SPECI FI CATI ON THI OBACI LLUS THI OOXI DANS GROMH | NHI BI TOR
FI ELD OF ART The present invention relates to a Thiobacill us
t hi ooxi dans 5 gromh inhibitor, particularly relates to a growh
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structures or concrete sewer pipes contacting sewage. BACKGROUND OF

THE IF'NVENTI ON 10 It has been a problemthat concrete structures in
sewage-treating facilities beconme gypsiferous and deteri orated. Thi s
deterioratign is . known to be ascribable to sulfur-oxidizi oyp1d2gct eri a

of the genungW?ﬂﬁﬁcillus whi ch oxi di ze hydrogen sul??ggpto sul furic
acid. These bacteria usually live mﬁdqiy 15 in soil or water and grows by
oxi dation of sul fur conpounds and assimlation of carbon dioxide. The
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portion of structures contacting sewage, but also in structures in the
sewage-treating facility facing to the air but not 20 contacting sewage,
dependi ng on the species thereof. Vari ous net hods have been
proposed for preventing such deterioration of the stﬁkﬁ% 23Most  of
practically 18%¢%ed met hods i nclude coating the structures with
anti-corrosive . materials. However, the coating of the anti-corrosive
material 25 <can easily be damaged fr§n1pinholes or scratches, and thus
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1 ; . smal | -di aneter tubes is difficult. Further, this nethod is
not -~ advant ageous in terns of cost. Then, another nethod is
proposed i n Japanese Lai d- open Patent Application No.4-149053, in
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genus: Thi gbacillus is prevented by directly adm xing to concrete a

parti‘cular nmetal or a particular netal oxide insoluble in water but
soluble in sulfuric acid, such as nickel, instead of coating t he
surface of td hbctures with the anti-corrosive materi al ‘1/1;19 this
met hod, ni ckeﬁggl%rrp etely prevents sul fur oxidation a@ﬂ" |t9’§'/13L3P
respiration, and carbon dioxide gas-fixing activity of the

sul fur-oxidi zing bacteria when pH valué¢ is around neutrality. This
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sul fur-oxi:di zi ng bacteria to prevent deterioration of the concrete by

addi ng nickel to the concrete, about 0.1 parts by wei ght of nickel is
bei ng added to 100 parts by wei ght of cenent. : It is therefore desired
to devel op Jpgbgiabddi t Or that exhibits 20 an excellent effﬁgbnﬁﬂygghibiting
growt h of sul fur-oxidizing bacteria in small er addi ng anount.

It is known that nolybdenum anmmonium gol ybdate or a mxture of
anmoni um nol ybdat e and tungsten activates growth of Thi obaci | | us
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Vol . 153 No.2 (1983) WlliamM et al. Sulfite Oxi dase Activity

2 I n Thi obacillus novellus" p.941-944). On the other hand,

it is al so reported that, although nolybdenum (M[err]) activates

growt h wobsnlppobaci | | us noveI.I us as noted above, it iM/.BH/ﬁsgr owt h of
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Thi obaci | us thi ooxi dans (Chem cal Abstracts, Vol.95, No.1 5 (July 6,

1981) pl127 (108la)). Thus, even the sul fur-oxidizing bacteria of the
same genus Thiobacillus have different growth i nhi bitory nmechani sm
Therefore, Qusbsdabs2d Certain growth inhibitor is re | 1.0 have
an effect on sﬂY#ur-oxidizing bacteria existing in neu #%ﬁﬁ&ﬁ range
of 6 to 8 such as 10 Thiobacillus no4gllus, such an inhibitor is not used
in acidic pH range of 2 to 6, in i ch Thi obacillus novellus scarcely
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i nhi bits grow h of sul fur-oxidizing bacteria of the genus 15 Thiobacillus

existing in pHrange of 6 to 8 such as Thiobacill us t hi ooxi dans.
Therefore, growh inhibitors proposed hitherto are not al ways
effective t t he sul fur-oxidizing bacteria of the 7950k

Thi obaci I | b, (1 RURE O THE | NVENT O (PSR of
the present invention to provide a . Thi obaci | l us t hi ooxi dans growt h
inhibitor that can sufficiently i nhibit growth of Thiobacillus
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condition-at pH 4 or lower. 25 It is another object'of t he present

i nvention to provide a Thi obaci |l us thiooxidans grow h inhibitor that
can inhibit ' 3
Thi obaci | | u%v&ﬂ;in%i dans by adm xing a very small anount Gierisa@re1323
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inhibitor -to a structural material such as concrete in a
sewage-treating facility, and that does not substantially decr ease
strength of the structural material itself. 5 The present inventors

proposed in vaaggﬁﬁée Lai d- open Pat ent Application No.gdcgf99m3z2 et hod
for preventing deterioration of a structural material due to the

sul fur-oxidizing bacteria of the Pg:us Thi obacillus. I n the nethod,
specific metals or speci fic netal i des insoluble in water but
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of 2 to 6,- sufficient growth inhibitory activity is obtained at t he

porti‘on of the structural material directly contacting sewage to be
kept in neutral pH range. However, the present 15 inventors found out that
i nhibition gauk,h of the same Thi obaci | [ us t hi ooxigiaipedssgseduced
on the surface o he structural material near the sewage-treating
facility but not I n direct cont agt with the sewage under the aC| d| c
condition at pH 4 or |ower due to %ydrogen sulfide in the air.
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proposed ni ckel does not act directly on the bacteria thensel ves, but

bi nds to an enzyne of the bacteria for exhibiting growh I nhi bitory
activity, so that the binding to the enzyne is not 25 sufficient under
the acidic (el gdnt"jmtgn, resulting in insufficient ar OWCM/J}DJ/MJ on. The
present inventors then searched for a
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subst ance -whi ch sufficiently inhibits:growth of Thiobacillus

t hi ooxi dans, which is ascribable t¢ the ‘deterioration of the concrete
under the acidic condition at pH 4 or |ower, and found out that tungsten
and tungste %&gnds effectively 5 inhibit gromh of Thy J S

t hi ooxi dans%&m st1ng under the acidic condition, to t_hge y é&c}%l.ete t he
present invention. _ Accordi ng to one enbodi nrent of the present

i nvention there is provided a method gf7inhibiting groewth of
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Thi obaci | |-us t hi ooxi dans conprising introducing into a 10 Thi obacillus

t hi ooxi dans growt h environnent a Thi obacillus t hi ooxi dans growt h

i nhi bitor conprising as an active i ngredi ent at | east one substance
selected fr oup consi sting of tungsten powders ﬂBﬂ sten
conpound. %ﬁ) SCRI PTI ON OF DRAW NGS 15 Fig. 11¢ %ﬁ’;’%’%%ﬁ

showi ng the effect of Na2WX4 on- growth of NBI-3 strain neasured in.
Exanples 1 to 3 and Conparative Exarﬁplf7 1.
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- BA : . Fig. 2 is a graph showing the effect of Na2WX on

el enent al sul fur oxidation activity of NBI-3 washed cells neasured in

Exanples 4 to 7 and Conparative Exanple 2. Fig. 3 is a graph

showi ng the ©Gffech0f Na2WD4 on el enent al PCT/IPY7/01323
3/7
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5 sulfur oxidation activity of NBI-3 washed cells neasured in

