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Effects of acidification on gas emissions from raw pig slurry and biogas liquid during storage

LI Lu-lu, DONG Hong-min, ZHU Zhi-ping", WANG Yue

(Key Laboratory of Energy Conservation and Waste Management of Agricultural Structures, Ministry of agriculture, Institute of Environment &
Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract: This study aimed to investigate the emissions of greenhouse gases( CH,, N,O and CO,) and ammonia from acidified raw pig slurry
and biogas liquid during their storages. Dynamic flux chamber method was used to continuously monitor gaseous emissions during a 75-day
storage period. One control and two treatment groups were tested. For raw pig slurry, its pH was 6.5 in control group (RCK ) while 5.1(RT1)
and 5.7(RT2) in the treatment groups. For biogas liquid, pH in control was 7.8(BCK), but 5.7(BT1) and 6.5(BT2) in two treatments. The
average daily gas emission rates in RCK, RT1, and RT2 were 32.2, 2.37, and 3.10 g CH,-m=-d™, 336.45, 23.36, and 29.79 mg N,O+ m?-d™,
1.01, 0.82, and 1.63 g NH;*m=-d", 109.14, 99.66, and 110.55 g CO,-m=-d"", respectively. Those of BCK, BT1, and BT2 were 0.24, 0.86,
and 0.63 ¢ CH,*m>-d, 2.54, 73.43, and 268.66 mg N,0-m>-d, 8.02, 1.35, and 1.51 ¢ NH;-m=-d™, 48.9, 44.3, and 44.0 g CO,-m>-d",
respectively. For biogas liquid, acidification significantly increased CH, and N,O emissions, but reduced NH; emissions by 81% to 83%,

while increased NH; by 40% to 54%, compared with the control. Based on 100-year global warming potentials(GWPs ) of CH, and N,0, to-
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tal GHG(GHGs=CH,+N,0 ) emissions were reduced by 91% to 92% by acidifying raw pig slurry, whereas acidification increased total GHG

emissions by 5 to 11 times for biogas liquid. These results show that the acidification significantly reduces GHG emissions from raw slurry,

but increases GHG emissions from biogas liquid to some extent, whereas acidification significantly alleviates NH; emissions and conserves

the N content in biogas liquid.

Keywords: acidification; pig slurry; biogas liquid; greenhouse gas; ammonia

HHRMEEEMREEHOEZ —, B
(GIECYNEE SRR Y i ) 4P S =) SRR N
2005 4F-3h 4 36 0 45 Bk AR HE LAY N,O LCH, 43 51 Ry
26.6 73 1.286.4 T3 t, 43l ARk N.O \CH, HERL I 1)
28.4%FN 11.4%", FEshY) 2B g, B 774
CH,.CO,.N,0 FERE SRS, B2 4 NH, HHES
A, [l NH; 2 NO RTIRYI T, 455 WL 53
AR N0, DT RIS M I 5 SR 477 A S HERC,
H A& & 28048 B A p i s AR <R e 5
BT E Wz B,

] P A MEL X 2 T A7 A R A AR i 2
ARRACAE IR U iy =X, A BTV o3 B0t s
FIOV g F B O Gioelli ZEMRIE T VB L B4y
B AE IS TR COr—eq 87 58.5% ; Sakamoto
SRR IE TR FH ST K MR B 55 2F 34 3% 35 P NH,
1 CH, HECR A TR 97% 86% . & &35 ikib
T ECA) = R g HE NH, FEAR S IS AEhg o FE i
AR AR PR S 2 WSO 2 B, iRk
PRFEVS AU RENS  NH; HEBCR FRAR,  [R)B ) A 5 b
I e HEC ™, Peterson 25"k 1H T iRtk 4 3% 15
pH 4y 5.5 B, AT fifi CH, HE R BEAR 67%~87% , [F) B
AT FEAK 95%11) NH; HERL; Ottosen S5 HIF5Y K IRV it iR
b7 38 15 8 CH, HEBUR RIS 50% , [R) B R 2k
Ik NH; HEjik &2 ; Berg SF"5WFY K M FLIR B IL 215 )5
bR T A SR CH, HEAh, T A 3% NLO HEjik .
XRIE BT E LR HA R KA IEHEE 77

