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Abstract Batch adsorption studies were conducted to investigate virus adsorption onto four commercial nanoparticles of iron oxide as
affected by different background solutions using bacteriophage $pX174 as virus indicator. When artificial ground water was used the 4
studied nanoparticles showed high virus adsorption capacity among which a-Fe, 0, was the most effective with the adsorption percent
reaching 100% at low initial virus concentration i. e. 1E + 03 PFU mL™' . Virus adsorption results were described using the
Langmuir and Freundlich adsorption isotherms. The estimated adsorption parameters indicated the presence of multilayer adsorption and
favorable adsorption. The adsorption percentage by the studied nanoparticles increased with decreasing virus initial concentration. Our
results further showed that higher ionic strength of the background solution reduced the virus adsorption indicating that electrostatic
interaction likely dominated the virus adsorption. The presence of anions in the background solution reduced the virus adsorption
probably because of the competitive adsorption between the viruses and anions for sorption sites available among which HPO; ™ showed
more reduced than HCO; . On the other hand the presence of multivalent cations was favorable for virus adsorption with bivalent
cations e.g. Ca’” and Mg®*  showing more favorable than monovalent cations e.g. Na® and K* . Results of this study suggest
that nanoparticles of iron oxide may be potentially useful for virus removal from infecting water while other anions or cations in the
water should be considered.
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1.2
&X174 ATCC 13706B1
DNA SS DNA 23 nm pl
Langmuir Freundlich 6.6
15
Escherichia coli ATCC 13706
16 17
X174
$X174 Escherichia coli
American Type Culture Collection ATCC .
18
1 u » 15 19
1.1 18 @
4 2 0.1 mL 0.1 mL
a-Fe,0, 37°C 20 min @ @
y-Fe,0,-B
2 45°C
v-Fe,0,-N  Fe,0,
©) 20
99% 1. min 37°C GZP-
1 250A 5h @
Table 1  Characteristics of the nanoparticle of iron oxides -
1 1 10 ~ 300
Jnm /g /nm Plaque Forming Unit PFU
a-Fe, 0, 20 51,94 18.16 1.3
y-Fe, 0,-B 10 106. 95 11.04
y-Fe, 05-N 20 77.53 14. 66 2 PS1  Ps2 2
‘ Bl AGW 2,
ASAP2020
2 1
Table 2 Ionic composition and ionic strength of the background solutions
/mot L~ /mmok L'
PSt 0.163 Na,HPO, 20 NaCl 100 KCI 3
PS2 0. 002 Na,HPO, 0.25 NaCl 1.2 KCl 0.037
CS1 0.163 NaHCO; 60 NaCl 100 KCl 3
(0h7) 0. 002 NaHCO; 0.8 NaCl 1.2 KCI 0.037
AGW 0. 002 CaCl, 0.075 MgCl, 0.082 NaHCO; 1.5 KCI 0.051
1 0.1 mmol L™'  NaOH  HCI pH 7.5
1.4 4C
4 300 r min "' 3 h
AGW 4°C 10 000 r min " 20
10°PFU mL ™' min.
10* ~10"PFU mL ™' 5 4C
50 mL
2 mL O 08 g OL—FGZO3 y—FeZO3—B
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4 lgS = (L)x lge + lgh 4
n
5 3 Langmuir 4 Freundlich
S
10°PFU mL ™" 5 PFG g S,
10°PFU mL™'. 2 mL PFU ¢ ¢
50 mlL 0.08 g PFU mL™' & Freundlich 1/n
b Langmuir
2
3 3 2.1
AGW 4
1.5 3
R 9.23E +02 ~ 1.23E + 07 PFU mL ™'
S 4 R
’ 97 % a-Fe, 0, y-Fe,0,-N
R = c x 100% 1 999%
S= ¢ -c /M 2
Re ¢S % 10° PFU- mL "'
PFU mL ™' a-Fe, 0,
PFU mL ™'
PFU ¢g' M
g mL™' o
Langmuir  Freundlich S
17
10’PFU mL ™"
L + ! X L 3
S S, b S, ¢ 2.2
3
Table 3 Adsorption of $X174 on nanoparticle of iron oxides
co c R S o c R S
/PFU mL ™' /PFU mL ™! /% /PFU ¢! /PFU mL ™! /PFU mL ™" /% /PFU ¢!
a-Fe,0, y-Fe,0,-B
1. 16E +03 ND' 100 9.23E +02 1.67 +2.36 99.80 £0.29  2.06+0.00 E +04
1. 14F +04 1.25 99.99 +0. 01 .47 £0.63 E +05 9. 60F +03 86.7 +9.43 99.21£0.09  2.73%0.01 E +05
1.97E +05 1.94£0.42 E+02  99.79 £0. 04 .82£2.43 E+06 4.93E +04 7.37£0.85 E+02  98.39£0.02  1.130.15 E+06
8.92E +06 6.73£0.02 E+04  99.43 £0.02 .62£0.07 E +07 9.24E +05 1.76 £0.40 E+04 97.670.53  1.67£0.09 E +07
1. 14E +07 1.87£0.51 E+05  99.54 £0. 10 .00 £0.05 E +09 1. 39E +06 1.86 £0.51 E+04 98.66+0.04 3.43£1.05 E+07
v-Fe,05-N Fe,0,
1.97E +03 1.67 £2.89 99.97 +0. 15 .85£0.00 E +04 1.97E +03 2.22+1.92 99.89 0.1  4.84£0.00 E +04
1.97E +04 42.22£13.88 99.62 0. 13 .78 £0.03 E +05 1.97E +04 2.02£0.80 E+02 98.19£0.70  2.740.02 E +05
1.97F +05 7.27+2.31 E+02  99.31£0.23 .59£0.17 E+06 1.97E +05 1.45+0.08 E+03 98.66+0.08 2.58+0.17 E+06
1. 85E +06 7.00£2.83 E+03  99.33 £0.22 .57£0.19 E +07 1. 85E +06 4.50£0.71 E+03  99.57+0.04  2.58+0.19 E +07
1.23E +07 6.73£0.02 E+04  99.45 £0.01 .06 +0.08 E +08 1.23E +07 3.83£0.10 E+05 96.89£0.13  2.98+0.83 E +08

