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Removal of AVS Pollution in River by Sulfur Oxidizing
Bacteria Immobilized on Water Purification Sludge
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Abstract ; In this study,sulfur oxidizing bacteria immobilized on water purification sludge to remove
Acid Volatile Sulfide( AVS)in a river channel was studied. There were three immobilized carriers.
One was made of water purification sludge by high temperature calcination. Other two immobilized

s HH#A.2021 - 10 - 08
BEE&WB . FHRE S AR H (2018 YFC1801203)
EE RN BB (1962—) 5 #0875 4 S0, B8N FoR 5 Y il B S5 8RS st



180 Tk B SOR S e AR (A R R SE R 55 40 B

carriers were green zeolite and activated carbon. Three immobilization bodies were prepared by
commercially available sulfur oxidizing bacteria immobilized on above three carriers were
characterized by XRD,SEM and BET. The performances and influence factors of the above three
immobilization bodies on AVS removal were analyzed. At the same time, the effect of the
immobilization bodies on changes in microbial populations in sediments was analyzed by high-
throughput sequencing technology. The results showed that the optimal roasting temperature of the
water purification sludge carrier was 600°C, and its AVS removal effect was best among three
carriers. The AVS removal effect of its immobilization body was best among three immobilization
bodies. The optimal conditions for the immobilization body were temperature of 30°C,pH of 6,and
immobilization time of 24h. Immobilization of sulfur oxidizing bacteria on water purification sludge
facilitates the aggregation of dominant sulfide-degrading bacteria and inhibits the growth and
reproduction of sulfate-reducing bacteria. So immobilized sulfur oxidizing bacteria in water
purification sludge can effectively remove AVS pollution in a river channel and improve the black
and odor environment of sediment.

Key words : microbial immobilization ; water purification sludge ; AVS ;sulfur oxidizing bacteria

IR R R IR AL R B[R], 5
P AKAR G, K AR & B R Ak, i A
I AR A T il AR SR SRS, TE IR AR
R THYG S, B R Fh ik J5E 25 7 AE i Ak
A, B RS 5K DL S SR R AR TE )
BB A YA G e A KA & R Y FeS
MnS ; i T 7K Hhy 2560 04 )6 58 256 LA A
K Bt & B EUK R L B R
A5 K M AL # ((Acid Volatile Sulfide,
AVS) JEETERR M 5 T FT LA i Tk e rh
FEREREC H,S A [ AH S 43, 2 Al k3]
RIS YR L B Z IR B
PRE AL A 5 HOR IR A 2 B 2 1
TG AR A TR B AR
B 40y T 3 R o s R %) O X T T 2%
A P AR Bl 1T, DI Iw) A # 35 Jo Ay Wi B P 7k
HEWN R AAE T T R o e N — A P A=
R—FE T A 1 R APEAE B, 3G 567 A4
A= 85 i 1 ) I B T G AR ) B K
KO AR R R L R SR H
brihii e 22 VS ERBCRAGE Sk, Hos
SO R U A AN B Acinetobactersp. T1 1
FRF 1] 2 7 T LR A4 b BRIk v inr a8 S Ui
MR, EReB s F 6% E AL B bR 37
FEIE K P ERALY) . KI5 e A AN Y,

AN RE S A% FE I e i {EL, T L 23 36 B 85
90 ARy S LE PO S ENE ) LRIV Y SR IR g
A=W E AR, DR BERIAS B 5 — 2 ik
TRAERER A, B AT ] LURE R IR
JEY), SRR B A AALTE . ek bediohk
i JE KIS TR R T AR TR, BRI
SIS AR T B, N g
MR L BT, R
IKIGVEANE A Py 11 R AR H7 1T R AL A 4
WA HEAE 5 QB E T PR HE
AR AR S, LUK iR TS, KI5 T
GEUAAI R A — i i) R