JRUE FE AN e BR AL AL PR F & 5558 15 /K B 5% A %t
W22 ABIGR Ay SCHk U4 X NH, it CH, S AMAHE G
13 B AR SR - A Xk m K B AR AR BR S NH5,CO, .
CH, N,O PURN AR R A 500 5 , DA K ) isf L e i Ak
XA T AR T8 R ) AR HE TS Ml 8 % LA 5 A
HRIE N TR LA BT R Rl 28 5 A7k R A4
Heg rysemm , A0 2% B N SR LA B 7 7 K &
BAIGIRILE pH Ky 5.5.6.51517 S Bk B R 12 1k
Aib PR 3 SR K TR WO A7 it Ao i o AR s i
FPUEFE, R JE K TR R A7 2 i v BE 458 1T B 1) ARk
HEH RS BURAE -

1 XBEFE

1.1 #R5H*E

BRI AT 5 K R b SR 3 HE 35 7K s
IKFNDRAR L I BT B TR . 15 /KBRS 7E v B AR
LB BE B RS AR R T A I IR A

WK B A T A LB AR A, L
HZ 04 m, HE 1.25 m, {5/KAE R E N 1 m,
15 K AR TN 125.6 Lo JEK X BR 41 pH 2 6.5
(RCK), B A HRA pH g 7.8(BCK) . JHME BRI K IF
K pH 4+ Bl 4k % 5.1(RT1).5.7(RT2), Bk ek &
5.7(BT1).6.5(BT2), 52 238 1B AR A il 1 £
PR, P A FRZE A RCK X5 4 8K, BCK % &
3ANES AT 23 A K 20 M CE T A TR
AR TR 2 25 °C5 BCK 19 3 MCE T AL
SAFEFEA R A I, AR Ry 25 C.

TR0 R FH Bl A A L AR LR W I A7 R rp A
Hiile, hAAE MR L 1 88 R s AU
ML U, 3l B o O SR A A S A i, R
L SRS I T3 0 FL 3 & A
e, R AR SRR (EA 6 Lemin™, BN
A 11~12 Uk, AR RO S B B 20
SMRARALUAT INNOVA Z ) RESMI E Y, SEBLTE K
R R AR BEZEZR M . 1R[] 2014 4F 12
H1HZE201542 H 13 H,3#4+75d,

TR R R AR A I B R A T PR A iR
FER S L B AR A AR B BB A B/ NS UL 1
UCBEEI, DM R Bt 1A il BE R A (R 25 “CAE A ) o
1.2 HRRESHH
1.2.1 SRR S 500

FIFIHE INNOVA 2 D Be SN 2 ORI £ 38 18
FREAIEAT AR W I , BB 2 min SREE—IK, B4 &
525 W 4 AR TSR R E , Bt e — IR
ST B E . PIE INNOVA SR M AL
iR R — 45 #E <44 (NH; . CO,,.CH, N0, i [ 14
BT BE )P TARE , R MR 45 TR 5% iR 2
JEREIN . RN 24 h LS T, ST AR I0 A



776

KA IMERF 2R EIRRET g

ZCRM

, T R

N LA

| zimitopans

N TR A
A:25%C

INNOVA

ﬁéﬁﬁﬁéég’!Jm
Syinss

L P
0 ﬁ BB oo«

| EhiSHE BN REE

Figure 1 Schematic diagram of dynamic monitoring

S S—

INNOVA
1412i

HEC ) CH, \N,O \NH; , CO, JEFAELR W

FR A BT A S SRR P 22 RS T AR
AP TR, TR A AR K FNE A S AR HEGE
/A w/( 1l

meukgngf

pX [( CO_Ci)X%]
EF =" x24

K EF i AR SRR HEBGE i, mg-m™- b
EF,, Jp i RFV SR H 3 HEGE & mg-m~-d ™5 G,
FC: A3 A A ALEE S SRR, mg-m™;Q
HEAAEBEAR B SRR B P h s Sl 1 d &SRR
I E B UL V R AEAB AR, m’,
1.2.2 WUARKRE SRS W

TR T 0 1 S S 43 0B TS 7K S8 43 B PRI A
Je AT RAE, ] 525G 2 43 B KRR 1 Ak 24 T A
(COD) AT HLAR (DOC) L4 & (NHi =N ) | o [ 44
L (TS) AR EA S (VS LA K pH.

