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Table 1 The assignment of infrared absorbance peaks in piggery wastewater
1% (No.) 2] WKL/ em ™! g/ Sl
1 B2 C—OH 3570~3 050 ZHEL ., AR
2 W 3% CHy A FR 2925+5 Jig 105 0 g B2
3 g Wi i COOH 2 700~2 500 5 Wi R
4 BEfi 3 C—0 1664 RIS Y RS
5 R H C—O 1 400 i 2 L & 48
6 75 & i COOH 1280~1 150 w W
7 Wik C—0 1 100~1 000 E2iES
8 FEFmNg C—0—C 1 050~1 000 T8 B R

I 1(3 437 1 3 190 em™ ") FALWEI C—OH M5k,
PR BB TR — 8 HO IR E O — . 1% 2
(2 931 em™ ") FALNG Wi W 7 2 CH, S X FR i 45 PR 3 0 3
(2 560 cm™') FAE J§ i % COOH fi 45 9 35, W 4 (1 664
em DRI C=0 MRy, & 5(1 399 cm™
fEm 23R C—O Mgk sh, W 6(1 274 em ') FRAE J5 &
COOH fh%i#E3h, 1% 7(1 108 em ") FAEM A C—O M4 ¥R
g, W8 (1010 em™ D FRAMEFS FEME C— O C Mgidrsh, 7
W, Bk DOM EZ & . BHR . B2, JRRELE
WS WAL 5T A5 — B

Lg% 0~10 KM L, Bi3% 20 RAEES IS E g 1
B5 IR0 A N 5 A B, i PR A TR R E 2 A
¥k, BHAE 3 570~3 050 em ' N S L EZAY OH 45
B U e R LB LD Mg b, 3 600~2 400 em ™!
HEL R g 5 4 F N B4 F IR OH R 4i kA 6. W
3460 cm A AT ML AR IR I TR T AT EFE Y O2) HA+-0
(6) 7> TN SE4E A M 3L, 3 310~3 230 em ' 941 40 W i
U R 2T 2 2 [ OC6) H--- O (3) 4> T 1] & 4 45 4 1 ¥ 307,
BT R AL BUR 5 AR S R 4R
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The infrared spectrum of DOM in piggery wastewater

Fig. 1

after various incubation days (4 000~900 cm™")
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Table 2 The mean percent of functional groups of DOM in piggery wastewater/ %

i35 K8 I 1 I 2 I 3 I 4 I 5 % 6 I 7 % 8
0 47.6+6.7 be 1.24+1.0 a 5.74+2.8 ab 23.9+2.3a 13.3%+5.3 ab 2.3+1.6b 3.44+2.5b 2.6+1.1ns
10 42.9+2.5 ¢ 0.5+0.2 b 8.24+0.8a 23.6%£2.9a 16.74+2.8 a 1.5+1.8 b 3.7+2.3b 3.14+0.5 ns
20 57.8+4.4ab  0.8+0.3 ab 2.2%+1.9 be 9.8+5.5b 9.94£5.2 ab 9.3+8.4a 4.943.9 ab 5.47+5. 1 ns
30 64.743.6 a 0.4+0.3 b 0.5+0.7 ¢ 7.64+2.9b 9.944.7 ab 10.14+3.2 a 4.14+2.5 ab 2.64+2.7ns
40 62.14+7.0 a 0.4+0.4b 1.8+2.7 be 9.3+5.8 b 11.7+£5.8 ab  5.745.6 ab 6.4+3.3 ab 2.5+£2.5ns
50 56.5+11.5ab 0.5+£0.4 b 3.343.9 be 12.8+5.9b 9.2+2.5b 6.7+5.0 ab 7.944.9 ab 3.1+2.5 ns
60 54.94+11.5ab  0.47+0.4 b 4.7+5.2 abc  13.2+7.6 b 9.4+5.8 b 6.4+3.7 ab 8.8+3.8a 2.1£1.9 ns

