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Figure 1 Schematic models of Zn-Cu(111) surfaces including steps. At
Zn coverage below 1ML, the Zn-Cu surface alloy is formed
through atomic substitution of Zn for surface Cu atoms. After
that, Zn overlayers are deposited on the surface alloy in the
3D island growth manner at Zn coverage above 1 ML
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Figure 2 A series of Pd 3ds, XPS spectra (hv=490 eV). (a) clean Pd/
Cu(111), (b) formic acid adsorbed Pd/Cu(111) surface at 80 K,
(c) after 150 K heating, (d) after 160 K heating, (e) after 300
K heating, and (f) after 450 K heating.
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Figure 3 Activity of photocatalytic decomposition (1/1) of acetate on

single crystalline TiO, surfaces as a function of the carrier
lifetime (left) and the acetate coverage (right). The solid line
in the left panel is the result of least squares fitting.
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(Near Ambient Pressure: NAP) | C XPS O ] i€ 7 1] GE 7%
NAP-XPS IS MEIAWV ST T OB ZATHEIC T %, Bl A
W, HER T A S L 7 % AuPd &4 [6,7] *° RhPd &4 [8]
IR U THERSUED A AFFHA R TR C 2 AR a D
HEZRHLEOLZDHITH S, FATzBIE, NAP-XPS
ICE 2T, KN FTORISEDIRZ 8N ZIHNTE
M, ARETI, RS, RISKIEEAERmEORE R i
LTCRD2DD7 Tu—F THO AT, —DEART
Y RGN RTOF 2T 1 7 AT K 2 IEMEROFEE [9],
& 5 —DId NAP- i)'t X Ml il (50 & (NEXAFS)
IC &% TEMRBER OBEI[10]) TH 5. LTS, 200
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fRATRS R Z KIS %o

FRG Y REM T TOF T 1 7 AW ZiTo 72Dl
Rh fililf [ D NO B=ITK I TH %o Rh TP A AHD NO
ZERET 2 DITIREIHEWAMIEE TN TS D, N0 ZH|]
BT BT EAMBEICE->TED, ZOBROEREN KD
LNTWVB, COZELHE LT, NO & CO % 50 mTorr
FTOBALANSHIRLTWL &, Fig 4 FORELEfED
HADEEDIHEZOEISEDND K S, 300°C i
JEC Rh ARG ML LT, NO AWHE SN, N IZ& T
N,O AR L TL %, RIFICHIE L7 XPS (Fig. 4 F) %
RTHBE, RS LTz & T 5 T NO Off#ED
BE-TEBO, ZOMRE, HTFIRN EETIR0NEL %,
JRFIR N2 IR TS L2 NO & B LT N,0 24U
BLEEZOLND, WiaE NO T top U4 MW LTz NO
& hollow ¥4 MIWKELTZNO D2 HifHAD %, EHB 5
MN,O 2T B1H RN Rt B 7210, MIGHE L 2
FEFEHD NO BX U N O RO Z FHNTAER, hollow
YA MW LTz NO DGICE G5 31 Tch b &
Mbno7z[9 ART Y FEHIITKISHICENIE N E1E
OS5 L, ENDRISICEHEFE T2 9 AT, Fx
T4 7 AR TH S T e hbhro i,

NAP- fii )t NEXAFS % W = RO BN Z T > 72D
&, Agfit FOTF LV DEEEICK BT RFIKIGT
HB, TOfBISIEEFICHE D TEMHVENTY

T

Pyo =50 mTorr

NO  Rh(111)
P =50 mTorr |
;:‘ L
8
s
‘©
=
Q
E L
v
= |}
1 ! ) I ) 1 1
50 100 150 200 250 300 350 400 450
Temperature(°C)

il
534 532 530

Binding Energy (eV)

396 536

402 400 398
Binding Energy (eV)

Figure 4 Mass intensity changes (upper) and NAP-XP spectra (lower)
simultaneously taken for a Rh(111) surface under 50 mTorr
NO and 50 mTorr “CO with increasing temperature. Adapted
with permission from ref. [9]. Copyright (2018) American
Chemical Society.
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NAP-NEXAFS
O2+ C2H4
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OZ c O2+ C2Ha c* Oelec
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S xwﬁfﬂ
o
~
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uca at 500 K at 500 K
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=
[ _ .
- c*(C-0)
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Photon Energy / eV
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Photon Energy / eV

v

nucleophilic-O

\ (4x4()-Ang \ ;Oi

> > x :
1401)14 D ND

Ag(111) B )

electrophilic-O

Figure 5 (upper) Polarized O K-edge NAP-NEXAFS spectra taken
for a Ag(111) surface under different conditions: (a) 0.2 Torr
0, at RT, (b) 0.2 Torr O, at 500 K, (¢) 0.2 Torr O, and 0.04
Torr C,H, at 470 K. (lower) Schematics for nucleophilic-O
and electrophilic-O. Adapted with permission from ref. [10].
Copyright (2018) Chemical Society of Japan.