Conpar ative Exanples 3 to 7. Fig. 4 is a graph showi ng the effect
of Na[err]WJ err] on HSO err] oxygen activity of a nenbrane protein of
NBI - 3 strai ed in Exanples 8 to 9 and Conparati v, 8. 10
Fig. 5is a%65§g how ng the effect of NaJerr]WJ err] on é?iﬁﬁﬁ%&%? of
cells neasured in Exanples 10 to 14 and Conparative Exanpl es 9 to 13.
Fig. 6 is a graph show ng the effect q&/pl@nental'sulfur oxi dati on

activity of NBI-3 washed cell's neasureéed’in Exanples 15
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15 to0.20 and Conparative Exanples 14 and 15. Fig. 7 is a graph
showi'ng 't he effect on el enental sul fur oxi dation activity of NBI-3
washed cells neasured in Exanples 21 to 24. PREFERRED ENBODI MENT OF

THE | NVENTI The present inventi-on will be descri LN
det ai | hgw Pﬁggﬁ%ML Thr oughout this specificatigﬁﬂgﬁakﬁﬁ% cl ai ns

whi ch foll ow, unl ess the context requires otherw se, the word
"conprise", or variations such asp" rises" or "conprising",
will be | 5 AT
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25 understood to inply the inclusion of a stated integer or group of

i ntegers but not the exclusion of any other integer or group of

integers. ' _ _ - 6- The present

i nhibitor i n&;o%}lamgr owt h of Thiobacill us Ny . PCT/IPS 01323
6/ 7
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t hi ooxi dans, which is known to be ascribable to deterioration of
structural materials such as concrete, nortar or high-nolecul ar pol yners
in sewage-treating facilities. The present inhibitor 5 can effectively

inhibit the of Thi obaci |l us thi ooxi dans not only_aqn ructural
mat eri al tha‘q'&)g%{agzcts sewage directly but al so on the ngJT’T‘%Zé}% a

structural material near a sewage- treating facility under the acidic
condition at pH 4 or | ower " due to hydrogen sulfide in an air, to prevent
the deterioration 10 of the structural efial . The present

i nhi bitor contains as an active ingredi ent at
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IeastQ one stibstance sel ected fromthe group consisting of t ungsten
powders (W, and tungsten conpounds such as Werr](Qerr], Na[err]WJerr],
CaWJ err], CdWJ err] Herr]O CawJerr].2H err] O, or

5(NH err])[err]O 12WJerr] nH err]O (n=0 to 5). The active ingredi ent
[ S assurred to bind to an enzyme of 5 Thiobacillus thi ooxi dan_s under the
g)(z: g;;:i-gﬁndl tion, particul arl ysﬁcm&ﬂoﬁower, to inhibit sulfur

THIOBACILLUS THIOOXIDANS GROWTH INHIBITOR
FIELD OF ART
The present invention relates to a Thiobacj.llus thioo:iidans

5 growth inhibitor, particularly relates to a growth inhibitor
capable of inhibiting growth of Thiobacillus thiooxidans in.
sewage-treating facilities to prevent deterioration of concrete
structures or concrete sewer pipes contacting s‘ewage.
BACKGROUND OF THE INVENTION

10 It has been a problem that concrete structures in
sewage-treating facilities become gypsiferous and deteriorated.
This deterioration is known to be ascribable to sulfur-oxidizing
bacteria of the genus Thiobabillus which oxidize hydrogen
sulfide to sulfuric acid. These bacteria usually live widely

15 1in soil or water and grows by'OXidation of sulfur compounds and
assimilation of car‘bon dioxide. The sulfur-oxidizing bacteria
of the genus Thiobacillus are known to exist not only in the
portion of structures contacting sewage, but also in structures
in the sewage-treating facility facing to the air but not

20 contacting sewage, depending on the species thereof.

Various methods have been proposed for preventing such
deterioration of the structures. Most of practically performed
methods include coating the structures with anti-corrosive
materials. Howevér, the coai:ing of the énti-corrosive material

25 can easily be damaged from pinholes or scratches, and thus has

problem in durability. In addition, coating on a joint of



respi'rat I.on and carbon di oxi de gas-fixing of the bacteria, to

inhibit the growth of Thiobacillus thiooxidans. However, it is not
known how these active ingredients bind to 10 the enzynme of the bacteri
When the active ingredient of the present inhibitor is in the form
powders, the dianeter thereof is not particularly limted. However,
it is desirable that the dianeter

of the of f ccRIELTLARRERRNAS 0 SHERERLE. | Funthary, nlpdRathed Be REL]

structural

mat eri al such as concrete and to enable distribution to

desi rabl e podvaRkagaousein terms of cost.
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Then, another method is proposed in Japanese Laid-open
Patent Application No.4-149053, in which deterioration of the
structural materials due to the sulfur-oxidizing bacteria of the
genus Thiobacillus is prevented by dire‘ctly admixing to concrete
a particular metal or a particular metal oxide insoluble in water
but soluble in sulfuric acid, such as nickel, instead of coating
the surface of the structures with the anti-corrosive materials.
In this method, nickel completely prevents sulfur oxidation
activity, respiration, and carbon dioxide gas-fixing activity
of the sulfur-oxidizing bacteria when pH value is around
neutrality. This method is excellent for sufficiently
preventing deterioration due to the sulfur-oxidizing bacteria.

However, for practically inhibiting the growth of the
sulfur-oxidizing bacteria to prevent deterioration of the
concrete by adding nickel to the concrete, about 0.1 parts by
weight of nickel is ﬁeing added to 100 parts by weight of cement.
It is therefore desired to develop an inhibitor that exhibits
an excellent effect ih inhibiting growth of sulfur-oxidizing
bacteria in smaller adding amount.

It is known that molybdenum, ammonium molybdate or a mixture
of ammonium molybdate and tungsten activates growth of
Thiobacillus novellus, whereas tungsten, when used alone,
inhibits growth of the same bacteria (Journal of Bacteriology,

Vol.153, No.2 (1983) William M. et al. "Sulfite Oxidase Activity

t her eby
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structural material upon form ng of the structural materi al

Specifically, the dianeter is desirably 0.005 to 0.2 nm [If the

di aneter exceeds 0.2 mm the growth inhibitory activity may be 20
reduced, thus being not preferable. |f netal conmpounds sol uble in
wat er or an organic solvent, such as Na[err]WJ err], are enployed, these

oo o) S S IO St 3RY §21-944) o g eHEEGBHEE S, st
Lol e T A Y o e KHEELL A e,
preventing t(?f? que:i:[o ra{coirlaflisorrllo(\)rfellus as noted above, it inhibits growth of
Thiobacillus thiooxidans (Chemical Abstracts, Vol.95, No.1
5 (July 6, 1981) pl27 (108la)). Thus, even the sulfur-oxidizing
bacte:ia of the same genus Thiobacillus have different growth
inhibitory mechanism. Therefore, even if a certain growth
inhibitor is recognized to have an effect on sulfur-oxidizing
bacteria existing in neutral pH range of 6 to 8 such as
10 Thiobacillus novellus, such an inhibitor is not used in acidic
pHrange of 2 to 6, in which Thiobacillus novellus scarcely exists.
Further, it is not believed that a substance which inhibits
growth of the aforementioned Thiobacillus novellus equally
inhibits growth of sulfur-oxidizing bacteria of the genus
15 Thiobacillus existing in pH range of 6 to 8 such as Thiobacillus
thiooxidans.

