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« What is denitrifying sulfide removal process
(DSR)

« Performance of DSR

« Micro-aerobic enhanced performance of DSR in
high C/N ratios

« Why Is micro-aerobic enhanced performance ?
« Summary and future challenges

G A ATRERAXTRBREB N E
% State Key Laboratory of Urban \Water Resource & Environment



Background

® Total industrial wastewater discharge over
twenty billions tons per year

» Wastewaters discharged from paper,
chemical engineering, textile and mining
over nine billions tons (47.5% in total)

® Contain sulfate, ammonia, nitrate and COD

. annual report of China, 2013
standards implemented P
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« Sulfate reduction and sulfide-oxidation

H{Organic 8042\

Sulfate +e

reduction

C02 S2-

http:/iwww.davidsuzuki.org/blogs/science-
matters/2010/02/caring-for-ourselves-goes-hand-in-hand-with-

caring-for-the-planet/ /

« Aerobic

Sulfur accumulated intracellularly with low
rate, Practical application restricted

Anaerobic

Sulfur accumulated extracellularly with high rate,
Suitable for Practical application

Sulfide Autotrophic
oxidation P - denitrification
S9| s
http:/iwww.mpi- enome.jgi-
bremen.de/en/Ecophysiology_Group.htmi / gsf.org Itgigidelthide.home.html
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Denitrifying sulfide removal (DSR)
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Sulfide oxidizing,
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Organic-C
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m——) nitrate reducing
bacteria
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SO,2 N, CO,

Reaction rate argued by Reyes-Avila et al. (water res., 2004) and Chen et al.
(Appl. Microbiol. Biotechnol. 2008,78(6): 1057-1063)
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<« The optimum performance of DSR

& The maximum capacity of EGSB-DSR process
Autotrophic bacteria: S — S° 1,CN-1: Sess ot

100
Heterotrophic bacteria: NO;” — N, 5 o0
e e = 60 2
~ T
i€ w0 5
"
k% 20
5100
= ]
-
- --= 1 80
Biological breakdown of denitrifying sulfide removal process < 160 &
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Abstract This work conducted a denitrifying sulfide’  Introduction ‘”’E
removal (DSR) test in an expanded granular sludge = N
(EGSB) reactor at sustainable loadings_of 6.09 ke m * Denitrifying sulfide removal (DSR) simultancously con- g’ 60 @_
day ' for sulfide. 3.11 kg m day ' for nitrate—nitrogen.  verts sulfide. nitrate, and chemical oxygen demand (COD) = =
and 327 kg m ' day ' for acetate-carbon with >93%  from industrial wastewater into eclemental sulfur (s%), #E/ 40 e
efficiency, which is significantly higher than those reported  nitrogen gas (N,), and carbon dioxide. Using only "d:\ M
o]
< 20
. - - . - -
Maximum sulfide loading: sulfide loading -
20 40 60 80 100 120 140 160

0.294kg/m3-d

----- Reyes-Avila Jesus et al., Wat Res., 2004, 38: 3313-3321
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« The problem of DSR in high C/N ratios
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@ Wth high C/N ratio, low S? removal and S° recovery achieved
@ Regulation strategy to solve the unbalance beteween soNRB

and hNRB.
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« Micro-aerobic condition increases S° conversion
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Enhancing denitrifying sulfide removal with functional strains under
micra-aerobic condition
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Under DO of 0.2-0.4mg/L, sulfide oxidation enhances significantly
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< Enhanced performance of DSR in high C/N ratios
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«<Enhanced performance of DSR in high C/N ratios

@ Batch tests
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@ Complete degradation of Ac- and NO,-
@NO,- accumulation
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< Enhanced performance of DSR in high C/N ratios

@ Batch tests
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@ Anaerobic: rebound

@Micro-aerobic: do not
rebound

@More than initial level
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<Enhanced performance of DSR in high C/N ratios

@ Batch tests
@ S/N=5/8
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@ Same degredation rule as shown in S/IN=5/6
@ Micro-aerobic: faster Ac- removal rate under C/N=3
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<Enhanced performance of DSR in high C/N ratios

@ Continuous bioreactor,
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@ 80% S% was removed and SO recovery reached 55% at stage V (20
mL min-tL1, DO=0.2-0.3 mg/L)
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<Why is micro-aerobic enhanced performance obtained

Relative abundance (%)

@ Microbial community analysis by Illumina
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<Why is micro-aerobic enhanced performance