B0, ZTORISHERIESHE CHmS N T0ns, T
NETOMIET, KIGFEITFTO 1s XPSICRA G T
FIVF— (5283 eV & 5303 ¢V) ZRTEEEMOSHN, B
FIIRMIEZ (nucleophilic-0) EMHEN, TF L 7% CO,
F et d MM, %E I RE TEEZE (electrophilic-0)
EMLEN, TF L U EIRF T EHHEMMEINTE T,
RGEERICDWTIE, Ag DXRHEBIEYOBETH S LD
RN I TH BH, RETFHEICDODVWTIHHD-> T
aAYV T ADEENTVERY, Z T T BIE, NAP-
XPS 3EE % Auger & TUUE NEXAFS DWHETE5 XS
WRLUT, REFIEROZEHLEZ XN THRNTHS T
LI UTee RIBHADBEDADEZ EBEREIFL VD
L ETENTIORBIMER L REFHENMER LTSI L
7 NAP-XPS CHERE L 725 X2 T, O-K iifi D NAP-NEXAFS
FHIE Ulze ZDBAIC, BL-13 DR[ZEFET V¥ al—X&
—ZIEN LT, RMIE 2 2 FICELEN T MV E
EISEW T & FEARCPAT A ORI ART MLz ilE L
Teo ZTOMRZ Fig. SITRT, T2 &, KRETFHBHR
(Fig.5(c) D Oy) (FEMIEEIEWRIET 534 eVIcT v
— 7= x5%, EWHATHROMRLET 545 eV {13
I a—RipihEz52 %, cnbsid, i—Rx— b (Fig
5(a) D n*(C-0), & c*(C-0) ITH L TWB R AT
FOFHICHN S n+(C-0), Iz — 7T 37 27— b
IC&kBEDEEZENS), EHIC, ZOMUKEENS,

PF NEWS Vol. 37 No. 3 NOV, 2019

RIS T THN S REFIHBFRIEMR E TATICE I —R
32— FOBHETH BT LHbH -T2 [10], BH, H—Rx
— MEISIBIREED 200°C I ZRMICHEELTLE S C
WMHISN TR, KIGH ATEE R T, 200°C THE
HICFEL D BT b oz, h—REx—RMITFL
EBEENSERL, TOBENRILHKDTFLDOITR
FUMICHFEELTVBE EEZDNS, bz SO IR
MR 2 R R UE R B R0, RUSSEM: R ChE
L7 A—ARx— FAREICAFLL TV 5 T EARIIZED T
TO—FTHDTHLEMT IR Tz,

5. $LHELEEE

S HTRMEAR T insite/ X5 2 REFHIIDMTHDNE L5
K-> THD, MENIFRICBOTEZOREIZE LV, F
7o B IR X SO 1706 K % in-situ GHl7Z FA
L, Tz D& S ICEMT UMD PRZ X D %D
HNZ MR % T & ZHNEIC LT 3 FROMFEZIT-
T&le BRBITRUIZESIC, BT IVAMGHESR, BT -
BOSHIEARBEIfRAT, ARV R « F325 0 7 Ak, L
THZ 2 FEOEARERD, AUZE2EL T2 A%t
ZWEERT 5T EMTE oo ARTIIHNTE IR o 72,
A7y T A OIFH 2 Ve A RS > REERE LT
W, A LFaT—Y A b ORI O ERRIRAEICRY
T AHEHBERMIONDE B Do, TR
BIHIE, SR EBILNB EEZENED, ZD—HT,
K SHESNIcET VA ZERIL T, HH T 2 filiihe
DALAHFMTIHN 2 TE 3D T RS M IR (I 7E R 2 TR RIS 72 B &
FEAbNb, Tz d 2aHITEO @ EEADE T
FIEFXITON TS, Mo RAEDN S, JIErTEERIR
FE - JEJEONRE, WEOEEE, oyt DiEsx
ENEDENT VS, TNHAEE(EE NIz BL-13B D
BINNAT—a VT, fEGEED R 2 R AL R
Z2BE2ICE>TWVW T 7> TS,

i

ARWIZEICE5T % BL-13B TOMEHEEEE, HEHEHE
FI ) BRI (FLRER51201582-008) & L TiThbNE Lz,
AR ZITT D20, WL TLEE 5/ PF A&
W T DR ERERY:, BRI, BHERTARY, 5l
HIRE, MBI RZERRRZED X &2y T & REEREAE DE R
WCZDEEEDELTHILEHRL EFET,

5| AR

[1] T. Koitaya, Y. Shiozawa, Y. Yoshikura, K. Mukai, S.
Yoshimoto, S. Torii, F. Muttagien, Y. Hamamoto, K.
Inagaki, Y. Morikawa, J. Yoshinobu, Surf. Sci. 663 1
(2017).

21 EWIHER, HETRARAFGH AR RHE 2 HIL
Etamsc (2019) &b,

[3] K. Ozawa, S. Yamamoto, R. Yukawa, R.-Y. Liu, N.
Terashima, Y. Natsui, H. Kato, K. Mase, and 1. Matsuda, J.

ST AN



Phys. Chem. C 122, 9562 (2018).
[4] K. Ozawa, M. Emori, S. Yamamoto, R. Yukawa, S.
Yamamoto, R. Hobara, K. Fujikawa, H. Sakama, and I.
Matsuda, J. Phys. Chem. Lett. 5, 1953 (2014).
K. Ozawa, S. Yamamoto, R. Yukawa, R. Liu, M. Emori, K.
Inoue, T. Higuchi, H. Sakama, K. Mase, and 1. Matsuda, J.
Phys. Chem. C 120, 29283 (2016).
R. Toyoshima, N. Hiramatsu, M. Yoshida, K. Amemiya,
K. Mase, B. S. Mun and H. Kondoh, J. Phys. Chem. C,
120, 416 (2016).
R. Toyoshima, N. Hiramatsu, M. Yoshida, K. Amemiya,
K. Mase, B. S. Mun, and H. Kondoh, Chem. Commun.,
53, 12657 (2017).
H. Kondoh, R. Toyoshima, N. Shirahata, A. Hoda, M.
Yoshida, K. Amemiya, K. Mase, and B. S. Mun, Phys.
Chem. Chem. Phys., 20, 28419 (2018).
K. Ueda, K. Isegawa, K. Amemiya, K. Mase, and H.
Kondoh, ACS Catalysis, 8, 11663 (2018).
K. Isegawa, K. Ueda, S. Hiwasa, K. Amemiya, K. Mase,
and H. Kondoh, Chem. Lett., 48, 159 (2019).

