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Changes of dissolved organic matter and fluorescencent materials in municipal
sewage treatment processes
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Abstract: The removals of dissolved organic matter and fluorescencent materials in wastewater treatment processes of the W wastewater treatment plant
(WWTP) in Jinzhou were investigated, by means of three—dimensional excitation—emission matrix fluorescence spectroscopy and fluorescence regional
integration ( FRI). DOM was fractionated using XAD resins into five fractions: hydrophobic acid (HPO-A) , hydrophobic neutral (HPO-N) , transphilic
acid (TPI-A), transphilic neutral (TPI-N) and hydrophilic fraction (HPI). The results showed that HPO-A and HPI were major DOM fractions, and
aromatic protein— and fulvic acid—like fluorophores dominated in fluorescent materials, in the influent of WWTP. Biodegradation was the dominating
mechanism for the reductions of TPI-A and HPI, while advanced treatment processes ( flocculation—sedimentation —filtration) were the primary removal
mechanism for HPO-N and TPI-N, in WWTP.The reductions of HPO-A by biological and advanced treatment processes were close. On the other hand,
the removals of TPI-N by biological and advanced treatment processes were insignificant. The removals of fluorescent materials in HPO-A [TPI-A and HPI

by biological treatment processes were significant, whereas those in HPO-N and TPI-N were poor. The fluorescent materials in HPO-A and HPO-N were
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effectively removed by advanced treatment processes, while advanced treatment processes seemed to be ineffective in removing those in TPI-A, TPI-N

and HPIL.

Keywords: municipal sewage treatment; dissolved organic matter; three-dimensional excitation-emission matrix fluorescence spectroscopy; fluorescence

regional integration (FRI) ; fractionation

1 5| & (Introduction)

#ARYER PLY ( Dissolved Organic Matter, DOM)
Sl KA FR T W F 22 05 T, O HLd & 7E s
AR IR BUE R R E R T 30 4R R
T LA 45 7K JBT 2 RN K A B T 2B A SR
HE S5 (BILRE L %5, 2010 Coble, 1996) . DOM f 41 Ak
W R (SRS 2005; X1 FHA&E 45,2003 ) , K1 LA
e— H B Z 5 2 1 7 0 H AT 58 A % — 43 #T.
UTAE R R 1 XAD 4 i W8 B 73 25k S iF 58 A HL
YIS RIZH 53 1) e PE R 38 T — Fhf 20 F- BX ( Leenheer
et al.,2003) . SIEGALF T HLAL S o B R85 53
BB AR L (Wu et al., 2006) , % 66 1 7 A B
ARG PR | BB IR S A5 B AR A
(Lakowica, 1999; Kuijt et al., 2001;
2002) , E‘ﬁf{z)ﬂ?nﬂ;&ﬁﬁ{& (Huo et al.,
2008) . {1l ¥iit ( Marhaba et al., 2000; Murphy et al.,
2008) i 757K ( Chen et al.,2003; Li et al.,2008)
G K Mk o DOM 1Y BIF 5. 2¢Ot IX R AR 43

Patra et al.,

( Fluorescence Regional Integration, FRI) y:J&—Fhah
BIOGETE R RIN R — & S I XU i AR AR E
MR RONERTIZ N T E O
Ko DOM (1) 45 #4) Fn 4l Bt 5 v ( T R 45,
2013 ) PRt ASBIESE A AR IR W2 B 0 20, LA N i
W {5 KAREE N BFTERS 4, AT AN [l Ak B T T5 K
H DOM 1973953 B, K Fl FRT 3 43 M ki 75 7K
AbFE AL DOM 20 53 S e ot i) L BRAR DL

2 SCIEER4 (Experimental section)

HERE

PIERMITE W IG5 KRB R e Xt 4, %75 7K b
PRI R B AR 15 K. W 5 K A0 B SR B SUE
PR T2/ A%/0 AP ab 38 T2 (S BoR
SAALTTE ) 1E R — G E Y A B R A Ak B T
2o K ) 20 0 TR FE AL FR (I AR e R UL
PEMA V RLE ) SR IR A, PRI SN B S HEL W
15K T2 SR A S B AN 1 s, 7
B RAE TR KB K S EN £ 1 fis.

