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Sumitomo Chemical Co., Ltd.
Health & Crop Sciences Research Laboratory

Recent Progressin the Research and
Development of New Productsfor Malaria and

Dengue Vector Control Kazunori OHASHI

Yoshinori SHONO

Vector control is the most important method to disrupt transmission of insect-borne diseases, such as malaria or
dengue fever. Long-lasting insecticidal nets (LLINs) and indoor residual sprays (IRS) are major tools for malaria
vector control. Recently we have developed two new LLIN and one IRS formulations. Olyset®Plus is a durable
LLIN containing 2% (w/w) permethrin combined with 1% (w/w) piperonyl butoxide (PBO) with enhanced efficacy
against pyrethroid resistant mosquitoes. Olyset®Duo is also a durable LLIN containing 2% (w/w) permethrin and
1% (w/w) pyriproxyfen. Olyset®Duo has sterilizing and life-shortening effects against pyrethroid resistant
mosquitoes. SumiShield®50WG is a new IRS formulation containing clothianidin which is a new mode of action
insecticide for vector control. SumiShield®50WG shows excellent residual efficacy against both resistant and
susceptible anopheline mosquitoes on various wall materials. As for dengue vector control, larviciding and space
spraying are dominant tools. SumiLarv®2MR is a new long-lasting “matrix release” larvicide based on pyriproxyfen
that has been specially designed for container breeding mosquitoes. SumiPro®EW is a new space spray formulation
with low water evaporation properties that allows spray droplets to travel up to 100 m from the point of application.
Minimal shrinkage of water droplets maintains a superior knock-down and kill activity of SumiPro®EW against
dengue vector mosquitoes. This paper described the key features of the products that provide improved control for
insecticide-resistant malaria and dengue vectors.
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1L Comparison of vector control method
between malaria and dengue fever

Disease Vector Stage Method

Malaria Anopheles spp. Larva Larviciding
Night biting Adult Long-lasting
insecticidal net (LLIN)

Indoor residual
spraying (IRS)
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Performance of three different LLINs 7
days after 3 consecutive WHO washes
against (a) metabolic-resistant strain of
Anopheles gambiae s.s. in experimental
huts in Pitoa, Cameroon and (b) multi
pyrethroid-resistant strain (kdr + metabolic)
in Akron, Benin (Data from Pennetier et
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Performance of Olyset®Plus in the stan-
dard WHO cone test against field-caught,
metabolic-resistant Anopheles arabiensis in
malaria-endemic area, Kenya.
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B Exposed to pyriproxyfen-treated net after blood meal
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Fecundity of Anopheles gambiae s.s.
females exposed to nets treated with vari-
ous concentrations of pyriproxyfen before
and after blood feeding. Uppercase and
lowercase letters indicate significant differ-
ences among females exposed before and
after blood feeding, respectively (P < 0.05)
(Ohashi et al.19).
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==y
Ea 300 A
=S4
38 | Leeeeem .
&S 200 | - .
‘ ’g * ™
2 g 100 | * N
——
0 ; ;
12
= A
g &
=4 3
>~
g i
S5 4 /
D.‘ E I’,
S 3 /7
Z / e
0 = = ‘ ' ‘
0 7 14

244

04

—vIUT, FrTBERLELT—

LT — VISR U, JRRZ%1CN v &5 A iR HS
Pfih X 272 & 2 A0.01% (w/v) LA BT, WRILEg, W
MR 2 & FREIN A SE A I X =19, Rk
RIFALFIRIE T SV v 2N X T TRIERE T
TWBY), ZOREALRIFIEA BN TH D, —EH#
9 % & Il H LB - FEIRH A 2 LT & PEINEL
FHEE L A2 572910 x5y Tedv 7 2 vid
IRERIFNC NN &5 A MRROEGFLR AL T &85
ZEEMENnIZE 572 (Fig.5). TN H DRI HERE

—o— Control
——0.001% pyriproxyfen-treated net
—o— 0.01% pyriproxyfen-treated net

—=— 0.1% pyriproxyfen-treated net

100 g

80 A

60 -

40 A

% Survival

20 4

Days after exposure

Survival rates of Anopheles gambiae s.s.
females after exposure to nets treated with
various concentrations of pyriproxyfen
(Ohashi et al.19).

Experiment II

-0~ Control
—m— Pyriproxyfen

0 14 28 42

Days after release of 100 pairs of adult mosquitoes

Effect of pyriproxyfen-treated bed nets on population growth of Aedes albopictus in microcosms under
semi-field conditions. Experiment I: pyriproxyfen 1%, Experiment II: pyriproxyfen 0.1%. (* P < 0.05, one-way

ANOVA) (Ohba et al.1?).
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FTAULE SMERTE DR B BN A P42 Z & B TE 5,
ZDAVXT MZOWT, FEARFHAED I L-EE
128 b2V VR AORBE RS THEF L7210, ) 7'a
FLT2U1%H B ViO.l%@?E‘Z&K‘%‘?ﬁ U 7N Oliag
2R E BT TIHAHIADTES LS IS — A 2
M5By % iR o v %Abtome’“ﬁth
G &7y TN SO, LR, k. 2 LT
IHh UL L 22RO 2 B L 722 2 A, wih
DA E  WPRX DOHEE THEIZIK T L7 (Fig. 6).
Zhud, BN EWHEEMC T L2 &ichi A, M
ISk TEN N 7 v FICHE SN Tafe T2 v
DWFORUY % B U 22 A5 T d - 7217,
WIZ, Olyset®DuoD¥F Sk v~ & 7 1T 5
ARS8, W7 70 A ONF v TUHEE G
FRER A FhE L7219, Olyset®Duod bl R12ix, ¥V
TaFT T 2 AT EEA LR L BT DO Olyset®
Net% W27, Olyset®Duold R EH DA EN L < |
AJL A DY VTR 5 THERZ & B Wi R R &
HILHFIZOlyset®Net & 0 & FH -7z (Fig.7), L
L. 67 70 DN &5 HOEIEL ~IL 13D T
@ < MR U 2=k 28— L Tz TIh 6D
MRk R A RN TEIE L7-& Z A, EQUEIIE & Olyset®
Net TIZIEE IS L Lz L, vy Tafy
7 1 VT B EA L72IUE & Olyset®Duo Tl Mk i %
SRR L BB Z LA TE/ (Table 2), Ak
AITALEI R Y r = 71261 2 F2hhikBR iz 5 T ot

[] % Feeding inhibition
B % Mortality

80
60

40

20 4
x CE
0 T

Untreated net Pvupl()xvlen Olyset®Net Olyset®Duo
incorporated net
1% w/w)

% Feeding inhibition or Mortality

Performance of three different LLINs
against multi pyrethroid-resistant strain
(kdr + metabolic) Anopheles gambiae s.s. in
experimental huts, Akron, Benin (Data
from Ngufor et al.19).

MO H Y N2 Z I HH L TRRD LR TN,
ZD&H1IZ, OlysetPDuold “FHOEMK T = GHT 5
IZ&oT, ¥rauA FICEbiEA2F -7~ 7
KL TEE) Turs 7 o« v O TR IO
RIS 32N TE S, ZOK, YL 2a4 PRGN
MEHWVEAKIZE YY) Ta+y 7 = v OEHEHL 21T
5ZLmwo, NI LT AEEEHICEL 20 A N
EITWDOBIREX < B L 5N TN 320, Thbb,
Olyset®Duold LH D J&3# % P < e & Ff > T
%, EHIT, WIMHEDNY X T HIZE T 577 T
HOWERIAM A2 10-14HETH % 729, Olyset®Duod
FREHIRBE THNUL, N~ LT HIDYT)T
ZfRRE NI 2 RELKIMD S BT &N TE B2,
Olyset®Duoid Zh T2 v+ 7 FDLLINTH
%, 203V YT MIHIE SN 2FBRERE T Thrs D FE
AE X NT & 7205, FEHIGIANC I B2 H A 80 M
Zh BRGEL 22 Aud s 6 28, BUE, Olyset®Duo
DI A BREES 5 R 2 BF A aABR 23, BRIN OD55e
T4 (AvecNet) 2fHTT7 L +F 7 7V DK
Vil Cirbh T %29, ZTh 6 OFEEET — 4 O
AHEAIZLD, WHOIZ & D IEBiMRIR & LTo)
DOHEEEIDZ LB HRIZA D TH A9,

FRERMZREREAE (SumiShield®50WG)

1940 X ICDDTASR R Al & L THEH & 1,
< 7 ) THIEIZBIN S8R & Lo TRk, RN
fii IRS) IF~¥F V7N 2 —aY Fa—LDFEHT
BHoTz. RNOEEIZHEFN AR T HIRSITY 7 ) 7RG
YA I NEGWT AR E T T 30 H A 54
DHFA ZILTOEMBAGT S VI TH %720, 7 OHE
DMEF E BATIZ 2 5EHANKE L. F BT IO
PO FEEE ORI K D 20004-RIZ A % & & D 2l
TRIEEDIOLLINIZZ DBEEA7E 57z, L2 L. LLIND
77 ) THATHAEANOETRARIZ LD~ 7 ) 7RAK
WD LTERLRBUE, B, #Bh-Rididmsz~
SV 7HBEEICIA S Z &2k, v T ) THIEAN
DAY= FENBEE 2 HEPHL KD LN TN B,

WhigNr 2 —ay bu— LGB TR T X h S
TEFIRRE 2 ORIATH B, v uF 7= vV EARIK
oy &9 B R NFR A B A SumiShield®50W G % B ¥E

1Ll 528 Sterilizing efficacy of Olyset®Duo against natural population of Anopheles gambiae s.s. in experimental

huts, Akron, Benin (Data from Ngufor et al.19).

