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Abstract: Dissolved organic matter (DOM) exists widely in water environmental media, and its photodegradation process signifi-
cantly affects the chemical species and ecological risk of pollutants in waters. This study took the typical terrestrial natural organic
matter (NOM) and algal-derived organic matter ( AlgOM) as the research objects, fractionating the initial DOM sample (Bulk, <
0.45 pm) into high molecular weight (HMW, 1 kDa-0.45 pm) and low molecular weight (LMW, <1 kDa) fractions via tangen-
tial ultrafiltration technique, to analyze the difference of photodegradation behavior of organic components with different molecular
weights in the presence of colloidal TiO, particles. The characterization results showed that organic matter of DOM samples was rela-
tively more distributed in LMW components (55.3% —57.8% ) , but HMW was more aromatic than LMW components. Three-dimen-
sional fluorescence spectrum showed that AlgOM was rich in protein-like and humus-like substances, while NOM only contained
humus-like substances. Further analysis revealed that protein-like substances were mainly distributed in HMW components, and
humus-like substances were mainly distributed in LMW components. The presence of colloidal particles promoted the photodegrada-

tion of organic matter and aromatic substances in NOM by catalytic effect, while inhibited the photodegradation of organic matter
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and aromatic substances in AlgOM by adsorption effect. Colloidal particles did not change the photodegradation efficiency order of
organic matter in DOM with different molecular weights, all of which were HMW>Bulk>LMW , indicating that HMW organic mat-
ters were easier to be photodegraded. However, without colloidal particles, the photodegradation efficiency of AlgOM and NOM aro-
matics was LMW>Bulk>HMW , and the presence of colloidal particles changed the photodegradation order of NOM aromatics with
different molecular weights. In addition, terrestrial humus was more easily degraded than algal humus in the absence of colloidal
particles, and the presence of colloidal particles promoted the photodegradation of both algal and terrestrial humus. Compared with
HMW humus, LMW humus had higher photosensitivity and preferential degradation characteristics.

Keywords : Dissolved organic matter (DOM) ; molecular weight distribution ; ultrafiltration; photodegradation; colloidal TiO, par-
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Ry =100 (Cy=C,.,)/Cy (4)
Ry =100 (C,,,—C,0.) /(Cy=C,y.) (5)
Ry = (Con=C.) /€y (6)
R = (Ca.=C.) 7 Coy, (7)

Ko, € SR M FREE TR DOM [k, C, & di KOG DOM (¥R, C J2 Y6 A 25 AT DOM 1)k
B, Ry N HEARIRLATFE T DOM B EFEMRALR , R AR BIEE W ST DOM ()RR AR R,
1.5 GEit o #r

iz SPSS 22 BT EIME AR A 2 BAE G T, HH Origin 2018 {425 ] 3 %+ i 138
TT—RBN 12U, I =40 tiE.

2 &R MiTie

21 EFHFEERNARENRIRE DOM K EEFIEK

TCIARTTURLET , AR5 DOM A5 AILBT Ik & 5 43 7 5 4> i AN & 2a TR, AlgOM A LMW 2143 1
DOC 5 Ebh 55.3% £0.30% ,NOM £ 54 o LMW 20431 DOC 5 kb ok 57.8% £0.50% . 1541 AlgOM Fil NOM A #L
FBUAHXT I 2 M 53 A 7E <1 kDa B SFHH () 3 548 SR ( ~ 60% ) 25 BRI (60% ~ 70% ) Fl 2
PUEFIL RIS (70% ~80% ) 4K A A 45 R i rh DOM (AT HLB A0 A 45 A — 5 2.

S Hh—T] LIRSS =], TS LMW iE & HMW ZH4), NOM [y SUVA(254) {E 3K T AlgOM
2b). NOM & 45 Ik B R S A R 36 2 S5 W I , 17 ALgOM. W L 2 WA 26 1k =7, IR NOML H AlgOM
AAT RS WA, AE R AlgOM i 2 NOM, SUVA(254) {8 ¥ & RN 3212 HMW>Bulk>LMW , 3 5]
HMW 2643 [¢ Bulk Fll LMW 443 ELA 0 5 1 55 7 4.

