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Spectroscopy and Spectral Analysis
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WA PLT (DOM) 2 4 38 p AR B3 sh M Fn s 1 A
MLy o Al T2 A0 e s 3 N 0 3P 0 o L i B 1 1 AR 4
ST RAHAREE . AR, N R AR AT O, A
LGS (UV-Vis) | 6 B it AR #2050 56 1% (FTIR) Fi = 4 5%
St % (3D-EEMD 4 i F F 43 #r DOM Ay 25 ¥ F 2l 437 . il
it UV-Vis Sk RAFAE S 8, 0% DOM 1 35 #4 16 F0 7 44 1k
FEEEHATIEAET); FTIR A48 /8 DOM ) B A 1] 4 H 5
B2 3D-EEM R RN A LY B B L5 I RTIR T . #
Hr DOM 76 HiJE 32 2 w00 5 0 4 0 98 28 R AE T o B B K35
3 X HERE DOM W) AL R AERE 55 4 A & @ 2800 . i R4 3k
L RERLSEHMWBOL RLHIL, H2, PHRRAN
ol i A 75 00 1 A Sl R R B BT TS DR AT AT XS B, O L3
A 35 6 1 A 20 3 B0 5 R K T Ui s X AR 4 W VR R R K TS
Ve HEAT HENE 13 B i DOM S5 49 . ) % 241 1 38 728 AL o 14 B 3 LA
PENGIEEES: e ) e A R R
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VUH BEEE . RSAT . ORBERUR B AR N fi R, 5 AP DiR ®
JE B K 15 Ve 4 — 7 LE IR & HE AL . $R R DOM #4723 #7 LE
B BRGR M Z OG5 2 RAL T . N2 878 DOM
A BILBE B AL RS A HE AR . R HLIR A R AT RRAE DG 35 S
B FRERUEBLA I SR B, AN CR BE T DOM R[]
W S5 o3 A S G AR P A S R AN R b A SR T R —
T8 b3 VT AL T 2R 4 R KR . S A TP A A TR R S5 2R )
YRR T K 35 8 b [) 3k A 6 i 7 1 7R B 4 it — S8 B )2
S/

1SHR

11 kB st
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Table 1 Physicochemical properties of composting meterials

He 00 03 95 R E T3 7K 8 O T T Kk N
HIKE/ % 68+0.0 1440.01 1340.01 1040. 0 9-40.01
&/ % 20. 4640.0 48.1240.0 39.1740.0 40.3840. 0 45.6740.0
2R/ % 3.7240.0 1.2840.0 2.6740.0 0.9740.0 0.89+0.0
k& L 5.5£0.0 37.6+0.0 14.7£0.0 41.6+0.0 51.340.0
HHLE/ % 47.14%+0.0 77.4940.1 68.69+0. 1 83.7940.1 74.35+0. 1
K45y % 52.8640.0 22.5140. 1 31.3140. 1 16.2140. 1 25.6540. 1

HERE IS0 % 4 DA, o5k T1: V506 + H k.
T2 {H5R+HFEF. T3: HR KM, T4 HR+HARE. AW
A E A R B ¢ VYR =1 ¢ 4 CHEER B S it HE R A K R
FE 50 % ~60 203 . 76 [BAR (25 AL 601D th k17 HE IR R E .
AHENE AW, #2 0, 3, 6, 10, 14, 21, 28 F1 35 d 4 B HUAE,
FAT IR AR HEAT 48T . BUCRAEZ 500 g,
1.2 DOM 32 E

BAEM R T PHE A 100 B, 8 g 10 mY I
Bl LBEFKREE, B8P EERRG & PR G (% 200
remin”', JEE 25 °C, BFE 24 hy, SRJE 94T B L (B
12 000 r » min ™', JEJF 4 °C, BHE] 20 min) , ¥ 1 3E Wit 0. 45
pm PRI, 55 A 38 5 B S DOM, R AL A ML 53 #r A
(Muti N/C 3100) il 52 DOM B & #% & % & (L) DOC
(mg(C) « L™ HiP).,
1.3 A&

