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Study on the Key Factors of Heat Treatment Disinfection of
Pathogenic Microorganisms in Digested Slurry from Swine Manure

CHEN Teng, DONG Hongmin*, ZHANG Wanqin, YIN Fubin
(Key Laboratory of Energy Conservation and Waste Management in Agricultural Structures,
Ministry of Agriculture and Rural Affairs; Institute of Environment and Sustainable

Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Farmland application and backwash of pig house are the main ways of utilization of swine manure based
digested slurry from swine manure. However, the potential risk of pathogenic microorganisms exists in digested slurry
produced by psychrophilic and mesophilic biogas digesters. Referring to the pasteurization technology after anaerobic
fermentation in the European Union, the heat treatment disinfection method was used to disinfect the digested slurry
from swine manure. In order to optimize heat treatment disinfection parameters of digested slurry, the number of
coliform bacteria and fecal coliform were used as indicators to evaluate the key factors and disinfection effects of heat
treatment. Based on the preliminary test of heating temperature of 50~80 °C , the experiments were carried out using
digested slurry with 3 total solids (TS) content (2%, 4%, 6%), 4 heating temperatures (52.5, 55, 57.5, 60
C), 3 heating time (the time from 35 °C to heating temperature, 15min, 30 min) , respectively. The Results showed
that the heating temperature and heating time had an significant influence on the disinfection efficiency of swine
manure digested slurry (P< 0.01) , while the TS of digested slurry had no significant effect on the disinfection effect
(P> 0.05). In addition, the temperature growth rate of digested slurry decreased with the increase of total solids

content in digested slurry. For digested slurry from swine manure used in this study, the average group number of
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coliform and fecal coliform in digested slurry were less than 1 CFU

0 .
« mL™" after continuous

- mL™" and 0.03 MPN

heating time for 15 min at 60 °C , respectively, which could meet the requirements of reclaimed water quality standard

(SL368-2006) for pathogenic microorganisms disinfection in the reuse of reclaimed water for agriculture. The present

research provided a reference for the development of disinfection technology of digested slurry from swine manure.

Key words: digested slurry; heat treatment; disinfection; temperature; time
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PG X 7K Y25 S AR g 1 R R, R A 52812k
TR B TS KB IR (Tosy) AN T 60% %
SR THEROR BA AL MEsR HEERE 19 P B,
R R TG Re R L (BAF A R A ATEE 5 o
il RS LA R X K v ARk SR e A ) A
B VFW) (suspended solid, SS) & i/ (<5 mg -
L) W EE ORI RS R AR B A T
RERCRAS iR L3 2 PR B AN AR
TH 71 b PR A0 SRR A i, (H SR AN
Fa e , 1z AN B o5 T 125l 2 KA 75 K Ak
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R JFORE TR R R TR VD TT IR RN i 3K A A
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Table 1  Pathogenic microorganism index in some sewage treatment standards

M AARHE

Regulation or

HT iR

Enterobacteriaceae
standard

SRR

FERImHRE

Fecal

e B

Ascaris egg

i W
Coliform Salmonella

bacteria coliform

(BRI 177472 002 £451) DRAE T 1k
B i Ak B S A4
( No 1774/2002/EC )
substances

Digestive <1000 CFU - g”'
after the treatment of

anaerobic digestion facilities"*"!

AfEfa
(259"
No detected
(25¢)"

(AR TR ) (SL368-2006)
[l ATl >
Standards of reclaimed water quality
(SL368-2006)

used for agriculture'*

<104 - mL™

(& & 7 5 75 G W HE b HE)
(GB18596-2001) , % & 3% 5\l
I ICE IR b o>

Discharge standard of pollutants for
livestock  and ~ pouliry  breeding
(GB18596 — 2001 ), environmental
standards for harmless livestock and

pouliry breeding residues '**

FET-H
=95%
Mortality
=95%

<100 - mL™

(A TH W K B4R 1) (GB5084 —
2005) , 4 1 7 8 FH 7K oK Jot 2 A 4
3 AR

Standards for irrigation water quality
( GB5084 - 2005 ),

objective

basic control
of

value
[26]

irrigation
water quality

<40 4~ - mL™ <241

CIBIEY (NY/T 2596-2014) 7
Anaerobic digested fertilizer ( NY/T
2596-2014) "]

=95%
Mortality
=95%

<1004~ - mL™'

T " FOR AR UE M AR PR {E,

Note: “—"mean the corresponding indicator is not specified.