HFRAEARFRIE DOM a6 BT 250 B AR AN [F] 3 F B 43 A AR , XA [FISR IR DOM (1) = 455
TG (1 2¢) #ATHRHE AT, G50 I, AlgOM FE S ELHE 5 9860, 43 512 2 258 1 [ Ex/Em = (220 ~
250)/(280~380) nm, (250~280)/(280~380) nm]Fl 3 )54 [ Ex/Em=(230~250)/(400~500) nm,
(250~280)/(400~500) nm, (320~350)/(400~500) nm ] 1 NOM Bt G AL &H 2 A28 [ Ex/
Em=(220~280)/(400~500 nm), (300~350)/(400~500) nm) "' FE L AlgOM & & 258 (1 AR5 Y
T, 1 NOM H &5 5B 5. eah , NI4T DOM [ = 25866 0, K28 1 i £ 54016 T HMW
2043, S A T A A T LMW 4153
2.2 HpEfEE R+ DOC Mk
2.2.1 TiO, fx AR Bk % DOM St P R s 3 9 %o DOM 54 KA 1Y 6 W B 141, ELA S Bk AR Ak, DLt B
FETCEAR R 2544, R R 478 AlgOM F1 NOM (A8 HLIS & 239 T R (B 3a il o) . MRIER 1 7T, 78
TREITRL A T, AR 231 AlgOM A HLIT (19 YR 5505 26.92% ~41.73% , 1iii NOM A HLJTT 149 56 F %
BT 49.30% ~ 67.85% ; W — G 3 J) ER TSGR WK, &40 F i AlgOM A BB Y D6 R i 6 0.32 ~
1.22 h™'(R*>0.85) , 11 NOM A HLET I mi 22y 1.98~2.45 h™' (R*>0.96) , NOM A5 HLJ5T 4 516 5 fie 1okt = 1]
BT AlgOM 332 NOM il AlgOM Bt R [l BT S 8009 A BIFFE R W1, NOM YA HLIBTEA T8 /& 1o
P e NOM B0 H B 55 14 G 8 i 2 3 o R

TR AR LT, 4550 F 1 AlgOM B UL R g H 21.78% ~27.92% , [FIFEAR T NOM B Ry
(56.96% ~63.12% ). B TR TR A 500, AlgOM A5 LT Y R e FH L JC I AR TR A7 L6 B A B B AE T
NOM AHLBTHY Ry A BT HE . LA Bulk-DOM S 51, 75 TCHAATORL , Bulk-AlgOM HAHLET R 5 433.81% ,
TR S Bulk-AlgOM H A LT A 22 38 h 52.42% , FUH Ryggy AT R g 3 51 K 24.50% Fil 27.92%
Bulk-AlgOM A AL R s W1 58 FEA , 10 A e (AR ST AlgOM A5 #IL )5 A9 W82 R P il 1 LG e At i 7 G
JEEARIURE RS , NOM G HLBT Ry 4 56.85% 5 LA AR TIURL ) , Bulk-NOM A5 HIL 5T (4 6 5 BR 2 74.91% , H
A Ry 1R g 23 5147 11.79% F1 63.12% , Bulk-NOM A5 HLBR 1Y R s W 385 I, B2 8 AR B0 AR 35 T NOM
AHUFIICHEAR. C A BT R W] AlgOM Fh S8 1 20 40 10 B VR B0 22 10T 1 16 0 B i 0 38 T2 I o IR I ™
AWFFE AlgOM H gl 0 B 2H 536 ' R e B BE R 2R A DA %, o TE I FC B TSR A W B P R 81Ut , JRE (A AR



(@)

(b)

(©)

PR B /mm

WOR K /nm

_0.0025 0,004
3 AlgOM 3 NOM
g g
£ 0.0020 E
= = 0.003
< <
% 0.0015 - %
= 275 nm = 0.002-
2 0.0010 z
IS 325 nm Bulk IS Bulk
1 —— HMW | 0.001 ——HMW
T 0.0005+ —— LMW oy — LMW
Q @]
o o
=) )
0 T T 0 T T
200 400 600 800 200 400 600 800
WK /nm WK /mm