@ Hierarchical cluster analysis of sulfur oxidizing genes

83316596 (nirK uncultured bacterium)
261857085 (narG uncultured bacterium
182382456(narG uncultured bacterium
29652626 (narG uncultured bacterium)
91807172inosZ uncultured alvha vrot
29652474 (narG  uncultured bacterium)
76801449(nirK Natronomonas wharaoni
209401854 (narG uncultured bacterium
45386221 (narG  unidentified bacteriw
119391637 (narG Rhodococcus sp. D2-4
228015257 (narG uncultured bacterium
83316626(nirK uncultured bacterium)
94471337 (narG uncultured bacterium)
209401806 (narG uncultured bacterium
209401786 (narG uncultured bacterium
83816541 (nosZ Salinibacter ruber DS
29652448(narG uncultured bacterium)
209401634 (narG uncultured bacterium
160917506 (narG uncultured bacterium
192764410/narG uncultured bacterium
91807168(nosZ uncultured alvha prot
63081980(nosZ unidentified bacteriu
66801911 ({narG unidentified bacteriu
81176591(nosZ uncultured bacterium)
73762919(nirK uncultured bacterium)
77378465(nirS uncultured bacterium)
160917811 inarG uncultured bacterium
74038434(nirS uncultured bacterium)
68164622(nirS uncultured bacterium)
112462345(nitK uncultured bacterium
209401744 (narG uncultured bacterium
45386223(narG unidentified bacteriu
45386203 (narG unidentified bacteriu
26278696 (narG uncultured bacterium)
29652450 (narG uncultured bacterium)

154245468 (sox. Xanthobacter autotrovhic
124260396 (sox . Methvlibium petroleivhil
333442777 (fcchB Methvloversatilis univ
148252282 (sox Bradvrhizobium sv. BTAil
91788490 (sox. Polaromonas sn. JS666)
150036090 (sox, Chlorobium limicolal
146192232 (fcchB.Bradvrhizobium so. ORS
120593543 (sox. Polaromonas navhthaleniv
8118249 (sar Oscillatoria limetica str
254970800 (sox . Acidithichacillus caldus
74316582 (sox. Thiobacillus denitrifican
83994662 (sox . Sulfitobacter sv. NAS-14,
15625037 (sox . Rhodovulum sulfidovhilum)
90856159 (sox.Allochromatium vinosum)
119377455 (sox, Paracoccus denitrificans
193086210 (s0x . Chlorobaculum parvum NCI
15625032 (sox . Rhodovulum sul fidovhilum)
21646982 [sox Chlorobiun tenidum TLS)
119377458 (fcchB. Paracoccus denitrifica
337279007 (fccAB.Ramlibacter tataouinen
193086214 (fcchB. Chlorobaculum varvum §
21646975 (fcchB.Chlorobium tenidum TLS)
220933229 (sox.Thicalkalivibrio sv. HL-
53830119 (sox . Pseudaninobacter salicvla
$9352627 (sox . Xanthebacter autotroshicy
214044874 (sox .Roseobacter sp. GAI101)
149204416 (sox,Roseovarius sp. TM1035)

FccA/B genes Sox gene

@ The abundance of SOB genes under micro-aerobic condition was
significantly higher than that under anaerobic condition. These indicated that
micro-aerobic had higher effect on sulfide oxidation and sulfur recovery
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« Proposed microbial relationships in micro-aerobic condition

/ SOz
4 | SRB
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@ Micro-aerobic condition can enhance activity of soNRB
@ Micro-aerobic condition impact little on oxygen-sensitive SRB




« Micro-aerobic enhanced performance by pure culture

@ Breakthrough: Heterotrophic bacteria function in sulfide oxidation S — S°
@ Known theory: Heterotrophic bacteria function in denitrification NO; — N,
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« Micro-aerobic enhanced performance by pure culture
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& The micro-aerobic condition (DO=0-10%) can enhance the performance of

sulfide and nitrite removal



« Micro-aerobic enhanced performance by pure culture

S-species (mg/L)

S-species (mg/L)
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DO% = 10~20%
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« Micro-aerobic enhanced performance by pure culture
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« Functional enzyme activity in Micro-aerobic condition

012

0.10 4

Specific activity (U)

002 4

000

0.020

Sulfide oxidase

008 4
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]

Anaerobic Micro-aerobic

Nitrite reductase

0.015

0.010 4

Specific activity (U)
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Anaerobic Micro-aerobic

Nitrate reductase
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008 - T
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@Nitrite reductase activity inhibited by
200mg/L S*

