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Inhibition effect of low concentration chromium on the microorganism of SBRs
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Abstract; In order to study the effect of chromium ( trivalent and hexavalent) on SBRs with different strategies ( general and step-feeding) , the water
quality indicators, properties of activated sludge, and variation of bacteria communities were investigated. With 0.5 mg+L™" chromium(80% trivalent and
20% hexavalent) in influent, the ammonia nitrogen removal efficiency of SBRs with general strategy and step-feeding strategy reduced from 99% to 70%
and 65% respectively, while the phosphorus removal efficiency reduced from 99% to 51% and 43% respectively. With 1 mg+L™" chromium in influent, the
ammonia nitrogen and phosphorus removal efficiency of SBR with step-feeding strategy decline from 99% to 44% and 37% respectively. Moreover, the
polysaccharides presented decrease trend while proteins presented increase trend. Results of high-throughput sequencing analysis revealed that richness and
diversity of bacteria communities and same functional bacteria of nutrient removal process, such as Nitrospira Acidobacteria . Planctomycetes . Cyanobacteria
and Candidatus_Accumulibacter, were inhibited. This was consistent with the macro-phenomena.

Keywords: chromium ;nutrients removal ; SBR ; high-throughput sequencing;bacteria
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REBRRLE 1 d ZNEETF % 70%, #83d 10 mg- L™
B 1 PG U 1 A K 23 32 B . Fang 55 (2012)
WS LB, Cr (VD) WREE#R L 5 mg- L7, A= W54k
Fri 2 58 (EBPR) WY BRBERSCR L 23 52 214 ). 2R,
CUEHIFSY F2 B 8 T B G M VS TR At
P (R e B A X P T e Y b ) R e B 2 ) (2
F H 4, 2010) . R 4 e 1 (R 95 7 e 0 1 ks )
(GB 21900—2008) , S EEHERFR1E 4 0.5 mg L™, 7]
PR I SR A A B AR KRR AR R R AR
PRI, 7 b BRI I B 4 X TG P 5 T R S B
SRR 4 R I 3 M S e T2 W il A W R R AR AT
51594 R BRECRA MR A DG, F 58 AR VR JE 4%
XoF T T R A0 A R A A5 T, R R O T — S B AR
B T RE B A 52 R BIL I T LA A 72 W Y5 Y 4 7 AL B
GHRAL O A T RO 7 1T, AR X000 30 Ao v 3
FEHE AR AT AR VR 45 %) SBR B B8 M W BE VR Y 52
ML AL AFF 5T 235 R X6 45 7K A 4 Ak B 2R Gt 1) R 4
PRALA E 2 1 B M (B RS e 3

2 MBS 7% (Materials and methods )

2.1 BRI A AT TE M T R R IR

AR IR H ELHI BTG K, B R 5 3
I3, 53 IR ERIR (CH,COONa 32.03 g- L7, /K #%
B 23.44 g- L") AU (NH,Cl 38.21 g- L™, CaCl,
0.45 g-L7', MgS0, 2 g- L") B i% (KH, PO, 4.45
g-L™") (Cr(I) (3.769 g-L™") Hl Cr(VI) (2.829
g L7 AR TR , fofT FH s IC LU AR 0L 1) 3 SR T
FBl, % e BB RITR A R K, BT — 3843 Tk & /K
HEN T3 QWi BER R, W iR 3#F 7K COD \NH-N il
PO; -P #4315 4 900,100 1 12 mg- L™ G5
PEEL LA BUN T LA 5K AR B, 285 1 A
PNk BE 5 Je A T i
22 RBEE

Gk H SBR T2 ik E K 1 pios. 4t 4
£ SBRBEE, AT AL B i n e B A A A TR A
W)z, T 241247 DAC (BUEAIFE 28 ) R G0
LABVIEW 8378 Gg 42 i, K20 P9 I B2 38 3 /K 7%
FaJZHEHI7E (25+1) °C, pH 1 DO 3 i Jz i 4a il &
G2 B HRE 7.020.2 F1(4.0+0.5) mg-L™" J5iRHk
JE (MLSS) 3 33 B R I 2 1153, #5 4il 78 ( 3200+ 100)
meg- L™, RGEHATAWZ T E A 8 h, HEAK A
1/3.R1 Fl R2 REGERHUEGE B /K-B4A (150 min) -
U480 (300 min) -HEVE-HE/K T2, 110 R3 fil R4 RGe%

