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Abstract:  Nanoparticles are widely applied owing to their special physical and chemical
properties. They can enter the aquatic environment through various ways, causing potential risks to the
aquatic ecological environment and human health. Characterization and detection of nanoparticles is the
key and basis for exploring their occurrence, migration, transformation and eco-toxicological effects in
aquatic environment. Metal (oxide) nanoparticles exist in the aquatic environment in trace form and
undergo a series of physical and chemical changes such as adsorption, agglomeration, sedimentation,
dissolution and transformation, and the presence of different forms of metal ions also affects the particle
size detection results of nanoparticles. Therefore, extraction and enrichment, separation and
characterization of metal (oxide) nanoparticles in aquatic environment have become a hot research topic.

This paper summarized and compared the common concentration, separation and characterization
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methods of metal (oxide) nanoparticles in recent years, and prospected the future development and

research direction.
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i A AE B (MSPE ) 5 1% 5t [ AH 25 IO HLEE 2

B, U TG A A 1 A EURE | AE IR Sk P R o
Zhou Z5 SR I BRAG 19 G0 K B FesO, 1 b W59
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Tab.1 Comparison of typical extraction and enrichment methods for Me(O)NPs
o 0 NPs & PEVE [/ | NPs £ / — o e e S %
ok | nps | NCSTRBIV NP oy NSRS | M|
(pg L) (pg L) SCHR
K Ag 15 ~ 400 100 (74.5£5.4) ~ (107.7£9.4) [6]
CPE K TiO, 0~ 60 0.13 98+2 3~133 [8]
2K ZnO 10 ~ 200 0.06 15 (62.2+2.0) ~ (88.1£9.6) | 1.0~4.6 | [17]
oK A 0.02 97 69.0~85.1 9.2
LLE M 2~ 100 [10]
42K TiO, 0.07 83 61.5~78.5
gk Ag 0.11 ~4.72 0.01 >90 (71.0£2.8) ~ (90.9+5.1) | 2.2~3.8 [11]
DLLME
4K ZnO 0~ 1000 0.037 110 1.7 [12]
22K Au 0.1 ~41 (207+2) ~ (23249) (94.7£3.9) ~ (105.0+2.4)
SPE K Ag 0.1 ~43 (202+4) ~ (229+11) | (97.5+4.1) ~ (107.4+4.0) [18]
2K Pd 0.11 ~83.6 (188+4) ~ (197+10) | (89.8+3.8) ~ (106.6+3.5)
Ag NPs 0.16 ~10.3 0.068 69.6 ~ 100.2 <5.1 [15]
MSPE -
9K Ag 0.86 ~ 8.7 0.016 84.9 ~98.5 42~8.1 [16]
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K Ag B E 5T, RIS 5F 95% , T % 100 nm
A A Ag ALK 5] 54% , 3% 7] BE 2 F T 100 nm 4H
K Ag 1 5 43 M B AH X 5 1 v O BsF ] S B0
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Tab.2 Comparison of various separation techniques for Me(O)NPs

Iy X . 5%
A NPs NPs 28 P8 Bl /(g - 1Y) NPs K H BR /(g - LY | NPs [B1i5%/% K2 B % ik
42K NiO . CoO 12.17~62.24 (45K NiO) (80.8+0.3) ~
SEC 0.016~0.390 0.4~2.2 [19]
Zn0 .CuO F1 CeO, 9.75~49.62 (41K CeO,) (105.1+1.8)
HDC 44k Au 2.2x107° 68 ~ 99 [20]
CE WK A 50.000(5.20.50 nm) 0.18-0.55 (72.3+12.2) ~ | 4~6(FAKsh F1iESS) | 21]
4 u N N nm -16~U. N
(102+8.7) 4~10CHE B4
2.5%107°(40 nm) .
ghk Ag 10~100 ¥107(40 nm) [22]
40%x107°(100 nm)
FFF 95(40~80 nm) .,
ghK Ag 0.5~10 ( nm) 7 [23]
54(100 nm)
42K Ti0, 4000 6.8 15.5~88.3 3.5 [24]
3 RAEF AT S PR A, 00152 L NTA Ol Rl -

