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Abstract; The excess sludge from a sewage treatment plant was pretreated by alkali, and the
dissolved organic matter (DOM) composition, three-dimensional fluorescence characteristics, dissolved
organic carbon (DOC) concentration, and infrared characteristics of the sludge were investigated. When
the pH was 12, the disintegration rate of the sludge reached the maximum of 44. 69%. The
concentrations of soluble carbohydrate ( SC) and soluble protein ( SP) basically increased with the
increasing pH, and changed at the cut-off point of pH of 11. The concentrations of SC and SP increased
significantly when the pH was higher than 11. The parallel factor analysis (PARAFAC) divided the DOM

in the alkaline pretreated sludge into four components, including two kinds of protein-like components
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and two kinds of humus-like components, among which the content of humic acid substances increased

significantly when the pH was 12. The liquid chromatography-organic carbon detector ( LC-OCD )

analysis showed that the biodegradable biopolymer and neutral low molecule material (LMW ) components

were dominant in the DOC when the pH was in the range of 9 —11. However, when the pH was 12, the

content of humus and humus precursors increased sharply, and some non-biodegradable humus dissolved

out in large quantity, while some biodegradable organic matters were converted into non-biodegradable

humus. Infrared spectrum analysis showed that the absorption peak area of carbohydrate and protein

increased with the increasing pH. The absorption peak area of the amino acid group reached the

maximum when the pH was 11, and that of the group with aromatic ring structure reached the maximum

when the pH was 12. After comprehensive consideration, pH of 11 was the optimal alkaline pretreatment

condition for sludge resource recovery.
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Fig. 1  Dissolution efficiency of organic matter and

disintegration degree of excess sludge
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Fig.2 Dissolution efficiency of organic components

25 Ll g, B pH {HRYHE K, SCOD ¥ Fis
Ve i ZR AR 1S K, SC A SP R BEAE pH < 11 I
Zetg Tt opH > 11 IR THE o B B 5 Je 2
PREE AL TE B A IR, (HZ 58 A 2 DL A W 4
JORE , WA REL LA P I R o T 2, 24 pH > 11 5 4
JOTFAGRIRE , N Z WD IT B BRI, R0 1T B i 36, i
L 5 P 3 A R B 2 DR MR BE IR
2.2 ZHETSNEFETN

SR AT SE B T AL S T x5 e Hh DOM )21
O3 AFNEOC R, A MATLAB 2014a #Fiz 17
DOMFluor T HALXf AN [A) B e B2 T 15 U 1) %5 ) o
EEM 45 #£17 PARAFAC Zb 3, 5 5 DU 24 73 5 A 5
MTorHriZ EEM s, & 1 A pH (R i5 7
HH R oD T 25 5 7% 1) T T 25 1) PARAFAC BEAY )y
WL A, B 4 ANFOE I, AR E LK 3, DOM
AR SEE B g o C1 R C3 LS4~ 36 I il
[y C2 #1 C4, Cl B TREOAMREY I, 5B AL
HREMIA K, FENF s S B 45 6 S E B BE
IR, W LME R R AR . R
P 2 U P R e A A i T R P R
WA, B SR T EARE S . C2 WA

.16 -



www. cnww1985. com

FENN 5 BRTAA T 3+ ] 4275 2 DOM 64 75 th 45 48 BT 47 B F 547

H3T A %H19H

VR W R 53 W Jis 7 I Q5 e 9 0 S U5 4
R, 73 ¥R R, A5 RS E B 2%, A By Bl A WA
F 957 A PR T B, A B AN A e A7 A

—Ea ", R TEBEAREY R, 4
3 AR W 3 A S I T8 TR L IX S R LR
S5 R IR LA X

%1 PARAFAC ;EfEHTH A 4 1R AES
Tab.1 Four components of DOM by fluorescence PARAFAC nm
Dby A5 Ex/Em Pyt SCik Y Ex/Em

Cl 278/348 Ko IR R 275/350"!