AlgOM-Bulk AlgOM-HMW AlgOM-LMW

NOM-Bulk NOM-HMW NOM-LMW

&y o
250 300 350 400 450 500 550 250 300 350 400 450 500 550 250 300 350 400 450 500
RS /mm R  /mm KGHEAK /mm
2 ETFHFRERHARFE DOM #) DOC #JE431 (a) Az DOC JH—1k iy Ze4h—n] I,
WISOERE (b) B =HE5E0I635 (¢) ("R T AR 53F i DOM (0] da vk B AN R X 45
L B A, XTI R BT DOC IH—4k: a(A)/DOC,a(A) R A KT IR IR R 40
Fig.2 The DOC concentration distribution(a) , DOC normalized UV-visible absorbance

200

spectrum “(b) and EEM(c¢) of DOM with different source based on molecular weight fractionation

1167

550

AWV M 1 AlgOM A ALK R A TiO, AR X ALgOM 1% B £ FH /N AL 2 Tl L, AN T 9



1168 J. Lake Sci.(#3a#2) ,2021,33(4)

1 JC TiO, AASIURL 25 T Al 2375 AlgOM il NOM 4 't R figk Ak 5 s 2
Tab.1 Photodegradation efficiency and rate of AlgOM and NOM with different molecular weights
in the absence of TiO, colloidal particles

bOM Fm DOC a(254)
et X 1] SeRef/% AR/ R? FeRefi/% WA/ R
AlgOM HMW 41.73 1.22+0.30 0.91 40.22 0.55+0.22 0.76
Bulk 33.81 0.72+0.22 0.85 47.87 1.01+0.26 0.89
LMW 26.92 0.32+0.01 0.93 54.35 1.12+0.25 0.92
NOM HMW 67.85 2.45+0.38 0.97 54.83 0.54+0.07 0.97
Bulk 56.85 2.41+0.47 0.96 62.61 0.68+0.10 0.96
LMW 49.30 1.98+0.26 0.97 66.41 0.75+0.12 0.96

TR T3 7O, T ARG F 2 4 Pl S ALgOM e 503 NOM. == B2 24 5 o W 7 ek T
R, TECREARRI IR B B UG WIS, HAZd BT & — 23 1 AR 1 WA I (AU, 2 1T 2 553
M RASAE. T 1L, NOM A AL A 2803 A48 i U1 DAL JS AR AL F) e A P T T AR 08 36 T ) D6 20 7
25 A AT S SRR RE 0 7 A 1 i 1 el S 3 st J S B SR Y i A A A LA

2.2.2 DOM 2 F E X B AR R W e AL IE T, A2 AlgOM a8 /& NOM, HMW 4153 ) 6 R fif
RCRWR T LMW A Bulk 207y, H HMW A HLBBOCREAR E 2E rh7ERI G HT B 4 h N (18] 3a,¢) . 1—2t3)
1 RS G R AR, AR 3 i A LT G R g i 50U 29 HMW>Bulk>LMW (3% 1) , ] HMW A 4L
ISR, BRI TR 251 T AR 53 54k DOM ) R g WU S HMW > Bulk> LMW , 5 T JB K UL A7
TE T ICREMRIT— B, 2 W VR IR 1 77 75 JF BEA 52 M 4% 43 1 DOM I B 803 1 Y. AN TR] 43 1 4
DOM 75 [ fA 0k 2 T F) W BRI > HMW>Bulk>LMW (3£ 2) . 5 LMW A LA LL , AlgOM H HMW £ 4L
SRS B3-S W B S e B T A IORE 3% ThT 5 NOML wh JE S U B, 2R HA Wi K TE R 2
AEPAIY HMW A7 LI 5% 4 I AR T 1T B 7 0 B2 J AT 2% 167 9 HMW-NOM. A7 LI A B e
PRIBURL R T AR e A 28 BB SR AR 2 A, 3 T 36 3o vl A B A% 07 A FL AT iR SR AL RE T B R Y by 42 0
figt , DAL 2 I g HMOW -NOM. A5 L5 7 G i W0 2 i BEAN 52 A1, DA (A S0 38 i ik 0%, (LBt 3 1 iR
P TF 384 oL o f

R 2 TiO, JE A ORLATAE 25 AF T A [ 73142 AlgOM A1 NOM (90 BF DGR e A e S 8 2 B

Tab.2 Adsorption, photodegradation, photo-desorption and total removal efficiency of AlgOM and
NOM with different molecular weights in the presence of TiO, colloidal particles

DOM DOC a(254)

2K oyl . . . N .