1 X %

1.1 iRXIe##

TR i AR ) ] A A B A v K
158 SR TE s, I T K TS e
H YL BH2E R K 55 V5 3K ) B 2 DLE b
BUBE 7K J5 Ak~ 40 A s P e 0F , 76 1 5
FHATHCT CEAE B AR AR A L B
AL # ( Limnobacter Thiooxidans) iy | V5 2+ B
A TR PR w R HE i T B 7 i ARG
EHKT 1.0 x10° 4~/g,

TR0 i FH RS U8 R /KA B Pk BH T 3L H X
YHie] T iE R TP B, i T8 i it A b B



CAR Ul

W REE KSR E AR A TR ZBRIE T AVS 15§ R IR R UF T 181

MEFEPEZ TV IX, TR Z W A
FEAFAEAE TR 15 7K ELHESE B 42, U R 7K il
FEOKIKT BRSO E, TS
MRCOKBRFER AR SR T ) (HT 474—2009) , 3%
B3 A ARRME R S, AR e A% T
1.5 m K URIURE | 24 3 T AE P 5% s B3
1RA) 5 7RI 0 % % BB IR A
1.2 EBEEXHRENH &SR

Yok 5 le it T )5, & F S b 7
200 T 400 T 600 T 800 CiERGHE2 h,
i 0.420 mm FLA2 57 15 2 ¥ oK 15 e 24K
Wi, R4 3l b2 1 AR A AL BB 4 A AY
BET % 1 7K 15 U 244 19 Lo 38 1 A1 R H
XRD HFHRAT S 43 # 1 7K 75 U8 2 AR 1) B M
JC R ; R T B SEM g
IR Ve R ARGOIL A R RS
1.3 AVS WEIEK X

A THURE KR AVS &8 A5, R A
T] U R S I Ak 420 () B TR YR 1 3k
B AVS 15 oKk R Bl S ) AVS &tk
#| 755 mg/kg, WK IR N K EEE N
800 mm . 1442 4 200 mm ) 3 W A5 B Bk B
FE, B 100 mm sz & BORE 11, SRR 3 487K
PR A: bt iU S b B KR B i 2 e
i B TEACEL R B IR . T AR
%200 mm 5, PP AT U R O RE A 56
JKFE 2700 mm, S & R U8 48 3l iE
72 h,ff BEKE SRR -2 0 2R,
3N 20 g EoKIE U8 T Mk A SR
SEAIRIR 72 R AT REA X B KA 3 s B
MIHTHE TR RS IKIRIRS), B RREELE
JRUEHE S aEA TR

WEAM 10 g LK 5 g NaCl 10 g,
g 15 g F&I/K 1 L 433 15 4~150 mL
HEIR R, N 2E | Fe VR & SRR AL EXT
TR R AT R RS [T AR, e 2 X6 5 T kA 7
TiAb B R 7% 18 K v Pk e 3 TE R 2, B
1 mol/LIERRIF IR 24 h J5 FHZEIR /K vp
PE3 i, FEH 10 g/L (9 NaOH 157k 8 &2 45

1, e A i R B 10% 9 NaCl % TR=
W24 h W, B30 g BfE Y E R A
FEI 5 AR AR R AR — [ 5 28K
BN, 120 TR 0.5 h,

B %4748 F B Limnobacter Thiooxidans
WAL @ = 1% RIEERI LR T 100 mL WA
WA SR 10 g ek
AR, T pH =7, 7E 30 C 150 r/min %%
MIAAE FEIR R R % 24 h, FRfEY© 4
B AR BE T LS B 3 S B R SR o 2
A5 A5 1 e e i e . A RN 20 g
Hokig e JEPE R SR E AL
FRRBEICVEHFE S, TR, Ay X L [ 5 fk
A5 A T R0 1 Ak AR R g
KA BRI 5 g B R, I 30 d
N AVS & a8,

