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Abstract; More and more metal-based nanoparticles ( MNPs) have been added to products such as
paints, herbicides and pesticides owing to the continuous improvement of nanotechnology. The wide
application of MNPs makes them inevitably enter the environment duringstorage, transportation, use

and processing, thus threatening the health of environmental organisms and even human beings.
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Dissolved organic matters ( DOMs) are abundant in the environment. They are easily adsorbed on the
surface of MNPs by electrostatic attraction, ligand exchange and hydrophobic interactions, which
affect the migration, transformation and ecological effects of MNPs in the environment. On the one
hand, the adsorption of DOMs onto the surface of MNPs may lead to the decrease of their surface
potential, which makes MNPs easy to aggregate. DOMs can also block the micropore on the surface
of MNPs and reduce the effective specific surface area of MNPs exposed to the medium, thus
inhibiting the release of metal ions from MNPs. On the other hand, the adsorption of DOMs onto the
surface of MNPs may increase the possibility of complexing metal ions with DOMs, thereupon
promoting the dissolution of MNPs. However, at present, the adsorption mechanism of DOMs onto
the surface of MNPs is still unclear, which leads to the contradiction of the above conclusions and
needs further investigation. Therefore, this article systematically reviewed the underlying adsorption
mechanisms of DOMs onto the surface of MNPs, and their potential effects on the aggregation,
dispersion and dissolution of MNPs. It also focused on how to quantitatively determine the adsorption
of DOMs onto the surface of MNPs, and how to describe the influence of different environmental
factors on DOMs adsorption onto the surface of MNPs. To improve the accuracy for assessing the
environmental behaviors and ecological effects of MNPs, the relationship between the adsorption of
DOMs and the aggregation, dispersion and dissolution of MNPs should be well understood.

Keywords : dissolved organic matters ( DOMs ) , metal-based nanoparticles ( MNPs) , environmental

behaviors , adsorption , aggregation , dissolution.

ZDH —4E SRR AE T 1—100 nm (94 8 0 4 8 ALY 0L BB Ry 4 JiE S 40 K UKL ( MNP ) .
LI = RS 1S S TETE VAR 25 VARG = o AN 5§ VAR 87/ 0. v 51 5§ [VARBI 8 S R A 2= 3 T A
IAVE R R G A B R TG YOI & R A i T AL T B2 AR S AU B Tz N AL
gt gk o Al 2L A F) 10000 t-a™" BB PREE v 5 40 K ULt AS I 388 Ain | LS S (0 31 5%
B AN A0

5T & B, MNPs REHE 8% A Py (R O, SR LA K & & BN, MNPs 6842 30 il 7K A5 4 i AR & i A=
K Bt R AG AR BOK B B — s R I A L R T B K A MNPs, b 5 SRR A T
AR B BT B AT A MR & R B T T e B R R, MNPs BB 4 R B TG
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A3 i AU LT R LR SRR SR S S A AL A ARG AT B i B 45
B B BT E S B T R JCHL S A R DT R A B v B RS e Ak

DOMs 1] W[t MNPs R, 520 A PREE A rf ) SR AL A0 ORI A S il B (R F 0T R 8 T
SRS AL, D HOF JE S5 I H LG HFSEAR, DOMs A #5 W FFF T MINPs 26 10T, Hh R0 266 1 L 7T, D80/ N
ez ] A e R R 5 kA R AE T B DLET I/ MNPs BEER T /KO A B AR i
fi# ") Ghosh 251" I & ., DOMs W B35 25 T MNPs 78 KA o 19 43 B0k 5 1, AT 38 R HG e R T AR 42
HEVS .

