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Composition and Evolution Characteristics of Dissolved Organic Matter During

Composting Process

LI Dan'?, HE Xiao-song'?" , XI Bei-dou'*”, GAO Ru-tai'>, ZHANG Hui'*, HUANG Cai-hong'*, DANG Qiu-
ling'*
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Beijing 100012, China; 2. Innovation Base of Groundwater and Environmental System Engineering, Chinese Research Academy of
Environmental Sciences, Beijing 100012, China; 3. School of Environmental and Municipal Engineering, Lanzhou Jiaotong
University, Lanzhou 730070, China)

Abstract; According to the fraction method presented by Leenheer, dissolved organic matter (DOM) extracted from chicken manure
with different composting time was fractionated into five groups [i. e., hydrophobic acid ( HOA ), hydrophobic base ( HOB),
hydrophobic neutral (HON) fractions, acid-insoluble ( AIM) and hydrophilic matter ( HIM) ] using the XAD-8 resin based on its
polarity and electric charge characteristics. The composition and structures of these fractions were investigated by elemental analysis,
FTIR and 'H-NMR spectra. The results showed that the HIM and HOA fractions accounted for 32% -44% and 35%-47% of DOM,
respectively, during the composting process, while the sum of the fractions HOB, AIM and HON was responsible for less than 25% of
DOM. The HIM content decreased while the hydrophobic component increased after composting. The elemental analysis indicated that,
during the composting process, the N, C, S content of all five fractions increased, the H/C ratio decreased, but the humification
degree increased; The result from 'H-NMR analysis showed that the HIM had low alkyl chain, short branched chain, high branches
and carbohydrate structure, which was opposed to the HON fraction. The composition of AIM was similar to that of humic acids, while
the HOB was rich in nitrogen-containing compounds. The result from the FTIR analysis showed that the HOA and HOB fractions were
rich in abundant carboxyl, ester group and hydroxyl functional group. Besides the above functional groups, the AIM and HIM were rich
in benzene groups. The HON fraction was rich in aliphatic functional group except for the abovementioned functional groups. The
aliphatic functional group was degraded and the benzene functional group after composting.

Key words : dissolved organic matter(DOM) ; fraction; elementary analysis; 'H-NMR; FTIR
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Table 1  Basic characteristics of composting materials

FR 4it/gkg!  2F/gkgT! ei/gkgT! BKFE/%
X2 22.54 191. 54 24.13 58.12
TH 482. 42 12.03 3.62 4.53
AR 546. 53 5.12 0. 64 4.24

HEREAE —FR S HENL B & h AT IR A I A% O
B JE— 1 400 mm, % 330 mm 4 [EIAR. %E ¥ T
PR 6 mm MAUARSE  KEIRTE -2
fLaJE &, DL HE AR & kL, (SR 38 50 4%
. IZHERE R GE RS S KUHLAR 4, FH DLE A 3

PREAR, MO0 T B I 2 20 3 B 4% Sk T LA 4 00 3 A et
PR AR 1k
1.2 HEAE R SRR AR

34 L HENEY R THERE SE 80, 78 SO i 3 d, HE
PR B h 25°C G E T2 50°C, HFAESS 4 d iR R
FREE(63°C). M AT RE 7 d JFIREIFGRT
Wt ITFEEE 16 d e EIRBEIR . X HENE YR kAT
FIME TR Bk R 3 50% ~60% (5T 43 %0) 15 [
WA T R k. FEHERERY 1, 8,16, 28 K 40 d, 4%
JAI DI AR T35 2 JP 3 1) R[] i (o R4 3 IR i, TR
BB T - S5C W IR T, B, 15 R AR < 1
mm 5 FF DOM I,

1.3 DOM BS54

B8 080 0 IS A 1) 050 A0 AR ME R i, 4
YR SAEAK 110 (B 1210, R ) ,
IAGEEZEK , 2 I F 200 remin ™' KR 24 h, &
MWW T 4°C . 12 000 remin ' F &0 20 min, T
EIEWGT 0. 45 wm BEERET EUE B, UE T A9 A LT
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1.4 DOM /34

# Leenheer "™ ({5020 )5 BEATHB /06 24, A% B4 oF
IKPELL 3k A HE . B AR TR B BEHE AR DOM 43 1% 5
FieH 43« 5 7K B2 P 2H 43 ( hydrophobic acids, HOA) |
i K H P4 43 (hydrophobic neutrals, HON) | Bi 7K,
P 4H 43 ( hydrophobic bases, HOB) . % 7K ¥4 2 43
(hydrophilic matter, HIM) & g A ¥ P 40 77 (acid
insoluble matter, AIM). FRUT.

