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Characteristics of Dissolved Organic Matter in A/DAT-IAT System for

Municipal Wastewater Treatment Based on Ecological Safety
YANG Sai, ZHOU Qi-xing, HUA Tao

(Ministry of Education Key Laboratory of Pollution Process and Environmental Criteria, Tianjin Key Laboratory of Environmental
Remediation and Pollution Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China)

Abstract: To ensure the water-quality safety and harmlessness of effluent from municipal wastewater, based on the lab-scale improved
SBR—A/DAT-TAT process, dissolved organic matter (DOM) in municipal wastewater, demand aeration tank (DAT) supernatant and
final effluent were classified and separated by applying the ultrafiltration membranes, and indexes such as TOC, UV, , 3D-EEM and
toxicity were measured, to find out the sources of the toxic substances. The results showed that the lab-scale A/DAT-IAT process
performed well on each molecular-weight fraction of DOM. The main composition in the effluent was humic-like substance. Along the
process, The DOM distribution presented a trend of shifting to high molecular weight. Meanwhile, the aromaticity of DOM in the
fraction with relative molecular weight below 1 x 10 increased significantly, leading to the increase in the reactivity of effluent with
chlorine, which then increased the risk of disinfection by-products. In the raw wastewater, the toxic effects were originated from the
fraction with relative molecular weight below 1 x 10°, although the toxic effects were still originated from the same fraction in the
effluent, they came from the biological treatment itself instead of the raw wastewater. Based on the analysis of TOC, UV, , 3D-EEM
and toxicity, the removal of low molecular-weight humic-like substance should be emphasized to achieve the effluent organic emissions
standards and to control the risk of chlorination by-products and toxicity. Therefore, future studies should focus on the removal of this
fraction of DOM by adjusting technological parameters or adding a targeted processing unit.
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( pharmaceuticals and personal care products, PPCPs)
N 43 W+ 3 (endocrine disrupting chemicals,
EDCs) &5, A X 865 Qe e K e BEAR , (B AEAE R
PEfEE R, S E VR A IR B = 5o
15K AR K AT RETE A B BUAT BRSEARE H RLAE b
BRI, Xof i 2 9y Jo ) ISR AN, TX 28 )
Jii— B ARG P 2 2 PAE MR IR AR K
ZOH, SRS RE A MIIRER U S MR R
GER5E B ORIAE BE, H AT W 7R B0 AR 28 XU 4,
Castillo 25 1 #F 5% , 15 7K 2% IR B ( Vibrio
fischeri) 7% G306 R 5 B A ML K (total organic
carbon, TOC) ANAFAE M WA ELEAR S, B TOC 1
HIAS RE AR V5 /K X & G #EME AT BR. Sponza™*’
X PRI AN AC) T5 K BEATWT I K B, —BE R s 3]
TAPNHEBObRHE  E 2 S M FE P D 2 2R 1 7 %) £
FEADAFAERETE. B A R 15 K AL H T 7K 2
A B K P B Y — A B ) 9 T A A KU U
T BT IS K BB IR A TC E A, A0S K
AbBRRT AR AR LA T RS 3T R TS A
FLAREAE | AOHERE | KT FREE B T5 K A TR Ak B
2T ARSI

BTG K EZ RS QW2 ALY, U H R
AT ML (dissolved organic matter, DOM). — %
WO KRR FLAE S 0. 45 wm UEIEIA HLY)
R e A AL . DOM ARAX AT fE 1 oK ik
SR BUEAL B R KA RS G M e A, 2
THFERN W00 FEZERTIRY), B 5 SORT RE R s G
Pt IR, B TS K BRI A BRI, — e
MO AR LR (nuclear magnetic resonance
NMR) | A S BT EE F (gas chromatography mass
spectrometry, GC/MS) | f# B i 4% ¥ 21 4 ( fourier
transform infrared spectroscopy, FTIR) & /5 %% ¥ AH
(high performance liquid chromatography, HPLC ) %52
WX TG K A HL HEAT 3 B, (E A X S BR
XF V5K R AT B AT A 2 S50 o A,
BAETR AL IS TH] | 22 9% Ny BRSOk i i
A L EA T W) B A M o —— 0 7R oA S e
SR RAE A A ) 20 3 b S MR A G
P A BE R 5 A 25 BREE PR RSB 23 W 5,
T LYT5 KA B RAS , S K 22 At B E R L

