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Spectroscopy and Spectral Analysis
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W E LEBBRRAESREWIE, WIER B - 58 MU A B a8, A = 4586 3k (3D-
EEMs) . £L5MG3E (FTIR) . 284001 WG i% (CUV-Vis) Fl = 0 1 7 19 07 ik DF 58 1+ 308 kA0 30 38 8 55 0 IR
KR A B 2 i B I G RS R IE A W 2 AR P . IR I — AN LB I R G P AT RN
5 50 em. AR 4 om WA HLBEIE A . IR IR BCERAE O, HOR ST AL st X KGRI Sk N R R L Rk A
MEFRAERG . LRI RY, RETCRIEEZN . K25 B %A LY (DOM) #7452
BHER. MY RGERE THIE, DOM WHMEARARL, BA#HKPEAFENIEEOR KA TRENLE.
BRI R, TGI8 A A X 5 R RS . FE BT DOM 1 #e B /N o 2041 6 RE 2 Br W . #E sk DOM &
BT RREE WL BRI AN RS EREA Y . A0 WOGIE AT R W] B IETT . 15 LA RIE TS R
G5 %F DOM 19 2 BR 43 B0 17. 26 %, 37. 24 % F1 48. 08% , HFFE 19 & A X 2 Bk A 1 DOM ¥k B & 4 I 9, 3f
H KRy FARARGE I . g KA IER, T2 HIEREGMAENZHEERT L2, ARMEER 2
PER T H B MR 2R . TR i P ) — ) B R Actinobacteria (2 14 44 #l Alphaproteobac-
teria o ZFTE H WA E RE . FEPE F N Sordariomycetes 2§ 5% 7 49 F1 Eurotiomycetes B F% & 40 1Y & B . BF
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TOC e & X R AT — 2 BB M B, (0 5 7K K 1y TOC
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BT B SEIES 150 W GUIAT . ot HL A5 3 45 HL S 700
V, fHEt>110, HIF#E 12 000 nm » min ', & FK G
BRI P B TE 34 Ol 10 nmy, WL IS ROl 1 Bl O E R
BETEREHI R 5 nm, Bk A TEEI K 200~400 nm, K& 4T
KW KR 280~500 nm, & A& HOGIEH & 5 nm™), B
T K SRR SR A — 20 TR RBKELE . —60 CHiE
RTINS E AR AR IR 1 100 5 KBr
CEBLD R G5, L SMNT RO, FF 50~100 MPa
FE 2140t . SR 35 [E Nicolet5 DX 8 HL 21 4h S 54X
FREEAE 4 500~400 em™ , 3 BEFE 4 om™', FREKEL 16
W, R UNICO/UV-4802 B Ah 43 6 6 BE 31 HHl &
JLHE K 190~700 nm, FHiREHR 1 nm.

I REEMNE 1R, YA A # 50 cm, FAEN 4 cm
A LB B A, JHL vl I 7 1 - 0 Sy Al i I S IX 3 6 3t P
FxZE+.

B1 REXETEE
Fig. 1 Schematic diagram of reaction device
1.2 kKR
B K BT 10 £ s W FR M K, HEAK K B
DL 1 PR o IR K GE 0 Sl 5 2 T E AR R . 7K T U
H96 em e dt, ZRGUHI G AN RGE . SN 946 7K
IR RBA 3 m e d T, BEBEWN, BITT 10d 25,
KA BB 0. 005 m« d ', I H A SERZATETUK .

R1 BREZRFEEKKER

Table 1 The water quanlity of synthetic high
ammonia nitrogen waste water

KB HE b T ION: N R/ME

pH i 7.61 7.84 7.030

NH{ -N/(mg -« L") 2.203 3.518 0. 725
NO; -N/(mg « L™ 1) 0.028 0.032 0.022
NO; -N/(mg « L™ 1) 0.058 0. 087 0.042
TN/(mg -+ L1 2.979 3.677 1.198
TP/(mg+ L") 0. 391 1. 312 0.231
COD/(mg+ L™ 1) 296 449. 5 184. 6
i/ °C 23.5 25.2 15.0
SS(mg + L™ 1) 105. 3 134. 6 86. 700