1 #MR57E%

R
TR 65T S DX IR 55 o
AR AR I 2= K BRI 351 °C 0
HERFIR I P SRR M RS E M, B G &

1.1

(AR, TR TR 2 R IBURE | J ] 512 56 5 3l 2
FEB T K S E AR & B (total solid, TS) 4351 45
2 2% 4% 6% , 1%L FE AR U IR, SRS
BT 4 CUKA R B A, LA I8 A
A S L6 h PN ST R IR A I, AR 55 T A
TREESEE AT, B0 15 d 24 BRI —K, 5
BV I IR BOK B — 8 25 5%, 50 TR TR
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IKIBHEBR UL 2, 0] UL AR 5% 45 3 IR 48 4 eV T
KIGHEBEBCE M (1.02x10°+3. 99x10*) CFU -
mL™" &K R RE BT 98 (9.90x 10 £6. 11 %
10*) MPN - mL™" YD1 TG ARKEH (25 g) ™", il iy
PRARKEH (10 L) ™' BT V0T B RR A o B A A
Y BOCAR I 2 v T R A B R RUR LS K
TR AE RIS K A A O s B 2 E B s

x2 BB RKEEERER
Table 2  Characteristics of biogas slurry used in experiments
e+ Index 75 L Result
B A TS/ % 4.92+0.92
pH 7. 60+0. 04
BE TN/ (mg - L) 1 143.3+20. 82
HE NH,*-N/(mg - L") 816. 7+41. 63

fb2E T E COD/(mg - L") 1 533.3+64.29
PNZLL
Coliform bacteria/(CFU » mL™")
FR e
Fecal coliform/( MPN - mL™")
VP TECH Salmonella/ (25 g) ™
I BB Ascaris egg/ (10 L)™'

REE
IR B A S 500 mL BEbh 2 Al Bk
PRIHBEERE 2 K v I A 56 VA WA AN TR
IR B AU ) Bt 8] 2R T A B B, H
HK B4 K 1 BioprocessXT 5018 GP k%5 i T tH.
TK 5 (BB ZEEA F] ) L AME R ST 480 mmx

1.02x10°+3. 99x10*

9.90x10*+6. 11x10*

KK No detected
FekirH No detected

1.2

280 mmx200 mm(KXiﬁ‘ZX%’}) ,yjﬁﬂil 1 500 W,
TR ] S JERAS B2 A 10~90 °C F1+0. 05 °C, i
B R Ge e kS AL s AN AR T, 1 e

FaE

1.3 iREi&it
1.3.1 % HAHITREERSEN 4%0)

5 VR A A BT BE TSGR N AAGE N
50.60.70.80 °C, M 35 CTHE 2B R EE 5
RN, i 4 150 W B TR W 4k 4 15.30.,45,
60 min , DA AS ()3 R Ak AN ) 4 g BsF I ) 2%
AR, BURSE LS R % 3 iR, 50 C4ERF 60
min A VR T K B RE I (2. 65 10° £6. 36 X
10°) CFU «» mL™", B KIHEFEECH (2.90x 10* +
2.83x10°) MPN - mL™", Joyk ik 3] A K 7K i
bR ) (SL368-2006 ) F-A 7K [l FH F 4l ( LA fij
PR Al 10 FH 7K AR UE™ ) v s A ) 2% K 25K
WK 25 60 C B, TE W K I R BEECR (10«
1.41) CFU - mL™", 2 KRIH B BEEC N (15.65 +
8.98) MPN - mL™"  ANSRAREF—E B[], ek
TR ENAAY 8] FH K R U ER 560 °C 4E4F 30 min 197
WH KBHEBEECNT 1 CFU - mL™ 28K B
BUNT0.03 MPN « mL™", ] 36 A4 81 7K b ofie
FR, THEZ 70 55 80 °C I, 2Nk BiS T8 )
TR TR 36K TR 0 38 mT il 2 Al 1]
TRAREEER

®3 ARMARE ARIEEMNELEERRDIRGEFNEXGEFLETN

Table 3  Changes of coliform bacteria and fecal coliform quantities in biogas slurry under

different temperatures at different holding times

KGR FEK AT
B ERE Temperature Coliform bacteria/( CFU - mL™") Fecal coliform/( MPN - mL™")

50 C 60 C 70 C 80°C 50C  60<C 70 C 80 °C

FHiRid 8 Heating time 84 000 10 <1 <1 63000 15.65  <0.03 <0.03

15 53000 2.5 <1 <1 45000 <0.03  <0.03 <0.03

i JEL A i 30 46 000 <1 <1 <1 37000 <0.03  <0.03 <0.03

Holding time/min 45 31 000 <1 <1 <1 29000 <0.03  <0.03 <0.03

60 26500 <1 <1 <1 29000 <0.03  <0.03 <0.03
1.3.2 mBRESTIBRTIRBMAED F RAR 1.3.3  Awdknd i8] 5Fi3 & P om R A M A R AR
KB AR TS FN 4%, N 35 CHIBERE KB B TS &84 4%, INHGE 5500 8