2.1

A Hitl .
VL | A
it it )
D
— Vibit B &gk
S ko A itk VR
A H— & — & YLTE —| L — it
it it ] it it )
C
Bl1 M WIiSkeEE LETZRER
Fig.1 Flow diagram of the W wastewater treatment plant in Jinzhou
F1 SEXRBERKENKRSH
Table 1 ~Water quality parameters for samples collected from each sampling site
. = R/ A/ DOC/ UVs,/

TRE EETE'FJ%—_I oH ﬁx_l %ﬁl‘_l g 2_54
(nS-em™) (mg-L™) (mg-L™) (mg-171) -
A 1241 7.3 461.7 9.5 17.1 12.8
B 1341 7.2 185.2 2.0 12.0 12.3
C 1204 7.3 219.0 1.7 10.9 14.8
D 1276 7.2 192.7 1.9 9.6 11.6
E 1260 7.2 200.2 2.4 8.4 13.0

A ARE LA CaCO5 3

2.2 DOM t R 08 ¥ %
JKEEZTT 0.45 pm P8

SRSV ST BUREN IS

) XAD-8 Fll XAD—4 # 5 , $5 H AR AR [E B AR L
Wz B 4B Lo S g K M A HLER (HPO-A) | i /K
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A L (HPO-N) (it 8 2R K M HLER ( TPI-A) |
T PR K TR A BLY (TPI-N ) FSE K A ALY
(HPI) % 5 Fh4H 53 ( Aiken et al. ,1992) .

2.3 ik

JKEE DOC % H TOC- 5000 % 844 ALk 43 B 1L
( HA Shimadzu 2] Il 52 . = 4E5¢ 661 CARY
Eclipse 266 1T ( 3E [ Varian 23 8]) W5 ,
FEDOG GG I, ¥ DOM 45 41 73 7 B¢ 2= DOC K
1 mg-L™" JETIKEE pH A 7, FEM2EA 1 em f7355¢
DA it R FUR SRR BE SEFE R S nm 41
1200 nm-min~", = HESEEGIE E AL K
JEEA 220 ~450 nm, & 1K HRTE R 280~ 550
nm, T EIFEN 1 nm. A58 5 A KR ) 26 D606
TEY A ZEIR K T2 AR IE, SR FRI VA HE1T 43
1 ( Chen et al. ,2003).

FRI /M —Fhofs = ek i’k 5 4
ST DX o o BT 5 s, B R 2Bk & AT
WA T PN A 7€ S i B X R I A 2 Sl M R it AT 4
Mr MR 4E Chen %5 (2003) IIHFFT, X 5 A2EEIX I
WA TIX (AL /Ay, =220~250 nm/280 ~330 nm, 2
FEBEEAFRDOL 1) I X (A, /A, =220~ 250
nm/330~380 nm, K FHREATZOET) M IX
(Ap/ Ay, =220~250 nm/380 ~ 480 nm, 255 HIRY)
D) (IVIX (A /Ay, =250 ~ 280 nm/290 ~ 380
nm , A MR DA ) TV X (A
Ay, =250 nm/380~480 nm, 25 R Y 2 0) 5%
AT A HH W DX 5k 5 5 AL 1 T3 % vz G R an 1] 2
Ji7R.

400

- /

BB
| R (V)

KITHERRAT (V) /
240 B | XEIR %ESEV
Iﬁﬁ’ﬁ(p EEVB:T(HP %ﬁﬁ;(m) 1 1 L 1 L

300 350 400 450 500 550
Apn/nm

B2 RARESEHERBSHEVMERI X R

Fig.2 Correspondence between the region of each fluorescence peak

and properties of organic matter in fluorescence spectra

FRI 47 0 3 15045 K BT (R (&, )
Bl = 4SOOI, R, @, (AU -nm®) F5 i

DI 1Y 2T 0 B AT R e S X6 3 — DX B )
HA AR RIS BT 261 BT AR & 7, @, 3R
INEARTF X R POLRE. @, @, L
TR

@, = MF,[I(A, /) dA, dA,,

(pT,n = 2 (pi,n
A T NBOR R IR (A /Ay, ) R E95€ 658
(AU) s MF, 2 X358 22 0, HLAH 55 0 — U X0
FARFR3 DX 35 T AR L 5] 1 4.

