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Abstract: In order to clarify how disinfection by—products (DBPs) were produced during disinfection, in this study, the samples were
collected from the effluent of different treatment units in a typical swine wastewater treatment plant, which comprised of anaerobic digestion
and an improved A’0 process. The comprehensive two—dimensional gas chromatography—quadrupole mass spectrometry (GC X GC—qMS)
combined with three—dimensional fluorescence (3D-EEM) was applied to analyze the effect of organic compounds on DBPs generation. A
total of 38 DBPs in 10 categories were found with a high concentration of chloro—phenols and chloro—heterocyclic DBPs observed in
disinfected raw swine wastewater. Anaerobic digestion and the improved A’0 process eliminated the majority of the DBP precursors. After
anaerobic digestion, chloro—phenols and chloro—heterocyclic DBPs were reduced by 88.50% and 77.64%, respectively. However, an
increase in the concentration of esters and hydrocarbons after anaerobic digestion, increased the production of chloro—esters and chloro—
hydrocarbons by 392.18% and 68.37%, respectively. Improved A*0 process could remove certain precursors of chloro—esters. The increase
in C/N ratio, decrease in H/C ratio, and increase in HIX of organic compounds indicated the enhancement of humification degree, stability
degree, and aromaticity in the effluent of improved A’0. It would partly explain the increase in chloro—hydrocarbons DBPs after
disinfection. Anaerobic digestion and improved A0 process removed relatively little of the precursors of chloro—esters and chloro—
hydrocarbons; thus, the swine wastewater treatment system needs to strengthen its removal capacity.

Keywords: swine wastewater; sodium hypochlorite disinfection; disinfection by-products; comprehensive two—dimensional gas

chromatography—quadrupole mass spectrometry (GCXGC—gMS)
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YL SR A0 A RS 5 - BTk I 2B
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T & BUL 2N B S Ak K DBPs 2R i 52
Wi, DAY 88 37 10 K AR ) Ak BT 25068 R 7R i NaC10
B [ DBPs 2E Y520 .

1 #MEEFE

1.1 7kBEFRE
KRR B A0 oK T R AL RG] R K
REFR TR (AL PRERAL 1 500 m*-d™) , 3% TR % F g Ab

WWW.Qes.019.CN




VRETR Rt Y FEFE3H

m@g 664

T2 REH A+ B A0 T2, iR A0 T4
FEAER o A A S S, T AR 1.
FAAE R AEKFE 2 L, 24 h A I 5236 28 4 C¥ i
PRAT IR 5 BILK B8 A3 DU 22 A GCXGC—qMS
Gk

Al Bl C1
e L e e e

B FEEALEBEIZRE

Figure 1 Process flow of swine wastewater treatment
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HA) o R (EDJEEN 220~550 nm, & 5K
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T R AN X PR MBI A T T8 25 Bk A, ARV B #5 &
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GCXGC—qMS 43 #1% FH] Agilent 7890A GC J% Agi-
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TRV 0[] B R A B — 4R S AT R Agilent
DB5-MS (30 mx0.25 mmx0.25 pwm) , 5 4 (A% 4E Ky
SGE BPX-50(2 mx0.1 mmx0.1 pm). JHIEHI K 8 s,
PR RFEE IS ] 28 400 ms. SR A = 215077(99.999% )
VERERA, A 1 mL-min™ o 7 T2 IR BE U E
280 C, ZETLA A FHEA 1wl . B THEER

AL 40 °C, TR FE N 2.5 °Comin™, 2 5SUREE
300 °C, IFPRHFS mine  HL Rl IR B2 R 200 °C.
28320 8 min P IEIR B[R] =2 5, DAAERD 20 A6 1938
JE N m/z £E 45~350 v IR i il . — 4k R
FH GC Image 2.1 TAE (Zoex, 25 ) JE47 504 b 35143
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WA AR 5 W Jo R R A R DA b ) 5 T
K RE Hh I A TR (A) 55 3 oK AR AR KA I A FR
(Auwa) 1 FEAE TS0 — R B (@) (A 2) , FRIRAH XS
R {(OEZR