H A, H 8 B X 75 7K DOM 43+ i i 47 R AE

E TR, a7 5 5 A, JF BB AR 2 i 19 2 B K
BE, AR E— 2 0950 B, = 296 66 3% ¥ (three
dimensional excitation-emission fluorescence spectra,
3D-EEM) Xt DOM &t B AT R ARSI AR A2
MTFHETE DOM ZENEE it i — Ff 0 A F oA, R i
MK B T . S 4EGIE R b O
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PN EE G B, DR IEZEOGIR 0 B K
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WA 2 AT RO X 5 7K EA T A PR IS I AR
BEDL. ADFIELRG R B IEIRIE | =4E5O00EE 1k
L RSCHTFEN IS EOAR 704 1 525028 35 K b PR
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RO RN IR i € & Loy <R N D
TEAFEAER 53 Bt DOM FET5 /K A B R 48 i
IR HAAT A, B T BTG 7K 8 MG AR 5 B PR b 25
BREUAHICHE , DI 3 T A2 282 i 5 K AL LT 2
A PR S A,

1 #MREFE

L1 R JFUK bR

I BT 5 7K O R T R T BTG /K Ak BE T R
Wb H 7K SR TG V5 YR 32 DAT-IAT ( Demand Aeration
Tank-Intermittent A eration Tank) T.75. {575 g HL
HiZi5 /KB DAT b, 3 -+ 2 KR EE 5= 914k,
15U E 0 5 B (0, 2R BETIVEVERE R 4F , DTVERT e
IR B T LA & K e B RS AT, I TR
B %5 B (rotifer) . B0 (Vorticella conorkaria ) . BA
H (epistylis) &,

DAT-1 AT T2, BIEZEK | 2L ki< T
2, 7% SBR RWroE s & AR — R B 2.
B 2P THZ T R MELE PR A AL A AR 25 Bk
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BB DAT 2 R A 1975 8 713, Bl A/DAT-
IAT .75, RSB aE 1 s, SO as i) 44
A HLIEES IR, AR 11, 2 L, IRAE R
7 80 mm x 140 mm x 220 mm , DAT #1F1 IAT jth )R <)
15 160 mm x 140 mm x 220 mm, [R5 DAT it
2 [A) B B ARCZE 1 B2 R 120 T 130 mm A0 A7 5 HE 3
15 ~FLHR , DAT 15 TAT b 22 8] A4 B A 76 = B
15 mm Fl 25 mm 407G & PTHESL 15 SFLHER. PR&Eh
R FEAR B P LA V5 P8 Ak T B IR AS  TAT i
WA FNHEZK | HEVRAE 00 R IR %) I B S P PR B
HLUI I 4 F e n AR 4 . 5% B 2 ji i i,
R 7K COD kbR AR REME 25 B e Bis AT 2%
P k. B AT R 6 h, AM L EE 30% , 9 [l 3 LL
200% ,MLSS 5100 mg-L~".
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Al DAT]|

41
L L

=6

Lokt 2. BEAKSE; 3. Bifftde; 4. B0k 5. MEUR,
6. [IiA; 7. HBLIR; 8. HEJRE; 9. HiKik
El1 A/DAT-IAT TZHKERETE
Fig. 1 Schematic diagram of the A/DAT-IAT process
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1.2.1  JEAPEL S kb 2

AR ISR . BTl %) 8 U8 B B € Bl SEPRO A
A, B BN SR EERR ( PES) |, 38 B4 AH X4 5 1 43 )
100 x 107, 10 x10° | 1 x 10°. #4838 B A ff i Ay
Milli-Q HE 4l /KR AL YE 3 WK, B IZ R [ A D
60 min, T VKFE 5 H.

