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B O AR 2 mm (R NN TEHLEAA S B 1 0 5 0 ot R A A
R, WFTEHBOR AP RE LL SO FRA KR R CODy,, IR L BRYERE . UKL RESE IR 45 R /s | ] R A Bl A 4 A00RE
AT (U B 5 R 307K b (A A B0 T RFAE 1.5 x 10° CFU/mlL, I HLAB 5 Hb 36 17 2 725 (1) B35
A RN REARE s MIHT Monod J7 AU WT A, 181 52 AR WA W UKL R it 75 e WU P RE LA o BRBRE AR IR X (8] 5
MBI ORGP 2 B R I - P25 AF T CODy,, R AR S D0 , vh PR AN B A5 1F B A7 A1) T 0K XS
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V10— S I R SR W 0 (B 1 R0 R R R R BE I ) 5 7 10 ~ 35 °C )N, T 28y, DRLFE i COD,,, A
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Py Rt T 18] 52 A A W RE TR PR 5 A B s S
RIEHRE T B R Jy ik o Bk O
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Y, B4 B ZE AT TR ( Bacillus subtilis ) W 2
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licheniformis ) . f# € ¥y % il #F & ( Bacillus
amyloliquefaciens ) . ¥ 45 2 #0 ¥ W ( Bacillus
coagulans) | T TR B ( Clostridium butyricum ) 5575
I8, 1 B A LU BRSO A B 3R (i A
B 10 o/L, 4R 10 o/L, BERER Y S /L,
FALEN S o/L,pH 4 7) hked k. Horh R e
FRIENHEWES o/ L, EANR S o/ L, BEEER) 6 o/
L, BifREk 2.5 ¢/L, L/KEREREE 0.2 ¢/ L, R —
A2 o/L IR 1 o/L, ZRREN0. 1 ¢/,
BN 8 o/L, IR AN | ¢/L, pH 7.0, B il 17
Ji s R SRR RIAE 6 h Pl A TE B & s R
9 1:0.5,12 h PSERCE R 10 105, 3 B F
37 ~37.5 C,pH &l F 6.8 ~7. 1, fEMist
Jir e [ SR TR (o/L) B IR A 18 ¢, H
R 15 g, JHZ 8 F/KBCE ,pH A 7,

TR L NER (W B VIR0 oA ) TR
FRAT]D 10 H ¥, il 4 i H AR 2 mm AYERAR.
VIR BB 4 A T 5 X 5] 20K (3 ~ 5 1K) Wiy
Z M NERER TS, BT 24 h R M R
F/NER SRR L 10 1, [ 5E I W0RL 7 2054
Y520 12/ ¢,

HRAE CIR 7K 1t 3% 57 58 7K HE O 5K ) (SC/T
91012007 ) PN RILRE IR 7K 52 40 7K 388 57 5 Je /K HE ik
FRAE, 75 25 B 7 /K rb 0 B 1 400 3% 08 I K B &
COD,, B e &y 25 mg/L Zidy, G U i ok J¥
N6 mg/L7iAy TN Jiuit BN 8 mg/L oAy, TP
SR IE R 2 mg/L Ay ,pH 7558 7.0 ~7.3,
1.2 ZHHE
12,1 [EE AR By ok R

P 1 RE AR E Py OB O AT 100 mL 25 2
FIKBIHETE i, & T 200 r/min (988 K PR G
(BIYII120709 1.176 x 1077 N)) , 0 S 00Kl 54 175
O, WD BIURE 5 S5 0] ORL LU AR A B 458 0 40 L,
AR R 23 A A 1 3 b i s ) 78 A ) R 32, DA F)
W UKL SR JIE

W [ AL T P R B T4 100 mL 252
TIOKBUE TR (5 A0 A AR WEIR — A 5
BFESr, GNP =100:5: 1) BHEIE R, 3528
W, B R U B KRR AT P AR A, I8 SR
Yo, D SE U E M) SR REPERE

Y[ s A E VIR i 3 12 1.8.116.24 h
SE A JE AT B KRR R AT - AR R A I 2 A= ) B
I, 15 PR SRS Al 0T ] 7 Ak A ) R 52 B

PERERYRZ I

BT g [ AR A P B0k I A SR F R 100
mL FRSEALL SR G R 7K, 4 S 1 T e vk E LA
S WS R], R4 T 1 AR P 0K R A COD,,,
MR D) T2 5205 529028 A% v i 3y SR Ik o
$72 L/min (DO =8.3 £0.028 mg/L) , 7 i ik BF
20 °C W pH 7. BU1.2.4.8.12.16.20 .24,
28 h B i K B[R] 25 K B KRR 25 8 PR E 2
% 100 mL DLE @ AR R, IEH 0. 45 pm 1R A 274k
Z (MCE) 238, DU 7 8 s e ik 1