@ = AilA (2)

THEEHT A RE 5 A 0 — 4k 38 BCR FH Canoco 5.0(Mi-
crocomputer Power, 3¢ [E ) #E1T F2 AL BRI/ HT (PCoA ) -
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M PO -P.DOC (1 2B #4537 R 73.73% .37.32% .
52.46% .62.89% . P EL A0 T.25%F SS i NHi;-N.,
PO -P.DOC I 2 BRF853 51170 79.68 % .82.88%.94.38% .
76.54% .44.93% ., DOC F:Br F 2R TR IR ATH LB,
2B%T 339.84 mg- L', NH;-N LR FE A EER R
A0 B, £ T 880.90 mg- L', 100 mg- L' NaClO ji4
B, A2 B2 C2 H R AIN H 2 R T

WHEEJS A2 B2, C2 B DOC 43 HIFEAK T 75.67% .
20.74% .31.31% , % W §% 37 J5 7K o (1 DOC T 45 5 9%
NaClO %Ak 2 Bk, i DR 4203 £k 7K Fiele R A0 Hi K
A B ff A ALY B OB R R AIG, R R 2R B ML 7
NaClO Kb B (4 R i 5 5 AL TR R AR

®1 HBAERNKRSH

Table 1 Water quality parameters before and after disinfection

ZH Parameter Al A2 Bl B2 Cl C2

pH 6.52 7.70 7.57
SS/(mg-L™) 2360 620 126
LR Turbidity 1813 1136 194
NHi-N/(mg-L")  342.33 933.33 5243
NO>-N/(mg-L™")  0.02 0.08 28.69
NO:-N/(mg-L™")  10.03 15.01 23.76
PO -P/(mg-L")  59.53 28.30 6.64
DOC/(mg-L™")  540.39 131.69 200.55 159.12 110.45 75.89
HRGH B Fecal 180 — 2.0 — 0.3 —

coliform(x10° CFU-L™")

a. = HEIIeHr

JKAER) 3D-EEM 20 M Q& 2 Fir s, $ 3  k 42 PR
AR BT A9t as B W AR, &2 R
AP0 A FR S X3 1 5t B F— 2L AR (1] 2a) L TH
FEATJE KREE AN X (T | 1D B9 658 B 4R B
o AT FIE R, HIX 5 KR 6 5 A0 AR B 2% DA
P AT AR RS EE A DBPs BITEM #54E. A1.B1.C1
B9 HIX 43 514 0.327,1.527 .0.541, JR &4 4k 5 S Tt
&L AR A0 RIS REAIR(# 2b) . 283 RAATH AR
e B A0 T A Z )5, 5 B AT AL X e i A 4
ok A AR T, % B % M A e M T8 9 5 o5 DOML 174 b 497 38
hn, X AT RER C1 Y HIX b A1 KBy R R
2.2 DBPs B E451E