THEBUE R G R T TS S0 P IOE JETT L M JE I A8 58
Ja B =0k KK AR BEAT I A o A, I UK E I R R
8 R RN A7 9 R AN B R L B9 DNA G i 23 531
A 16S. 18S rDNA,

2 HZRHHE

2.1 HERRIEFESH

E 2Ca)— (D 4y 34l MATLAB R2009a 4b B i3 2 J5 %=
Bk T2 B AR R B 2 )5 19 DOM = 4 98 6 [ . i &
2 (DAL EMM AR, MEME, HHEBIEREX
DOM 54k 7= A4 7 AR KR i . 7 7K H f# DOM. = 52 g 2% i
W B AR M EY A=A 2. (o,
(o], BTREAVE, RETEEEZRN . M2 )5,
DOM #As 2w R, JB TRIBHE LY. MY RER
AT 9E, DOM A AR AN AS . HOJR 3K P R £E7E 11
REOVEREAETHBENLRE, ARERMLMEE, 50ER
HAXT SR U . ZR ] DOM vk & 38/

N T M5 W IR A LY 0 SRR, 6 B
Jai E KRR S 2 R TR AL T 2 )G EAT T 4n Ah R AN A
i, BB LLAMEIE LSS E . B 3 FTR R LLAMRIEE
%O 0E AR AE PR SR 3 420, 2 930, 1 650, 1400, 1 110
870 em ™' BT, 7 SFWE T R A9 Tk A P FE BRI IN 3 2 TR
HoA i % 3 420 em ' BIEEL 3 400 em ! FFIE HE B AY E I A 0
oML . VAR SR IEN O H 4Rk a0, g 2
H1 43 F RIS T IR 6 0 S VE TS 4K 2 930 em ™!
B2 925 em ™' BEE AL B AY 2 A1 55 09 U 04 A g MU I L N
C—H 4R shige"™ ; W% 1 650 em™ ' T N BN T # N—
HEMES. =0 4R 1420 cm ' [0 R 9%
FTRFEPH O—H 2K . BRI RIS YRk L& b —
CH, W& ik zh i C=0O MK IRahE"; 761 110 cm ™' |
1050 ecm™ ' M N5 HALS W RBE. 24, R, Bi—C—
OH 4R ahig" " ; £ 870~610 cm ™' [l Z K AIE 11 1)
C—N, N—H KFHF C—H 2l Jrsh g™, 45 8 al 4 30 4
WFoT ik K DOM £ 4r S, B2, JR2E. A HLMR &
FERAHY . X LLE 3 d oo Fo WAL, v LAKBL b il
LRAE 700~620 em ™' BT FFAE WA R0/, RIAZIKAE A
RPN, X5 =TGRS % ZE R PO B LS
U8 F S VY IR GG b Ry S B R S5 A 45 SR A — B X
FelE 3 e Fid W42k, FTLLE B d #2678 870 1 700
e BT G RN, RV AR A, 3R T LT N ) TR £
ZHK. BORMSHRREY T £, X085 kY a4
AR Y O

WhoE 208 . 2R AM-TT DL s S 338 7T L4878 DOM 41 B 1 7%
WAF B . B 4 K32 AT E DOM B 48 4h-71 0 0 i 45 1iE o6 3
. 3 3 AEEIERT G DOM (1 48 Hh-n] DL 0O 1% RR 1 2 40
azssm AR 355 nm Ab MO R AT, E A asss =
Asss X 2.303/L H 85, M Ay 3K 355 nm %R Y
W G L Lok e B LG ML BE 0. 01 ms Eusy / Enes Ry I
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2 H 7k DOM =455k ik
Ca) AL () 3 590 g 3 SE R HE K L K B = 496 5 (o R (D 4330y 3 2E B R K L K B9 = 4E 9065 5
Ce) FCD 435 o 3 2 J5 i K« H K g = 28 98 6 e
Fig.2 DOM EEM spectra of inlets and outlets
(a): DOM EEMs spectra of inlets before blocking, (b): DOM EMMs spectra of outlets before blocking;
(c): DOM EEMs spectra of inlets before blocked; (d): DOM EEMs spectra of outlets when blocked;
(e): DOM EEMs spectra of inlets after blocked, (f): DOM EEMs spectra of outlets after blocked
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Fig. 3 FTIR spectra of DOM before and after cloggings