FEUE AN AR SR S SCM-300 Y (I i Hir 44
TP BB BRA R AR 300 mL, fir K
Mif 0. 3 MPa. PN B 4Rl B aob R ALK
3l K IHEFFPE 0. 1 ~0.2 MPa.

1.2.2  JEad i

DOM it 3 4 2 i e i B an 1 2 B, 8
0.45 pm ALIEIEBHIE S b, S U8 50 mL &4k
IKATEVRIE RS, 245 I A RRI KR | 22 3501 08 VR 20
mL. 2R J5 WAL K A, T T8 U8 B 3 38 Fn TOC |

UV, . 3D-EEM gtk r il . 4 8 8 M aod g st
SEit U8 50 mL 2l K FE kU KRR R 500 UE TR 20
mL SRR, B UINRE AT A5 4 — o s /KA I 2 5
Fi-, DARTIEAS F 1 08 PR v 198 7K R T 52 i 8 0 S 1)
PERE. WEUE Y TOC, UV, . 3D-EEM A agt.
DL Milli-Q MK ST RIRERAE , Lo BT AL LR 75
KA R B

I 5 DR |

v
u 0.45 umBIIL I ||

” 100 10° B E B " I
V—— — — — = — 3 v

| 103X 10° B I8 | e — HETOC, UVass

3D-EEMAaEE
u 1X 10 3k || A
T <UIX10° |

<10x10° | —

2 BREESBERETRE
Fig. 2 Schematic diagram of the microafiltration/

ultrafiltration procedure
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BEMEIA 2 W SCHk [10] (A AR
ANFESL 4 AT, DRSS SR bR oy 2k LR A
X w22/ INT 15% WA REBCTE B, A0 5 3
R SIS R B LT H . DXY-2 B
Py IR (R B e o IR ) 5 B
KICFFE T, /Nl ( Photobacterium phoshoreum T, ) 1k
T8, 0 A E R B R 5 RS T AR A T
il .
1.4 FHAFEPRI E

COD R HE R 5 EBER A m i
- DL YRR AR R
ICP-MS( ZE[H Perkin-Elmer 23 /] ) #E175047; TOC K&
TN % multi N/C 3100TOC 4743 ( 2 [ HIS %2 43
ACER AR 28 ) ) g | Bt TOC 5 45 5 A 7 A 1
AHUR SR DOC; UV,,, R TU1901 SUEH 24
Sy FEIERETE (AU AT A2 A BR BT AT 2w )
SE AT IRZE S LT Milli-Q 8 20 7K i A 7 s )
PRIEE 26 1, 4% 43 i DX T) 5 8 FH 3 D 7 3R A8
3D-EEM R H] LS-55 %653 G EE T ( 3618 Perkin-
Elmer 23 7)) % , J& WA R 200 ~540 nm, 26K
10 nm, KEFH K R 250 ~600 nm, 2K 4 0.5 nm, 34
FICHK FHEIAE TR 10 nm, FHHEHE N1 500
nm-min "', FFE R 1) 9 G 7E 25 IR Milli-Q #E 4l
K It A N RS A5 (1) 5% S B HE )5, SR Origin 8. 5 if
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J& B DAT Jib I35 W 2 TAT HK T T8 B8 A5

E AR 1.
2.2 RGAS K TOC BEAHXT 737 5 & 19 43
BiTER ¥

DOM f & FHHXS 7 7 B L+ 2L+ A
P, Ti— 5 731 H IR N 25 2RAT LY TETE SR B
AR A B A P L R T S T A Y
FEA A HLY)ELIE B AR RS 73 o T 2 AR 4R o
BEFLAR NN, RECAG T 4. R g bW
/7 ¥ & (appearance molecular weight, AMW ) ¥ #} 1l

