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Methane Potential

Biodiversity in the Anaerobic Digestion of Excess Sludge
DONG Hui-yul , JI Min®

(1. State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese Academy of

Comparative Study on Biological and Methanogen

Sciences, Beijing 100085, China; 2. College of Environmental Science and Engineering, Tianjin University, Tianjin 300072, China)
Abstract: AP and DH excess sludge, sampled from AP and DH wastewater treatment plants respectively, were inoculated with their
anaerobic sludge respectively and tested with biological methane potential (BMP) method. After the regression analysis with modified
Gompertz and Michaelis-Menten model, it was found that although the maximum specific CH, production rates of AP and DH anaerobic
sludge were similar [ 74.21 and 51.99 mL:(g-d) '], the half-saturation constants K, differed obviously (54098 and 19 005
mg-L""), indicating DH anaerobic sludge exhibited a higher affinity for its excess sludge. At the end of both BMP tests, the
concentrations of TSS and COD, decreased while the concentration of NH, -N increased obviously, which were more significant at
higher ratios of /M. The T-RFLP analysis results were in accordance with BMP tests. After both BMP tests, the relative amount of
diverse bacteria decreased while the relative amounts of Methanosaeta spp. (280 bps) , Methanomicrobiaceae (80 bps) and RC-1 (389
bps) increased obviously, which were more significant in DH-BMP test compared with AP-BMP.

Key words : excess sludge; anaerobic; digestion; biological methane potential; T-RFLP
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( Methanothrix) ; 53 —Z8 | S A0 — E AL & B H
Bi. TG IR IR | S nY SR BRI AF R AT
FEN G220 T 16S tRNA 14> TFAEW 2 H AR
(ZRTERRREBER UK SERE SCRBOR | PG AL ¢
28 ) RFIRAE 15 U6 32 Ge i v 45 A8 0 A8 AL R A7 43 B,
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B0 R W KNS R L e bric Fr Wi 2 R i
RTFSR A WA 8 0 454 B 4. Collins %5 1l
T-RFLP H AN RIS Y A2 5 0975 e th i )
W AT O 9T e e AR5 e b i ey 7
Wt W Bf 2 Methanosarcinales ., Methanobacteria i
Proteobacteria , T UV #ia f TAaAE i b7 DL S5 BRI FE A
Methanosarcina

vacuolata 1 Methanobacterium

palustre. T-RFLP A AT LIAR 7 GCHt A0 ff 2E Py Fh 288
T INVE I, REAE S (L W 48 4 RS R 3 2
TALRIE R, ©SS R T IR E 58 CH, BHRRE
VRS | ShAS AR AR Sy

A58 R ) 43 15 e IR AT A6 ™ CH, A2 i3
( biological methane potential, BMP ) A9 Il i J7
RO )RR AT TR R U A AT TR S
B AEPIT RIARTSVERY 7 07 CH, 3R | BE BTk B
[ SR A5 ™ CH, B SCHES L, PR AS [H] )
VG VRTE R AL R TP B 7 CH, 2R )8 ] A Xof
BMP S5 5 B K B AL 3T 20 #r , 455 IR 1k
HIJE T-RFLP /728 Ak, % 9 3 % 35 e 76 IR 4800 1k
PEFE CH, 2R MY 2 S EA T AR ) — T RO
AN TFIR 4T PR DR A AL B Y 7 CH, W BB HEAT
VA, IR B8 PR AT AL T 2 A W R B 2
AR AR N OGS R AR AR

