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Investigation of chemical self-purification processes

in ice and their application for water treatment
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I. Title

Investigation of chemical self-purification processes in ice and their

application for water treatment

[l. Purpose and Necessity of R&D

We want to investigate the chemical self-purification processes in ice
and apply them to water treatment.

IIl. Contents and Extent of R&D

1. Study on the removal of pollutants through redox reactions between
pollutants in ice
- Finding of the enhanced redox reactions between pollutants in ice

- Investigation of removal rate of pollutants in ice under various
conditions
— Investigation of removal mechanism of pollutants in ice

2. Study on the generation of reactive oxygen species (ROS) through redox
reactions in ice and ROS-mediated degradation of pollutants
- Finding of the enhanced generation of ROS (hydroxyl radical,
superoxide radical, and etc.) and ROS-mediated degradation of
pollutants in ice

- Investigation of removal rate of pollutants in ice under various
conditions
- Investigation of removal mechanism of pollutants in ice

IV. R&D Results

1. Finding of the method for the degradation of organic pollutants using



periodate and freezing, investigation of removal rate of pollutants in
ice under various conditions, and investigation of removal mechanism of
pollutants in ice

2. Finding of the method for the degradation of organic pollutants using
peroxymonosulfate and freezing, investigation of removal rate of
pollutants in ice under various conditions, and investigation of removal
mechanism of pollutants in ice

3. Finding of the generation of molecular iodine through chemical
reaction between iodate and nitrite, investigation of generation rate of
molecular 1odine in ice under various conditions, and investigation of
generation mechanism of molecular iodine in ice

4. Finding of the generation of hypochlorous acid through chemical
reaction between peroxymonosulfate and chloride in ice and hypochlorous
acid-mediated degradation of pollutants, investigation of removal rate of
pollutants in ice under various conditions, and investigation of removal
mechanism of pollutants in ice

5. Finding of the enhanced generation of hydroxyl radical through
chemical reaction among ferrous ion, oxalate, and oxygen and hydroxyl
radical-mediated degradation of pollutants in ice, long term monitoring
of pollutant degradation through chemical reactions among ferrous ion,
various organic compounds, and oxygen, investigation of degradation

products in ice

V. Application Plans of R&D Results

1. Chemical self-purification processes in 1ice can provide useful
information about pollutants behavior and climate change prediction in
polar regions

2. Our research group can become a world leading group in the field of
chemical self-purification processes in ice based on methods and theories
developed through this study

3. This study can be published in high-impact factor journal

4. This study can be applied to the development of freezing system for
wastewater treatment

5. Economic benefits through core technologies and patents securing and

technology transfer
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fce crystal

Aggrégatedthematie (oFa;0, )
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lee crystal
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7}, Nanyang Technological University, Yan Zhou 5 18, TZ4A] ol&xk
(nitrite)ol] ©] gk FEA ] &1}l sulfamethoxazole®] w3)7F w43 webxick
AL HastHrh o= &do] o AAgA A5 A FH A=

ol A Zof 3}etEA (ofFAA, F40]2, sulfamethoxazole)E°] &
FAEEFaT), o5 E3 free radicale]l Aol 243 75ty W
4} sulfamethoxazole®] #3lE T3] A= gt &3 A= F

LC-ESI-MS &4< 3l 3t (24 6) [6].
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A 7}%, Nanyang Technological University, Yan Zhou 4 18, %
o (nitrite)oll 28] <A o] L =9} 8o FAS Zvlsitts=

£ g e

Atk w2 ofdAbde o &EHA && g
(295 mg/g — 488 mg/g), 4 %9 T4 £ LA 9 gl 2
nit= AS AF8S T8 sk shA R, A gst 3

&Y= ekt [7].
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v]=r Villanova University, Amanda M. Grannas 15 13, Y-S0l A
p-nitroanisole¥} pyridine®] #3}st Wk L7} EoA ®HTE FHo 408 b
g AS Baustdrt (8l Ed EdA HT oA & Ad fUE
(dissolved natural organic matter)2] 33}3} WkES-o 9st AdFgika YA A
olo] 9]t aldrin &3l7F 10008 W2 A = AT [9]. o]edt Aol A A=
Bt BhS e ooy w9 54, &5 ve EHo F/

Lol wet zol7k e tHekdh (2" 7).

