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Efficiency of promoting solid-liquid separation of primary
sludge by free nitrous isoelectric point pretreatment

HE Qiang, LIAO Qiqi, LI Lin, LIU Caihong
(Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education, Chongging

University, Chongqing 400045, P. R. China)

Abstract: WWTPs (Wastewater Treatment Plants) produce a large amount of daily primary sludge. The
composition of primary sludge is complex. The inorganic content is high while the settleability is poor.
Isoelectric point pretreatment can effectively destroy the flocculation state of the primary sludge. Free nitrous
acid can effectively destruct bacterial structure and promote the hydrolysis of organic matter, the pre-treated
primary sludge is more conducive to its fermentation, recycling, final treatment and disposal. The effect of
isoelectric point pretreatment by free nitrous acid on primary sludge was studied in this study. Experimental

results showed that the settling property of primary sludge is improved. The CST reduced from 203.10 s to
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101.65 s. Organic matter is retained to the maximum extent in the solid phase. The COD in supernatant

decreased from 1 246.59 mg/L to 1 048.80 mg/L. The metal pollutants in the sludge were released efficiently.

The secondary pollution in transport and disposal was prevented and reduced. However, this condition also

promoted the dissolution of nitrogen and phosphorus pollutants after 300 mg/L NO, -N was added for

pretreatment, SCOD dissolution increased, but the release of nitrogen and phosphorus pollutants was

significantly reduced. After pretreatment, NH, -N was only 118.88 mg /L. and PO, -P was 6.91 mg /L.

These results showed that the best pretreatment condition for primary sludge is 300 mg/L NO, -N for 1 h.

Keywords: isoelectric point; free nitrous acid ; pretreatment; primary sludge; sludge pretreatment
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Table 1 Basic properties of primary sludge supernatant
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Fig. 7 Fluorescence EEM for DOM of the supernatant in the primary sludge

2.1.5 MNRBFTEMEE YA

12 A 3T S 6 e v 09 A B S g W AT
Mg, 25 B 8 row . W I 8 T LLF Al 5
W 22 2 pH Y 35 B2, 8 1 0TS U8 pH (B
J&i L 75 e B Woh NH, N A & 5 BE pH A9 F# G H
PO A E T NH,-N #1846 83. 94 mg/L, 7% pH
ST 2mE, P o 173, 47 mg/L, 00 A &
THEA SN 2. 075, MBERRERS 1Y PO -P
9% A2 2 pH 1952 w5 B B, PO -P AT IR
5.73 mg/L, 1 pH=11} ik F] 188. 02 mg/L, £} %]
URAE Y 21. 544% .

BEARPE NH, -N B 1 PO -P N2 %5 A WL
TUUE , 45 HL & 04k 2 AT Rl 23 B8 i I 2 W B 1 T LA
DL K5 Y AR KT A NH, -N, xf TRt Bl

[ —=— NH,N
180 F f —e— PO P
% 150
§ 120 T
£ o0t PR
iy B |
Soeof, BILEIEHIEANH, N
z WWUEIERILPO P 4
30 T -
e
oF

P2 3 4 5 6 7
pHIH
E8 #ini5ik EF&H NH,-N.PO, -PHE pH{EHMEZLIFR
Fig.8 The variation of NH,-N.PO, -P in the

supernatant of primary sludge with pH

el — Kok A TN, AT &8 ST
Vs, 5 LA A 0 Bl R AR A B R, IR, NHLT-N
(BRI 5 T NH, =N,

X S g USR] A5 H ST AL B AT LA AR B T
P A P B AR 3 T RIUTIE R A BT R
R BE TR
2.2 HMITHEEHNEESFAENZE

Wt P R I, pH=3 W) T 5 Y8 10 &5 vy
S AT LA S 3 TS U A T I T K M L EUR i
AR A TR . B, S, 76 55 ST
AbF S T PE R R A 0 i R R XA AL T AT
1 70 2R Y 52, B IV TR £ b B RbE
T S0 A R, DU AU T B R DL 3RS
S AR BN 5t A e A AL R K
2.2.1 Fm TR AR AR A E YR

O 41 JC Ak P %5 (4 6 BR 41, A 408 1 mol/L
HCI#i4b ¥ % pH=34,B 20} 1 mol/L HCI it 3
pH=3J5 4111 300 mg/L. NO, -N4i .

