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Effects of Ni( II ) on activity and community diversity of activated sludge

Wang Wei Xu Yan Li Xiaochen
( Water Conservancy and Civil Engineering College, Shandong Agricultural University, Tai’an 271018, China)

Hou Zhaomu Jiang Dandan

Abstract
ted by determining the electron transport system ( ETS) activity and microbial metabolic diversity ( Biolog). The

The effects of Ni(II) on the activity and community diversity of activated sludge were investiga-

results show that no significant inhibition could be detected in the 2, 3, 5-triphenylteltrazolium chloride ( TTC-
ETS) values between the control system ( CK) and the sequencing batch reactor (SBR) system loaded with 5
mg/L Ni(Il). However, as compared to the CK, the inhibitory rates are (36.79 £ 11.14)% , (55.88 =
13.90)% , and (70.97 £6.78) % for the TTC-ETS of sludge microorganisms in SBR systems fed with 10, 20,
and 40 mg/L Ni(Il), respectively. The carbon utilization capacity of the sludge microorganisms could be im-
proved by feeding low concentration of Ni(Il) , while the carbon utilization capacity could be significantly inhibi-
ted as the feeding concentration of Ni(Il) increasing up to 10 mg/L. According to the diversity index analysis,
the microbial communities in the five SBR systems have a resemblance in the most common species, while differ-
ences in the richness and homogeneity. The Ni(II) feeding concentrations significantly correlate to the TTC-
ETS, the average well colour development (AWCD ), the Shannon index, and the Simpson index, suggesting
that these indexes could effectively predict the effects of Ni(1I) on the activity and community diversity of activa-
ted sludge.

Key words

Ni(1II) ; activated sludge; TTC-ETS; community diversity; effect
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TG 20 min, FE EIEWLIIA 8 mL AR R K T
Pt 2% 5 min (FZIRA), EEHME 2 R, A
JE7E 2 000 r/min FEf.O 1 ming BETEW, BrAE A
M B — E MG, 5> Biolog V- AL IMA 150 L
M R, o Jo P B T e PR AR T 25 °C Y LR 35 7R 48
TG SR, RS 24 h FIEEARAUAE 590 nm Ab BEAL, % 2k
MzE 7 d,

S35 45 L B 0,75 4k K (average well colour devel-
opment, AWCD) ,Shannon 5 %% .Simpson g4 1 Mc-
Intosh $8HCHY 153 7 1 W2 2% SCHk [ 17, 18], 45K
35 % FH Biolog TP Mr 3535 72 h %k , ok 20 #7 o 4%
TEPETS R AE Wi v Z FEPE . SEit 20 B R 1 SPSS
13.0 733 0L B AT .

2 HRHWEITR

2.1 Ni'" xiEMSIR ETS EER# M0

I PES e HE A% 3 A 2R 0 1 e A R 45 52 O
ORI o O R SRR @A S 7/ R O 1= T
AR bR e TN A W2 1 S I AR R G R W
ft AT ALY B RE 1, SCRT AR W T 1 1 e AR A A L
Oy P A8 0 R A D e B G P B AT ROR T . K
T3 15 52 o b g 30 5 0 R e AR A ) 1 P R 9 R )
PR NIRRT AU E SIS PE L ETS R 2,
3, 5-triphenylteltrazolium chloride (TTC-ETS) #12-(p-
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iodophenyl )-3-( p-nitrophenyl )-5-phenyl tetrazolium
chloride (INT-ETS), H 3% it 5 4 J& I 5 1 75 U il 4
Y% vk B 52 e i, TTC-ETS #1927 T INT-
ETS"" BF LA AR 52 B b B 49 16 UM /2 TTC-ETS 3% 1
R FAE 4 Ja X PG P U E s R . 1
ST AR Ni* X SBROZR S8 P RS TR AR
TTC-ETS % 1 17

* lﬁ# o 25‘
—a— 4" —x—5
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sl \ X—X
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a— 3
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Ia)(d)
Ni** % SBR R 45 i 4 75 U8 TTC-ETS I ¥ 1 2 i
Fig. 1 Effects of Ni(II) on TTC-ETS of