U520 H = 2019 4E 8 H 26 H)

(3]

(6]

(7]

(8]

9]

[10]

EEBN
Ui ¥ Hiroshi KONDOH

BERPIEI T B0%

T 223-8522  MiEridEILH G 3-14-1
TEL: 045-566-1701

e-mail: kondoh@chem keio.ac.jp

WEIE © 1990 4 HHUR AR AR ZERHE
TERRE T, 1990 1F L AR 2 AT i
JEH, 1998 4 HEUREHZRIIFIR #
fill, 2002 4 [FIBhBEZ, 2008 44 BEHEFZAR A T 2B,
it (),
FAE DI

DA T > R e s AL & BRI

PF NEWS Vol. 37 No. 3 NOV, 2019

13

#HfE 7%  Jun YOSHINOBU

WHORAY S B

T 277-8581 fATitHDLE 5-1-5

Tel: 04-7136-3320

e-mail: yoshinobu@issp.u-tokyo.ac.jp

WEJEE @ 1989 4F HUEBK KB B A 5%

BHEEFIRAE T, 1989 4E ¥y n—2

KA LIRS, 1991 4 B AR 2T
HLERERIZE R, 1992 4F [AIZEE, 1997 fERETR AW
WIZEATBhEEZ, 2007 ERIBEZ, B,
BALOWZE @ BT VRO FR & |G, IKED D 2 K
B2, BRES TIROYINER E,

N —

Kenichi OZAWA

R LERYHPGUL AR B

T 152-8551 AR E PR 2-12-1
Tel. 03-5734-3532

e-mail: ozawa.k.ab@m.titech.ac.jp

W JEE © 1996 4F B T3 K22 R 22 R 8 T
FWHRHGR, 1996 FEFBIF, BRAH A,
FOE DT e R E I B
B v U T 2 A2 7 AW,

MWA—2 Kazuhiko MASE
KEK ¥E &R 2T
RSP IR R A
T 305-0801 D AFTHARE 1-1

TEL: 029-879-6107

e-mail: mase@post.kek.jp

WEJE 1991 4F SRR AP AR JERHE
TERRRME T, 1991 4F B 2RI AT AL
FEAR IR, 1992 4R i [ V7 I R A TeRsAs o0 1 R 22
WFZEATBITE, 1999 4@ T % )L F — hd 25 i SRR ) L RS
ERPENIE B R, PEE R,

FOEDOWIZE © IRy Z—a—F ¢ > T DT,

\ .

FOEDOWIEN 5



B S50 ELMS

Boratv AlicBI a8 \ar U tEY e E4 OB R

BeAR !, HHER Y, KA, PR, RS

RUERSER AR LAAR S e Rt B TR oA, 2 SURURSA AR e R BRI

Relationship between Organohalogen Compounds and Heavy Metals during Thermal Processes
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Abstract

AT AN BIFRMIICTET BB A A A F 2 I CH LT 20/ 0T Aeaid, #ikEOHBE L%
RIEPARD D %o X HHIBIBAGED [ D585 I K 2L "8I X 2 IRERDEEER{CISOM &, FEEx -
BTERMOBNEE TETHSNIFOL AR E G 0T LB & OBRIC OV TS NICHIRZ/N T 5. ET )V
REFBGTERONIHADET DL T LT, Ml BBESZLMROERICDENS,

1. FCs&IT
FERYIERICBNT, A8 ARG SR ET S
BEEAA AT VBRI UG TS % (PCDD/Fs) Dffilf
BARPZICSANERETH S 1], iz, THETIEFEER
EHE (e-waste) DRI K> TRE(LAX A AT
VI XU S %8 (PBDD/Fs) DIEEMXIMRA RS Hits
ENTWVDB 2l TH LA ANEHET B \T)
NERAAFY B RO T F U HUINCE, 2L OFFE
fii « RRIR OB N T ALEHDER L TS, H
a7 LB DI ciE, PCDD/Fs, RUK{LE T =)L
¥§ (PCBs), "FH¥r7ouar¥y (HCB), RrZ7no
O >¥ Y (PeCBz) FD & 5 1B VEABE Y (POPs:
persistent organic pollutants) & LC [POPs ICRHT 2 X kw
7RV LEK T K o THEEMICHEHETRAD RS 5N 2
MEIEZENTVS [1]. 7z, PBDD/Fs IC DWW T A
TMERERE (WHO) 35 X CEIFMb e 2 e Msti (IPCS)
DOEMRRG THMEFEO S EREME L U THEn S,
Z D%, PCDD/Fs & [ASFICHEERANCE LT N E LIERE
nTw5 3.4

BT ot A #1F % PCDD/Fs DARRIC 2T B K113,
BRIGEDEAT L)L, SR, BOGRER, SISEAR Ot
KR EDBITENS [1], FTEHRTEE V- TESR
JEIC X > T PCDD/Fs L MNMEHEE NS T EAKSHIBN
T2, #TH T ABERITRIK 72 A5 U T AR DRl (REfRETR O
BV THINAKRZHT 5 &, TN 2B EEMD
FEfHIC & > C PCDD/Fs, PCBs, HCB 35 U PeCBz % &5
NV E U8 (CBzs) DEREDHEWICELRS T
&, PAEZERITGEWDAENE T ENHLEMI RS T
W3[5, EREBTELNIAAILE, AN (BELED
OfffE) &)1 (PCDD/Fs FD4 i) OBRIETH D,
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BT Ot XA U0 B E2ERG 2 1B I I RRAR
N5, FHELIE, XIHRTINMMELG (XAFS) Al X
HILEERE T2 L, ESEOBYL N2 bzt Z
%2 LT, A NTT ALEYO4 B2 R LT S T
LM T —< e LTHEL TE e, &EME LT [6-
11], #k[12], #HER[13], BA[14], 7B L[15], NaF UiE
& U TIEZE[16-19] B TR REZ (1] g e LTt
FERIE LU TE 2, ARRTIE, FICHNCBETHREEE
IZ, e-waste DFHEZDT ¢+ —)U RiETHEONHHEX
tHER 2 Vv, BB GE 0T ALEaY o
BARZ i U 72 SEBBEA DS A [20] ICDWTHETT %5