C2 (318.,294) /(384 ,392) K I P v U o R R B TR (290 ~310) /(370 ~410)

C3 282/324 K E BRI R 280/330!'

C4 (358 254 318) /(484 472 548) ] Bl X 2 R (250 ~450) /(380 ~550) '
600 0.10 L T R AL R R R T A AN R AR B 1 T 57, Dt PR
Zgg io.os WA E A SR IRAE T 5 20k A SRR RO
200 0 AT IR

0.08
500 0.06 3.0x10°} Cl
0.04
R, &= H 0.02 5 5 10° c2
< 300 0 XA 3
5 .
= 500 0.10 Zooxep 4
400 0.05 o .
300 I 0 iS L.5x10°f
5008 0.04 i 1.0x10°}
400 o 0.02 0.5x10°}
300 - - ' - - Mo
250 300 350 400 450 500 550 0
Ex/nm B R 9 10 11 12
pH 8

3 PARAFAC B B ERITE S H 5

Fig.3  Fluorescent component determined by PARAFAC

mode

4 JgAsTA] pH A5 PF T DOM f) fie K7t 5
FEI3 i o AT LA Y, A BT84 DR Bk JBE ) A Ay 15 e o
DOM {5 R PG BE R B 2 o FERMEZRF T, 41
gr C1 IR RSG50 L R pH A A3 0 12 e K
Ja NGRS 2 pH {EM 9 T+ 10 i}, C1
AR RSO B S B Tk 4, 15 Y SRS M i
by T W LSO i RO P O H— 28 K T 8 H
A SR SR AR R 2 K KRR % . 24 pH =
11 C1 A R 908 BE S AR Fa, X n] e
BIERRIE—BBOK IR AR T AR 2 e — %Ak
A Y pH =12 B C1 5 K9G 3R BE KR
JETH 5 , 1ol T A i BE B S IR , R PN A R
DRI 1 Tk JBE S ) T v, 35 R T T 45 2R — 2K
C3 MR IO EETE pH (N 9 ~ 11 JER LA
W2 (B pH = 12 ISRl R [, m] B P e s
RIS o v it 2 BCRH P B0 J8 BE AN B HOK i i, 5
BOLUEE R . C2 A0 C4 I d R 9 6 B 7E pH
{EN 9 ~ 11 JuE A o)y, 1024 pH = 12 [, 2K

4 FRE pHESETHRARNBE
Fig.4 Maximum fluorescence intensity under different
pH values
XI5 Ve BRI ) = 4 5 6 G T BEAT 0 A el
4 pH<11 i, {5 R R IRE I BE pH (EL Y34 I
fift, 24 pH =12 WP AR AR T WRE , K& N A W) B0k
J,3X 5 Dogan % A PRI 45 R — B, (3R
(e, 24 pH =12 I, PEEE R DOM (995 i, 3fEA= )
V2 it 14 T L TR e B8 L3 T A, T T8 TR 2 2 W) A= ) e
it , 2 H 200 45 ) BB B R AL o3 Al AR S — b
FosE A G X R 25 & Al 15 5 B A 5 AR W)
S PRI TC A 5 A S L A B i 1 A
fEF, 3B 5K DOM ¥ H T i R B ) 5 - e A
FH . AASBEIEIN 24 pH = 11 W, fERIES
BTV R SRR b XEAE W R A 1) R TR R 2R )
JoT & s D SRR FRAR Y B T AL R SR A
2.3 BFEMEENREN
K5 AR pH fE A T B HiAL 215 e iy LC ~
OCD 3% , X5 Y b W0 Hh ) i A BB 22 AL 1
DUREATSIOWL I AR 23 BT , ] E 2o A i F) % B I [R] £