OMe Me A
hv
+ CgHsN —— 4+ N0,
NGo Enhanced 0, B

CHN'

and snow Fro0 |
3

Impacts on: pollutantfate?
halogen activation?
aerosol chemistry? 10015 |

in liquid-like regions of ice 10wz | [ i

N

7. d5olA A ponitroanisoled}t pyridinee] #3}E whg 2 &FE AA
£ F3e A dFgita A4

(¢}

A3, Masaryk University, Petr Klan 2.5~ 153, 1,1-diphenylethylene¥} <2 <&9]
HE-S3-0 2 213l benzophenone?] Aol EoA Ht} v FHAA Wl A
S ®HuERrh Eo] o= A A 1,1-diphenylethylened i+ ZHo] =5 1L
A Tl e &R wkgo] FFET FAW FUIFY 2FEY vk
7} 20ppbvel & ey sbH AWkl A 1,1-diphenylethylene®] ®¥H77]|&= 54 UdS
AA st (7L¥ 8) [101.
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artificial snow

a9 8 ™ XA 1,1-diphenylethylene¥ 2.&9] W3 =& <213l henzophenone?]

R

- 94X Tokyo Institute of Technology, Tetsuo Okada W4 135, €SoA
fluorescein diacetate®] 7hit3l] Whgo] EojA] HT @}t AS
o}, fluorescein diacetate™ 7Fit3ll WHg-o 93] fluoresceino = Wt} o€
H3E fluorescein® 4SS LA A =Ast] ZFH Al 24
%83 9 fluorescein diacetate®] 7} WAUSES A A
[11].
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WPI in 7.5 m ML1Cl-doped ice

bulk solunon

4 | ; 3MLiCt
y

rehine ntensty au

15 min 100 pm

- B A= B2 =AY (periodate)/FH2EE Y 34 (peroxymonosulfate) 7}
TAS o] 83 fU] L9EH Ha WS wEsty, Ay 2o wE odEA
AA FEE FA4s9oH, d5Udare o9& AA dAYUSES FHsATH
ol MEL A8 WHoR FAWIAA 245 o83 374 2dE" AA
A& 7hs st

- 3 Aol A FAak3tA A (peroxymonosulfate) ¥ G 4o0]2 (chloride)7+9]
3}etrS-o 93k dlo] £ A AF (hypochlorous acid) A4 2 olo] 93t o dE&E=A
walE wEetal, AF 2o mE odEH AlA £EE SAHSReH, Eoul
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RS gt dsA 2dE4d 2 28 F4E9 w%% UV-visible detector
7} #2H high-performance liquid chromatography (HPLC, Agilent 1220)5 A}
&35t AT F7] L9dELY AR AALAE COY ¥FE& gas
chromatography (Agilent 7820B)& Al-&3to] SA o 5 F 7184 (total
organic carbon, TOC)9] &%+ nondispersive infrared sensor (NDIR)”7} %2
TOC analyzer (Shimadzu TOC-Vesp)Z o] 83t =A%t} o] 29 %%E jon
chromatography (IC, Dionex ICS-1100)& Al-&3te] =A3t} 359 &
ukAlH o] 7| Hk3le] UV —visible spectrophotometer (Shimadzu UV-2600) %
3t A Y inductively coupled plasma-optical emission spectroscopy (ICP-OES,
Thermo iCAP 6300 Duo)& Ab&-3ate] FA et (24 10).
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Reaction time (h)

a9 11,

ol A e (a) iz

41 1)

10, + 2H' + 2 — 105 + H,O, £ ° = 1623 Vus
HsIOg + H + 2¢ — 105 + 3H,0, £ ° = 1.601 Vyug

(21 2)

(4} 3)

E Y 1085 VNHE
I0; + 6H" + 5e — 05, + 3H,0, £ ° = 1.195 Vg
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20t —

= 15 |
2
E —&— [10,]=100uM and pH = 3.0 (water) r
& 10 —- [10,]=10 mM and pH = 3.0 (water)
- — [10,]1=100pM and pH = 1.0 (water)

5 —— [10,]=10mM and pH = 1.0 (water)

—— [10,]1=100uM and pH = 3.0 (freezing)
O Ty

1

EN'o!