e [J =3P in UR /NG S B E R TE 0. 05 K- B2 B . ns HARE; RETRRM LS HE

Note: Different lowercases within the same column indicate the significant at the level of p<{0. 05, ns-no significant; the error was deter-

mined by the mean value of five pig farms
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Fig. 2 The ordination plot (a) and loading (b) of infrared spectrum of DOM in piggery wastewater, and the error was determined
by the mean value of five pig farms; peak 4-amide C=—O , peak 5-phnolic C—O, peak 6-aromatic COOH, and peak 7-car-
bohydrate C—O
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Fig. 3 Two-dimensional infrared correlation spectroscopy of DOM in piggery wastewater

(a)~(b) represent the synchronous and asynchronous spectra within the range of 4 000~3 000 cm™ !, and (¢) ~(d) represent the synchronous

and asynchronous spectra within the range of 3 000~900 em ™! ; correlative peaks increased with the color darkened

£ 3 000~900 em ™' B Al 3 B, 1664, 1399, 1274,
1108 em " &5 4b 7= A 40 W I Y A A G I LIBT3 (o) s HAE
1399 em™ 'WESR R K, ZJF /0B 1 274, 1 108 Fil 1 664
em ', BIFE DOM 7E 5 B v, My ek C O I BE 19 A8
fe R R, B 205 & i COOH, MliZs C—O Ik i #ik 4

C=0 . Wi, 58], HORMESHAAMHELL, B2
1 5 A S R AR PR, M 3 000~900 em ! Y [] A5 3 K]
hiR A = A 1F 38 0§ (1 399, 2 931), (1399, 1 664) F
(1108, 1 274 em™ '), e ANA fz8 g (1 274, 2 931),
(1274, 2560), (1274, 1 664>, (1 274, 1 399), (1 108,



11

S 5 e 4 b7 3521

2931), (1 108, 2560), (1 108, 1 664) 1 (1 108, 1 399
em™ ), HRRW, MAEAEW S I ST E O R
TE W i 3k 2 v A7 A B IR VE T S T 22 B 2ORN R B R (] A A T )
EF; W HR. ZWRA S5 SIS, HAR. Bk
G E AR R . PR R, AR BETE
s Ve rh 22 525 F BE 121 B 0 R, R AIR T 4 3k R N R U
B AE 2T AN R 3T L AE 3 000~900 em ' R A A
WA B, B H AN IE A X g (1 664, 1399), (1 664,
1274), (1 664, 1108), (1 399, 1 274>, (1 399, 1 108
em 1), PAS—A A2 (1 274, 1108 em D[ 3(dD ],
R, Bk DOM 'F g F 't 1% 58 B A8 Ak 1 58 J5 IR 4K
WHh:1108>1274>1 664>1 399 cm ', ) ZMEH > 5 B
> AR >R AW . T, AF S Sk W B 3 B Y Bk
TR FIRE LSRR . K v 2 2 A 53 11 S bl o g R

References

3 45

K 5 B2 AR P AT BILD ) 2L S A G e A o AR T A A
AL, KT DOM E2 i 8 B, IR BRI R . B
RMZHEREHII AR . h T RED R, Bk 55
BRI H A M I E REH S B R RO TR .
M52 RN HFHRADHCHERAZE S ME 2.
SEF YRS T IR A S A S W R A L . A e TR S R
FRETYE 2 o0 5 N B A S R (H LR Y e i R
P WAL, Bk H DOM L 22 8l 28 21 73 %) R A aod 7 14 m) 7 e
SRR T A S B Y R R R R T L. B S K
t DOM 21 25 14 ) 28 (LA AL 2 BN W) 5t A B o 1 26 (R 3R 0 3
W, T L3 AT BE 5 (AR ) Y 3 R A O

[ 1] ZHOU Zhi-gao, LI Zhong-pei, HE Yuan-qiu, et al(J& &5, 228, Bk, 45). Acte Pedologica Sinica( +3E2#4%), 2013, 50(4)

703.