# XAD-8 M IEIRUL T 0. 1 mol-L ™" i NaOH 7%
Wb, SR CE 24 W S5 N R AN C e fe T
12 h ZBRA VLG, BT W i rp i b il e S
DL ESZ AR, PR 22 Y p e e v g S 0 LA 25
W PR A E ¢, i T 4l 7K s 52 sk b i A v
B B 2k K DOC HEE/NF 1 mg-L7".
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@M1 0. 25 fERAEFER 0. 1 mol - L ™" HCI IE W
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HOB 443

¥ A B @ v A4 R A & T B A R 4 6
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remin SRR R ES O ITAHE CLUTTE D R AIM 4]
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LEEAY K AIM 2053 HON 2H 3 ] REAR 2 I8 5 B 1
Ay R B, HEAE DOM & & R IR A HOB, HiAE
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Fig. 1 Distribution of DOM and its fractions at

different composting stages
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AR B, BV DOM A B K PEHG 3 T
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FOWENE | SRR O N E HIM 414y i
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Table 2 Contents of different hydrophilic/hydrophobic and polar fractions during composting/g-kg ~

1

HENE R E]/d HOA HOB HON AIM HIM BiIK/ZEIK
1 36. 84 9.28 9.56 4.58 39.73 1.52
8 35.05 8.68 9.27 3.85 43.15 1.32
16 39.53 6.39 8.80 3.86 41.43 1.41
28 46. 87 5.25 6.11 9.25 32.52 2.07
40 43.85 6.17 6.99 10. 95 32.04 2.12

x3 BEDOM ERESERZTESTERANEN

Table 3 Elemental compositi

on of DOM and its fractions

4 AR A/ TR % FFIt
N C S H N/C H/C s/C
1 0.22 12.04 0. 64 2.01 0.02 2.01 0.02
8 2. 60 24.41 1. 00 2.12 0.09 1.04 0.02
HOA 16 3.47 35.75 1.73 1.71 0.08 0.57 0.02
28 5.25 63.71 0.19 2.18 0.07 0.41 0.00
40 6.31 74.21 4.65 2.23 0.07 0.36 0.02
1 12.00 2.21 1.27 0.98 4.66 5.30 0.22
8 11.63 2.53 1.77 1.91 3.94 9. 06 0.26
HOB 16 14. 40 4.09 0.42 0.19 3.02 0.55 0.04
28 15.21 5.30 3.67 0. 50 2.46 1.13 0.26
40 17.16 5.39 2.56 1.02 2.73 2.27 0.18
1 9.67 9.37 3.58 2.34 0. 89 2.99 0.14
8 7.54 9.94 4.69 1.98 0.65 2.39 0.18
HIM 16 8.31 12.59 6.94 1.85 0.57 1.76 0.21
28 11.70 16. 95 10. 25 2.16 0.59 1.53 0.23
40 15. 83 31.30 17.02 0. 06 0.43 0.02 0.20
1 0.13 4.68 0.62 2.82 0.02 7.23 0.05
8 0.16 6.54 1.03 1.74 0.02 3.19 0. 06
AIM 16 1.15 7.20 1.19 4.24 0.14 7.07 0. 06
28 1.59 7. 66 8.02 0.19 0.18 0.30 0.39
40 2.33 22.75 1.41 0.17 0.09 0.09 0.02
1 2.89 42.41 0.77 2.01 0.07 0.05 0.02
8 2.94 45.32 1.71 2.35 0.07 0.05 0.04
HON 16 3.57 46. 83 2.93 1.58 0.08 0.03 0. 06
28 4.86 55. 64 3.28 1.27 0.09 0.02 0. 06
40 5.49 66. 85 4. 66 1.06 0.08 0.02 0.07

bl E HENE A R4 T RS ZEHEAL DOM A 5 4 0
BN, C, S FEEAZIINESE N &1 InEK
WA HIM (6.16%) > HOA (6.09% ) > HOB
(5.16% ) >HON(2.60% ) > AIM(2.20% ) ,C &
HAMEH N HOA (62.17% ) > HON (24.44% ) >
HIM(21.93% ) > AIM(18.07% ) >HOB(3.18% ) ,S

SEBAEM IR Y HIM(13.44% ) > HOA(4.01% )
>HON(3.89% ) > HOB(1.29% ) > AIM(0.79% ) ;
£ HOA 1 HOB @043 H & AR ARl 57
R 0.22% F1 0. 04% , i 76 HIM . AIM A HON 4
3 Hf e D) 3 el ks B R RRAE KR 2. 28% |
2.65% 5% 0.95%.