F1 HRBEHRITFKEZENER

Table 1  Regular water-quality indexes of each wastewater treatment unit

TiH C()D/mg-].fl D()C/mg-L’l E"@i/mg-L’l %W‘ﬁ,ﬁ'\?ﬁ/mg-L’l UV254/cm']
K 287.93 29.09 3.26 27.10 0.171
DAT %k 78. 36 6.76 1.43 16. 63 0.112
IAT ik 131. 70 4. 66 1.63 12.78 0.102

7§ R 5} (appearance molecular size, AMS) A
JKALPEZR e DOM 1Y 53~ H o3 A A Ry 15 7K AT AL
Y — A EERE, AR Z 7 347 1T A G HE
gyl13-15

K H 5K KA ML) & k. h#
3 Af LU, T 2007 BOI5 K 2% A6 43 o X ]
WA DL EOR Bk, JUHZ DAT i, X4 73 1
i X A HL A R 2 BRECR XS I Y
FBRRCRIRF 76.76% . Zeid TAT i — L ab S
7K TOC BRI T 7. 22% ,— I 2 N
28 DAT W iE 2L AL , 5 B A DL 2 K &=
THFE , IR TAT Y 22 S MERFE R I, o7 — 7 T i3
B i 1 im 4 T 3B e %o A L0 1 )k T A B
X 5[] O A BT ——E— 2D B i 3

R —2m.
35
HHAT 43 F R Ak
30 | <1 10%

R 1 10%~10x 10
=S 10x 105100 % 10°
[ ]=100%10°

TOC/mgL™!

itk ik
B3 HBAMEEIT TOC HFENH(LXEE)

Fig. 3 Molecular weight distribution of TOC in each

treatment unit ( absolute content)

157K DOM 38 5 £ S TE 3 70 A7 76 KAR XS 43
FEE( >100 x 10°) 5/MEX 4 FRE( <1 x
10°) 30430 N 4 AT L& B, sEaK A 6 20 7
> 100 x 10° 19 A Pl & & 4 #E K DOM 1
9. 11% ; MAXT/FRiE <1 x10° AN & i
i, B EK DOM 18 59. 95% , B i5 7Kk rh AT 43 1 5
it <1 x10° MY A HL N R ] R Al 15
K G A= YRR BT BRSRKAH X 4> F i A ALY
FrE PSRRI 2 (HIR SR 5 2 A A B 9T 45 18 2
AR —2, BR[S9 75 7K oo A HIL) Bk B B
SRANIAR IR (053t 3 A T LS oL, Forb ] A=
gt AR A3 S A R e — A A R R

VZZ] <1 <107 B 1ox 10100107
BN 1% 10°-10% 108 [ |=100X10°

100 F

80

60 |

TOC/%

N

A\

30.69

BiziS DAT Liif itk ik
4 BAEEHT TOCHFESH(ADEHE)
Fig. 4 Molecular weight distribution of DOM in each treatment

unit( percentage composition )
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H19.10% . HHK >100 x 10° (K 5F A HLY 4
XA BT R B DOM i B 43 b kK i
9. 11% 3 E IAT Hi7K 4 30. 69% . a5 i
(1 x10% ~100 x 107) KA HLY 1 52 B3 K e, 7
AN b F I TR N 30. 94% HE BN E 50.21% . ik
BR, 15 KTE A/DAT-IAT T2 A b B o) 72 v
DOM (47345 52 Bt R AR 43 7 4 1) i 4 1 AL Y
. 5K AR R A ALY ARy T
o TR LS B SOk [ 16 ] IrilE. X
AIREJE 1 T IRV I TP BRI R D N T A AL
Yy, A7 8 BR A, o B2 b e R AN RS W
(extracellular polymeric substances , EPS) M % fift 1l
W) 7= %) ( soluble microbial products, SMP) | ‘B fiTHY
HRUBR TRER AN T, A R | I 7% B 40 3R
[Tk 7/ D0ia N S e/ A S NI B o 7/ 1R G
T B IR 735~ W) J5 T RE B 200 i VA AT I 408 J A1 il 7K
fift AR R P Y A R [R5 AR 3 Bl
A R T Ry 5 0 /Y He ). i e |] 23
) VA VR A AR SR U B A I AR 4 A
SEIK SR 1) RN BB A /NG T B, T RE 2
T PETS U I B A PR R L Y R e
BE—2BHESE, I EA I X % Be oy 1 i A AL S T AR )
AL PR S FEXT DOM #5345 3647 5347
2.3 RGN K UV, BS540 A e