(D) AT WOGTE 53 BT« 554 DOM 11 & 5k 1 40— 8 37
F 20 mg(C) « L1, SN J6 B i (Lambda 750) $9 44
B FHEAEE D 190~700 nm, Ul 254 1 280 nm P (1Y
EHMRIRE . IF 5 DOC AR 5. 322 SUV A, #1 SU-
VAgso s ¥ 226~400 nm [ 58 SR % B 4T H AR B 4. 8k
Aszg—so0 » ZFHNINGE BE S 253 F1 203 nm WG B9 L AE Eass /
Ess s 253 5 220 nm WYGREE M U fE Esss /Ess0 s 250 5 365 nm

WO B LEAE Eoso / Eses

(D LLHMEIE T - DOM %R R T HNE R R . 5
KBr B4 1+ 200 {1y LG BF IR 50+ 28 F v AL FE o 1 as W
) A8 B AR e 2T AP 6 %Y (Thermo Nexus 470) % HF#i,
PR 400~4 000 em ™, 510 FOGIE I LUB ST S

(B FEEIETEII T TAE WO 5 Bk 58— 20 mg(C) -
L', S0 E 1 (FI8 1 b ) W i . LA 4K 1 2k
25 EXF IR 90t A B Ot Bk S I L B UK I K Ex =254
nm, &K (Em) S Bl . 280~520 nm. #E56[R 2063
FU . [ K 22 (Ex—Em) 25 —30 nm, #& K (Ex
HiE M . 250~600 nm'™ . =4EFOG B AN, BER K
(Ex) i J6 Fl : 200 ~450 nm, & 5 3 K (Em) 45 4 38 [ -
280~550 nm,
1.4 HiEAE

P P 2 0y Z A . ] Matlab 2017a 2038 = 4E%¢
SeEHE . 2 H Pt . f#i il removescater 1 DOMFlour T.
B0 = 4 PR BEAT AT R 447, TSR AR

2 #iRSTHE

2.1 UV-Vis & #f
2.1.1 DOM % 5Bk wh & T 4L
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2.1.2 R4 AR BORAE B AL
SUV A Al LI R R & A AR C=C WANLE
Y 3G FIEAL S W) . SUV AL BE R B DOM 4> F &
KN, R AR EMISABRESER. WE 2 Pin, i
NEETIE, PO AL FRZR i SUV Ay, Mg A K, JUHE T1 f T2
IO, AE 14 d 53N g8 . FEHENL TF a0 09 SUV Ay, fH 43
Wk T1: 0.46, T2: 0.70, T3: 0.39, T4, 0.48, F|H: 45
FJE, PUASAL B4 ) SUVA,, B> 818 1.66, 1.95, 1. 95,
1.69, Fhm G800l 3.6 £%, 2.8 %, 5 £%, 3.5 f%,
B, SH A FEAL A L . T3 A B 4 55 A6 1h AR 3 A X A
3.54

()
3.0

2.5+

2.0

0 3 6 10 14 21
Composting time/d

28 35

UV-Vis spectra of DOM during the composting process

WA AL FRALE SUV Augo 1 b a3t RSB IR K. 5
WK, Hodr T T2 kb FREE A9 9% sh Ju W & . U4~ &b B
HAEHEAC Bt B 19 SUV Ay fH 430 8 T1: 0. 40, T2: 0.57,
T3:0.39, T4: 0.43, FIHEALE K, SUV AL 5 5 ETHH
1.47, 1.80, 1.76, 1.47, EHEMEFIMY 3.7 £5, 3.2 £, 4.5
i, 3.4 f%, T3 b FRAL RGN A% S0 B F A b 34l i
W] T3 4k B2H 75 14 A2 B AR N 8500 » X P] BBl Tz b B4R
LN T R A A0 I A R I AR . R DS A R ) R
% SR TS