Therefore, growth inhibitors proposed hitherto are not
always effective to all of the sulfur-oxidizing bacteria of the
genus Thiobacillus.

20 = DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
Thiobacillus thiooxidans growth inhibitor that can sufficiently
inhibit growth of Thiobacillus thiooxidans under the acidic
condition at pH 4 or lower.

25 It is another object of the present invention to provide

a Thiobacillus thiooxidans growth inhibitor that can inhibit



7 ' ; . the concrete and nortar due to Thiobacillus thiooxidans,
preferably 0.0001 to 0.1 parts by weight of the inhibitor may be added
to 100 parts by weight of cenent in the concrete or nortar.

Thiobacillus thiooxidans by admixing a very small amount of the
inhibitor to a structural material such as concrete in a
sewage-treating facility, and that does not substantially
decrease strength of the structural material itself.

5 The present inventors proposed in Japanese Laid-open Patent
Application No.4-149053 a method for'preventing deterioration
of a structural material due to the sulfur-oxidizihg bacteria
of the genus Thiobacillus. In the method, specific metals or
specific metal oxides insoluble in water but soluble in sulfuric

10 acid, such as nickel, are directly admixed to concrete. As to
Thiobacillus thiooxidans existing in neutral to acidic pH range
of 2 to 6, sufficient growth inhibitory activity is obtained at
the portion of the structural material directly contacting
sewage to be kept in neutral pH range. However, the present

15 inventors found out that inhibition of growth of the same
Thiobacillus thiooxidans is reduced on the surfacé of the
structural material near the sewage-treatiné facility but not
in direct contact with the sewage under the acidic condition at
PH 4 or lower due to hydrogen sulfide in the air. It is not clear

20 why the inhibition of the growth of the same bacteria varies
depending on pH condition. However, it is assumed that the
proposed nickel does not act directly on the bacteria themselves,
but binds to an enzyme of the bacterié for exhibiting growth
inhibitory activity, so that the binding to the enzyme is not

25 sufficient under the acidiccondition, resulting in insufficient

growth inhibition. The present inventors then searched for a



Partfcularly,,even by addition of small anmount of_the jinhibitor, 5_?uch as
0.0001 to 0.01 parts by weight, sufficient growtf THISSIJ-Il?é‘f | effect is
obtained for a prolonged period of tineg, corpar ed gy i -%ﬁue tional
coating with anti-corrosive mat eri al . _ :
may further contain at |east one 10 substance sel ected fron1tﬂe %roup
. consi sting of nickel powdlers and ni ckel oxide powders. Wth these
subst ances c%‘ﬁ?%fﬂ’éﬁ? ‘H‘l%cf‘ Suff%ﬁ?‘%??igniBPJ-PEESgQEWﬁhonTﬁhéﬁﬁéPF-F-&!i}s

' i dans j.n, the, pH range around neutrality can be inproved. There
;[ QI ggxbg?tiscﬁﬁjaqoxigans, whichgis ascribable to tl\{e deteriorrrgtion of the

concrete under the acidic condition at pH 4 or lower, and found

out that tungsten and tungsten compounds effectively inhibit
5 growth of Thiobacillus thiooxidans existing under the acidic

condition, to thereby complete the present invention.

According to the present invention, there is provided a
Thiobacillus thiooxidans growth inhibitor domprising at least
one substance selected from the group consisting of tungsten

10 powders and a tungsten compound.

According to the present invention, there is also provided
a Thiobacillus thiooxidans growth inhibitor comprising at least
one substance selected from the group comnsisting of nickel
powders and nickel oxide powders, in addition to at least one

15 substance selected from the group consisting of tungsten powders
and a tungsten compound.
BRIEF DESCRIPTION OF DRAWINGS

Fig.l is a graph showing the effect of Na,WO, on growth of

NBI-3 strain measured in Examples 1 to 3 and Comparative Example
20 1.

Fig.2 is a graph showing the effect of Na,WO, on elemental
sulfur oxidation activity of NBI-3 washed cells measured in
Examples 4 to 7 and Comparative Example 2.

Fig.3 is a graph showing the effect of Na,WO, on elemental

25 sulfur oxidation activity of NBI-3 washed cells measured in

Comparative Examples 3 to 7. —_—
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limtation to. the dianeter of the nickel powders
However, the dianeter is desirably 0.00
content of the nickel or nickel oxide powders is
that tungsten-containing substance selected f

powder s.
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of tungsten powders and a tungsten conpound: ni ckel pomders and/ or
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The present
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ﬂ?gm%m ane proteln @f NBI-3 strain measured in

Examples 8 to 9 and Comparative Example 8.

Fig.5 is a graph showing the effect of Na,WO; on a variety
of cells measured in Examples 10 to 14 and Comparative Examples
9 to 13..

Fig.6 is a graph showing the effect on elementél sulfur
oxidation activity of NBI-3 washed cells measured in Examples
15 to 20 and Comparative Examples 14 and 15.

Fig.7 is a graph showing the effect on elemental sulfur
oxidation activity of NBI-3 washed cells measured in Examples
21 to 24.

PREFERRED EMBODIMENT OF THE INVENTION

The present invention will be described more in detail
hereinbelow.

The present inhibitor inhibits growth of Thiobacillus
thiooxidans, which is known to be ascribable to deterioration
of structural materials such as concrete, moxrtar or high-
molecular polymers in sewage-treating facilities. The present
inhibitor can effectively inhibit the growth of Thiobacillus
thiooxidans not only on a structural material that contacts
sewage directly but also on the surface of a structural material
near a sewage-treating facility under the acidic condition at
PH 4 or lower due to hydrogen sulfide in an air, to prevent the
deterioration of the structurél material.

The present inhibitor contains as an active ingredient at
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W th ‘pubI:i cly. knowmn nethods. Particularly, if the inhibitor 25 material

I's,in powder form the material may easily and uniformy adm xed in
the concrete by centrifugal conpacting. The _ _
8 - centrifugal conpacting nay be perforned in accordance with

a
least one substance selected from the group consisting of

tungsten powders (W) ; and tungsten compounds such as W;3s0s5a, NaWO,,
CaWO,, CaWO4°'H0, CaWO,°2H;O, or 5(NH.).0°12WO:°'nH,0 (n=0 to 5).
The active ingredient is assumed to bind to an enzyme of

5 Thiobacillus thiooxidans under the acidic condition,
particularly at pH 4 or lower, to inhibit sulfur oxidation,
réspiration and carbon dioxide gas-fixing of the bacteria, to
thereby inhibit the growth of Thiobacillus thiooxidans.
However, it is not known how these active ingredients bind to

10 the enzyme of the bacteria.

When the active ingredient of the present inhibitor is in
the form of powders, the diameter thereof is not particularly
limited. However, it is desirable that the diameter is in a raﬁge
to enable expression of the effective growth inhibition when the

15 powders are admixed to the structural material such as concrete
and to enable distribution to desirable position in the
structural material upon forming of the structural material.
Specifically, the diameter is desirably 0.005 to 0.2 mm. If the
diameter exceeds 0.2 mm, the growth inhibitory activity may be

20 reduced, thus being not preferable. If metal compounds soluble
in water or an organic solvent, such as Na,WO,, are employed, these
may be employed in the form of a solution.