2 3
Reaction time (h)

0% 14, gl A T osade] BE Z7h @ pH A7l wE HEy dmg ¥

g
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- Inorganic periodate (I0; ) has been used for the oxidation of various organic
compounds, such as polysaccharides, alginates, amino compounds, and phenolic
compounds. However, the application of 10, as a chemical oxidant for water
treatment is limited because the 10, -mediated oxidation process is usually
very slow. To enhance the oxidation ability of 104, a variety of techniques
for 10, activation have been employed including a UV/IO; system, an
ultrasound/IO,  system, a bimetallic nanoparticle/I0O; system, and a KOH/IO,
~ system. Short wavelength UV (A < 266 nm) or ultrasound irradiation of
I0; generates powerful oxidants such as iodyl (IO3) and hydroxyl (OH)
radicals. The presence of bimetallic nanoparticles (Fe’/Ni or Fe’/Cu) converts
104~ to 103 directly or indirectly through the formation of H'. The reaction
between 10, and OH produces reactive oxygen species (ROS) such as the
superoxide radical (O, ) and singlet oxygen ('0Q,). The activation of IOs
generates powerful oxidants such as IOs;, ‘OH, Oy, and 'O, which facilitates
the application of 10, for water treatment by increasing the degradation rate

of aquatic pollutants.
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- Reactive iodine species, such as atomic iodine (I), molecular iodine (I»), iodine
monoxide (IO), iodine dioxide (OIO), and hypoiodous acid (HOI), play
important roles in the tropospheric ozone (Os3) depletion and atmospheric new
particle formation in the polar regions. I atoms rapidly react with O3 to form
I0 I+ 03 — I0 + Oy), OIO IO + I0 — I + 0I0), and HOI (I0 + HOy; —
HOI + O9), which also initiate various tropospheric Os depletion cycles. In
addition, IO and OIO induce the formation of iodine oxides (e.g., I,Os 1,0y,
and I,Os) that polymerize to form iodine oxide particles (diameter = 3 -10

nm), which serve as a cloud condensation nuclei.

- The major origin of atmospheric I atoms is the photolysis of organic iodine
(e.g., CHsl and CH:l,) and I biologically generated from marine algae (e.g.,
seaweeds, phytoplankton, and polar microalgae) (CH3l + hv — CHs + I and I»

+ hv — 2I). Organic iodine is produced mainly by marine algae containing I~
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and organic matters through the enzyme-induced methylation of I~ and
enzyme/H>Os,—mediated oxidation of I . The oxidation of I~ by hydrogen
peroxide (H>O2) in the cell apoplast of algae produces I through the formation
of HOI (I" + HO, — HOI + OH; HOI + I + H — I, + HxO). Although
biological processes are regarded as the main route for the production of
organic iodine and I, abiotic production routes are also required to explain the
total atmospheric iodine budget. A few studies have suggested abiotic
mechanisms for the production of organic iodine and I,. For example, I> can
be produced on the ocean surface through photochemical (41" + O, + 2H,O +
hv — 2L, + 4O0H ) and chemical reactions (I' + O3 + H — HOI + O, HOI +
I + H — I, + HO). In addition, reactions between methyl radicals
(generated from the photolysis of humic substances) and I atoms (generated
from the oxidation of I by photochemically generated oxidants) and between
I,/HOI (generated from chemical and photochemical reactions) and dissolved

organic matter contribute to the formation of organic iodine.
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