253 nm AL ) OLE 5 203 nm 4 B R OE B WA Sk N In

(275) ~1n(295) Fl In(350) ~ In(400) & B 48 B} % 1 H A ;
SUV A, A 254 nm 4b B4 DOC He 3 B W 6 B, 3 i 2
K SUV AL, =100 X Az, /DOC 55 Assg—sso Fl Asgosoo 53 5
S X 226 ~250 nm FE K 260~400 nm 8 B P B % 5% B
A BB B AR B (T

asss HRAEA @ DOM R B 1 EZ g bR . 5 JE0T . b5 %0t
KIEFETG RGBT asss KBRS N 17.26% , 37. 2406 Al
48.08% , ] WL 3% JE 1 J A %t L B A 5 DOM ¥R B J& 45 Al 1Y
I H A S kK Y K 45 B e IR AR K BT R . Ess/
Esos BT LAY R ML 35 75 38 1 A9 IR JEFP 2 RIFR B, M AR
J T A R i LA BN B R, R R
FER TR S 20, R E AR K, SR, ZE AN,
FH] DOM 35 & IR B IE P g W4 19 & B3 &2 . Se [ RN
S5HENMW A TEAL, IEBK, AP0 T llh, %
AR Z AN FEHEIY 5 F 2 K.SUVA,, (E
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Table 2 Compounds and functional groups corresponding

to the FTIR peaks before and after cloggings

W/ em ! R E W X L 04 4k A 0 R RE A
3400~3 000 JREEM O=H 4. & N—H §& sl g
3.000~2 800 Mg/ ik B L AW 3k C—H 4 45
1 6901 600 BEfie TalF C=C #rzh. I &F C=C F LR K

SRS TN ABRE C—O0 MRS
1625 B, RS C=C, Bm C=0 4k
1570~1520 [k 4 C=0 KBtk N—H fk gk
35 5 B I 110 Wi 5 e B o R R R MR B S 14 e
3]
BE L NG Mk SRR C—O fd 4 0
iﬁ%ﬁﬂz%*ﬁ%&%ﬁ\ KA K C—O

C—N, N—H KZEH C—H mobai k. &
EY:i9)

1 420~1 350

1 200~1 000

1 120~950

870~610

Absorbance/a.u.

200 400 600 800 1000
Wavelength/cm"
4 HEZEFIE DOM Z£5M-] JL W% U 45 E 5t i
Fig. 4 UV-Vis absorption spectra of DOM

before and after cloggings

®3 HBEWMRBNEENE L7 RK L ERHIESH
Table 3 UV-Vis absorption spectral characteristic

parameters of DOM

IKFE TS asss Ess3/205 Sk SUVAusy Azzg~250 Azso~100
a 169.52  0.48 1.18 16.54 58.62 143.49
b 140.26  0.37 0.78 21.48 69.72 111.71
c 157.85 0.44  1.47 24.09 53.32 131.31
d 99. 07 0.37 0.94 17.89 44.22  92.17
e 140.98  0.42 1.18 23.17  52.90 122.02
f 73.20 0.30 0.85 13.59 30.28 67.66

T a f b Pl R EAERTHE . K, o M d 235 SRR 3 JE I L
K e FlLop 5 FRIE SR G kL K

K. EOM 25 B et i K1 . HC 2 4 oh & 1 & R R AL &
Vil £, SEEE LA )G A /N RO 7 & R AL
AP o P 226~250 nm LRI EE B EM o
AL P 260~400 nm b W WA 32 B i R IR A5 R A
TR 18 2% I B W A0 TG R AR 3 K/ A0 L Ao a0 BEAAC B K
T ARG BAAE R HEER AR A EE LN, K