Shy T 85 3 A S XE UK BE DOM 56 19 52 i
RSFHARET 1AM 2 530k PR A AR (+
20 nm) P X3, DR RS /N T 0R K i DX 3
R SR KT 2 A& R W X I 45 R B %
(HME,2010) , HEAETHEE MF, B8 350 26 DX 3 26
(Xue et al.,2013) ABFF Y FRI ZBU{E W 2 FF

7K. ®2 AHRBH FRISHE
Table 2 FRI parameters in this study
W BRI SOEKE, T .
X3 HE A% A/ nm? i LL Al '
I X 287 1435 0.04 23.83
X 350 1750 0.05 19.54
I ix: 413 2065 0.06 16.56
VIX 964 4820 0.14 7.09
VIX 4825 24125 0.71 1.42
JESan 6839 34195 — —

3 R KT8 (Results and discussion)

3.1 T AL AR B DOM A 5 B0 A 4 1y & AL

A

Il 3 W, A0 D0 K R 8 g A W b L s
DOC EBZFEN 30.5% , 4 A*/0 YL G DOC 2=
B K 36.3% , = W5E DOM 1 =B RCR T =, A2/0
AP T 20 TR AW A FE T2 X & R 7R
WA ) A 33 e (SO G B2 0 1 4 i VR T AE
A’/0 AW ab s e SRR S A W i B AR .
2 Y Rb FRFIR BE AL 3 (D JKHFE) 5, DOC FEAIR
44. 0% . 2 INE I, DOC LRI T 6.9% , X £ M
TREE b BRI AT B X DOM B — 5 i 25 %
ROR.

W 3 frs, A ZKEETP HPO-A  HPO-N | TPI-A |
TPI-N il HPI ) DOC 43524 6.22 1.51.,2.64 . 1.32
M7.16 mg- L™ E KEEHIX 5 FL5H DOC 435118
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ol E=DOM  E=ETPI-A
HPO-A I TPLN
HPO-N &== [P

O
|

T TR

DOC/(mg-L™1)
>
[

3 B&RERKETRH DOM 1 5 FAHSH DOC
Fig.3 DOC for DOM and five fractions in water samples collected

from each sampling site

3.24.0.93.0.83 .1.02 F13.24 mg-L ™" . Al %0, %75
IRALERT 75 K AL BT 206 DOM 4153 19 2% bk e 4k
¥} TPI-A ( 68. 6%) > HPI ( 54. 8%) > HPO-A
(47.9% ) >HPO-N (38.4%)>TPI-N(22.7%) . 20X,
WAL B , HPO-A  HPO-N , TPI-A | TPI-N A1 HPI
Oy % 2B 17.0% 12.6% 47.0% 0.3% F 39.4%
2 A*/0 WAL BG5S AhdL 401 DOC J3 ) AR
21.7% 12.6% 54.5% 14.2% F1 49.7% . iX L 545 14
B, AE AL EE T 25 % Wi 4 4 (HPO-N A1 TPI-N) (1)
FRCR B 2, Jo H 2 TPI-N &8RS A4 Wy ab B
AY/0 YIS H DOC L TP A S — 5 1,
AR T 2 R 05 20 2 B TPI-A Fl HPI, 3X 7] fig
JEH T TPI-A Al HPL 32 B4 45— 26 Q2 L 1R | B 1
Jo RN 22 R S5 AR 43 o AR A LA, iX 2R )
J 5 T 85 AL W R ( Raucht et al.,2006; Fox et al.,
2006) . SEESAEYAIE T ZAH L, A>/0 A ab T
2% HPO-A | TPI-A 1 HPI 9 2 [ R A & T
4.7% ~10.3%. JeAh , B AL B T ZE A A%/0
PR T 2% HPO-N iy LBRACR LT AH R, i 156 HH
U5 AL FRAE X 4 Fhel o i B A ) L AL
il 28 A= Wy A SN TR BE A B 5, HPO-A \HPO-N | TPI-
A TPI-N Al HPI % DOC 43K T 35.5% \44.4% |
56.1% .3.8%F1 54.3% , 7% B IR AL HXT FixX 5 Fpal
53 H I AR ) M B AR 4 B S BRAVE D, Tt L X
HPO-N i L BRECRIC A = . B[R v 41 77
YR BE AL T 2% HPO-N 114 25 4380 50 B 4 T L
XF TPI-N i 2 BRECR | X v fBJ& i T HPO-N 1B /K
P i 4y F 1 3 ( Aiken et al., 1992; Maurice
et al., 2002). INEAIH B )5, Bk HPO-N 1) DOC {H 3
J(10.7%) 5b , HAB AL 7319 DOC fEARFEAK (0.9% ~

19.2%) , HH  HPO-A MR 2 X — L5045 1
FIHT A (Singer, 1999) 925183 A — 30 HPO-A 55
N RE JT LS DOM 414338, D | S 0 45 L 32
WY TR KA B N, AR W R A A FH 2 TPI-A Al
HPI () FEHERHLE, HPO-N =58 th I8 B Ab B T
CEBE-DIVE- 8 ) KBRAY, AW AL HE T2 AR
AP T 2% HPO-A 1 LBRBE I H2E A=Y AL 3 T
SR EEANFE T 2% TPI-N (1) 22 a5 R A 2% .