The effective concentration of the presént inhibitor is
preferably not less than 14mol/1l, and more preferably 10 to 100

25 #mol/l with respect to the growth environment for Thiobacillus

thiooxidans. For example, for preventing the deterioration of



publ i cl y -known net hod for producing Hune pipes. By suitably choosi ng

the condition for the centrifugal conpacting, concrete havi ng desired
i nhi bitor may be produced. In the centrifugal 5 conpacting, the dianeter
of the inhibitor is inmportant. |If the di anmeter is too small, the

I nhi bitor noves with bl eedi ng water during the centrifugal conpacting

The i nhi bi T ofPBEEREFote ‘ahd mortat Gpd HS ThinRPHLLIBSCeRorT ARagy
Rt 0. e R TR ] B b S Wt 2Bkl Gl
be added to 100 parts by weight of cement in the concrete or mortar.
Particularly, even by addition of small amount of the inhibitor,
5 such as 0.0001 to 0.01 parts by weight, sufficient growth
inhibition effect is obtained for a prolonged period of time,
compared to the conventional coating with anti-cqrrosive
material.
The present inhibitor may further contain at least one
10 substance selectéd from the group consisting of nickel powders
and nickel oxide powders. With these substances contained, the
inhibition of the growth of Thiobacillus thiooxidans in the pH
range around neutrality can be improved. There is no particular
limitation to the diameter of the nickel powders and the nickel
15 oxide powders. However, the diameter is desirably 0.005 to 0.2
mm. The content of the nickel or nickel oxide powders is
desirably selected so that tungsten-containing substance
selected from the group consisting of tungsten powders and a
tungsten compound: nickel powders and/or nickel oxide powders
20 1is in a range of 0.1 to 1.0 by weight.
The present inhibitor may be admixed in the concrete by,
e.g., adding a desirable amount of the inhibitor to a concrete
composition, and molding and curing the mixture in-accordance
with publicly known methods. Particularly, if the inhibitor
25 material is in powder form, the material may easily and uniformly

admixed in the concrete by centrifugal compacting. The



The ﬁresent i.nhi bitor can sufficiently inhibit the growth of

Thi obaci | | us thi ooxi dans even under the acidic condition at pH 4.5 or
| ower. By adm xing very small anmount of the present 15 inhibitor to the
structural material such as concrete in sewage-treating facilities,
the growm h of Thi obacillus t hi ooxidans is sufficiently inhibited for a

| ch of Thi ob: sufti _
ubst hnt i ol |GeRkEEagel combavtEhy, RAE  BoraSErtlch, 1 “hePEFRafSh wirp = 5

EXAMPLES OF THE | NVENTI ON Th [ ' | '
in nore det BPPPIEEHY known method forepgcgglslcezgrtlgl ﬂl\iﬁgt 'pSTBe‘é"'.' llerD es&f@z'a@i:? ed

choosing the condition for the centrifugal compacting, concrete
having desired inhibitor may be produced. In the centrifugal

5 compacting, the diameter of the inhibitor is important. If the
diameter is too small, the inhibitor moves with bleeding water
during the centrifugal compacting and is possibly drained with
the water. If the diameter is too large, the inhibitor possibly
moves radially outwards upon centrifugal compacting. Thus, the

10 diameter is preferably selected suitably from within the

aforementioned preferable range.

The present inhibitor can sufficiently inhibit the growth
of Thiobacillus thiooxidans even under the acidic condition at
pH 4.5 or lower. By admixing very small amount of the present

15 inhibitor to the structural material such as concrete in
sewage-treating facilities, the growth of Thiobacillus
thiooxidaﬁs is sufficiently inhibited for a long period of time.
Furi:her, the present inhibitor does ﬁot substantially decrease
strength of the structural material itself.

20 EXAMPLES OF THE INVENTION

The present invention will be explained in more detail with
reference to Examples and Comparative examples, but the present
invention is not limited thereto.

Examples 1 to 3 and Comparative Example 1
25 | 20ml of thiosulfate-inorganic salt medium (pH7.0)

containing 0.2% sodium thiosulfate, 0.03% yeast extract, 0.3%



reference to Exanples and Conparative exanples, but the present
invention is not limted thereto. Exanples 1 to 3 and Conparative
Exanple 1 25 20m of thiosul fate-inorganic salt medi um (pH7.0)
contai ning 0.2% sodiumthiosul fate, 0.03% yeast extract, 0.3%

9

10

15

20

25

(NH,).S0O,, 0.05% MgSO4-7H20, 0.05% K,HPO,, 0.01% KC1l and 0.001%
Ca(NO;3),'4H,0 was inoculated with '1.0g of corroded concrete, and
kept under aerobic condition at 30° C. When pH of the medium
decreased to 2.0, the medium was replaced by a fresh medium. This
culturing operation was repeated five times. A yellow colony
of Thiobacillus thiooxidans obté.ined by the culturing was
isolated, and this isolated strain was designated as NBI-3.

To 20ml of elemental sulfur-inorganic salt medium (pH2.5)
containing 1% elemental sulfur, 0.3% (NH,),SOs, 0.05% MgSO,4*7H.0,
0.05% K,HPO,, 0.01% KCl and 0.001% Ca(NO3).°4H,O was added an
aqueous solution containing 30 /4mol/1l of Na,WO, (Example 1), 300
#mol/1l of Na,WO, (Example 2) or 10004mol/l of Na,WO, (Example
3), or added nothing as a control (Comparative Example 1). With
this mixture, NBI-3 strain was cultured. It is noted that Na,WO,
is insoluble at pH 2.5. Propagation of NBI-3 strain with the
lapse of time was measured by absorbance at 660nm. The results
are shown in Fig.l.

From the results of Fig.l, it is seen that Na,WO; has an

“excellent Thiobacillus thiooxidans growth inhibitory activity

under acidic condition at pH2.5.
Examples 4 to 7 and Comparative Example 2

To a reaction vessel of a Warburg manometer having a
manometer, a reaction vessel and a shaker were added 5mg of washed
cells of NBI-3 cultured in Examples 1 to 3, 20041 of B-

alanine-S0,%" buffer (pH3.0) and 200 £mol of sodium sulfite, which

were in total volume of 3ml. To the vessel was further added

10



(NH[érr]).[err]'Sqerr], 0.05% MgSO err]-7H err] O 0.05% K[err]HPJ err],

0.01% KA and 0.001% Ca(NdJ err])[err].4H err] O was inoculated with
1.0g of corroded concrete, and kept under aerobic condition at 30[err]
C. When pH of the nedium decreased to 2.0, the medi um was repl aced by

a fresh nmedium This 5 «culturing operation was repeated five tines.
yel | ow col on

nas % Sotmampedis A an, paR LA BIRY HORRS AL gﬁﬁ?%!ohzﬁﬁ%#ﬁ%%r
106 of errent al 180/ o 05 padge BRAnBAF, Sty oF g0 Ll e ipator (hedapifd
6) or 100004 mol/1l of Na,WO; (Example 7), or added nothing as a
control (Comparative Example 2). Intake of oxygen by the cells
5 with the lapse of time was measured, while pH in the reaction
vessel was adjusted to 3.0 with 0.2ml of sodium hydroxidé charged

in the center well. The gas phase in the Warburg manometer was

maintained at 30° C with air. The results are shown in Fig.2.