2. EEAHZE
2-1. Z DIZERE XAFS
ARTF—<%HD 2 TR ERZHE LT, Z0H5HEI
XAFS (in situ XAFS) EHRIF5N5, T, KIGHA
Fol N CIREEZLEARMN S XAFS AR MU EES
ZETH B, SOWIETIE, BFTRIK L LT M
ZKFy (CuCl,2H,0), TEMER, =tk v#E (BN) ZiE
BLT 4 AZIRICEB U D2 Uiz (7] @H DR
T CHBEEN T 1 A T— IR FEAE T B K DR T
RV GRIR) ICEEN580E, HEYE X CBIEYOR
BULIIRETIEL TS [6] T &5, kW EEEL
T BRI 2 AW oo BHRIRIKT « A7 72 3 5 X 8D
T HBI UNICRRIE U TR Uiz, Y — >~ DEEED
RRUEFRGEZEE LR 10% BE GEo%EHE) ORS
S A% 50 mL/min THUB I, FED 5 400°C F TERREM
ICHR S BN S 81D K i XAFS X7 k)L, SPring-8
DY —LZAYBLOIBI THIELT [7], FHEEEENS
DRED Iz, TEZMEDFEIFRIC XAFS A7 R
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ZHET B ENDH -T2 &M D, quick scan E— RIT K
BEBET 1 AX7 MVY Y 2.5 min THRIE LTz,
EIREDRRTR O U T, RO K i XAFS OHIE &
EELTzo L LGEDD, RO T FILF =DM
TS EZERTORENRETH > 7728 in situ XAFS
HIEHHTET, BV OBIRRIRERE Z FRK L 72 7],
7272, ThBRDERE LT, WVEIRO%RE, )LD
HENY FWLAT DR, BEOKIGH AR OGN
2% T & CHED K% insitu XAFS HCHIET 5T LI
BRI LTz [15] TN 5 DIEED K i XAFS OHRIEE, PF
DY —LFA 2 BL-11B 3K U BL-9A I TS L 7z,

2-2. EER - EFHROBFRELE

e-waste DI BEZT7 r— )L R E LT, R TERAM
e L THIS NS A —F D Agbogbloshie i IC BT,
2010 4F 8 HICHFHEE HOKE T8 (T EIKOEREY)
7210 Mg S EIE U 7z [20], Bl PR E RS & Fig. 1
ICRT, EHEOFEEY) & I1E T % e-waste DEFHEZ X, A
— IR TR TR LS TV TETHILSHEEEINTE
D, D, IEFICHMIEGE TN ED SN TS, Bl
£, e-waste FIPEXIC K2 EEMEOH 2 K - HRILEY
DOFAEIRIUT DV TR OB E N HEERINIC TR D L
TW5%, RIfGETIEA—F THILL 720kt & L%, HEE
|87 E s 0%, PCDD/Fs, X A 43 > PCBs (DL-PCBs),
PBDD/Fs, —RHZNMUTHR XA AFT VEHBXUTT S
>¥ (MoB-PCDD/Fs) DERMHTICHEL 7z [21,22], HE
JBE & A X F UG (DRCs) & DEHBRDOBEGR
PEICDWT, METHaRNT GHBEZHT, BEEM Y 5 A2 —
SN, BRI EEE L, AEAMGEENR SN
o, §h, NS OWTLHRREZIEET 5 7Hic, TNE
NOWLIRD XAFS %, PFDOE—1L5 41 2 BLIA BXU
BL-12C I THOGE TRIE U7z [20]0

Figure 1 Open burning of electronic waste (e-waste) in Agbogbloshie
market, Ghana.
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3. BRLER
3-1IEEE ZRIC K B RFDEFIER LIS

FEEDOHEH A BEAITRIKIC B B HEIEELEY O
ARICHN ED XS ICBEE L TWa 0%, insitu XAFS
BERWETY Ta—F Otz Lz, Eido
CuCl,2H,0 Z & U T TR IR 2 [ 3 10% 3550 R TH-
IRUZERD, JLIEK XAFS (EXAFS) fREHD 77—V T2,
Z ORI X > TREL N - RS (CoC) BXU
1 - EAT (Cu-0) DEUMIEKDZ(LZ Fig. 2 1IT/RT [7],
EXAFS fREND 7 — 1) & (Fig. 2A) n5i&, OO
JF-7 B —E B AN LTV B B OGS EEE S K Ol
N2 ETERNCH D T E D ATRETH %o Al 2R AT FIE
HLH, T—=V IEHARY VORI OFER, LS
T e UTHFAE L T g EIREED 5 300°C Rt K O
380-400°C I T B D TR BWET TS
&, TEIFEENCHTEER L T NERASIICEE (LS (Cu0) & L
TLETHT ENHSMER T (Fig 2B,

7, HHEO XFRTINEGE RS (XANES) DT H»
5, #h5BEFE L ERERPRIBCHE S L TWD T L
WAL ERo 7z (Fig. 3) [7]e XANES A7 M5,
SRR M HOR T 2 7 Loy IREN AR &
BITNELRD, MEWNDKENE—T (RKE—T)
fLE A 300°C T—EET IVF—flicy 7 ML, 2N

IFT| (&%)

