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HEIR 7 CH, I 0 AT s 2 0N I =400 mg - L B, DRAUTHAL 30 d GG A= it A ™™ CHL A0 Bl 24 S0 VAN I A2 14 185 i3 i o4
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Effects of Ammonia Stresses on Anaerobic Digestion of Swine Manure

GAO Wen—xuan', ZHANG Ke—qiang', LIANG Jun-feng', SONG Xiang—yu', HAN Bing-ya'?, DU Lian—zhu""

(1.Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2.College of Land and Environment, Shenyang
Agriculture University, Shenyang 100161, China)

Abstract : Anaerobic digestion is a commonly used technique for treating livestock manure and producing biogas. However, ammonia gener—
ated during the digestion may reduce the efficiency of an anaerobic digestion system. Here a batch experiment was carried out to investigate
the effect of ammonia on anaerobic digestion of swine manure by adding ammonia at 0, 400, 800, 1600, 2400, 3200 mg- L™ and 4000 mg-L."!
under mesophilic conditions(35 °C). Cumulative biogas production had no obvious differences at 0~800 mg+ L™ of ammonia concentrations.
However, the lag phase appeared and cumulative biogas decreased when ammonia was higher than 2400 mg-L™". Yields of CH, were 328.5,
338.1, 323.2,304.9, 276.2, 124.9 mL+ g™ and 56.1 mL-g™ VS for 0, 400, 800, 1600, 2400, 3200 mg N+ L™ and 4000 mg N-L, respective—
ly. The maximum CH, yield rates were 18.3, 18.4, 17.1 mL-g™-d™" at 0, 400 mg N-L', and 800 mg N+L! of ammonia added, respectively.
Increasing ammonia from 3200 mg-L™" to 4000 mg- L™ sharply decreased the CH, yield rates and greatly delayed the peaks. The biodegrad—
ability(BAD) of VS at 30 d was 55.6%, 56.7%, 54.5%, 52.4%, 30.6%, 1.6% and 1.3% for 0, 400, 800, 1600, 2400, 3200 mg N-L~" and
4000 mg N - L™, respectively. The results from terminal—restriction fragment length polymorphism(T-RFLP) and clone library showed that
the relative abundance of acetate—utilizing Methanosaeta decreased with increases in ammonia concentrations, but the abundance of hydro—
gen—utilizing Methanosarcina and Methanococcus had an opposite tendency at ammonia range of 400~2400 mg-L™".
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GRZEFROR, HZBGH] TR B Z51 BN E X%
FEPE AL IR B FEARRT D, E RO BT T 4s
PR, RAEASIEL TS>15.6%H iR & AT TS>7.4%
F1%) e Tk A TR 4T ] B AR AT, B T A ) JB A 4
1100 mg- L™ BRiE SRR 28 S TR R 45
B, =AW EE M 2250 mg- L 34 3] 3800
mg- L7, PSRRI 74.1%.

AR X AEZE DRI A AR P B 2R B4, ot
TR F AR T IR R H AU RE , DI
Y215 PRI A M e BE A e AR B, i oK
s B 1l PR iU e B B 22 254 ( Terminal —Restriction
Fragment Length Polymorph— ism, T-RFLP) Fil 57 [ 3C
PE, AR I T 7™ B A o 0 A8 AL
T, LU R TR G2 A S 7 205 D AR A ] 4 1
BB AR SR
1 R 5AEZX
1.1 R34

R IRURMIE ZE I A T 06 7 X R A 77 5
Bt FEFMHII A 5250 % KB AT YR EE D AETH AL
i 7% ( Continuous Stirred Tank Reactor, CSTR ), $&2% I
R AT 1,

* 1 REEREBHHE

Table 1 Basic characteristics of manure and inoculum

F8F1 Factor 2¢ Swine manure 3R Inoculum

SAE PR 143 HK Total solid/% 30.1 2.1
PRSP ATt 535 78.2 52.6
Volatile solid/%
W&t Carbon content/% 36.8 28.3
AoE Nitrogen content/% 2.7 3.9