- 17 -



H3T A H19H

P OE 4 KK

www. cnww1985. com

SRR/ o= Rl SR SRR /01 o BNV AU UL SO WO
OCD KK il A BB (DOC) 73 N B K A L
B (HOC) Az K M HLK (CDOC) . Jrfr, HOC
B SRATAE [ Jo8 e A Bl 1 7K 19 J§ 4 o, CDOC
AR 731 o KNI 22 R oy A RS (O3
T 20 ku Gl E N 20 B AR IERR) JE
BEJTC (0 1B O 1 ku, O 3 BRI B (TR &
R) JESHRT R (531 i D 300 ~ 500 u, 2
TR BRI N R A P i 2R 114 22 B D el 2 OuR Y
o Tk, BV IE E SR o3 A% 7 ) EPTME%}?%%
(73Tt <350 u, (55173 1 P iy ARk
B2 RR) . Hord, i%%’*%%ﬂqﬂ@ﬁ/\
W oy A W0 o e 640 00 T G LSR5 A
PR R

315"4‘
151 4R
12|
09}
0.6
121
09t
0.6
121
097/
0.6 [~
12}
0.9 J
0.6 =
12}
09}/
0.6

H VAR 23T W 5

A

)

| Omaommkn ©

i Ji

i
)32

SRR

Ei

LC-0CD 1,

O‘ 2IO 4I0‘ 6I0 80 1(I)0 léO 14I10 160 IEI%O
B A B B ] /min
5 AE pHESKHTFEM LC - 0CD Eig
Fig.5 LC-OCD of alkaline pretreated sludge under different
pH values

K6 g AR pH R 26 144 1 ¥ ¢ T Ak 2 i e v
DOC .HOC F1 CDOC f ¥k F A5 fk %5 i, DOC, HOC
1 CDOC ¥ B ARFf A pH A B9 1S RS K, 76 pH =
9 ~ 12 Z5F R 5 P B W H 9 DOC ¥ B 70 53
43.56.119.52 .289. 6 F1757.3 mg/L, /3 & R 1Y
4.27 11.7 28.36 Fl1 74. 17 f%, ViHAGRAL 3 v] DIA
RUEHE TS PR, K A LY k. BEE pH ME
(3G, CDOC 7E DOC Hr iy (5 Fb & Wi /s, HOC 1y
o OO ET O, A i 5 N0 R 9T & B, HOC He g
5 oy WU Wy R A, DR T AL BLAE {8 K i DOM

Ve R TR ks TS R A AT A fk e, T N
CDOC 44143k pH {HYAE 1L, AT LA i, b % pH
EAIE T, 4 B2 20 BOVR B2 2 R e 3% i, 7€ pH =9 ~
L1 5 [P A 0 23R 6 0 R v P A 43 400 53 A 4 7
DOC (5 OLHHAL, 72 pH = L1 IfIX 9 &) A= )
fif 20 53 7€ DOC 1) i LL 5370 189 1 23% , 1fii 55 4
R R B T AR 3 R e X 2 A R A 2 1) o EE R
A 13% F114% o 105 pH = 12 W], Ji 8 50 0 i e o
AR & 2R BT, R 5 R i = BTt

X FE AL SRR P T — S A I R8e Afe 1% L oK o
Vst D B — 26 5 A W R A WL RS A A )
eF A 14 JE B I, T S AN R i e IR A A 1, DRk
pH =11 2ENBAR 75 Je A B4 1

1 000 4100

190

800 180

5 = HOC i 170
i 000f -e-cDOC /it 160 &
Ll DOC {50 =
2400 HOC 140 H

¥ CDOC 130

200 120

110

0 0

HIE 9 0 11 12
pH =

6 [ pH {E& T DOC.CDOC %1 HOC r93E{k
Fig. 6 Change of DOC,CDOC and HOC under different

pH values
160 |
EMREY
JE& B 5t
T 1200 R
"‘éﬂ RS> TP 5
= 80 1
¥
40
0
£ 951} 9 10 11 12
pH i