15 7KK B 3 A 2 BRCORK A A W 43 B 73k )™,
COD 2 >R FH A% PR s NHE -N R FH KA R -1
FRER B RE YL s TS SR E LI, 76 105 CHEAH ot
% 24 h, R HF I E ; DOC SR LT AN K25 s pH R
S pH 11k VS SRAEE 2 (GB 5009.4—
2010), KEFRESEFEMTE 550 CH IR B 3 h, 1%
5,

1.3 Gt

% FH Microsoft Excel 2010 41 SAS 9.2 &4 3
11 ANOVA J5 25587, V- ¥MELE P<0.05 /K I
BAREES.

2 HR5itie

2.1 JEKFNG KBRS

15 7K I BRAR A 5 R 5 ) 5 KA e R AR HE AR
R R R0 FP TR RO K A6 1 5 0 25 TS b
AL 1,

THBAE K pH ARfL an & 2 FirR , 3804k R 2 3



R R AL AT R SOK RV i e S HE B S 777

kTR S A pH &I BR AL AR PR IFKAE
fi% 75 d J5 pH 43I 5.14 575 T+ 644 7217
WAL pH 43R 5.76 .6.53 T8 7.97 812, 1%
iR pH A BAE AR 0 B B T FHR I Y 4 SR A —
B, Wang SERFSE VR pH IR S B 2R A AL .
IR 7 COT+H*<=HCO; ,HCO; +H*=CO,(aq )+
H,0(1),C05(aq)=CO,(g) |1, i FA-Aif L FEH CO,
BN, ShASPM AT, 15K TR A HHk R 1 £
%, Fr LA 2 pH %385 A,

K FVE W R AL J5 B9 i COD ¥k B 5 T X i
41, TR PG oA T 2875 Bk . Sommer
SRR, WA BRIR TL IS SRR pH REAE ML AE 285 h
(R IR R/ BEACRE T JEAHIL AR 43 RN i k4 I A
¥ ; Hjorth S8 U458 T #R k3875 pH FF 2 5.5 ek
AR T 25 A T LA A W R TR AL S TS

A0, B R RS 1 UK 4 LA K B 22 B A WL R TC AL I i
PEYITL . RIS & 3L, BT1 [ COD REff bl B 3235
| 37.5%,BT2 ¥ COD [ %K 33.1%,BCK 1 COD
Wl I I, RS 29.5% , PR R TR A V3 W fe 15 w075 e
BHLIESR, nTYE COD A5 i YR, 25 5 %
fift. IS5 5 BCK #1 BT1 ,BT2 # COD ¥R Ji Hi B
5B 5 (P<0.05) {HBT1 BT2 2 [A] % A7 i & 2%
5(P>0.05),

14 75 d Z )5, RT1 R &8 T 0.8% ,RT2
F RCK (9 24 A & 2 W 23 5 FEAR T 4.5% .3.0%, Tfii
Popovic SEPIFFE L BE X 56 5 iR Al AR A
RSN Z I, 25 CT 2 AW E TR, SARE
RCK 15 2|25 H — 2= 51, "TRERH T35
Bk R F S A9 . BT1.BT2 o2 A& 43 AT
25.4% 32.1%, T BCK H & S e M%7 51.1%,