[ 2] LeenheerJ A, Croué ] P. Environmental Science &. Technology, 2003, 37(1): 18A.

[ 3] Fridrich B, Kremar D, Dalmacija B, et al. Agricultural Water Management, 2014, 135 40.

[ 4] Boursier H, Béline F, Paul E. Bioresource Technology., 2005, 96 351.

[ 5] LU Wan-zhen, YUAN Hong-fu, CHU Xiao-li(ji%i® . ®it#E . # /7). Near-Infrared Spectroscopy Instruments (it £[ 4 61 AY #%).

Beijing: Chemical Industry Press(dtat: fh2F Tl HRRAL) . 2010,

[ 6] WENG Shi-fu(4§#5#i). Fourier Transform Infrared Spectroscopy ({# BLIH-725 #: 21 #h 5% /3 #r). Beijing: Chemical Industry Press(Jt 5t :

fb2% Tolk s At » 2010.

[ 7] Hinterstoisser B, Salmen L. Vibrational Spectroscopy. 2000, 22; 111.

[8] GuoX]J, He XS, Zhang H, et al. Microchemical Journal, 2012, 102, 115.
[9] LiX W, Dai X H, Takahashi J, et al. Bioresource Technologe, 2014, 159; 412.
[10] Hsu]J H, Lo S L. Water Science and Technology, 1999, 40(1): 121.

[11] Kokot S, Czarnik-Matusewicz B, Ozaki Y. Biopolymers, 2002, 67(6): 456.
[12] Cuetos M J, Gomez X, Otero M, et al. Biodegradation, 2010, 21(4);: 543.

Structural Analysis of Organic Matter Composition in Piggery Wastewater

during the Process of Organic Degradation Based on FTIR Spectroscopy
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Abstract
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More and more attentions were paid on the environmental pollutions of wastewater discharged {rom scale pig farms,

and it could provide scientific bases for formulating reasonable pollution control measures to study the structural changes of
organic matter composition in piggery wastewater. In the present study, a laboratory-scale incubation experiment was carried out
with piggery wastewater collected from different scale pig farms, and a continuous sampling was conducted at a certain interval
during the process of incubation experiment. The main purpose of this study was to elucidate the change of structural composi-
tion of dissolved organic matter (DOM) in piggery wastewater during the process of organic degradation. All dried and solid
DOM samples were achieved using filtration and freeze-drying methods. Spectral analysis of all DOM samples was completed
with the application of Fourier transform infrared (FTIR) spectrometer. Results of spectral analysis showed a similar DOM

structural composition was observed in the wastewater derived from different scale pig farms, and was mainly comprised of lip-
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ids, proteins, fulvic acids, polysaccharides, and phenolic compounds. With the increase in the incubation days, the percent of
functional groups. related to proteins, phenolic acids, and lipids, decreased gradually and kept stable eventually, while these
functional groups, linked with fulvic acids and polysaccharides, showed a significant increase and leveled off at the end. Com-
pared with primary samples, fulvic acids and polysaccharides were the predominant fractions of DOM at 20 days after organic
degradation, indicating a higher aromatic degree of DOM. Meanwhile, the degradation rate of OH bonded by intermolecular
H-bond of cellulose was faster than OH bonded by intra-molecular H-bond of cellulose, whereas the latter was more sensitive to
microbial degradation. The degradation rate of phenolic hydroxyl C—O was the fastest, followed by aromatic COOH, carbohy-
drate C—0O, and amide C=0. Furthermore, the carbohydrate C—O was apt to be utilized preferentially by microorganisms.

In sum, the structural change of various DOM in piggery wastewater was different during the process of organic degradation.

Keywords Scale pig farm; Wastewater; Dissolved organic matter; Structural composition; Fourier Transform Infrared Spec-

troscopy (FTIR)
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