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Enrichment of Sulfur Denitrifying Bacteria and its Acclimation to Elemental Sulfur

Susumu HASHIMOTO*, Kenji FURUKAWA* and Masahiko SHIOYAMA*

% Department of Environmental Engineering, Faculty of Engineering, Osaka University, 2-1, Yamada-Oka,
Suita-shi, Osaka 565 Japan

Abstract

In order to utilize the denitrifying capability of sulfur denitrifying bacteria for nitrogen
removal of wastewater, the preparation method of enrichment culture with high denitrification
activity and the acclimation method of this enriched culture to elemental sulfur were investigat-
ed.

Isolation of Thiobacillus denitrificans was carried out in order to evaluate the denitrifying
capability of T. denitrificans. The enrichment cultures of 7. denitrificans were easily established
from various inoculating sources, such as activated sludge and the bottom mud of polluted river,
in a medium wherein HCO;~ was used as the inorganic carbon source and S;0;*~ and S° were
used as the reduced sulfur source. Plating cultures of these enriched microorganisms were
conducted and the single yellow colony, in which the deposit of sulfur particles was observed,
was obtained. A pure single isolate was obtained through repeated plating cultures, and was
identified as T. denitrificans.

The medium which was defined by K. Baalsrud was found to be a suitable medium for the
enrichment culture of sulfur denitrifier. The stoichiometric values of autotrophic sulfur
denitrification reaction such as Ys, Yau, Yo» and Cy for enriched microorganisms were in fair
agreement with the theoretical values, so that the nitrogen removal capability of the enriched
culture was proved to be mainly governed by the denitrification capability of sulfur denitrifier.
The sulfur denitrifier which were acclimated to S,0:;%~ could be successfully acclimated to
elemental sulfur by the gradual stepwise replacement of S,0;%~ to elemental sulfur. Denitrifica-
tion reaction by the enriched sulfur denitrifier followed the zero order kinetics. The specific
denitrification rates of enriched microorganinsms were 9.4 mg-N-mg !TOC-d™" in case of S,
0,2~ and 2.5 mg-Nemg 'TOC-d! in case of S, respectively, which were comparable with that
of heterotrophic denitrifiers.

Key words : Thiobacillus denitrificans, denitrification, sulfur oxidation, enrichment culture,
isolation, elemental sulfur, S,0527, acclimation
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Table 1 Composition of medium B;.

Na,S,0; * 5H,0 5.0 g
KNO, 2.0¢g
NH,CI 0.5¢g
MgCl, - 6H,0 0.5¢g
FeSO, « 7TH,0O 0.01g
NaHCO, 1.0g
KH,PO, 2.0¢g
Trace metal solution 40 m/
(see Table 2)
Tap water 1.0 ¢
* pH was adjusted to 7.0 by 1.0 N
of NaOH.

* x Medium which lacks trace
metal solution was termed
medium B.

d<l

N

() (m

Fig. 1 Culture vessels.
(I) L shape tube (80 m/)
(II) Myerflask with baffle (500 m/)
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Table 2 Composition of trace metal solution.

EDTA 500.0mg
CaCl, 55.4mg
CuSO, - 5H,0 15.7mg
CoCl, * 6H,0 16.1mg
MnCl, - 4H,0 50.6mg
ZnSO, * TH,0 220.0mg
(NH,)sM0;0,, « 4H,O  11.0mg
FeSO; « 7TH,0 49.9mg
Deionized water 1.0/

* pH was adjusted to 7.0 by 1.0 N of NaOH.

Table 3 Composition of medium S.

Se 5.0 g
KNO, 0.722¢g
NH,Cl 0.5 g
MgCl, « 6H,0 0.5 g
FeSO, « 7TH,O 0.01 g
NaHCO, 1.0 ¢
KH,PO, 2.0 g
Trace metal solution 40 m!
(see Table 2)

Tap water 1.0 /

* pH was adjusted to 6.0 by 0.1 N of KOH.