FE 24 h 1AL B 43 0 BORE I i A PR
AR AR B, AR AH DA 5 45 B, Ak A 1R 6 E K
AR COD, 5 M B 5 IEAH G G &R, 1 mg/L 1Y
VAl R £R 7= 4E 0. 369 3 mg/L 1) COD,,, 75 A 41 52 i
g Fe i it B BRI NO, -N X COD 15 A% #4952 1
RAGORME 9, ATLAE W, 24 h AR fS , g
1 SCOD % & M #4519 635. 00 mg/L H 3L T A A



=3

194 K5 3 3¥E T4

FOAR(P 3k L) % 45 %

TR . O41 SCOD 7£ 24 h J5 ik 2] 806. 03
mg/L, I T K21 26.9%, A4 SCOD 7E 24 h 5
KEN676. 72 mg/L, WM T K256, 6%, % HK T4
A %F B ZH T A1 0 3 5 A R 7E 24 h i 15 SCOD
WA 764,21 mg/L, BN T 20.3% .
1000
900 +

800

700

SCOD/(mg/L)

600

500

0 s 16 2
PR/
B9 SiRLERTSCODRETAEBMENETLFER
Fig. 9 The variation of SCOD in the supernatant of

primary sludge with different acid after pre-treatment

2.2.2 FAe BAEER AR T M E B Yok
A w2 £ S5, 0 oAb PR 24 hET R 15 U
W ARG R &, a5 R a1 10 F0 11 s .
B 10 FE 11 AT LAE B2 V5 G 4 09 41 1) X 5
AR, ALY %Eﬁi%ﬁfﬁ/fﬁﬁl\lm -N, 34
47 1 NH,-N %7 b5 & & ik 3] 117. 56, 128. 97,
95.78 mg/L,NO, -N #] iy & & 53l hy 4. 45.4. 97,
53.81 mg/L,NO, -N 435k 0.0.314. 64 mg/L.
TEALFE 24 h 5, O 4RI A 4174 NO, -N & &# L K,
i B 4l & & B KA 304,78 mg/L, AR 4
NO, -N @] LA #8453 NO, -N R T
NO; -N, ffi 15 NO, -N 1 & it # £ 25 66. 15 mg/L.
O NH, -N M 117. 56 mg/L 34 K 5] 206. 34 mg/
L, A48 K 2 180.77 mg/L, B 21 N ¥ 1 K |
118.88 mg/L,EZM%%EP,Tﬁkﬂﬂa‘rﬁﬂm‘rﬁﬂiﬁ%ﬁ
FE B 10 46 B B 15 U8 v RT RE A E — R R
LA TR DO=0. 1mg/L7£E,EJnTUmE
B Ak B G BT T 1 iR A% 1 NO, -N 2 Al A
[ B2 ALY &R R FET,
S I Ao AR G B, T AR A S R H R
HEEE N T N,OFIN,, LB T NO, -NHHFE. [F
A DA B A R ER i T NH, N R
AR SETE R A T B T IR A A E L, LEA RN
LR 7 A R 6 Dy B A2 A K K R b i R
Yy o A R AR R, T AR T 2 AR A PR 6 .
PO, -P #] I & &}y 4. 40 mg/L, fE AL B 24 h
‘{Mi EREM, 04 % PO, -PIE H & h 51.68
mg/L X T S EWMEK T 10,755 A4l
PO -P¥# N 175. 73 mg/ L, M T ) 16 & 2 448

so0} ™
VN0, N -
o diol NO;-N
E) R NH, N
& 00f Efiro 2 7
R
S
= 200}
100
N
0
B
éJi7“5'J
H:ORNFEHMH ;A NpH=3, NO, -NH0;B N pH=3, NO, -N K
300 mg/L
E10 THEBEBRSMAEEMNSRELELERPERBEETE