B 2B K IE T 5 A9 DBPs A7 B0 n 7 3
Fi s LA ) 38 b DBPs, A2 B2, C2 43 9 &% A H
WY 33,33 .26 F, A6 B RE A RAL S 0 454, vT 4k
A HAHRE 1025 (F 3a) . A2.B2.C2 RLIE(E
T35 9.81x107.4.35%107.2.38x107 (& 3b) , B2.C2
A2 53 BIIR A T 55.68% .75.75% , S R BRI
Rtadh, A2 rh iy S giom AG Ok B 2 1) 3 2 R A
B VHIRIE FAEE L A2 ST 2 0 R R ) S
B2.C211#15.94.22.51 fi% , S A4 A FIE R T4 51l & B2
C21119.79.30.33f% . B2 il i 2 1Y 3 824
M2 VR RS VR 2 IR A 2 19 3 25 R AR
K A AR, RA2H L, B2 A VAT
KRR B T 88.50% . 77.64% , 3 WA 1 2
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Figure 2 Three dimensional fluorescence analysis, and humification index
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Figure 3 DBPs substance quantity and blob volume
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EB2MIC2 T E R Z A2 PR (VX)) ufE
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Figure 4 Clustering heat map of DBPs normalized index(¢)
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Ab P AT WL 43 1 A5 AR 2 T B2 )5 DBPs A2 1
B EERIN . GCXGC-qMS £, A1.B1.C1 H 4t
B R R 117,139 115 Fh (8] 5a) , 9 5
W AR FH 43 51 g 8.14x10°,1.95%10°,8.46x107 (&l 5b) .
B1.C1 [ A1 S0 A R332 76.04% . 89.61% , i
B DA AR FA LY LB EE/ER 2 R
A0 T AR Z )5, S EA VAR E] T KBRER X
Bio A2.B2.C2 44T H B9 5 E00 510 88 1170
125 % (& 5a) , 9 5 S W AR 43 531 0 1.82x10%,2.29%
10°,1.06x 10° (&l 5b) o 3 FhKAE Y 2 Fi 5 45 2R B
LB AR BN AR R AR TR, JE I A2 MK
T A1 BMIEATUR D T 65.87% , % W 5% 3 J5 K oA 85
Z AP 5 NaClo &4 T 1 o

THEE RIS 25 250 WL BCR AR AL IN W AR i AR
fRER . 5 DOC /3l S — B0, 33 FOK I 5 5 B
T2 RIS RIS RS (RS RS T A 0
PR BA 2 R AIG , FRIATE JSK iR BR A B DBPs Z 51, £ Bl

WIid 257 E AR AR o J8 3 FUK i S R4 R 25
R A IR A 2L A2 DBPs T B R AYI SRR . RAR
AL 7K B A AL B 28 42 R R (R BLu 2> T
86.55% .93.29% , 2 W DR A1 A4 6T H1 9 S B 28 1 S 4%
R AT A BRI RCR  BERZE R T
16.84% .600.89% , 7% B S i 25 A1 S 42 25 DBPs Rij (&%)
. C1HIEARRR IR R M 3 RIS (RS 29k,
3K 2.63%107,1.55%107,1.35%107([& 5h) . C1 F1BI1
FHEE , Zead i B A0 AbBE 2 I, 9 2 A 4R R 2 45 3] it
— 2GR, DR AT Ak B B A 114 T A AR 21 ) ) ik
1 50.77% .72.86% , =W IR A AL 5 R A0 T2 g
g e BT 0 P [FIVE L 43 S04 XA [R) 2 51 DBPs Hif
YT T AN LB . KRB AR 2L i
W] 55 NaClO i A= iU IR 25 5 &2 25 DBPs, R B
BN T2 R GRS B AR 1Y L BRig
XFA1.B1.C1 H AT R A HLY F1 A2 B2
C2 ¥ ) DBPs #4171 PCoA 23 # (K1 6) , X P A1 FI B1
WA BL R A LR R AR AL, BL O/C 0.1~0.3  H/C
0.9~2.3 .C/N 5~10 (AT WL R 32 C1 30 B i

WWW.Qes.019.CN




VRS RSty F425531H

NEG°®

200
150

100

IS8yt i
Total substance quantity
wn
(e}

Al A2 Bl B2 Cl1
i Sample

)i Substance
3
o4
b

50 40 30 20 10 O
W) I i /Fh Substance quantity

Substance

T
FTER
T Tk
HERK
e
mk
Rk

10 20 30 40 50

50 40 30 20 10 O
Wy J5 0 /Rl Substance quantity

)5t Substance
=
b

10 20 30 40 50

50 40 30 20 10 O 10
YR /Bl Substance quantity

20 30 40 50

SRR

Total blob volume

¥ Jit Substance

¥ J%i Substance

¥ )% Substance

LOX10°T p
8.0x10°
6.0x10°
4.0x10°

2.0x10°

Al A2 Bl B2 Cl C2

Ff i Sample

W Al
| A2

" 1 1 JL 1 " Jla]