TR B, B PG 43 ) O 52.5.55.57. 5,
60 °C, FEAT 5 7 10 WAL BRI, 25 A0 BE 3 1K
B,

52.5.55.57.5.60 °C, % & hn sk 8] 23 51 4 A 35
CFHE 2% R KR B B FH s fa] 445 15 min 2k
£F 30 min, AT TR RAAAE PR, £ A0 PR 3 Ik
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190 g Al B S i 2%
FH 2016) 2 (Z& KA B BEIT B0 ) (GB 4789. 39-
1.3.4 B BB KRB iR T RBMSAEDF R 2013) PAE

KX HIRM 35 CHIR B IR,

TREE N 52,5 .55 .57.5.60 °C BB TS &
WINHR 2% 4% 6% , AT 5 T AL K
4 AL PR 3 REKE
MEIBRRF L

IR, BEARE A 300 mL K56 VA R ]
AZE 4 500 mL (REAR, I B F O FE 48 8 In#AhLE
HEFFE R KT S b, K IR PN KRR R R T
LN RN R ATTINRR Y Bty = e £ O 12 A RN DML AP R
TRIBA 5] 22 44 TR) B P I B 000t e AR v VR TR
T E 5 VR VR R I8 B AU B T B T G B A
AF(A] b &b 2R A5 1 A il o0 AR BRTE R )
B 100 mL BIACREEM, G RH#FATRI , THREEA
FRACAEARAE AR A AT T 38 PR b 5 Dt 15 45 Jou A
HUOSLERE A I, Ho TS SR SR B kY
5E , pH R H FiveGo F2-Standard i # =X pH it
(METTLER TOLEDO Company, CH) I &, TN,
NH,"-N 1 COD 43 5 >k FH 42k ik 12 B0 4 Ak -5 A1 o
TEOCREE: KRR - U A TR EN 53 066 B 2 AN H 4 TR
B e XA HACH COD Reactor
Model DR 6000 ( HACH Company, USA) . 7H il
AR A B R I T A SR B oy T AR A
VL & AT, b R wRE ZE R 55
s & L E AR S E Y R (5
) (K M W BE O BRI # ik ) (GB 4789 3-

1.4

E1

1.5 EESH

K STST 78 F3 X B4 47 7 22 50 4, i e
FeARE R0 A G T vk ) Y AR A i oy ik
il , et o AT 45 DR 28 % AR B 9 2 R A 52 i)
AR5 TR 2 e B 3 AR
2 GBRESW
2.1 MIABEMBRPREMEDRKLEREN

B

AR ARG BE 451 TR Wb KA R R 3SR
PP REECR 25 3 (&1 1) S, Bl i #A T E 1) 7
1o, VR R K B R N 2 K R R A B R U
fR#a%, W 35 CHERMATHE , /3 HIFHE =
52.5.55 °C W, VW& K W B A Bl e
(64 333.33 + 49 810.31) I (40 500.00 = 13
457.34) CFU - mL™" 2% KW B B 500 90 o (61
166. 6751 289.05) Fl (41 933.33+40 063.83)
MPN - mL™", Jo i A2 ARl 151 FH K A o 225K 5 T
W3 57. 5 CHE, VR KM T HE RN TR L
s D K TR (316,67 £ 166.57)
CFU - mL™", 28 KI5 1A HF4CH (480. 00£234.52)
MPN « mL™" 75 JE ¥ 0l e A b [ FH K s o 223K
FHR 2 60 °C, VH I KM H BB (8.67 +

15.95) CFU - mL™", 28 K BEEL N (7.50 +

y >N

AEMPBRE T BRI RAAEBEMEXGHBFYETL

Fig.1 Changes of coliform bacteria and fecal coliform quantities in biogas slurry under different heating temperatures
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7.87) MPN - mL™", AJ i /& 4 b [\ FH 7K b o 5
SR PR FE X T W K i R L 26K A RE
Bom 520 Y 35 PR A M 45 SR L3 4 mT DL i

T 3 R 25 0 T T TR A ) T T IR A L
M (P<0.01) , J& 71 W # AL B H 5 19 31 22 5%

R4 MPEEIE R P KGERFNEX G HEFLENR

Table 4 Influence of heating temperature on the quantities of coliform bacteria and fecal coliform in biogas slurry
AL PNI7LER 25 WEE TR I 25 EE
Heating Coliform bacteria  Significance of difference  Fecal coliform Significance of difference
temperature/ °C /(CFU - mL™") 3% /(MPN - mL™") 5% 1%
52.5 64 333.33 a 61 166. 67 a A
55 40 500. 00 a 41 933.33 a A
57.5 316. 67 b 480. 00 b B
60 8.67 b 7.50 b B

TE: R HORREN KE FRE3 53R 1E P<0. 05 ,P<0. 01 K P25 BA S X,

Note : Different small or capital letters in the same column indicate significant difference at the level of P<0. 05 or P<0. 01, respectively.