B 7 A[EpHESEHET CDOC h&AHASRETL
Fig.7 Change of components in CDOC under different pH
values
ARS i EE TR
IR I AL B 5 ¢ H DOM 5 Hi 45 14 1 5%
e, X 2% pH (B 2540 T B A J 15 R E A7 20 A1 i
S, el 8 TR, AR IR SCRkARAE S Y s S
HXF R LA 9 T3 20 FELLAMGIE 2 i v, AR i

2.4

.18 -



www. cnww1985. com

FONN 5 BT AL 22 23R 475 6 DOM 6905 45 42 B P 4T IR F 547

H3T A %H19H

BT — HU IR R R e 00 R A R o U e ey
TR AT AU HEA T 5 REAIHT Y, P O S 1oy i 1A 7
AN pH AR B REAE I e i B i 2o Origin 1
TR

— pH=9
—— pH=10
: bgié 2535 2130 19 1817
,,7,;/}2\ - tL,,¥_RWN,/ R/ ==qr=f
16 1514 13 12
[
= y o
" 5y 26 *ﬁ”\fﬂ”}jf\ — =\
v

4000 35.00 3(;00 25IOO 2(;00 15IOO 1(;00 560
P Eem™
8 A [E pH E &M TSI LIE
Fig.8 Infrared spectra of alkaline pretreated sludge under
different pH values
T2 LIHMEIER X R Y E

Tab.2  Groups corresponding to wave number of infrared

spectrum
e RN PR/ em ™!
1.7.12.17 18| HEzk C—O—C {4542 |1 000 ~1 150
2.8.13.19 |HiZs CH, .CH, .CH ZE MR |1 300 ~ 1 480
3.4.9.14 20 IR RS 1365 ~1 625
10.15 21 AR NH, 25fadRsh |1 620 ~1 640
5.6.11.16, SIS LL M2 CH
22 23 24 CH, .CH, fhgafzy |2 850 -3 000
B2 C—0—C Mh4aiRsh
Bi2& CH; .CH, .CH Z£ fi 4k 3l
0.12 55 A5 4R B
HILT NH; & fksh
0.10 WEIS kRS CH, .CH, .CH R4 4R 3h
= 008
&
'b( .
= 006
0.04 |
0.02
0 9 10 11 12
pH [

B9 AE pHEFHTIERANRKIEER
Fig.9  Absorption peak area of each group under different

pH values

Fe5 o 1712 17 118 (7 ik W Wi e oAy i
C—O0—C AEHRSNFFAE W, 5 2 813,19
W2 CH; (CH, \CH AZ A diRah R IC e, AR Jl 141 9 B

RPN DX e AR B 2 pHL A A9 35 K I S 14
A, Uk B 7 s Ab B G R o AR KR C—0—C
S IR AL BT R P EPS MR, KR 2 R
PRI, P9 5.6.11.,16 .22 .23 24 [{4FAE W% i i
NIES K HESE CH, (CH, \CH {45 iR 5l , X 2L FL g 5
BAE TS RS A WL, 78 pH =9
B2 M S e LA 5 R A W T AR, B 5 pHL A 1
Kz R 2RI D 76 pH =11 BHA R ER AR, &
A It 5 ke ) 386 0 K 01 BIL K ik /N oA L
IR LRI, X 5 LC — OCD 44t S — 3k,
JP5 1015 21 Fon iR NH," A8 f R sh e il
U IZIRUEAE pH =9 S5 T oARAS 1, SRR
JoT R 7K figp R P A, pH (BT 2 10 Ji5 28 1 ol ik —
WK RN EERR, I AE pH = 11 I 35 B B K, 1 7
pH =12 B0 B I T B, IR PR S A5 e fE T
RIS 9 1E ) B 3, 5 BOLAE R T
IR YRR AR RS 3.4,
9 .14 .20 1375 F e B 224 gl , I W i e e AR i
pH E A3 i3S I, 76 pH = 12 IF AR K, X 5
SYESOE A BT F I R 1 B K e ' B AR AL AR 1)
Bro THURHR S F A LA AN 65 5 R A — S8 2R 1 I
HB A I I PR, T 3 P 45 44 19 A AL KD
EARGRCEWEER RN . SEkE R
SF T RGRR T R IL RIS SE A 1 B T AR AR B, AT
AR 97 L AP R 5 ) 5 PR A R A R A T [l
FURAEHT, 6 EPS 55/ W4 i 7= £ 7 AR5 i HE S+ 1
R 35 e R R 5 A A B SR A 1, 30 DOM. 5 it
W% pH {E AT, 24 pH = 12 B B AR5 R
T A AR P A RS, LI TR sl A B T KR 5 R 4
(R XEREE AT LD, B8 A 20 0 5 X o T E s M 75 U
AT A, PR AE pH = 11 255k 4 S B 731
AEHREAT
3 4