12 RERERFEGH

AR E AR IR S BN 500 mL R ; o
SR F AL (GWHI 11, flt [ ) ; 6 S B bR s S M
3 (GC-5890)
1.3 iK%
1.3.1 REGHIRIR BT

FREC 15.0 g JEFE B REM T, H2A 100 g $Fp
¥y, ¥ 400.800,1600,2400,3200.4000 mg L™ (L N
1106 A~ NHI-N 5 e B B6 B, i A I 9
NH,OH, DA I A A5t 08, FZE K R % 5
R 200 g, TZS A AR 2 min JE % 3HE5], BT 37 °C
IKTEAE NI TR AL, B R E N Tl . B Ak
PR 3 AT, WA pH 4351 6.83.7.15.7.52 .8.07 .,

8.49 8.75.8.94, I 1R 5 e WA 5t DR 4AUM A=A
W7, FFBCTARFE S e Hod CH, A CO, iR
OYEL, BRI S SRR Je B DR AU AR HE R 5 3
U2 o PR AR BT i, O AR 5 b 1 pH L 24
R E TS Fl VS iHHAARHERDL T (1 atm,0 °C)
PRI s B T [ oy PR 77 A P AR AR
1.3.2 JE[H 4] DNA $2H

27 Feng 71k, DA TH AR 56 U5 U~ b 3
o3 A EE IR G 2 mL, 14 000xg IR VR ES L
10 min, 3% IS5 W, % F FastDNA ® Spin Kit for soil i,
7l &5 (Mpbio, USA )2 HUIE [ 41 DNA
1.3.3 T-RFLP

77 E T R PCR 3 R A 514 A109f
(ACKGCTCAGTAACACGT) #I1 A912r (CTCCCCCGC-
CAATTCCTTTA )™ )z 0] 5| WK v 6-carbixtfluo—
rescein(FAM) % ZFRic . PCR 2544:94 CHiA: 1 5
min, 94 C25 ¢ 1 min, 56 °CiE ‘K 1 min,72 CHEff 1.5
min, 3£ 30 AMEIR, )5 72 CIEfH 10 min, 3734774
afifb 5 FHBR R E N VI Hhal YT, B0 74 F B 40
YK B, BEHL 50~600 bp (1) DNA F Bt idE47 4347,
5 T-RFs #HXT N T 190 Fr B .
1.3.4 SepESCFEM

FHARDESERRIC AT 14 (A109f F1 A912r ) X HEK 2H
DNA F£ 5 H i B 168 rDNA #E17 PCR 974, 474
PEIaifl 5 5 pGEM-T Easy # /4 (Promega, 25 [# )%
$2 , FEALE] IM109 JEsZ 25 4l g Hp , i 0 5 1 BRE A
VIR se e E Ty o 725 2R 5 NCBI £5040 %
FREVHIE B K 16S rDNA JEFTEEXT, A g RE b ol v
B,
L4 WX E 57 %

FEZSHHERIMYI TS VS R AR A E ™ S
K PG E IR E , AR FH S R Ak el
FE 2 R F A0 R A I Y CH, AT CO, IR FR
ECR ARSI K 2 m 948 3 mm, Po—
rapak Q #1, A1 40 °C; I RAG I #F (TCD), I 180
°C; A (S WE 21 mLe-min™; FERE FEEE 100 °C,
HEAE R 500 L™,
1.5 HU R RE

N AR IR AR Y B A i Ak CH,
K (Biodegradability , BDA )",

Ye
Yi

Ve SERR VS (19 CH, 7738 mLg™; Y g VS (Y

BDA(% )="—x100% (1)
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g CH, 77% ,mL-g',
L6 SERRERESHES