1.4 BEEXEH

HEFT R R UG, R 9 TR 430 A 20
25.30.35 .40 C;pH 43l 5.6.7 .8 .9; & %
AR ] 205108 6 .12 .18 .24 30 h Bf =R &
XoF [ EARCR S, B 0. 1 g [ k)5 1)
ok, A B R
B 20 g Bifb¥i5 YL Ml 100 mL JFUK , i
A 250 mL #EIR A, A 1 g [ A A4k
B, 7E 30 C 150 r/min BY%E 38 T K% 24 h,
W5 g RRETe , 115 AVS BYRBREE
1.5 #wWFE

JEUEH ) AVS F i R LR 4ok
JEREREINE & 1 il s 2

Sl

RS

KiE

B ik m K

Fig.1 Device diagram for sulphide determination



182 Tk B SOR S e AR (A R R SE R

540 %

T 000 G U1 HP i AR PR fiff RS A Ak
ERGEEPN R Y R U E S S C o T
FH NaOH 5 ¥ W YA, 3 2oF I 2 5 W Hh A Ak 4
AR VR AVS &,

A=y B S e S [ A O e LA Y
fabn, — MLl 1 g B8 AR RS A= 9
RN ECEPEH, A= 9 i D >R P AR 125
5 LA nmol/g (LA P it) A B RIR A2
T 10° S RIGFFR R 4HH,

2 SRS

2.1 HKiTiREELHFRIRIE
2.1.1  HRERIH
1 ARG BEIRE Tk T U8 1 2 L

BAM LRI, hER 1 A, SRR R
KI5 IR L  TERTBE 2 600 C Z A1, kTS
VR LU T RS 2 B A R e i 2 F) T e i
K, #E 600 C B Lb 2 18 Bk 2] 1 & e
76.37 m*/g, X2 M T KI5 I N A HL
PIE R AR E T DO T R T A,
NTRIE AR 22 240/ N FLAR . FE R R i B TR 5
800 T, i Tl EE I 5 , oK 15 U8 N i 45
LY, BOR R FLBRBE %), Bk s
JeBA A LR T RRIT 4R I8N

F 1 AREEPEOREE T KI5 IR BN R TR

Table 1 Specific surface area of water purification

sludge carrier under different calcination temperatures

K beiR g/ T R/ (m?-g™")
KGR 34.91
200 42. 66
400 56.35
600 76.37
800 52.36

(2)200 <C

(b)400 °C

2.1.2 X SF&Ais ot
AR A5 e il BE R I i K T U8 R Y
XRD fii SN 2 i, B R 2 nf %, 4
Kl Si il Al JEEK LA Sio, 1 Al O,
WAAFTE, FoKIG RN R E R h & A
Fe Al Ca S#fb 5, (4% XRD it} El i It
B W] i 1Y Fe | Ca [RFIE U6, i B 3x 2240 &
BV Sk L0 AW o || 7\ 153
1£ 200 ~ 600 T, Joigs Sio, , & Al Oy,
FROE U6 T B I 8 A, 7R T BE 35 3] 800 C I
AL, O, MYRFEIERA AR 55 35 15 BH 3 =5 1) e
SR AL O, FIAZE AR ETE,
Si0,
Alzo:l
R

800 C

me
w% 400 C

o 200

(‘) 1‘0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
26/(°)

2 KI5 IREIARR) XRD 75 &3

Fig.2 XRD diffraction pattern of water purification

sludge

2.1.3 g
FoKIG AR e J5 () SEM il 3 i
o HIE 3 AL 28 200 CREBe S RSk TS
ek A ST ST G A W10 i oM S e AN
F14) 2 T 25 M S TIPA R, 32 R Ay v TR R e I
TGO Y AR AR S5 TR B FLVE R, 38
SRR A f A% 45 R4 T LA 5 i [ 22 Ak 3k ik
R LR, {0 7E 800 THY, KrbeiiE 3 m S
FUMOWZEF (31 LS TE |

(€)600 T
3 KIS IREBIAN SEM [

Fig.3 SEM of water purification sludge carrier

(d)800 T



CAR Ul

W REE KSR E AR A TR ZBRIE T AVS 15§ R IR R UF T 183

2.2 BEIEXBIE AVS HEBBR

AN TR A [ 5 AT R R Je H AVS &
BRECRAFZ M E 4 i, AT LEH, —
BARXT T AVS PR R BP9 bR R,
TR R 2 W A AR 1 25 B R I TE 9% A2
A, B R Ry i P AN g i A R SR T A
TE—SEh B RE A, AR 2F T 2 AT K i Ak
PR R AL Z R, ks T ik