Monod fj F72#8 40« 24 7K i Ye )k E A%
B, A 00 I e 3 2 ) 66 o Wk 32 1) B o, T 4
WK —G Bl 12 R o
4" ~k-S (1)
K. S TGP LR B, meg/L; T 2k [&5E i
A= PR AT I] by KA SN R L h

Wil 25 15 G VA J3E T B T, A i o0 3R 0 8 3
I, o 2R E TE B R B g R, SR E G g )2
OB, X S E ARSI o Y5 Yk
fift 8l 73270 3 A5 Monod #EHY AT 4347, TH5AR
RN (2) FiR .

K :Mijx+.SS (2)

e TGP IR h ™ s TS Y
CONEA 3 7 RN RCE L /N a7 3
mg/L; K, A FIH %, mg/ L,
1.2.2 [E A E PR T Ge e e R 2R

¥ 1 g [ 5E Ak A 9 BRI AR 100 mL A5
PAFRFEE K b, FE IR 20 C SR 2 L/min
(DO =8.300 +0.028 mg/L) [l 54 F, V7 pH
o BIPR R FE TR 45 1F (pH = 4) | i Z& 1
(pH =7) FOFEME S5 (pH =9) , FFEEBRS 1 .4 .8,
16 .18 20 24 28 h, - RAEFES .

PRI K B pH Ry 7 WREE 20 °C A g
SR, W EAMA R 1 L/min (DO =7.500 +
0.028 mg/L) .2 L/min (DO =8.300 +0. 028 mg/
L) 3.5 L/min(DO =8.600 +0. 028 mg/L) , Hfih
SPFIRL b FEEIE 1 4.8.16.20,24 28 b, IER
EFE

PR IR R K P I SR A 2 L/ min
(DO =8.300 +0.028 mg/L) i iy 20 °C 1 pH
R T AR SR TS e R R R A G
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i 3 FKF, CODy, Tt ik BE 43 5311 10,25 il
100 mg/L, 2 AW 0y 2.4 .6 1 24 mg/L, ¢
ZEME R 1.4.6.8.16.20 24 h, FFREFEN

PTTRHUE K pH =7, B 7351 10,20
30,35 C, Hifth S5 R [A) I, R4t <1 .4 .8.16 .20,
24 28 h, H R AEAE S o [ BF AR R K B AR 1 Ak 3
SO R 5 R 22 A 56 R T DL 5K
(3) Fon, Hil# L 20 °C L fEl R iH5H 0
H" A T, = 20 C,

klzko'arlir0 (3)

Kok ko 4350 R Ty Ty BB SO0 38238 5 48
h™'s 0 Wik RZE

DL S2ae s R B Bl I 8] 25 & B KRR 2
BT KEZE 100 mL LR ERFL, 0. 45 wm JR
BEFYEZE (MCE ) 2o 3800 5 Je 0 7 4k 15 s 9 1)
e
1.3 SHesiE

15 Y E 3412 B D VR AT (R R A
B4 55,2002 ), COD,,, I 2 >R FH e R 44 1%
FE W, NH -N 52 SR 98 ER 7 4 66 B 12k, 3
H B R TR VR B, I R AR AR US4 B 2
TTRE AP B B 4 v i 1% o R A Orrigin 2021 #14F
SERUERIR AU A B 22 ), 158 25 4 35 A of 22, i
B SPSS 18.0 FAH 2 ANOVA K595 i 47 Wk 35 1k
3T, P<0.05 A BEES

2 RS0

2.1 M4t B R A Y R T e
2.1.1 okiog

HEHIURLCA 200 r/min (1 $8 R HH 34 224k 5
TESRIE KRR LR (P 1a) o [EE ALY
TIUBLIE IR 12 I 6] 35, A F7 20 EE S 8 T s,
PR ETHES . LRI IRE 10 d R
WA, LR T 60 d 5 AR Fr ik 23% +
2.828 % .
2.1.2 WUAEYZERERE

HiPE 1(b) Al AT, fE45: H AR AN 788 SR i Y i
FET, MR b/ INBROBE IO TR 2R ) 14 B 4 R A
1.5 % 10° CFU/mL, 7E b7 # 35 90 15 19 15 50
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T AR PR e A K BT R I R T O
/N TR AL DU K B SR8