HRAE PR AT AR B S U v B A pHL, i g 2
(2 A R (FAN ) v 0,

[TAN]x10" 2)
exp|6334/(273+T) |+10pH

P [TANDRY S E BT SR , mg - L ToIRE, °C
1.7 BES

K SPSS 17.0 #4722 5 8 & 1443477, ] Duncan
TE ML PTE 0.05 /KT FAE

SRS

2.1 REEUF=SISE

AN ) 2 U ok B e BBNE AU RILE 1,
SATIN Jy 400,800 mg- L i}, VS B8 5 X}
HEOCH] 8. 22 5 Uy 1600 mg- L 5F, VAR
AT 11.1%, RUARRIME/NT 800 mg-
L X PRAATE A TEASFISZ T, LS A 1600 mg- L™
B PR A TH AR AEAESS T 5 RS I 4t 18 30 s 1o

FAN(mg-L‘l)z

x100

2

2400 mg- L™ B, SFE A 5 B B RRAI, T LA
“J 24003200 mg- L™ B3R #8430 4 K 1) 20 d F1 60
dAf, FRPRAWHLSREEHBEME , 5
Prochazka S5 IR AE AR o 1aXEe 45 A i, XT BN
AR VS TS 3850 51 R 502.4.517.9 491.7
460.6.388.9.181.3.92.7 mL-g™, VS ff§ CH, j= 243 3
7 328.5.338.1,323.2.304.9 .276.2 .124.9 .56.1 mL-g”,
XA, A &R 400 mg- L™ B 3E N T
2.9% , oAt ib R4 B FEAR T 1.6% .7.2% 15.9% .
62.0%71 82.9% .,

2 AR TR A I R 7= CH, R ik X i
FZ IS0 &R 400~2400 mg- L™ (AL B H 54 P>
PR HRIEAE , 5 Zhang SFUI B RARST , Horh
BN S e W VS SR AT BILJS () DRA R A, 25—
AR IR LA 11 IR G FIRLEF 4k 25 K4y TR
Vs E o R o SRS A 0~800 mg» L' [ b 3
o — AR S I PR SS 4~6 d, B K VS 77 CH,
BRI 183 184 17.1 mL-g'+d™, AR5
W BAESS 28 d A4y, K VS 72 CH, R4 518

80007 —-XiM  —W-400mg-L'  —A-800 mg-L” ~/ 1600 mg- 1"
7000F 02400 mg-L”  -@-3200mg-L"  -O- 4000 mg-L"
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Figure 2 Dynamic curves of CH, production rates during anaerobic digestion
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10.4.12.1 13.1 mL-g™-d™"; M4 & A& h 1600,
2400 mg- L™ B, 55— AN S g 4 i 4E R 255 9 d
FI5 28 d, F R VS 77 CH, #2451 K 12,9 .14.5 mL-
g'-d MR NN 3200 ,4000 mg- L i, HAA—
A7 CH, w06, 43 50 H IRAESS 69 d 1 88 d, i K VS
77 CH, B3R5 5 0 4.8 2.9 mL-g'-d™ X W) ih
B Bl AR R FAN 9 J5T it T 2 I 28 20 ot A 34
I Tk, A AN R 2400 mg- L B X B BE
BTG PR AR E R, S 80™ CH, iR ™
CH, S, 448y 3200 mg- L' i, 7% CH, 2
NEFE 60 d ZEAT IR, (R ARG