800

a
i

Hd

m(AVS):m(EJ8)/(mg-kg™)
~
S
(=]

0 5 1'0 15 2'0 2'5 slo
At j/d
(a)E B AURT

ARG BB T 15% , 72 I K5
JeEAR ) AL Fe £5 7T LATE K B9VE T T IR L
IKE AT, AT LIRS B P 3 A R TS
ToX L6 1T R 1 1o USR] L 2 BR K R Y
BIBHE 5 gt ik, 5 KA 2 4 AR
LE, KI5 X TR YAl I SR TS 4
RERBCR LT

0 '5 1'0 15 2'0 z's 3'0
B [E)/d
(b)E =T

B4 [FEEfbniEr AVS 24k

Fig.4 Changes of AVS concentration before and after immobilization

[ 7 AR R K b B B A 35 J
T R BRSO, doK IS TR 4 ek A
4G T e A L BRI B T 86% |
76% 18% . WiAEALH MAHErEILRE B IR, T
[ s ) FH T AL AN AT AILRRAE S Ui, L NH
AR BRAAAL R T B K AR R
Fe F1 S, it Al LA TG e Hh 8 B —#K ) Fe,
A [ SRR N Fe A S Ak, HBL A
LT RIS Fe, SO, X7k s AL
H—EMENEH, & RN T S
(R R W IR, 76 15 d J5 B S AL B X
ARAR T A6 P 1 SR VR AR SR S A A
REN

El 5 2430 d N E AL XIS TEH AVS
FIAL PR, H & 5 AT LT ZE 7 d B
AVS EBRFRAL 62% ,)aBTE%E, 25H
AT LR 5% R BRE, B H R 2 IR
T ) AVS BERCEDK R IR DL H,S Atk
FIE R B2 Ao, AT WL, A 57% 1

LRI i T A A T S8 B

800

~ 700 -
k-
%0600'
ésoo-
& 400
£

2300 -

>

T 200t

g

100 = g4
SRR

25 30

0 10 15 2
B [E)/d
B5 FBRENERL AVS HEZL
Fig.5 Change of AVS concentration after adding

bacterial agent

K6 AN [ 344 Bz 1 72 Ak 2 9 1Y
AVS LERE, A = HAL B NEF;C R
K5I, D oK i e i E A9 E
Zrih A1 F sk EE A A5 G O ik
Bé H OIS [ E AL UAE Y . ANIEL 6 Rl LA
A BB AL TR X AVS B A S 4
AR INIE E AL I Fr A, TR =2 ] R AR



184 by A E IR N N

A AR B

540 %

WA TR AR B SRR, FE
AR B 9 25 B R R AR B T B B B
7, ELeAE e A E LR AL R T AVS
(8 S BRACR R fre A, 7 20 FL I 5 T 46 1
#EATIAL

100

AVSERX/%
(=} o0
(=} (=]

S5
(=]
T

13
(=]

|—||_||_||_|

A B C D E F G H
#5)

BEl6 KU AVS LrE
Fig. 6 AVS removal rate of 8 groups

2.3 BEIELFHFHML
2.3.1 IR [ E AR 1Y R

I# 5 A HE XS AR i AVS R Y
SN 7 Bas ., Al R Y il EE R [ SE AR
RORBISZ B/ TE 25 ~35 TR K,
1530 C I B AL T 0 A= Wy i de vy, 5 81 T
1.86 x10° /g, AVS ERRFRWEE] T 86% .,
AH AR B, 30 C B3 5 AL T 1Y A=
K AUBBON R | A 5 W3 fe s A K i