WE 1(e)  (e) iR, fEAH pH 575 391%)
VR EETT [ AT 1 O 92 B 1) LA ) B o
WHBEMWZER(P>0.05), il 1(f) aJ15, B
TEWES 8 h IR 35 C LA, R &NT
WORLZE R 1) AR D B B o e 5 e 25 5% (P >
0.05) o A~ [F] WA i B X [ 2 A ol A= 40 Aok 2 g
PEREAR — &5 m, A 1(d) s, 43 = R
2 L/min( DO =8.3 +0. 028 mg/L) B} BRI i A=
W2 T HAIA S HA B EE2ZE R (P <
0.05),
2.1.3 [ LAY BRI 15 e R sl 0 2

HR A5 151 5 Ak B30 A 0 OR824
R 2) AT, Bl T5 S P B i 3 R, LR fi
A LG 0 AR S b [ A 1A W R
CODy, 1) e N (39.730 +4.835) h ', K. K
(353.914 +47.196) mg/L,R* 3} 0. 864, # 54%
BT 5 AN, [ AR P R A A e N
(9.208 £0.904) h ' K, K (112.166 +17.194)
mg/L,R* 7 0.962 , AR 4T

b 295 YLk BE /N T A AR B (R S <
K B, 7K A4 Ay G W 1 — 90 I i i 232 5 45 e )
W AT L B A — R . 4T5 e
LI vy N o U S1 K O O [ R I O10) DI
FE > >(353.914 £47.196) mg/L, A WE > >
(112.166 +17.194) mg/L i, 3 J1 #4455 E 9%
IV o
2.2 INMEEHRTE E LAY B E RS R

sEA LS

2.2.1 pH {3

H R 1 AT, 5 Qe W) I R i AR A 6 — S8
TR (BRBRESAM T REBEAR). X T
COD,, P (pH =7) 5T — R W k =
(0.122£0.014) h™"f & (P <0.05) , Ui A BRI
SR S5 AR T [ AL A M A CODy, 5
XF TR, TR E ST 0 B i s8R B 0
R 25 A o
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Fig.1 Strength of immobilized microbial particles (a), sustained release performance (b), the effects of pH (c),
gas flow rate (d) , initial concentration of pollutant (e)and temperature (f) on microbial sustained release
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n JEHIE Measured data

— HALR Simulate result MEHHE Measured data

WMAELER Simulate result
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[f## # Degradation rate/h?

12 A Model Monod KR Model Monod
10 J# Equation p=p,, *S/ (Ks+5) 2 77 Bquation u=p_*S/ (Ks+S)

8 1584 Pollutant CoD 59 Pollutant| &% Ammonia nitrogen
6 Hoay 39.73 + 4.835 Hoay 9.208 + 0.904

4 Ks 353.914 % 47.196 Ks 112.166 & 17.194
2 Jig 0. 864 i R 0. 962
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Fig.2 Monod simulation of COD,,, (a) and ammonia nitrogen (b) degradation by immobilized microbial particles
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2.2.2 WEGRBE AR

F 1 AT, =R AR B T e AR
[ A CODy, — 20 S o 3 4 G g 35 P 22 5% (P >
0.05) , S k324 1 L/min[ DO = (7.500 +
0.028) mg/L] MW f k. H AWM HE N 1 L/min
[DO = (7.500 +0.028) mg/L] M, [ &Lk EY
P S R — PN R A IR (P < 0.05) , AL
3.5 L/min[ DO = (8. 600 =0.028) mg/L]
i, X S R R A e
2.2.3  I5QMIHIERR B R

phe 1 AT, [ AL M R fi CODy, — 2%
J2 % 9 A 8 k g (0.093 £0.013) ~ (0. 163 =
0.008) h™', B 5 YLy b o 2 A 48 o, — 2
JE 3 R ke B S — G
HAHk H(0.033 £0.023) ~ (0.129 £0.021)
h ™t RIATS SR BE R I K (AR T PP AR L

2.2.4  JREERY A

R 1 AT, [ 8 A s A ) URL R i COD,,,
(1) — 2% B I 3 3 B (0. 085 = 0. 002) ~
(0.243 £0.023) h™", A S 20 — RN 7 3%
Rk K (0.012+0.011) ~ (0. 062 +0.006)
ht Bl RE (T v, B R A, e
FN[EE AR CODy, Z A IR T 1Y
MEE R B0 R 2 FroR, 400l 1,003 ~
1.105.1. 039 ~ 1. 088, W] LA % PH bifi 4 I B 1% 15
3l R EA/INME R B o [ A AR B Bk
FEfE COD,, 2 AR B R 2L 0 BOF- 2 1E 2300
1.037 .1.060, fH IL7E 10 ~ 35 °C 3 [l /4 %0 5k
k 5 E (C) KRR 25 k =0. 230 x
1.037"%(k,, = 0.230 +0. 037) .k = 0. 028 x
1.060" % (k,, =0.028 £0.019) .