UV, JERAE 5K o 57 7 v 5 B BUE ) B Y
ST ROK BT A AR AR MR BR. UV A
BE KA HLY) S RA S, T H S O HEER
( =R Mg THMs 55 ) BRI TR G RO RE G R, ot
Hb KRB ) B AT B ) 58 A, PR
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TR L. SR S A X S K AT IR B AL B
75 SUVA (BTG /K -5 5009 S BE T R i, = b Y e 2B A
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Fig. 5 Molecular weight distribution of wastewater dissolved

organics UV s, ( percentage composition )

%2 WBISK UV, & SUVA

Table 2 UV,5, and SUVA of municipal wastewater

Ik DAT 75 IAT H7k
AT 43 BB X [A] UV, SUVA UV, SUVA UV, SUVA
/em ™! /L+(m-mg) ~' /em ™! /L+(m-mg) ~' /em ™! /L+(m-mg) ~!
>100 x 10° 0. 035 1.31 0.011 1.68 0. 009 0. 64
10 x 10> ~ 100 x 10? 0.011 0. 81 0. 004 0.50 0. 009 1.25
1x10% ~10 x10° 0.045 0.58 0.026 0.94 0.016 0.99
<1x10° 0. 081 0. 46 0.071 2.83 0. 068 7.63
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nm; Peak C,ZSJE%H 5 (humic-like) %¢ CI& E /E, =
300 ~ 370/400 ~ 500 nm; Peak M, ¥F V¥ J& 5l 5
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Fig. 6 3D-EEM fluorescence spectra of municipal wastewater
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59.95% FR&EE 19. 10% , A5G0 BE 1) 26 X B FIAH
X B R KA AR b, 75 88 2 15 78 5 iR /KT
FEU A P A B 5 3O0F 2 53 28 8 o 55 0 B A T G
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Table 3  3D-EEM fluorescence position and intensity of municipal wastewater

5iH W 2
E/E, ! E/E, I

WKt 0. 45 wm i 280/382.5 303.55 220/383.5 527.32
ek 100 x 10° i 280/389.5 309.31 220/391 549.06
Pk 10 x 103 JiE 280/387 291.23 220/389 523.53
PEkat 1 x 103 Jii 280/390.5 229.25 220/387.5 432.95
DAT L& 0. 45 wm i 330/420.5 218.40 250/453 322.82
DAT | #¥id 100 x 10° i 330/421.5 213.18 250/454.5 317.42
DAT 35T 10 x 103 Jii 330/417 208.19 250/454 299.93
DAT EiEWGT 1 x 103 i 330/420.5 150. 42 250/456.5 218.87
IAT H7KiT 0. 45 pum i 330/417.5 210.94 250/453 306. 94
IAT H7K3d 100 x 10° i 330/420.5 204. 65 250/458 297.66
IAT H/Kig 10 x 103 i 330/422 193.38 250/452.5 280. 88
TIAT HiKid 1 x 103 i 330/418.5 160. 26 250/456.5 226.54