Pyriproxyfen-incorporated

Untreated net Olyset®Net Olyset®Duo
net (1% w/w)
No. of blood-fed females observed 27 19 15 8
No. of eggs per blood-fed females (95% CI) 37 (15-58) 0 57 (30-74) 0
No. of larvae per blood-fed females (95% CI) 36 (14-57) 52 (39-71) 0
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201448 HIZWHOPES NHIGE L7z, ARBANL, HEkD
FHERHEAAI CH B L 204 PR A =34 — |
ARRFNC M A o 45 HicEM AR L, X
SIZIIEN I EE T R B 5,

NV ET AR 70F 7=V ELA b
V¥ O FERRE T % Fe i B R R L 72 55 3 % Fig. 8
IR, 7aF7 =Y VIFREHRO A E & 125
FEE R (LDsofi) MEA KT 520 0h 5
(Fig. 8 (@), ZhiEruF7=o VNN A/ER§
ZEFNTH . K ORGE & & B ICBFEEIINT 5
ZEERLTWS, 4, ARG~ M) v
TIZLDsofENZA Iz N XA~ 7= (Fig. 8 (b)), IRSOH
NTREGLE 5> & WKL L 72 BEA I D T iy % > & ¥~
7 ) TIHBOEEBREZEW T2 2 L Th B2 5. HEA
IZEIME A SR B A I, T XS IZ, BRFEDRE
i fFikic & b bh$EAORHALSASZ LT 0
F7 =V EIRSEANCHEH T 25 Z LA TREL 55 7=,

W7 70 HDORF THEfE L7 AR O R %
Fig. 9Is/R g, 77U HIZZ0nt X v bED D/NED
NEEIZ, K THIL 72 IRSBLA| 2 WHO D FEHE FH 1
HIHE>THAG L, 12 HBICE¥EWHO 2 — V29T
BAMEAEHE L 72, YL 204 FIRPISEE T (Rdr)
EHTBH I 4T H KdrKis 2ok L <,

(a) clothianidin

0.2

0.1 A

LDso (ng/mg female)

0.0
lday 2days 3days 5days 7days

Days after exposure

SumiShield®50WG D300 mg Al/m2JLEE [X 13 %) J) 5T
fili OWHOILHET b % FFEHEZ0% LA | % 74 H R L
7zo —H T MAEOIRSEANT 2 & D MR < .
Y IAHRZAAFIILCSTHNH, TLEXZY YWGT
42 H, Ry ZA L HNVTWPTIE2H»HETH - 7=,
W, EBNBIIRA LG YT &5 7 55
AT 2 3EE A Fig. 10108, AaBRibIZ 31)
EMEAENIE L 204 FREOH =34 — b SRR
AN U CEEOEPIME A2 1D, ZOMERRFIS L
CSumiShield®50WGIXE VR EZ/R L, B 3452
AFNEEEOHRBMHENTZ, —HT, TILIAZ
) YWGERNY &4+ HILTWPORITZFEH L ~LiZ
FELED >, FRIC, BT 7)) A0 =7128WT
& WAMEY M Y~ & 5 #1239 5 SumiShield®50WG
DOENVI AP 5T S, RIAERRIE: 28 O1RS
BANIHAHREE RS RETE, FICAFETHD S
NAWAMIA P AKIAK T EE5 LN TES, 77
VBT B~ 7 ) 7T IR A Ok < T
6 AFUE TH 5728, SumiShield®50WG TIZA-f D
B E —M FE IR T X 2R d %, L
24 F&FRSE L7ZLLIN & SumiShield®50WG %
HOWZZIRSOMAA DRI, 5%~ T ) THED=%
ICEBEAEHER-TTHA I,

(b) permethrin
8.0 -
6.0 -
4.0

2.0 A

LDso (ng/mg female)

0.0
lday 2days 3days b5days 7days

Days after exposure

Changes in the intrinsic activity (lethal doses for 50% mortality + 95%CI) of (a) clothianidin and (b) permethrin
against insecticide-susceptible strain of Anopheles gambiae s.s. observed over a period of 7 days after topical
application.

% Mortality at 3 days after
exposure

SumiShield®50WG

300 mg Al / m? 1000 mg AI / m?

Deltamethrin WG
25 mg Al / m?

Pirimiphos-methyl CS

m OM m ™™
m 1M o 8M
H 2M 0 9M

m 3M 1 10M
m M 1M
m S5M []12M
m 6M

Bendiocarb WP
400 mg Al / m?

Residual efficacy of SumiShield®50WG and existing formulations for indoor residual spraying against
pyrethroid-resistant Anopheles gambiae s.s. KdrKis strain in the WHO cone bioassay in experimental huts,

Benin, West Africa.
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100 ~

80 A

60 -

20 A

% Mortality at 5 days after
exposure

SumiShield®50WG  Pirimiphos-methyl CS
1000 mg AI / m?

300 mg Al / m?

Bendiocarb WP
400 mg Al / m?

Deltamethrin WG
25 mg Al / m?

SN Field evaluation of SumiShield®50WG and existing formulations for indoor residual spraying against
natural population of Anopheles gambiae s.s. in experimental huts, Benin, West Africa. Data were collected

during 4 months after spraying.

REAFRDIMEL REAFRE (SumiLarv®2MR)

HHADMYD . 7 7T H 5 10y 24 ¥~ hR
t b 2D Y II AR OIS LR B a2 D
728, TS OFEE #KIK S 5 IIF R AR ORI HAl
OREENENTH %, BEN-DRAIOR L. BWRs
HEaTsEeic, BRI K> TR 5
7T PMENE GLPEREOHIR) TE2H Th5, Mt
I E TER L 723 Al DR Hef % 3 2> L CiiE
ICRHERER@EFC) Yo%y 7 £ Y (Sumilarv®) %
W ZA, REBSHEAE328Lna T ogl
R AISumiLarv®2MR (Fig. 11) % B¥. 2014412
HIZWHOPESAHIGE L=, B Tuds 72 VIidAG
IS BEWERENEAA LTl D, WHOIZ XD fRK
NOEHDFRD SN TH 529, WR7 VTR
HRKAE, 7V IENEMEL TRk T, BNt
DRZERUTAK T LTI RO FEREPFTH %
Zenn, ARBFNIOKZE L EIEEd 5 HIY TR X
Nz, REAIOFFEIZ. KO 122 b 5 T4
P65 H L LR, SEAI2ERNIRIE 125 5 K 12k
EH L TR0 EE TS5 28 Th b, 202
VT EREID B EDICY L — Y T LREKSE THEE
U7z, RS LI ERBR DA % Fig. 121089, JBAHC
AR U 72 K R AE KA AN TSumiLarv®2MR %

SRR SumiLarv®2MR, a matrix release formula-
tion containing 2% (w/w) pyriproxyfen.

10

1iE, 40 LOF & CUUEE L 7=, —EREIZ 530K E A
WA, ARSI 22 REOKIZE v 44 Vv
A RERUNITREBREAT > 72 T ORER. PEAEA]
THDYTINNY 0y WPHUEE%50 0 DL 48
T L7205t L. Sumilarv®2MRO %N 171364 H i
B4 5 Z L WD 57z (Fig. 12).

—e—SumiLarv®2MR (1 piece/40L)
—e— Diflubenzuron WP (40 mg/40L)

0 ¥
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

% Inhibition of adult emergence
% IE)

Days after treatment

Percentage inhibition of adult emergence
(+SE) in simulated field trials using
earthen jars (n=4) containing 40 L of
water tested against Aedes aegypti larvae,
in Malaysia. Half of the water in each jar
were replaced once a week.

WIZ, FUYTERFITLTNDE I ZAE S 47 VIR
DRz I TRPEIRFER S & [ TR b i ek &
1572, WEXOF (1202, ALI679A) T, ER
DFTBEENERBOFTRTOREREAK N T 412
SumiLarv®2MRO 72 4 7% FEHEIHE - T
AL7 (Fig.138), PAHFMFICFUEE L, 4RI
DS HIREFA % 1T > 72, R %Fig. 141587,
HEPRX O TIIAKZET K v 44 ¥ <2 OHRAEH
THREL T ZZ0IZx L, KELS O R TORER
WEAREEZ IR TR A > 72, —J7. SumiLarv®2MR % 4L
BEUZMTIE, KETOREREB Y Lh D, KED
NORZTE ZDORAELEMET L (Fig.14) . ZOHS
Fid, WX OREKRTH v 24 2 I OBEEMET
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2 Sumilary®2MR M

-
4
%
& ARTS
. _,. e
’ .