Bt K T, Bl /K 1/3-8 5 (45 min) -4 5
(90 min ) -t %& (45 min)-4F %8 (90 min ) -Bk 48 (60
min ) %48 (120 min) -HEJe-HEK.
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it 12,8500 13.DAC &%)

Fig.1 Experimental unit of SBR system
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ARG 4 £ SBR W #F, &0t 1 4~ H Fa
FEBATIE TR BRI, R1AE I B4, KA
IHMTEAT e B2 1Y Cr.R2 ~ R4 iR B0 4, R2 1 R3
IKEERHREE R 0.5 mg- L™, R4 HE/K SRk BE R 1.0
mg-L™" H Cr(I) 5 Co( VI)IRE G N 4:1.48K 3
AN SAT A, BT, 5 0 R e MLSS 7E48 2 v [l
P, T AR%E SBRZR G5 11 Kb B BE AR Ak, 45 R I
—ANJEWIRY kK COD \NH;-N TN \NO;-N PO} -P
FEYE VS VR ) MLSS F1 SVI, 448 br 591 & J5 7% W
COKFNPE K W 53 A7 5 %) (5 4 ) (IR ER R R
J71,2002) . € 0 E 15 PR TS Y A EPS, Horp A R
SR IBCE 7, AR 1 I & R B Folin-Lowry 5 (1
7545 ,2010) AEA 50 (400 191 AN A I 430 B
PEVS IR DNA 2R F v 2 I3 2 R 25 28 Al A i v
A (Li et al.,2013).

3 R 51718 (Results and discussion)

3.1 44 A SBR RS Mt

TEAR R FE A% 514 T COD LB R AL A 2
FiR,AE0.5 mg- L' Fl 1 mg- L7 B4R LT, 4 &
SBR RGHR TR = 19 COD £BRF, SF¥ 4510
96.8% .96.9% ,96.7% F1 95.7% , Mt Z F, R4 11
COD V34 L BRF R AR, UM 1 mg- L7 BT
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Wang 25 (2013) W58 & B, 10 mg-L™" Ni (1) 238 %,
SBR R4t TOC ZBRFH 90.2%[% & 75%. Stasinakis
Z5(2002) IUAFFEE I, 10 mg- L™ Cr( VI) &% A Hl
Py AL = LE A Cheng 45 (2011) HA BE, SBR T
2o COD EBRFLEDIN 5 mg-L™" Cr(VI) 44 F
93.6% %% 75.8%. W] Cr( V1) 53| —E Wk R,
IR 2B COD RE 1 &2 B HI/E H. 28 A A6
S0 IR B S e R R R R A —
SE F P 52 1 7 .

100% 1~

—*—RI(ZH4 %4 A/O)

—0—R2(0.5mg-L™' Cr 4 A/O)
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Fig.2  Effect of Cr on COD removal efficiency of SBR systems
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20 d LT WA R R, R LI TP e T
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ARG EETS T M R R B T — B, 1
T RS AN B A IE H A KA T A, S ECT A A LR
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Fig.3 Effect of Cr on N removal of SBR systems(a.NHj-N removal efficiency, b.TN removal efficiency, c.the NO3-N concentration of effluent)
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R4(90%)>R2(87%) >R1(85%) . IESZ T 4 Btk /k
BERAH L SBR S8 A/0 T2 A T i i I i Ak 3%
RN 2B 2R A A 0 43T L &t S N VR 7 A4~
M Ay BEK T 2885 T 3 WAL S50 hife 5e
A0 T2 RA tEHE K G WS B A 70 2 1 S i
b 2% 1 R 0 I 10 41 0 e A G AR O RS TR Eh AU
IEFERZ BB, T B R G K R vk R
%, X% 75 R2 . R3 F R4 AU BRI R
AL 5 R R BRI, AR5 40 d, 2 R
M2 62% .62% Fl 44%. 256 VL F45 Rl 15 78 K
TR M R K 464 F , SBR T 2 A Ak i #2232 3|
2 BAMEIE A, A Btk T2 B At R sz
S A0 A P B 5 5 A R, AR B 4 I AR A AT
FAEACAE A 04T, H 43 Btk oK B =0 b A% 42 1
SBR T2 HA 5 i 1 R A AL 5%