20 = £ 90
+AVS§%$
18} 85
16}
— 80
‘a0 141 N
ol -75@
T 10 170 %
= [72)
L {65 %
B 6l
4 {60
4-
5l 155
0 1 1 1 50
20 25 30 35 40

/T
7 EWIRFN AVS ERARBEIREE R 1L
Fig.7 The effect of temperature on changes of

biomass and AVS removal rate
2.3.2  pH X[ 2 bACR 52
[f] 7 A 3 IR BE 0T i pH (X [ E AL RCR

ZMUNE 8 Ui, FILLE H, AR AVS 2Bk
SR AL A A S B pHL AR 1k (1 K A4
FAAE] (H AVS FERFE5Z pH 15200 BEL K
TAYR, B TEAR B, 76 151
TLOAERKMEENR Bk, AW R
27 X AVS M RBRFRE R, FIRTFERRE A
#F? AVS 5 B H,S AR, BT LA, 75

MR RBR BT A8 2 R i AL AT
E’WEFH pH {H 1 25 B £z 5% i JIE U6 /Y
AVS'™®! R AR B SR T R P
EEM pHE N 6,

251 .y 1100
, +Avs§l%$ 195

L
15+

!
[~

10+

-
W (=] W
AVSEBR/%

HEYBN0A - g7
3

5.

! !
N
W

0

i
(=}

5 6 7 8
/T
B8 AWhbA AVS ABRFKE pH B4R 1L
Fig. 8 The effect of pH on changes of biomass and

AVS removal rate
2.3.3  INFIH]XS A 2 AL RCR B R R
I#6] 5 PSS TR X i 72 A6 58 A4 52 0 4 1] 9
Bz o [ AN T AR ) P T R A TR
AT iR R B, FOA TR AR — o A
M RRS , (EL A 35 e B By X AV'S A7 I

20 = Y
—e— AVSEKH 85
18}
{80
T 167 {75
S 14r 170 8
< 12} 65@
S 10f 60 K
Wl P2
B 55 <
# g 150
4 145
{40
0 1 1 1 35
6 12 18 24 30

B iE]/h
B9 A:WEM AVS FERFHE ] Y221k
Fig.9 The effect of time on changes of biomass

and AVS removal rate



CAR Ul

W REE KSR E AR A TR ZBRIE T AVS 15§ R IR R UF T 185

YEFH, 2 58230 1 2 Bt s i) 0 384 Jonn v 38 fin 7
T A 10 25 K 3 2 B s, He 2R i
AVS LRI BT, 1E 24 h BHAEY RN
1.92 x 10° 4~/g, KERFRIKE T 87% ., 1F
24 hUAE B SE A TR i A 1 1 AT 1 TR AR
(ARG PR SS , AR R AVS KBRS I
UG RE, DRI B STk A ) B £ 1 e [R]
24 h,
2.4 MWERRMEVEEEHOTME
KR A ZREE S KRR R G RR
TEFAERCE B BARG BEE R T X
YT UF R JCHRT B, AT [ A Ak e
ZBRITE AVS BUZIRG % Hvok T e
A B SR TR B3 T X T R e i A R R
ARSI, DAL TAKE 3 ik g 28 Fnovt B 28
(TR DRV S W 22 53 AR 0 %) o
— R ORI AT, R Al
XPREA B i,y 1,23 MR F—
HiSHURE 3 IRINAE I EE A, TR
FIFP B AN 10 Fow

SRHh S @] HE
Eﬂt/‘%%fjiﬂﬂ%f il ) ]%}%%H
S 1[ [ o ———

80 [

AR B %
g 3

20

Al A2 A3 B1 B2 B3

B 10 [ 1K T RS Ao x5

Fig. 10 Relative abundance map of dominant species
at phylum level

MIEL10 Ha] A 2 4B s i e
WAL W] JRRER ] AT ], X L
e K AR B A GE T H UL B LS A, A2 T
1A RAF BB R BRI RE T, AT R T HA
FEfEA B R RE 0 2 T B