& 3 N ARRAEHRTR S A CH, BARF B h 2k &
RIS INEART 2400 mg- L™ (4R, CH, A ARFLS
Bk —30, 58 AR IER CH, I IRFR S 5L
1E 77.0%~85.3% 22 [0] , H FLER— =S s AT T
B, B R AL AR Y CH, IS YA [R]85 — A7
S Bk A Y iR AL AR S RS /N
ST AR, 55 A PRk A & B
LR A S5 Hy ik — 2P A, AR 11 e 07 S R AR Y
THAH CH, AT Eol F A m . R AN,
3200.,4000 mg- L™ I}, [ 5 DR AR AN [R] (1 224, CH,
TRFRU B B T, B PR i g I LR e 2 e %
ot TR AT 2 Al Bl e i A T, R
RS2 AV E T SR 28 sl 55 , A CH, 1Y

a aTs
a a
= ] b avs
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Figure 4 Degradation rates of TS and VS at different

ammonia additions

55.0% 42.1%F0 35.4% , 5187 F AT o
2.3 HEWFFE CH, &

3 2 AR A A A It e T DR AR T A AS TR) B
W19 BDA . ARFETHAL RS CH, PR R 09,
IRIG SIS CH, )7 385 474 mL- g™ VS, HH 3R 2
AIAL, BRI INEA 400 mg- L™, JHALAS I CH,
FEFN 338 mL- gt VS, N ERE T R) 71.3%, M A

&2 AEIHEE VS 7= CH, 302 (BDA)RT L
Table 2 CH, yields and biodegradability(BDA )

of VS over digestion time

IRFUS RGBT NH:-N 7§/ Ammonia  CH, 72 Methane BDA/%
addition NH;=N/mg- L™ ield/mL-g™
22 M TS VS £ E g y g 20d 30d 60d 90d
. B B 328.5 363 556 659 69.3
I 4\ﬁ$ﬁﬂ}iﬂ§éﬂ{ﬁ LJR TS VS 1 A 400 338.1 392 594 656 713
Ao BRI 0~800 mg- L B4R FH R TS HYFE 800 3232 382 571 630 682
T 48.5%, VS BIFEfRFR = T 67.0% ; 2 RS i 1600 304.9 313 445 605 643
7 1600 mg- L™ } DL FBF, TS F1 VS A Rk 5 bifi 22 % 2400 276.2 52 260 506 583
TSI 1) 388 0 T R ARG L TS 1) B A 2R 43 331 ol 44.9% 3200 124.9 LT 14 55 263
39.9% 30.8% Fll 27.0% , VS (1 [ 24 B K 62.0% . 4000 561 07 11 22 118
100 -
80
= 60 [
= 40
jum
200 & 4 X 400 mg L' —A-800mg-L? @ 1600 mg-L
“A-2400mg-L" -O-3200mg-L" 04000 mg-1"!
0¢ 10 20 30 0 30 60 70 80 90 100
AL ) /d

& 3 BSH CH, oL i £

Figure 3 Dynamics of CH, fraction in biogas
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VNI = T 400 mg - L B, CH, 7™ 22 51 BDA 32 7 ik
AN, ERI A 4000 mg- L™ B, CH, 77 54 56
mL-g™ VS, IR R B CH, 7= A &8 5 e = 5 W
11.8%.
2.4 R4 TAN 0 FAN 2544

PRAETH AL FAN 25| & 2 il (9 3= 28 Ji o=,
CH, j=3.5 FAN [V & 2 W LR TSI & R I
&5, WALHTG pH & FAN 0363, i 5 fg 3 n]
A, IHARIS TAN (% o i 5 Bl 22 &804S It (R 15

1201 7400

_ 100} 1350
= 1300 £
£ 8op fs0 =
i 3
]ﬂ% 60t 1200 i
Liso
H;i 40t —O-FAN 0 Eg
= & % 110 &

20} 5o

0
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B 5 ARIESRFMESELE CH, 75E FAN X &

Figure 5 Methane yields and FAN under different ammonia stresses

xR 3 AEERFMEHELATG pH K FAN
Table 3 pH and FAN values before and after anaerobic digestion

NH.-N % WAL Before digestion  74kJ5 After digestion

Ammonia addition FAN/ TAN/  FAN/
NH~N/mg-L" pH meel P el mger
X R 6.83 3.4 732 25975 621