1 ® . it
3.01 W T3: 5K
o B T4: TGRS

0 3 6 10 14 21 28 35
Composting time/d

2 HERBIE FE R SUVAL, F0 SUVA T #E 5
Fig. 2 Variation trends of SUVA,s; and SUVA,; during the composting process
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g Y TR b B HE I i AR DOM g 4544 A2 4k, i —
HorHr T UV-Vis il SHENC T LA XS5 Euss/
Ens s Epy/Epo XA S8 — & 2k 278 DOM Hh 2R 35 (1 B
AR DL R AR P 26, BN R BT IR b iy OG5 DA
Wi 3= A N R W o R R R K
fEZSHE M. R 2 LLFE L, BIHEAL G A ng, a4~ 4k 3 20 1Y
Eyss / Ezos Tl Eoss / Eooo (H AR %S T HEAC KT I W ZF 3800, Esss / Eoos
Y3 I g BE 4> W T1: 81%., T2: 27%, T3. 200%, T4,
145% 5 Esss /Eq B9 18 008 B 43 3 4 T1: 51%, T2: 21%,
T3: 96%, T4: 108% . F W% HE ML 1Y 347, DOM 43 73K

10 Re B R A A o i BN R EE . BRAL SR B RE A
DOM 4 ) Ji J8 AL R 3 5tk . Horp T3, T4 b AL A 38 s
BEE R F H AL A A B4,

Esso/ Esss — 5 DOM 43 F85 /N B 58 Ak B BE 52 674
Ko WUAAEFRALE Eoso / Eses {8 ¥ B & HE AT 5o 72 2 F Rt %
FWRBEHR S F RS K, BHAREZENRTR. AnnwE5
DOM 43 F 45 ¥4 36 90 4 A % DI A5G, R AE DOM 43 F 1 45 &
BE o PUA AR BRI Anooo TEHE IR S5 35 B K, A U4
Job F 20 7E HE P o AR 4R 5 T DOM 4> F (1 45 4 B . I i 58 Ak
TR .

F2 HEEREMNTRAEESHTK
Table 2 Changes of UV-Vis spectral parameters during composting process
Time/d Eyss / Ezos E2s3/Ezz0 Ess0/Es65 Asz26~400
T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
0 0. 16 0.22 0.11 0.11 0. 37 0.42 0.28 0. 26 9.10 11.66 12.36 9.55 8.91 13.06 8.03 9. 60
3 0. 30 0. 25 0.25 0. 26 0.58 0.53 0.55 0.61 10.35 13.85 8.74 12.82 21.43 21.10 23.66 16.76
6 0.41 0.27 0.28 0.27 0.57 0.55 0.55 0. 60 5. 40 8.24 5.72 6.24 60.21 30.65 33.80 27.93
10 0. 30 0. 35 0.29 0.27 0.52 0.53 .53 0.51 3.95 4. 20 3.52 3.98 36.45 65.93 35.52 36.41
14 0.32 0. 30 0. 28 0. 27 0. 54 0. 54 0.53 0.52 4. 29 3. 66 3.55 3.32 43.51 48.36 36.24 34.12
21 0. 32 0.29 0.28 0.27 0. 54 0.53 55 0.53 3. 69 3. 20 3.12 3.61 51.57 34.16 33.81 36.76
28 0. 31 0.28 0.27 0.28 0. 54 0.52 55 0. 55 3. 46 3.16 3. 39 3.01 50.91 45.07 58.75 38.16
35 0.29 0.28 0. 33 0.27 0. 56 0.51 0. 55 0. 54 3.09 3.28 3.39 3.17 38.56 47.32 45.81 38.78

e T1: G0+ HRE®; T2: {50 F5FF: T3 i506+ K4 T4: 5+ ARECFRD
Note: T1: Sludge+bagasse; T2. Sludge+straw; T3: Sludgerice bran; T4 Sludge+ sawdust (the same below)

2.2 FTIR 447

i BL I AR 0 21 40 638 (FTIR) 32 B T HL 4 1 45 7
VB RE AL . S A HE AE B 3 DOM. BB fig A A IR Wi 0
SREARAE , HER T HE N R P A AL B AN A T