O ST T AT5 T H Y SCOD Hk |
15 VR AR FE IS pH (B R3S R I3 N, 4 pH =12
75 06 178 B e R A K, IR B T 44, 69% VR
KA G A BT EEAE pH<11 BFpEE pH (E1Y
WRM RGNS IS, pH > 11 1 BE pH A 1)1
KR 2R T

@ >k F PARAFAC M i i 4k B 35 U H 1
DOM 1|53k 4 Fhal sy, PR (Cl) (K
e v U5 el YR A R (C2) L ST AR 28 ) T

.19 .



H3T A H19H

T OE % K H K

www. cnww1985. com

(C3) MR WLIX R E B (C4) . C1 I C3 Fiti%5 pH
{ELASE R AR S s 3, C2 A1 C4 72 pH =9 ~ 11
VO PRI AT U/ 78 pH =11 ~ 12 YL 538 T

@ LC-O0CD 734 M, 76 pH =9 ~ 11 Ju i,
HYPREYI AR PER 7 TP B4l 5r 48 DOC H 5
ML, 1725 pH = 12 I, J55 58 S5 R 5 o i 1A 49 25
R _ETE SRR T S R, s B A
T A Wy i 1) S SR TR A T H— 48 5
A WA (A L 3 T DA A A ) A A 1) T B o

@ NGRS TR, C—0—C 4 iR 3h Al
B2 CH; \CH, \CH A2 ffy 41 3y 4 Ak W5 i g it ARt
pH (EL AT R, 2B R NH, 78 F 4k sh Rk I
WU Py e R M Wi T AL BRAE pHL = 11 %A, 1T 57
PRt AR Sl W e ) 7 pHL = 12 i 2K 21 5, B
RULL 2 CH,  CH, | CH. fe 45 41 3 W Wi e i AR 7
pH =11 i X B AR, Ko 5 WL A BOK

LR G HIEME pH = 11 T A5 U8 1 fe FE i Tk
PR

SRk

[1] WANG S, YU S, LU Q, et al. Development of an

alkaline/acid pre-treatment and anaerobic digestion
(APAD) process for methane generation from waste
activated sludge[ J]. Science of the Total Environment,
2020,708 :134564.

PR EIAR, Bk, . Bl AL B T Y ORL B
JBRPERE RO e R P [T ], op [ 45 7K HE 2K, 2019, 35
(13) .11 - 15.

LI Zhuojun, WANG Xudong, LU Yongtao, et al.

(2]

Influence of alkaline-thermal treatment on sewage sludge
particle and dewatering performance[ J]. China Water &
Wastewater,2019,35(13) :11 = 15(in Chinese).

[3] KIMT H,NAM Y K, PARK C, et al. Carbon source

recovery from waste activated sludge by alkaline
hydrolysis and gamma-ray irradiation for biological
denitrification [ J ]. Bioresource Technology, 2009, 100
(23) :5694 -5699.

[4] CHEN Y, JIANG S, YUAN H, et al. Hydrolysis and

acidification of waste activated sludge at different pHs

[J]. Water Research,2007,41(3) :683 —689.