Comparative Examples 3 and 4

10 Measurement was performed in the same manner as in
Comparative Example 2 except that boiled cells (Comparative
Example 3) or non-washed cells (Comparative Example 4) were
employed in place of the washed cells of NBI-3 strain. The
results are shown in Fig.3.

15 Comparative Examples 5 to 7

Meésurement was performed in the same manner as in Examples
4 to 7 except that 10004#mol/1l of nickel of not larger than 200
mesh (Comparative Example 5),. 100004 mol/1 of the .same nickel
(Comparative Example 6) or 20000.4mol/l of the same nickel

20 (Comparative Example 7) was employed in place of Na,WO,;. The
results are shown in Fig.3.

Comparing the results of Fig.3 and Fig.2, it is seen that
the Thiobacillus thiooxidans growth inhibitory effect of Na,WO,
is extremely greater than that of nickel in the same amount.

25 Examples 8 and 9 and Comparative Example 8

To a reaction vessel of a Warburg manometer having a

11



10 d.OS%K[e-rr]HPqerr], 0.01% KA and 0.001% Ca(Nd err])[err].4H err] O

was added an aqueous solution containing 30[err]nol/I of

Na[err]WJ err] (Exanpl e 1), 300 [err]mol /1 of Na[err]WJerr] (Exanple
2) or 1000[err]nol/1 of Na[err]WJ err] (Exanple 3), or added nothing
as a control (Conparative Exanple 1). Wth this mxture, NBI-3 strain

Propagat | on BeneppEef e, &0roaBta R pesadtl sha) séﬁsﬁeﬁi nBEg. 44 'ﬂ%&?&wﬁdoﬁ
h n :
?Ezoﬁggﬂffsa%?m%ggﬁnﬂ gth?%ns%t nNBfhz? RB{‘EP??%BLF}‘ %eﬁnl to 3'e%99I“I ent

t hi ooxi dan rowth inhibitory activit
_Thl obaci |l us {] PMoPS NaOH buffer (pH7.0) and 20umol of sodium sulfite.

To the vessel was further added an aqueous solution containing
5 10004mol/l of Na,WO; (Example 8) or 10000/.mol/l of Na,WO,
(Example 9), or added nothing as a control (Comparative Examp]_.e
8). Intake of oxygen by the cells with the lapse of time was
measured, while pH in the reaction vessel was adjusted to 7.0
with 0.2ml of sodium hydroxide charged in the center well. The
10 gas phase in the Warburg manometer was maintained at 30° C with
air. The results are shown in Fig.4. _
Examples 10 to 14 and Comparative Examples 9 to 13
To 20ml of elemental sulfur-inorganic salt medium (pH2.5)
containing 1% elemental sulfur, 0.3% (NH,),SO,, O. 05% MgSO0,-7H,0,
15 0.05% K;HPO,, 0.01% KCl and 0.001% Ca(NO;),'4H,O was added an
aqueous solution containing 50 £mol/1 of Na,WO,, or added nothing
as controls (Comparative Examples 9 to 13). To each of the
mixtures was added Thiobacillus thiooxidans ON106 (Example 10),
Thiobacillus thiooxidans ON107 (Example 11), Thiobacillus
20 thiooxidans IF013701 (Example 12), Thiobacillus thiooxidans
JCM3867 (Example 13) or NBI-3 strain (Example 14), and cultured.
Propagation of the cells of each strain was measured by
absorbance at 660nm. The results are shown in Fig.5.
From the results of Fig.5, it is seen that Na,WO, has an
25 excellent Thiobacillus thiooxidans growth inhibitory activity

under the acidic condition at pH 2.5.

12



20 ur;der acidic condition at pH2.5. Exanples 4 to 7 and Conparative

Exanpl e 2 To a reaction vessel of a Warburg manoneter having a
manoneter, a reaction vessel and a shaker wer.e. added 5ng of washed

cells of NBI-3 cultured in Exanples 1 to 3, 200[err]l of [err]- 25

al anine-Sg err] buffer (pH3.0) and 200 [err]nmol of sodiumsulfite, which
were in tot vol unme m ., . To the vesse| .was_further ded

10

To 20ml of elemental sulfur-inorganic salt medium (pH2.5)
containing 1% elemental sulfur, 0.3% (NH4)2SO4, 0.05% MgS0,4*7H,0,
0.05% K;HPO,, 0.01% KC1l and 0.001% Ca(N03)2'4ﬁzo was added an

5 aqueous solution containing 1004 mol/1l of tungsten (W) powders
having a diameter of 10 to 50 L m (Example 15) ,.100 {mol/1 of CaWO,"
2H,0 powders having a diameter of 10 to 254m (Example 16), 100
Mmpl/ 1 of CaWO, powders having a diameter of 10 to 254m (Example
17), 1004mol/1 of W,s0ss powders having a diameter of 10 to 25

10 um (Example 18), 1004mol/1l of 5(NH;).0°12W0O; powders having a
diameter of 10 to 25um (Example 19), a rhixture of 1004mol/1
of Ni powders having a diameter of 10 to 50 and 1004 mol/l of
W28058 powders having a diameter of 10 to 254m (Example 20) or
1004mol/1 of Ni powders having a diameter of 10 to 50um

15 (Comparative Example 14), or added nothing as a contro.l
(Comparative Example 15). With this mixture, NBI-3 strain
prepared in Example 1 was cultured. Propagation of NBI-3 strain
with the lapse of time was measured by absorbance at 660nm. The
results are shown in Fig.6.

20 From the results of Fig.6, it is seen thé.t tungsten and
various tungsten compounds have an excellent Thiobacillus
thiooxidans growth inhibitory activity under the acidic
condition at pH2.5.

Examples 2] to 24
25 To 20ml of elemental sulfur-inorganic salt medium (pH7.0)

containing 1% elemental sulfur, 0.3% (NH;).S04, 0.05% MgSO,°7H,0,

13



an aqueous solution containing 10[err]nmol/I of Na[err]WJerr] (Exanple 4),
100[err]nol /|l of NaJerr]WJ err] (Exanple 5), 1000 [err]nmol /I of
Na[err]WJ err] (Exanple 6) or 10000[err]nol/l of Na[err]WJ err]
(Exanmple 7), or added nothing as a control (Conparative Exanple 2).

| nt ake of oxygen by the cells 5 with the |apse of tine was neasured, while

D e B8 oy, 2T BB, S B9k BB oo, Ao Sagid g™
Tanonet er Wagqueous solutidn containing 1004mol/1 of W,30ss powders having
a diameter of 10 to 254m (Example 21), a mixture of 1004 mol/1
of Ni powders having a diameter of 10 to 50 and 1004mol/1l of
5 Wpowders having a diameter of 10 to 50 4 m (Example 22), a mixture
of 1004mol/1 of Ni powders having a diameter of 10 to 50 and
1004mol/1 of Wyg0se powders having a diameter of 10 to 25um
(Example 23) or a mixture of 1004mol/1 of Ni powders having a
diameter of 10 to 50 and 1004mol/1 of 5(NH,;),0°12WO; powders
10 having a diameter of 10 to 25_ Um (Example 24). With thismixture,
NBI-3 strain prepared in Example 1 was cultured. Propagation
of NBI-3 strain with the lapse of time was measured by absorbance
at 660nm. The results are shown in Fig.7.
From the resuits of Fig.7, it is seen that the inhibitor
15 containing nickel exhibits an excellent Thiobacillus
thiooxidans growth inhibitory activity at pH 7.0.
Examples 25 to 27
To 20ml of elemental sulfur-inorganic salt medium (pH2.5)
containing 1% elemental sulfur, 0.3% (NH;).SO,, 0.. 05% MgS0O,4°7H20,
20 0.05% KHPO,;, 0.01% KC1l and 0.001% Ca(NO3),'4H,O was added an
aqueous solution containing a mixture of 1004 mol/1 of Ni powders
having a diameter of 10 to 50 and 1004 mol/1l of W powders having
a diameter of 10 to 504 m (Example 25), a mixture of 100t mol/1l
of Ni powders having a diameter of 10 to 50 and 100'umol/l of
25 W250s53 powders having a diameter of 10 to 254m (Example 26) or