B 3 AL, DAL B A LT A I A B BT 5 AR
WeUde . BLARAOREAS W), HL 2 IR 0 0 T AE 1Y I8 B A B R BOAE
I, T1ABEZH . 5 AW iy o7 & K BOAE 3 255 ~3 231,
1650~1 600, 1 419~1 415, 1 100 ~1 090 Hl 618 ~ 615
em™ ', T2 AbFHAL, 5 ANUE i 1) £ B K B 3 400~3 225,
1 659~ 1600, 1 420 ~1 407, 1 122~1 105 I 618 ~ 615
em ', T3 AbFRL L 5 AR W ¥ 7 B R B 3 324~3 226,
1658~1 604, 1 420~1 418, 1 106 ~1 070 Hl 617 ~ 615
em ', T4 LbFRL, 5 AR ) A7 B K BAE 3 305~3 232,
1654~1 618, 1 420 ~1 414, 1 100 ~1 091 I 617 ~
615 em ™',

3 500~3 000 em ' I B 0 W e e A 2R Ak . AR 1 o
MR EL; 1 660~1 600 cm ' AT REZ M 6 b (9 e ik BLBRE L R
i 1Y e B N I e A e SR LR 1Y AR 45 iR g TR i B 1S
1 420~1 330 cm ' o7 B 1 R Mg e X0 2 JE 8 SO ) I 2y X
TR AR T 25 00 R 45 Bk sl 807 & KRB 51 1 200~
1040 em "2k dy 2 0 255 1 Btk 40 S 6 AR i i 4 B 51 T 5 617
~615 cm™ A RE AN I 2 A 0 1 e Ll R 3
JIT 51 A A

3 500~3 000 i1 1 660~3 000 cm™ ' W Wit I (M 7E7E . S 1
DOM & H KB, R EREE U KR 1 420~1 330

em W W e W AEAE SRS B 28 W I35 1 200~1 040 em 'R I
WEEAE RS DOM &4 Z 025 617~615 cm ' I g e il 45 Mt
O HEAT . WSO B B G . RS AR A B AESS n, E
Bl A TR

FE [ — IR b . AR A DOM (19 2080 56 3 R AT 22
SR, A W R B R — 2 R0, R
DOM 7 HE AL FIJ5 B RE A1 A9 i 28 KEOHE W] (F B 4 A 5 72
AN, DOM BB REH Y & &t fe K A8 k. B,
HE— 25 53 BT EAS R R AE 5 T 1) W A0 5 2 1) LU AR, R E
FIR DOM A5 HLY) Fp 25 F25 04 1 5 Ak 308 T D7 £l 3 AE )68 4
LR,

Wk 3 fran, 1 647/3 435 w05 B /W K A6 & W sk
M55 B R T mE G Ik oKL & 2R BB A, L
fE3E . T1 A0 T2 A FRLH 2 B3 )5 T My s, &I
HHENTHERE . A BT R AR AL R R E B T HEAE
ST, TR AR AR A B R R D A AR B T R R AIR
T3 F1 T4 bR LB e >, RIGTEB s LTH, AT hE
EHENCHTH . A AL AR B BRAR . B 43 19 WL %% A Ak K
G, 1647/2 974 435 Wik /R8T B¢ 2% Lo (8 1 Jin ) 5=
TRHENE S5 B AL AR RGN . FE U AL A P, 2 b 7R HE R
B, I H A R T B BB s . KW I5 &
B AL 2, AR E IR, 1 647/1 406 R 05
e /R Wt » DOM. Hp 5 5 e 49y Jo & b bl 22 2 (M K. 76
PUAS AR HRAL P, R HE R BT, LR T3 A T4 A3
U, LR OE A B 59 % M 172 % . 32 W 5 K AL AR BE IR
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1647/1 112 AUl / 20t T1 ARHAI . X HLAETE &5 Zig UL EZ B . DOM i J A o A Wy B U A D s e
IR AR TS BE S AR HEAT e 3. T2 ALBRAHTEDE RIS AW o0& ok B S A REAT 10 20 . B A D5 A B Y D5
b A NN, T3 A FPRALAES 28 KENRFOM, W 5 1%, FWRY BRI, R W16 5 Ao A0 07 A 16 B BE AE T A A,
Td AL BHLHIZ LLAE RGN 5. 7 £% . KW TS Al T4 e AW ITH AWM RIS R R B e iR & .
MOTE B g