K R T ORI A 0D, X5 H A LA 58 S IR IR 5
P& R —2 .
2.2 BENMEVESN

Y RERE JE R AE A WA LI, O SR R 2 1
B S1, R X1, 80T 4 R EL T ) 16S rDNA FI 18S
rDNA, 3] 507 88 Y1 BT HE B AT Bl2E W 2 R 1k 20 A LE &2
M 16S 5 PCR ¥ 654 fy 338F_806R, E. T 18S
PCR " J& 5|4 SSU0S17F_1196R. PCR " 158 5 ik 17 46
1k, IFH] Picogreen Jpb4¢ Jtitxt PCR 77 ¥y 47 o 1 91 45 —
fLiR 5, T JE X PCR ™ 9 #4700 /7, )3 7 & & Tllumina
MiSeq., )7 TAE H L i 58 75 A4 9 5 25 R H0A IR =) 58 s
T4 E VAR B A BT A% R 1Y I-Sanger = V& F5E .

AW 1L Simpson & £ Fl Shannon 45 FOR T 5% 21 45
WEW I Z KE % . Simpson 48 BUE 8K, 2 BIRE ¥ 2 K M
ik, Shannon {H# K, RUIFFE SIS . TTHE AR 16S
rDNA 7 OUT K5 iz 38 Y1, %2 L3 ST, Ji8)2 4
X1 f¥) Simpson 48 %4> % 24 0.004 4, 0.057 3 A1 0.004 0,
Shannon F8 %4435l >~ 5. 877 0, 4.560 8 F1 6.037 4; HEH 18S
tDNA 7E OUT /K- F st 3% Y1, KJ2 43 S1, JRJ= 13
X1 f Simpson 5 %4> % >4 0.105 2, 0.328 8 1 0.097 9,
Shannon &> # M 2. 794 9, 1.506 8 F 2. 879 8, M Simp-
son EHORFE . 417 16S rDNA [ BETE ZHEVE R X1>Y1>
S1; HBH 18S rDNA By #Ed Z MW X1>Y1>S1, JFH
BB SRR T HR MR SR SN R 2 L%
ST RIS Z R B IR, Zr Tl il T 3R 2 32 Bk
whify ST R K. KR R HE XD RS 2R R LR AL £
EYREE RO, R LB IR RS T G KA
TR S YRR Z RN, LR = A R R A
Rk, AT REIE R 5| R FE I R EBUE MR .

FLE P, STRE & A0 — iy O s £ E AL HE Gamma-
proteobacteria(AH X 3 B 36.5%) y-48 J& #F B 4. Betapro-
teobacteria(13. 4 ¥ B2 H 49 . Actinobacteria(11. 5 %) it £k
R 49 F Alphaproteobacteria(8.5%) o- 28 JE W 4 ; Y1 #£ & h
W —F P B T E A FE Actinobacteria(36. 2 %) 5t 4k 14 44 .
Alphaproteobacteria ( 18.7%) o« 7% & 2, Acidobacteria
(8.7%) BR #T T 44 I Betaproteobacteria (7. 2 %) B-7£ & W 44 5
X1 At A 4 — 2 i p #4 T £ AL HE Actinobacteria (22. 8%)
Lk B M, Acidobacteria (15.5%) W& #F & 4. Alphapro-
teobacteria(12. 8 %5) a- 28 I 14 40 Fl1 Clostridia (10. 4 %) #24R 2
AT A fT W, =R TEN — R R AT HE & A Acti-
nobacteria #1 Alphaproteobacteria Bj2&, S1 &£ 5 vp g — &Y
R 24 Arenimonas (22. 2%) 25 V) B AU &, Ramli-
bacter(4. 6 %) 23 K #F 5 1 Nannocystis(3. 4 %) 83 g ; Y1
e B — R A W 3 A norank ¢ Acidobacteria
(6. 0Y) TRAT I 2, norank f{_ Nitrosomonadaceae (3. 6 %) I
B AL 5 B 8 R Gaiella(2. 6 %6) 5 X1 FE S B — KR 35 B
F %A norank_c_Acidobacteria(11. 4 %) B R 4 % J& . norank
_c_KD4—96(3. 7%) #1 Gracilibacter(2. 8 %0) £ 44T i J& .

