be o e dr HEade Vi TEEH £ Ed Rl TPhd eadd Sher than

n SRS B %mﬁq&%%mazda& Rt
ol P s LY s B
e P W B 28

of beads |n treat nen of wast e ter produced f
g} g rﬂjmf o )-8 B4l dricd oAyl FEEPGR IVeLY, per
res e ted ceII beads (Exanple 11, 400 g)
ER TS §£§@ oe%k¥%§grv0|r (50 L) for cyanide platlng
wast e mater cont ai ni ng heavy netal s, and change in
concentrations of zinc and iron was investigated
Tad TU Of 3@h sanpling of water under stirring (revolution
spee 200 rpm. Table 11 shows concentrations of
zinc and iron in the cyanide plﬁﬁ£ m@ste wat er (pH
7.5) contained in the reservoir Incand iron had 30

bleervypr esent SemobHerwast ¢ wat.gr .a oggncertrations
hieglaér t hareadthieorstvanidar @ val ue o flugnt. Fig. 11

zirshows change i ngsaoncentrati ons7®f5the heavy netal s

Ired ter addition abzthe cel beadgo The cell beads were

Catculated To adsorb zinc and 1iron in anmounts of 53.6
nmol and 12.1 nol, respectively, per gram(dry) of the

beads. Table 11 Unit: M
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) 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 LN
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 adsorption and release

31




Heavy Secondary Threshol d netal reacti on water
Zinc89476.5 |1 ron422179 Exanple 17 Use of beads in
treatment of waste water produced from plating
factory (2) - increase in concentration of netals
adsorbed to and renoved frombeads In a simlar nethod
described in Exanple 16, heat- treated cell beads
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in dAndard-Maldies ofr effduenty (6h 19 thelMaRE®chloric acid

sclution is shown in Fig. 13. The results indicate that the

zinc concentration of the hydrochloric acid solution is
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
concentration 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 zinc, the iron concentration was
lower than that of zinc, 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, through use of
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acid solutionis showmn in Fig. 13. The results
indicate that the zinc concentration of the
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adsorption and rel ease processes
(the 2nd reservoir). The adsorption and release processes
were repeated through use of five plating waste water
reservoirs (50 L) in total. Amounts of zinc adsorbed to
beads contained in the respective waste water reservoirs 90
minutes after addition were shown in Fig. 14. The results
reveal that adsorption of zinc was successfully repeated, and
the average amount of adsorbed zinc wag 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 wabter reservoir and in a release

reservoir (hydrochloric acid) (multiple adsorption),
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were repeated through use of five plating waste water
reservoirs (50 L) in total. Anmounts of zinc adsorbed
to beads contained in the respective waste water
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hydrochl oric acid changes by rel ease of zinc from
be Haudeased- investigated (Fig. 15) The zinc
concentration increased linearly in accordance with
t he nunber of regeneration cycle. Therefore, by
repeating a cycle of placing the cell beads
Examgiifertd al ly in a waste water reservoir and |n a
rel ease reserv0|r hydrochl ori c aC|d)
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reservoir to the leftnost ‘reservoir sequentiall

- thd n»eastree%i:tearnH@%%)e@ft%ﬂq_ﬂ Rt r ML e adjacent

adsor bed heavy
right adsorption reservoir. Finally, the waste water is

treated in the rightmost adscrption 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 to concentration of
heavy metals contained in the waste water to be treated,
heavy metal concentrations of the waste water can be reduced
to their envircnmental regulations or lower through use of at
least three treatment reservoirs. Treatment time is at least

one hour. When the heavy mefal concentration of the
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netals are rel eased for regeneration of the beads. The
t hus- regenerated cell beads are again transferred to
the rightnost reservoir and then to the |eft
reservoir sequentially. By wuse of cell beads in an
amount according to concentration of heavy netals
contained in the waste water to be treated, heavy
net al. concentrations of the waste water caE ?ﬁ redu%ed
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water, by transferring waste water containing heavy metals at

high concentrations through reservoirs 1251, reservoirs
2—1—2, reservolirs 3—4—53, and reservolirs 4—23—4, and by

regenerating, through acid-treatment, the cell beads employed
in treatment of high concentration waste water. When tThe
heavy metal concentration of the hydrochloric acid employed
for regeneration of the beads becomes high, the hydrochleric