\) s WU a Q 3
N W d O d \J A9 Q
A +\&. AN m9+\ S \\Q+\ 5~°+\

WA F Blob volume

W2+ h
el
B | | Cl
%}Ei I mC

FSZE S
P2k

FEIE
e

BEREE
B2
B
72 PR\ W I\ W I |

3 A9

K AL TR\

Ll Lo g

0w s S
WAL R SA WA\

OISR AN

544 FH Blob volume

)
597 \0

5 AU B EFIEER

Figure 5 Substance quantity and blob volume of organic matter

1% WHART]



ERBA S KR AR R Y R ERF T 669

1.0 0/C 0.1~0.5
Cle ool eC2 o)
“Hydroxy-3-chloropyriding -
0/C 0.1~0.2 yaew Py CNS-13
H/C 0.8~1.3 Trichloromethane CI/H 0 2:%
C/N5~13 N-Benzyloxane-2-carboxamidg (+)-N-Methylephedrine o
2,4-Dichloro-5-methyjphenol 2,6-Di-tert-butyl-4-nitrophenol
2-MetHyl-3-ethylheptane > 4 yl-2-Amino-1-
% 4.Dimethylbenzaidehfde  p) cutylformamige -0 Pentanc!
Deganal
Nonanal o Chioro he:—Chk;roaniline
v i phenaly 1,3,5-Trichjorophenol
4 .
Bremodichloromethafie meth’vlephednne
— 1.1,1-Dichlorocyclobutarre ";’7'07 loro-3-methylbutane
1N > Dichloroacetamide
Z Isovaleramidé&™ 2 l6-Dichloro-4-methviohenol
= : 2-Dichloro-4-methylpheno
= Benzyl(phenylmethylidene)amine 1.2,6-Dichlorophenyl methyl carbinol
S -Butylbenzenesulfonamide .
£ Tetrad};canenitrile 1,2-Dimg Al Xchloro-5-methylphenol
5-Methylundecige 2 2-Dichloroacetyl chlgride
N-Butylcyclohexgfiamine ) 4.2;,/?,‘,,',, I
‘ -Ch/oroindo/gQ'D"/O’me yl hloph'e e
azine 32466;‘7 /Tric tgrt/)-(l?l-crestﬁll i rthIoromethy/pe tanoate
Tettrahydro- réethyl-2H-pyran ghenethylpronamialg'(_ . E‘;r %J;,ra',’,”a‘in 4 g,nsl-IDichlor ,-/een’? W oheptane
[1E)-3-Meth Ibutana BB N-Phenethylacetamige 1/7-Digzabicyclo[2.2.0]heptane
Indole-3-acetaldehyde 2_} cetylindole 5-Chloroindole
7-et yI-2-mghyl-1,3-benz_oxazol-4-o 2,\-Dichloro-3-methyiphenol
N-(2- henyle&yl)acetg’rg? pimethyihgptan-2-one
0/C 0.1~0.5
H/C0.5~2.4 C/N2.5~11.0
0/C 0.1~0.3 . .
H/C 0.9-23 C/N 5~10 Cl/C0.1~0.5 CI/H 0.1~0.3
-1.0

PCol(67.34%)

1.0

6 BHLHIRY PCoA 43 H7

Figure 6 PCoA analysis of organic matter

#2241, L O/C 0.1~0.2 \H/C 0.8~1.3 .C/N 5~13 B4
MU k3. CLESALFIBL B C/N FHi H/C REG, &
HRE b AL & W 00 S B AR AR B O A B T s ST
AEJE C2 P = i e SR IS DBPs B Z (S IH . 3 F
AN TR A B By BE R 7K 28 33k NaClO T #: 2 )5 , A2 Fll B2
DBPs A7 1% Dl [ A 8 AHABL, DBPs LA C1/C 0.1~0.5
CI/H 0.1~0.3 3=, C2 W [R) A R B B 2 i) 22 S ke
DBPs L) CI/C 0.2~3 .CI/H 0.2~3 2 &, 8] C2 ¥ DBPs
SOENiRWES R g

3 g

(D& K IRETE AT 1K 2R A0 it H 7K
28100 mg- L™ NaClO JH#3 /= , HAa M0 31 38 Fhii 2g @l
P1(DBPs) , FE AWK AL KE 102, G
VISR =E Sall N e P S I Y/ RE = RS K
b 3 S 25 TR ZL 125 DBPs 23 51080 T 88.50% .
77.64% , {0 G T 28 AR 28 7 A Ay B B m T
392.18% .68.37%. P K A0 vl H /K 14 75 5 58 6 25 0

T 31.98% , @I T 10.97%.