2.2 mn#EAEEE R PR R AE R TR
Al

AN T fin A [8] V8 ¥ K e e L 26K v R
Bon g5 (K 2) WoR, Rl— IR B4R b
TR [B] A0, V8 R K T A RN 2 O T A
B BB I S R EETE 57. 5 °C M
DL B 3501 0 fin BBk [ 75 I 76 Wl 2 Al [m] R 7K
FRUEESR . 52,5 CHEHF 30 min MITB P KimE
BEBON (14 000+6 603.03) CFU - mL™", 2 K
RERCH (9 116.67+3 479.32) MPN - mL™"';55 C
A4F 30 min BT T KM BEHFELM (2 418.33+1
772.57) CFU - mL™", 2 KIHBEREECN (3 688. 33
+3 148.72) MPN - mL™";57.5 °C 4+ 30 min Y
W KW & B %k (14417 = 85.70)

CFU - mL™", 28 K W B BEEC M (220.50 £114. 39)
MPN - mL™', JTHEZ 60 C , H K EREECH
(8.67+15.95) CFU - mL™", & K W B BE5C K
(7.50+7.87) MPN - mL™", 35 Z 4l [m] FH 7K b v
TR ;60 °C 4ERFE 15 min, BT K EBEEUNT
1 CFU - mL™" . 28 K% @ BEBUN T 0.03 MPN -
mL™"; 60 °CZEHF 30 min , 3 K o BE RO 3%
KIGTEREEOICIH B Ak, A AR R
PRRE 2SI TR B0 52 i 1) S 3 0 B 45 2 AL
&5, TnARET B) PR 22 65 VA A A BT T AIUCR A R
B E R (P<0. 01) , J& VA AL B T 75 1 1 25
M 2, Z5 1,60 CHERF 15 min A% 37 TH AL
B ST B 2k

x5 PR ER R P X EEMEXGEFEENRMN

Table 5 Influence of heating time on the quantities of coliform bacteria and fecal coliform in biogas slurry
JFAS ] PN7L R e 5 W FR e PESRTE 3
Heating time Coliform bacteria Significance of difference Fecal coliform Significance of difference
/min /(CFU-mL™) 5% 1% /(MPN-mL™) 5% 1%
FHE Heating 26 289. 67 a A 25 896. 88 a A
15 11 097.92 b B 8 094. 25 b B
30 4 140. 63 c B 3 256.38 b B

WA HRRREN KRS TR IR AE P<0. 05 ,P<0. 01 K P25 BA 5 X,

Note: Different small or capital letters in the same column indicate significant difference at the level of P<0.05 or P<0. 01, respectively.

2.3 BREABGSENBERPREMEDRK
MR

TS &M 2% 4% 6% WITB TR B AR %

FE TR 25 T VB W b K T 2K T/

B 25 RN 6 i, ANE TS F 2 VR W L T

T 2 R ) i B, TE VR R T A SR

WA R VR TS ST E 2 BT
WISV TS & TR K TR 2SR o
B R Y S R T A R R TR TS AR
F TR WAL R BRSO TC W 50 (P>0. 05)
{EEEHE M AR R & B, TR TS 5 FEX Hub 2
THEE A R P VR VR T U0 A A A S 3 R ) (P <
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Fig.2 Changes of coliform bacteria and fecal coliform quantity in biogas slurry at

different heating time under different temperatures

0.01)(£7), AE TS & &AM 35 C Tt
T 28 A [v] 15 a0 T B2 P AR I (R 45 51 (&1 3)
7R BT 300 mL TS &80 2% 4% 6% 1Y
B T AESERF 60 °C B E 7K 185 A 35 C
FHEZE 60 C 37 Z (17.7+0.58) . (22.3=
0.58) FI(28+1) min, AJ UL, AJE TS &&= AYTH
TAE DA 35 °C T 22 AH [k B2 BT 75 B ) AN [m]
P R T, AE R [A)a UB TR E A5 1, TR
TS B it 8, T il B R A8 T 7 AR e [
K RBFER S,