activated sludge in SBR systems

1 poR] L R ] R Y Ni® T 23X TTC-
ETS % P 7 A A ) B BE 0 900 40 T, 7608 Ni°° B
(1 17X B R G0 N, B A S 56 J8 0T 9 7 2 TTC-ETS 1§
P4y (106.26 +8.40) mg/ (g - h) , — HAEFF7E— 1
358 R B KT, U B S 58 9 PR TS U A B R
Wt SXTEBARGAHL, BIME R 5 mg/L 1Y 2° R
iy TTC-ETS {&¥E32 Ni* " 2w f A 0 i, 1
TTC-ETS §§ % (100.22 £7.89) mg/(g - h). Pf
F NI®T BB R A S BT B B0, 3 S TR A P R
TTC-ETS & ¥ FF 4G RIZ0 R 37 ~5°SBR #4014 TTC-
ETS 35 P40 50 4 (66. 91 +11.21) ,(46.77 +14.73) I
(30.83 +7.57) mg/(g - h), 5 1'% B R A 1L, HAm
2R A 155 % (36.79 £ 11. 14) % . (55.88 £13.90) %
H(70.97 £6.78) % , 3 HAEW R WM ,3" ~5"SBR &
S5 TTC-ETS G BA W W ETh . SEWIRHk BE Ni**
XS Y i AR W 1) TTC-ETS 3% 4 52 mi 48/, 1 55
WeRE NI REAS S 3 AR 3 195 R MUE M TTC-ETS
P, I LR AR A A 5
2.2 N xEMGREEMEESHEENE R

UEAE R, DABR U5 R 28 78 ZE 5l Y Biolog 1 A
BT CHUR R, R AR YR TE 2R AL T
— PR fRTAE PR A g " Biolog RS i A W
VB SR S AR T B8, AT LUAE R BB RS e T A
FEAL Y A W2 SR 3R LT M A0 900 R B8 R N 22

SRR SEAE B 5 IF HLaT LA BEE K BT i R
WA= 8 5 R A P b 3R R A HLBE 5 RO R R
o o RO AL T 2 0 T % 25 4, 5 Ak FL AR ) ) e 4 41t
mWigte g,
2.2.1 FHHELRE TME

V15 AL AZ A A (AWCED) S s Wi M5 )8
A 005 P, BRI T B — B IR RE ) 1 — A 248 R
A PE — 2 T B S R P T 1 v A R R A B
FISERREAE . 2 dh AWCD i i 7] 2% 4 i 28 19
TEARAFF B — M A= Py ) P 5 I A R, R A7 7 A
A3 I RO R R E A B

12
1.0
0.8

0.6

AWCD

0.4

02

0 7 24 48 72 96

A IE)(h)

AN[E] SBRF 45 i 1 15 Ve F 35 B FL B 0 A8 Ak R
Fig. 2 Effects of Ni(Il) on AWCD of

120 144 168

& 2
activated sludge in SBR systems

& 2 AT, 1 ~5YSBR R 45 i 1 TS R R
Y3 P B B % I [E] A S T 4 5, AS /] SBR R G N
TV T R B A R VR R H B R Bk 2 >
1" >3* >4 >5% ) f£24 h 2§, AWCD ¥/, F 0
B SR 24 b N A B 1R Bk BT R T e A ) i
FH 724 h 5, AWCD F4G R 7t 3] 24 h 5k
ST E S s P e R A o W PRI e AR
YI7E Biolog f ¥4 I 45 3% & 72 h B, & U fm Ni*”
SBR R4t AWCD [LXf # SBR R G FEARA A 47 % 53
2"k —1.73% 3% 4 1.99% 4% %y 3.78% #1 5*
H9.70% , i B Ni* " fi B 5 w0 35 1 35 VR R A A Y
B JEF) T RE 3, AR VA BE i R 388 1 4 7 TR A
SRR UE AR AR T 10 mg/L i N ) i 2 4
T T VR A X A 5 ) A
2.2.2  EET IR DB FZRB DR RS 5

31 B IR B I 5 45 SR8 BT A A Y v
FBRRE 9 2 o0 1 &, R S JOW b A, PRk 1y 3 B
93453 B K 43 B 1 1 15 U GUAE W) X Biolog fCF Al B
31 A IR G AR o O TS VR A B A
IR AL 853 o B WK 3



CER ] ES

% N T 75 R 0 B VR 2 R 1 5

141
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3 x 4" A5

FRSIPC2(13.69%)

FRSIPC1(19.48%)
3 ORIl SBR R GEIE V5 Je A Wy RE VR 32 ML 4
Fig. 3 Principal components analysis on activated

sludge microbial communities in SBR systems

i &3 AL, 2 A 3 Ao YT B AR (L 2 Ak
F BT A 33.17% , H 3 %49 ( principal compo-
nent, PC) 1 [RFE B I5 B 5377 210 19.48% . 2"l
3"RGE 4 R 5T R G P E R TS TR ) 2 R T 43
FAML, 2" ~5"SBR RGN T VE 15 TR 1 2E ) 2 R 1R 1Y
H1URGHAW 825 B NG XSS R R Y
REE AV DI REA W3 R
2.2.3 7R A Y B AT B AT BOR 6 MR L