Flef ke (a) Water storage containers and (b)
SumiLarv®2MR treated in a water Jar in
rural village in Lao PDR

6.7

% Positive for Ae. aegypti

., -
Jar Other containers
(n=56) (n=65)

Treated village

Jar Other containers
(n=51) (n=60)

Control village

Positive rates for immature stages (i.e.
larvae and pupae) of Aedes aegypti in
water-filled containers 1.5 years after treat-
ment with a prototype of SumiLarv®2MR
in all water storage containers in a rural
village, Lao PDR. Jars and other containers
were randomly examined for presence of
mosquito larvae and pupae. Collected mos-
quitoes were brought to the laboratory and
species were identified morphologically
under a microscope.

16l 58 Dilution rates and spray volumes for SumiPro®EW

L72ZEARBL TS, k., iRBRBHAG G0
L7zBAIMERICK > THREIND Z LN 05720,
SHRMNFEE I NS & & S ICHADORAFRIE LA L 7=,
FFNIEL OB EHE L CH D, HYTORHBOA
DHEZERZIZL TS, KBTI, WHX DR
BT V77 AN APURGERE N AL & DA
KT L2 Z &R IS TN ED, DIk LI,
SumiLarv®2MR % 7K 75 & DA 3% F A R ) | 2 U
FT5ZET, TV IEORE AR HIETE 5 L
s s,

FUWEEEEZER (SumiPro®EW)

NCDSHHE RIS CHRATHMHTE 5 Z & T v 7L
DR TH D, —HEENFAET DL, T A N RIS
L 72K 2 T LB AL AH T 720, BRI YA
IV ZRAE B Uy T I DB S 2 T & i iud
KHE, TODEMEFZAI M5 LidT v
TEOPERRE LT TEETH 5, Zhid2014
FEORFIZBT 2T CERH SN/ ETH S, Ntk
BN U TR TEN S v 2 89 ViRl A5 A b
7J)L b Y v (Eminence® ” SumiOne®) 20 & {gh 72343¢
RAEHTSY 72/ )Y (GOKILAHT®S) %,
E ISR D 7= I STHIPBO % BlG L 728 Lnvae
[#1E 5% A SumiPro®EW (Table 3) % Fd¥&. 20144F12
VUHR-NKOVL =2 7T Eili L7z, ABFHNLIRE
D EEFH (Ultra-low volume, ULV) /%% (Thermal
fogging) 1S L CTH 0., EVEEE @m0 8%
M SEENTERR AN THE) AT 5. ARH
FHEEAEAZEALEE BT LY 3 (EW) AL
JiTh57:% (Table 3). fEHHRLEBUI T 5 Afi
IRV, ARRFIOHEA R % Table 412787,

1Ll ERel]  Composition of SumiPro®EW

Ingredient Content % (w/w)
Metofluthrin (SumiOne®) 0.1

d-d-t Cyphenothrin (GOKILAHT®S) 6.0
Piperonyl butoxide (PBO) 10.0

Inert ingredients/water 83.9

Total 100.0

Space Application technique Dilution Rate (SumiPro®EW : Water) Spray Volume

Outdoor Cold fogging (ULV) 1:9 0.5L/ha
Thermal fogging 1:99 10L/ ha

Indoor Cold fogging (ULV) 1:9 0.1L/2000m3
Thermal fogging 1:49 1L/2000m3
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% Mortality (mean + SE)

FrUBmERLELT—

B 10m
B 2%m
[ m 50m
J I 75m
7100 m

Aedes aegypti Aedes albopictus
SumiPro®EW

Aedes aegypti Aedes albopictus

metofluthrin 0.1%/cyphenothrin 6%/PBO 10%

EC

Field efficacy of SumiPro®EW compared with a formulation of emulsifiable concentrate (EC) at distances
of up to 100 m downwind from vehicle-mounted ULV cold fogger in Malaysia. Water-diluted formulations
(1:9) were sprayed at a rate of 0.5 L/ha in a football ground (n=3) in typical conditions (24-28°C; 58-77%
RH; 0.2-0.9 m/s wind velocity). Laboratory reared Aedes aegypti and Ae. albopictus females were kept in
holding cages at 1.5 m above the ground. Mortality was observed at 24 h post treatments in clean cups.

WHODRAELEZDE - 12055 ikl 2~ L — o 7 TR}
RFTCHEM Uz b7 ZITHEE U/ ULVIEFEE T
71 =D A 75 5 SumiPro®’EWAIEFE L, % v &4 ¥
T AKOE b A2V YRR AR A S —E DFR
Bt CRGZ I, TOME. WTholizxdL e
SumiPro®EWI i A 5 A 5100 moD FREE £ TEni

HKARLZZDIZX L, SumiPro®EW & [6] UARIK 7
I LUZFLAT (EC) A5 T3t~ 550 m&k 0
FOHTTESFEEME T L (Fig. 15). 2D &I 12,
SumiPro®EWIZ T v )L > g YRUGIZ X - CaEl £ T
AIMWEREL, BOBTCRI N 2R T 5 Z LAMEI D 5
nr=,

ARBFNOFFEMET, B H 22 CHARR) 2ok 115
(10-30 pm) ZHEOZ & TEEIN TS, Z2HIETE
FNIR T30 pum A A % & LT T L. Wi
5umll F TN RFRADNEENKE LT T
528, SumiPro®EWIXIEIHE A A2 &/ L Tn5 7=
8. Fig. 1613783 & 5 I ZHUAE 2 BIAR Y 20k 118 & I
FL72F 100 mBICERET S 2 &N TER, —7,
WP IEA 7RI L T WL ¢t Bt
SHEN B ERTENM/NL 72, 2D XS IZ, Sumi-
Pro®EW Tidm e @ i & » CHRANROR &R Hoh 2
Z b EKIEZA S Z ENTE, F7 Vv 7EOBEZR
ICKkERREE 20T 8D LM ah 5,

N7 52— NA—IVAFHBRERIR D DB

RSN 2 AN D 5 ADERNRSYH A kI
DEULMHINE X2 2 —ar ba—)L3BIZB T,
PO BT H 2 ERIER L DEFE A 5. Hil
WIERME A $ 2 BB I # A I8 AT 5 Z
Sl EHMEREOAREMRRR L Ui THEET

12

B 10m
B 25m
[ 50m
[J 75m
[] 100 m

Droplet size (mean + SE, pm)
IS

SumiPro®’EW SumiPro®EW without
evaporation retardant

Droplet size (volume medium diameter2®)
of SumiPro®EW compared with a formula-
tion of SumiPro®EW without evaporation
retardant at distances of up to 100 m down-
wind from vehicle-mounted ULV cold
fogger in Malaysia. Water-diluted formula-
tions (1 : 9) were sprayed at a rate of 0.5
L/ha in a football ground in typical condi-
tions (24-28°C; 58-77% RH; 0.2-0.9 m/s
wind velocity). Teflon coated slides for
droplet deposition were placed at 2.5 m
above the ground.

H5, LLanS, HRARIKS ORIEIZERLE
MAEET 5720, THPRLNDZAKGBO XS 558,
DEOHFENDA v v T 4 TIERLTENEEFE L
N,

IVCC (Innovative Vector Control Consortium) i,
Bill & Melinda Gates Foundation®¥& & 4%H) % 52 3 #F
LWEBHER 7 & —Fikrfefi o T 2 By & LT
AL X N Tz, HEE ) N T — ISR A F O JEE RN
KTH 229, HiidOAfE % wllkd 5729, IVCCla~~s
S —a v b a— VRO FIA S ORI % 5
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BbhUIC

<7 ) 7 DOIEEEIT2000F- LUEBIAE £ TITIRIEFIN
L7z. ZHUZ20004- K82 G Rth < iz, 7707
D& L72v 5 ) 7T IO LLIN O 4 i K A
7 (Universal Coverage) #Huh & L72#ANRED
BERTH 5, ZDO— )7 TROEAMPEPUE 2 &8 7= s
LWL LDDH %, TV /BIZDOWTIE, Za—n
V¥—v g VOMRBICEZENRABEALZAN, /0K
g, & HITIFHERIRIRACIZOE S B O S5 R D
BT &y, BERZFELABNL TS, ZTh
FTCRBRRTE LS I1Z, WA ZORIUSH IS BE &
EREFHRs 4 —a v o - VBB AR L, &
722012 F6 HIZIZ & v =T IcRo £ —a 7 [ a— )L
FDT 7 J O & U TAfrica Technical Research
Centre &% .. Bl CoOMRARHIOMILZEX -7z, 4
xS e Ny 2 —a v b a— L O S
B C R DN & REIs. R
JRGYRE D HIEIZ [ THE A 200 &t T <,

A E

AT B9 2 HIRINIFE & F2hE U C & 7= R34
TR ISR < R&H O A 23 %, Olyset®Duo®d
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Melinda Gates Foundation?® & 44212 & 3IVCCD
Juv s bELTEBI N,

51 A3k

1) OHik = h, B X, k(L %, 2006-10, 4 (2006).

2) M IR, Al ', “BURORGYE”, SIS
(1997).

3) WHO, “World Malaria Report 2014”7, WHO (2014).

4) WHO, “Dengue and severe dengue” (Fact sheet
N°117, Updated May 2015), http://www.who.int/
mediacentre/factsheets/fs117/en/ (ZHd 2015/
5/30).

{FRAEE 2015

5) WHO, “Malaria Vector Control Commodities Land-
scape 2nd Edition”, WHO (2012).

6) H. Ranson, R. N’Guessan, J. Lines, N. Moiroux Z.
Nkuni and V. Corbel, Trends Parasitol., 27 (2), 91
(2011).