10.00f
| #RTl —-RT2 - RCK -#-BT1 -#- BT2 -0-BCK
9.00} L
©
= 8.00f
:
E 700}
g
:EL 6.00?
500}
4.00" : : :
1 7 14 21 28 42 49 56 63 70 75
T7fifims}[a] Storage time/d
B 2 FARFBRFMEERES pH E
Figure 2 pH values of raw pig slurry and biogas liquid during storage
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Table 1 Characteristics of raw pig slurry and biogas liquid before and after storage
e Wt e AR A NHI-N/ BSYTILEN FORVEEA TR A LK "
Treatment Time COD/mg L TS/% FW VS/% FW DOC/mg- 1" p
JE7K Raw pig slurry RT1 FFUf start 12 463725 1 143.8+61.7 1.09+0.06 0.64+0.04 2 651.8+198.0 5.14+0.05
259 end 9658+896 1 153.8+£166.3 0.77+0.10 0.37+0.06 3 164.4+421.8 6.44+0.45
RT2 FFUf start 12 975+244 1 140.6+34.4 0.93+0.01 0.52+0.01 2 776.3£212.0 5.75+0.02
255 end 9215+315 1 088.8+38.6 0.56+0.04 0.25+0.03 2 637.7+£299.3 7.21£0.35
RCK FFif start 11 665498 1 165.6+46.3 0.70+0.03 0.43+0.03 2 855.9+74.2 6.53+0.02
259 end 9070+614 1 130.6+58.3 0.61+0.04 0.31+0.03 2 249.0+86.6 7.55+0.10
TR Biogas liquid BT1 FFUf start 3239+38 1 958.8+31.5 1.35+0.08 0.95+0.08 562.4+35.4 5.76+0.04
255 end 2025+72 1 460.6+47.5 1.25+0.02 0.83+0.02 541.6£25.7 7.97+0.15
BT2 FFUf start 3185111 1 953.1+16.8 0.75+0.03 0.36+0.04 560.0+£10.3 6.53+0.02
255 end 2131452 1 326.3+22.6 0.67+0.04 0.30+0.03 474.2+26.3 8.12+0.04
BCK FFUf start 3159+80 1 945.8+15.1 0.51+0.00 0.21+0.10 576.6+17.8 7.86+0.01
259 end 2228+85 950.8+45.4 0.48+0.01 0.19+0.00 514.8+15.9 8.72+0.01

1 FW FoRfif 8, Note: FW=fresh weight.



778

KA IMERF 2R EIRRET g

AN Z (AR B 25 5 (P<0.05) o JRUK A
RAREEIAF IR, B T ARG L R AU
A HE, TR 2 B L, [R] B 35 A B TR B 1Y
L, DA R T R A5 — 3R HAE B & 1k
IR WM A AR B 5 TR A AR B LR
SRRTE AR, Wang GPHHTE T VA W 2 R
AR T IFK, HAKER AL,

RIGLE RS RT1 (4 DOC 3 FF, Wik s A%
pH XA o e, T A A e 2 P R v
DOC F3fifte s HAANFRZ i T 604 906 P2 3 il A2
FEAXT A, X DOC 1y 53/ 2 8¢/, % pH
{BLFR)ZR T T v, SCAE s A 55 , DOC Fe 34 i
TR
22 BE

Wl 3 Fos , RN AR IR AR L 1 3
d B —EWTFHRLIRE , K2 I A7 A e Bsf
(] PN BIVRT A 25 °Co WIS f o Pt v R AR Ak
% ¥ ,RT1 .RT2 .RCK BT1 BT2 .BCK & FF 43 % K
(24.240.2)%C . (24.6+0.1)C . (24.6+0.2)C . (24.7+

Ve =

NiE=)

0.2)°C.(24.7+0.1)°C . (24.320.2)°C, 524 R E IR
JE 25 CHEER . B A N 2 IR EE (RT) R (12.8+
52)C,
2.3 [AEHE4FAE
2.3.1 CH, ik

PR A A P25 A2 5 7K AR RV AR S T A
CH, 774 57 HBE i EUEARSE, 1R pH {ELHE 52 i
7= HGERRTE P T SZ IR CH, 7= A= S HER

WS, K pH A1 CH, HEC S P 532 AR
K (r=0.878 2,P=0.000 2) . iR I JF4H 7, RCK H CH,
H HE s R 5 TR AL AL B4 L 26 9 d TRk BT, 7626
38 d ik B HEBC TS, Ky (65.26£14.91) g-m=-d' ([
4). HTAEAES 8 d JFuh RCK RIS, 7c, HbE
AR () G & e AR R, TR AR IR A IR, 33K
CH, H HEHGHE R S R332 0 12 o B Dk Hpos
£ & DO (AR, KA 10 d 2] 21 d RCK 1)
DO M 2.45 mg-L™ feZ 1.14 mg-L™", RCK 24 CH, =5
38 d Ji H HEAGHE % H B BT R, 26 45 d IR s b
Tt B AR B I AR RRZE . RT2 2 CH, H 4E

