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SUMMARY

(4 & 9 o B
I. Title

Study on redox reactions between organic pollutants and heavy metals in
the West Antarctic

II. Purpose and Necessity of R&D

We want to investigate the redox reactions between organic pollutants and
heavy metals in ice to predict the types and concentrations of matters
discharged by ice shelf collapse. This study can provide information
required to develop the climate change prediction program.

III. Contents and Extent of R&D

1. Study on redox reactions between phenolic pollutants/chromate in ice
- Investigation of concentration change in ice under various conditions
2. Study on redox reactions between organic acids/ferrous ions in ice
- Investigation of hydroxyl radical production and phenolic pollutants
degradation in ice under various conditions

IV. R&D Results

1. Investigations on the redox conversion rate of phenolic pollutants and
chromate in ice and its mechanism.

2. Investigations on the redox conversion rate of organic acids and
ferrous ions in ice, the production mechanism of hydroxyl radical, and
its effect on the degradation of phenolic pollutants

V. Application Plans of R&D Results

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

2. Methods and theories developed through this study can be applied to
the studies on redox reactions between various organic/inorganic
pollutants and heavy metals in ice.
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A2 =2 Jleie 2%

9 B Osaka Prefecture University, Norimichi Takenaka 5 18, d2o|A o}
Aard ol atst £x7h BolM Bl 1078 wEHvE AL ®Hustgh ol &9
o] o= HAdA dF AA FHo EAst= F-HAT st (oFEAd,
Faole, Ar)Ee] FHHUA HA (5ERFEFHE), FFEHY s FTIHE of
71gtom A getEd ke Ats) - 39l WS S EUF FAFEHAY] "ol (1Y 3)

Decreasing Temperature

a9 3 Aol FgE obdatd e Ak mAYS (FdEsaE

v)=r Villanova University, Amanda M. Grannas X5 I3&, Q-golA]
p-nitroanisole®} pyridine®] #3}st WS LE7L EoA BTl Hu 408] Wb
e RS Bastdnt [6]l E=d =4 Ho diolA && Ad fUl=E
(Dissolved natural organic matter)] 33} wkg-o 293t AFEArA AL 2
olel o] &t aldrin 37} 10008] W= A Y= At [6]. o2t AFolA] FAH
Fetel Nhg S d3oly v 54, 2%, vg 549 FF

Lol wet Zpol7k de& sk (2' 4).

OMe e
hv
+ CeHsN — +NO,
NO,

CeHN"

o v - =
=

Enhanced !0,

0o
in liquid-like regions of ice 10wtz
s
and snow B
3
Impacts on: pollutant fate? i I
L

halogen activation?
aerosol chemistry?

(sRPALmg Lt

4., A& A FAE p-nitroanisole?} pyridineo] 33} & 2 &

N

A
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., Masaryk University, Petr Klan 1.5 713, 1,1-diphenylethylene
S0 2 <2l3t benzophenone® Aol EoA HTF = FHo|A Wiz
Eié}oiﬂr Eo] o= A A 1,1-diphenylethylene< = ¥Wol| F=% L,
webd g7l e eEF] whgo] FFEH. A ¥U|FY 2LFY v&
7} ZOpprOE],E %6}?4_ A ¥o| A 1,1-diphenylethylene®] ¥H77]&= 54US
AN (18 5) (71,

O
O3
2
artificial snow

a9 5. = ¥l A 1,1-diphenylethylene® 2 &2] HF-S-0 = <213+ henzophenone?]

RS

A
ul
<

- dX  Tokyo Institute of Technology, Tetsuo Okada 15 L&, ULor]9

fluorescein diacetate®] 7FFits] Wkg-o] w=ollA Buh wopzivke= A& Haskd
t}. fluorescein diacetate™ Z}ial HEL-o 9]a) fluorescein® = W3t} o] & A

HekE fluorescein®] FFS DdolA S48kl AHAA Ao 4
=33 2 fluorescein diacetate®] 7FFEe] WAYZSS AAEAT (29 6)
[8].

WPl in 7.5 m MLiCl- dopedhe

nlensty a.u

e hine

15 min

tme | 107 sac

a9 6. =3 4S9 A fluorescein diacetate?] 7FrFiEsi= A% fluorescein?