1 BRI

L1 RES TR IS RHIE
AHEFE PRI A5 T . RS ek BT

AP 1 DH 757K 4030, AP V57K A 31T SR A i 1
W HEK I K, 7KK 5T 5 32 KRR s ), HL R Vb 45
TCHLFURE & B DH I5 K Zb 38T g 245 I 15 it
Se3 , K R SERE BT KA I IS A T A T TS K
1K W DR HE R BT, AP PRAS R 1 VSS/
TSS{HZAE 0.5 LR, i DH R4 756 i VSS/TSS
HAERELE 0.6 DL I, DR Ab it AR 3 M 4f. AP
T4 75 P8 B VSS 8050 mg-L~", TSS 14 350
mg-L~". DH F|AT5 981K VSS }9 250 mg-L~", TSS
H13 230 mg-L~".
1.2 BMP ¥kt

AP-BMP, DH-BMP 3% ¥ 6 20 AN [a] 75 e 111
FFE/M(0,0.1,0.25.0.4.0.6, 1) 47525, h T
V5 VERAR ) AN S A, SEIN F/M NSk 1 s, BMP
SEHSAE 120 mL B ILIE R 2R AT, AR o v i
A BRI AT5 R, K Owen 2510 3 H 1 IR 4806
ORI , Hrb CaCl, -2H,0, NH,C1, MgCl, -
6H,0. KCI, MnCl, -4H,0., CoCl, -6H,0. H,BO, .
CuCl, -2H,0 , Na,MoO, -2H,0 . ZnCl, ¥ 34351 K
16.7, 26.6, 120, 86.7. 1.33, 2. 0.38, 0.18,
0.17,0. 14 g- L~ B MIE A 27 mL (73T
KA 5.4 mL #9 (NH, ),HPO, (26.7 g-L™") , 2
JEARHEA IR ) F/M LA EE R IR TS e, AR5 1
Ji, w PSR I AR TR B 0. 78 35°C R ek 5 3540
PIHEA TS5, S0 56 2 A v DA 3% 38 V8 9 £ (50 mlL) U
RS, IR A GC-ECD %€ CH, . CO, 1 H,
(R LA, i B 2 AT S, U R T e A
JKJFS3Hr. AP-BMP . DH-BMP 43 lli% & W 41 4752
5, =S PR R 0. 1 mL.

&1 BMP WL F/M tt

Table 1 Measured F/M in BMP test
o ZEJFE(S) (LA COoD) FERI5 e (X)

5 4 : F/M
nE RS /mg-L"! (1) VSS i) /mg- L~
0 0 14 550 0
1 2820 14550 0.19
U 6109 14 550 0.42
3 12220 14550 0.84
4 20 680 14550 1.42
5 31570 14550 2.17
0 0 12900 0
1 3002 12900 0.24
piEmp 2 5856 11900 0.49
3 11802 11450 1.03
4 14 650 11700 1.25
5 28 450 12900 2.21

1.3 hrorik
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L.3.1 RS

HWHLIK A5 b5, F1 45 pH ( Suntex lon Analyzer
3000A ), TSS ( Sartorius Analytic oven )., NH, -N
(‘Autotitrator AT-400KYOTO) ., TKN ( Autotitrator AT-
400KYOTO) . COD ( [ fn#Aimg aE ) 45 , F 40 1 5 [
EPA #1%E ¥ Standard Methods'"™®' #L5E 47, 5286 3
FEPAUA T (CH, . CO, Fl H, ) &R A
1% ( China Chromatography GC8900T) #17.
1.3.2 T-RFLP 74

AW ST Lueders 251" #57 f T-RFLP J5
00 S I DRARTS T i A ) Z AR i AT 03 M, 52
BB RAE i@ i PCR R & ) DNA FE i b iy B
PRIED, 19 e 570 R s LAl AT 96 R Ar 109f
1 Ar 912r™ | A SEAE 94°C A VE 5 min, U HEAE R By
BALFE 94°C 72 M 1 min, 52°C 1B K 1 min, 72°C ZEf#
1. 5 min, 2L9ER 28 cycles, 5 J5 7E 72°C 25 F N {6
min. @7E 8.5 pL B PCR F=#H A 0.5 pl Tag 1
1.5 pl AZE s W, 16 65°C 4 MM AL bl & 2
hy GFUIEE i BRI H UK 43 88 91 LA 6 AT
(4 A B AL 43 HT 1L, ABI PRISM 3100 Genetic
Analyzer) £ Wl Fr Bz I B 47 14 9¢ O 5 2.
TR | ke CH, 2B Methanosaeta
spp. « )= CH, T4 Methanomicrobiaceae . RC-1 Fl =
CH, FF A Methanobacteriaceae , A HE 2 P4 O T Fh A A

Diverse 25.