KSR SR, Y, A SRR B R 54 B

XA TG P A WERY R (1] . JE st Tl R 22 4k,

2016,42(2) ;277 - 284.

PENG Yongzhen,XING Liqun,JIN Baodan,et al. Effect

(5]

.20 -

[6]

(7]

[8]

(9]

[10]

(1]

[12]

of super-alkali pretreatment and alkaline intensity on the
waste activated sludge fermentation [ J]. Journal of
Beijing University of Technology,2016,42 (2).:277 -
284 (in Chinese) .

XEAF], g8 — B Rb e, 55 il BT e 7 IR AICR
RIAEYREE ORI [T ] PREE LA 4R, 2013,7(7)
2685 —2688.

LIU Yali, YUAN Yixing, DU Mao’ an, et al. Studies on
microbial structure and volatile fatty acids accumulation
Journal of
Environmental Engineering,2013,7(7) :2685 — 2688 (in
Chinese) .

LI H, LI C, LIU W, e al.

with different alkaline pretreatment [ J ].

Optimized alkaline
pretreatment of sludge before anaerobic digestion [ J ].
Bioresource Technology,2012,123:189 —194.

H AL, XA AN 6] AL EI 7 1 X 38 A YR 1 T 114
SATFELT]. FEEREE,2008,29(2) 327 - 331.
XIAO Benyi, LIU Junxin. Impacts of different
pretreatments on characteristics of excess sludge [ J ].
Environmental Science, 2008,29 (2):327 - 331 (in
Chinese) .

HRMEH , SR , H— P RIARTS I A B AR
(I BREERbA#4,2011,31(1) -1 - 12.

HAO Xiaodi, CAI Zhengqing, GAN Yiping. Review of
pretreatment technologies for excess sludge [ J]. Acta
Scientiae Circumstantiae, 2011, 31 (1):1 - 12 (in
Chinese) .

AR JAR e, A5 TS KRR BT S YeK T IR
A BOEIE R B (1] B AL, 2016, 37
(4) :1460 - 1466.

NIU Tianhao, ZHOU Zhen, HU Dalong, et al. Spectral
characteristics of dissolved organic matters in reject
R
Environmental Science,2016,37 (4) ;1460 - 1466 (in
Chinese) .

R T oM IR BT SO
SPAT PR AR B T LK A A HILBURRAE 23 A
(] AR SRS ,2019,35(7) 1933 - 939.
ZHANG Guangcai, YU Huibin, XU Zehua, et al. The
the

water from  wastewater treatment plants

characteristics of dissolved organic matter in

overlying water of Moguhu Lake based on three
dimensional fluorescence spectrum and parallel factor
[J]. and Rural
Environment ,2019,35(7) :933 =939 (in Chinese).

WREBCEL, AR &, E Mk, % = 4E ot A A
PARAFAC Zp it fili k7 7K {4« DOM AL 7345 15 2k U

method Journal of Ecology



www. cnww1985. com

FNN, 5 ARTRAZR 5t #4275 % DOM 9 70 sk 43 42 BT 47 B F 47 %374 H19#H

[13]

[14]

[15]

[16]

[17]

[18]

[I]. WM R A2 4l ( B AR BE 2 1) ,2017,29 (6)
55 -62.

CHEN Yizhong, DU Erden, WANG Yulin, et al.
Distribution and source of DOM in urban water bodies by
EEMs spectrum and PARAFAC analysis[ J]. Journal of
Changzhou University ( Natural Science Edition) ,2017,
29(6) :55 —62(in Chinese).

Fain, TOK AL, k805, 4. T 3D~ EEMs il
PARAFAC {38218 248 DOM 2 B 3 AR AEL ) ]
it 55615 /0 ,2018 ,38(8) 12549 - 2555.

