EBNECS- S 7 T = R Vol. 10, No. 11
2016411 H Chinese Journal of Environmental Engineering Nov.2016

BCYETE B0 0 5 58 3 v MK
25 bR oK v 1) ik

X £ X & HHE

(CF R IR e, 75 Y 1l 5 B IR AL W 50 [ R A S 30 %, 99 A0 210023 )

W OB BT IHRRAEEY B S RE R 25 BRI K A W B OR s R Sk A W B AR R B A At R
KA BRREE (R BR K 18] B — 5 IS 1) R 7K ok B e 1] 22 A, I #4458 R[] L2 K COD ok B LA X 90 R
WA IS BR R IR W o T 5T A5 SRR T, B A W Jo i AR SR i R IDR R A R 2 25 BR B K R L 7E 30°C K I 45 B T I 6
h.COD & £ 280 mg + L' WIUATHVKE S mg - L™ JF HLAFSEIE AT T BEA BRBEBOR S, Bk 2 BR %601 35 97.94% o Bk
401 A Wy o e R R e T IB B RE A A BRI K R i, D K BRI A TR .

REER PR TN R S BR

FESES X703 XEARIRE A XEHS  1673-9108(2016)11-6241-08 DOI 10.12030/j. cjee. 201507006

Removal of phosphorus from wastewater by combination
of modified biochar and phosphate-accumulating organisms

ZHU Wen WANG Xin YANG Liuyan”’
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Abstract To investigate the ability of the combination of modified biochar and phosphate-accumulating or-
ganisms (PAOs) to remove phosphorus from wastewater, the iron-modified biochar and PAOs were added to the
sequencing batch equipment with intermittent inflow, and phosphorus concentrations in the effluent water were
determined by the ascorbic acid method. In addition, the effects of hydraulic retention time, organics concentra-
tion, and initial phosphorus concentration on the phosphorus removal rates were assessed. The results showed
that the combination of iron-modified biochar and PAOs showed good performance on the removal of phosphorus
from wastewater. Under the condition of 30 °C, HRT =6 h, COD =280 mg - L.™" | initial phosphorus concentra-
tion =5 mg - L™, and continuous aeration, the phosphorus removal rate reached 97.94% . Therefore, the com-
bination of modified biochar and PAOs can effectively remove phosphorus from wastewater, and provides a new
technology for phosphorus removal in wastewater treatment.
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Table 1 Kinetic and isotherm parameters for phosphorus

adsorption onto modified biochar

R 241 242 R
WE—4% k, =22.853 h~! q,=0.4828 mg - g~' 0.8409
W% k,=6.4801g- (mg-h) ™' ¢ =0.4936mg-g™' 0.996
Langmuir k=1.0517L-mg!' Q=1.4612mg-g' 0.9189
Freundlich k; =0.491 0 mg"' """ + ¢~! n=0.3919 0.938 6
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Fig.2 Adsorption kinetic modeling of 1st order (a) and

2nd order (b) for phosphorus onto modified biochar
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Fig.3  Adsorption isotherm for phosphorus onto

modified biochar
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Fig.5 Phosphorus concentrations of combined

treatment in effluent water
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], 4 7k 2 b BB O, 72 80°C R4t T 46 &, Wil
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Table 2 Phosphorus removal rate by combination

of modified biochar and PAOQOs /%
i} (8] /h 1 2 3 4 5 6
XPHRZ4]  27.58 29.20 30.82 32.43 34.86 42.94
SR 25.97 32.43 42.94 62.34 89.01 97.90
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2T — o0 IO B, shb i ) 2R Ml T 1 SR W A T
LKL 5 e LE MR N 5 55— D T, 3R 9 T DR SR
IF, S H A W s R DA T A W R R R T R
TE 2 R T oM AR T e S B R D RIAE A, B
o AR W RE 0, 3l B T B P A A O e R
98 VAT P 2R 90 R Wl 1) AN AR 1

2.3.1 RER A G A AR B Y

H T BRFEAS TR K g 45e B s ) o gl e A 0 R 5
RIS PR 05 ) DR A S50 SR AN
KB E N 5 me - L_I,COD & 280 mg - L_l,ﬁ;‘—]%‘
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Fig. 6  Phosphorus concentrations of combined treatment
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in effluent water under different HRTs
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Table 3 Phosphorus removal rate of combined treatment

under different HRTs /%
K F3 45 88 bt [] /h 4 6 8
X AL 31.95 42.53 49.79
SR 62.35 97.94 98.15
2.3.2 KRB AR U IR S B TR 0 B

R T WEGEA A B v B Xk SO 2B ) I e 5
A TR B A o B A R W, R T K R COD Mk N
140 280 }7 560 mg + L™" E/KBEWEE RS mg « L',
P pH 2 7 FFLRBE S IR A0 FE 8 h S A UK K
TR B