acigd is refreshed.
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Clainms. 1. A heavy-netal-adsorbent conposition
containing bacterial cells obtained from acid
treatment of bacteria selected fromanong Bacill us
sp. KRI-02 or anal ogues thereof, Bacillus
l'icheniform s, and Staphyl ococcus sp. KRI-04 or
anal ogues thereof. 2. The heavy-netal - adsor bent
conposition as recited in claim1l, wherein the
Clagfhsl | us sp. KRI-02 or anal ogues thereof are Bacillus
sp.. KR.-02 (FERM BP-8165) or its anal ogues; the
Badi1 | ds FieehanmesatsPe-Bast pe@ppéﬁg%ppopﬁpgawngos
FERM_BP-8167) or its anal ogues, and t
baceqil seddcuSspines opam @F%éﬁr&gﬂ&é@qth@rfe&racg%la
Stap | ococcus sp._ KRI-04 (FERM BP- 8166) or its
eo% . ROFRe AL T tR - Ao et ESRIGIESothgg et
recited jn claiml or 2, wherein the acid-treat g
Baceh s afrlecft%nlrﬁce%rubil 6 (ORGP -oR il “Pds PR
arrier. 4. heavy- net al - adsor bent conposition as
anglogyssy e QQ im1 or 2, wherein the acid-treated

S R e
Slc"%ﬂlqe?% 30 e%ﬁi,ﬁles 5p d:pﬁtdﬂ q"ﬁh%%e'ﬁgul e enereos

are ?tor é&%f AGeHA S ) @ddd tfcf)%)sog AMues; the
Ba&%dfsedldmiu@ca%gsr R8I oo

i f VY. u
BE char act er| zed i%ofge%%?ngargéh%}g/?twj]% cont a| ning RR1-04
or MR @eﬂ&?f’yarr@tﬁaﬁgﬁ Uy s CYPRGTIRAN (FERM BP-

cont al |ng acterial cells obtained from acid
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 inorganic carrier or a resin carrier.

4. The heavy-metal-adsorbent composition as recited in
claim 1 or 2, wherein the acid-treated cells are cell beads
carried by an incordanic 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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treatment of bacteria selected fromanong Bacillus sp.
KRI - 02 or anal ogues thereof, Bacillus |icheniforms,
and Staphyl ococcus sp. KRI-04 or anal ogues thereof.

8. The method as recited in claim7, wherein the
Bacillus sp. KRI-02 or anal ogues thereof are Bacillus
sp. KRI-02 (FERM BP-8165) or its anal ogues; the

Baci | | us- ]|chen|f rms |s Baci | | us-|ichenifo=is KRI-03

me {PER T BPLBHEY )G s el gt “h Py Hereating a heavy-

me%]:_% ococcus rg%ilq}ég:wb*i‘h (Egr anal %gues thqe)Sro %{@gl re

anal ogues. 9.. The nethod as, recit clal 7. 0r
O A T et AL %'95 Rdcd
from anon envi r onne cont ai ni n he
CrART o P or e S eiwr@t%% L, sp. KRI-02
od as r cited in ainms 7_through 9
OF | K FL et P T o Bt él%fe%%féqwe%r RP%hn

norganic carr resin carrier. 11. The t hod
St%%hsfg%?%%aU%nS%n?%f-%*?a?‘ﬁsé%a iR e SQhver ei n tﬁe
a0|g tr, at§§1§$kls ar.e, % bead carr ﬂ%%eln

|norgan FrEr %ot a reS|n carrler
s SRS A @Laere ;ﬁ%%fllus .
KRPr?%t EP/%%I?I‘C%%%%P%SI nogldg#éml %Tai er el ﬁé{%leecr:el |1337The
Baé; LAHS aifcﬁé{?ﬂﬁcgﬁgl%hwugé‘cﬂi A f‘g} }géslnlsllorx?(% KRT-03 (FERM

acterium sel ec rom anong bacl

pp L FEEN Sﬂ-éé)a%t A %&%é‘s éﬁ&%‘i‘é@f%}%a (o@é”ué FERNkRrT1-04

BP-8167 and ococcus sp. KR FERN
or BRi 8168) e s 11_5hefe$‘f-’aé(ﬁ’e @E%hﬁﬂé@é@&@@ appat@t Uss (FERM BP-

characterized by conprising (A) at |east one
81 68AvYyr NBt @l apeseqé g reservoir

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 methed as recited in c¢laim 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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cont ai ni ng a heavy-netal -adsorbent conposition as
recited in any one of clains 1 through 6, and (B) an
acid-containing reservoir. 16. The
heavy- net al - adsor bi ng apparatus as recited in claim
15, wherein the (A) heavy-netal -adsorption reservoir
is reused after heavy netals are recovered through
acid treatnent and the heavy-netal - adsor bent
beaggnpgasi Producsd ithgenghade@anufaltieni-ng heavy et al
adsorption treatnent. 38 )

14, A bacterium selected from among Bacillus sp. KRI-02
(FERM BP-8165), Bacillus licheniformis XKRI-03 (FERM BP-8167),
and Staphyleococcus sp. KRI-04 (FERM BP-8166}.

15. A heavy-metal=-adsorbing apparatus, characterized by
conprising (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 composition is

regenerated, following heavy metal adsorption treatment.
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