WK 4 iR, 76 A SUKFEH HPO-A 1 HPT 1Y
DOC 7£ DOM 1) DOC H i & &t f i, ¥ 8 T 30%,
I H = #F Z fEF 70%.1f HPO-N  TPI-A F1 TPI-N
) DOC & 8AK, ¥LTF 15%. X UL HPO-A Al
HPI &5 K b 31 3K vh i 3% DOM 41 47 1
Ah  FETE K AL HLS AR 45 DOM 414319 DOC A 43 &
I ARk,

T HPO-A
HPO-N

I TPI-A BRXX HPI
100% CTPI-N
b =

y
0 0
KIS
- e %6 %! <K <] P [P<<d
[Sedede! SoSede [S] [S]
ISoses [0S [R5 [S]
RS RS RIS K33
(Soses RS [5S] [RS]
0/ b— 196%% %% 96%% 9% %%
80% 120203 DX PRKY R
RIS RS RIS RIS
[3351 [RR] [R] [R5
[Sedede! Sedede [655] ]
K9S RIS K33 RIS
Reled RS R RRKY
o (ool Sedede [
(Soseds [ 6%
KX L/ 1
i P 110%
60% [~ ) Y
& 7%
g i
Q
O 40%[~
[a]

R8%
0,

20% [~

C
RAER
B4 FRERKESRSTHDOM HHH DOC 47

Fig.4 Distribution of DOC among five DOM fractions in water

samples collected from each sampling site

3.2 AT FEAAESR K YT
A

15 KAL) 25 R AFE KA 5 A DOM 2153 1)
“HEBOEEIRENE 5 FR. BT RE 26 E ik, A
A~ DOM 4 437K FERA 9 B 25 DOC 4 1 mg- L7,
I, 6t @, Fi @y KA FRI TR
(e R BE T LK ARE DOC J5 B IS , i 50E AT
ST & R 20 AR @ R Dy
FHIN, B8 — R 205 B i U R PEOE X BN i Bt
PR, UL @, TR,

I 6e FIAT, 75 K AL B Y75 K AL #1255
DOM 21 43 % S ¥ 5 1 2% B R 0l HEJ¥ A TPI-A
(70.9%) > HPO-A (69.7%), TPI-N (69.7%) >
HPI (57.9%) > HPO-N (28.5% ) FJIT MK kE L5 08
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B 5 &REESKER ST DOM A5 = SRR IEE

Fig.5 Three-dimensional excitation-emission matrix fluorescence spectra for five DOM fractions in water samples collected from each sampling site

S Wy kb PR S, HPO-A . HPO-N | TPI-A | TPI-N #I
HPL (4 @, 47 5 BEAK T 28.0% ., - 6.6% (34
6.6%) .60.3% .13.4%F1 60.0%.2 A*/0 Pkt B
J5,iX 5 M) @, 53 I REAR 62.2% - 18.6% |
60.3% .5.0% F1 75.3%. 1 LA BT LAE 429
AP TZIRERE A A0 A Bk HPO-A [ TPI-A il HPI iy
BT, % HPO-N F1 TPI-N FP 2@ 61y o (1 2 4
RCR B 22 W R WAL B T 2% TPL-A 1) &y, 2Bk
AR, XF HPT Y 25 B R 40, 3¢ A7 404 b 3
& TPI-A F1 HPL 3t Joe i) 32 28 L BRpLI. 55—
T, A/ LEY AL BT 2% HPO-A 19 @, R 3
TSI T Z Ui HPO-A 5868
T B R Y R R bR B R A b B T
2 A2 /0 AW b BT S % HPO-A | TPI-A il HPI
11 DOC KBRFEBMET I &, KBRS XUl AP Ak
HT %) HPO-A [ TPI-A F1 HPI " % Y64 I 1) 2< B4

REJ1iR FAEZOLY . &AW A T2 )5, HPO-N
(1 @, (EHE N, (A3 DOC {E AR, 20 76 4 kb 3
R HPO-N & SRR, 1 2Ot 0. 242 )
ALFRANVRE 4b B S, HPO-A il HPO-N (1 @, F& A%
A3 70.6% F1 57.8% , = T AP AL T 2%
@, W EBRR.TPI-A Il HPL ) &, FEAEER 551 R
64.3% 1 66.1% , 5 4= Wy Ab 3 T 2010 25 B R 45 0.
TPI-N ) &, BEARH N -5% AR F AP 4b 3 T 2%
Hod, R BRR H T, VR B AL BEXT HPO-A FI
HPO-N H 2 6 A e it 2 BRBE g, T % TPI-
A TPI-N Fl HPT H i) ¢ 4 Joa I B . 25 B4R .
SNEE , HPO-A 1 HPIL (4 @, A3 T 2.7%
F124.1% , 1 H: DOC B £ &5 B, 3 7T e 2 A
A MG R R PSS HPO-A A HPL SR ™= 4
TS B HPO-N  TPI-A 1 TPI-N 7E i &7
la @, WS DOC A fb—E.
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Fig6 @y (a), Py (b)), Py, (c), Py ,(d) and Py,