1.3.3 it

Pl 5 P R A A i # b 2R CH, A
K JHBGH Y Gompertz 5175 1] 5 434720

y =(8-t+4A) -

Lueders

R_. -e
exp{—exp[ o -(/\—t)+1] (1)
o-t+A
140
m 0%
<
120 - ® 1% L
A28 .
v 32 o
2100 4 482 >
= . »’ )
| > 5% - 41
= 80 g
d
£
By
> 60
(=2]
I
< 40
20 F
0

0 100 200 300 400 500
JB2 1 e i)

o,y HEBESR & (mL) ; § AR ER
FR(mL - h™") ;¢ HVBHE (h) ; A P E
(mL); R, : K= A R (mL-h™"); AR
(h).

A B PR AR R S 0T b2 — R M B S
i, PRLHGR ) Michaelis-Menten 5 U IR 5 43 75 T8 ik
BE 5 R RN E R

S
V=V_ K +3 (2)

A,V A BRI EAR [ mL- (g-d) 7' ]; VA
PO A [l (ged) ™ T K, K2 A R
(mg-L™"); S NEAHE (mg-L7).

2 HR5ITE

2.1 BMP =S558 50 0r

AP-BMP ., DH-BMP #tt ¥ S 5 457 25 15 [8] 43 551 Sy
439 h, 765 h,6 A A[RIAHIC e iR B AT
A W i 22 5. SEae ) BAR R 225 A
(FE 1), Gl K. P S5 AR ¥ 2L CH,
(80% ) . CO,(20% )}y &, [FIBSAEFE > & 1) H, (A
S 1% ). LR =S5, oy AR B 5 — B Bt
PR 7 HBE R R COD 805 K gk
YT T IRARR I ;. Z R R R R L 2 e
IR % B B i) B A0 SR R el x5 e K it /8
AR K A 0 AR TR A BN . ARSI A R B
RATIA T8 AR B MR 7= 2B 2 B U 0 1 K i
PR CH, A57EE TR N FH e HE ) Gompertz A5 7Y
X AP-BMP, DH-BMP /=S 47 [8] 15 Ji5 i) S 5an &
2 TR, TR R RS U8 R R 5 e it
Gompertz BRI 50 (R > 0.99) . 38 # PRAH Ak
TR Y B AL R K R R FE TR N

200 |- o
[ 2 d
> 4t

| »F “q‘ﬂ‘
E >
=150 | »> R vy
= ot v’
o 4
T 4
N
-9
=
2]
)
=

1
600 700 800

0 100 200 300 400 500
Ji2 R 1 i) /h

E1 i CH, RER~=SE5MmEAM%

Fig. 1  Measured cumulative volume of CH, and regression curve
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Table 2 Regression results in BMP test with modified Gompertz model

5 et A R, s A VSss Vinax e
/h /mL-h~! /mL+h ! /mL /g /mL-(g-d) ~!
0 20. 00 0.15 0. 06 19. 14 1. 164 3.00 0.992
1 7.58 0.23 0.08 23.05 1. 164 4.70 0.993
AP-BMP 2 0. 00 0.38 0.13 33.23 1. 164 7.85 0.998
3 0. 00 0.65 0.18 41.74 1. 164 13.46 0. 996
4 0. 00 0.96 0.25 57.02 1. 164 19. 83 0. 996
5 0. 00 1.35 0.34 77.53 1. 164 27.75 0.996
0 12.92 0.19 0.08 28. 33 1.032 4.39 0. 990
1 3.93 0.29 0. 09 42.20 1.032 6.69 0.997
DH.BMP 2 0. 00 0.78 0. 20 95. 48 1.119 16.73 0. 999
3 0.00 0.96 0.23 109. 09 1.076 21.35 0.998
4 0. 00 1.15 0.27 128. 88 1.076 25.72 0.999
5 0. 00 1.31 0. 30 155. 11 1.032 30.57 0. 999