@Enzyme activity were enhanced by
micro-aerobic condition




« Proteomic analysis of Pseudomonas sp.C27

Functional categorization of all identified proteins

5%

Membrane transport
B Folding, sorting and degradation

B Translation

T —

Cell motility
5%
06 [ Signal transduction
66% %
B Metabolism

Functional categorization of the proteins involved
in metabolism

6% 6%

1 Carbon metabolism
Nucleotide metabolism

W Nitrogen metabolism

B Sulfur metabolism

B Metabolism of cofactors and vitamins
Energy metabolism

M Lipid metabolism
Amino acid metabolism

13%

49%
6%

6% 6%

@ totally 41 related proteins went up in

micro-aerobic condition, compared with

anaerobic condition

Cluster

Cluster

J1g0JseUR

910043e-0491W

- Hierarchical cluster analysis

1(393228543, histidine-phosphotransfer domain, HPT domain-containing protein
1[497817734, succinate dehydrogenase iron-sulfur subunit
1[497307570, two component transcriptional requlatcr, winged helix family
1(4094309, nicotinate-nucleotide pyrophosphorylase
498494690, biotin carboxylase

(374705844, septum site-determining protein MinD
1[422669517, serine hydroxymethyltransferage

1(489312220, sirohydrochlorin ferrochelatase

43132618%, bintin carboxyl carrier protein

398892721, dihydrodipicolinate reductase

G PSERB, N-acetyl-gam-gqlutamyl-phosphate reductase
218889846, respiratory nitrate reductase beta chain
111911244, beta-subunit of nitrate reductase

1[15548358, 303 ribosomal protein 81

TC_PSESH, Pumarate hydratase

(492079042, glucosamine-1-phosphate acetyliransferase
1(337280456, malate dehydrogenass

1(114471914, phosphopyruvate hydratase

1[146282400, ribonuclease activity requlator protein Rrad
(386022718, zinc protease

(407804723, elongation factor Tu, partial

1(298488441, Chaperone protein Inak

1[354780508, elongation factor Te

(404398733, adenylosuccinate lyase

1(218248063, cyclophilin type peptidyl-prolyl cis-trans isomerase
(495237031, iron ABC transporter substrate-binding protein
A HAETF, Hemoglobin-haptoglobin-binding protein 4
152985318, ieocitrate dehydrogenase

(387815593, chaperone Hep?0, co-chaperone with Dnad
1]221134760, superoxide dismitase

1(257066497, adenine phosphoribosyltransierase

(104781828, homocysteins S-methyltransierase

(170722868, heat shock protein 90

1[25434019%, NADH-dependent enoyl-ACP reductase

(431929058, ATP-dependent phosphosnolpyruvate carboxykinase
1(333892924, peptidyl-prolyl isomerase

1[4062963, Acetoacetyl-Cod reductase

1(337280456, malate dehydrogenass

1[330501714, acetyl-Col carboxylase biotin carboxylass subunit
1[12055626%, molecular chaperone Dnak

1(374702878, alkyl hydroperoxide reductase

1[15600747, RTP synthase FOFL subunit beta

1(70733224, antioxidant protein

(490482800, 3-kefoacyl-ACP reductase

1|14456068, beta-ketothiolase

(333369924, qlycine hydroxymethyltransierase

(374706088, carbonic anhydrase

MURE AGRRK, UDP-N-acetylenolpyruvoylelucosamine reductase
1(410633334, flagallin

1[330505858, FOF1 ATP synthase subunit alpha

1[397680763, TRAP-type fransport system, periplasmic protein
1(409396354, molecnlar chaperone Dnak

1(254241368, acetyl-Cok acetylfransferase

1(365854356, succlnate Cod transferase

11254243102, ATP svnthase aloha chain
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« Proteomic analysis of Pseudomonas sp.C27
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19
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. gi|104782577
. gil472327168
. 0i|333901560
. 0i[146282233
. 0|339486839
. 0i|146282649
. gi|104782661
. gi|397687799
. gi|397687793

. gi|28868628

. gi[28871054

. gi[104780229
. gi[431926008
. gi[152987611
. gi[397685765
. 0i|146283850
. gi[116051410

10. gi[28871476

11. gi|70733947

12. gi[431929058
13. gi[146308281
14. gi|472324702
15. gi[512688177
16. gi[146280793
17. gi[512619571
18. gi[346642691

@The metabolic pathways of acetate degradation, sulfide oxidation and nitrate
reduction for C27 in high C/N ratios. Nos. 27 and 28 are newly identified enzymes.

Bioresource Technology, 2014, 171: 120-126.




« Summary and Future challenges

@ Feasible alternatives for DSR process under high C/N ratios
In lab-scale mode.
@ Further parameters optimization and mechanisms exploration.

& Verification with real wastewaters
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