PR

kv2
A

reactor
)

I8

* lincubator

30 % -
NaCl l

sampling  magnetic
flask stirrer

Fig. 2 Experimental setup for batch denitrification
experiment.
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B O LHEERERE b & tote, TDRER, 200
mg * [7'D NO;-N % BL W HE T 5 DT % K
% 33WER & KB Lz,

Table 4 Bacteriological properties of isolated strain.

Shape short-rod
Motility (+)
Gram staining negative

Strict autotrophic
Facultative anaerobic

Elemental sulfur is oxidized, but its oxydation
rate is slowly than that of S,0;%.
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ko X 5, T. denitrificans D5 BERIZ 2\ T,
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Lo, MBREIZZEH 56T, K HAR»OME
BiEEomWWESEYERL, IO IEEHOBAKR
#(SOADENFEIC D\ THE 4 BRE 21N 2 7,

4.2 BEREMEOERES

4E, IBEOMBER:OHMENEMEOER Y
Ko7, TRCOBEREFEL,S 7 AFE LEEROH
B RDNce FARENKTTHORELHEEAN
i, 1REALBAMTH oL, 248, 31
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S, 0. B, EERFBE, Thi#METREECL >
THREMREHEOCEBTHIERLYZ T X 5 ek s
WA FERTALNENRD D, £ 2T, S HH T RLES
DOEFFRAEERE LT 3NELHCREREYH
W, FOMEIEEE (O RIE TR S OFEY
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Fig. 41z, HEFEEEE D ODgs, & BE TOC EE D
BIfR AR Lic, M3 DBICIIEsd CTE\ BB R A
HELT=DT, & ZTlE ODgso DREFZ LD E I E X
b L, EFEEHOLBEEEE (1 & RD,

Table 5 1 & REEEHIRL S T D ELEETEEEE (u) % — 5
FRLICLERLI LS, MESEBRS OB X -
T ML &b, TXRCOBEREE 4 REL

@ S+ IM (anaerobic)
—O- S+ IM (aerobic)

0.2- -O- G+ IM (aerobic)

0DISSII

0.1

]
0 50 100
Time(h)

Fig. 3 Growth curves of isolated strain under various
cultivating conditions.
* S; sulfur, G; glucose, IM ; inorganic
medium.
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B sz, Table 2 KR THKOMEELEBER D EE
w25 AIR L CEH B i pn 2 7o 354 B, (Table 1)%
LT, iz, S #FHT T KALERS O K EITH R % AR
ELT, 818, IRV EREYRE VT, w EIC
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-N o882 et Lz, 0K, Tablel icm L7z &
51z, B B, H=7.00 1%, VY vy 7y —%%&
T, BEEK O pH BN E L BEK TR OSE
W pH X6.5~7.0CTH -7, L, S,0,-S/NO,-N
6,00l & Lok, B3 pH 136.1% TIEF L7,
Table 5127”3 & 512, H#D S,0,-S/NO,-N s
4.2k, 72 VE/NO;-N H232.95 EThhil,
BRI X » THRERSMEOBIE EE Y
FFinC Ebh ot koo &nb, HERE
MO BARR» L OEEREEDOR M & LTI, Baal-
srud * Baalsrud” O B4 B 0 % In 2 7o B
Bi\BRBETH B Z ENBASME TR 5T,

AR EPERDL LI, FAREKT I TOMRE
BHuzEL ey, S5AEBTIER?2 HE T, 8MABM®
DITEEE 1 B TH ARERKT L, MERSEMEOE

i r=0997

-

1 N 1
0 100 200
Cellular TOC (mg-l")

ODgsp
=)
[£3]
T

Fig. 4 Relationship between ODgs, and the cellular
TOC concentration for enrichment culture.