PR, A SCRGEHZR IR T DOMs 7E MNPs 3% [ A9 W BT o S AR AL B, o0 0 el iR 1 W B4R FH XF
MNPs B4 BRI i 7= AE B9S2, 5IHT T B4k DOMs 76 MNPs K HWR T R 09 =507, ROoA R 3R
K 7%} DOMs 7 MNPs 2 i W B 45 19 520

1 DOMs 7£ MNPs R E R 1TA ( The adsorption of DOMs onto the surface of MNPs)
FRGEHHT DOMs 7E MNPs 3% T 09 W2 B 47 8, A ALHE Ko W B HIL B A B o, 3 5 o€ B 38 MINPs Xof
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DOMs (W BHERE | 454 % 1 MNPs 4% DOM [ B 454 K 45 Fh BR 355 DR 22 X6l W0 o 3 5 14 S
1.1 ZRHALEE

DOMs 7 MNPs 3 [fif f1% W5 B 7T 43 A7 40y BHLURE R A 2% g B 40 BRI BRE S 2 (B0 VR 7 A &85 21, A kA
b2 s g VR SR K AR LS 72 240 I T BRI B DOMs i 8% 38 1o 4y SR B4 FH AE
MNPs RIIE B HS> TR S50 T2, W R B P, 5y 35 2P 1 A2 W B L 4F- T8 0 Ak 24k
SR IR AR LRSS H B T 4RHE . DOMs 7E MNPs 2% Ifi A4k 27 W 45 5 T i B0 0012, W R o i 1
NGy IR EI-fr . — BB LR, DOMs 7 MNPs 2 181 (14 47 BE I B RN Ak 27 0% B2 TR ik 2 A 1, HL 38 5 i % B
FH 2 PR BT 25 A4 (0 A8 Ak i A el As . ELAAR IR B DL A T
11,1 4y PR pf

(1) FrrAEH

HHAER (FE 1(a) 78) #IA & 280 MNPs [ DOMs 1) FEEHLH 22— .Jayalath 42V S EFRTE
FRPEZCPE T BEREJE T & HLER (SRFA ) 78 TiO, NPs $0tr 2 1 (14 W Bt 5 K A T TR Zeta LA 04
PSR pH {H(3.7) /T TiO, NPs (9% HL 2 (pH,,.) (6.5) B, TiO, NPs F I 1EHL, K 1 23 547 6 L iy
SRFA KA # RG], IR SR B . i M Sk | FORE I 38 TR0 F 4 S5 VY pH (B SR pH,, 5 DI AH
K(HEN 1.3.3).
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Fig.1 Mechanisms of DOMs adsorption on the surface of MNPs!'
(a) electrostatic interaction; (b) micro-pore volume filling; (c) hydrophobic interaction;

(d) hydrogen-bonding interaction; (e) ligand exchange[ls] ; (f) cationic bridge

(2) AL
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Y HIZE MNPs Eimi i, /N>F4150 5y 8 i AL SV I E A S MNPs AO5FL AR 2 DOMs W i
TE MNPs I+, WiE 1(b) iR,

(3) S AEK MR

MNPs Xf DOMs f0 fit ol ES2 B K PEVE T (I 1 (e) ) FIEBEMEHT (&1 1(d) ) BIZER.DOMs H YR
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1, DOMs HFEIRIE T R T, AR R P AR 3L, X (1) Fin . MNPs 18 19K 53 F & & A M 2 T8 L
FRIL T TR G A2 A MINPs 2 T Y R AR £ & AR T AL AR U PR R, sk (2).
MNPs FIfi 2SS L2 (e 0F T a0 B R AR sS4 T AR A AR B SV i v s WA 6. 22 0 5
a0 A W% pH [HB K (pH < 8) ,Fe,0, 2 Hi J—OH; W/0, HA (1% Bkt s /)n.
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Fig.2 The possible coordination patterns of DOMs adsorbed on the surface of MNPs
(a) formation of hydration layer on the surface of MNPs when outer-sphere adsorption occurs;
(b) the carboxyl groups in the chain DOMs bind to the hydroxyl groups on the surface of MNPs;

(¢) the hydroxyl groups in the ring DOMs bind to the hydroxyl groups on the surface of MNPs; (d) bidentate bridge

between the carboxyl and phenolic hydroxyl groups in the ring DOMs and the hydroxyl groups on the surface of MNPs;