T 1 75 R AR R A T B 32 U0 J3 i S e
TR SRR AR AL 1H R AR B A W A v A Y
TEANE B o PRLIRCBIE 5 0 4 75 D8 1 AE 1 %) AN [] e 052 )
MBEN B 22 5 A B T 3 2 1 s TS e UE Y
PR DIRERRAE " o B JR L 72 h B, R R N
T AR S VR TS PR A ot 6 2 IR A A A
JEULIE 4,

—— oKLY —o— SRk —h— IR
K

—x— ZRYK —m— Rk —t— ff
12
R
0.8
a
g 06
<
04
02
0 "
0 1 2 3 4 5
SBR ARG
Bl 4 AS[E SBR R G836 M 15 e i A= W %

6 SR P A I BE 1 1Y 2 £k
Fig. 4  Utilizations of six kinds of

carbon source in SBR systems

HH T 4 AT PR TS e AE W X Rk K AR S 2k
TR IR IS TN 22 W) 2 55 Wk 5 %) ) FH R ) 5y, T X
SRR IR R FHBE T Bk . BB NIt VR B RS
T M5 PR IR W X ik K AL & W 2 22 SR W e T i)
FIFRE 1 ¥ Je et R R, 76 Ni°° H BB R 10 mg/L 5
FHUE T8, I3 A0 x5 s K Ak G W 28 ik U5 ) A RE
JIHE Ni* "W B O 20 mg/L 5 A BE AL T o 0 TS U
TUAE Py R R R 2 | M TR 28 R 2 ik TR 288 Wtk 52 ) A )
WL — 0, BB NS BE A 380, HR Rk 2
SEXGINE T KR AN TR B 2 15 1 V5 U A W R R R 28
iR 4 ) P RE g fe e R AR NG YR EE Ol 10 mg/L
B T X My TR 2 A 2 5 R IS i T 1 ) g 7 e i I
JELE N YR E R S mg/L B, 0~20 mg/L Ni** %
PE T V8 5 A W ) P 2 B TR 2 B U 114 RE 1 5% Wil I A ]
5 RS 40 mg/L Ni* TR B . B Ni®T Uk
JE TR 1S T, 15 14 ¥ 10 B AR ) T e 28 Tk 5 ) A R
FE PR, HE LT NE.

FH L AT UL, AS ] NG® e B St 355 P 3 T A A 0
FH 6 ZE0k 5 RE 1 1Y 52 W) B AF AE 22 S (HOZ K AB &
W26 R TR SN 22 5 W) 28 4 B IR I 1% 1 5 Ve A
BEYE A0 E BRI . 16 6 KB UF HL, Ni* " g M5 U
A= P ) P T 28 e 05 BB 7 1) 5 Wi R o ok 1y IR S Al
PR AN NPT e Bk 40 me/L BF,2% ~5°SBR & 4 P ik
P V5 VR A 1 R R R VR A E S AR T 1R IR R 4
2.2.4 FRMAEMBZ G SRS

KRS 3 Fh 2R AR BOR 17 ~ 57
SBR ZR 4t v i 14 15 U6 T A ) B V% T RE I 2 R 1k
JIr R 10 3 B Z2 A6 P4 B e 1 AR W B v D fE
FE: B9 AS [R5 00 1H , Hsp Shannon 48 8052 B 75 W) # 3
B RS K, Simpson 5 £ S Bk TR I P R L
AP AN T Mclntosh 48 %5 2 J2 5 B 7% 9 F 24— 1
45" . SBR R G v A Wy ik v A Th e
JEFEBC K LR B B — PR R bR BE NiTT Y
AR L 1, 1 A[H, 17 ~5"SBR RGP A

£1 &SBRRGHEMTRMENNES M

Table 1 Functional diversity of

microbial community in SBR systems

m H Shannon $5 %% Simpson $§ % Meclntosh 5 %%
1* 3.16 + 0.02 0.95 £ 0.00 6.02 + 0.11
2# 3.15 + 0.05 0.95 = 0.00 6.16 + 0.07
3* 3.08 + 0.02 0.95 = 0.00 6.23 + 0.45
4* 3.10 = 0.04 0.95 £+ 0.00 6.01 + 0.16
5* 2.97 £ 0.05 0.94 + 0.00 6.07 + 0.21
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T 7R B R L) W A T, ) o R RE A S — U 2
A PSR B A A R GEZ E] Y 22 5 0 AN B, e
T W R = 5 I BB AT NI R 1 G T 5 97 U o
FEL UG AT L, NG X 0 o 7 TR A AR o R 2 R T i
Wi FEA A
2.3 Ni"REMEBEHESREEERMEYSHME
6] 4 48 K 1 43 AT
YRS DA 2 5 K A W A B R G b 35 e W)