F1 FREZMEEEENMEDER COD,, FIS AR
Tab.1 Effects of different factors on the degradation of COD,,, and

ammonia nitrogen by immobilized microorganisms

AT ES CODy, 2 % Ammonia nitrogen
Influence factor k/(h™") R 0 k/(h™") R 0
4 0.085+£0.011 0.876 - - - -
pH 7 0.122 £0.014* 0.888 - 0.112 £0.013 0.890 -
9 0.093 £0.013 0.816 - 0.091 £0.007 0.939 -
1 L/min [DO =(7.500 £0.028) mg/L] 0.134 £0.010 0.945 - 0.115+0.020* 0.875 -
B < 0 3 2 I/min [ DO = (8.300 £0.028) mg/L] 0.151 £0.012 0.944 - 0.123 £0.014 0.891 -
Acration intensity (D0~ (8.1{5) i/()‘.“(‘)gg) mg/L] 0.148 £0.012  0.927 - 0.133£0.016 0.891 -
Ve YL AU Ik Low 0.093 +0.013* 0.891 - 0.033 £0.023* 0.030 -
Initial pollutant 1 Middle 0.140 £0.010 0.950 - 0.129 £0.021 0.782 -
concentration = High 0.163 +£0.008 0.986 - 0.097 £0.019 0.724 -
10 0.085 +£0.002* 0.625 1.105 0.012+0.011* 0.017 1.088
o 20 0.230 +£0.037 0.764 - 0.028 £0.019 0.164 -
i) Temperature/°C
30 0.238 £0.053 0.672 1.003  0.041 £0.029 0.223 1.039
35 0.243 +0.023 0.915 1.004 0.062 £0.006* 0.920 1.054

TE: = " FIR B R AR B Z AR B 35 225 (P <0.05) .

Notes: “

3 e

3.1 M Tkt ERE i M Bt ae
3011 R E

TOUARE 5 J3E i 18] 7 10 2R W) R A — T 2L
P BRREHR o U E] 5 A UL 58 B AR, IR BR i A
H A2 2 PR 2 il AR R A A I e, ANEL
JCIE R A AR BT T, 5 AT BE X /K A4
IR G o A S BT AURE A0 A T R A

http: //www. shhydxxb. com

# 7 Represents the significant indigenous difference between different gradients of an influencing factor (P <0.05).

IS 1) 2 < T 43 K, (EL7E TF 3R B 10 d P oK LA
P, S 4R % 60 d JE BB T 4 bk 23%
2.828% . TR AE Al 45 4 [ < AL 0k B T 240
v/min PFE R P HEREIR S 2 d )5, BORLBE S R N
5.2 %o, UEHIAR S 36 {4 180 5 AL Bl A 0 0k L
A BT ROHUMERBE 38 T IR 5 FR Ak A
3.1.2 WUEMIRBEIERE

ERVERE R Kb B — A EE SR, 18
TR TICE 32 60 1t 39 o 4 B30 24 0 A ST L e m 5 B
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WyE A f3 E W B BE , tonT DLk SR A Tt
AR AR A Y B R 7 5 4, DA ol 5 A b % 1)
AT T M A /NIRRTl A P ) L
SRR, S M B AR S — R R SR — 4
PR, BAT 3R ) 2R TR RN A58 5 110 W BfF 1
AE AT DAK i W B sk 2B 9, HOJL R IR AR AR, 47 4
AR, RSS2 AR R W [ IS 1 R
IR 5 LR 1 5 e A A e ML i/ NER SR TR
SRR T A T A B % R 1 A
[i1 5 AT P ks RE R v A K A4

AR HARRN SR B R R ER T, M R 4
INERBEIL B I SR R 7E 1.5 x 10° CFU/
mL, 76 5 T IR KK [ 5 s Y BoR: 107 ~ 10°
CFU/mL"™ o [R e, A< 526 Hh A 361 52 Ak 2 4 0
WAL PR EE K B, AT A R K H i 5 A TR S ik
A E SR, A R W R R U
R, i — 0 P2 M R R K 1 B g

