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Study on Nanoparticles in Yangtze Estuary
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Abstract: Filtration and crossH{low ultrafiltration (CFUF) was applied for the effective separation of NPs in the Yangtze Estuary. The
physiochemical properties of NP were characterized and their relationships with environmental factors were further studied in the present
study. The results show that NP size in Yangtze Estuary ranged from 69. 5 to 263. 5 nm with the average value of 157.3 nm and Zeta—potential
values ranged from —40.1 mV to 196.0 mV. NOC concentrations ranged from 0.3 mg/L to 1.5 mg/L and the average value was 0.7 mg/L.
NOC account for 5. 1% to 30.5% of DOC with an average of 16. 7% . The binding capacity of metals with NP in the Yangtze River Estuary
was in the order of Zn > Cu > total Cr >Co >Ni >Mn >Fe >Li >Al >B >K >Ba >Sr >Mg > Ca >Na which reveals that terrigenous input
may be the main source of NOC in the Yangtze River. The binding capacity of NP with trace metal is generally higher than the conventional
metallic element. There was no significant correlation between NP size and salinity DOC NOC SPM and Zeta-potential respectively.
Compared to NOC and UOC better correlation was investigated between DOC  salinity and NP bound trace metals.
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1
Table I Physical and chemical properties of water
A B C
/C 13.2 12.7 13.6 10.9 14.8 14.0
/%o 1.5 2.5 6.5 18.5 30.5 0.2
SPM /mgeL " 218. 1 219.8 352.2 298.9 108. 1 39.1
39.1 mg/L  108.1 mg/L A.B.C DOC
SPM
16
SPM vocC 3.0 ~4.0 mg/L 3.3
1 C SPM mg/L A.B.C uocC N
352.2 mg/L C uocC . NOC
0.3 ~1.5 mg/L 0.7
mg/L NOC DOC 5.1% ~
7 30.5% 16. 7% NP
A B
SPM 218.1 mg/L+ 219. 8 mg/L. NOC 2
2.2 B
2.2.1
DOC
NP 18 . Wells Kpkay »
NOC
R (%) >100% ; A B NOC
R(%) <100% NOC
2
2 2.3 NP
Table 2 Recovery of the crossflow ultrafiltration for all samples NP (atomic
- /mL;;(-)E" /ml\;(.)ﬁfl /mI:g(-)f" /Zo force microscopy AFM) ( transmission
A 2.8 40 s 5.0 109.7 electron microscope TEM) ('scanning
B 42.6 3.9 1.1 4.0 122.3 electron microscope SEM)
C 34.7 3.4 0.5 4.6 85.2 NP
47.5 2.8 0.3 2.8 110. 8
47.2 3.0 0.3 5.9 55.7 SEM
43.0 3.0 0.5 3.5 101.6 NP
2.3.1
2 55.7% ~ B 15.0 kV
122.3% 97.5% 6.0 mm x 100 k SE(U) 15.0 kV 6.0 mm x5.00 k
Guo " SF(U) 2
B NP
25 ~500 nm > 100
NP . nm NP NP /
2.2.2 NP (NOC)
2 2.3.2 Zeta—
DOC 2.8 ~5.9 mg/L ZetaPALS 6
4.3 mg/L B 3
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3

(a) 15.0kV, 60 mm X 100k SE (U) (b) 15.0kV, 6.0mm X 5.00k SF (U)

2 B NP
Fig.2 SEM images of NPs in water sample at site B
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Fig.3 Image of particle size by ZetaPALS
NP 2.4 NP
157.3 nm NP 2.4.1 NP
263.5 nm Cor )= € Y~ y IF F
69.5 nm. A.B.C F=V IV *. 3
NP 142. 4. NP NN
183.8. 112.9., 171. 4 nm. B 0.2 ~64.3 png/L NP
NN . NP
2.2 ~64.3 pg/L 31.4 pg/L NP
5.3 ~60.5 pg/L
NP Zeta— 26.4 pg/L N NP
196. 0 mV NP 0.2 ~2.1 pg/L 0.9 pg/L
Zeta— 107.6 mV NP 2.8 ~11.3 pg/L
-40.1 mV A.B.C 6.8 ng/L. NP
57.1.-29.5 81.1 mV. DLVO # > > > >
NP
Zeta— 104.3 pg/L NP
24.5 pg/L A.B.C
B NP B A C
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Table 3 Concentrations of NP bound normal metals/pg*L '
A B C
Na 17.1 33.1 60.5 5.3 32.0 10. 4 26. 4
K 29.5 16. 4 2.0 11.0 37.5 3.9 16.7
Ca 9.0 11.3 2.8 5.0 4.9 7.9 6.8
Mg 34.7 32.3 25.4 64.3 29.6 2.2 31.4
Ba 2.1 1.4 0.8 0.8 0.2 0.2 0.9
92.3 94.4 91.5 86.4 104.3 24.5 82.2
4 NP NN 1997 NP N 0.03 ~
NP N 0.26 pg/L 0.16 ~1.68 pg/L 7
NP 2005 NP N
0.1 ~11.8 pg/L NP 0.46 ~0.86 wg/L.2.06 ~8.24 pg/L
0.3 ~11.8 pg/L 3.9 NP
wg/L NP 0.3 ~1.7 pg/L 15.8 wg/L C
0.7 pg/L NP 0.1 A NP 10. 1 pg/Ls
~0.7 pg/L 0.4 pg/L NP 9.5 ug/L. B NP
0.1~0.9 pg/L 0.4 pg/L. 4 pg/L B
NP . 2 4.6 pg/Ly 6.7 pug/L.