7) M. Zaim and P. Guillet, Trends Parasitol., 18(4), 161
(2002).

8) WHO, “Report of the Fifteenth WHOPES Working
Group Meeting”, WHO (2012).

9) C. Pennetier, A. Bouraima, F. Chandre, M. Piameu,
J. Etang, M. Rossignol, 1. Sidick, B. Zogo, M-N.
Lacroix, R. Yadav, O. Pigeon and V. Corbel, PLoS
ONE, 8(10), €75134 (2013).

10) WHO, “Guidelines for Laboratory and Field-testing
of Long-lasting Insecticidal Nets”, WHO (2013).

11) H. Kawada, G. O. Dida, K. Ohashi, O. Komagata, S.
Kasai, T. Tomita, G. Sonye, Y. Maekawa, C. Mwatele,
S. M. Njenga, C. Mwandawiro, N. Minakawa and M.
Takagi, PLoS ONE, 6(8), 22574 (2011).

12) N. Minakawa, G. O. Dida, J. Kongere, G. Sonye,
H. Kawada, J. Hu, K. Minagawa and K. Futami,
Effectiveness of Olyset®Plus in reducing malaria
vectors and transmission: a randomized field trial
in western Kenya. Biennial meeting of the Royal
Society of Tropical Medicine and Hygiene, UK
(2012).

13) WL MEAS, FH L I ¥, KN, B EE,
FREF B, kAL, 1997-1, 4 (1997).

14) K. Ohashi, K. Nakada, T. Ishiwatari, J. Miyaguchi, Y.
Shono, J. R. Lucas and N. Mito, J. Med. Entomol.,
49(5), 1052 (2012).

15) C. Harris, D. W. Lwetoijera, S. Dongus, N. S. Matowo,
L. M. Lorenz, G. J. Devine and S. Majambere, Parasit
Vectors, 6, 144 (2013).

16) B. Koama, M. Namountougou, R. Sanou, S. Ndo, A.
QOuattara, R. K. Dabiré, D. Malone and A. Diabaté,
Malar. J., 14,101 (2015).

17) S-Y. Ohba, K. Ohashi, E. Pujiyati, Y. Higa, H.
Kawada, N. Mito and M. Takagi, PLoS ONE, 8(7),
e67045 (2013).

18) C. Ngufor, R. N’Guessan, J, Faghohoun, A. Odjo, D.
Malone, M. Akogbeto and M. Rowland, PLoS ONE,
9(4), €93603 (2014).

19) H. Kawada, G. O. Dida, K. Ohashi, E. Kawashima,
G. Sonye, S. M. Njenga, C. Mwandawiro and N.
Minakawa, PLoS ONE, 9(10), e111195 (2014).

20) M. T. White, D. Lwetoijera, J. Marshall, G. Caron-
Lormier, D. A. Bohan, I. Denholm and G. J. Devine,
PLoS ONE, 9(5), €95640 (2014).

13



EBRENMMEBRPESRAORIEAERRFEE —~vFV7.

21) K. Ohashi, K. Nakada, T. Ishiwatari, Y. Shono and
N. Mito, “The 58th Annual Meeting of the Ento-
mological Society of America” (2010), p.128.

22) A. B. Tiono, M. Pinder, S. N’Fale, B. Faragher, T.
Smith, M. Silkey, H. Ranson and S. W. Lindsay,
Trials, 16, 113 (2015).

23) WHO, “Guidelines for Testing Mosquito Adulticides
for Indoor Residual Spraying and Treatment of
Mosquito Nets”, WHO (2006).

24) WHO, “Pyriproxyfen in Drinking-water: Use for
Vector Control in Drinking-water Sources and
Containers”, WHO (2007).

25) I. Nakatani, N. Mishima, M. Kuroda, S. Shibata, E.
Kitashoji, S. Arounleuth, T. Xaypangna, N. Boutta,
H. Amano and T. Nishiyama, “The 10th Asia Pa-

TrUBERLELT-

cific Travel Health Conference, Final Program
and Abstract Book” (2014), p.157.

26) MAJE R, RS —ak, TEEP SERE i I,
MEC, Sl A, TR B, (1<%, 2005-10 4
(2005).

27) WHO, “Guidelines for Efficacy Testing of Insecti-
cides for Indoor and Outdoor Ground-applied
Space Spray Applications”, WHO (2009).

28) WHO, “Space Spray Application of Insecticides for
Vector and Public Health Pest Control: A Practi-
tioner’s Guide”, WHO (2003).

29) J. Hemingway, B. J. Beaty, M. Rowland, T. W. Scott
and B. L. Sharp, Trends Parasitol., 22(7), 308 (2006).

30) J. Hemingway, Phil. Trans. R. Soc. B, 369, 20130431
(2014).

A& Fngt

Kazunori OHASHI

R RS

{RtfE - B2 PR S SE TS i
TIEEE

it ()

14

PROFILE

EE XE

Yoshinori SHONO
R R A

TRERSE - S PR S RTE 25 T
LRSI R

it (%)

FRALE 2015



MOCVDE(IZ & B b4y igk | (rwhiat

A - . A T AL T
IEA2X vILEER (V) B e
WO 7
[ H Ak *2
SRR
% e pz*s

®OH oW Z

Epitaxial Growth of Compound Semiconductors | Sumitomo Chemical Co., Ltd.

Using MOCVD (IV) IT-related Chemicals Research Laboratory
Tomoyuki Takapa
Noboru FUKUHARA
Hisashi Yamapa

Advanced Materials Research Laboratory
Masahiko Hata
Yasuyuki Kurita

GaAs based compound semiconductors have been widely used for mobile applications in devices, such as
smartphones, tablet PCs, base stations, and so on, because of their superior RF properties.

One of their major applications is the FEMs (Front-End Modules) of mobile phones, and InGaP-HBT which is
suitable for power amplifiers in FEMs has been developed. In this paper InGaP-HBT epitaxial wafer fabrication
techniques using MOCVD growth method are reviewed.

FU&IC IZDuplexer# #7#& L 72PAiD (Power Amplifier with
Integrated Duplexer) X°FEMiD (Front End Module

WEAR, MR TERRICAER S A B EE A Tld o with Integrated Duplexer) A2 WS TW%, ZD
TR AYEa—T 4 VI FICKIWET - 4 HOR XHICEMILFARF7EY P LY FEY 2 —LOHT,

K ROTF = 2@BEOEFEANOEEHE > TET
W5, BEE— FTCIZLTEDY KIZ L 0 HikEo~ L

FNY FEAHEATE D, 2GHATIE2~3Th - 72/3 Antenma e P ModUe pp iy
Y REA 10y FRLEIZ S CRIL T B, & 720 X

TR AL OBEENC b1 T & MERLANELS Heh F“‘%Emmm
YT EEONEL . THEOERIE 2 A ]

BrEY 2 - LOEERIESED SN TS, ZDh
TYLEBBEAFIRFIUY NV FEY 2 —LTiE
AINEUE, KN EB IO 729 T E THIET /N4 2T

o}

RE—

\
: ry
Transceiver

HoTRBRTOERTY 2 —ILPEATED, ZA~v— | o

F7xvEOTBY PV FETIEFig. 1R T &S | —
I

%1 BUFE @ TR g

%2 BUTIE : JeombRHESRIR T Schematic diagram of front-end module

*3 B - {ERt¥ L s b=y s F Y 7L in smartphones (example)
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IR L THR D, ARG IZHWTIEGaAsRHBTOH
FAFIZOWTHNRS,

HBT DR & 435

BRI 22 HBTO M % Fig. 21289, 24 v FHIC
FOWENTOWBpHEMTIZRE SN B3BEBRIR - 7 v
VAL L DRRKDENIEROFZETH D, pHEMT
DI ORE S TN AT O3 L. HBTTIMES
MIZEREZRTIETH S, ZOHAIZLD,. $10nm
EWS fEO R TH T F v 2 VIRICE T % W T p-
HEMT & Fhfig U, 504 {2 B8 Ak i iy i i 4 K 2 < L
5ZL0TE, KEWRAHIWET 2,59 —7 v TH&EIC
LT3 Y, FRIOR T % TSR TS 720 D

Emitter
n-InGaAs
Base n-GaAs

- n-InGaP J

Collector .

- n-GaAs -

n-GaAs

Semi-insulated GaAs sub.

Typical HBT (Heterojunction Bipolar
Transistor) structure
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nInGaP Band structure change caused
p-GaAs by interfacial charge
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Effect of InGaP interfacial charge on HBT
Gummel plot
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M aterials Design and Prediction Using
Computational Science
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Recent progress in simulation and computer technology has helped the growth of computational materials science.

Computer aided design of materials with high functionality based on theories of materials science has become an
important and essential part of research and development in our company. Here, we introduce our work on the
computational analysis of inorganic fluorescent and organic semiconductor materials. Also, we show how recent
progress in this field can influence the directions of our research in the future.
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Spin density calculated for isolated, first-
and second-nearest-neighbor pentacenes
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Dashed line: sum of three spectrum from individual molecular chain.
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Predictive Functional Control®
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Development of a Predictive Functional Control
Technique and Practical Applicationsto

Chemical Processes

Sumitomo Chemical Co., Ltd.
Production & Safety Fundamental Technology Center
Satoru HAsHIZUME

We have developed a practical methodology for the application of Predictive Functional Control (PFC) to certain

processes which conventional Proportional Integral Derivative (PID) controllers have difficulty in handling. PFC
is a variant of the widely-used Model Predictive Control (MPC) technology, and is characterized by its excellent
control performance with a fairly simple calculation algorithm. PFC can be implemented using the standard
functionalities of DCS (Distributed Control Systems) and PLC (Programmable Logic Controllers), which makes
it easier than conventional MPC packages to introduce into and maintain in existing control systems.