)G oK & A REWmEMBEALGIY,
T PRI B S RGN ) K S 2R AN S 2 P2 DBPs, AR
AL+ R AP0 1206843 DBPs BT iAY) A 1R 4 25
BRECR . (HIRETH LS AR IR/ LY B &
i, el B AP0 TR IS B RERR 70 23 b5 , i B
K AR BEE FISAIR2E DBPs U BTAY) & o

(3R A0 T2 Hi KA HLY C/N F+ 5 (H/C BE
1%, AR AR EOE K AL R T SR B T Y
BT, AT R O 5 SRS DBPs B g i 1A o

(4) FRA AL+ B A0 T 200k DL 2 B SR 16 2 Al

IR DBPs HIARY) , 5 5 7K Ak 34 22 495 05 22 T s Xof
RS AR I 2 R g

B3k

S
2

[1] 228, PR, BRIk, 45 3 R A 23R 2 K s e IR 15 b 3 T
CAFFEIERRIC]. R 55 DU BRI e 15 A+ = b gl &
J& K43, 2015. JIANG C, CHEN M X, WEI Y S, et al.Pollution status

and treatment technology of intensive swine wastewater in China[C].

WWW.Qes.019.CN




NE3-"°

VRETR Rt Y FEFE3H

Chongqing: The 4th global pig forum and the 13th China swine indus-
try delvelopment conference, 2015.

[2] Wi, XUEL, W0, 55 . MUBLILAE 5 2 K Ak BB R BT HEJRE )], K
=4 ?‘5%?& 2022, 43(3):83-90. CHEN L, LIU Z, XIE Y J, et al.
Research progress on wastewater treatment technology of large—scale
pig farms[J]. Journal of Domestic Animal Ecology, 2022, 43(3) :83-90.

B]1 % £+, #hoc, T, % . AR
H [ Al Bl 2%, 2018, 51(21) :4177-4187. LUO Y Z, SUN Y,
WANG T, et al. African swine fever: A major threat to the Chinese
swine industry[J]. Scientia Agricultura Sinica, 2018, 51 (21) : 4177—
4187.

(4] F57, RS 5t A ) 2 A it 37 4 9 By 47 I DN R O Y O B
[J]. 25258, 2018, 52(12) :1-5. WANG Q, ZHAO Q Z. Biose-
curity is a key atrategy to prevent the introduction of african swine fe-
ver into pig farms[J]. Chinese Journal of Veterinary Drug, 2018, 52(12)
1-5.

ST A AR T . Al R 5 6 B AR BLTE (AT [EB/OL). (2015-11-
25)[2022-09-01]. http://www.moa. gov.cn/govpublic/SYJ/201511/
120151125_4914796.htm.

Ministry of Agriculture and Rural Affairs.
Technical specification for the prevention and control of African swine
fever (trial) [EB/OL]. (2015-11-25) [2022-09-01]. http://www. moa.
gov.cn/govpublic/SYJ/201511/120151125_4914796.htm.

(6] F/IN3C, SkMele, B, % . 97 B A L A SR AL T 2Rl Wit 2
HEA2AEA5R SR ] FREERE, 2006(8) :1603-1607. WANG X
W, ZHANG X J, CHEN C, et al. DBPs Formation characteristics in
chlorinating and relationship with chemical structure of some aromatic
organic[J]. Environmental Science, 2006(8) : 1603-1607.