(e) bidentate bridge between the phenolic hydroxyl groups in the ring DOMs and the hydroxyl groups on the surface of

MNPs ;M : metal-based nanoparticles; R: long chain of macromolecules in DOMs

—COOH + H,0 «——CO00 + H,0" (1)

M—OH + H,0"«—M—OH; +H,0 (2)

PN S R S5 A BV 55 AR ZE M AR DOMs B HS A — MRk | DRI HA BE 5 MINPs SR 1T 1Y
—ANFRIEBEAT RV AL, WA 2(b) PR ; AR DOMs b o] G875 A FR IEFI F2 LI 14T, 5 MNPs 2 [
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AR B K PE AT BEJEHAE Ti0, NPs 1 W i 5 R 0 P 22— SRHA Hr 2R 3 (1) 75 22 (4.24 mmol = ¢7")
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y-AL 0,324 pH < pK,H. pH > pH, I, MNPs 1 K 2 B 74k i, DOMs 2 LAh P53 7 A7 AE
TR R AT L, BT B 55 . Jayalath 5520 & 8124 pH =8 B, TiO, NPs(pH,, = 6.7) i 1
L, HA WA e W2 R AR Sl HER VR, 5 pH = 3.7 W AH HL M RRs s 8 FLRUC) o & IRV pH = 2 %5
pH=4 B, A (pK, =4.75) B4 FBEEIE 2 R B /D, Fe, 0, NPs X 05 M 1 W2 B 55

R 1 AT pH ES DOM fif BARAE K MNPs R LR OC R
Table 1 Relationships between solution pH values and the dissociation state of DOMs

or the nature of electric charge on the surface of MNPs

pH i 5 pK, fH DOM fif BIRZS pH {5 pH,,, MNP 2 i L {24 5

pH and pK, {8 Dissociation state of DOMs pH and pH,,, Surface charge properties of MNPs
pH < pK, L RS F 38 0 E[HAT pH < pH,,, PR Ak T H
pH=pK, SFEEEFSYRNEAASE[HA]=[ A7) pH=pH,,, Al
pH > pK, PIBFAREA] pH > pH, PR 23 okt £ e

[H" Jx[A™]
[HA]
7% DOMs [ mol- L' [HY ] . & B THJE , mol - L7!.

T :pK, 5y DOMs E@ﬁiﬁ?ﬁ%%ﬁ,p&?lg{ } s [ HAT ik B P86 73725 DOMs HUUME  mol - L™ 5 [ A™ ] Ay fifk 5 - i ot o

[H*]x[A"]

Notes: pK, is the dissociation constant of DOMs, pK, =—lg{ THAT

} ; [HA] is the concentration of molecular DOMs at the time of

dissociation equilibrium, mol-L™"; [ A™] is the concentration of ionized DOMs at the time of dissociation equilibrium, mol-L™"; [ H*] . hydrogen

ion concentration, mol-L™'.

1.3.4 BT

>4 pH {H—E W}, DOMs £ MNPs 2 [f 1Y) W% B 23 B 25 85 T 25 0 B8 A B9 T 3 55, >4 pH > pH, B,
MNPs FIEH 0 D A BHESF (10 Ca™ \Mg™ ) FI#E DOMs 15 MNPs 2 [f1 J Ji 25— S A7 1 ik I
Fan %% gt & B pH="7 B, fR Z 1 Ca™ Rl Mg™ I AEFEAEE T Fe, 0, NPs(pH,, =6.8) % HA IR B, Wiz Bt
HIETE Ca®™ Mg™ M PIAE DAL — 4 B B TV B A 38 in o T LA 1 DOMs 3%, MINPs (14 2 [fi 7 L i, 141 55 501
L] (L 7, TR A2 B Liang 2510 % 38 0.1 mol - L™ NaNO, ¥ 5t SiO, NPs XF HA (140 i} &
0.01 mol-L =" NaNO,#¥ S H AYPIA5. 117 >4 pH < pH, I, DOMs 5 MNPs [H] Rl B 0 5 | 1 7 A= 568 W B 7
JH 326 2 i 5 0T W2 o %) 52 hie) ] LA 22065