BOEIPFBD NI, IFEOWEBEFRD > LEBOR
otz O KEEARABLERQ, BEB)IEED,
S #H FRABSREEEFRD, RARHBREOY BE
LT, 1000 2 M\ R ERE O B 5B s s BB
% Fig. 5 1278 L7, BEEBURFMBIE, WTFho£ER
REEDHB U EORERA R LI, BHEKTREOR
EW pH 3V Thi6.7Chotc, £, LEEXHAW
TEBEEFRRTE, WTFhoEEELAWBET
b, NAREBPHOMBIC I BEBROABOES
CHORIBETH o2 &b, HEEMEOMEREM
BHREHHRCE WAL AL TW5 2 LRI R
2o
ERIEEEE, 7 LcEIMEES) SR
HEIET 5 DT, NEBEBEIOR D% & - TEWFT5 &
UFoX5icind, SEHEECIRRRDVBILT 5,

1007

50

Cellular TOC(mg

20
Time (h)

Fig. 5 Sulfur denitrification by various batch enrich-

ment cultures vs. time.

—QO— bottom mud of sedimentation tank of
Osaka University

—@— bottom mud of Neya river

—A— activated sludge of domestic waste-
water treatment plant

—A— excess sludge of domestic wastewater
treatment plant

Table 5 Effect of medium composition on the growth of sulfur denitrifier.

Factor Seed S/N ratio Alkalinity/N ratio NO;-N | Trace metal conc. |Specific growth
culture* | (mg S,0;*"-S » mg~! N)|(mg alkalinity * mg™* N)|(mg * [-!) (see Table 2) rate (u) (d7%)

no addition 1.4

Trace metal 100 times dilution 1.7
concentration 3rd 4.6 210 25 times dilution 1.7
5 times dilution 1.8

3.2 2.1

S/N ratio 8th 4.2 2712 | 25 times dilution 2.6
6.0 2.5

6.6 2.3

Alkalinity/N . . 3.2
ratio 9th 4.6 420 25 times dilution 3.0

* Numbers indicate the transfer number of enriched culture.

Vol.12 No.7(1989)
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KD X H5ICHEEL T,

0.844 S,052~+NO;=+0.347 CO,+0.0865 HCO,~

+ 0.0865 NH,*+ 0.434 H,O0——0.0865 CsH,O,N

+0.5 N,+1.689 SO,>~+0.697 H* ------ (2)

@RI ESVTEHE L S,0.> 2 EFH5H4 LT
LMEBERELCOFEwWE, YV, (BAEKRZE NO,-N
BY7e ) OEE S,0,7-S &), Yiu (BAIERE NO,;-N
BYUVOEBETAHVEE) BIO G (HELY !
BILBEEINS NO;, DBEMETFYEL Y EEI L
5 S,0. DETYUE) 0BREL, EREEHOES
BEREIZL - TEDLRERED L %, Fig. 7~Fig. 9

|n (X / Xn)
N

\.
N

\
4 @.
>\\,

o © o onfa.

| | ]
(1 10 20 30 40
Time(h)

Fig. 6 Relationship between In(X/Xo) and time.
Numbers in figure indicate the number of
inoculating source
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CFENERR LT, o33, Fig. 9 O#Eh CENT, 35
WO NO, " DEMEFHELLD D S,0,DEF
WEHERT,

Y. DERISEHE, 3.67mgS,0;-Semg *NO;-N T
T4 MES. 86mgS,0;-S » mg'NO,-N X b & T{E\ B
vy, Fie, YuOERFEHEDHL.96mg 7vH Y
Emg 'NO;-N L EER{ED2.49mg 7 4% Y E-mg!
NO;-N X W {EME & 7o o 7o, CefH b RARICSERIEY
B EHRMEL VIEL I ote, Thid, HAEES
BEIMMRBRE TRV 05, EBBEEREFTIVLDL
DOMKRBEREMELFLEL CWledEE L DR
B, Livl, Y, Yuu CeDEALFEEIREDFEHIE

- - NOyN
ﬁﬁ%tation <] ! D Ii%itation

(Ys)y=3.86
d )

(Y )y=3.67

Yg (mg S 0;-S/mgNO;-N)
]

f—\éAééi

S/N ratio of medium (mgs,0;5/mgNO;-N)

Fig. 7 Relationship between S/N ratio of the medium
and Ys value for enrichment culture of sulfur
denitrifier.