WA 4 s, X0 AR IR R 25 B R AR e R
TE 99% , Bt TG V15 U8 Fh 85 W i b AL 38 L R2 \R3 R4
REAE 34 31 F1 27 d BlSL BT W L bR T R
M4, HEIRKLE S R2 R3 Fll R4 RGuwE LR R0
MTRFEZ 51% A3%H1 37% 35 PET5 8 2R 58 G Wit 1%
FEARG T R A R, DF5E 2 B, 4 EBPR
RS0 Cr(VI) BT 0.3 mg- L7, FERR M Al 74
T, BB 5 R Ll 84.26% T % £38.40%
(JkAE,2013 ) AT Bl 75 55 B8 T X SBR R4¢
HOE TS VR AT I 3R 40 P A% SR AR o AN T3
I, BwE e A KA S R AZ B T H, R ECEA R
GERBERCR R BLAh, i R2 F1 R3 &40, [MFET]
KRBT BE K T2 S B B 4 B R AT g 2
Btk T2 (R3) M HUAESE SBR 20 (R2) 24T
LR 2 R R LB R3 M R4 R 48, o] ik
I W R, A o B R L B, B R B A7 B

100% |- g
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Fig.4 Effect of Cr on PO} -P removal efficiency of SBR systems
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3.2 EHFRERG T
TEPETG Je M RAE A g0 & 1T SVI (B AL/ 2R
H Wb (A8 DA Z 08 FEE 1 5 32, DNA A
JEFE R A ARAR) kR AR, WK 5 TR, £ 0.5
mg - L™ BV E 5 0F T TG ETG U8 SV H AR Z
o, HEHA S R RS H 8. %m0, 78
1 mg- L~ BB BE 2 F T, SVI{HAES 36 d JF4R F
T, B EH5 38 d 5% 160 mL-mg™", F IG5 U8 H
M5 IR
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Fig.5 Effect of Cr on SVI of SBR systems

EPS eV B 4% 52 ) N kAR T 3Ry AR
1k, R2 \R3 Fl R4 RELHEI 4T IARE 152 ] T 0,
B 210 43 Wb i AH LW 8GR (B 23 0 R R T 58.7%
59.6%F1 67.7% (&l 6a) . 52 A0 , B F A= mT LA
AR T AR BT 43 U ok HEAR B 1Y AR B A
WA B T E A R E AR ES (F
6b) . AT UL, 0.5 mg- L™ BV ¥ BE X SBR R4 11
SVI SRR, 5 1 mg- L7 BV IR 25175
TR 5 1 ELATR MR J3E 4% XoF 400 it 22 8 1) 23 b T RE A 41
TAE T, X 240 A 1 5T A R .

3.3 Xt SBR & At 4 A E M E

RIS 1 d FIZE 40 d, $REL TG M5 78
DNA #Ef7 i . 36 1 394G T SBR RS HEY
RIS 09 F & A 2 RE . 3R B R I, & O g 2
Coverage {HYJH T A RAFTE 0.996 LA L Ul WA
PP 25 R B AR AP i AR . OTUs (R1>R3>R2>
R4) il Chaol i (R1=R3>R2>R4) £H ARG P4
YT iy 4w B Ul IRV BE AR I 52 I
15 RS RV 19 F 8 2 A2 3 1 # 6. Shannon
{H(R3>R4>R1>R2) FIE T R G E WIREV I ZkE
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Fig.6  Effect of Cr on EPS of SBR systems ( a. polysaccharides, b.

proteins )

P, AT I SBR A0 Be K T2 00515 R BEI% 2R
TS SBR T8, H RGN A Y REvE 1Y S Rk
W22 T TR HI4EH (R2<R1,R4<R3).