$0F TLI5Je+H R T2:75 ¢ HRGAL
r _I rirrora I ) \
HIR 1 T ! (IR I
" | 1 [ 556 ] | U]
6 i L] | 00
x P L 10K : : ‘ I
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Fig. 3 FTIR spectra of DOM in different composting periods

K3 HEIEPANREFTESHREENLEETK

Table 3 Ratio changes of specific FTIR parameters of DOM extracted from different composting treatment processes

Time/d 1647/3 435 1647/2 974 1647/1 406 1647/1 112

T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4

0 0. 94 1. 09 1.02 1.07 0.67 0.79 0.78 0. 83 0.91 0. 87 0. 88 0.93 6. 43 1. 64 2.02 1. 69

3 0.93 0. 50 0. 46 1.02 0.92 0.74 0. 80 0. 94 1.15 1.12 1. 20 1.15 1.59 1.22 1. 89 1. 46

6 1.03 1. 09 0.97 1. 14 0.93 1. 00 0.93 1. 06 1.18 1.12 1. 05 1.19 1. 56 1. 64 1. 37 1. 88

10 1.61 0.91 0. 89 1. 04 1.41 0. 82 1. 07 0. 90 1. 30 0.92 0.75 0.99 1. 65 1.22 2.42 1. 32

14 1. 10 1.17 1. 08 1. 04 1.11 1. 10 1. 24 1. 06 1. 28 1.03 0. 86 1. 39 1.91 1.13 3.12 2.90

21 1. 09 1. 26 0. 74 0. 80 0.97 1. 45 0.95 1.03 1.07 1. 43 1.23 1. 83 1.24 1. 66 4. 27 6.02

28 0.70 1.22 0. 88 1.23 0. 89 1. 10 1. 35 1. 04 1. 40 1. 08 2. 00 1. 36 2.61 1.21  10.00 2.04

35 1. 14 1. 14 1. 05 0.99 1.11 1. 07 1.13 1. 34 1. 14 1. 05 1. 40 2.53 2.19 1. 21 2.33 9. 56
2.3 WHXEH. BSABXIEHH HA et BEFEHEE QAT 2 T RRESE. 3T HEEY,
2.3.1 DOM £ 4t 3 % k3% o 47 PEOCUENE LR 2 422 nm [T, BEWIEHEACS S B b, A5 A

POASSEAE AL BRAL 9 DOM R B9 e e an e 4 Bros . 78 W LI R AR AL & BB ey o i M 07 F 2R
WAL AR P BB BT PPk, P IAE 334 AN 422 nm WT4EA . TR IERE B L A SR AR 0 S AR ) . i —
PACHEIT . AEEAL AT . 334 nm BT PSR B3 & T BImRE R
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Fig. 4 Emission fluorescence spectra of DOM in all treatments during composting process
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Fig. 5 Synchronous spectra of DOM during composting process
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Table 4 The change of parameter from the synchrotron spectrum of DOM,uring composting process

. AZBONS()S A3D8~36() ASG.@"’T)OO
Time/d
T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
3 0. 50 0. 60 0.55 0.59 0.17 0. 15 0.18 0.15 0.27 0. 20 0. 22 0.21
14 0.23 0. 14 0. 20 0.19 0. 22 0. 28 0. 25 0. 25 0. 47 0.51 0. 49 0.49
28 0. 20 0.13 0.12 0.14 0.23 0.31 0. 25 0.23 0.49 0. 49 0. 56 0.56
35 0.15 0. 14 0.22 0.15 0. 26 0. 30 0.23 0. 34 0.51 0. 50 0.47 0.55