Temperature 125
(°C)
2
[S
=]
z
[ =
=)
®
£
2
3
(&)

300
Temperature (°C)

200

Figure 2 Fourier-transformed EXAFS (A) spectra of MFA upon
heating from room temperature (rt) to about 400°C at a rate
of 5°C/min under a 10% oxygen gas stream (50 mL/min).
The coordination numbers of the Cu—Cl and Cu—O shells as
a function of temperature are shown in (B) as fitted from the
EXAFS spectra upon heating [7].
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Figure 3 Cl K-edge XANES spectra (A) after MFA was heated for 30
min under a 10% oxygen gas stream (50 mL/min) at constant
temperatures up to 400°C. Linear combination fit using
reference materials of chlorine shown in (B). The calculated
spectral fits (dotted line) and measurement spectra (bold line)
at each temperature were good. The percentage of Cl-species
as a function of temperature is shown in (C) [7].

LORETHESZIVF—IC 7 b2 THHLN
7z (Fig. 3A), HH£EZEHT ZRERMOREZHE LT
B NTFEME XANES AT MVD T A 75 V) 72 T8I fiR
MrUTefs R, A= MBI K> THEEDHEGTED
NENGIFERE (28204 eV), el (2821.1 £ 0.1 eV),
ETE (59 2822-2824 V) DPNCHFHTE ST DS
MEIx->72[7,16], MLEMRRHEZ KT % &, 300°C I
BB R INVF—RORKE—7IIERLE S HRKE
L DA (Aromatic-CD ICHHKT 5 T EVHIBIL 7= (Fig.
3B), RO ERGHNAFAER A DOIRE L ZHRHRD &,
Aromatic—C1 /Y 300°C T K#l&Z/ R LTz (Fig. 30),

BB K OHHED XAFS AT RVORITIC X D, 70+
LAV TCOBMEZRN IR Z b B BIRT % T LT E, ZTOk
LT OBEHEEEIOG R DNEBEZIE S OERIC
HLHLTWB T EHHLM RS T

2CuCl, + R-H = 2CuCl + R-CI + HCl  (R1)

CCT, REAKREZEKT 5, COEBERLKIS
(R1) 1ZFEIT 300°C HiFL THE T 5D, 380-400°C TEEIMN S
OFREHEIIETT LTV 3, T O EREEH Tl Lin L
Chhsh, THIT XD RFED CO,® CO NDH ZLHMEE
TN, BEEEEAYARIRENZREHEH T LN
otz 23], IRFEDMEHRLE HALDEMDNT VA &
LT, 300°C THBERLEMOERNERANLZEEEZ
5N, T OMEAIEFEFEOET Z HPEATRIK N 5 D PCDD/

PF NEWS Vol. 37 No.3 NOV, 2019

16

Fs HARAERBEORE a7 7 1)L L —BH LT [24],

3-2. RER - EFRMOBHRELIR

H—7F D Agbogbloshie ifit7 M HFRAL L 7z e-waste #Fl5E &
THRICH U THE A OREER 7 HTIC K B8 @72 520 L 724
mIREORERE (8, $h, Hih/xE) BKXU PCDD/Fs B
KU PBDD/Fs 7% £ D DRCs TIEREN TS T EHIHS
MEixo722021,22], AN L&Y T, KT
Z Vi TH% PCDFs 15X U PBDFs HVZ2SHi U TV B L
N)VZERL, FNENRAKT 360 ng/g dw (Cl-Cly DFFI)
XU 3800 ng/g dw (Br,-Bry DFSHT) TH - 7z [20],

10 i O FEREZ Z 753 X U DRCs @(%Ff KT
R—2 DT — 2z, BEEN Y 5 A 22— &
%7 N—TEDFERZE IR L 72 XKD DTy s %
Fig. 4 1CR” 9, T 1 (PCl) BXU T2 (PC2) T
BT —HRD803% XKL TEHED, PCliE le-waste Bt
T 2, PC2IE [FFRINVRIGRYIE OB 7250k
T5EDEMINE NI, DRCs L8 (Cu) BXUH (Pb)
& PC1 HEWIEDEA D PC2 A T f3E D IEF I T L
EICETLTVDE T N5, e-waste BFBEE D8R JHE
WKZTTVWEROTHY, TNFNICEREBEEEDH
5T ENHLN LIRS [20], )T, EREEZEFTICHR
& DRCs OAHBIBERZ 00 L7245, Cu KO Pb ICIER
RN R IEOBIBGRNS 5 2 A RE N7z (Fig 5)
[20], Cu l& PCDDs, PCDFs, PBDFs, MoB-PCDFs & 15 &
7eafAHE (p < 0.001), MoB-PCDDs 35 & UF DL-PCBs 13 %
NZNp <001 BXU p <0.05 OEELSHBBEGRIAREN
7z FHIT Culd, e-waste BPHEE COFREMNEEZ T T 4
(PCDFs, PBDFs, MoB-PCDFs) & BHEENDH B &1
Z %o Pb & CulEKEIC 7 T VS PCDDs & DA 7 fHE
BRAVRE NI, Mg (Zn) RFE Br), AR VFY
L. (Sr) IC% DRCs D—E & DA Z BN B S NTzh,
#k (Fe) & a3V |k (Co) TlEAEFMBIEH NG o T,
LU EDEHENT Z 5T % &, e-waste B Z Tld DRCs
DERICHIMNFHIC RV 2R > TV A RN D 5 & &
AbNiz,

Z T T, AU e-waste BPhE & T DD K & XANES A
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Figure 4 The principle component analysis of elements and dioxin-
related compounds (DRCs) in soils of e-waste open burning
sites (n = 10) [20].
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Figure 5 Pearson's correlation analyzes between elements (Cu, Pb, Zn,
Br, Fe, Co, and Sr) and dioxin-related compounds (DRCs)
using the dataset of soils of e-waste open burning sites (n =
10) [20].
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Figure 6 The chemical forms of copper in soils from six representative
e-waste open burning sites. Measurement spectra of
Cu K-edge XANES (left). Solid and dashed lines are
measurement and reference spectra, respectively. Colored
circle indicates fitting spectrum by the linear combination of
references. Ratio of copper chemical forms (right) [20].