(7] B4t FRok, B, A5 . Kb R 5 AT L) SR AR W B R Y
WA IT ] BREE R} 2%, 2011, 32(7) : 1967-1973. XU Q, XU B,
QIN C, et al. Chlorination byproducts formation potentials of typical ni-
trogenous organic compounds in water|]|. Environmental Science, 2011,
32(7):1967-1973.

[8] THZE, A, WRIBAK, 25 . SEALTE BEXT K R AT AL KK ) B AR i
PERIRZ ALY, W /R EEEE TR 4, 1996(5) :64-67. MA J, LI G
B, CHEN Z L, et al.Effects of chlorine—disinfection on the mutagenicity
of organics in water and drinking water{J|. Journal of Harbin University
of Civil Engineering and Architecture, 1996(5) :64-67.

(9] Ak, Wi A8 . KRS g FAR K 2 42T k4R, 2007(4) 1 1-5.

YANG M, QU J H. Water pollution and drinking water safety[J]. Water
Technology, 2007(4) : 1-5

[10] 388 B, AR KRR 9 A2 R S TR L], BREE 1L
2#,2011,30(1):20-33. ZHAO Y L, LI X F. Drinking water disin-
fection byproducts : Chemical characterization and toxicity[J]. Environ-
mental Chemistry, 2011, 30(1) :20-33.

[11] RICHARDSON S D, FASANO F, ELLINGTON ] J, et al. Occurrence
and mammalian cell toxicity of iodinated disinfection by—products in
drinking water{]]. Environmental Science & Technolgy, 2008, 42(22) :
8330-8338.

[12] ROUGE V, VON GUNTEN U, ALLARD S. Efficiency of pre—oxida-
tion of natural organic matter for the mitigation of disinfection byprod-

ucts: Electron donating capacity and UV absorbance as surrogate pa-

1% WHART]

rameters|J]. Water Research, 2020, 187(116418).

[13]XUM Y, LINY L, ZHANG T Y, et al. Organic chloramines attenua-
tion and disinfection by—product formation during UV, chlorination
and UV/chlorine processes[]]. Chemosphere, 2022, 303(2) : 135025.

[14] ?/J\J_q, RELIC, I, 85 5K s A L A 3 Rt B R

HER YA BUHEEL | FRBERI, 2009, 30(8) :2282-2287. SUN
Y X, WU Q Y, TIAN J, et al. Characteristics and chlorinated disinfec-
tion by —products formation potential of dissolved organic matter frac-
tions in treated wastewater[J]. Environmental Science, 2009, 30(8) :
2282-2287.

[15] XK, T2, AL, & 5K s A LA S W R
O A P ML T 7 ) A OV RE (D). SR BERE A, 2013, 34(8)
3156-3163. LIU B, YU X, YU G Z, et al. Chlorination characteris-
tic and disinfection by —products formation potential of dissolved or-
ganic nitrogen compounds in municipal wastewater[J]. Environmental
Science, 2013, 34(8) :3156-3163.

[16] RICHARDSON S D. Disinfection by—products : Formation and occur-
rence in drinking water[M]//Encyclopedia of Environmental Health.
Michigan: Elsevier. 2011.

[17] WAGNER E D, PLEWA M J. CHO cell cytotoxicity and genotoxicity
analyses of disinfection by—products: an updated review[J]. J Environ
Sci(China), 2017, 58:64-76.

[18] 20, ZUE B, SR, 45 1 KR W R I R R W R R
AL BT, BRETRL %, 2017, 38(7) : 2883-2892. HAN H H,
MIAO H F, ZHANG Y ], et al. Transformation of disinfection byprod-
uct precursors during the wastewater regeneration processes|J]. Envi-
ronmental Science, 2017, 38(7) :2883-2892.

[19] =, Rl 22 B, 25808, 45 . SUH IS K DOM i) =4kt
FEPESZ W [)). BB TR AR, 2012, 6(7) - 2226-2230. HAN Y,
ZHOU X J, PENG D C, et al. Effect of chlorination disinfection on
three—dimension fluorescence characteristic of DOM in secondary ef-
fluent[J]. Chinese Journal of Environmental Engineering, 2012, 6(7) :
2226-2230.