301
: pot i TP L NRRE LY o WA I, S
L B TR S R R T
£ 20} -4~ RCK -#%-BTl -#- BT2 --BCK -®-RT
I 1
2 15| " P
=5
£ e "
CE | Wy L, o E By L
= 10) s - Lt LV PR
i 10f
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
AEBIA] Storage time/d
B3 FRIEPREEERERT
Figure 3 Changes of temperature in liquid and room during storage
7. 90.0;
L 800] A RTI T 1
. L700p T RT2
% = | & RCK e I
5 T 600 ; T 5 _ | 1
= E 4007 P T gkl Ly | Pyee gy, {4
F; § 30.0f & |1 LTI iﬁ}j. oF ik Tl S
O 4 Pk r 1 Yy i | - } |
E 200k i o AT Tk .
g ook % bzl LR
2 100} S5 45; - N :
B R T L e L R R VR T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

T} a] Storage time/d

B 4 FFE pH TRz CH, HERL

Figure 4 Emissions of CH, in raw pig slurry at different pH levels
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Figure 5 Emissions of CH, in biogas liquid at different pH levels
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Table 2 Fluxes of gas emissions at different treatments(mean=sd )
AbFH Treatment NHyg m>-d" N,O/mg-m=+d! CH/g m=-d*! COy/g-m=-d"
JFJK Raw pig slurry RT1 0.82+0.39d 23.36x1.40d 2.37+0.73be 96.66+16.50a
RT2 1.63+0.17b 29.79+6.39cd 3.10+0.15b 110.55+7.18a
RCK 1.01£0.15¢d 336.45+64.06a 32.2+3.03a 109.14+13.10a
JHIK Biogas liquid BT1 1.35+0.22bc 73.43+£21.57¢ 0.86+0.04cd 44.31+2.67b
BT2 1.51+0.16b 268.66+37.46b 0.63+0.10cd 44.04+1.35b
BCK 8.02+0.5a 2.54+0.58d 0.24+0.00d 48.93+7.44b

TE : R [l 5B FoR AL BRI 22 57 .25 (P<0.05) . Tl

Note : Different letters in a row indicate significant differences between treatments( P<0.05 ). The same below.
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x3 AELETESFEKMBREFEIEPEESEBHBE (g -m™-d")

Table 3 Daily greenhouse gas emissions from raw pig slurry and biogas liquid under different treatments during storage(g-m=>-d™)

AbFE Treatment N,0/COr-eq CH/COyeq COy/COreq CO,—eq(with CO,) COr-eq(without CO,)
RT1 6.19+0.37d 66.25+20.38bc 96.67£16.50a 169.10+36.10bc 72.44+20.49b
RT2 7.89+1.69¢cd 86.68+4.15b 110.55+7.18a 205.12+9.34b 94.57+4.69b
RCK 89.16+16.98a 901.13+84.90a 109.14£1.31a 1 099.43+93.60a 990.29+8.33a
BT1 19.46+5.71¢ 24.51+1.01cd 44.31+2.67b 88.23+4.99de 43.97+5.70be
BT2 71.19+£9.93b 17.66+2.79cd 44.04+1.35b 132.86+8.80cd 88.85+8.33h
BCK 0.67+0.15d 6.83+0.06d 48.93+7.44h 56.43+7.44e 7.50+0.25¢

I COreq BEAT 322 5 (P>0.05 ) , {H 2 i B
AR P4 HE B 2 22 57 (P<0.05 ), IR AL b P UK
8 A RO AR IR % A HE L RTT RT2 Bl HERL 3 53
ST LA E] 92.3% .90.5% . T He Bt R TR Al Atk 34T ¥
J . BTL I BCK $EBL ) CO,-eq J6 3544 22 57 (P>
0.05), BT2 HE Y COreq # T BT (HPIEBA B
P25 5 (P>0.05),BT1 . BT2 HE K CO—eq 435138440
T 4.9.10.8 £, SR FEZ LIS T, BRALAL I

TR TAT I Tk 28 M, B i — R 3
TR ES ML
3 it

ARSLIGHEIRI ] PR AL AL B UK S BERS 10 3%
MR 2 AR R R, (HUR X T NH I8 HERCR A
—EMZE S

PHLH PR AL AL PRTR I — E AR L B RERSH IR 2= <
PRBIHERL , EESEIN T CHL N0 BRI, (EA S A
T NH; (HERCE 5 [ kR A Ak B3 1] (R B TR )
IRy, ARRIIE TR A UL R R

H1 TR AL AL BRISUK REAEAT R0/ 22 UACHERE
IR 5 SEWF I R R T IR AL 26 75 i T A W A v %<
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