In this paper, a general explanation of PFC, as well as illustrative examples of its practical application, will be

given.
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EEUIME R MIMO 7 0 & 2 £ T, RISV T
H2AWRE XhTnd, 72, PIDHIE & 6% HlHEE
HToOEALREL kD Z L2 6., PIDHIHEAEH X
NTWA7uk 2%&PRCICHE 2 #4, HlEYE % b X
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H3 LS EAlE %510,

2. (2752 MIHITBAMPCERDOBIE

b7 ¥ Mz WT, MPCEHIW-REREREER O
Wl > 27 4 O—Hl%Fig. 11289, Akl 257 4
Tk, R, BN mE, BEE WS e 2B K
DOFIEANZIZDCS 2325 S M 7z PIDHIH A W 6 h B,
Z @ ERiflEETH BZMPCIE 7 J ¥ b DIRWHEITH 2%
EIZRD 728, KPIDHIEEY) 253 E e (HIfEE O
HELE 350l 21135, /20 IDEEIE NS
RARREM A AT B RISHE 2 &, PIDHIETIZEE)
1t - REALHAWEE 2 T2+ 21k U, SR E7 5,
& 512, MPCIE A IChriE§ 2 s ASRE Tatf s
BEnEft A & L IS8T U v AEKANDOBEME KD B
72, 7TV P RROREICIA, o lEER S FE
B33,

: | Optimizer
External:  t§ t4 t4 11 t1 t4 t} t} t4
PC | Model Predictive Control

A Al B y 11

‘| PID PID PID PID
DCS :|Controller|| Controller Controller Controller

Actual i
Process

General configuration of control systems
employing MPC and PID controllers

3. PFCEANE R

MPC#% &y 27 213, 75 v M &lka i
b - (b4 2 2 ENTEB20IREIZEN R TET
HBN, BA MR AT F YRS Z2ERE
I B REIRE NS 2B S, EANBELE TS
Y MIRENTH B, AR, BEEET S Y Moy
T, KBUET 5 v b &I U TRE(L - fomfbic &
%2y FAVNS L 5 BMEENZH D EFSRIRO
TMPCEANHELWEEZ 6, WEEZIILOETS
IDEDEE 70 2 FTFEHRECORBLLE 5D &
NHb, £859F 772 Tl SIS D %
mfE D EAENER TH O, BNSEHNSE T SN 5 72
CUZNEB ST X — 2 OFFEH I & 72 5 MPCOE A 1L
BEL <. IIGHREE R 2 &1 PIDHIEE A6l & U 7= T8
fEL L IEy—r v ZHIENZ CEIR I NS Z &A%,
ZOEk5577 v Mk, HEMk - E{bsK
#22SISO7 1 ¥ 2D 7= 912, PIDHIENZH 2 HIfE T
ERVETH -7z, F/2, BRSNS HIETRISEH
LA Z 5728, MPCO & 5 12/ E 2 & Hn 5
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DTIFMS . DCS ETHRETE BfimaT LT X A
ThdIENFHTH 72,

ikcid, ZOFEE MRS SO FEE LT,
PFCIZHH L7z, PFCAEE L7-MHE LT, PFCOH
WrodT) X LEAFbEhTE Y., Atk THfRG
AR Z &, 7T X LHESTH D DCSIEUERE
RETERETXDZZ L., INEDOHEL T ot 212 FIH
R Z ENZFETF 65, &> T, MPCOEANHEL
W75 Y MIx U, PIDHIEE & JEif I X h ¢
WABEFORIES 2 7 £ %45 &5 ICPFCEMARE
Z&T, TV N OBEEZHMUAERTEEEE A,
BEHicEF L2 (Fig. 2).

)| PID pp |B|| pD |[Bf PD |B
DCS | Controller||Controller 15‘ Controller E Controller }1: PFC
Actual Yy LV Iy
Process | | Flow || Pressure || Level ||Temperature|| Quahty |

Configuration of a control system employ-
ing PFC and PID controllers

PFC7IV I A Ls LUKBILEM OB R

1. MPCOEXKELSO 8

MPCiZ, 7°v & 2D AN B OB T T IL % fivy,
BRAI L 0 Kko 108 & % PHIL, 20X AT
ERFRFIFE LB R IR S KO IR A RET S
Vs R AR L TWA, Tav 2Tk L., BE
B LMo 7 27y avEMA 3L, & 5HEMEE

Model Identification
Steam Flow Rate Temperature of

(Manipulated Variable : MV) Modehng

Distillation Column
(Model Variable : ym)

Basic concept of model identification

Model Predictive Control

@ Inverse Model

Set Point : SP

Reference Trajectory

Steam Flow Rate —
(Manipulated Variable : MV)  Calculation of
appropriate MV

Y

Temperature of
Distillation Column
(Process Variable : PV)

Basic concept of model predictive control

40

NEME S THIEEAZLT 22, ZOBfERISHT 5
HIEROMEINE MR TR LZE0% [ (@) €
TN] LS (Fig.3). #FF L@ &k, BHEOH
TR OM Al GO HEqE) ~ES 580
A RN EDORTE L DT, [2HEE] LT
Iha, sHEE TF LK DRI N3 ETLE
(B OFHIE) AT 570 —%T5 &5 affei

% IR Z & :ﬁbé’af ZMBEIZIR S £
HIBE R 2 BREMAN LR ISE DT 52 e TE S

(Fig. 4) .

WU, — i) 2 MPC & PEC O # A R L 0E O &R
3. MPCTid., »2EXME (FHIXEP) TOET
L (ym) EBMHRESTEB AT T3 L5, Bl
TEREAN 2 6 d B X1 (RIBEIX T M) OS2 — v
R 5, ZORE HIfE (PV) LEfER MV) O
b BRI R IR A i 7 g A - R R OB
fi. 127 v 7B 2 ERZIRORIF &> 7254
AT 2 BB B 0 HAERETILZ NS RS
A2 Lo PHIXENC B 22 Mg L €570

DFEMTE L2/ NEL hD LD BXBMOEAE
88— VRw piEfbiEE kb, 72, HESHh
FIER I SE — VIR T 9 THOBRT T v b AIIA,
B E B SRR R S % — v AR B 720, HIE
HEOAMIEE < WHIEDCSE HEHi L 2o a Yy
Ya—2iCHEBE NS (Fig.5).

Reference Trajectory

O iy O
Past | Future /.= 0 © 0o

.."/ _ Prediction horizon, P

° < o
°
® MV
e prv
o ym
L] | —
Control horizon, M
! 1 ! e !
k-1 k k+l k2 k+M-1 k+P  Time

General concept of MPC

—J. PFCIZ—f%i = MPCIZ 3\ A HI#IX M, T
MXBEPORD D IZ—FihEEAL, —BUHIZkIT
EFILEEBEPGENS LK &5 &5 AflE R % i
JHERIZRD B (Fig. 6) o — B D% ds & ORI
RN A - L, —FHiE—DLL, ETLD
TE LA T RT S L. BEREIAEOTFHE2M Z

ICkoTROBZENTES,
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Reference Trajectory
Past | Future et
,,/O &mk+h
¢
°
° %
MV, o ym
— MV
" " l——«—— Coincide point, &
\ |
k—h k k+h Time

Basic concept of PFC

—FuliE DL LAPFCIE. BN ZPHlZ Lo
BN, REMEOE TN A MPCX O PIDIZiE
FEEA TV S2RAEEHZEDD, TILTY) XL
NEHTH O, %?»%mntﬁﬁﬁﬁﬁwtme
HE & PO U T HI e A I T & 5. F e
Twﬁwﬁﬁﬁa%fﬁéth%ﬁ:ﬁhfwéa
W 7R B 5

2. PFCHIfEI7ILT Y X LS

TaY 20N ET L, —KENER, RO EE,
Utﬁﬁ?i&wctﬁﬁi@ﬁ&ébﬁfiTu&
NTE, LFET IV MW [0+ 8771
M) EFATEBIARE LT ZAnL L(iET 5 (Fig.
7). PFCIIMEA 25 7 0 & ZIZHISATRE T b B A5, AR
TIHMLE T v b ComEHEEZ A, [—REN+ 72
Ml EFLEROEET LY X L&A 5,

[~&EI+LZIEM] T 0. 74 VK,
(= APV/AMYV)., WERT,. ©7ZHHBL,D3DDI8F
A=A 6kBEATHD., BEEMEINICKT S
125 y7°0)H#F"?|F"EJI3%€'At<‘:*§”Zo &L BRFgoET LR
ymy E PR R MV, 6 ROBENZ 1 5 7L R % Tl

APV

® Process Variable
—— Model Variable
- - -Manipulated Variable

e

Time

Actual process response and its approxi-
mation by “Ist order + dead time” process
model
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F 5 LIEA QD &5 'ifﬁfé‘% %, AMIZHWV
T, AT 1@‘1%0)1‘%%1’15 LB e, S
TISBURF I OIS ?3%%’&% LTw3,

IMps1=0m Y+ Koy - B MVi_1,/ n¢ Q)

oam=exp (—%)

ﬂmEl_am

/o OERHSEOES, L,=0 L, XA Q)&%
60

IMpe1= 0 Y+ Ko+ B MV, @)

PFCIZ 1T 2 2 MBE X, BIRELIRIC 3513 2 il 6 &t
(F2HlE) PV &R & U 72— UGBS Bl fE X A R
HEhsZenz <, K@) TEENb, ZTIZ T TRBF
(IRGENENZ KT 2 95%I0 R & PRI AL, I OIS E
WE KT 37 2 -2 LTHWENRS,

s ()]
—HEh AT v THROETILE L BB A —3X
T2 &0 sl ERARD D, 22T, SHLEIZBIE
AEBRE LTRO . Ayri=y7en =yre =yrean & 5 %
[IRRIS, BT VE S BN 6 ORGP TES &,
Aymy, = ympa —ympl 78 %, T LT, Ayry = Aymp &
L. RA). Q%ML ZET. ~WERT L2 %ER
R LeriifiAngohs (XG).