SNREETRG 0 SRESL H, AP, DH JRE TS IR AYIR T
B354 20. 00 h, 12.93 h, FH DH K475 K975
PR .

K HE Michaelis-Menten 5 5 5%} 9 i ¥R 52 56 49
FEFRMREE | Fb 7= AR A S B 45 R AN 2 TR
(R*>0.99). AP, DH R 75 R Ay K b P <
FREAK, 43 0K 74.21 . 51.99 mL-(g-d) =" {HF
JIREAETGTRE K, A 25, DH IREI5 1R
) K,, F719 005 mg-L "1 AP JRE 5 K, =ik
54098 mg-L~". K, LAY 25 H1 B9 5 5, W
AP RETGIRRHZ) R4 T5 TR E M 22 | 75 BLAE 48
TR I MR B R A RE B 07 CH, TR fE.

_ (a) DH-BMP
S 0t .
2 25| .
-
%Er 20 b .
15 e
=2 Varax = 51.99 x
= 10 L e .99 mL-(g-d)

5 P K =19 005 mg:L™!
5 S R?=0971

o

30
, (b) AP-BMP o
S 25¢
&
o 20 F ]
E
# 15| .
ﬂ‘i - -]
8 10l Vinax = 74.21 mL-(g-d)
= - K =54 098 mg:L™!
;i 5F we R*=0.991

0k

1 1

0 5000 10000 15000 20000 25000 30000 35000
HE/mgL”!

& 2 Michaelis-Menten # %! [E J3 BMP = CH, #ZE 5 #]

Fig. 2 Regression results of methane production rate curve

in BMP test with Michaelis-Menten model

2.2 KA B

AP-BMP ., DH-BMP P ™4tk 7 52 56 45 5 A []
F/M A% AR BOIRBLADT 36 3 Frs. PRI IR 5
B BEE /M B, pHFh 55 R PR AR R 55 B | 43
I TAE 6.8 ~7.2.6.7~7.1 JEEN.0 5251
PR, W RE B AR WS INEE T, IR TS 6 B B B K ff 1
' DH-BMP 5 AP-BMP 525645 Bt ORP {4351
fiF -235 ~ =280 mV 5 -235 ~ —282 mV JLHI
. B F/M LRSS, IS HE R SEEG Y ORP (4T
E R EE. RAAE N E 2GR E R EA
IR ORP, AN[R] Y IR 420 TH A A4 22 FIAS [R] 8 DR SR R
Pt ORP [ ER A ] 2.

PR S e B F/M 400 F F cOD, FR&
B4, 5 AP-BMP SC554H L, DH-BMP 52 55 45 95
COD, TR A i35 5k & b i 22§ 947 000
mg-L~ N 232480 mg-L™" 7E5 F/M &4 F IR
AT A5 0 o 58 4. LR SE B AT R, NH, -N
JE¥ AR, ANFE F/M 508 NH, -NAE b 25 548
K, DH-BMP SE55 1 5 5 FF i 5L 560 45 50 J5 NH, -NV
FEIRE| T 755.5 mg- L' SRR E L B, 75
VK e BRI A0 TR, TE 5 F/M S50 RS 1
FRIGRE S, (A5 415 P RO i e | & fb o B AT 7%
R SEAs N H A5 NH, -N 8 248 7H . Ptk
SEEGHTSE TSS AR 2 I 5 COD, KM B, &
F/M £ T RS DH-BMP 52589 5 Sk
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&3 BMP LEARHIARE F/M EHTEEKR
Table 3 Main water quality of different F/Ms at the end of BMP test