TEAIR] pH 75 3 W00 b ik BE DL SR BE T [
FE AR A P R 27 B ) S AR ) B SR AR R
2 R R A E AL R YT DALY
HiuIE N SR A5 N pH R AR AL AR 2%
e BE A ML R T W ) S o B, AT AR E b
[ FRBE KRR - 2 e Y. HIE ST & dk
IAEA AR \pH LA S A BLA A A5 DL T, H:
ok FH Vo 1 e B A A R R B P B A o B R

i o (ELAS [ B A B X [ E A Bl A 1 KL
ZRVEREA — M, HAREN 2 L/min
[DO =(8.300 +0.028) mg/L ] B} BT A iAW
B Z o oM PO SR R BN, 9
b BLE A AL, Bl ) 1 B RE T I, T
PR FTEVE A A MR
PR LT BRI SR R R AR
1ok i P 2 R BB B Bl R, 2 e A A W A
T o T LASE P P A 3 TR 92 il M A 2, LA
WA R T £ b, MR L A A
TURL REBCUT I N 2272 (Y R BE 25 1F , R IE REAR,
SE L8 T IEPR IR
3013 [hE AL TR YO Y T35 e W A 8l ) 27
W A B, Monod J7 Fi2 ¢ I A= Hy Ak 2 i
TRTT YR E SRR 1 R BVCE B L
5 g (A LY e R0 1D 3 5 e
PRk T A RS LA S A P 7 rp A T
FEAE™ o PIARBFSE R ) Monod J7 RS T 12
SEE A BRI KPR CODy,, Flad S MR35 o
RS RATA, [8 2 A Bl A 0 R ¢ figk 2l g = A 7R
Monod J5 R &5 3 R4, X5 2 A W45 18—
B A2 AR AT A, AR SO A [ 1
A2 TR BRI 9 JIURE [ fif COD,,, SRR RE KL 4T, fiE
PRIFEFER IR K P R FE A DL, R R A
BAFRIRERRRCR o

%2 Monod W HEZESH p ., K, 55F TEER LR

Tab.2 Comparison of Monod Kinetic parameters u ., and K, with values in the reference
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EIPIEE QIAQ 25 (28]
7% 4:[25] vz ke A [ 26] stz (27] 7% R ] 230k [29] £ [30]
Kinetic coefficient ﬁiﬁﬁh‘ 7 e ~F jtﬁﬁh QIAO JE R Ik =¥

This study LI TANG et al AKHBARI This study al ZHOU KUNDU

et al e et al
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3.2.1 pH KI5

TR pH J2 B F7 5 7K 1A fi B 23 2 5L
Z—o PRLAERTTEARBL, pH <5 5 pH > 9 if 2™
5 0 Bl A 0 0 R R L AR g v ke F
COD,,,, pH =7 B, —ZHURF L k &, v R
R AN T [ AR MR CODy,, s X T4
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Analysis on characteristics of attapulgite immobilized microorganisms and
influencing factors of treatment effect

CAI Xuyi', YAN Kai', TIAN Yaxiong', WANG Qian', LI Juanying', ZHANG Liuliu®, DAI Xilin'
(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. Jiangsu NAK
Bioengineering Co , Jiangsu Province, Huaian 211700, Jiangsu ,China)

Abstract; In the present study, attapulgite pellets with a diameter of 2 mm were selected as inorganic
carriers, and the native microorganisms screened from culture pond were immobilized using the adsorption
method to create immobilized microbial pellets. The characteristics and performance of these pellets on
removal of COD,,, and ammonia from aquaculture wastewater were investigated. The results indicate that
immobilized microbial pellets have good mechanical strength. The number of bacteria released into water can
be maintained at 1.5 x 10° CFU/mL, and the sustained release performance can be maintained under different
environmental conditions. The immobilized microbial pellets can efficiently degrade COD,;, and ammonia, and
the degradation kinetics fit the Monod model very well. The effect of environmental conditions on the
degradation performance of immobilized microbial pellets showed that neutral conditions are suitable for the
degradation of COD,,,, while neutral and alkaline conditions for ammonia. There is no significant difference in
the degradation of COD,,, with different gas flow rates (P >0.05). The higher the dissolved oxygen in the
water is [ DO = (8. 600 £ 0. 028 ) mg/L ], the higher the ammonia removal rate is. As the initial
concentration of pollutants increase, the first-order rate constants of COD,;, and ammonia gradually increase
(except the too high ammonia concentration). Within 10 ~ 35 °C, the higher the temperature is, the first-
order rate constants of COD,,, and ammonia is.

Key words: Immobilized microorganism; aquaculture water; COD,, ; ammonia nitrogen; environmental

condition
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