2.4 %54 PARAFAC &% 4> 4f 3D-EEM

I =2 52 0 6 1S 456 P AT R 43 BT R A% T 15 087 b % A
HENE 33 B v DOM o1 i s 5 490 5 B8 43 R4 43 (e .
6 FF 7R - 5 DU HE B 40 B 2 s DOM Y = 4k %¢ 6% . F A

PARAFAC BRI fRAT o = 9O A 70 Bl 5 1(C
gy 2(C2) . Ao 3(C3) o B U AL FRAH H 2% A4 7 19
BRBOL ML PRI T LS H,

& 5 PARAFAC f#T M4~ #EAL A DOM By 3 NMES
Table 5 PAREFAC model identify the three different components of the DOM from the four composting treatments

T1 T2 T3 T4
Components
Ex/nm Em/nm Ex/nm Em/nm Ex/nm Em/nm Ex/nm Em/nm
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C3 285 340 285 340 285 340 285 335
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Fig. 6 The three-dimensional fluorescence peaks of DOM based on parallel factor analysis
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Fig. 7 Changes in the percentage of fluorescence components of DOM in different composting periods
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Abstract Bioleach deep dehydrated sludge was used as the main material, four kinds of agricultural and forestry organic wastes

were used as conditioners for mixed composting. Four treatment groups (T1: sludge+ bagasse, T2: sludge+straw, T3: sludge

~+rice bran, T4: sludge+sawdust) were set for mixed composting. UV-vis spectroscopy (UV-Vis), Fourier transform infrared
spectroscopy (FTIR), and three-dimensional fluorescence spectrum (3D-EEM) were used to study the structural characteristics
and component content evolution of dissolved organic matter (DOM) in co-composting. The UV-vis results showed that the
aromaticity and unsaturation of DOM increased in all treatment groups, and the T3 treatment group showed the largest increase.

SUVA,;, and SUV Ay of four composting treatment groups showed an increasing trend. The change range of the T3 treatment

group was higher than the other three treatment groups, indicating that the degree of aromatization deepened, the molecular

weight of DOM gradually increased. Eus;/Ess and Fass /Esy increased significantly at the end of composting, indicating that the

aliphatic chain on the benzene ring in DOM was oxidized, decomposed, and transformed into functional groups such as carboxyl
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group and carbonyl group. A, increased with composting, whileE,;,/Es; decreased, indicating that the conjugation degree
increased. FTIR results show that the content of polysaccharides and aliphatic substances decreased during composting, and
unsaturated organic substances such as aromatic compounds increased. The transformation degree of the T4 treatment group was
better than the other three treatment groups. Emission fluorescence spectra showed that the fluorescence peak position shifted
from 334nm to around 422nm with composting, which indicated that the substances with low conjugation degree were
continuously degraded, and aromatic groups were continuously condensed to form humic-like matters. In the synchronous
fluorescence spectrum, with composting time, the fluorescence peak of protein-like substances changed from strong to weak, the
fluorescence peak of humic-like matters changed from weak to strong, Ass—s0s decreased, Ajps—s60 and Aggs—s00 increased, which
also indicated that protein-like substances were degrading, while humic acid-like substances and fulvic acid-like substances
increased. Combined with the parallel factor (PARAFAC) model to analyze the three-dimensional fluorescence spectrum, DOM
was divided into three components. According to the analysis and judgment of the excitation and emission wavelength positions,
the three components are fulvic acid-like substances, humic acid-like substances and tryptophan-like substances. The percentage
of C1 (fulvic acid-like substances) and C2 (humic acid-like substances) components showed an increasing trend, while the
percentage of C3 (tryptophan-like substances) components showed a decreasing trend, indicating that protein-like substances
decreased. At the same time, humic-like matters increased, and the humification degree of T3 and T4 treatment groups were

good. Comprehensive analysis showed that rice bran and sawdust as conditioners had better compost maturity.

Keywords Dissolved organic matter (DOM) ; Conditioners; Bioleach deep dehydrated sludge; Composting; Spectral characteris-

tics
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