MEREE
Fig.10 The initial content of nitrogen and phosphorus
pollutants in the supernatant of primary sludge after free

nitrous isoelectric point pretreatment

s00f ™ .
VZn0,-N
S 400} XIno, N
g ml\Hi'N
»E»(zoo-:m“ ~p -
R
%200-
100 +
i !
5 !
0 B
éﬁ%‘J
T 0 W F4 A N pH=3, NO, -NJy0;B Jy pH=3, NO, -NJ}
300 mg/L
E11 THBREEAHMLEIJGVRGRELEER PR
TEEE

Fig. 11 The content of nitrogen and phosphorus
pollutants in the supernatant of primary sludge after 1 d

with free nitrous isoelectric point pretreatment

KT 38. 9445%:; B4R PO -P IEH i 18. 28 mg/L,
AT T 00 B S K T 3. 15 4%, W AR T H A w41
R A

[ B, 76 AN Fh 2 190 Ak B S A 4 B [E) Y, PO -P
BB T BB AR L POS AP R R B Kl
25.22 mg/L, 3K T 2 24. 22 4% , Wi 4 1 ¥ B
filf FR AR B89 2H 31 PO,Y -P i i 4 6. 91 mg/L, X Lt
2 HAB A T 0,57 4%, AR T A R R 1AL 3 4
B, Wl B T B RS R X T PO, -P Ry A
—EWANEIE R . A PR X S NO, -N
S SR A ok i rp 8 A2 A R Dy e ) ) LA PR
WAL 3 HL A BE T, A 0TS U8 b B TR 1
IR S B A A AR, T6) BRI 68 A7 7E 1Y 52 i Ak 5% 5 T
(DPAOs,
Organisms ) 7 i A6 o W W 1 38 43 Wl , 1 75 76 1R
WEEF PO, -P B Hm ™

Denitrifying Phosphorus Accumulating



% 64

IT3% 5 % B DRSS AL ARG RE RS B G M® 195

2.2.3  IEANBR 3% A B AL LB K AT TR AL B 6 % v

FE A IR [ 5 6 1 U B A TR R 1 A 1R L A
B 15 min BORE I Forp i) 225 e W) . O A ALl
FHER 2 Ak BEZH 50, A 20 S filf T3 R T Ab 3RS L #500m
100 mg/L NO, -N, B 41 fifi F $h 2 Wi 4b 3 )5 ,
200 mg/L NO, =N, C 21 Jy {ii ] #h 2 #4b B, 45000
300 mg/L NO, -N, D £ 2y fifi J1] £ 2 Fil 4b #1545 n
400 mg/1. NO, -N,

D RS G v i A2 1k

ARG RV EFEAEIL KR NH, -N,7E0,
15.30.45,60.,90 min I ORI 5 B 25 4, 45 2R 40 &
12 i

o 15 0 4 e 75 %
pistling ST
12 B T RE ER 7 AL 22 7K ) B i) 5 35 0
HE =R ENEL
Fig. 12 The variation of NH,"-N in the supernatant of

5% NH,"-N

primary sludge after free nitrous acid pretreatment with time

54N 5B NH, -N ) 46 & & 43 51 2 114. 45,
107.20,108.15.96.35,107.98 mg/L. 7EAb 3 #y
90 min N, TN T U A R 1 4 2 5 NH,T-N &
S BT AR 9 7004 B A ), 5 L3 4 S 400 1 AR
b e R 5 A0 3 R 10 Ak # A4T AG AE AL K SF AR 2
TEJ5 22 0 2k PR (B] rp L 520 50 B NH, N & i R 42
T BRI T 300 mg /1L i B VGl R 0 £
NH, -N ¥ K& b 2218, 0F B & 38 T 2 4
S, 7E AR HE 60 min J5 , C 419 NH, -N & 4 103. 36
mg/L, X T+ T 7.01 mg/L, ifi #1100, 200, 400
mg /L W B0 AN R 41 NH, =N &5 2 28 fL A, B s Ja]
K AH J2 18 A K, 7E 60 min B H A 110 mg/L
ifie