R MVEABEL, SO EEREZ MM LTz, Fig. 6 IR
TR, DLz 6 il 5 DICB VT, SO
{E¥1TH % CuCl, CuCl,, &K U Cuy(OH)Cl A B L5
& U TCHEENTZ [20]0 e-waste BFHEZ O HWD O & DI,
T—=T) s TAY—HIIEZENDRBHDOENDND 5, #
MR T LTl ZRIINT 5, FERICY VT IVisTT
BThB, ¥, WEMELTHEHINZ R I—D0 L
DRV e =)L (PVO) DMEHEINTWVWS, Lizho
T, PVC DR IRIERY) & SIBIANKIGT 5 T & THO
EACIDVE T, RN ETHEE TIEHPICIEE L TV 2 HlEE
MhH %, BifE, SEHE PVC & DBYLZRISICDOVT,
P72 T S HEFRICBI L T H in situ XAFS 72 8 H U 7= 1%
A ZEMLTHED, LARORKIENEC TS T &2
RBLTWVAS [25],

e-waste TPhE X TEETHR S M-8l & ARIEZRL SO
R L HOLAIEREN &, BEAOE LA 8l K % B
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FESIS R DEC TV B AREEDNE Z 5N 5, e-waste
DIFREE L #H C ABEHTRIKDOMEAE TIE, WHRE R BH
K, HHEK, BBEIREER ENREL AR BICEEDLT, A
BB O 4 BBERE I B 2 A 1E U Tt 72 R
TEMNTET,

4. ¥¢&8
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Y& FADBIRICDWTHEH AR ISH L TR S N RO —
ERERAT Uz, AL —8IC & 2 EEEELRIG R &
fRBA U 7= 2% [7] 1, ARz BT L U 7o B 72 - T
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Figure 7 Conceptual reaction scheme on generation of organohalogen
compounds (R-X) by thermochemical interaction among
copper, carbon, and halogens.
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Studies on the Detailed Reaction Mechanism of tRNA Thiolation Enzymes

Involved in Iron-Sulfur Clusters
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Abstract

tRNA W2 ST HOEGHRZH S TeDIciE, FA1bis EDIREHEMIC X > THREMEE NS EDH %, TuA i
RF—2 378 TuB &L (RNA Z2F ALEHiT 2R TH D, Bbicn U THesss TEkiRE 7 2 A %2 —] ZHlilA 1
IZFFD, TNET, TwA & TwB MHIEE T 22 FH S C LIEHISBNTWED, #ifis 7 5 A X —DRENT DV TDRE
MEHASDTREDN >, £ T TABZETIE, TuA OFERIEVEIC R BRI Z I U, TuA OREM7ZSOSHM 2 5208 L7z,

1. FCs&IT

D REE (RNA) ISEERE SIS T 2 /7%
L, 2N VHEOERKICEGT2EREZS T TH
%o tRNA [Z1545 RNA(MRNA) [[{##1C DNA A HHR5IC K
DERINZD, EEEEZOARK RNA FIE L < HEE
TRV, FDRDATSAT T, 3 KigAD CAA {3,
HRMER 75 & DR HARIEHIC X 2 EMusfE 20 &g
% [1]o ZOHTEIEREME A F VL, TEFul, F
FAb7& L 100 FEELL WIS N TV [2,3]0
FAAEENEEEME - R - BEREDO 3 DOEY)

RAAL VETTHEIHEENEEMHRTH D, t(RNA D
BNt L [4,5), SEERIVERIERI [6,7], BHAR D IEMEME ]

F[8-10] 25, £, TRV 3 XFHEDTD D (RNA34
fii (Wobble fi) DFA{LAEMIRIAE, 5K FRzEh
FEOFEIRZ LS HER TH S I a2 U 79 (MERRF %
MELAS) DFIEICEN S [11,12], Lizh->T, FA1biE
RN DEEREMTH S,

FALEEIIINE TIC 16 HERREINTED, FiC
2-FATVIY, - FATVTY, 2-FFTF T, 2-
AFIVF A -N-RAFIVT T2 D4 IO HE NS
[13]e 5, FALEMEERIE ATP ZHVWE 21 L
S-TT/VIVAFAZY (SAM) ZHVWB XA TD 2D
WCKTE S, BiEIFE 5IC, MnmA B & TA B/ HE
&N [14] (Fig.1)o MnmA B~V 2V T ¢ K (R-SSH)
& ATP ZFH U C(RNA IS Z R 2R TH 0,
77 ZIVIE (RNA & O ARG 35 K CTEMEIIEIC X %
HEREOREN D, KISHEREDRIAE N TS [15,16]
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Persulfide enzymes : Iron-sulfur enzymes
1
Substrate tRNA
1
MnmA Thil”” | \TtuA Ncs6
1
0 s 1+ o o
1
(O NH | NH ! (N R\(kNH
N&s ,I\,/KO: N&s ,i,J\s
1
tRNA tRNA : tRNA tRNA
1
s?U34 sfU8 | m’s?U54 mem’s?U34

Figure 1 tRNA thiolases and those products (left: MnmA-type, right:
TtuA-type). MnmA, Thil, TtuA and Ncs6 are responsible for
formation of 2-thiouridine at position 34 of tRNA (s’U34),
4-thiouridine at position 8 of tRNA (s'U8), 5-methyl-
2-thiouridine at position 54 of tRNA (m’s’U54), and
S-methoxycarbonylmethyl-2-thiouridine at position 34 of
tRNA (mem’s’U34, -R = -CH,COOCH,), respectively.