H T Me(O)NPs RAESE W Z A6, 1 H k=
Me(O)NPs bR UE TR, KL, 75 220 45 Fh T Bk &
TS R F-BEZ MM LI UE . 4 WY Me(O)NPs
FAE DT A S HU (DLS) 48 K WUk 4368 12 4y
BF(NTA) HL T 58 08085 (EM) 2840 — 1] U436 B vk
(UV-Vis) FLIEFE 5 4 B IR BT L5
3.1 FhEhEHE AR

SHAOGHUR, S S T T NPs (145 B2
Bl | S A B G A 5 A0 R FE R /N S 3 A 1Y
Tk, C A AR B A H B I 5 NPs R4
B SR B F B o JE R 5T T KRB 40K Ag
R IR A Bl 2 B RE U AE 15 min, S50 (AL
AR DLS I (B4 A5 o DFoE 2 37, S 1R
B AR E R AR — AL F sh AR AR, i an gl ok
SEAE T B R 43 AT 4 IS 0 2 SRR 22 ROK
ol A48 43 A S PR A B B, S R 4 O 2R A RAE
LSRR IS RSN R A =S N ol S 9 Nl 3
M. MECEERET 2 M5 HE0HES (MDLS) Il
SRR, X IDEH A S 5 22 B R BT R
AHIC PREL, 56 S e 1 B3 3045 S hn oo ) JORE R A2
i
3.2 HRBHMBEESHREAR

YK R 3B R 53 BT B R R B R A B2 2
PEA G ECST, 8 1 Stokes—Einstein 77 #E 1T B 15 H
IR TR R N L N 1 A R N A T 0 N
MrE B4 30~1 000 nm. % NPs 7E K S 5

X4 2K TiO, B A2 Fl A3 2% 1 6 AT T A4k fi
0. 025% = ZTEREFI1 0. 004 o/L NaOH X 137 1l 75 ¥ 7%
77 M B B BE S5 R DUV W RS B TB) T 3k 1 A
NTA F1 DLS /3 Me (O) NPs R AF () HL AL T B, H R
L FH AR X 388 R G, A 2 LU A BT T 19 3 1 5 [
A4, Filipe 557058 1 L & B0, NTA # DLS 2 A7 43 3
R I g AT AR AR 0N, {HR P A = X
Me(O)NPs JE 55 FTZH 43 09350, K6 H BRE 5 (mg/L)
H A T 78 B AR AE T R AR S8 I RS R A 1
ARG H B 4% v R 2 R o 0 B 5
3.3 HFEBERMEHEA

HL - S PO BE B R R DL B BRI
B, 3 3 W TR AR AR s F S I A B B R R B
Oy HER RO A5 B R ARV ) R, B
Bk T8 W Bl BT HE R (STM) | 1 4 L 1t Bl B 5 R
(SEM) . J5tF 7 i s (AFM) 135 59 Fe 1 i i b
AR(TEM) . I NPs B 5 ] 1) /2 SEM #1 TEM X %
Tl , 7 2 1 F 5 0 0 ) A B R B e R R
MITE S A B3I 0 R AR 5 5 3 — Pl s e B 1)
Tk A HER O, T DAWRER B RE Rz A% R R Y
R DI R NG YA i 27 i A ISR DO T X
2245 U Me (O) NPs 2 T8 2 47 Ji RUBE RAE , (R A
D RS AS B Bt L RE S il 8 2D BRI A . R B A
T 3 S LA BT T DLS I SEM I £ NPs (1441 5
R, SEM N f 5 R R 7T WA AR AE LA RS T T
VB, Ot J AR R AT e B H A L Y
PRI AR AL O BB DLS TG 3 5 B TR
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A, 65k R KA S5 PR BT AT 2 X e 4 SR
AR . DN Z5 5K, SEM J2 38 2 411 JE X 00 B
0 BBl PN R A 2R A T 20 AT T DLS JR 78 K Ge it
B BERT A5 S A 25 5, DN i 235 SR T v
3.4 NS FFE X