7R WMl % SCRREAR/% UM% REBRE/% WL/ % OURER/% UM% BERER/%

AlgOM  HMW 4146 26.44 0 69.50  64.13 8.70 20.34 72.83
Bulk 2450  27.92 0 5242 4255 24.12 12.96 66.65
LMW 1406 2177 0 35.85 33.70 29.35 0 63.04

NOM HMW 2561 61.02 32.71 86.63 15.12 83.19  44.44 98.31
Bulk 11.79 63.12 11.85 74.91 14.62 7935 0 93.97
LMW 8.89 56.96 0 65.85 14.36 78.97 0 93.33

2.3 S MEMR IR o DOM MR ST 4L

UV o JEF0IE DOM 1357 MWy & i TR A, (254) o HLA B0 O R 8™ e b R A7
A, Bulk-AlgOM T35 7 #4011 YE A SR A K T Bulk-NOM (% 1) , B8] Bulk-AlgOM 1
S5 M) AT O 5 (A TR TR A 1775 1 53 A6 Bulke-ALgOM S35 75 P40 R R A , 500 2
35 Bulk-NOM 13575 44 1 Y e A A% (T 3b,d) . 3 2 53755 Bulk-AlgOM 3575 HE 1) I 19 .22 5 5
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Fig.3 The photodegradation curves of AlgOM and NOM with different molecular weights during the
photodegradation process( (a) and (c¢) are the normalized DOC curves of AlgOM and NOM,

(b) and (d) are the normalized a(254) curves of AlgOM and NOM( The solid line represented

no colloidal particles, and the dotted line represented colloidal particles)
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2 3 JUBR TiO, JAARURL IR BrE52 1A J5 AN [ 435 AlgOM I NOM (4 G R 240
Tab.3 Photodegradation efficiency of AlgOM and NOM with different molecular weights after the
reduction of the effect of TiO, colloidal particles adsorption

DOM DOC/% u( 254)/%

K HMW Bulk LMW HMW Bulk LMW
AlgOM 4118 36.98 25.33 24.24 35.19 50.82
NOM 82.03 71.56 62.51 98.02 96.66 92.22

2.4 RPERRE R R AR R R TN

ARG SR = 4SO ERRAE (18] Le) , BEHR AlgOM K il 1 S 78 22 6 14 [ (Ex/Em = (250 ~
280)/(280~380) nm) ], A M NOM 5 (2R JE5E S 6% [ Ex/Em=(220~280)/(400~500) nm | MM
TR 2RI A PO ALY, A AR RDE R i vh SOL SR BE ) A4k TC AR T 26 1R T, Bk
T L T VG R i 2803 AR 4331 40.59% ~ 67.81% F10.19~0.30 h ™", i Y58 HS J L 0 I 1 D1 s i 2803 At o4
435 60.73% ~63.68% 1 0.84~0.92 h™ (3 4) . 5 2 BT 4 IR 1) ' ik it 2850 % A0 8 %6 S g T VA8 g
Jit, UERA EIREE I AL B S 2 YR . TR AR TR, TO e I e U 2 i U2 L 5, AN [+ 23 7 ) DI e A Ak
AR A% LMW >Bulk>HMW , 2] LMW 58 BURAT s ROGROE I BA D0 Se e i e e

ARG AT 4 AT BEARURLAAAE T, JCiE 2 Bulk-BE IR 2 il PR 28 DOty B0 AT B B8 A, 1d W JRe (At
KRB (e E B YRR Bl DR IR BB ) DR A JFLrb, A [ G B Bl DK JE 98 B 9 D g i i /> 97.92% ~99.21%
(£ 4) , VLR REESE B A B B LTS8 A G RE AR A , AN (] 70—k ot 1l 056 8 9855 2 D't A I kOt
i LMW>Bulk>HMW , [l 2 I 31~ 1 2K I 5 o ) O e i

e LN QTN 17/ Al iV U & YN ELES
Tab.4 Efficiency and rate of reduction of fluorescence peak intensity of

humic-like substances from different sources

B IR S b ST W28/ % W gt i /! R
i P52 B Ay I TG A Uk HMW 60.73 0.84+0.13 0.96
Bulk 61.93 0.88+0.11 0.97
LMW 63.68 0.92+0.12 0.97

7 AR HMW 99.21 - —

Bulk 97.92 — —

LMW 98.41 — -
HIRZBEFH  T o (LN TR A HMW 40.59 0.19+0.03 0.99
Bulk 51.02 0.25+0.06 0.90
LMW 67.81 0.300.01 0.99

A AR HMW 59.99 — -

Bulk 67.81 — —

LMW 87.09 — —

IR A R 1.