WA 4 pH ORP COD,/mg-L " NH, -N/mg-L " TSS/mgL
/mV I % I % I %

0 6.8 ~235 20070 18720 115.6 199.0 30350 28300
1 6.9 -8 22880 21430 126.4 232.4 34150 32900

- 2 7.0 247 26170 23890 132.3 259.4 39250 37100
3 7.0 -253 32280 29060 141.0 360.2 46 900 43350
4 7.1 -267 40740 36750 153.4 400.3 54750 50200
5 7.2 ~280 51640 45250 170.1 509.2 65100 61200
0 6.7 ~235 18550 16020 189.5 286.3 22000 18 050
1 6.8 -8 21650 17460 185.9 323.7 22500 18750

DILEMP 2 6.9 ~249 26070 21530 190.6 461.1 29350 26550
3 6.9 - 259 27590 22720 196. 5 516.5 31050 27500
4 7.0 - 268 35920 27800 2321 601.0 36 850 31300
5 7.1 - 282 47000 32480 258.9 755.5 45100 38 050

2.3 JREISRAEY AT

[l 3 %75 T LL AP-BMP, DH-BMP 5255 i Ji5 /™
e D RE I 2H I 22 AL i L. 5 AP-BMP, DH-BMP
PR S ™ CH, | K B2 A6 % A — 3%, DH
FERP PR AR T3 08 b H o8 B (0 AR NS 25 8 T AP 4%
FHIRAET5 1, AP-BMP 1 0 5 £ i (19 24 & ( Diverse)
HAXS i 60% . DH PR 415 U8 ™ H Be D e
EEw HARX & 28w , AT BE /2 DH-BMP 255 2
TRAIE R K, BT AP-BMP [l 5 40 1) 5 2
AL

AP-BMP S5 J5 , RIS ML 0 5 L4045 o)
J& 4= TR ( Diverse ) A X 7 BB 2 14% , 31X 7] fE /2 iH
TR =, 7= be 18 5 24 1 ( Diverse ) 43 f# A
WG . 4 SR Y 2R T ( Diverse ) 7 5 AT BT %
ARAELIR BE AN R[] i S 36 45 R JS , P 4H 1Y 7 R e 52
E W Methanosaeta spp. (280 bps) . 7= H b I3 B
Methanomicrobiaceae (80 bps) Fll RC-1(389 bps)

AN B A 4R . DH-BMP SEER RS 7 B e 2 g
B AL AR 1R L5 AP-BMP 28 L2581, DH-BMP
S 25 SR BT 22 B ( Diverse ) 7 B FRAIL,0 5. 5 54
i P Z% A ( Diverse ) AHXT & 8N 17% . 77 H S 5
E W Methanosaeta spp. (280 bps) . = H bt 3 #
Methanomicrobiaceae (80 bps) Fll RC-1(389 bps) I
AR 5 2 S A7 BT i e, 3R B 7 Y 6 T 1 3% P LA
PR S R AR DR L A TR R B
It 2 B B Methanosaeta spp. I % VL £ TR Ry 5 it
AR R, R AR W
Methanosaeta spp. FAXT 7 2 £& 5y , 1 H & 9 Fh = H
L LA H, F1 CO, S BEmA: st b, th T 2H BMP
S Hy 1Y AR R B (AN 1% ), R ™ H e
FFB8 Methanobacteriacea (88 bps) . 7= H e 1 7
Methanomicrobiaceae (80 bps) #HX} & 1 A8 b A W =
F 5t 8 & T8 Methanosaeta spp. (280 bps) 34 il i
%[4].
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Fig. 3 Variations of relative abundance of major T-RFs in the anaerobic digestion of AP and DH excess sludge
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