a mixture of 1004mol/1l of Ni powders having a diameter of 10

14



mai nt ai ned. at. 30[err] Cwth air. The results are shown in Fig.2.
Conparative Exanples 3 and 4 10 Measurenment was perforned in the
same nmanner as in Conpar ati ve Exanple 2 except that boiled cells
(Conparative Exanpl e 3) or non-washed cells (Conparative Exanple 4)
wer e enpl oyed in place of the washed cells of NBI-3 strain. The

results are shown Fi ﬁ-;n Cg \/ Vgia 510 7

Measur enment V\ﬁé%éﬂ“%oflﬂgd“?“l’il Ok R:gﬁr‘fi?é]é& gﬁ %ﬁﬁptf%‘%lpg a djapgter

.except that 1000£err] nol /1 of nickel of not |ar %er t han 200 .
of to 254m (Example 27). With this mJ.xture, NBI-3 strain
prepared in Example 1 was cultured. Propagation of NBI-3 strain
with the lapse of time was measured by absorbance at 660nm. As

5 a result, propagation of NBI-3 strain was in zero level in any

of Examples on the day 30.

15



mesh '( Conpar

(Conparative Exanple 6) or 20000[err]nol/| of the_same nickel .20 .
(Conparative Exanple 7) was enpl oyed in place of | o1 '
are shown in Fig.3. Conparing the resul

i's seen that

Na[ err] WJ er

anount . 25

ative Exanple 5), 10000[err]nmol/| of the sane nickel

t he Thi obacillus thiooxi dans grw i pertesetllect  of

Mﬁ_&y greater than that of ni ckel I n the sane
nd Conparative Exanple 8 To a

reacti on vessel of a Warburg nmanoneter having a

10

15

1. A Thiobacillus thiooxidans growth inhibitor comprising
as an active ingredient at least one substance selected from the
group consisting of tungsten powders and a tungsten compound.
2. The inhibitor as claimed in claim 1 wherein said tungsten
compound is selected from the group consisting of W23Oss, Na,WO,,
CaWO,, CaWO,;°H,O, CaW0,°2H,0, 5(NH;).0°12WO;3;'nHO(n=0 to 5) and
mixtures .thereof.

3. The growth inhibitor as claimed in claim 1 wherein a
diameter of said active ingredient powders is 0.005 to 0.2 mm.
4. The inhibitor as claimed in claim 1 further comprising
a nickel substance selected from the group consisting of nickel
powders, nickel oxide powders and mixtures thereof.

5. The growth inhibitor as claimed in claim 1 wherein a

diameter of powders of said nickel substance is 0.005 to 0.2 mm.

Sheet Has Been Replaced

* C L M § *
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L |

manonet er., a.reaction vessel and a shaker were added 1ng of menbr ane
protein of NBI-3 cultured in Exanpkied 1'to.3;:200[err] nmol of

MoPS/ NaOH buf fer (pH7.0) and 20[err]nol of sodiumsulfite. To the
vessel was further added an aqueous sol ution containi ng 5 1000[err]nol /I
of Na[err]WJ err] (Exanple 8) or 10000[err]nol/l of Na[err]WJ err]
(Exanple 9), or added nothing as a conkﬁg&Rgggnparative Exanpl e

A Thiobacillus thiooxidans growth inhibitor containing as

5 the active ingredient at least one substance selected from the

group consisting of a tungsten powder and tungsten compounds.

Under acidic conditions of pH value of 4 or less, this growth

inhibitor sufficiently inhibits the growth of T. thiooxidans.

When added in a very small amount to, for example, a structural

10 material such as concrete in a sewage disposal plant, etc., it
can therefore inhibit the growth of T. thiooxidans without

substantially decreasing the strength, etc. of the structural

material per se.

17



8). Intake of. oxygen by the cells with the | apse of tine was

measured, while pHin the reaction vessel "was adjusted to 7.0 wth
0.2m of sodi um hydroxi de charged in the center well. The 10 gas phase in
t he Warburg manoneter was nmaintained at 30[err] Cwth air. The
results are shown in Fig.4. Exanples 10 to 14 and Conparative
Exanples 9 to 13 To 20m- of elenental sulfur-inorganic salt

medi um ( pH2. 5) containing 1% el enental sul fur, 0.3% .

(NH err])[err]SOerr], 0.05% WSO err].7Herr]O 15 0.05% K[err]HPJ err],
0.01% KA and 0.001% Ca(Nd err])[err].4H err] O was added an aqueous
sol utioncontaining 50[err]nol/1 of Na| elr err], or addednot hing -

Compai'atiVe
Example 1

—&N—Example 1
—O—Example 2
—O— Example 3

Fig.1
—e—

| Time (day)

wuQ99v



as contrals (Lonparative Exanples 9 to 13). To each of the m Xt ures

was added Thi obacillus thiooxi dans ON106 (Exanple 10), Thi obaci | | us
t hi ooxi dans ON107 (Exanple 11), Thiobacillus 20 thiooxidans |F013701
(Exanpl e 12), Thiobacillus thiooxidans JCM3867 (Exanple 13) or NBI-3
strain (Exanple 14), and cul tured. Propagati on of the cells of each
strain was neasured by absorbance at- 660nm The results are shown in
Fi g. 5. Fromthe results of Fig.5, it is seen that Na2WD4 has an
25 excel l ent Thi obacillus thiooxidans growh inhibitory activity under
the acidic condition at pH 2.5.
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12 . . - Exanpl es -15 to 20 and Conparative Exanples 14 and 15

To 20m of elenental sulfur-inorganic salt nmedium (pH2.5) ~containing
1% el emental sulfur, 0.3% (NHerr])[err]SJerr], 0.05% MgSq err].7H err]Q
0.05% K[err]HPO err], 0.01% KA and 0.001% Ca(NO err])[err].4H err] O was
added an '

3/7
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5 aaueous sal ut | on containing 100 [err]nol/l of tungsten (W powders
having a dianeter of 10 to 50 [err]m (Exanple 15), 100 [err]nol /| of

Cawjerr]. . 2H err] O powders having a dianmeter of 10 to 25[err]m
(Exampl e 16), 100 [err]mol /I of CaWJerr] powders having a dianeter
of 10 to 25[err] m (Exanple 17), 100[err]nol/I of Werr](Jerr] powders
having a dianeter of 10 to 25 .10 [err]m (Exanple 18), 100[err]nol /| of
5(NH err])[err] O 12WJ err] powders having a dianeter of 10 to
25[err] m (Exanple 19), a m xture of 10ﬁe %m)lll of Ni powders
having a dianeter of 10 to 50 and 100[ rj | /1 of W28058 powder s
having a dianeter of 10 to 25[err]m (Exanpl e 20) or 100[err]nol /| of -

Ni powders having a dianmeter of 10 to 50[err]m
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15 (Conparative Exanpl e 14), or added nothihg as a control

(Conpar ative Exanple 15). Wth this mxture, NBI-3 strain prepared in
EXanpl e 1 was cul tured. Propagation of NBI-3 strain with the | apse of
time was neasured by absorbance at 660nm The results are shown in
Fig.6. 20 Fromthe results of Fig.6, it is seen that tungsten and
various tungsten conpounds have an excell ent Thi obacillus t hi ooxi dans
grow h inhibitory activity under the acs'(y;? condition at pH2.5.