(Ys)r is the theoretical value of Y.
(Ys)u is the measured value of Y.

i
Z | alkalinity <] | D NO+N
(z) limitation ! limitation
g 3r ' :(Yalk)T: 2.49
3 @I
£ @
S 2+
) (Yallom = 1.96
£ |
<1 '
g |

R A B 3 5 §
alkalinity/N ratio of medium (mg alkalinity/mgNO;N)
Fig. 8 Relationship between alkalinity/S ratio of the
medium and Yar value for enriched sulfur
denitrifier.
(Yaw)r is the theoretical value of Yau.
(Yauw)u is the measured value of Yau.
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- |
[ sof QDo
limitation | limitation

(CrlT=1.35
Yo
e —

: lo—&
S " e
e} .
‘ o (CRIm=1.29
1.0F !
i’\ 1 L | 1 PR " " 1 " n )
0 10 5 2.0 2.5
Cr

Fig. 9 Relationship between Cr value and Cr value
for the sulfur denitrifier in enriched culture.

* Feed ratio(Cr) is defined as the ratio of
electron equivalents of S,0;> in the
medium to electron equivalents of NO;~ in
the medium.

* %  Consumptive ratio(Cr) is defined as the
ratio of electron equivalents of S,0,2~
consumed to electron equivalents of
NO;~ reduced.

(Cr)r is the theoretical value of Ck.
(Cr)x is the measured value of Ck.
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FTEEWAFIE L7z, NO;-N 54 fi§R o E 555 0 i % 5
LR DI BEEE ()X, 9.4mgNO,-N-Efk mg!
TOC-d?, %7z, 3.2mgNO;-N-mg 'SS<d~1"CH -
oo Tods, HEEEIEBE OBIE b BRI IO LERAY
WML TWBZ &b, kEXRD BEOHE#EK TOC
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Ffe, BERTREORER pH 136.6TH - 72,
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Fig. 10 Denitrification profile of enriched microorgan-
isms by using S,0,*~ as the reduced sulfur
source.
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Fig. 11 Gas evolution of each consecutive culture in
the acclimation process of enriched sulfur
denitrifier vs. time.

% Culture number indicate the consecutive
numbers of batch culture in the acclima-
tion process.
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Fig. 13 Changes in stoichiometric values for the batch
S acclimation cultures.
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Table 6 Theoretical stoichiometric values for sulfur denitrification reaction.

Species of reduced Y Y

sulfur source

s alk
(mg S - mg~ NOs-N)| (mg alkalinity - mg=' NO;-N)

Cr
(mg TOC -Yr::;*‘ NO,-N) (electron equivalents of reduced sulfur
3

source/electron equivalents of NO;-N)

Time (h)

Fig. 14 Batch sulfur denitrification using elemental
sulfur as H-donor vs. time.
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Table 7 Comparison of denitrification capabilities for various kinds of denitrifiers.

Kinds of _ Temp. | Specific denitrification rate

denitrifier H-~donor (C) (mg N *mg™' SS - day) References

Acti .

Sligg’:ted CH.OH | 27 0.60 Michael, R.P. ¢f al.t®
Pseudomonas Sodium

denitrificans Citrate 27 4.08 Dawson, R.N. et al.'V
Enriched sulfur Na,S,0, 28 3.2 Thi K
denitrifier S 28 1.32* 18 wor

* This value was calculated from the batch denitrification experiment shown in Fig. 13 based
on the assumption of cellular composition as CsH,NO,.
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