EF X NO, -N 5 NO, -N § [z B Jif )5 28 4k,
Tt E 13 AE 14 PR 10T VeI IR NO, -N Y
BN 0o FESLINIE B A AR R 1 4 A 50 b R
75 e 1) NO, -N ¥J 46 & & 55 5 B S B 0. 1. 54,
6.015.24.22.49.6 mg/L, 7E /i 15 min H (1) 74 #E £
g PR, AT S AL B R, 4SBT 2 )
NO, -N #B 4k L 4 I #€ , 7F 45~60 min /Y 15 min Y,
545 NO, -NiHFE#H 2y 0.0.0.21.,0.45.0.93
mg/L,7E 60~90 min %) 30 min N, 545 F NO, -N

HAER N 0.0.0.284.0.72.0.66 mg/L, # HK I i
/DN o

€
=0
—— A
50 ¢ ~ B
—~v—C
%40 *-D
£
> 30
Ty b4
St
10 \ &
0 *
~_¥
of —a——3 —¢—¢ o

o 15 % 4 e 75 %0
AbFEH/min
13 HETHBHMAEREMEESRELEFRSP
NO, -NHW&EEL
Fig. 13 The variation of NO, -N in the supernatant of

primary sludge after free nitrous acid pretreatment with time

10 ¢

=0
—e—k
+B
8 vC
+—D
6 : SO
"B
38—

NO,*-P/(mg/L)
2o o
dodhe

0 15 % 45 e 75 %
AbERR K /min
B 14 75 A B T A0 28 R ) B 1) 5 5 R £ i R
NO;, -NH&EETWL
Fig. 14 The variation of NO; -N in the supernatant of

primary sludge after free nitrous acid pretreatment with time

H P81 14 0] R0, 76 B3 00l 15 30 i 152 6 1 4 1> 2H )
W ULTE PR B NO, -N 915 & 54 Bk 3,66,
4.23.3.68.4.07.5.65 mg/L, $h0 T i B 0 A IR
75 08 WP NO; -N B 5 538, 5 2 4 A 5
W AN K, BE L AE 2 mg DAY, AHER T8 NO, ™ -N
(5, A S w1 HA A B NO, -NF b T
NO, -N, H# Ml 300 mg NO, -N i}, NO; -N [ 4
KM B T8 100 mg NO, -N #1200 mg NO, -N
(7 5 A, 5 #0400 mg NO, -N (1) 3 K & X
AR KN 300 mg NO, =N & et i % i

AR BN Y R R DA B A T BN K T
F G, HAK SR X T A 0T 2 R CA — s 1Y 0 AR
FH L I HL AT LA PR T FE o

2)BEERER V5 e

WE 15 fR 82 £6 B 85T pH JE , #1305 I -
H W h POST-P WG & & b 118.62. 112,93,
114.10.112. 88.92. 93 mg/L, 13 WA & il &b B 2 i 15
WU e i R &1 PO, P

T RF 258 SR S W B 904 3 I () 0 8 B, PO -P



196 A5 xm¥ £ FROPE L) % 45 %

140 - —=—0
—o—A
—4—B
v—C
——D

0 15 30 45 60 75 90

AbEREFH/min
15 FETHEBTAERERNEGESE LEERP PO, -P
HNEETL

Fig. 15 The variation of PO,’ -P in the supernatant of

primary sludge after free nitrous acid pretreatment with time

SR B AL, 0 NO, N 1 LR i PO, -P ¥
B H PO/ -P U/ B 5 NO, -N 19 £ & i IE E, i
[ F7E 60 min J5 W02 . Horb, 60 min B, {ER
1R AL BRAY PO, -P i &4 23,45 mg/L, i HiAth
AN R TE 9 mg/L A2 A, 3 AR T WU R
EAH T PO -P IR .

PO -P & & 8L 7 W R B, T A R IR R A
PRAAEAET ,DPAOs FIl AR R, BT B i Ak B %
YRR, 76 PR S Al Ak i ok B2 vh I FE NO, =N Y [a]
Wl TR R A PO P, 5 NO, N & B FHFERY
Ji PR — 3

g b prak , w] LUK, #0300 mg/L NO, -N,
TAb B 1 b Sk FH U I PR 2E AT A PR A5 SA B Y
AR