* 1 SBR ASMEMEEFEEEMSHEMETER

Table 1 Richness and diversity estimation of bacteria in SBRs
g3 OTUs Chaol f§  Shannon {H  Coverage {H
R1 270 299 3.5 0.996
R2 259 289 3.3 0.997
R3 265 299 4.1 0.996
R4 258 288 3.8 0.997

T Chaol fE M AT OTUs B A9 80, HARMUOR , SR WIRE AL
REE AW 8 BEBS ;. Shannon (BN AR My 2 REVE Y95 B, HE
(EBR , R IRE i I 7 2 RE LB 5 5 Coverage {ELHE A i SO A 7
B R Ul R A N Y AR B

FEAHTE VR AR iE AN 7 Frs. RS R1 AL R2
Y5, v WARARR BE A% 52 0 1 VF 2 0E W AR
KARZ 2 70, anAE B A AR R B AR AT
Acidobacteria (1 22.8% [ & 1.2%) (Ma et al.,
2015) | Planctomycetes ( H 12% [% % 1%) ( Meng
et al.,2015) Fl Cyanobacteria( i 2.2% %% 0.03%) ,

DL K AE B o o B2 b ke = R AE H B Candidatus _
Competibacter ( FH 6.4% % % 0.12% ) Fll Candidatus _
Accumulibacter ( 1 5.5% % % 0.25%) ( Slater et al.,
2010) 55, HAE R GEMCEWRETS BT i 0y Heo o]t B
RMRREE TRk 2 10 /5 0 = A R B IR 8 25 B
TR 53 A0 TR A LR W B R g b 2 IR
(1) Chlorobi ( T- 3% ,2012) 52 3| 1 W] & #0461 (
4.1%% 2 0.7%) .75 —J7 I, AL 88 19 A P fie it
TSN R A SECHAERETE P I R OR
PH, W Candidate _ division _ TM7 ( HH 13% 3 &
45%) . Bacteroidetes ( 1 13% 34 2 30% ) 1 Zoogloea
(H10.8%37 % 8.8% ) % .3t 4 R2 Fl R3 R&Ln]
AR A% 25 F T, SBR 848 A0 T2 4y B
PEK T2 A W R T R R AR A TR 22 R
Proteobacteria Fl Thauera {Fh 32/ SO AL A T,
7E R3 AT & LB (435100 36% H1 3% ) 3% KT R2
T 5 A (3 5 20% L 1. 1% ), BROUR £ B SIE BH
T BaltK T2EA T ROEAL T 9 A 1 T4 =
T SBR W AH ALK, R B, 43 Br it K B A F1 F
FE LAt H BB AR A AR K, 40 Rhodocyclaceae ( R2 .
32%; R3. 11. 7%) . Terrimonas ( R2: 0. 4% ; R3.
2.8% ). Azospira ( R2: 0. 2%; R3: 3. 5%) A
Dechloromonas(R2:0.16% ;R3:1.7% ) %% ; Fb 4 R3 FlI
R4 RGE AT, FEHEK MR R K E 1 mg - L7 A,
Bacteroidetes( R3:36% ; R4 :22%)  Acidobacteria ( R3 :
2.3%; R4.0.5%) . Planctomycetes ( R3:1.8% ; R4,
0.4% ) . Rhodocyclaceae ( R3: 11. 7% ; R4: 2. 7%) .
Nitrospira( R3:0.5% ; R4:0.07% ) S5 104 Wy REVE L)
HOH LT WA T AR L A R G, Re i LT
— b B E W RETS—BD1-5, I H 5 JE 3K el
(19%) , % T BD1-5 4 BLAE I P75 Je v 19 4 18 4%
D MG R4 TEHE 40 d I BL T 15 DR IK AR 4= D
BD1-5 A Al & —Fh 2R T . B 2, NS WA 7% 2
LRSS R4S ARIR LS X SBR 1 M5 . R Gk
YIRETE A — 2 5 RE AR I06 1 1 2 A SR ik 2
RER A, BT 208 PR RBP4,

4 %58 ( Conclusions)

TEST AR BE 4% (AR MR 0.5 mg- L") #HE/K 4%
N ,SBR REEMH COD | Z A BElR b AL HPEBE 1
PeTE VIR S 2R G i A W B s AR A2 B T AN [ R
AR A5 T 2 M Ay Bl K T2 & R LRk
99% /3 5 R & 2 70% F1 65% , [R) I | BiERR 5 2 %A,
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Fig.7 Effect of Cr on bacteria communities of SBR systems
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