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Study on the biodegradation of cationic polyacrylamide in sludge through
functional bacteria-enhanced high-temperature aerobic composting

TAO Yinglu, SONG Tianwen™ , WANG Kaimei, WU Shuxiao, XIA Wenxiang
(School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266525, China)

Abstract; A large amount of cationic polyacrylamide (CPAM) enters the environment during
the process of sewage sludge landfill and land use, posing a serious threat to the health of
residents and the surrounding environment. In order to solve this problem, high-tempera-
ture aerobic composting was carried out using sludge, corn cobs, corn straw and wheat bran
as raw materials, and it was enhanced by CPAM degrading functional bacteria Bacillus no-
valis immobilized on biochar. The results showed that the intensification made the tempera-
ture of aerobic composting increase to 63. 9 “C and the CPAM removal increase to 76. 85%,
16.49% greater than that before intensification. The addition of immobilized functional bac-
teria accelerated the composting process, reaching the maturation standard 10 d earlier, and
the seed germination index of the composted product was 128%. High-throughput sequen-

cing results showed that the bacterial community diversity tended to decrease and then in-
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crease during composting. At the genus level, the relative abundance of Bacillus (2.21%—
62.91%) was significantly higher. In addition. wunclassified _ f _ Streptosporangiaceae
(family Streptosporangiaceae, Streptosporanaceae) and norank _ f _ JG30-KF-CM45 also
had high relative abundance.

Key words: sewage sludge; cationic polyacrylamide(CPAM) ; high-temperature aerobic com-

posting; functional bacteria; microbial communities
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ABEFERE CPAM AR IRET Bacillus novalis [5E TP 3 & CPAM 158 R i 4 A HENE R 58
HEATIRAL  6F H AT T D RE B SRAL XS CPAM AR SR A R AL P o 22 A RN AR MRV R B2 Wil 7] oy
15 VR AL PR AL B R TR AL R B A 25 1A 4
1 #Rl5AE
1.1 HERRJR#Y

ARSI it 5 Y8 0 7 5 TR 15 K AL B KI5 08 B 7Kk 70 %4547 CPAM MRl 6 mg/g
Fidy o BRI FORFEFT A 2RAE W B AR ™ W s\ ki e i 20 B, J50RHEY 28 e BT LR 1.

F1 HEREBHEZEENLER
Jst FHHLE OM/ % FKE/ % ALK TOC/ % WA TN/ % WA

5k 57. 99 70. 90 24. 64 4.12 5.98
FoKI 88.97 7.10 44. 46 0.53 83. 89
FKRFEFT 87. 66 9. 35 40. 11 1.33 30. 16
B3 78 89. 23 11. 06 43. 45 2.87 15. 14
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VIR G . AE A LB WA RS 35 38 b 5 57, 1 30 40 B A 1 B e IR A (3.0 X 10° ~ 4. 0 X 10°
CFU/mL) . HJE B A RIS W 3 A5 AR 3500 r/min B0 10 min, B IITED AR AW
RIBEWE T, IFAE 35 °C .80 r/min S FH55E 48 h. Zlizk gk L2 B3 i s 4 i
1.3 Emigit —F 4

o S HE N S SR A AT T A AR S N 2
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HERE AR A 5 6 (it i B ) 1 50 4 A ) 8 B 1) A5 5 W 6 W T T
FEAEYIIR ;O E IR AR CHA) MEIE 22 48 %t BRAH
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T IFMATEDE BE . HEHELE- BTN RS AN o 1 B ZREME T .

2 GRSt

2.1 HERREAMEREL
T R AN g i A S HE A A F A AR 2 — ] LU U WS AU W pis v . Ani 2 Bl MEREIH 4

3

G=

X 100% (D



90 RO TR R 546 &

JEr i A TE EHA R HA HEAE R S8R0 i 12 R T
Oy BT 20 KA 25 Kk F i 63.9
60. 3 'C,EHA Fhifit # 5 Fl i il 2 35 T HA,
HEEMER, 58 3RM, Bacillus J&7F & iR

60

AR RS e 2|
TR AT L Rk T = |

AT DL 35 S T 0 P 4 5 P ] 2 M A
AmkaE", Wik, EHA 2488 0 e (0 3 A IR 5ok
JFE RN 1 e i D AT B 5 DB TR Bacillus noval-

is IR K, A, AW i) Z AL 45 FE R 20

BRI

.. [T
mmh BRI
L1

o . N - 0 10 20 30 40 50 60 70 80
FFUN A Y K AR T 25 (8], A F] T g AL R T
AW A KRB Bl 2 EHAFTHAMHENE 2 55 64 6 5 A5 4k
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B EHA P it s & A LS AR R 2. SR, SR SR A LR W & . A HLAE B
WE st A pH . EHA 9 pH B35 T HAL X ATRES EHA A8 & 0 HE AR IR fisg
YT O, HEARZEHAT . EHA A1 HA /9 pH {H43 5910 7. 96 Fl 7. 60, £F & A HEAL 7= B i) pH Bk
(pH=7.5~8.5)"",