_‘]2_
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Lol EoA HT} wWETE A
ok ol= Age A Ao H

ojp Mo

Az LAEEdS d5 WelA #F3tsh whgol o3 2 =Ado] &2 coupling
(diphenolic) product® W&¥ . B E ot [9]. AT Hl=A4 &

= 67F o] &2 d5AtelAe] Abst e Sl Wkl ofaf =Ado] v

(B #7143 35 371 ooz HEEHAY. ol FALH FEZFAA 4
Aues HEA L9EZFH IF 671 o229 AAdFH 54 AP g g
HAYES A A g

.

i

of & HFS AL Qi stolERA S A
Sl Fopukgol oa] webd o 9lee AA@Th £H, Sol=24 B w
gl g3 FAY 7] LGEBAEe] Mm2A AP & dvh: A2 A4
2 wtE "M 98] 2 AT A% F F AUvh
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- 67 AEd 4-FrRA s sEE BE 20uMe AHEET 67F A5 482

2HES EFe A2 (HCIONT FAstUER (NaOH)2 2 %7] pHE A
Aatsich o] EFE 9% IUZ FH (5mL)e] FRL AL FE& =3 5
Zo] nANA AAG Lx (BE -200)2 IZAAAGY. 939 AZH  (time
zero)> IYUZ FEHE AL g2 £3 o ¥ £S1Ho=E AT vkgo] &
W 5 eAE AR veF (3BT ol HAh Aol Ao whee e Wy
o® FYUZ FH Fdata AL (¢F 25T)dA sttt

- 67} 229 »rE ydd7tapatel = (DPC; Diphenylcarbazide) S o] 83}
A5 T. RQA-THAlEGA S B3 Al (UV-visible  spectrophotometer,
Shimadzu UV-2600)E °¢]&3l4 540 nmolA FF =5 SAHSY 67F 259 &
EE Hgsan 42229 4 e 9B sEE 1S A aARvE
22§39 (HPLC; high performance liquid chromatography, Agilent 1120)& ©]-&
sto] EAEEATE ol 2] d-7AlFA HE7](UV-visible detector)7} AH&-5] 21
ow, EA gAY FFEE S w25 A A7 ZORBAX
300SB C-18 2% (46 mm x 150 mm)S ol &l om, 2oL 01% A4HE
ol (phosphoric acid solution)¥} o}A|E o] EZ (acetonitrile)S 80:209] F-yH| =2
AH-&-SF AT

2. A4 ue % A

7hoogat Agabel Al 671 AFI} 4-2mmsErie] Absh e $el vk

- 67} 2B} 4-FEEdne] £F $9 BANAL A5, 671 AFY B 4
Feedse B/t M dolg AL FAF F dnh AW, £F A%
FA%A @AY, 7 BANS FAG AfelE AA wgol dojupd ggn
(17 7). 67} 2B} 4-FREAE EF S92 FAHA HW g0l A
duk 71 golel 9, 64 28, 4 FREAS o helee) AT AY 4
of EAste A FHHA Aok webd F-AFel EAste 6 28
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I 4-SFREAEY FRIF FUbeta, FA029 Fk HEI Frbste]l pHIF #HA
stA ot olef o] Wyztel o3 F-HA|Fel 67} i%, 4-2 225 24 4
ool FHHE A3 4 FREABZYY 671 AFow A4t A8 dgPo
24 67} 289 B9 R 4-FdE Ba wgol ERHoR dojy 9
i (b)
20 * 7 A 20
—o— water (4-CP) s '  SE— H *
= —m— ice (4-CP) , 2 = . .
= —A— ice (without Cr(V1)) (4-CP) - PR
= —7— ice (HQ) =<C— ice (BQ) oM — B ice
O 10| {2 = > 10l —&— ice (without 4-CP)
} © o et
= g S
5| o e 5t
O L L 0 O L L
0 1 2 3 4 0 1 2 3 4
Reaction time (h) Reaction time (h)
~ 150f (c) : ! ~ |@
‘o P S =]
—_ 156 /* I — 12 L —&— 4-hydroxyphenylbenzoquinone
; A~"@— maleic acid and fumaric acid ; RS iy baheny!
C —— 1,24 5-tetrahydroxybenzene| S gl
3 0r . —&— 4-chlorocatechol a
s | &1 —w— tetroquinone 8,
T ool o 6t
o o
[3+] [3+]
5 30} w 3f
@ @
o o
0 i 0

Reaction time (h)

Reaction time (h)

Iy 7. (a-b) N dFdelMel 678 AFE 4-FREM =] 4kt 29l whe
A (c-d) 53l 4-F2rdEe] Bz 44He HiIe