1 ND
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3 4 3 2
4
AGW Langmuir  Freundlich Langmuir r*>0.99
4. 2.2.1 Langmuir
4
Table 4 Equilibrium adsorption equations of $X174 to nanoparticle of iron oxides
Langmuir Freundlich
S b Ky 1/n 2
a-Fe, 0, 1. 00E + 08 1. 11E-04 0.999 9 1. 65E + 04 0.898 6 0.964 8
y-Fe, 05-B 1. 00E +07 3.33E-04 0.999 7 1. 03E + 04 0.756 6 0.9758
Fe; 0, 1. 00E + 07 1.43E-03 0.999 8 1. 92E + 04 0.762 1 0.9759
y-Fe, 0;-N 1. 67E +07 6. 00E-04 0.9979 1.20E + 04 0.8357 0.9247
Langmuir S,
S. 3 a-Fe,0, > y-Fe,0,-N >
a-Fe,0, Fe,0, = y-Fe,0,-B a-Fe, 0,
1.0E + 09 PFU- g 1.0E + 08
g_l 3 N 1.0E + 08 PFU g_l PFU vy-Fe,0,-B Fe,O,
4 . Marylynn Langmuir g 1.0E +07 PFU
S, y-Fe,0,-B
a-Fe, 0, 1
S
b 3 2.2.2 Freundlich
. 2
o Langmuir R, 4 r
spearation factor Freundlich
equilibrium parameter > 5 . Freundlich
5. K
1 K
R, = —-— 5
‘ 1 + be, * 4 K
R, 0~1 4 1. OE + 04
favorable adsorption Fe,0, > a-Fe,0, > y-Fe,0,-N >
4 v-Fe,0,-B. Langmuir Fe,0,
R, 1
1.85E + 06 PFU mL ™' Fe, 0,
5 R,
Table 5 Distribution factor or equilibrium parameter R, for $X174 adsorption to nanoparticle of iron oxides
a- Fe, 0, y- Fe, 0;-B y-Fe, 0;-N Fe;0,
¢o/PFU mL ™! R, ¢o/PFU mL ™! R, ¢o/PFU mL ™! R, ¢o/PFU mL ™! R,
1.16E +03 0.8858 9.23E +02 0.764 7 1.97E + 03 0.4583 1.97E +03 0.2622
1. 14E + 04 0.4412 9. 60E +03 0.2381 1.97E + 04 0.078 0 1.97E + 04 0.0343
1.97E +05 0.0437 4.93E +04 0.057 4 1.97E +05 0.008 4 1.97E +05 0.003 5
8.92E +06 0.001 0 9.24E +05 0.003 2 1. 85E + 06 0. 000 1 1.23E +07 0. 000 1
1. 14E + 07 0. 000 8 1.39E + 06 0.002 2 1.23E +07 0.0009 1.85E +06 0. 000 4




20 27

y-Fe,0,-B 90.95% 63.53%
HPO; "
HCO,
CS2  PS2
2

PS2
CS2.

4 987
99. 57% 3 1E +03
Freundlich PFU mL ™' 4
1
? = £cifl 6
oo 2.3
dSs/d
‘ 6
a-Fe, 0,
6 Freundlich
v-Fe,0,-B
1/n>1 dS/dc c
“ ” 2
1/n
pPS2 PS1  «-Fe,O,
<1 2V
25 R 96. 52% 62.34%
4 Freundlich 1/n 34.18 y-Fe,0;-B
a-Fe,0, Fe,0, y-Fe,0,-N y-Fe,0,-B 4 33.91 97.44%
1/n<1 4 63.53%
Cs2  CS1 2
4 R 2 8
R
6 2 !
Table 6  Effects of different background solutions on virus adsorption by a-Fe, 05 and y-Fe, O;-B nano-materials
a-Fe, 0, v-Fe, 0;-B
¢o/PFU mL ™! R/% ¢o/PFU mL ™! R/%

PS1 1.53E + 06 62.34 £0.26a PS1 1. 60E + 06 63.53 +2.00a

PS2 1.53E + 06 96.52 £1.05b PS2 1. 60E + 06 97.44 +0.23b

CS1 1.53E +06 96.01 £0.05¢ CS1 1. 60E + 06 90.95 +2. 14¢

CS2 1.53E + 06 98.01 £0.12d CS2 1. 60E + 06 99.20 +0.10d

AGW 1.53E + 06 99.20 +0.08d AGW 1. 60E + 06 99.55 +0.03d

LSDy o5 n=3
Stumm %
outer-sphere
inner-sphere
6 CSI PS1
a-Fe,0, 96. 01% 62.34%
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203 AGW CS2
PS2 3
AGW CS2  PS2
CaZ +
MgZ +
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3
1 4
100% . Langmuir
Freundlich 4
favorable
adsorption
2
HPO;~
HCO,
CaZ + Mg2 +
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