3 Hig

A A A E A R T AL B T DA R e TS
e TR P Rl 22 00 In) 80, 98 /0 T3 Wb i AT LA
Ao R E T A B ) T (R F RS BT
NH, -N# PO,” -P ) K Bk, L EIE T2 T3]
TG U8 TAL B S 0 E T WA B A O AN T
HJG 2 ab B, 38 1 #0300 mg/1 NO, -N 17 i
Ab BRI P0TG U SCOD ¥ 3 K, H 2 W Wi T
NH, -N 1 PO,” -P 15 4 ¥ (9 BEJC, 01 005 e 1 I
SRR KA T A ISR B . 4% 300 mg/L
NO, -N, Fii4b 35 1 h > fdf FH iF 25 0 6 B8 2F 17 55 F A
T Ak B ) f5e AR 1 o

5% 3Lk

[ 1] k2 @il geit4E 4 [R]. Hbat: 55 Fk & d i, 2020.
China urban-rural construction statistical yearbook [R].
Beijing:  Ministry of Housing and Urban-Rural

Development of the People’ s Republic of China, 2020

(in Chinese).

(2] BmErR . 3 [ 15 Ve 4h B Ab ¥ BR MOk R4 (7). B,

[3

[i—

(4]

—
wl
[a—

(6]

(7]

[8]

(9]

[10]

[11]

[12]

2020, 72(6): 30-34, 4.
DAT X H. Applications and perspectives of sludge
treatment and disposal in China [J]. Science, 2020, 72
(6): 30-34, 4. (in Chinese)

GONZALEZ A, HENDRIKS A T W M, VAN LIER
J B, et al. Pre-treatments to enhance the biodegradability
of waste activated sludge: Elucidating the rate limiting
step [J]. Biotechnology Advances, 2018, 36(5): 1434-
1469.

WANG X B, CHEN T T, QI X F, et al. Organic
matter release from primary sludge by mechanical cutting
[J]. Journal of Water Process Engineering, 2021, 40:
101896.

ESKICIOGLU C, KENNEDY K J, DROSTE R L.
Initial examination of microwave pretreatment on
primary, secondary and mixed sludges before and after
anaerobic digestion [J]. Water Science and Technology,
2008, 57(3): 311-317.

BOZKURT Y C, APUL O G.

microwave pretreatment of waste-activated sludge prior

Critical review for

to anaerobic digestion [J]. Current Opinion in
Environmental Science & Health, 2020, 14: 1-9.
WANG D B, HUANG Y X, XU Q X, et al. Free
ammonia aids ultrasound pretreatment to enhance short-
chain fatty acids production from waste activated sludge
[J]. Bioresource Technology, 2019, 275: 163-171.

TE, AJERY, A0, A5 S AR IS Ve 5 (.
JTARALT., 2017, 44(1): 87-88, 102.

WANG Q, SHI H S, LI W C, et al. Research on

ultrasonic treatment of primary sludge [J]. Guangdong

Chemical Industry, 2017, 44(1): 87-88, 102. (in
Chinese)
NABI M, ZHANG G M, ZHANG P Y, et al

Contribution of solid and liquid fractions of sewage
sludge pretreated by high pressure homogenization to
biogas production [J]. Bioresource Technology, 2019,
286:121378.

KOR-BICAKCI G,

developments on thermal municipal sludge pretreatment

ESKICIOGLU  C. Recent

enhanced anaerobic digestion [J].

2019,

technologies for
Renewable and Sustainable Energy Reviews,
110: 423-443.

LU D, SUN F Q, ZHOU Y. Insights into anaerobic
transformation of key dissolved organic matters produced
by thermal hydrolysis sludge pretreatment [J].
Bioresource Technology, 2018, 266: 60-67.

XU Y, ZHENG L K, GENG H, et al. Enhancing
acidogenic fermentation of waste activated sludge via
isoelectric-point pretreatment: Insights from physical
structure and interfacial thermodynamics [J]. Water

Research, 2020, 185: 116237.



% 64 FT3 5 0 B T Al PR 5 b B T BAR A7 50 T R B iR A B A 4 197
[13] XU Y, LU Y Q, DAI X H, et al. Enhancing anaerobic the digestion of waste activated sludge through nitrite

[16]

[20]

digestion of waste activated sludge by solid-liquid
separation via isoelectric point pretreatment [J]. ACS
Sustainable Chemistry &. Engineering, 2018, 6(11):
14774-14784.