U gd 28 2718 Ao 67 g 4-F2 295 s 39wl

%

- 4-FREAEY RV dAE 9 67F AF] 7] 7Y v=E UM wEt
4-S 22z FeFel Srbsklth B, 67F Awe w7 dAE 9 4-5
zudse] 27 794 55 S7AHC b fdE 67F A5 Fol S8k
o S, 4-F 224 E] ZelE g 67F Amel fdd e M2 7] wE)
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[4-CP] (uM)

[4-CP] (uM)

19
Lq_a
el

e

[ @ (d)
08— o o 8 N a A
- pH,=2 =
15 L —@ pH;=3 —— pH, =45 = 15|
—h— pH;=4 —G— PH,=5 3
10 2 10+
S
5k 5@ pH=2
—- PH;=3 —y— pH;=45
& pH=4 @ pH=5
O O 1 1 1
0 0 1 2 3 4
Reaction time (h) Reaction time (h)
204 .
- - 2
= 451 —h— -
> 10l
Z.10
o,
5 i :
L ! L 0 L L L
0 1 2 3 4 0 1 2 3 4
Reaction time (h) Reaction time (h)

8 (a) 67} A& ¥ WE 4-F22d 9 23 (b) 4-F=22¥ =%

67F &2 29, (c) pHol W& 4-F2 299 A3} (d) pHoll W&
9 (o) BHALT WE 4-FEE2HEY A3 (f) $Z22x0 e
Gl

_16_

wol A5 AATE AL & 5 Atk 8 $99) 27] pHE 5 vwon =
e W BRAO 67h 2B B} 4-FRudEe B} Qg &
Stk R, dubHow 7] pHE WA 2d 4= 67F A5 @99 4-FER
iz 37 % 2d4ds & F Ak 67F 259 $dH 4-SEETH =9
wale A% 2790 -10C WA -30CAA 2% godon APHA S5 &
©7h a4 67 age) 893 4Feedne Bt w2 AT (2
g 8).

| (@) e [crvil=5uM  —— [Cr(VIY, = 40uM ‘ (b) _¢ acri=5uM —y— [4CP1=40uM

200, - [Cr(VI)};= 10 M —g— [Cr(VI)], = 80 M 200y g [4-CPL=10uM  —g— [4CP}=80uM

—— [CrVI), =20 uM — — [Cr(VI)], = 160 uM 1, D s [4-CPL=20uM — — [4-CP] =160 M

=} =
5 =
B S

59
67} =
67F =



U
%

HCrY'O,~ + 34-CP) + 7TH" — Cr’’+3(4-CP*") + 4H,0
E = 055 - 0.14pH + 0.02log([HCr'O4 VICr*']) + 0.06log([4-CP)/[4-CP*'])

- EAXZFI 93 67F AET} 4- EEEJ‘“ Ztel Absl e 3k wbg AFS S
7] 98l nx w9 67F AE/ pHOH/HA A-F2E2H s E39t 1xEo
tt (29 9)

4-F22ds/ ke pHAA Y 67 A B9 APl FH5e
PHY SR2E A% @) 2854 4 FR AN 33 22
o) =

E] =
ol % 67F o] U ol aafs& sk A gaeld B 6 2 42

(@) (b)
20 20 -
= 5] —#-pH, =35 = 45
2 m pH, =05 ==
S ol = 10t
& S
5t 5t
@ [4-CP], = 20 pM, [Cr(VD)], = 20 uM @ [4-CP]. = 20 uM, [Cr(VI)], = 20 uM
0 : : 0 :
0 1 2 3 4 0 1 2 3 4
Reaction time (h) Reaction time (h)
(c)
20 b
% 15 %:
T =
[E] —@— [Cr(VI)],= 20 uM g, 10 + —8— [4-CPJ,=20pM
pu o —a— [Cr(VI)];= 2 mM o —m— [4-CP;=2mM
5 5t
@ pH, =05, [4-CP], =20 uM @ pH, =05, [Cr(VI)] =20 uM
0 . : : 0 . . .
0 1 2 3 4 0 1 2 3 4
Reaction time (h) Reaction time (h)

9. AN (a) 4-FE2ZH = Falfel tig pH Az 23, (b) 67F 25 &
Aol gk pH A7 &3, (o) 4-F2=2H = Eald d3 pH A7/67F 25 5% <
7F 23, (d) 67F A5 ol ek pH A/4-S22ds & S7F 23
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- OFE AEA e dRAR 67 2% 9 A B W £EE A4 Ay
oA wastelch W7 edwAe FRol weh 671 AFIe A He W
Sxo] Abel7} giglon), Aol AHgE BE dEA edmdel sl Qg
Aol sE7 eAwAT 2% 67 ol exke] Absh - Bl W FET el n
o A WY (E 1),