B 7 I, 24 COD ¥ B M 140 mg - L™ 34
# 560 mg « L0, X PR BR B R R B JE P L
T HE 55% Fe AT sh . W bR A HLY VR B T H
W Tl 1) 52 W0 658 /I8 ARUAS HEBR A1 A BILJTE P RE 43 5
BRI A5 S MR B o 5 0 D B, 0 B A BIL A e B Y
OB R T R A T e R A K A R AL
Bo —HWLE—EFIRE T, BB LW A K
TR WO s LA KT o — O, IR R R
T, B B AT AR ik A o A A Y P R
iz ( volatile fatty acid, VFA) & i PHA, #2 &5 H B
e T, WA AR, A B PHA KB FE LR it
R, ORI B R AR . 24 COD W N
140 280 1 560 mg « L' B, Bk £ Bk 8 oot 72 op
T TRT 3% 5 236 0 01 7 R BR B R 1Y 33.11% ,48. 84 %
M 44.51% . °T UL 386 A HLA) ke 3 Ok 1 o 1K A5 B
PR, R R R E R . R B R 8K
M HEK COD & F , BE A BRBE IR & 44 T R4 1 bR
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Fig.7 Phosphorus concentrations of combined treatment in

effluent water under different organic concentrations
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Table 4 Phosphorus removal rate of combined treatment

under different organic concentrations /%
COD/(mg - L") 140 280 560
Xof IR 2 59.26 50.21 55.35
SLH A 88.59 98.13 99.75

2.3.3 R A0 4k B IR T ST BR A TR B 0 % o

T BF TS [ 90 48 W e Xk ke P A 0 R A 5
o T A ok O 0 T, 34 LAY AR IR S, COD
280 mg - L™, pH Sy 7, 8 45 #E K of 00 46 B vk 13 43 31
2.5 I8 mg L7 FRLEMES I E LB 8 h A
JROBE K R e BE IR 8 T, 24 A v o 2
mg + L7 of B8 2 R A0SR BL A, HK P i R A —
SE RIS g B B OGO R O B B R 8 )
JES | U LR TE 1A 2R B ik B AR P LR, L o
00 R A 0 5, AR 2 B R G I R R A%
(Bl . e AR R 4 KI5 VR A S R B ) B
MR 2 g - L A K P ) 5 B S
mg « L7 FEE B E 0.28 mg - L', B, 3R
hF 350 16y 45 o5t T 3 40k 4 W AU R K R B R BE L
7] 5 00 e 2 A IR ¢ 5 T U T A B R
Tk A VR B O 0 W 0 RE L B A R R R U
i 45 1 6 R YA AR KO o 8 AR TR S R, 0 06 W
2 mg - L7UACPETR O kv A W I R 0 R
(19 T {68 55 Wl 20 % 1 88 63% 41 15 F1] 99. 98% (WL
F5), F Wk A W B A T W I b B A
BBk B A B

I w
L

wo s s
o Wn

BRI (mg L)
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o
W

=
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effluent water under different initial phosphorus concentrations

RS ATEVHBRETHRARBEERE
Table 5 Phosphorus removal rate of combined treatment

under different initial phosphorus concentrations /%

PG U S/ (mg - L) 2 5 8
popiiik 86.63 49.79 53.48
SEIG 2 99.98 98.13 82.93

MU BER T & 5 mg - LTI, X AR ALY
R R R 49.79% o 3K J2 P Ry ol A 9 I e AR o
8 R P PR 25 B . 5 LR e, 3R W R
A2 B R A Ak B B 2R A TR Rl Y R R A A
FH LB W 255 5] 98, 13% , K i il JE AR R, Hovb ke
P AR W 0T A T R I o R BR B Y 50. 73% ,
A T B T o3k Al o SN BR A 1Y 49.26% . M) bR
WeBE i — L BT 5] 8 mg - L7 HE, K & 40 mg
B, SO0 A BRBEBOR BT B 2 82.93% (EAK SR =
FXl B 53.48% . 2R [ % i Ak RS S v
W SR I 98, F 9 A5 L K R BT b K 8l 2 1 i R I A
BN 1.282 1 mg - g ' }20.116 4 mg - g ', A
5% fi %) o A W o e ko R o Ak F o =2
] o TEABEIE ST, W0 46 W Wk B2 43 591 g 2.5 0 8
mg + L7VB, Sk A ) I e W B 4 R 0. 175
0.24 F10.423 mg - g~ ", [t A ik 31 ok A= 9y I o Jk
RWZ B 1.46 mg - g~ ' PRI, 00V AR 0 o Ok R
98 TR IR 5 Ak v A B R R K VS A R — 2P

3. £ i

SR e T VB B /D S R PR SO A ) o
T3¢ 8 W T O i A A, L X 1t R R R R e T 1
AR5 38 4o SO AR ) SO A SR e R P A
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