AV

3 e

5]
N IA IR R TR L iR LB, 35
~38 °C 11 Jz e £ 10 X LUK B s SR A A 9 5
SRR, R IR R TR A L IR
TR R R REECH (1. 02x10° £3.99x10*) CFU -
mL™" 2K RN (9.90x 10° £6. 11 x 10*)
MPN - mL™" | fAFE BRI A 20 XU, SR F# Ak
PR, MR B 53 60 °C , 4E+F 15 min
B, VA RO SRV R A G ) 245 5 Sk R g R A
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Table 6 The quantities of coliform bacteria and fecal coliform in biogas slurry with different total
solid content under different heating temperatures
PUE [Esbi e Bt (LR e
ﬁgleaﬁ?l;; & 12':/#? Cﬁfﬁrﬁ %l‘fffia /\Fj:c;i;lj liﬁfffni
temperature/ C Total solid content/% quantity/ (CFU - mL™") quantity/ (MPN + mL™")
2 40 000£24 041.63 a 29 00019 798.99 a
52.5 4 51 000+26 870. 06 ab 58 000+49 497.47 a
6 102 000+82 024.39 b 96 500+75 660. 43 a
2 35 500+17 677.82 a 16 650+10 394.47 a
55 4 41 500+12 020.82 a 51 150+59 184.84 a
6 44 500+12 020. 82 a 58 00049 497.47 a
2 330+226.27 a 430+0.00 a
57.5 4 375+219.20 a 580+494.97 a
6 245+148.49 a 430+0.00 a
2 0.5+£0.71 a 3.5£0.71 a
60 4 5.5+7.78 a 5+4.24 a
6 20+28.28 a 14+12.73 a

T A RORENG FRER R B — I AGEE [0 22 5278 P<0. 05 /KF ERAGITH AR,

Note; Different small letters of the same heating temperature in the same column indicate significant difference at P<0. 05 level.

F7 BEFKEXARFENEHE
Table 7 Influence of total solid content of
biogas slurry on its heating time
BEAAIE THER ZS A
Total solid Heating Significance of difference
content/ % time/min 5% 1%
2 14.417 a A
4 17.5 b B
6 21.917 c B

i [FSTRARREN G PRI FRRTE P<O. 05 ,P<0. 01 /K22
SEARIFE L,

Note: Different small or capital letters in the same column
indicate significant difference at the level of P<0.05 or P<0.01,

respectively.

/NT 1 CFU - mL™ 2% K & 20 T 0.03
MPN - mL™", i /2 542 K K 53 bR ) (SL368 -
2006 ) F-AE 7K [T FH Al s S AR AR 1 A REE SR
SRR 70 C 251 T 4ERF 60 min B #LHE FEAR
HEAR LE  ZECRIETH F RO AT N RS T B
AR B B A7 BE S B, ASE 98 A, Ak
PRI BE IR E] 60 °C AT LAX KB TR 28K AR
PG KAVEH . Neyens il Baeyens' ™ 3 Hi | 24
TR T 60 °C A B A e BT g 3R . HoA
A5 F AN [0 BE T 240 Ik i TR 3 457 AN [ . 7
45~65 °C i, 41 i B i 24, vRNA 8% 853K ; 50 ~ 70
°C I, DNA # B IR ; 7F 65 ~90 °C B, 41 Jio BE 9l i
H;70~95 C,EAFAEMES ) Rk, 250 i
Y125 505 R K TR RE RN 2 K B R, 60 C 1Y

35 -
g T S=2%
301 —m—154% z
25 | =e—TS=6% _
g
&
g 20
g
=
g 15 4
10 A
5 -
0 /X : T T r
35 525 55 575 60
fn#EE Heating temperature/ C
3 BEGEEXBRAREENIL
Fig.3 Influence of total solid content of

biogas slurry on its heating rate

P4 PR AT DA R K ER DAL RS [ £y
FESr T, SR sh Rl = B (EC 1774/2002)
70 CHERF 60 min 940 B B AR A L, 60 °C
HEFF 15 min [ FAL PR ) 00, 40 AR 50 0 R
AIHT TR IR AR e R N 22 60 °C 1T
Uk S T A T I, AR BIF 53 S B 1) T A Ak
PR 8] A - et 18] 5 B R B (B (15 min) 220, T
TE VTR ) 5 B A BRTE TR AR B LL KL TS 5 i
FAE B AR TBRARRUR TS & ok, T 75 7+
TR . AWFFE T TS SN 2% (4% 6% 1)
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