4 NP D /pge L
Table 4  Concentrations of NP bound trace metals/pwg*L ™"
A B C
B 0.2 0.7 0.5 0.5 0.2 0.5 0.4
Sr 0.1 0.6 0.4 0.7 0.8 0.8 0.6
Al 0.3 0.2 0.7 0.7 0.4 0.2 0.4
Co 0.2 0.2 0.9 0.1 0.2 1.0 0.4
Cr 0.5 0.3 0.4 0.1 0.1 0.7 0.4
Cu 0.1 0.9 0.4 0.2 0.2 0.5 0.4
Fe 0.7 0.3 1.7 0.3 1.0 0.5 0.7
Li 0.2 — 1.3 0.6 0.4 — 0.6
Mn 0.1 0.2 0.5 0.2 0.3 1.2 0.4
Ni 0.6 0.2 0.5 0.3 0.4 0.5 0.4
Zn 6.4 0.3 .7 1.0 11.8 0.9 3.9
9.5 4.0 10. 1 4.6 15.8 6.7 8.45
1) “=”
2.4.2 Koo NP
K((‘/s) = Cnve ) / C¢ )
NP (c/s) K(v/s)
NP Ko K NP
NP N N
NP N
5 Ko NP
28
Kers e
Ky AR B Koy
NP > >
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5 K(c/s)
Table 5 Different K¢,y of metal elements
A B C
Na 0.0005 0.000 8 0.000 8 0.000 1 0.000 3 0.0017 0. 000 7
K 0.002 0 0.001 2 — 0.0103 0. 000 6 0.003 0 0.0029
Ca 0.0015 0.0019 0. 000 4 0.0013 0.0010 0.0023 0.001 4
Mg 0.003 2 0.0025 0.000 8 0.002 2 0.0013 0.002 2 0.002 0
Ba 0.0029 0.002 1 0.001 4 0.0059 0.002 2 0.0015 0.002 7
B 0. 000 2 0. 000 7 0. 000 2 0.002 1 0. 000 6 0.0377 0.006 9
Sr 0.003 3 0.002 4 0.0009 0.002 4 0.0019 0.003 0 0.0023
Al 0.0515 0.469 1 0.2570 0.3143 0.3011 0.0251 0.2364
Co 0.366 7 0.744 5 1.667 4 0.1635 0.1611 0.1027 0.5343
Cr 3.2757 0.398 8 0.6210 0.1880 0.2385 1.3818 1.017 3
Cu 0.3914 0.3499 1.4820 0.769 5 2.0928 1.190 6 1.046 0
Fe 0.5810 0.6263 0.2374 0.078 9 0.3337 0.490 2 0.3913
Li 0.2169 — 0.0411 0.188 1 0.6220 — 0.2670
Mn 0.878 0 0.2712 0.4623 0.1802 0.4277 0.1870 0.401 1
Ni 0.1426 0.078 1 0.2399 0.3570 0.545 4 1.3857 0.458 1
Zn 0.8621 0.508 3 3.5230 0.6500 8.429 4 0.4979 2.4118
6.779 5 3.4579 8.5354 2.9139 13.1595 5.3123 6.693 1
> > Wen » Zeta— pH .
NP NP
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Fig.4 Influence of aquatic environmental factors on NP physiochemical properties
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Fig.5 Influence of environmental factors on NP bound trace metal concentrations
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