LU Jingjing, YU Shuili, ZHANG Lieyu, et al. Vertical
distribution characteristics of DOM in soil infiltration
system based on 3D-EEMs and PARAFAC [ ] ].
Spectroscopy and Spectral Analysis,2018,38(8) ;2549 —
2555 (in Chinese) .

COBLE P G. Marine optical biogeochemistry: the
chemistry of ocean color[ J]. Chemical Reviews,2007,
107(2) .402 —418.

E b dn, SO, SRR, 2. PARAFAC FI FRI f#f A
ISIH DOM 73 Aii [J]. [ BREERL%,2019,39(5)
2039 -2047.

LU Jingjing, GONG Weijin, DOU Yanyan, et al. The
distribution of DOM in aeration pretreatment improved
soil infiltration system based on FRI and PARAFAC
[J]. China Environmental Science, 2019, 39 (5):
2039 —2047 (in Chinese).

PR S B A AN TR TRLE K R S v [
PA AL e By W2 [J]. 5 T2 4R,
2020,14(10) :2823 -2830.

GAO Yuan,HAN Yun,HAN Lu,et al. Effect of thermal
hydrolysis treatment temperature on transformation and
composition of organic matter in high solid content
sludge [ J ]. Chinese Journal of Environmental
Engineering,2020,14(10) ;2823 —2830( in Chinese).
BRFH =B, . imePuk g i rh ALY o 1A
POCRFE LR A [T ], [ 3F 55 R 2, 2008, 28
(12):1062 - 1067.

OUYANG Erming, WANG Wei. The change of
spectroscopic characterization and molecular weight
distribution in sludge thermal hydrolysis process [ J].
China Environmental Science, 2008 ,28 (12) ;1062 —
1067 (in Chinese) .

DOGAN 1, SANIN F D. Alkaline solubilization and

microwave irradiation as a  combined sludge

e 21 -

[19]

[20]

(21]

(22]

(23]

[24]

disintegration and minimization method [ J ]. Water
Research,2009 ,43(8) :2139 -2148.

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.

Al T I R JE HE, . LC - OCD 23 A7 3% 1 £
BiF — A= MR L BR AR K o DOC I RELT ], R
B TR 2AHR,2015,9(11) 15432 - 5438.

TONG Kun, LIN Aiguo,SONG Qihui, et al. Analyses of
DOC removal process in heavy oil wastewater treated by
LAC adsorption couple with biodegradation by LC-OCD
[J]. Chinese Journal of Environmental Engineering,
2015,9(11) :5432 - 5438 (in Chinese).

RUTLIDGE H, ANDERSEN M S, BAKER A, et al.
Organic characterisation of cave drip water by LC-OCD
and fluorescence analysis [ J ]. Geochimica et
Cosmochimica Acta,2015,166.15 —28.

HUBER S A, BALZ A, ABERT M, e al
Characterisation of aquatic humic and non-humic matter
with  size-exclusion  chromatography-organic  carbon
detection-organic nitrogen detection ( LC-OCD-OND )
[J]. Water Research,2011,45(2) :879 —885.

e, EE K, 5y, . BT [ 75 e 4R
IR D AR [T ], 2 SIRET 4R,
2018,18(4) :1527 - 1532.

HAN Yun, WANG Xiaofei,ZHUO Yang,et al. Impact of
the pretreating conditions on the conversion of the
organic compounds in the THP of the high soild sludge
[J]. Journal of Safety and Environment,2018,18(4) .
1527 — 1532 (in Chinese).

FFE. RN T (M. 2 fi et
k27 ol H AL ,2010.

WENG Shifu. Fourier Transform Infrared Spectroscopy
[M]. 2nd ed. Beijing: Chemical Industry Press, 2010
(in Chinese).

EF R SNIN(1995 = ), F Bevtt a1 L4
FEAE, EEWETEIT 10 B G P IRAL o

E - mail: 1484556799 @ qq. com

Wr#E B #1:2020 - 06 - 30

&[5 H #3:2020 - 09 -22

(Gt X5 )