DOMs 7E MNPs ZE 1 (11 Ff1 4T 452 DOMs BYFRE  MNPs R AR K /N B 25 v ol IR v R 25 I 1Y
SO DA A B A T T N A RE S AP R DOMs 78 MNPs 218 (W AT B X MNPs 375517
AR .
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2 DOMs W itT A%t MNPs #27E 14 89 220 ( Effects of the DOMs adsorptionon the stability of MNPs)

MNPs ffesEtE, Rl MNPs P9 ZRAE | 43 B0 R 75 2 U e JLIRBE 47 o T e 10 0 22 PR R . 2R 496 b 3L i
DOMs FYWE BT A% MNPs A 4R i ot A2 A5 RKe AT Bh TR 0 MINPs B93REEAT R S LAY
2.1 RESHNH

MNPs 7E7K 58 1 5) il 18 i % A= 98 4. Peng 2517 J2 BUAILHE & SRHA (0.01—0.75 mg- L") {2 T
ZnO NPs FYREE i @k B SRHA (> 10 mg-L™") #0] T ZnO NPs 19 2R 5.3 W] RS2 B TRV B2 B i
pH {H (8.5) kT pH, fH (9.3) ,Zn0 NPs FIfi# IEH, # f7 HL(Y SRHA 52 # i3 51 1 7 KT ZnO NPs
FEIH, R T URL AT L, AR T AU B A R R T, DA B K A AR R B Rk R T A SR A T Y
SRHA & B4 =i, ZnO NPs 11 P RS 21 W R AR AT i 75 350 26 1 45 671 Pl 17 2 A AH EHE TS, DT 90 ol
RAE [FAT, DOMs F W BfH T iR MINPs 7] %5 [R] 2 B AR . 5 4K %5 FR , TiO, NPs 43 HUH: A 3550 32 202
A HA W BT 500k 1 T 23 [RIA BEL. (K, DOMs 777E F , Hi 5 MINPs 8] it B A 1 K 23 [l 457 B3O
BRI MNPs 26K A A 20 iR e k.

2.2 Uif#

MNPs 55 5K A H R A S8 A2 O, B0 4 J B 7 (M 8 M7/ 0 ) ik 2o 5 3 6 e
VR — G OL T, 48 BT RENS Bl A A L ONORI Y, X AR 28 3R G T 28 N\ 2K Mt B s i s A S
BT K EAFAER DOMs BB 1 52 b 3R fh 2 5 S5 MINPs F9 95 i R8¢ Ji0 S AR s i, R T 51
AT R 2 2 ST

—J7 1, DOMs 7 MNPs 2% i W B/ I T {2 1F MNPs (93 f# . Wang 257 % B SRHA fig % 1 fid
RACHR BT Cu NPs I, TR #E Cu™ 19375 AR R 3% AT BE & B T DOMs 76 7K rf e 28 7= A= 1y H (il
BT AR A T (X (10)  (11)) 517 DOMs 43 H 72 36 R R Sl &y 5 Bl iy 4 8 58+ (M 5%
M) ST R e 45 A W, T RAAIG M sl M0 0™ (v B il O R 1) A 2R AT, AR 2E MNPs 193
figet "> S —J7 T, DOMs 78 MNPs 2% 1 (1 W B 7 FH ol B 3l MNPs A% . Yang 257 & 31K 20 F HA
W% B TiO, NPs 1 Si0, NPs & [ Hif 23 3% ZE H R WL , /s MNPs 55 7K %5 0 HH IOV A SE0RT 1 1A 30082
S TETRRL, AT 400 41 45 S 8 ) R [ 38 o e P 5 |V I BT MINPs %187 (pHL < pH,,, ) B9 DOMs i1
A Hp RT3 T R o (SO ) i L ek 55 1717 B ) A iR R R A I N AR K R A R R R
TR, 0 )

M +(a/4) 0, +(a)Hi,, «—M +(a/2)H,0 (10)
M,0, ., +(2b) H{,, <—aM{2]"* +bH,0 (11)