2.5 RGO K FEERE > TR A R

T K HER B PR T 2 20 AR S R G LA R LA ]
PRI NI AR, , LATRT DR 1) K 0l T R e 3 il
BRI ARAT A FEAT I, S5 R LRk R DR
MR AR A R REPE R, Mli-Q s 4K i 2251
AR S AT TR G 25 R T 3R o A G
FIo BT, AR A AN AR 835 22 57, B IEAT BT oR
XERSCHEF TR KRR M R Z B
Z IR REAFAE DR A] . AR AN BCVE L, BT AAS BE 4%
A SR 75 R AT A BRI, 854S i
PEBA IR A A o B I3 98 0 07 X 4y
H A8 531 8 DX AL

W 7 B, K OGO 60.12%

DAT b i5 W 0 &GN 3R 34.12% , IAT H K1Y
RACANHIZE N 59. 44%  BIH 15 Kb R R, d e 2
BRI Tk 3 e 28 K 1 83 2k 5 k7K A
22 ¥e6k. X5 Rappaport 27 FI ] Ames {55 2E 1T
(IR FE P & B AR A B K B A v e T — 2
ALFR IR AL Z A TN Ry 1T R T 1 75 Ve b B i
FRKGE Y 0 e A0 LA 28 A R . 1 52,
FERIL, K A REPE T 22 b= A AR A B AR
WS SMP 724z (19 85 K TR KA B A7 7E A Bl
YY) PR B B, SMP A 45 Bl S L O 3
(In—OH, —SH FI—NH, %§) , R4 5 Z 8 T
SARIEHERON R R, 5 A ) o T R A RN T A
AR A TRE Y G A REUE S B IR SRR S I AT
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Fig. 7 Distribution of Luminescence inhibition values

in municipal wastewater

HEAK R RN TR, XS
Klinkow 45! (B 52 25 - — 80 X F bk, pik
Y1 7 A TS R A 0 ) (SMP) R v
ST RA MUY ST G A PR, BRIk, DAT &
THRCPE A IR 43 B8, RO R 2 R R A
<0.45 pm #5019 &G HI % 34, 12% , 850 F i
<1 x 10 #5319 KIS Z 17. 13% , 7] H) & 51
<1 x 107 X FBA A LY ATE IR 2 i B o P 1) T

[ %F TAT t K 5 953 85 )5 #6473 #r , B3R
B FESBEEAR AN K, 2545 TOC 4345 (1 3) , LA
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— D5 T, W] BB R R Y 326 G ik R S K K R R
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Aviani 25 FHRACHE 0 T B K 35 A9 S IR B 5
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Table 4 Luminescence inhibition values and risk factors of municipal wastewater

K DAT L35 TAT ik
AR 4T At
M/ % SR T k% S T W/ % SR T
<0.45 pm 60. 12 2.07 34.12 5.05 59.44 12.76
<100 x 10° 82.70 3.13 28.55 4.66 65.48 20. 27
<10 x 10° 75.32 3.00 26.91 5.05 61.92 24.38
<1x10° 69.95 4.01 17.13 6. 80 60. 40 67.87
Z5E AT HUKEY TOC, UV, SOURPERTEE & 0T <1 x 107 B IX [ TOC B H & TAT ik

(1 8) , nT LAVE A R AR 16 5 TOC Y7228 AL AL
AN—F, X AT A S b, 455 - = - 0.013, 358
HREE S TOC AHOCME2E , Xt B T R A Vs 7K Ak
AR, TOC M 29. 09 mg-L~'F#(EE] 4. 66 mg-L~",
ARk 2 83. 98% , MiaEtE JL-F- %728, BB HLAE
PRI A R B T T B, AL LR LA bR ik
BAE A5 K HE RS A BE R B2 25 R 58 R AR

1 19. 10% B UV, /5 HK Y 66. 57% , B 5 I e
J6UE 1 (Peak C) 5 HH7KAY 75. 98% , 26 5l i v
2(Peak A) (5 HIK Y 73. 80% , 5t BH 3 [X 6] 47 Jo 3 %
R OF R S R A B B TR A X)) o
TEREME 1Y R OG R MOG R A 60. 40% , A LA K 43
Tt <1 x 10° /N3 F 5 2 TAT HoKFEPER
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