S Hh-1] W46 GEE T (UV-Vis) E ZEAR 5 NPs
FI WG IEBEIE NPs B AR & - NZ5 8, HITE 24
BRI R NPs ROSF ROk B ) £k 2 —. Kb
Me (0) NPs X 48 40 A 5 56 14V FH 6 2 BB - HL 2R 2
A, 774 R HIH UV-Vis £ 250~600 nm I K 3
P IEAT TS, 704388 75 I DU A2 44K Tio, I I
KN 325 nm, 99K TiO, # JE TE 5~40 mg/L 5 [F 4
55 R R R I WG A I R DA
T NPs 1 AT SRR, Chinnapongse L0 0 T g K
Ag B 4 402 nm, Bl 25 40K Ag (1) A1 58 ) g
SCEEAS /N, AN, UV=Vis AT LU o W07 AT 1) i
FE 1 0 AT 2 e i 118 58 A0 — ] DL S g i X3k A8 A 155
0, LA 2 99 K Ak LA LR A Ak S0 i 7 2 1 AR
b B S S AILER , Ho A FAE T B R 22 X R ok
TERFIE e
3.5 HMEBBREEETFHRILE

HL R A 45 B AR BT (ICP-MS) A& B LA Y

SR A Jm A oy vk TR B SRR . B
Z55CPE T Me(O)NPs Bt V& B2 19 & . {H ICP-MS
AR X B 0T 52 e PR 5 6 o v IR B2 Me (O ) NPs i
A7 HERR I 2 FNFRAE , o L IX 5y 42 J8 NPs 142 JE 2
T, ICP-MS & NPs I, NPs ¥ B i H J2 38 1 42 Jd
SR 5 R T A AR VR B Y 25 (A AR AS (R
AT A XS B 4 FERT AR AR IR bk R
T SP-ICP-MS, iX f: 5 Hi Degueldre 55> $ 1 , H T
VI3 T NPs A S ERIE %5 B R 5000 o A8
P, AEIE) 23 30T (TRA )RR SR AR PR (5 5,
AP HUA R [FT I 5 NPs BRS04 B e i o
A4 R A . (HSEBRAK AR T Me (O)NPs [ R 1E
SCHRHRTE A2, n] B 114 J5E PRI 52 2% 1) 7K A 45 ik ol
S SP=1CP-MS B & , H SP-1CP-MS Jo ik 21
E 7K PR 3 5T R B A ZE Y Me (O)NPs, I i 5 42
JBAE AT 5155 X Me (0) NPs R 246t IR AE 12 T
P B, EAE RS 40 B S AR T TA H SP-1CP-
MS B LA HERA FAE Me (O)NPs | FAARAS H BR— & 2
AR TS
3.6 RAUAFEFAIILE

DLS. NTA . TEM/SEM . UV-Vis, ICP-MS, SP-
ICP-MS [ AE AL B BAR S WL 3.

®3 SR (ENY)WRBAHRIERARELR

Tab.3 Comparison of various characterization techniques for Me(O)NPs

FEHA T st B .
ik ik 1 JSL B it
) 15 Me(O)NPs S BRIE | b AN HiLI) i per
Bk B H 7 X . A
DLS i ff R P T WA 2R 2% B O A S | (32)
mg R
PR
AR BRI O, -
Nra | RRE SORHIE O | 6 B 5 S (371
£ H R R mg/L
FERL JOIK G T
b H ey B LR T A
TENUSEM | J6 5 L2220 1B | S0 E0, 15 A R et | e B BORE AR e
" W, BT 22
mg/L
Fife TR JEIR o -
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