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Long-term effects of Zn( Il ) on properties and pollutant removal efficiencies of
aerobic granular sludge
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Abstract: The long-term effects of Zn( I ) on the properties and pollutant removal efficiencies of aerobic granular
sludge in sequencing batch reactors (SBR) were investigated systematically. The results show that Zn( I ) with a
concentration less than or equal to 5 mg/L has a slight effect on the properties and pollutant removal efficiencies of
aerobic granular sludge. When the concentration of Zn( Il ) is greater than or equal to 10 mg/L, the pollutant
removal efficiencies of the sludge are reduced, leading to variations of the mass concentration of mixed liquid
suspended solids ( MLSS) and the sedimentation rate, granular size, and structure of the sludge. Along with the
long-term effects of Zn( Il ), the average diameter of granules decreased, the sludge structure loosened, and the
sedimentation ability deteriorated, which, finally, resulted in the decrease of the MLSS concentration. After 10 and
15 mg/L Zn ( I ) were separately dosed for 76 days, the removal rates decreased to 84.3% and 75.1% ,
respectively, for NH;-N, and 90. 1% and 85.7% , respectively, for COD; the MLSS concentration dropped to
3658 and 3225 mg/L, respectively; the sludge volume index (SVI) increased to 94 and 99 mL/g, respectively;
the average particle size decreased to 0.58 and 0.37 mm, respectively; and parts of the granular sludge
disintegrated.
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WA AN T A 1G5 K, EER A WF .p(CH,, 04) = 350 mg/L, p (CH,COONa) = 300 mg/L,
p(FEHM) = 15mg/L,p(NH,Cl)= 100 mg/L,p( KH,PO,) = 60 mg/L,p(MgSO, - 4H,0)=20 mg/L,p(CaCl,)=
50 mg/L,p(FeSO, + TH,0) =20 mg/L, MEICEA M :p(Co(NO;), - 6H,0)=3.0mg/L,p(MnCl, + 4H,0)=
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Fig. 1 Schematic diagram of SBR
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Fig. 2 Effects of Zn( II ) on removal rates of COD and NH,-N

2.2 Zn( ) XEFEBRLIT T B2 R E TR MR RIS
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Fig. 3 Variations of MLSS concentration and SVI with impact of Zn( I )
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SN ATBY TOURER A MO B " MR TR BER sy g 20 1)76 4 BR AR RARES
Zn( I ) %U]ﬂ mg E{/‘J i j]l] ’ ﬁ%%%ﬁ*j it F%ﬁﬁﬁ ﬁﬁ? |§§§ ’ }J\ Table 1 Settling velocity of aerobic granular
41. 18m/h [F{RZE 9. 61 m/h, ﬁ:}’*ﬁﬂjﬂ,ﬁﬂﬂ Zn( 1l ”ﬁgj&ﬁl sludge after adding Zn( II ) for 76 days

U4 UL 15 B 55 F FIUSURL R~ 1075 1k I 1202 B 0 48 UL 75 (R
RN 3 G A e (mg - 1) v/ (m - b7
2.3 Zn( 1) 3HFEBHTRAR LB B 0 4118
AR RO 45 ) J2 0 48 BORL V5 8 1 3 AR AE 280, H g ;j j;
2.2 AL R AR RS A XS R M TR P LA B o 3.7
i, 4 aTIE H B0 mg/L 3 mg/L. 5 mg/L Zn( 1) 15 9.61
() 12 187 2 P 75 VR IORE S KPR AR G R AE 0. 8 mm 247, T4
10 mg/L A1 15 mg/L Zn ( 1) S0 7% PN 9 75 Je 0k: i - 15 = P(Zn(I)=0 mg/L. = p(Zn(I))=3 mg/L.
BRI ALZT T 2 BB, 1 BB Za (T0) i, ~o-P(Zn(I1))=5 mg/l. > P(Zn(I1))=10 mg/L

- P(Zn(I))=15 mg/L

FISE i 5 U8 - YpRiAR g A2 N, 43 5IE Zn (11) FEFHS2 d
19 d J5 ik B 5 K, e 15 Je UKL F- 8042 73 531 2 1. 39 mm
1. 40mm, 552 BYB.ME Zn( D) VEAIRS T O AE K, S g
N ET5 I BRI IR B W BRI, S Zn ( D) VE 76 d S5,
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0.38 mm, MILEEW 10 mg/L LA LAYZn( 1) 2% b S 0 20 20 60 80
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AR RN S EUBURLTG J — PPl FUE I S L ma zn( 1) MRS BT R TR M
TSIk, WK S il LA p(Zn(1l)) < 5 mg/L i Fig. 4 Effects of Zn( I ) on average particle size of
Zn (1) XS0 5 e 5 1A 45 #4 e A B S %) i SR P D, T e aerobic granular sludge
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YR B (WL 6) o ARHE Zn (11) XHURL TS YR 454 (1 52l , il XpRi A i 28 A AN 34« 72 10 mg/L LA
B Zn (1) BIVERTTE | 224K B 00 1864 5 | R UKL V5 R 548 B AL BRI Ik | A2 IR M 18 O 5 SR A 3 1) — g A
Ja SR UBORL TS U8 P A LA B R AL ST BEL ), AR T R A S EOBURLTS R R 2 BT . BRILZ AP,
VR Zn( I0) AR T2 BURL TS e 3R T 1Y) 2 B AL I8 Bl 4 v BE 28 , S BO0RLTS Je 1% M AR 25 2 1 Ok 75
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Fig. 5 Structure of aerobic granular sludge with different concentrations of Zn( II ) ( x100)
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Fig. 6 Structure of aerobic granular sludge with different concentrations of Zn( II ) (x5000)
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FEARDRIFAE | p(MLSS ) FBURL P BB 53 I AEFFTE 4 500 mg/L F1 0. 8 mm Zi45

b. 4 Zn( 1) =10 mg/L B, NHI-N (925 B2 76 Zn ( 1) #0040 109 B FF 46 F B T 480 10 mg/L
15mg/L Zn( I1) WS 28N COD £BRFR 57 Zn ( T VEH 69 d #1135 d J5 JF A A T %A%, 10 mg/L Al
15 mg/L Zn( 1) 10 76 d I, 458 R0 TS 98 19 NH-N 22535051 F 0 84. 3% \75. 1% ,COD £ B4 51
TF&HN90. 1% 85.7%

c. 10mg/L LA b Zn( I1) K IWI7E 2 5 80 U B0UR 5 Je - BPRiA2 s N 25 AR DTRE I BERE AR 75 TR ik
JETRME, Zn( 1)/ 76 d BF, 600 10 mg/L A1 15 mg/L Zn ( 11) 19 )2 57 2% P9 75 U8 IR 0 % 2% il je =2
3658 mg/ LA 3225 mg/ L, A5 Ue (1) 7 R 42 43 53l B 22 0. 58 mm 1 0. 37 mm, SVI 73 51 F+ 155 2 94 mL/g Al
99 mL/ g, #B 4 FIURLYS e A
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