Exanples 21 to 24

Fig.>5
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25 o -To 20m of el enental sulfur-inorganic salt nmedium (pH7.0)
cogntaining 1% el emental sulfur, 0.3% (NHerr])[err]SJerr], 0.05%

MgSO err] . 7H err] O ) _ 13
0.05% K[err]HPO err], 0.01% KC and 0.001% Ca(Nd err])[err].4H err] O was
added an aqueous solution containing 1200[err]nol/I of Werr]Jerr]
powder s havi ng 6/7 _
o o
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a dianeter of-"10 to 25[err]'m (Exanpl e 21), a m xture of 100[err]nol/|

of NI powders having a dianmeter of 10 to 50 and 100 [err]mol/| of 5 W
powders having a dianmeter of 10 to 50 [err]m (Exanple 22), a m xture

of 100[err]nol/l of N powders having a dianeter of 10 to 50 and
100[err]mol /1 of Werr](err] powders having a diameter of 10 to 25[err]m
(Exanple 23) or a m xture of 100[err]n73|{17 of Ni powders having a

di aneter of 10 to 50 and 100[err]nol/1* 6f /5(NH err])[err] O 12WJ err]
powders 10 having a dianeter of 10 to 25[err] m Exanple24). Wth this

m xture, NBI -3 strain prepared in Exanple 1 was cul tured. Propagation
of NBI-3 strain with the | apse of tinme was neasured by absorbance
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at.660nm The results are shown in Fig.7. : Fromthe results of
Fig.7, it is seen that the inhibitor 15 containing nickel exhibits an

excel | ent Thiobaci || us t hi ooxi dans growth inhibitory activity at pH
7.0. Exanpl es 25 to 27 . To 20ni Sulstitugersheet - 20 May 1999
sul fur-inorganic salt medi um (pH2.5) containing 1% el enental sulfur,

0.3% (NH err])[err] S err], 0.05% MySOerr]. 7H err] O 20 0.05%
Klerr]HPJ err], 0.01% KO and 0.001% Ca(NJ err])[ert].4H err] O was added an
aqueous sol uth@araARtaiRiBE 8ufExéidrmt1f HIAkAEE] BRblthObeNTHREVEEL S1us

havi ng a dianeter of 10 to 50 and 100 [err]nol /|l of W powders having
thiooxidans, which is ascribable to the deterioration of the
"concrete under the acidic condition at pH 4 or lower, and found
out that tungsten and tungsten compounds effectively inhibit
5 growth of Thiobacillus thiooxidans existing under the acidic
condition, to thereby complete the presenﬁ invention. |

According to the'présent invention, there is provided a
Thiobacillus thiooxidans growth inhibitor comprising at least
‘one substance selected from the group consisting of tungsten

.10 powders and a tungsten compound.

According to the present inventioﬁ, there is also provided
a Thiobacillus thiooxidans growth inhibitor comprising at least
one substance selected from the group consisting of nickel
powders and nickel-oxide.powders, in addition to at least one

15 substance selected from the group consisting of tungsten powders
and a tungsten compound.

According to another embodiment of the present invention
there is provided a method of inhibiting growth of Thiobacillus
thiooxidans compriéing introducing into - a Thiobacillus

20 thiooxidans growth environment a Thiobacillus thiooxidans growth
inhibitor comprising as an active ingredient at least one
substance selected from the group consisting 6f tungsten powdérs
and_a tuﬁgsten compound.

BRIEF DESCRIPTION OF DRAWINGS

25 Fig. 1 is a graph showing the effect of Na,W0, on growth of

NBI-3 strain measured in Examples 1 to.3 and Comparative Example

1.
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a dianmeter of 10 to 50[err]m (Exanple 25), a mixture of 100[err]nol /|
of Ni powders having a dianeter of 10 to 50 and 100[err]nol/I of 25
Werr](Qerr] powders having a diameter of 10 to 25[err]m (Exanple 26) or
a mxture of 100 [err]mol /I of Ni powders haviglmatIWtambeet-@%pmv1999.

14 - sA -

Fig. 2 is a graph showing the effect of Na,WO, on elemental
sulfur oxidation activity'of NBI-3 washed cells measured in
Examples 4 to 7 and Comparétive Example 2.

Fig. 3 is a graph shéwing‘the effect of Na,WO, on elemental

5 sulfur oxidation activity of NBI-3 washed cells measured in
Comparative Examples 3 to 7.

Fig. 4 is a graph showing the effect of Na,WO, on HSO;
oxygen activity of a membrane protein of NBI-3 strain measured
in Examples 8 to 9 and Comparative Example 8. |

10 Fig. 5 is a graph showing the effect of DEQWO4 on a Variety
of cells measured in Examples 10 to 14 ind Comparative Examples
9 to 13.
Fig. 6 is a graph showing the effect of elemental sulfur
oxidation activity of NBI-3 washed cells measured in Examples 15
15 to 20 and Comparative Examples 14 and 15.
| Fig. 7 is a graph showing the effect on elementallsulfur
oxidation activity of NBI;3 washed cells measured in Examples 21
to 24. |
PREFERRED EMBODIMENT Ql]_i‘ THE INVENTION
20 The present invention will be described more in detail
hereinbelow.

Throughout this specification and the claims which follow,
unless the context requires. otherwise, the word "comprise”, or
variations such as "comprises" or ‘'comprising", will be

25 understood to imply the inclusion of a stated integer or group
of integers but not the exclusion of any other integer or group

of integers.
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to. 50 and 100[err]nol/l of 5(NH err])[err]O 12WJerr] powders having a

di anet er of 10 to 25[err]m (Exanple 27). Wth this m xture, NBI-3
strain prepared in Exanple 1 was cultured. Propagation of NBI-3 strain
with the lapse of time was neasured by absorbafiubstitutesbest - 20 May 3999
result, propagation of NBI-3 strain wasgin zero level in any of

Exanpl es on the day 30.

The present inhibitor iﬁhibits growth of Thiobacillus
thiooxidans, which is known to be ascribable to deterioration of
structural materials such as concrete, mortar or high-molecular
polymers in sewage-treating facilities. The present inhiﬁitor

5 can effectively inhibit the growth of Thiobacillus thiooxidans
not only on a structural material that contacts sewage directly
~ but also on the surface of a structural material near a sewage- '
treating facility under the acidic condition at pPH 4 orllower.
due to hydrogen sulfide in an air, to prevent the deterioration
10 of the structural material.