1 AR A A TR I 35 P 75 R 2 W 1) TTC-ETS §i 4
LRI ZAEPEXS SBR RGEHIE W B 174 HEZ 5 L.
SBR R GG L5 IR A= ) TTC-ETS {4k k% 2
BEPES NI*° e B 2 Il (O A S ME 36 2.

£2 EMSRMEY TTC-ETS F ik,

HESHMES N REZEMEEE
Table 2 Relationships of TTC-ETS, community diversity

and Ni’* concentration

Shannon  Simpson
Ni2*  TTC-ETS AWCD N y
Eigid R
Ni?* 1
TTC-ETS  -0.928" 1
AWCD -0.962% 0.930" 1
Shannon $8%¢ -0.949" 0.885" 0.893" 1
Simpson 5% -0.928" 0.902"  0.883" 0.994% 1
Meclntosh %0 -0.190 0. 126 0.375  -0.050 -0.091

V1) 4E 0.05 AP (O b 84 52) 78 0..01 K F (XU
HEZ P

MFE 2 AT, AWCD 5 Ni** ik B 5% A
5,1 TTC-ETS, Shannon 8§ {1 Simpson & % 43 5|
5 ONI® vk BE A S Bk G, AWCD  Shannon 4§
HOFD Simpson #5803 ] 5 TTC-ETS A #4F 1 AH 5
P, P, TTC-ETS . AWCD . Shannon & % il Simp-
son 5 B34 W] FH Ok A TG 1 5 U8 A W O 1 R IR
ZAEVERT 32 N R0 i AR B, 1k i AT R 2 R AE Ni
Xof V8 PE T 8 25 BR 15 B W 8503 14 5 e 2 B

3 8 &

(1)Ni**7E 5 mg/L I}, %} TTC-ETS {1 i 5% 1l
I B Ni* T TR R 3 8 K, H4 TTC-ETS
VEPE BV R, S U R R G, 37 ~ 5T
SBR 2 %5 [N 35 T 15 U 0% 4 10 81 2 43 531 3k 5] (36. 79
+11.14)% . (55.88 = 13.90)% #H1 (70.97 =+
6.78) % , I HAEKE BN ,3” ~5%SBR & %N TTC-
ETS 3% P %A B 10 o UL AR B Ni°° X v 95
JE A W g TTC-ETS I PR W 8/, T T 10 mg/

Ly Ni** % 3 1 75 U8 s 2 90 9 TTC-ETS i 4 %
BE ¥ NPT SE(N I EE- Al

(2) Ni* " Al HH Sk 5% W) 3% 4 V5 V8 A= 0 10 e U )
FHRE 7, KM BE Ni* ™ RE 5 344 58 T35 4 35 6 2 4 ) ik
VS AT A= F 10 mg/Lfg N°° O] & 35 ) T I
PS5 Je G A B 0k Bk U R A T o FE e e A 2 R 3R
BN I TS VR I W B AR I T B B R
Wi o AN [E] Ni** e B %k 335 1 35 U 2k 0 R 6 2k
UERE ) 52 Wi BB AP AE 22 57 (R Bl OK AL B W 28 DR 1R
SN 22 T 2 A R DR 0 VS D AR W e s ) T2
BRUR . 7 6 JSBR R L, Ni** X 3 1 ¥4 8 1ok A 9 0
Fe S B T RE T I B AR A o NG X T kTS R R
UIREZREMEME IR T4y 3. 17 ~5"SBR R
HRA WU RE T d UL A W R A O, ) S e RE Y
— VR IR, b B R R N
JEE ) A T 52 0

(3) TTC-ETS, AWCD , Shannon 4§ %{ il Simpson
HORCA 15 N o B AT 1 B 0 AR % L B
TTC-ETS ,AWCD ., Shannon 5 4 #l Simpson 5 %%, &l
Aok FRAEVE P T VR AR A W 1 v S e T 2 R T 32
Ni* " B0 (R B, 30 M )R] B AR NG I kv IR
L BTG R W BOR R A REJE

2 % x #t
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