—75 T TtuA TN TPkfiE 7 5 A X —1 & ATP Z W ChE
HEGET S [17,18, L LAEDNS, FORSEMEORE
ANIARTZBHS TRV,

2. 2-FFIIIERMEER TtuA & Nes6 DRI

t I tRNA34 fif O F A (b (& i 72 1 5 Neso (HI 44 -
Ctul) F#REE T 5 A X =59 % TnA AR TH
% [19,20]o Ncs6 (XFfieE K F—% > /87 E Uml O C Kifi
HSMEEZITED, 3 FEHEOMIZE (RNA ((RNATV,
tRNAMYO (RNAPVY) AN &8 3 % (Fig. 2 left) [21-

ST AN



o}

tRNA K

Post

1*

tRNA

Post

Figure 2 tRNA thiolation catalyzed by TtuA-type enzymes and sulfur donor proteins (left: Ncs6-Urml, right: TtuA-TtuB). The objects colored in
brown (iron) and yellow (sulfur) are iron-sulfur clusters ([3Fe—4S] for Ncs6 and [4Fe—4S] for TtuA). TtuB and Urml are thiocarboxylate

sulfur donors (R-COSH) at the C-termini.

Table 1 Sequence similarity between TtuA-related proteins from
Thermus thermophilus and Ncs6-related proteins from Homo
sapiens.

Protein names Similarity Note

TtuA vs Nes6 5206 TtuA/Ncs6 supex.falmly.
Iron-sulfur proteins

TtuB vs Urml 56% Homologs of ublqllntm.
Sulfur donor proteins

TtuCvs UBA4 | 46% Homologs of ubiquitin
activating protein (E1)

23], Nes6 (EEHFRD IEEMEICBED 2 EERREZTZH, $i
WY T AR—DEGICHELHET 2 2 & EHE - T [24],
Nes6 DRHEIZIHS M TRV, £ TEHRLIWE, BiiE 7 5
x &—%ﬁﬂb\é tRNA 9’—7“!:%%@%?%0)':?? ﬂﬁgxf’rﬁ%

Ttnm%k

TtuA I Nes6 D EY R TO 7 TH O, HRAFEOD
tRNA ZIREEAId % C & TlHEOKEZ{bEKC I, T
DEFIICE Y DIV—T, TIV—T L O E/ER I E
D (RNA OFRLZEENEL X D), SRRE FTHEET
T XI55 [25-28], TwA X FF H)VRF 2 )V
RF—%>878 TuB (Uml FEQ ) &itic, &Y
tRNAS4 NITHFAET B 5- AF IV D) V2D 2 MDA T
R IS EET 2 KIS 2 il % (Fig. 2 right)s X
7z, TtuA & Nes6, TNSICHHEZTET TwB & Urml, 35
KO A7 4 > 5 TuB (Urml) N\OffEsE it BH
D% TuC & UBA4 DT 2/ EDOEHEULIE I W (Tablel)
[29,30], L7zh¥ o TARMIZE TIIHHEERDH % TuA IIH
HU, $fizE7 5 A% —7%2 M\ % (RNA FAH{UERD G
RS2 fiRIHS % T & T, Nes6 DR E TEL T %0

3. TtuA DIFES K UTREERE RIGEIBRS

FATHIZE D XARREEMRATIC X O, TuA OFEMEERAICIE
4 DDIRTF & 4 DOWBEE TN 55 [4Fe-4S] BEk iz
DI AR—=HMFET B T EWRIAE NI (17,18, TOHE
BRREE TR 7 5 A 2 —% KT % 4 DO 1O
SBIDNVATAVEF—T (CXXCC) IHEHLT
B, oD 1 OO EHLOY (=—78) & TuB
AT s EeEZONE (Fig 3). TLT, =—Z8H
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Fe-S cluster

% » Unique Fe

Figure 3 Structure of catalytic center of TtuA. The [4Fe-4S] cluster is
shown as ball-and-stick models (PDBID: 5B4F).

%,Q 05;:
: ATP :
LSH gy {.-SH
TRNA Ade-tRNA

(0] §r5
OH
~SH®
S-tRNA 7 Ade-tRNA

AMP

Figure 4 Proposed sulfur transfer mechanism. S-tRNA and Ade-tRNA
mean m’s’U54 and adenylated tRNA, respectively.

TuB N St EZZ T D, HE (RNA \RHE 2R T %
EWV D HT2 75 RNA FALERIRICHIRE E Nz, £2 T
AHWIFETlE, TwA,TtuB IZ & % t(RNA F A (LIS FERE O FE
Bz ATz (Fig. 4).

4. TtuB S DOEHEDZITEY

H—IC, ETFAEVHEE (ESR) THUE O DR 72 it
HrL, W CoiEE 7 5 A 2 —5 TuB O C Kz G
T %R LTz (). TtuA B, (). (i) i< TtuB-COOH
R ZE D, (). () 1< Na,S ZIEE 28 D, (@v). () I
TtuB-COSH ZiRE 728 DD 7 )Lz tbigd % &, (i) &
(iv) DFIE, g EMN—E L, (iv) DIEEMED 10 5 TH > 7z,
INHE, TwB O C KERICH D HMEHE 7N L= — 7 ki
BHRINICHEE LT, BT 9 A X —DOMEZ bz 5 | X
29T, BLE CENMNEELIZ EZRB LTS

(Table2) (F&AEH),

FIEDWIFEN 5



Table 2 Structures around the of iron-sulfur cluster of TtuA in

solution.