®4 BFEDOM EBEUSEERANZHELRTRARTLIREE

Table 4  Variation of elemental composition of DOM and its fractions during composting

HHLH 5 N/% C/% S/% H/% N/C H/C s/C
HOA 6. 09 62.17 4.01 0.22 0.71 -0.82 0. 00
HOB 5.16 3.18 1.29 0.04 -0.41 -0.57 -0.18
HIM 6. 16 21.93 13. 44 -2.28 -0.52 -0.99 0. 30
AIM 2.20 18.07 0.79 -2.65 0.78 -0.99 -0.60
HON 2. 60 24. 44 3.89 -0.95 0.13 -0.60 0.71
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Fig. 2 '"H-NMR spectra of DOM fractions at different composting stages
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10. 08 X, iZX(E 5 FE IR T HFLEWT N H
(R DTHR , A B9 P 25 A A0 7E 3 A= 0 B8 X 4 £
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Fs %) A3 T ARG R H BB E N 100% , 45 B
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Table 5 Relative contents of protons in DOM and its fractions

N 2B

an IR/ 0.5~3.1 3.1~4.4 5.5~10.0 N
1 76.90 17.90 5.20 2.30
8 43.10 30. 40 22.90 3.80
HOA 16 41.20 31.90 23.50 9.70
28 71. 40 13.90 11.20 1.70
40 59. 80 26.70 6.30 2.10
35.50 57.90 6. 50 1.30
8 27.90 21.50 42.90 1.70
HOB 16 40. 60 18.90 35.70 1.50
28 35.70 36. 40 23.30 1. 60
40 34.10 52.10 10. 70 1.50
12. 40 74.10 6.90 1.20
8 22.30 70. 60 2.00 1.50
HIM 16 28.40 67.00 1.20 1.40
28 28.90 61.10 8.80 1.30
40 37.50 51. 80 3.10 1.40
1 42.00 20. 10 31.60 2.30
8 48. 40 23.00 19. 90 1.70
AIM 16 67.90 14. 80 11.90 3.50
28 57.20 19. 40 17.70 2.80
40 40. 20 35.10 14. 40 7.00
1 41.90 55.90 1.40 3.00
8 80. 50 13. 60 5.60 2.90
HON 16 86. 30 11.20 1.30 6.30
28 83. 60 13. 40 2.20 4.80
40 81. 60 15. 10 2. 60 4.10

1) Be R —H AR5 0.5 ~3. 1 BURAZ LG B H 8% ;
$ERITE N = (y/3+8/2)/(a/2) +1

5 Fdli won , AHENE W) 1 2K ] HOA | HOB
K AIM 4143 0.5 ~3.18 X H & 2 140 H 4> 51
76.90% . 35.50% . 42.00% F [% % 59.80% .
34.10% . 40.20% , 2 W 7 HEJIE 2k 72 R 1 1 486 40 1)
AN sk /0 T HIM AT HON 2523 U)K 12. 409 Al
41.90% EF+2 37.50% F1 81. 60% , 3= W 3xX Wi il 241
oy W R ES I BESE AL A T 2218 RAR. R S5 U0
/~,HOB, HIM fZ HON #47-3.1 ~4. 43 X H &

NAEH y—H(0.5~1.08) . B—H(1.0 ~1.98) Fl a—H (1.9 ~3. 18) fy4H

g3 EE B 2 B R BB e B IR B R Ik 73.00%
(HON) , 1 HOA K AIM £H 4378 Hi JE A 3 25 o A4
SR T REAE AR )BT A B sh s 4, %
A BEMENE S A G AT, oKL & 1 . BREL R Y I %5
AW, 5 M4y 5.5 ~10.08 X H & HH
o3 LEBR HIM FIATM 20 43 A5 5 T a3, 35 m 1 3k
1.0 5, R UIHE AL i R B2 05 F IR 45 M R 18 T R 2R
AYIUFON S
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Fig. 3 FITR spectra of DOM fractions at different composting stages
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Table 6 Ratio of DOM fractions characteristic peak density in different treatments

FRAE U LA
HHLH 5 HERO A E] /d
1 650/2 930 1650/1 406 1650/1 112 1 406/2 930
1 1.89 0. 87 3.39 6. 84
8 2.10 0. 14 2.03 11.21
HOA 16 2.40 0.10 4.26 13. 66
28 3.03 0.27 4.42 17.76
40 2.73 0.27 4.91 17.10
1. 06 0.99 0.82 1.07
8 1.61 0. 49 3.65 2.58
HOB 16 3.00 0.77 6.16 3.26
28 4.30 1.06 9.29 3.89
40 4.21 1.32 9.68 4.06
0.91 0.48 0.47 1.88
8 0. 61 0.33 0.75 1.82
HIM 16 1.19 0. 67 0.99 1.78
28 2.03 1.36 0.67 1.50
40 2.96 1.19 0.92 2.48
1 1.49 0. 06 3.84 3.82
8 2.29 0.01 5.31 9.69
AIM 16 1.95 0.25 9.06 16. 86
28 2.38 0.10 9.22 14.52
40 2.77 0.51 12.03 23.91
1 0.95 0. 45 0. 60 0.95
8 1.12 0.35 0.61 2.79
HON 16 1.24 0.25 1.03 2.73
28 1.71 0.30 1.03 4.53
40 2.45 0. 56 1.17 5.68
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