EC JE AT LA Bl A ] 5 50 0 25 1t i R AR MEAE X HE 0 i E AR . 5 pH A9BSR . EHA I
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&3 HENL R pHS ECHY ZE 1L
—=— HA; —®— EHA; - HAHERL 3] 5 - EHAMEAL i 14
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G AR S0 HERE 7= i () 35 L 38 1T DA s B 55 R B8 . EHA 1 HA HEIE R4 G A fkan
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BANHERR I, EHA IR R 4000 G1 Y T HA HERR 248, HEARZERmt , EHA F1 HA # GI 2391 128 %
107 %, 2B fi A 2EHE AT Fh R AN 2T 2 KB R GT AR RN 77 B % IR 275 8. 9%

EHA Fl HA {EAE R Geh CPAM 19722 T T TR
AN 6 BT, CPAM 9 K fif o A7 2 B R R R P
T A, F R 45 A EHA ' CPAM 1 T T N S :

SHFHEE 0.58 e/ BEMEN 67%, RN AP S i
HHENE L CPAM BRI 87. 18% ., B3 EM00  t i a bt -
BT HARRRSG. BEMAERE. & | 8 b, 0%
CPAM 1 I i 3k 3¢ 35 10 2 . M B 25 £ VIR T T e, {20 3
if, EHA 1 HA HEAE &4 rh CPAM 9% ] i, -‘ . ) 1,5 ©
AR 0. 44 F1 0. 69 mg/ g, #2435 2 e s I S P
S 76.85% A1 60.36%. LI I 45, 0-4% FRM RN .
CPAM WA 30 B B 1091 A B 5491 T 15 O 1020 0 @ 50 @ 70 g
LA SR AT CPAM (1R A L A e

fE CPAM BOMEAC L IRE e Rl — = HA-CPAME‘;; f}é{i%*ifﬁ?gﬂ?ﬁ-cPAMI‘%%%;
5T, CPAM 43— 5 %) ok e Ik 22 1) 1k B o EHA-CPAMBEMRH s ------ HAHERL IR 5 - EHANE AR 53]

M i . C — N W2, — NH, $— OH #4t,— CONH, #1k Jy— COOH; % —J7 i  CPAM fihie 76 2
IR RS BEAE T ZEAR RO E W 2L T B BN T A WL FR A R B B A W 1 Sk e U e )
FH . CPAM F&ff I RE B 0 I A =5 1 HE (A v ok e 1t RSP SR i 25 T RE G A 16 1 o 3 P R R ST LA 3K
[ 7 T BE P » $2 =0 D RE B A Tk 52, 17 EL W7 LA AE T RE A CPAM. 948 2004 i E T4 18F CPAM 1) R
PRI, CPAM R i Dy B A 5 Ak T LA b 2 1= v TR O R R A V5 e h CPAM IRI0R .
2.2 HEEELEHMTH
2.2.1 ZEHEEVE Alpha ZHEME T

2 Won THEARUBE R 97 BB T  EHA HERE RS th A B TS 19 Alpha Z28EME. 851 Cover-
age FEHL(99. 84 %0 ~99. 90 %) F I i3 o e B 55 1R A P 48 K 2 B0 R L 00 4 SR 1 405 VA G b S Bl
N REE I SRR 5 . ZEHEAE IR BEF Y Shannon ZREMFEECN 5. 10, EAETHEDIZE 10 Kt
TREZ 2. 75, BEJE EIRIES 25 K EFHE 4. 00, SR JF IS 75 KT REZE 3. 81, MM A& rh 40 d 2 AE 1
ey WS <R

%2 EHA #RZZ R AE S Alpha SHEM

H Sobs Shannon Simpson Ace Chaol Coverage/ %

EHA WG 885 5. 10 0. 02 910. 60 904. 73 99. 84
EHA 5 10 X (FHEHD 207 2.75 0.13 243, 62 241, 44 99. 89
EHA % 15 R (F i) 237 3. 04 0.10 264,01 263. 00 99. 90
EHA % 25 K (R 300 4,00 0.05 324, 97 319. 00 99. 90
EHA % 35 K (iR 295 3.99 0. 04 330. 09 330. 04 99. 89
EHA 45 45 K (MR D 293 4,01 0. 05 318. 92 321.50 99. 90
EHA % 65 K (BRI 311 3.90 0. 05 361. 97 360. 50 99. 86
EHA % 75 K BN 310 3.81 0.07 363. 74 369. 11 99. 85

