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Abstract: Engineered nanomaterials (ENMs) continuously accumulate in the sediments of rivers
and lakes. The properties of ENMs such as bioavailability can be altered through interactions with
dissolved organic matters (DOM) present in the sediment, potentially impacting environmental systems
and human health. In this study, DOM was extracted from sediment samples collected from a river
channel in Qingpu District, Shanghai. Nano—titanium dioxide (nano—Ti0,) was selected as the model
ENMs, and the interaction mechanism between DOM and nano-TiO, was investigated using three-
dimensional fluorescence spectroscopy in conjunction with other analytical techniques. The three primary
DOM components, namely proteins, humic substances, and fatty acids, could all interact with ENMs,
potentially leading to alterations in their molecular structures. Compared to proteins and fatty acids,
humic substances exhibited a stronger binding affinity toward ENMs, and lower temperatures enhanced
the stability of the resulting complexes. Furthermore, proteins, humic substances, and fatty acids were

adsorbed onto the surface of nanoparticles following their interaction with ENMs.
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RIHE i 20 FR5% v o] R 2 & AR W AL S A AE W4k
TR S R G4, IR KESRGE T,
KA DU AR AN G KA H ) K SEZ Fh
AR HEEL A ENMs , 55 235 25 5 A5 76 0] 38 50 A TS
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TiO, M e 2R B 431 4 0,16 .32 .64, 128 mg/L, 7857
RAJE AE25 CRBE 4 ho 431406 B % Ky 15
135 °C,HE LR, DL RN i # ) Fad #
J 45 SRR KRR S A TG A A
1.3 SWFAE

SR T EIE R A A R K )3 R
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Fig.1 Fluorescence intensities of proteins and humic

substances
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Fig.2 Fitted results of fluorescence spectra via Stern—

Volmer formula
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Tab.1 Fitting results of fluorescence quenching

reaction (quenching constant)

R/ K /(L-
f i o/

C mol™'-s™") R

A mm

15 | y=0.557 8x+1.017 5| 5.58x10" | 0.996

280(FEMHJE) | 25 | y=0.373 5x+1.028 3| 3.74x10" | 0.978

35 | y=0.248 1x+1.032 5| 2.48x10'" | 0.948

15 |y=0.136 9x+0.983 4 | 1.37x10" | 0.926

325(JEFET) | 25 | y=0.098 3x+1.000 7 | 0.98x10" | 0.985

35 | y=0.068 8x+0.997 7 | 0.69x10'" | 0.983

2.2.2 SEA S FITER )

X T E A KR, FE 48K TiO0, 5 26 11 5 AN S
FAJROE G A R i R, 25 G 00 R EGE n FNEE A
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Fig.3 Double log plot for the quenching of protein and
humic substances with nano-TiO,
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Tab.2 Fitting results of fluorescence quenching

reaction (binding constant and number of binding

sites)
. i/
Wik nm "“CX it n | K | R
280 15 [y=0.856 7x+2.329 7|0.856 7(213.65|0.992
25 |y=0.882 5x+2.270 0/0.882 5/186.21|0.956
(AR 35 |y=0.875 4x+2.108 3|0.875 4{128.32|0.928
305 15 |y=1.172 7x+2.520 9|1.172 7|331.82|0.938
25 |y=1.155 6x+2.476 2{1.155 6|299.36|0.977
I
(RFLBD) 35 |y=1.191 6x+2.387 6|1.191 6(244.12|0.977

YK TiO, 7R M 4 S0 S50 n ol 0. 8~
0.9, #WH ZANEHA T T8 A 0 IR 59
K Ti0, K& A= R i gk TiO, 78 JE B R 4

K TiO, KA, 45 GRe 1 . 7E 15,25,
35 CA&MF, & AR5 90K Tio, 19 45 & % BN
213. 65 [ % 128, 32, JE 5 Ji 5 40 K TiO, B9 45 54 41
M 331. 82 [ 25 244, 12, 4G I B T =5 i A1, 6 A
RIR ST — % 5 ENMs IR E S R E .

i 32 van” t Hoff J7 R 3V K s g aok 7 Hh 0 44
2SR, Ltk — 200 e LR K o0 F S5 98K Tio, 1Y
SEEPLH . A5 R, B PR BE TS 48K Tio,
A A 2 72 B AG 43 5 R —-12. 74 . —14. 40 kJ/
mol, AG<0 FE W] DOM 544K TiO, W45 & [ i & A &
AR AR TR B BT 5 400K TiO, A BV O
H ) AH 43 51 h -18. 69 . —11. 64 kJ/mol , AH<0 % ]
PR EA I TIRESE S NRErtE, X 5K 3
iR —3 &R AE B S 940K Tio, A0 BAE
SRR AS 435 -19.97.9. 27 J/(mol - K) . AH<
0.AS<0, Z&7m N 19 32 221 ] ) Ry B Ay 7 4R
15 AH<0 ,AS>0, F 7 IV 1 32 B4R F 1 A e 5|
F3 o R ET LR FE 25 CARMETR BB R S 9N
K TiO, i A J1 o S BRI AR AR g, i 58 5T
YK Tio, B FEAEH 1 s 1.

2.3 DOM EREHF] = 40K Ti0, HI 2200

TE 25 CZ4AE T, DOM 544K Ti0, 5 v 7 B 214k
i T4 R 4 R . DOM 5 442K TiO, S
5,6 BRI E BEHIE S AR 2 R, RV
9K Ti0, VL JG DOM 4314544 J A 1 3R B Y
A, AR T A TS5 7E 2 920 12 850
em™ BRI A REAE 06 T AR 1D R 2 AT ALY Th—CHL, Al
—CH, B AT FRXF FR C—H Pifd, F 78 DOM H ik 77
TEARE A DENFEI W e R AT LY, HLRBHE 5 94
K Ti0, B AN AE 1700 11 380 em™ &b HEAF I
J& T DOM 4 Jit 1~ 25, 40 >k 1 3 8 ot , % 4541
2] F—COOH g K Tio JE i T 4454 .
TE1 600~1 700 em™ Z [A] B FRAEIE & T WERE 14,4
R R, nE 4(b) irs . VT DOM Ay
AR RO REIR RIS o 1RE 3-5%
FAMEHE 4 PP, &5 1. 65% .29. 89% .63. 37% .
5. 08%, 5 128 mg/L 44K TiO, KW J , bR T+ 4T
MG BN T — R S, Ui B 1 45 598
K Ti0, [ I J5 85 7 TR, — G 45 R R iE 67 '
A Am AL Fon B A A b R AR WA, 4 R
R g5 i & st & A TR, 73 5k
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464.97.464.88 eV) Fl Ti 2p 3/2(459.58.,459.32,
459. 44 V) A5, 2B Ti LA Tit 19 I8 =X A7 7
TE P 2p 19 XPS BIE A B4, W DOM i /7
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WAESE AR R AWM S5 T R # . N s
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K Ti0, & A N J 88 F 5 e o R B iy 1R 25 A AL
VIR B TEGK TiO, K18 , B UESE T DOM A7 78 1
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