[SP,—PV,]-lh+p) -ym,
K, B

fr=1- exp( %:)

h
wer-on )

MV,= 3

Wiz A &t 7Tu v ZISERT 5720, RE)IC
L 7EEREIE N Z %, Fig. 710 & 512, 77 R
R A5 2 Th S HilfE D %E?#EEL‘;ZQiT“
I 2RI CTH B, Thbb, L7EEE 7. (= La/AY)
Z T THIDE T IV ymp_m & BIHED T T & ymy, D
%, BUEORIBIEPY, & rn A T v 7HICHIHE D
BT 2 EF A 5N VIHNEPYpred DZE53IC—3F 5
(Fig. 8) . &> T. HlfHEPVICE 720 MITR IS B AT
WX N5 257 ymy — ymig—pm & AlAE U 72 PVpred), % i 7212
AT B L. LEIEHAIE 2 & A 72 R R ) 23
Kbdohs,
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e PV
O ym

Past | Future

k-rm k-1 k k+rm Time

Concept of dead time compensation

[ SP,—PVpred,] - lh+p,. - ym;

MV,=
‘ K B

@

PVpredk=PVk+ (ymk_ymk—rm)

R, EFAEFERQ) L BEEEEA@OD 20
W2 B+ ZRE T e 2 23R & Lk
PFCOHIET LT Y XL kb, TOWRENETILIN
TA—ETHY, T—HF—DRETEF2—=V I
7 A—4213, 2EPENX. TS TRBFOAL 55T
W5, TRBF#5L 5 LHIfEEIES &0, BT
3 E T8 < 5B, £72, PFCIE, BEZIROZR
ENESP, & HIEE PV, OFEZE A HIEIZH WS 7 4 — F
Ny IR E G ATED, MPCIZB A7 4 —F
Ny I HERED ISR E N TS, ZORR. AL
IZRHLTE, R@OHHATHIET S Z &N TE S,

3. SELFEEHEE OISR
AR . WMEOAEIZH L TET 4 —Fvy 2

FERE THIR DS TRE T & B 48, WELHIA D € T ILREEEA]
B AbELIC K LT, S ELHiE R RE & v 5 2 & T
FEEEZm ET 22N TE S, $hbb, hAT v
TR DI X B HlE R DZEA S Aydmy & T L
Ayre = Aymy + Aydmp & 75 DIER KD BH 2 &T, 1]
Bl LA BT 520 TES (ROE)).

_ [SP,—PV,1-lh+p} - ym,—Aymd,

MV,
' K. pl

@)

4, 32l — 32 Il&kBPFCEPIDHIHO S
AR OHIE 7L TV X 4% HWT, PFCOHIHEYE %
v3alb—Ya VTR L7, Fig. 9%, 7ut 2y
4 01%/%, 72X ARE300sec. 70 v 2372
150secD—REN+ D ZHEBR TR I Nhb T a2
KU, BAEEA 5300sect 128 EM & 0% 4 5 1% N4
L7zI¢D. PFC. PIDOHlHIFIEIC I 5 i@ B gt
WERLTND, 22T, PFCOHIHIIT X =2 Th
ATRBFIZ300seck L. PID/ST #* — 23— WkiEN
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7 4L 2 HEER & U CTRBF/3D il % i L 72IMC
(Internal Model Control) (LI TR SN AMEAR L
7oo F2, MifHTEE S, ETLBEIRNEOL
L7z, 53R, PRCIIfrE@Es2Ers2 <. Ho
PIDHIEH & [F] % DR EMHERE e A 15D Z & A fiff sl
BZENTE,

201 ——PFC === 8P -eee. PID (IMC)

-
o

o o
R LR

SP, PV [%]

0 600 1200 1800
Time [sec]

Comparison of control performance by
PFC and PID (tuned with IMC method)

Db Z s, PRFCOlET LT X L OFRHHE
LTKRDESIZFLHENS,

- OOt ENR—2 L LS sk oL ) X

LTH B,

c Fa—=VIINT A —ZITRBFOATH Y, PID

FIENZ R F 2 — =V IWREZGIE > T 5,

- AR AR S AA F M TV B,

- SAELEHERSRE D IR E 5 Th B,
AR TORLEITIEME T 52, MIMO 7' 1 £ 2D Y5k
SUBEE WS MG H D, AEnE. Ak ZAMPC
EPIDHIBEOHF I 2 HIH T A TH D EEAL D, Lo
CFig. 2T L 72k 512, MPCOEANHEL T T
MZBWTIE, PIDHIEA RS HIHThE 52055,
LEZ TS,

5. DCSIRERREN DKL

AR L 7ZPFCHII7 LT ) 2% 70 —F v+ — T
AU L 72—l %74 (Fig. 10), [@Initialize | HE 1
IZBWC, alhlRpLEVNSTZETFIISG X — X T ET
WL7=%. [@AUTO ? | 12T, PFCOHIfHIE — F A
A= bNTHEPY=aT7 L TH5rHETS, v=2a
TILE—FThBAEOIE. N TLAWE LTINS,
V= a TR EF — AP0 A 2ZBEOEAER D2
BEALEMZ B 7-00F %175  ([®Calculate bump-
less])o A= PFE—=FTHBAELIE. RQ)TEHENh
% FULEE ([@Calculate ymy]) Z47\, BE4IH
—HEANEREL 2261, R@) TRHESh 28R
HWEZT S ([@Calculate MVi]) . @DEFILEEL L
OO TR A K4 O THROE$TZ & T,
119,
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(DInitialize

10 Output MV,

Sl Algorithm flowchart of PFC

Fig. 10370 —F v — MERXTH B Z & » 5, SFC
(Sequential Functional Chart) 5 &%=°ST (Structured
Text) Sk E DY —r v RO S 3 CHME ]
BETH B, VFEODCSIZHEWTIE, ThbHy—r VR
HIHH S UERRE & L ClAAE N TR D, 7
O —F ¥ — b HHOREFE T S HA LA S T
H%Z 5, PFCIZDCSO FEHERERE T 0D I H B
kb, /2, Fa—=vrI354—4% (TRBF) %
WBCHETR)TIALEA LIEENPUREE55/87 A —
s RIx, PIDEs L EIRRICH XL — 3 3 VlifiA» 6%
HTXBAE 5 IC2a—HF A v A -T2 — A hFHit+52
LT, avihu—3 L LTCORHSTREE RS,
Sy il ANY )2 o i

1. REREADO®EA?

DCS k25234 U 72PFCO AR 2 sl 4R <L 2
TSR RN o LA & 5@ FH U 72—l & LU IR
D

WNEE, BIKIREE ) R4 5 — 2 F — LEICTH
W3s7aL2THO. HEHESOHER (MV)
NV ARA 7 —2F — LimblHOREE (SP) &%%
B 2 — RO & %5 (Fig. 11), PFCAEM$
DI E L ET VARG T 5720, FE¥T o 21
TAT 9 TIWET A M ERfEL., Foh-HEE (PV)
ZL b LY Fa—KiER+O7ZERERISS TEZD, 7
A VKu(=APV/AMV). WEERT,. T72RH L, &2
ZhEH L~ (Fig.12).
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Vapor
| g Reflux
Feed
steam
BTM

TI : Temperature Indicator
FC : Flow Rate to be controlled by PID controller

Sl BB Schematic diagram of a distillation column
and its control structure

e PV
— ym(Model) -
e MV

,,,,,,,,,,,,,,,,,,,,

PV, ym [%]
MV [%]

Time

Sl Result of the step response test

BENZETNIST XA — & & EIZPFCAREEE, %
TEAEA TR B0 28061 6 KO 2 OREN A F 7z,
FER. HIEXTR T b 2 BIKIRE X TRBF TR E L 721
[ & [l 5 DR E R & R D —EN LD ZEE) & 4 0 |
PEERE D OFIEMERESFEBLE T2 Z L MRS h
7= (Fig.13).