400 7.15 13.6 743 26586 804

800 7.52 46.2 743 3089.0 944

1600 8.07 2466 734 36350 908

2400 8.49 7544 730 38094 87.0

3200 8.75 14449 724 39182 782

4000 8.94 22414 701 41084 487

Fhar , CH, 7= 3R B2 S i (A 38 i ST i e FRAIG

FAN X DAACTH AL Il (e ik BB A v, R 22
JORVRISE R pH RN SRR, AN R 2 5
25 3L (80~1200 mg - L P2 FH 22 55K, Ui Baris £
W R, & m ik /R YL MY, ZBRA
Uy B e T FAN AT A2 46 B Ry 700 mg - L™, 1 H,
FIIFARL = FRGE BT FAN (1 329 iR 5] 1200 mg- L7
WREH, ARBINE N 0~1600 mg- L BFXf CH, 724
AN, B FAN W06 B WA T 246.6 mg-
L7, XPDRAETH AL ICHH A2 . PIhG FAN ST vk hy
754.4 mg - L™ (A S N &k 2400 mg- L) B, 7= CH,
IR HAIEE] 20 d, SREUAS™ 5 X BFRIT 22.6%,
PRAGE R R AR A Y2 RS R 3200,
4000 mg- L™ B, TH1LRT FAN (9 ik EEAE 1400 mg-
LA, BHHIR T 60 d, CH, 77 255 AR F 43 5]
FEART 62.0%F182.9%, (HAFIHEEMZ, THILE Bk
TAN 7£ 3900 mg- L™ )| {H FAN BTt FE AL T 80
mg- L7, RN CH, 3 R 22 FG , 22K A7 TR
YERT pH B, $3 FAN it vk i ik T 754.4
mg - L7 AHJRETH AATAL TRl IR A2,
2.5 SRRMENF R G REE% 2N

B AR AR B P SR EU L 24 DNA S5 TR A
AT Sa A SCERA . ARTEA R T TR 16S rDNA JEA
SCIE BARPIRGEYI 55 K AS 19 751 53 9 ey
FHIG(0TU ), B4~ OTU AR E—Filr i . P45
GenBank 1A A3 (4 F7 S AL FE 81%~100% 2 [6) A
L HUXTEER LER 4,

FI BRI PE IV Hhal B 5 CRRIC I 7 H
Le 7 A PCR 9734 77 P45t T-RFLP ¢4k B (T-
RFs).7E GenBank 1 16S rDNA [L X445 BoR(F 4),
T-RF 93 I H k2 \ZE 3K 8 (Methanosarcina) , T-RF

= 4 HE 16S 1DNA EFE X EREFERIREEFREMEE TR

Table 4 Operational taxonomic units and BLAST results according to GeneBank

OTU ELHIHERD Description of closest relatives 55 Accession No. FHALE Identities T-RF

OTU1 Methanoculleus chikugoensis MG62 NR_028152.1 100% T-RF 114 T-RF 204
OTU2 Methanoculleus bourgensis strain MS2 NR_042786.1 99% T-RF 114 T-RF 204
OTU3 Methanoculleus palmolei strain DSM 4273 NR_028253.1 98% T-RF 114 T-RF 204
0TU4 Methanosarcina mazei Gol strain Gol NR_074221.1 99% T-RF 93
OTUS Methanosarcina siciliae strain T4/M NR_104757.1 98% T-RF 93
OTU6 Methanosarcina thermophila strain DSM 1825 NR_044725.1 99% T-RF 93