Components Signal Structures

(i) [4Fe-4S]-TtuA Type 1 @
_OH
(ii) (i) + TB-COOH Type 2 @ OH
_SH

(iii) (i) + Na,S Type 3 @
Type 3 SH
(iv) (i) + TruB-COSH | Intensity: 10 times @ oH

higher than (iii)

RIC, KISTAHR T OS2 BHT & 2 K7 )L E &k
5 (APM-SDS-PAGE) %17\ [31-33], [TtuB 7% D E X
I D TuAl Z TtuA, TtuB, tRNA, ATP W% 5 o F I
IZ, TwB Oz 1=— 78D ZITHS C L 2R LTz
(Fig. 4o [TuB D18 D I HERhTEE S Z V2 Sl D
TtwA] TE& [4Fe-4S] BISKGE 7 T AR —D L =— 7 M
Wi 2 % 728 [18], TtuB OAFHER LW R X A 1T
53, TuA lZIT=— 7 8% T (RNA Z F A (L&
95 LA e (B .

5. BEEEICEELT = /BRELZORADEE
RICE L X, TuB O C Kimh 5 IL=— 7 FA\E R
HEXNDBE, TuA DEDT I/ BBFRIENED % Hh 7% fiRhf]
I 5720010, XS EANREICEDWT T thermophilus TtuA
DR 10 BEFR Uz, Soicmsikrsao<
Z 74— (HPLC) ZHWzH{bZIEIC KD, ZEAD
2-F ATV I VEBIEE G Uz, OREE & KSR
Wz EbYE, (RNA ZIEMLd 5 TwA KL, TwB N5
DIFFEDOZTHDICHE T % TuA BFEEFE Lz (RFH
o
CCTHEEMEASIUCHME (ZhZN TuB ZHDE
DEFERNED) O TwA, b b BXCHI#EED Nesé

Organism

DEGF 6 FEICDWT T 2/ BERE ORIk 2175 Tz
(Fig. 5)o ZOFER, FHROBEEFRENNITNEARFEEN
TWizZT &5, Nes6 & [H U2 FUV T (RNA O1EM:
(b miEHER 21T 5 L HEE T Nz,

6. HHHI S A2 —DEREILITHS TtuA DIFEZE(L
PiEE 7 T AR =T OR NI E T, 7T AX—
DBEMICK> THENEILT BN H B, ezl
NADH % EDET RF—0E5d 5 Farr—€, =
rayr—¥, FOUFFVRLETR—ENETEND
[34-36], —H T, B RF—EpEELELEVWa=42—+¥
DX, 2=— 7 FD MRS il 971
RIS BIRIRIE T T A2 —2 VIR B EAFET S [37]6
TtuA DFIFE 7 S AZ—137 A= X —X L REOERT
HEZEMN LTV EEZLSNTVSH (18], THICH
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Figure 6 Structural comparison of TtuAs in the two redox conditions.
[4Fe-4S]1”" TtuA (left) are reduced to [4Fe-4S]" TtuA (right)
by dithionite in the anaerobic chamber. 2Fo-Fc map contoured
at 2.0c (blue).
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Thermophilic bacterium (7. thermophilus) | TtuA, TtuB
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TtuA, inorganic S%

TtuA, inorganic S*

Figure 5 Sequence alignment of TtuAs and Ncs6s. The completely conserved residues and highly conserved residues are highlighted in red and
yellow, respectively. The residue numbers are indicated in our target protein, TtuA from 7. thermophilus. The anchor residues of the iron-

sulfur cluster are underlined.
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N TV T OBHEREEFS AT LD A 7 = X LI 7z
A, WEEEYE, EICEYZ LV TR A RBIR N D
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DRI eEZET, Tz, SOICHEMGHAENER
K (M) RERY AT LORIICERE &0 5 id e
MRPEPZEDHLED HD AR 2 U TR TR E N

Ic,

Mariage of Computational and

RRFORMM - Zhm



BioSAS (X AHBIREE AT O FhTHE & 75 T2 B iR
BB, SHREBATEAEING NP/ EINET,
AR DORMHIC S 2> TlE, Fae LT R—KHE
W NIEELE — LT A VB O/NFERFIE A, PF R
HEOBEHBREIEI A, M TFSAREEHRLET, £
7o, MHOMEE « SGRETYR— N2 BEO U
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Impression on the 8th Training Course
on Symmetry and Group Theory

Graduate School of Science, The University of Tokyo
Special Research Student (D1)  Xuejing HE

The 8th Training Course on Symmetry and Group Theory was
held by the Crystallographic Society of Japan and the Institute of
Material Structure Science, High Energy Accelerator Research
Organization (KEK) from July 22nd to 26th.

The lectures were given by Professor Massimo Nespolo
from the Université de Lorraine, who is a great expert of
crystallography. Courses were arranged properly from the
mathematical foundations to crystallographic knowledge.
First, basic notions such as group, vector space, mapping, and
homomorphism were given for reviewing, and then we moved
on to two-dimensional point groups, three-dimensional point
groups and space groups, symmetry operations, reciprocal
lattice, and X-ray diffraction step by step. Exercise problems
were also provided every now and then so that we could digest
abstract theories through practicing. Students could also join
the FAQ every evening after class to ask the professor questions
and redo the exercises. A clear overview of crystallography
and useful takeaway tips were got at the end of the training.
Although it's hard to understand every detail and make a huge
progress during five days, the course actually provided me with
helpful ways to analyze problems in research.

Life in the KEK campus was convenient. The lecture room is
quite near to the dormitory, and cafeterias and convenient stores
are also nearby, which helped a lot in saving time for busy study
every day.

I recommend you to seize the opportunity to join next
Training Course on Symmetry and Group Theory, and get a

promotion in crystallography.
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