[20] DOTSON A, WESTERHOFF P, KRASNER S W. Nitrogen enriched
dissolved organic matter (DOM) isolates and their affinity to form
emerging disinfection by—products[]J]. Water Science & Technology,
2009, 60(1):135-143.

[21]LIU J L, LI X Y, XIE Y F, et al. Characterization of soluble microbial
products as precursors of disinfection byproducts in drinking water
supply[J]. Science of the Total Environment, 2014, 472:818-824.

[22] SIRIVEDHIN T, GRAY K A. 2. Comparison of the disinfection by—
product formation potentials between a wastewater effluent and sur-
face waters[]J]. Water Research, 2005, 39(6) :1025-1036.

[23] WANG Z P, ZHANG T. Characterization of soluble microbial products
(SMP) under stressful conditions[J]. Water Research, 2010, 44 (18) :
5499-5509.

[24] FIZS, BIHLE, £, 4 G THTE AT S5 KK BOM A2 i THM |
HAAs B9S2 [J]. T [ 25 7K HE 7K, 2006, 22(19) :16-20. TIAN J,
HU H Y, WANG C, et al. Effects of operating conditions and water
quality on THMs and HAAs formation during wastewater chlorination

disinfection[J]. China Water & Wastewater, 2006, 22(19) : 16-20.



ERBA S KR AR R Y R ERF T 671

[25] Ema b, sKJE, BIHEE . 5K AL SRR AL B rp K B R
ZEAL R LT, PRBERL, 2005(6) :77-80.  WANG L S, ZHANG
T, HU H Y. Comparison of the quality and toxicity of wastewater after
chlorine and chlorine dioxide disinfections[J]. Environmental Science,
2005(6) : 77-80.

[26] FEFHF, AR R . SIS T R A 53 IR K M s 43 25 1. PRBERY
FEHR, 2021, 44(10):137-143.  TANG Y X, DENG L W. Addi-
tion of aerobic sludge for enhancing separation of concentrated and di-
luted swine watewater: An experimental study[J]. Environmental Sci-
ence & Technology, 2021, 44(10) :137-143.

[27]) FR/NR, -8, W85, 55 SRR K8 RATE R VE W) BORTORAIE &
FLE A DRI, ARl FREERL 2240, 2022, 41(5) : 1067-1076.
DAI X R, WANG L P, MAN Z, et al. Malodorous volatile compounds
released from pig wastewater and their component source apportion-
ment[J]. Journal of Agro—Environment Science, 2022, 41 (5):1067-
1076.

[28] ZEYEHE, whE N, XS RS, 46 . A/0 5 SBR T2 Ab MU 7 KRR
TH AT LRI SR RO R BB 2 4k, 2022, 41(3) : 648-657.
CAIY Y, HAN Z G, DEGN L W, et al. Comparative study on A/O and
SBR processes for the treatment of digested effluent of swine wastewa-
ter]J]. Journal of Agro—Environment Science, 2022, 41(3) : 648-657.

[29] 254, 25 i, X B, 4 . 3DEEM #1 PARAFAC f 5837 15 K DOM 41
SRR A3 BT, DG LI 4T, 2017, 37(2) :577-583. LIL,
LI Z P, LIU M, et al. Characterizing dissolved organic matter (DOM )
in wastewater from scale pig farms using three —dimensional excita-
tion—emission matrices (3DEEM)[J]. Spectroscopy and Spectral Analy-
sis, 2017, 37(2) : 577-583.

[30] &R, ST 5, WALk, A5 5% 37 I K DA AL WU b B i v
DOM ZE(LRFAE[T]. 55 FF2#%, 2011, 32(6) : 1687-1695.  ZENG F,
HUO S L, XI B D, et al. Characteristics variations of dissolved organic
matter from digested piggery wastewater treatment process[J]. Environ-
mental Science, 2011, 32(6) : 1687-1695.