3 IMEEN

HARIET DOM YW AR MRS O AT RIS , (ER AR SO AR MORLAA 72 25 18 T AN AR I R
[ 734k DOM B G R Ak 22 53 , S AR AT PT84 SGTE , BASCIBIE R 45 R B W e i BRI 2 50 o, 5
GOKWRAMTLL , BoKITA i T 5 52 KR IR HIE 3 A0 Y PR TR 2, s K IR K A AR 35 A vk BE Y
JREPATIURL . AR SCHOTIF TR S5 S M , IR P TOURL A7 7 7T 5825 A28 DOM. (39 e W At A 3 R A A, DRI e K 3
HUOKWIAKA A DOM )R AR SR AL AL BAT 35 22 5tk AL A4 e A B, BE U DOM 5k
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(b) RGESE LN 4
—s— Bulk
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Fig.4 Reduction of fluorescence peak intensity of humic substances from algal-derived humus-like
substances(a) , and terrestrial humus-like substances(b) (The solid line represented no colloidal particles,

and the dotted line represented colloidal particles)

R DO F W R s i 16 5235 2 5 D o I 5 2595 FINFT CHEORE DOM ) 538 s )
S CIEBER DOM ) K ks DOM FLAT 8 ISR 270 (M JERERAFIE).

SR K11 DOM 5 B 7 A4 2 VAT AR 8 -DOM 5 45, 025 e P A5 1 0
BT AR R LI PRI P AT . (LI, ST e (456 R (0 DOM RS, AT DOM T 4 T
G A4 JECR IR DOM (6 YRR XY I U . AT 5 SO IR 7 {5 L
PR NOM s LI 235 06 Y LR P ALGOM o B I35 T M ) Y AR
e R K05 T 223 NOM--G 4 20 885 70BN, TS AlgOM-2 I 4 25 0 1 2 A T
FEHCTE B B4, 7 L1, eV A 7E B S DOM 1 WS (E 51, 1 RS 2 WK UL 75 e 57
BT B

4 &g

1) NOM Lt AlgOM HA5 5 3 1 35 Mot & A SE Z 28I FE Y L. NG5 J2 NOM I8 2 AlgOM, B4R LMW 4
IR & B 20 A AL SR 50% ~60% ,{H HMW £ 43> B 56 & (0 35 3 2 5 3 40, 2688 A i £ 00 A
T HMW b 28 GE Y G 25046 T LMW .

2) 5T DOC 2347, FEEAAR R £ 44, NOM (W75 HIL G Lk AlgOM 178 HIL ST HL A5 o8 v (9 e g itk s Te it 2
NOM 2 AlgOM , AS[R) 43147 ALJTT (1 6 B A AR AN S ST 17 2 HMW > Bulk > LMW, 539K Jie (A 550K 1) 7
TEANBU AR 53-F- 5 AT HLJTT 1 G RE AA T , 9 3 5 TR A 1 A ) AlgOM. v ML 1) ' B A, 7 3 5 e £
YEFI R NOM g AILJSR PG RE A

3) 5T a(254) 537, TORAR TR, 25 14T, AlgOM 1155 #4449 5 Lt NOM (1% 5% 485 P iy o LA B g )06 B
P TSR NOM 382 AlgOM , R[] 4318 05 B M) 0 09 6 R A AR A R 24 0 LMW >Bulk > HMW. i (AR50
IR AR BSR4 F- 1 AlgOM ey 35 5 M 40 S5 1 Y6 A8 A T , 1 508 s VAR B A PR 0 okl G e e 5 e R 0L 199
FEFEAAL S A [F) 4350 NOM 35785 1 0y 5 1) S o e W, 30 38 ot i Ak P AR 0 S A

4) it = AP OGIE T, TR BURAELE S5 T, B VR 28 B0 IO L i U IS 8 9 ) IO o 5 SR e s
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