TEERB AT , AL R IR ], %
T R TR PR 5E Hh LS B BB st B2 114
TALYIR AT B B 40 A A Qi BT o )
RERE, LA NH, 9%, LU I8 b 59A Lk Al
TCHLER R e P AR A B0, P, B 4 P AR AT
BT TA He ) e X R BT T 29 18% ., BRI
ZHN XA A 210 6. 4% R ER R T,
B S R B R R I IR L R T
BRI ] , 72 RS2 F R LU U B B R £k
LTS  THARK R B A B, A K
(75 B I TR T P AR AL R LK
SEEWPR B AR A A
RO 7 AR R ) AR B, X TR P
BRI F T — @ R ER,

3 45

(1) HK T e 2 A ] 2 1 Fe A5 e i
600 T, 5 ) BE 2 B AR R i
TREE YIS | bR B M FEAIC,

(2) [ 72 A A Ak B 2 B2 A T 1) K A
HEERMER A E R oI e s — Akl
I 2 [ A AR TR R AR 2 K T Ui 2 %)
AVS LR E T a0 A 45 16
W .

G)BIRRmMWAEY S AVS 1L BR
KA B S A AH DG AR TRE R 30T ,pH H 6,
[ 2 ALE [R] 2 240 B 55 0F T, B ST TR A
TEACRCR AT

(4) BEhn i A U0 B L AR S BRI
e PP A= 2R B R B AVS
DB F AR SR, LT LA ] 87 R 3 148 5
PR B0, e /K AR SR A Y s

[ 1] 27 VEAKE. Bk FTE KR TP M S i % Ak
KM GRERRICR[T]. HKEEAR 2007,
26(2):35 -37.

( LI Weijie, WANG Yonghui. The cycle and
conversion of iron in the rivers and its relation to
water  blackening and stink [J]. Water
purification technology,2007,26(2) .35 -37.)

(2] FJE, KR, PMIT, 45, 3T 28 5K AARTE A



186

Tk B B OR E eE R (A SRR )

540 %

MU ST O e i s g e (1], B AR 352
#2,2016,27(4) ;1331 - 1340.
(WANG Xu, WANG Yonggang, SUN Changhong,
et al. Formation mechanism and assessment
method for urban black and odorous water
body :a review [ J]. Chinese journal of applied
ecology ,2016,27(4) ;1331 - 1340. )
B ERA TS S RRmIE SIS
KABRIEFR[T]. BRI E 5 H R 2010,
33(HEF1) .1 -3,
(LI Zhen, HUANG Minsheng, HE Yan, et al.
The relationship between form transformation
of iron and sulfur and the black-odor water
body [J]. Environmental science &
technology ,2010,33(S1) ;1 -3.)
BHE, HEC, SRR D A BN SR B
MGG R R R ST [T]. KR K
A ,2012,43(8) ;28 - 33.
(LUO Ya, DONG Wenyi, WU Huacai. Study
on removal of black-odour from contaminated
sediment in river with in-situ dosing of oxidant
[J]. Water resources and hydropower
engineering ,2012,43(8) .28 —33.)
AIEM. 525 T AT P 3o K b s R 25
BRACRIESEL D] FRIN KBIH R2 ,2014.
(LI Tingmei. Study on ammonia nitrogen removal
effect in polluted river water by composite
immobilized microorganisms [ D]. Zhengzhou
Zhengzhou University ,2014. )
HoE, = R, B IKE, % OBk
Acinetobacter sp. T1 41 4b P8 ] 18 2 Z 15 Y4
MBI [J]. A 245 5 AR A 35 BE 22 4, 2019,
35(10) ;1338 —1345.
(XIAO Yao, WU Chenjie, JIANG Qingken, et al.
Study on the treatment of urban polluted water
by immobilized acinetobacter sp. T1 bacteria
[J]. Journal of ecology and rural environment,
2019,35(10) ;1338 - 1345. )
TET BB [ 5K EE R, 5. B S 1 A A I B
I#6] 5 A B BAL ) B0 2R RCRIESE [T ]
R 2224 (A A BEAE IR ,2019,49(5)
78 —83.