YT, SRR T A — 0 T 3 AT S unclassi-
fied_d_Eukaryota (F %} 3 B 49. 8%) H A% W 4, Intrama-
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cronucleata(40. 0 %) & P 4% 98 4, Sordariomycetes(3. 4 %) 2
FH AN Eurotiomycetes (2. 1 %) BR#E R 4 Y1 #F 5 49—
A A 245 Sordariomycetes (37. 2%) 3 5% B 4,
Dothideomycetes Ji& 4 H 4 (30.5%),
(10. 0 %) Bl 4% 7 49 F1 norank k Fungi(5.4 %) E#H N ; X1 F¢
ity P A — R R A E AL SR Sordariomycetes(45. 60) 350
W 4. norank k Fungi(13.6%) B @ 44, Dothideomycetes
(11. 6 %) FE#E % 2 Fl Eurotiomycetes (10. 4 %) B4 54X . A
UL, RS YL A XL TEN — R AT MIE . S1FE R
B — AL R B unclassified_d_Eukaryota(49. 8 %)
BA% W, norank _f_ Colpodea (22.3%) 4 & 25 47 & th Al
Pseudoplatyophyra(17. 4 Y {8 # 38s Y1 £ & )8 — F AL
T E %A unclassified_o_Pleosporales (25. 4 %) 4% 1 & 1
norank _o_Sordariales (17. 2%) 2% 7% B Fil Fusarium (14. 5%)
He T s X1RE S PR — L3 s E A norank _o_Sor-
dariales 28 5% [ (21.5%), unclassified o_Sordariales &7 W

(13.9%) Fll norank_k_Fungi(13. 6 %) H.H .

Eurotiomycetes

3 45 ik

(DRGFERIBIEZA, TP Z)5 . DOM F728 g 2
B, BT RBEBEYE. MY REKE THIE, DOM
MY B A A A, R K P R A A 8 A R T M
SR B R A F S g ) A X 5 R s . R
H] DOM 1y BE i)

()i ik DOM FEZ s B bk, Bs, I8JE. AR
KIFFLRAAN . 3620 & A X B AT @ DOM ¥ & 2 47 F
. JF H K TR gy TR BRI D

) [ ge KA FERT . T2 LA M BUAEY 2R
KT EE, HRMHESHEERTERNREZ AT, -
BRER A — W LA S Actinobacteria Tl £k T4 44
Hl Alphaproteobacteria o JE WM MY A #E, EBNHEEH
Sordariomycetes 2§ 5% & 49 Fil Eurotiomycetes #{ 3¢ & 49 1Y &
i
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Spectroscopy and Microbiological Analysis of Soil Infiltration Clogging in

Treating Aged Swine Wastewater
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Three-dimensional fluorescence spectroscopy (3D-EEMs), infrared spectroscopy, ultraviolet-visible spectroscopy and

high-throughput sequencing were used to study the spectral characteristics and microbial diversity during the clogging process of

soil infiltration treatment of aged swine wastewater. The experiment was carried out in a pilot scale soil infiltration system. Be-

fore the system was completely blocked, DOM was converted to fulvic acid after treatment, When the system was blocked, the

composition of DOM remained basically unchanged, but the original protein-like peaks in the influent had a weak red shift, a

trend of transformation, and the relative intensity of fluorescence peaks decreased, indicating that the concentration of DOM de-

creased. The main components of DOM were carbohydrates, phenols, lipids, organic acids and aromatic organic compounds.

The occurrence of clogging was beneficial to the removal of colored DOM concentration, and the macromolecular benzene ring

structure in the effluent decreases. When the reactor was blocked, the microbial diversity of the lower soil samples was greater
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than that of the upper soil samples, and the bacterial community diversity was greater than that of the fungi community. Acti-
nobacteria and Alpha haproteobacteria alpha-proteus were the dominant bacteria, and the dominant fungi were Sordariomycetes

and Eurotiomycetes.

Keywords Dissolved organic matter; Soil infiltration; Three-dimensional excitation-emission matrix fluorescence spectroscopy;

Clogging; Microbial diversity; High-throughput sequencing (HTS)
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