A& G, 2000 25 B BRSNS LisH U 7=
EZA, WRAROHEMEE R L2, Zhb O
RED. DCSLEDOPFCHAE M O HIHMERE % FBL4
52 & EERRL 7=,

—SP o PV
5 ‘ .
!l'\:
g K
g <
&= TRBF
Time

Sl Temperature of a distillation column con-

trolled by PFC

2. SEHEADEH
WEOHIEFEohTE ez arav oS
74— (PGC) #HWAEAIL, Bohb 7 — 4/
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RETHDZ L, RELEFERELLEHAE DT L
25, W ZPIDEIE CIZEBLAH L OHRO—D
EEZLBNTWS, ZZ T, PGCTHIE X N5 7
BOME 7ot 2125 L, PRCEEM L=l 2R,

WH U770t 213 “BOERB» ORI TH
» (Fig.14). —EHEM X0 rA%Z, “IEHEM X
DR BABINY 5., IEH W OB AR IZBI §
5 ERRZR Y 2 03H 5728, —8H ARSI O
ROENE AEE L. CIEHATN S A% HlEH S 5
M & 25 > Tnd, AE 7 1€ 203, Wi $24055.
JEEKIER 70 L IR EMEAEL . PGCR 65 6 B8R
fili & 355 IR DORIRF — 2 Th 5 Z & h 5. PIDHIH
TOHBLIZREETH . HIREIZ X 5 FEEREIC X
D HIEE X B A D572,

A7at ZIZPFCAMEM L7-& 2 A, HELE3ER
FTHEEBIT, FEMERIER & R U CIRNUE 2 $980% T
fid 5 Z M TE2 (Fig. 15), ZOFKEHE, EHIENR
B7av 212850, PFCAEMY % Z & cHBEL -
RN EB T X ZREM & R L7z,

Distillation Column A Distillation Column B

Manipulated
Variable

B

steam ; steam -4

HB

LB : Low Boiling point components

HB : High Boiling point components

A :component A

B :component B

FC : Flow rate to be controlled by PID controller
TC : Temperature to be controlled by PFC

Sl Product quality control structure of a dis-
tillation column employing PFC

= PFC = === Manual

Component A [%]

Time

sl i85 Control of the product quality of a distilla-
tion column
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Process
Variable

3. EINYFREFEBEREADOEA?

—EII, Ny FTFaEZ, £INyFTUY T
NEDOVERPBENZEL L, KIBZA E DFHELE 2
EVSTRBAER LT D, RINEFTEDOREE TCRIE
IZBEOZ LML W T e X 2 TH B, D0,
WERIEC BN TS, BliAPIDHIECIIxB A TE &
WIBEAH D, Tur ZAmOTREMIEL LD,

ARETid, B2 5 RIDEE T L. PFCA
HPIADTHEDEZREL TS, ATHETIE. B
EaEhWETTa v 2DEF AL E TV, PRCA HE
b, RIS, 7ok 257 =25 HER Eh 3 KInE
%, PFCOSMELMIERBE 2 IO CTHE S5 Z & T, il
D EEX > T b,

T 2T — &5 ORISEHMER T 15 % Fig. 160D ¢
INy FRIGEEBNCEHT 5. ARIGEE. ¥V r
Ty PATRRETICT, RISa PR Tr % Hi58 3 5 il
MR TH O TSI, HERICIA, HEMEE
BV vy MR To % - TR AR 5,
B D=0, RISEREEERAEL, Yy Ty b
75 DI T N TRINEERDOWE LAIZHWEh 5 &
WIHORED S &, Kb QrafERd 5L, X6)0E5
N5,

- UA(Tj,-Tr) (6)

Tf’k—TTk_l
=CppnV ————
Qri=Cyp IN;

Tj,= (Tis+ Toy) /,

WBCp. BEp. RISHIKRY. {ZBAUAS O 70+
ZOPVENIH S P THIUL, BERICETSAY v 7y b
AMTip. HERE To. RIS EIRE TR 5. RIS EL
QD ME A Z Z ENTE S, ) TLEA LTHEE
ENBRIBEE. PFCONELAIERRE A V5 Z & T,
ROISEE RS U 2RI A Tae s A 5, Ak, HEE L%
FIBEIZETFIINGRIER ) 4 IR EENTOBEAITIE.
—WENT 4L E AR Z & T FOREE
KIk§2ZLmnTcEs,

Reactant —D(l—

Catalyst

Sl lsHY  Schematic diagram of a batch reactor and
its control structure
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BUNGZE T NATHED < ROGET R RE A Rl AGA A 72
PFC#% kS 5770 & 2 O I I 5w L 7=
R AFig. 17128 F, K70 & IS F R % H:
AR GRS THIILL . FROARERER I,
WS IR AL S YT H B, B, RS
12k B TPHlICE RWELEA T 5 720, FEIIKTIX
HESRE,» 5 K& @25, #HEFHEEHNWSZ
&TC, KO R ATRE & e 5 72,

AR, SRR EAKIG &V - 72 2K
BEAE T, HO, 4T3 24 3 v 7 hydipilc T lA
B7aY 2 LT, RIS, ARITh BB LT 5,

= PFC+FF = = = = Manual
—_— L4
= e

] L
g Paakd .
= * LN
= ~
s ': ______ .
5] N
=9 V ammnd i  — ar~raray
g
o
&
£ < > Heat Reaction
Il Il

Syl Comparison of the result of temperature
control by PFC + FF (Feedforward) and
manual operation

BHUIC

AR TiE, PFCOHMMIE R KONt 77 » b
OEHEFNZDONTHNT L 72, AdEfhnid, —%m 4
MPCE %7 0, DCS EIZHET X 3 LM THMMELE
<. PID#If# & MPCO % vy, L7 5 v b &fko
B, REMERIZFE S T AEGE L TEH LTV 5,
S, XouBHENOT Iy a7y TEMED, W
) 2 IR & L CoEB A HIEL 720,
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Schematic diagram of photovoltaic panel

2N BB E LT+ L VR Y = LR E AR
(EVA) 2RWZEXhY, SHIZES FTWFLL EIch
7z TARLE TR S Wity T, 4tk L —7T
. Efiby — FHERIE LCEVA (R [2 37—
FOITazELV®]) 2RFRGELTHD, AHRICE
WTHRTEWY 2 72H LT\ 5,

3. PIDE&ICDOWT

AH YV — T — B O RNTLIRE, I
TRIBISH IS T T 2L PN L TE 2, KB
$13,. PIDHIS (Potential Induced Degradation) &
WiEih s,

AHY =T —=RETIE, —BIC, Fig. 20 X5
ICEANZEY 2 — RSN TR D, 2S3Liseh
BEMIZ1000VISET 255035 5, PIDHRIL, v
WEBE 2SI AR E DN C 2B ZEICKD H T 2
thoF PV AL X U BEIEMAE L., 251220
g LT LEAEH L, BETOHRNEHET
B7DRETEIEEZELLNTNBY,

20124-1ZFraunhofer Center for Silicon Photovoltaics
(CSP) (= C&ETHE & iz S XL OPIDiRER & Fhi
L7=AERBFR SN0, SR & MR L 728
DF13tth4ttTH D HETHIHE FAE X, fRd il
THET O LS 3L TEAIEEOS% LA T T - 7=,
AFEHE Z 51, PIDERBPHAMISEH 25D
bttt

KEGEHMO W INTREBERAIZERT 5728, PIDH
LUIMRMIZREE B D XPRARD 5T B,

PIDINHIT4EEIC BN 5 FRIT I DREFE

1. MEBEREROEZEZSA

PIDHIR # M4 5 ke LTE, KHIMThH 247
ZHDF )T LA XV ERDERS 2L, BELL
DIRHPHIEIEDZE TS Bk — b LIS O T & #
I TS, L2rLAENS, KiEZIZ b7 v 7R,
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KEBEMEIED — FAFHRMB O

1000V
<€ >
TopVieW ------------------------
(111111 (111111 EEEEENL (111111
EEEEEN] EEEEEN] EEEEEN] EEEEEN]
= = |HHEEEN] | HEEEENI] EENREENE] EEEEEEl— +
EREEEN] EREEEN] ARREEE] EREEEN]
EEEEENR] EEEEENR] EEEEEN] EEEEENR]
_______ "/I I‘\\ Glass
Na)

&

a

{»A

Schematic view of PID mechanism

KGR ) X L DZEHSH DA F AL Z % 7 EFRED
ZOVRITH B, Ythid, KiRAEIZ T 9 T8l H»
DI DEEWNR %% & X §IZPIDBIR & JIf 4 %
ZEEHME L THEIRTICED A 72, PIDEZRO
WKk e Uik, PIDBRROFEKE EhTnwbF b
VLA K OB EIHIT 22 EICEH L,
Zlal, MALABRERE L2 IF— PO L —F (B
R BHZESY) & Mtk ko, KEEmE L
V= MIR® 5N 2R AL 5 Z & &<
PIDHIIEBE A2 E -8 & k5> T B,

DIF. FARESOUREIZDOOTHTT %,

2. PIDMEH

PIDHZ OIEERERE L Cid, BREXILE/SHILD
T U —LIZEEAEMT B HESHGS NS, MiL T,
KB ME L — b RSN & 5 RN 4 fid
AU, B BB T, FBIE1000V, HEE60C.
85%. 7 SAIA T ARMNIAK %4 - 7= 2 5 TDI6
R O IEAERRER % J20E L 72 (Fig. 8) o