BEA , MNPs 7EFREE A 5 H AV it — A sh A I B, 38 % PR A SR A A R &2 )8 i 7 i i
18.DOMs W FHEFH T, MNPs RO 5 DOMs 2 5 B %4 6. Jiang 250" R{E & B SRHA SRFA FI
/NI BLRR I AL T ZnO NPs (3R 4E | $2 5 T HAE KA i s iR e M #0577 ZnO NPs %
i R S AT R A A C O R A (X (12) ), A5 1 DOMs 1975 & Ml , o5 MNPs 1B
(42 8 B T I 245 e 7 kA, MINPs YA AL BR PR Zhang 25752 ) % R, 7 48 T B RR 19 Ag NPs BYJ5LLA
AR /IR T LS it 3R 1) 1 B R AP R (W AR ZE RE RS I ] Ag NPs FEKAH T i B4 12 = Lok
R M, DRI RLAR /N 14 49 K AOREF F 28 T BURR A, 5 70 R 422 ok 22 175 A o sl bl AU A T3 i s B 1 R
AR B IRIAR Z A1, MINPs 11075 fiff 08 8340 52 V5 T HP 14 ik S MR B8 pHL (L B IR 8 4 DR 385 . 15 S i R i
H B2 O I T P s i i B b, =X (13) . B IR K 7E 3 DOMs (19 W AT 2 % MINPs
e MR TRt NV 2545 %5 J& MNPs (642 \DOMs [ BHERPE 45 Fh R s 19 7R .

d [ZnJT:AM Okm(l_( [Zn], MEZnOJO{ZnJTJ” (12)
dt ‘ I:Zn}T,eq [ZnO]O
o [ Zn ] JE RV  mol - L™ 5o JE VAR BT BLI ], 534, o S ZnO NPs 7745 S T BUY) I Wk 2
m* L' sk, S ZnO NPs R AFHREE, mol-m s 5 [ Zn ], JEIRW T A7 SR A B L mol - L'
[Zn0],J& ZnO NPs WURIRIEE /R |75 pmol - L7
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BE [kaBTj (—EJ[A 00 (1 5
Yaer =4 plexp T glr > (13)

,ﬁ\:':':‘,'ym, AR ?E’J{"%ﬁﬁzl_ﬁ mol-L " h! kBIE Baltzmann %éﬁ[ 1.38x10°%2]-K™! BIE&}—L%E/J/\¥
i, g mol ™ ;p SEHUKMRIR %L g-om™ s E JE RV IGLAE,); T 2R E,K;[Ag]ﬁéﬂlﬂé%&%ﬁ*ﬁé@?ﬁ
BE e L7y r SEGORB IR 9248, nm; [0, ] [ HY ] 40 BN A & 8 LS T IR mol - L7

w

#5252 ( Conclusions and prospects)
25 bRk O MERRPEAS DOMs 78 RURE 2 1 1 W AT S % MINPs BREEAT S B 520, vy 2 H G TE LA TR JL
AR

(1)DOMs 7E MNPs R 1H AT B 70 vl fe & ff i AR A e ag 4 ffLIF 7e UV FE At /K 1 2 ]
YERIBYEE R X 53 i AL AR 225 e PR 76 LA W B T v %) BT Ak, A R 7 140 2 55 e 2 B 4 A 1 32 2
e

(2) X ArBEAARASHGAE FH b B0 45 65 RN 40 A FE A 1 T 20 B DOMs Hh 2 A8 2 B4R T B 4548 O
T A A A FH Y5 55

(3) 557518 DOMs RYFIZE MNPs [RPREAR /NG A s DL S &% b BRI PR 155 R 28 4 R BE 4 i 1k
DOMs 7t MNPs 1 I FiF A7 8 B2 X MINPs BRI5EAT 4 B 520

(4) #t4k DOMs 7E MNPs 1 {9 W FHAE T, 5350 KA v MINPs 94 254 B i 1o AR A HG o il 3R
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