The present inhibitor contains as an active ingredient at

"REPLACEMENT SHEET
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THIS SHEET HAS BEEN
L AEPLACED

Substitute sheet - 20 May 1999

-16-
IS CLADMED Is: | R ORI
. . * ¢ L M § *

1. A Thiobacillus thiooxidans growth inhibitor comprising as

an active ingredient at least one substance selected from the
group consisting of tungsten powders and a tungsten compqund.
2. The inhibitor as claimed in claim 1 wherein said tungsten
compound is selected from the group consisting of W”O“,.Naﬂwh,
CaWwo,, CaWO,H,0, CaWO, 2H20 5 (NH,) ,0* 12W03 nH,0(n=0 to 5) and
mixtures thereof.

3. The growth inhibitor as claimed in claim 1 wherein diameter
of said active ingredient powders is 0,005 to 0.2 mm.

4. The inhibitor as claimed in claim 1 further comprising a
nickel substance selected from the group consisting of nickel
powders, nickel oxide powders and mixtures thereof.

5. The growth inhibitor as claimed in claim 4 wherein diaméter
of powders df said nickel substance is 0.005 to 0.2 mm.

6. A method of 1nh1b1t1ng growth of Thiobacillus thlooxldans
comprising 1ntroduc1ng into a Thlobac1llus thiooxidans growth
environment a Thiobacillus thiooxidans growth inhibitor
comprising as an active 'ingredient at least one substance
selected from the group éonsisting of tungsten powders and a
tungsten compound.

7. -The method as claimed in claim 6 wherein said tungsten
compound is selected from the group consisting of Wp0s, Na,WO,,
CawW0,, CaWO,H,0, CaWO,2H,0, S(NH4)20;12W03-nH20 {(n=0 to 5) and
mixtures thereof. |

8. The method as claimed in either claim 6 or claim”7 whéreinf

REPLACEMENT SHEET
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Bubstitute sheet - 20 May 1999

-17-

the growth inhibitor is presenﬁ at a concentration of between

1 pmol/1l to 100 pmol/l with respect to the growth environment
for Thiobacillus thiocoxidans. |

9. The method as claimed in any one of claims 6 to 8 wherein
the growth inhibitor is introduced into structural materials in
the growth environment.

10. The method as claimed in claim 10 wherein the active
ingredient powders have diameter of 0.005 to 0.2 mm.

11. The method as claimed in any one of claims 6 to 11 wherein
the inhibitor further comprises a nickel substance selected from
the group consisting of nickel powders,_nickel'oxide powders and
mixtures thereof.

12. The method as claimed in claim 11 wherein the diameter of

powders of said nickel substance is 0.005 to 0.2 mm.

' * [+ L M S *

This Sheet Has Been Replaced
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-16+ >~ _MHAT IS CLAIMED I S: 1. A nethod of inhibiting growth of

Th!obacilrus t hi ooxi dans conprising introducing into a Thiobacill us

t hi ooxi dans growth 5 environnment a Thiobacillus thiooxidans growth

i nhi bi tor Substitute sheet - 5 October 1999
-5-

substance which sufficiently inhibits growth of Thiobacillus
thiooxidans, which is ascribable to the detgrioration of the
concrete under the acidic condition. at pH 4 or lower, and
fouhd out that tungsten and tungsten compounds effectively

5 inhibit growth of Thiobacillus thiooxidans existing undér the
acidic COndifion, to thereby complete'the present'inﬁention.

Accordiﬁg to one embodiment of the present invention

there is provided a method of inhibiting growth of
Thiobacillus thiocoxidans comprising introducing into a

10 Thiobacillus thiocoxidans growth environment a Thiobacillus
thiocoxidans growth inhibitor comprising as an active
"ingredient at least one substance selected from the group
consisting of tungsten powders and a tungsten compound.
BRIEF DESCRIPTION OF DRAWINGS |

15 Fig. 1 is a graph showing the éffect of Na,W0, on growth
of NBI-3_strain measured. in Examples 1 to 3 and Comparative

Example

1.
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conpri~ei.ng as an active ingredi ent at | east one substance selected from
the group consisting of tungsten powders ‘and a t ungst en conpound. 2.
The.nethod as clainmed in claim1 wherein said tungsten 10 conpound is .
sel ected fromthe group consisting of W805&ubstitite she £e¢tobe rr],
CaWJerr].Herr]O CaWJerr]. 2H[err]CL1§ ANHerr])[err]O 12WJerr].nHerr] O
(n=0 to 5) and m xtures thereof The method as clained in either-
claiml or claim?2 wherein the growh inhibitor is present at a

concentratiﬁ&&sﬂﬂﬁw [err]nol /1 to 100 [err]nol/l with respect to
t he, growt h - _ )

1. A method of inhibiting growth of ThioBacillus thiooxidans
comprising introducing into a Thiobacillus thiooxidans growth
5 environment a Thiobacillus thiooxidans growth inhibitor.
comprising as an active ingredient at least one substance
‘selected from the group consisting of tungsten powders and a
tungsten compound.
2. The method as claimed in claim 1 wherein.said tungsten
10'compound is selected from the group consisting of wno“;
Na,WO,, CaWO,, CaWO,H,0, CaWO,2H,0, Sh(NH4)20'12WO3'nH20(n=O to 5)
and mixtures thereof. .
3. The method as claimed in either.claim 1 or claim 2
whefein the growth inhibitor is present at a concentration of
15 between 1 umol/l to 100 umbl/l with respect to the growth
environment for Thiobaciilus thiooxidans. |
4. The method as claimed in any one of claims 1 to 3 wherein
the growth inhibitor is introduced into structural materials
in the growth environment.
20 5. The ﬁethod as claimed in claim 1 wherein the active
ingredien# powders'have diameter of 0.005 to 0.2 mm.
6. The method as claimed in'any one of claims' 1 to 5 wherein
the inhibitor further compriseé a nickel substance selected
from the group consisting of nickel powders, nickel oxide
25 powders and mixtures thereof.
7. The method as claimed in claim 6 wherein the diameter of

powders of said nickel substance is 0.005 to 0.2 mm.
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environmept for Thiobacillus thiooxi dans. ﬁ(x?@ The met hepQag JBtedi n
)

any one of claims 1 to 3 wherein the g h inhibitor is introduced into
structural materials in the groguesyi+asmnt. 20 5. The met hogdzas
clained in claim1 wherein the actmves = I®&grmdi ent powders have di fghiice

of 0.0BGT 0.2 mm K67 B IERESk, T AR 9072 RIS Of clai ¥

to 5 wherein the i nhibitor er conprises a nic subst ance
sel ect ed fromthe group consisting of nickel powders nickel oxide 25
owder|s an L xtures thereof. 1 ‘
S P SRR a1 ERARES W098/14062
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57) Abstract

&N A Thiobacillus thicoxidans growth inhibitor containing as the active ingredient at least one substance selected from the group
consisting of a tungsten powder and tungsten compounds. Under acidic conditions of pH values of 4 or below, this growth inhibitor
sufficiently inhibits the growth of 7. thiooxidans . When added in a trace amount to, for example, a structural matcrial such as concrete in a
sewage disposal plant, efc., it can therefore inhibit the growth of 7. thiooxidans without substantially deteriorating the strength, etc. of the
structural material per se.




7. The method as claimed in claim6 wherein the dianeter of powder s
of sdid nickel substance is 0.005 to 0.2 mm
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