[31] #% 85 . 4 4l UM @3 AT I R BT T T 52 20K 3R 20 T 10 T 125
SAWEFEID]. K% - h R B RE A W BT T, 2004, LU X.
Methodology of comprehensive two—dimensional gas chromatograohy/
time — of—flight mass spectrometry for complex samole analysis[D].
Dalian: Dalian Institute of Chemical Physics, Chinese Academy of
Sciences, 2004.

[32] LI C, WANG D, LI N, et al. Identifying unknown by—products in
drinking water using comprehensive two—dimensional gas chromatog-
raphy—quadrupole mass spectrometry and in silico toxicity assessment
[J]. Chemosphere, 2016, 163 :535-543.

[33] LI C M, WANG D H, XU X, et al. Formation of known and unknown

disinfection by—products from natural organic matter fractions during

chlorination, chloramination, and ozonation[J]. Science of the Total En-
vironment, 2017, 587/588:177-184.

[34] LI C, WANG D, XU X, et al. Tracking changes in composition and
amount of dissolved organic matter throughout drinking water treat-
ment plants by comprehensive two—dimensional gas chromatography—
quadrupole mass spectrometry[]]. Science of the Total Environment,
2017, 609:123-131.

[35] VY, FBEE . PTAO T2 T I8 4 /K Ab B Je H Anammox B4
SrHTLL T E KK, 2020, 36(8) :56-62. WANG J X, ZHENG
R. Application of PTA’0 process in swine waslewater treatment and
its anammox phenomenon analysis[J]. China Water & Wastewater,
2020, 36(8) :56-62.

[36] BREZ TR, MRAE, P, & . DR AL Ab PR DR S AL W m 1
BT o 45K HEK, 2022, 38(3):7-13. CHEN Y L,
ZHENG R, SUI Q W, et al. Engineering application of anammox in
treatment of anaerobic digestion liquor in swine farm[J]. China Water
& Wastewater, 2022, 38(3) :7-13.

[37] CHEN Y L, ZHENG R, SUI Q W, et al. Coupling anammox with deni-
trification in a full-scale combined biological nitrogen removal pro-
cess for swine wastewater treatment[J]. Bioresource Technology, 2021,
329:124906.

[38] LI Y, YANG M, ZHANG X, et al. Two—step chlorination: A new ap-
proach to disinfection of a primary sewage effluent[J]. Water Research,
2017, 108:339-347.

[39] HUGUET A, VACHER L, RELEXANS S, et al. Properties of fluores-
cent dissolved organic matter in the Gironde Estuary[J]. Organic Geo-
chemistry, 2009, 40(6) : 706-719.

[40] AR SC . A @ IEAR F AR £ 7 R WD ALt - R B
B IREEIFSE L, 2013, SONG H W.A non—target analysis meth-
od based on comprehensive[D]. Beijing: Research Center for Eco—En-
vironmental Sciences, Chinese Academy of Sciences, 2013.

[41] AR, JEIMS, AT . T 7K b B e R 5 IO 174 A R R HL A 5 A
[J]. 358 TR 2%4), 2017, 11(1) : 1-11.  HAO X D, ZHOU P, CAO
Y L. Origins and evolution processes of humic substances in wastewa-
ter treatment[J]. Chinese Journal of Environmental Engineering, 2017,
11(1):1-11.

[42] B . 051221 S B P A R AL LR S FEPEDFSE(D]. L
TR R4, 2019.  HUANG Y.Transformation mechanism and toxici-
ty assessment of indole derivatives during chlorine disinfection[D].
Nanjing: Nanjing University, 2019.

[43] AYELE T T. V| fiff 5 S FLBR 5L DI REBTZE(D]. bt - b EE gl Ak
28, 2019.  AYELE T T. Isolation and identification of indole—de-
grading microbe and its deodorization function for manure[D]. Bei-
jing: Chinese Academy of Agricultural Sciences, 2019.

(TTAE - AR IR EL)

WWW.Qes.019.CN