® L A dedelA 30% sk At HlEA SHdEAY SdE 67 AF9Y
e
concentration  of phenolic concentration  of Cr(VI)
type? pollutant oxidized (nM) reduced (uM)
water ice water ice
1-CP db 14.8(20.3) nd. 10.6(20.3)
p nd. 15.9(0.5) n.d. 16.0(0.8)
4-BP nd. 15.0(0.2) n.d. 10.7(0.2)
2-CP nd. 9.1(+1.0) n.d. 9.5(£1.2)
2,4-DCP n.d. 8.6(£1.2) n.d. 5.4(£0.7)
BPA . 75(0.7) n.d. 14.0(+0.6)

4 4-CP: 4-chlorophenol, P: phenol, 4-BP: 4-bromophenol, 2-CP: 2-chlorophenol,
2,4-DCP: 2 4-dichlorophenol, and BPA: bisphenol A.

> Not determined due to very low value.

b, AA A & 67 25 422 =Y A} - gk v

2
s,

-4 |+ & 67 A7 4-F 22 =7 4bs e 39 Wb SEE AT I
el A wlaskeh AA H R & 67} AET 4-F22H =7 4te) e g9 TS
HA] A oﬂmd_t} Aedoll A &4 waEA FYHA 53], 67F AF TF T
F (A7=w #AF)e 67F A5 o9l B2 4o aFol2d FrIEsdEs It
3 9L = %?6}1 AREL 67 2B 4-FE2H 571 A 39 vg
Lo A9 JIF& FA skt <181 10). ol& 4-F2 2953 671 ZE7H9
WhgAdol -2 22 s o a&50l2 e 67F A5 & frlEdE w
2= S onsh
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(a) (b)
20 —@— deionized water
—l— electroplating wastewater

20 —@— deionized water
—l— electroplating wastewater

[4-CP] (uM)
[Cr(VD] (uM)

0 1 2 3 4

Reaction time (h) Reaction time (h)

10, 2559 715 A5AAel (@) 4 2=2sEe] Aste} (b) 671 2F )

A 2 42 oA f7)Atzt E 27} o] 27te] 4t} ¥

9 Bg A7

14384 A2 4y

- 27} A o], $AL, 4-2R2HEe FEE BE 100 uM, 500 uM, 10 pML A
£tk 278 A o], Sk 4-FREHES E¢sta B2 (HCIO)Y
U EE (NaOH) O = = ¥ gde Uz B

=2
(16mL)oll FY&tar A a& £33 Fxo nAGAA A3

S} 25 (H% -207)
2 WA AT vk3-o] AJZAE (time zero)S ZYZ FHE A2 32 £3 %
of Yo £7tog Yt Whgo]l #d T FAE Alge v (350)d ¥
ST Ao e dbge e Ww oz IYUZ FHo| FYsta A2 (oF 2

- 4-FEEHEY Fiv 1% A A=ZrtETH Y (HPLC, high performance
liquid chromatography, Agilent 1120)E o]&3}o] =23} th o] =pL]A-7}A]
FA HZE7](UV-visible detector)”} AF&F o™ 228 nmolA e FHdE=E =A
st FEE AHASIA T ZH-S& ZORBAX 300SB C-18 Z¥ (46 mm x 150
mm)S o] &3t on, &N 0.1% <A4HEY (phosphoric acid solution)@} o}

M EUo]EH (acetonitrile) S 80:209] F3H] = AM&-3}3A T}
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- OH #tvZeo] A= OH etvZ3 Fwkd (coumarin)©] ¥H&-ato] A Fn}
d-0OH K IHE (coumarin-OH adduct) %! 7-3to]| =5 A Fud
(7-hydroxycoumarin)¢] %W &3l 3
intensity) & SA3¢oZH A E AT

v 7}% (fluorescence emission

> e o

B8 FA (spectrofluorometer, Shimadzu
RF-5301)E &3t YAtE & 332 nme] @apg8 W& 7-slo|=F A Fnfddo]

o
o
Z3te @9 wE 4 EE 460 nmoll A A H A

o

2. A4 ue % 2

N

7. ot dgakel el 27b A ol e S AAt MakAle] o % OH eht]Z WA

- 27F & o] (Fe*)3t A%t (oxalate)o] e Z7olA 271 2 o] & Aty
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