OTU7 Methanosaeta concilii GP6 NR_102903.1 99% T-RF 536
OTU8 Methanococcus aeolicus Nankai-3 NR_029140.1 96% T-RF 159 T-RF 534
OTU9 Aciduliprofundum boonet T469 strain T469 NR_043512.1 81%
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114 F1 T-RF 204 ~ W b2 5 )& (Methanoculleus ) , T—
RF 159 fil T-RF 534 & 425K F & (Methanococcus ) ,
T-RF 536 N H e EEE & (Methanosaeta) ,T-RF 545 )y
RAG Lt T, HAR” AR AT 1% 7
et o & 6 AAELE I CH, H BRHIE B (T-
RFs) RO 3232 H & 6 AT AT, 2400 mg- L™ 124 AU
IS B TR TR S AR N, WS AE 0~
2400 mg- L™ JUE P, BEAS 0z A5 B 5 i Bg
Methanosaeta {4 FAXT 3 B BRI HTREAR, H X BRI
39.7%% % 28.1% , Methanosarcina FIAEXT 35 5 MG BE
i 8.7% Ft | 12.8% ,Methanococcus 1) 8 Xt =F & M
6.2%F1 5| 17.8%; G2 AN M 2400 mg- L™ 15 2
4000 mg - L™ B}, Methanosaeta (A% 3 B 8 TF &
53] 40.9% , 55X REAHIE , Methanosarcina FIAE S 3 &
T+ 3] 24.6% ,Methanococcus ¥ % & & 2 il T (& &
4.1% ,Methanoculleus )78 4k ¥a ] 5 Methanococcus
AL

OT-PF93 [OT-PF 114 ZT-PF 159 T-PF 204

ET-PF 534 [0 T-PF 536 [1T-PF 545 & HAlh
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Figure 6 Change of T-RFs in methanogenic communities under

different ammonia stresses

—JREBLT AR AL Y e I SR %
AR, 5 CH, P2 A 1 60% L) 5 N7 B4 7 F B 1
FEN LREFETN Methanosaetd™ ., 1 Fibhss R a]
0 Bt 2 R BT VAR R T L 7 R e o T R kAR B Y
Ak, AR TE 2400 mg- L™ FAN 5 & ik i 0
754.4 mg- L7 LUR I, X2 EARXHHUS Y £ R 8 R
77 L2 B Methanosaeta(T—RFE 536 ) [ A X =F &
RUBTRE IR AT ERREAG, LA Hy B SRR e
WiJ& Methanococcus (T-RF 534 ) F1 Methanoculleus (T—
RF 114, T-RF 204) [ARXS 3 8 S 0] @ TH w3
Methanosarcina W Ll H, F1 2R 55 M W0 A% CH,, AH
Xof - B Bt 2 AU SV A N S B TR T

H, B R HUBE A G s 2 B I T S R E R ™
LT , SRR B SRR HBE B 32 BT DA ™ E 5 IR
SRR, R = R O AT . 4
AN N A 3200,4000 mg - L™ B}, Methanosaeta 1) 4
SR WIS 1 Methanoculleus 1 Methanococcus
PR = B DN 5 R R R . HL D PR AT e AR )
LRI FAN (Y BTRIRIE S T 1400 mg- L, X O E S
YR GE TR A H, 5 7 AU R e 1 A K S0 RN AR
B Besmpg e A, R AR AR & AR X =
I8 T 1% 09 W e o A BIr 35, AT fi Methanosaeta
Methanoculleus 1 Methanococcus BYAH N 3 5 F I H
AR

3 #ig

(12 A B R 0~800 mg- L™ ) 4f FAN it
WREAR T 50 mg- L™ X4 25 DA AL TC W] S8 52, 24
AU N 2400 mg =L WI4h FAN J5i 5 i 2
754.4 mg- L™ X PRARIH AL HA B 500

(2)Z AAINHAE 0~2400 mg- L™ JE NI, 212
IR A 8 TR A A G = J32 S A i 2 6o o W Y
BT RREAR , S R AL B AR S, B AR
FEAR 0T BB 2 P AS [R]85 25 78 7™ B Jd B TRV 45 40 (1) i 72
T Y

Sk

(¥R B XBRAR, 5 K, 5. R IR SN de i 28 T A BEg 267
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