(e) values for five DOM fractions in water samples collected

from each sampling site

&l 6a~d T HPO-A H 4 25586 F (2555
TR AT DOCY T 2w BRIl | 2RV
PEGIAE WA ™ 5 56 S5 R 2 B 5 1R 2 6 o )
ZWE YA S R BRRILTF 50.0%,A%/0 A
YL IR T 25X HPO-A 4 285501 ot i 2 [ 28 4D
BT 50%. SR YA IR TSR A%/0 A ik PR
TZ2%F TPI-A Rl HPL 1 4 28550 i () KB 234 18
50.0%VA L, Xt TPI-N Hv 4 25%5¢ 64 i 1 25 B %
PIET 5.0%. Zad A P Ab B S , HPO-N 4 K55
W) 5 A AR 0. 25 A A BEORD R BE AL B A
HPO-A [ TPI-A H1 TPI-N 1 4 285 Y69 i i 25 B 3%
PITE 60% L) F  HPT H 1y 4 25586 R 1 £ RN
33.1% ~68.2% ,HPO-N 11 4 2856 i 1) J: b %

BAR, AT 20% ~30% Z [6]. 1 L AT UL, TPI-A il HPI
T 4 DY) T 32 R B AR W R AR S BR
i HPO-N 1 TPI-N (%) 4 255 5690 i B 52 I
FEALEE T2 B i SH # )5 , TPI-A #1 TPI-N
(1) 4 2T i IR, B 53000 R 1.4% ~
24.8%#N 66.6% ~75.0% , Tl HPO-A .HPO-N #l HPI
H) 4 29 T e T

WA 7a fizs 1T KR 28 4 W A0 3 TR 2 Ak

PZAHPO-A XY HPO-N [ TPI-A
a [_]TPI-N [IIT1 HPI

100%— 7 [rTrT [T TTTT] [TTTT
38% |25% || |24% |38%]| [40%
80% [~ ‘
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Fig.7 Distribution of 45'1',” among five DOM fractions (a) and

among four fluorescence regions (@ |,y ., Py, Py s

and @y ) of DOM (b) in water samples collected from

each sampling site
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PRSI B 5, 9 658 BE 43 A3 175 0 TG B i A5 1k
BT E KFE, HAKFER HPO-A (1 &, (HYY & T
HE 4 P45 A ~ E KA HPO-A Hl HPL ) @,
Z M T DOM [ @, H (5 Fhdl i) &, ZF0) 11
70% ,1fi TPI-A [ &, ¥4 AR X LB DOM
B2 i A TR AE HPO-A F1 HPL w1l TPI-A
TR B i

HE 7b A] 0, 275 K AR BT 0K (A K#E)
DOM H ) ot 3 2 R 28 05 B 1k 4 11 B9 6 )
JREMZEE HIR DY I, — & i Z f1ik DOM
BT 70% A4, ok Bt U E ot
W= G T, 28 58 TR 5 ' 10 5 1 AR X 5 e A
X 5 BEEEAE (2007 ) IR 25 RAHST. th T4
FEfE R R A A LA B R RIER (=
BN, 2012 WRBE KA, 2013) , L, 20 AR P b
PRI, 2805 7 % 56 11 T 28 6 ) o3 i AR 6T 5 AR
T2V ik P B 26 0 A ™= 2 5 S Jo 1 R )% o
BN 2 Yy AL B TR R b TR ST A A, 250
B R A T (A AR RS B — AR, HLEA AR,

4 258 (Conclusions)

1) HPO-A 1 HPI ;2 N i W 5 /K 4b 3 ik
KHFHFE DOM 45y, —FH ZAE T 70%. DOM
TG T 32 B Ry 2 05 T T B 1 B e 6 ) o
KE BRI .

2) %5 /KA BET 15 KA BE T 5% DOM 44y
By 2= R W] HE M. TPI-A (68, 6%) > HPI
(54.8%) > HPO-A (47.9%) > HPO-N (38.4%) >
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