ZRE, BAR, BOKWE, 55 B3k B Ve 0B K
JBE 7K A B A9 5 e e PELT]. v R 45 K HEK L 2019, 35(13):
11-15.

LI ZJ, WANG X D, LU Y T, et al. Influence of
alkaline-thermal treatment on sewage sludge particle and
[J]. China Water &
Wastewater, 2019, 35(13): 11-15. (in Chinese)

SN, XVEFy, RS, 2% . f 15 Ak 22 X 1 & 75 98
DOM 13 Hi AR K47 0 A [T A B 25 7k ek
2021, 37(19): 14-21.

DOU C C, LIU Y L, ZHAO P H, et al. Effect of

dewatering  performance

alkaline pretreatment on DOM dissolution characteristics
of excess sludge and parallel factor analysis [J]. China
Water & Wastewater, 2021, 37(19): 14-21. (in Chinese)
BAHREINI G, NAZARI L., HO D, et al. Enzymatic
pre-treatment for enhancement of primary sludge
fermentation [J]. Bioresource Technology, 2020, 305:
123071.

ZHEN G Y, LU X Q, KATO H, et al. Overview of
pretreatment strategies for enhancing sewage sludge
disintegration and anaerobic

subsequent digestion:

Current advances, full-scale application and future
perspectives [J]. Renewable and Sustainable Energy
Reviews, 2017, 69: 559-577.

ZHEN G Y, LU X Q, LT Y Y,

electrical-alkali pretreatment to increase the anaerobic

et al. Combined

rate of waste activated sludge during

Applied Energy, 2014, 128:

hydrolysis
anaerobic digestion [J].
93-102.

NAOUM C, FATTA D, HARALAMBOUS K J, et
al. Removal of heavy metals from sewage sludge by acid
treatment [J]. Journal of Environmental Science and
Health Part A,
Environmental Engineering, 2001, 36(5): 873-881.

WANG X L., ZHANG L, PENG Y Z, et al. Enhancing

Toxic/Hazardous Substances &

(21]

[22]

(23]

[24]

addition: Insight on mechanism through profiles of
extracellular polymeric substances (EPS) and microbial
communities [J]. Journal of Hazardous Materials, 2019,
369: 164-170.

Bl KR AR Ry KRR AR MG 43 BT T vk 2 2% . 7K
AN K W 43 07 5 I b st b [ 3R B R 2 R
., 2002.

State Environmental Protection Agency, Editorial Board
of Methods for Monitoring and Analysis of Water and
Wastewater. Methods for monitoring and analysis of
M]. China
Environmental Science Press, 2002. (in Chinese).

CHEN W, WESTERHOFF P, LEENHEER J A, et

water and  wastewater Beijing:

al. Fluorescence excitation-emission matrix regional
integration to quantify spectra for dissolved organic
matter [J]. Environmental Science &. Technology,
2003, 37(24): 5701-5710.

W B BRI K I A R R R R AR E ) % CODer
ERRZ BT[] M E T A, 2010, 29(36): 242-243.
MENG C X. The influence of nitrite and suspended solid
of coking wastewater to CODcr [J]. Value Engineering,
2010, 29(36): 242-243. (in Chinese)

i, FESLAE, BRI AR C/NAR 5 K B Ak A A
RERTZE[T]. Hh R 45 K HEAK , 2022, 38(7): 80-85.

LI H, DONG L C, LU L P. Enhanced biological
nitrogen removal performance of low carbon to nitrogen
ratio wastewater [J]. China Water & Wastewater,
2022, 38(7): 80-85. (in Chinese)

WA ZE, B AR, % pH 4 RO 1L BR B i R
PAOs-GAOs 32 4 J N,O B HUREE[T]. FR BB 5 3%
A, 2021, 44(7): 145-153.

GONG Y K, FENG H, REN L F, et al. Utilization of
pH to regulate the PAOs-GAOs competition and N,O
release in denitrification phosphorus removal process [J].
Environmental Science & Technology, 2021, 44(7):
145-153. (in Chinese)

(%% %)