2.2.2 HEBEE Beta ZHEE T

308 3 X 3 AN [) st 190 401 28 A % 64T PCoA 431 (I 7 Ca)) S 5 22 4 O A0 B A8 Bt e 4 1l 2 A8, Hovp
851 EARFRPCO I TTHRE N 55. 45%, 45 2 FARBR(PC2) B TTHRHE N 33. 19% ., PCoA T4 i
Sy BT TRVRE fft (R TR T A o S 7 R it ) ) 25 S R 3 ol 2 ) T 65 R A A L, S R 7E PCoA B
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PRBGEGE . EHA Tt S0 s ST A A B g A o 5 W1 7 A0 R e 00 ) 00 TR R A M 2 S R e
I3 0 0 JE A SO A it B 25 R 50 B D Y Al B0 2 oA SO A B v 45 A AR/ AR

0.6
0.4F : 154 ®lod
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m‘ 0 |zssammuasaviing 25
= 35d
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* o2k 65d
75d
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_0.6 | 1 I L |
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PC1(55.45%)
(a) PCoAE (b)) OTUF BEE

® THEH; © miEH; o RIEY,; e Emady
E 7 EHA HEEFES PCoA B OTU F BE

EHA HEAETHEI 5 IR BRI R 28U REA T OTU (4043512 1036.343.334.310(& 7(b)) .
OTU #it 5t T RE#a#H X 5 Alpha ZHME TSR — 8, ARIMEIEHIA R OTU X 185 4>, &
BI A M AT do i e S AR 1) R A e B 28 A, (EL 50 20 40 T RE A8 70 8 A BT S S0 A0 R BEA . X mT g2
I T A= W ~F 5 0025 BR A A8 S 4 b A W Ik 173 0 AR AP PR FE — R EE kS T AR Y S AR
MRS
2.2.3 HNEFEELT R

TEJE/KF L  EHA HERE oA 320 18 5 Bk 2E 4 B8 @ (Bacillus » 2. 21%6~62. 91%0) cunclassi fied _f _
Streptosporangiaceae (family Streptosporangiaceae. #% #1 2& £, 6. 48% ~ 27. 84 %) . norank _ f _ JG30-
KF-CM45(family JG30-KF-CM45, 1. 41 % ~8. 46 %0) . 5 ZF f0 T 1 J& (Paenibacillus 0. 85% ~ 7. 75%0)
PEEAFT R (Thermobacillus »0. 60 % ~5. 64 %) F (] 8) . 76 HE AL FH LI L AH X =F B 45 5 1) 71 J& 20 il A
Bacillus (2. 21%~62. 91%0) Fl Paenibacillus (0. 85%~7.75%) . HH1, Bacillus 3 AT R G5
FE AT RE T Bacillus novalis B3| A K, Bacillus TEHERR A H WL, BN AE 3678 BT 09 20 i A0 IR
JE#, HA BRI RISy Bacillus WARRERE R = 0 TR AW . B0, MUROIL %2 % 31y B H + 1
1 Bacillus pumilus NKCM3201 BeE ABHRAYH (12, 2 mg/(d » em®) )W O 1R T BRI/ R Ik
BRI, SONG 2520 35 Y4 - 48R 43 B30 Bacillus megaterium strain SZK -5 AJ L)W 5L BH 25 -7 5
PRI TR A B e, 4 JC e SEAE R B TR T . OKSINSKA %5 -3 43 BI Bacillus megateri-
um isolate 37SBG REMS IR RNIGTRE R G W . b ml DA, 285 19 Bacillus AHX A FFi5
e CPAM AR R 5554k . Paenibacillus J& T JEREDE T, X BE A pH A8 A6 9 38 7 588, [) B 2L AT
KA 1 R W B A BB 3 o A v TR R R X AR A 0 2 248 22 55 WL R B SR 0 ST S 5B R A o 1 S L g 28
FREEAS . HEAEHE A B RIS sunclassi fied _f Streptosporangiaceae (6. 48%~27. 84%) .norank [
JG30-KF-CM45(1. 41%~8. 46 %) il Thermobacillus (0. 60 % ~5. 64 %) (AR 1 B E T+ . Strepto-
sporangiaceae 5 Thermobacillus TEA WU A 5T K FILF 4 2 A9 RE M 55 AL FE vh & 4% T 8 B A4 1™,
norank _f __JG30-KF-CM45 75 4 S HE AT i BE A2 32 5 A7 BILJST A% 70 A 3 32, 382 e MEJIE 7 1 ) A 1k
B4, JIANG 4557 &3 norank _f_JG30-KF-CM45 5 TOC 2 HME, Bk, EHA HEIE R 4 0 iR 4
=) OM fil TOC [EFSCRTGES unclassi fied _f _Streptosporangiaceae snorank _f _JG30-KF-CM45
M Thermobacillus F5C. Z5 b FEHEAC IS R b A G RE T8 2540 K A2 1 035 A28 Ak O BEE A0 T4 s 1) A= AR e
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