( WANG Xiaogiong, ZHAO Yangguo, ZHANG
Yanchao, et al. Characteristics of adsorption
immobilization of sulfur-oxidizing bacteria and
sulfide removal performance [ J]. Periodical of
ocean university of China,2019,49(5).78 -
83.)

SRV TR K T e 28 R ok SR A0 B A R B4 o)
o KOHCAM ] N IR R A RCR [ D] 75H . 75
AL K2 ,2019.

(ZHOU Jing. Preparation of slow-release calcium
peroxide material based on water purification
sludge and its effect on inhibiting release of
internal phosphorus [D]. Suzhou: Suzhou
University of Science and Technology,2019. )
TREIR 52 B S SRR TS e X
ISR W R S RE ST [ T]. BRI R} oo
#2,2014 ,34(10) ;2484 —2490.

(ZHANG Yumei, HAN Yixuan, WEI Jie, et al.
Adsorption efficiency of alkali-modified water
treatment sludge for ammonia nitrogen in water

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[J]. Acta scientiae
34(10) ;2484 —2490. )
WANG Changhui, GAO  Sijia, WANG
Tianxiao, et al. Effectiveness of sequential
thermal and acid activation on phosphorus
removal by ferric and alum water treatment
residuals [J]. Chemical engineering journal,
2011,172(2/3) :885 - 891.
2RI WA R, %, EM-SBBR S I 4%
AARIEFRIR N[ T]. PRS2 4 ( AR
Bl220R) ,2010,26 (1) ;140 — 144,
(LI Yafeng, YAO Jingbo, HAO Ying, et al.
Research on EM-SBR reactor start-up in
natural training [J]. Journal of Shenyang
jianzhu university ( natural science ), 2010,
26(1):140 —144.)
GU L,WANG Y,ZHU N, et al. Preparation of
sewage sludge based activated carbon by using
fenton’s reagent and their use in 2-naphthol
adsorption [ J]. Bioresource technology,2013,
146.779 - 784.
ROI M,CERJAN S, KURAJICA S, et al.
Ammoniacal nitrogen removal from water by
treatment with clays and zeolites [J]. Water
research,2000,34 (14) :3675 - 3681.
DAYTONE A, BASTA N T. Use of drinking
water treatment residuals as a potential best
management practice to reduce phosphorus risk
index scores [J]. Journal of environmental
quality ,2005,34(6) ;2112 -2117.
A7, E/NER N ZRAE. DU b R A] 44 % 1
i Ak W i 23 B RS (3] Ve S5 A,
2015,46(1) ;96 - 101.
(LI Li, WANG Xiaojing,LIU Jihua. Analytical
method of acid volatile sulfide in sediment
[J]. Oceanologia et limnologia sinica, 2015,
46(1) .96 —101. )
BONAVENTURA G D, PICCOLOMINI R,
PALUDI D, et al. Influence of temperature on
biofilm formation by listeria monocytogenes on
various food-contact surfaces: relationship with
motility and cell surface hydrophobicity [J].
Journal of applied microbiology, 2008, 104
(6):1552 - 1561.
BAE, frdin e, ROk 2, 45, 5L L S fL-
BAF TR 2 AL 47T A5 3R 8 7K AR S A W
AR or B [T, B 8 RL o 4 i, 2020,
40(6) :2090 -2100.
( WEI Jian, HE Jinyao, SONG Yonghui, et al.
Advanced treatment of antibiotic wastewater by
catalytic oxidation combined with BAF process
and analysis of the bacterial community
structures [J]. Acta scientiae circumstantiae,
2020,40(6) :2090 -2100. )
LhBRSE. S SRS sl R A W IR T 204k B 3 35
IEWLRENEFT [ D] M R I R I Tl K
2% .2017.
(MA Hemeng. The effect of aerobic moving
bed biofilm reactor process on landfill leachate
[ D]. Harbin; Harbin Institute of Technology,
2017.)

(DAL EEME SESCH AL i 2

circumstantiae, 2014,