Table 112, fEk2 L — F BT OPIDRRER R % D
YILOELFKHIG & TV 2 — VIR AR $, ¢
Kb PIDaABR L IZ, IR FREE6% E TIC T L. EL
BB AL BHDICH LT, FRMEHWSZ L
THHRFEEAIT% & 2 1 . PIDEABRIRE O H ) R F52E
AKIEICA B4 5 Z &Rz (Table 1),

|

Water Glass

V4

Encapsulant

Cell

3 1000v

2L

60°C, 85%RH, 1000V, 96h,
Glass was covered with water

PID test condition

161 EHE PID test results

1000V

Sample

EL image before and after PID test

Conventional

Relative power output
after PID test, %

New Grade

Relative power output

after PID test, %

Oh 96h
100 6
100 97

Sheets containing same encapsulant additives
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KBEMEIED — FAHRM B OFHER

PIDFRERDIFRIZ DWW TR, Fi4 D#EFHS XN T
WBRIT H DI RS IEHEE L Tnans, k
FOAMEIZ. EIBF SRS IECO B MRS (Fath) &
DEMLORETH D, MiEHHZ L — Fid. K&
WX 3 L OPIDER OIS 5T, BRMEOBELIC
FREAZENREEDTHEEHZ TS,

3. FRME O

PAFE S OIEARFFEICBI L Tk, ZhE TREM X
NTELEROD BH5EK 7L — F LRISOVERE %l
LT3 (Table2), ¥t #lhed =0,
ISIOVEGERCE M 2 v v 2 Y ORH ERTS
BWhkhb, TD7 vz YHEORED—DOHMY 5 7l
JETH BN, PIRMEIER L — FERISOME % -
TWb, 72, ¥— bOMTHOBS CHEE LK T T
»HHMFRRFIAIZDOWTE, fER7 L — F L% %
FL7,

11615328 Physical properties

Grade Conventional ~ New

Grade Grade
MFR g/10min 20 20
VA wt% 28 28
Tensile strength at break ~ MPa 9 9
Elongation at break % 880 870
Shore Hardness Gauge D scale 27 26
Melting Point °C 67 65
(Measured Value)

4, > — MEBEFTE

B OE LY — & LTOMREIR, fEks L — P
WY - RIS ch 0. H—RINAREICE
W, ARSI & U CEREE A AR EA STl A
kL7zdDLk->Tn% (Table 3), Hiky— Mgt
L EEIZHWENE Z 25, Z OB K
ISFILDFRERICEAET S, FRNE. AR TR
FRD D BHEk L — R EEFOBEAM: A M4 5 2
ek,

PIDES 2114 5 701213, EVADOVAZ RIKHR
RVAVL T4 VI AN —DOHPEHEELON
TW50, BRI SEEDN LA S 5,
FFEIE. PR ERSOZEI MR K OFMEA2H LT
B, KHRICHEL =M E 5 T03,

116l sl Encapsulant sheet properties

Conventional ~ New

Grad
race Grade Grade
Light Transmittance % 92.3 92.3
Volume Resistivity Q-cm 1E+14 3E+15
Gel Fraction % 93 92

(Crosslinking Efficiency)

Sheets containing same encapsulant additives (Measured Value)
Light Transmittance: Average Light Transmission Rate between
400-1200nm measured by UV-vis
spectrometer (500pm)
Gel Fraction (Insoluble Fraction): EVA was cured for 20min at
150°C. Then cured EVA was
extracted with Xylene.

5. KBSt/ NI DR EALRE ST

KB S 3L DFFaIE—ARHII 204 L) g e X
NTEOD. ZOREED 72D KPGEE M S )L DI AR
EEhnFEiEE b H,. 2D BRHIREN L ONE Y
7 — MikBk (85C, 85%RH) Td 5., IECOMKT
13, 1000h#% 2 HY T IERFRR2395% & fEFF 35 Z L 3 skie
L STOBDHN, 2L DISHI A —H —Tkb R
DR A F2hE U CHERE A HERE L T B,

BEFESICBE U C. B SRR AL A Bl A L/ VD S
IR, RIIRAER 292 U7z, 2 DR, PR
BRURERI L — Fodhd &7k — FidkiE3000h
BB T IR R 2395% 2 HEHF L T B Z & %1
A L7 (Table 4).

Damp heat test (DHT) of PV panels
(85°C, 85%RH)

Conventional ~ New

Grade Grade Grade
Power Output Retention ~ 1000h 98 99
after DHT, % 3000h 97 97
Sheets containing same encapsulant additives (Measured Value)

Eh)IZ

PAFAIE. KESEME LY — M2k 5N 5 58W1E
RFHME AL S T &  PIDHIHIMERE 2 5 L7228
DEESTED, FICEHEETHAINI ATV —F—
FHFICEIRERFET 28D TH 5,

—h., BOETIZ& D BHICH 2 A Atk Lok
5Nhb L5120, JEEVARMBHZ i HHEE 5T
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W3, YitmEMETH B [720 7 @] (EMMA)
&, EVAK D & BRI AMICER T, "MV F
FENER%ZH#ED T B, BHiby — FHERE LT,
WEFOEVAL KUIEEVAMEIO 7 7 ) 7 F®ICA. 5
MR LA IT— O V=V ETA vy T T
BZLI2&D. ZHILT 2 BEMD = — XIZIRIAL IS
ATITL . MEHEEAMU T, HERBRE &M ORIR
KR ) =V I F—DE KA EIZFGTEHI &
T, HieTRE At S RIBICEE L T X 20 E 2 T
W5,

5| A3k

1) “HART XL — {3 20147, BT 3L ¥ — BUR
filF%Eir (2014).

2) “Global Market Outlook for Photovoltaics 2014-
2018”, European Photovoltaic Industry Association
(2014).

3) M IEPH, SRR ONE LA, 201244 A% (No.746),
60 (2012).

4) E. Cuddihy, C. Coulbert, A. Gupta and R. Liang,
“Electricity from photovoltaic solar cells, Flat-Plate
Solar Array Project Final Report, Volume VII:
Module Encapsulation (JPL Publication 86-31)”, Jet
Propulsion Laboratory (California Institute of
Technology Pasadena, California) (1986).

5) LB WA, =R, S EE K B
TV 2 BT - MDY Y — U T A RARRRR
T, (W) PR A WA KEEERE Lo ist
& — (2014), p.255.

6) Fraunhofer Center for Silicon Photovoltaics CSP,
“Fraunhofer CSP presents results of potential in-
duced degradation (PID)” (2012), http://www.en.
csp.fraunhofer.de/press-and-events/details/id/
857/ (B 2015/4/24).

7) IEC 61215-10-13: 2005, “Crystalline silicon terres-
trialphotovoltaic (PV) modules —Design qualifica-
tion and type approval, Test procedures, Damp-heat
test”.
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|8 7]

E BNl & i U 72 B 1Al

— i1 vitrods &= in vivo/ MR —

EC®IC

L8 AN 2B 5 BT 7 ORRE L A
Sl BEART R TH %, R, BIETLDNANDH
WAL E R TEEHEE. BAREBIER L
Wz MERERFEOFIN & 2 % i & BIE Lo —
D& UTEEMIZEHE T2 L b 5.

ANEEERIER I Z O MR FEE DA G A FH R B R F 0 2R
BiTh B, AIMEEIE. (LB DODNANDIERIZ L -
T U7-DNAWTH 5 % /N & 2ef%0D Z &, DNAH
BOREEL 55, (e, ALFIE EEH S 72515/
Rz s U, /MG &R OMIRu o 1 BAHE 2 X5 2 &
TAL B OBIREBEORBARIN T LI L8 TE
%, MG E RO Bin vitro GRERAEMN) /ML RER
3 ZOME X2 ALEMD AL ) ==V ZIZ@E L T
WADIZH L, v 2ZEOFEERBIY % ) Sin vivo
(RN /IEaRBR . BRI 5 5 B mmE Tl %
e 2 HEARBIC M E T 55,

Z D& 1Zin vitro® & Win vivo/MERER 2L FIE
DOREVEHE ER2PELRNEDTH B0, WiFhdit

FERALER A2t W BR B R0 28T
feeA wit  JoAk =7

A8 721 100,000 2L DMl % D3OS T
HIHBSR T 20BN H 5720, 25 DEEIZELL D
B & N2 BT H L 0HFER D - 72, ZDOFED
iR & U, i OMBaf T £l 2 F v 226 4
BBSREMRE XN T B2 K it THE i
U7z, EBYRM R A 55 U 723808 SRS T 25/
REROMESTIZ DWW TS T B,

iR XA—I 7 F S 4 =&AL\ zin vitro
I\IZERER D B EhARAfT

MillaA x =2 v eid, BOEIME oM RO MR
L GRIT ABRRE AT S $hi T B, HEEE TR
@ L -l e BN OB RSER O, k& &, B
S, BuE W o P ERORE A S A D H B I ER
L., BEfbd5ZENTES, ZOHH%Ein vitro/M%
BRICEHT A2 Z T A 2 ) — = v 7 osilid1t
PRINBEZEZ, A X =7 F 94 F—12k5H
T O ol LIZHLD fHLA 72,

Win vitro/MERER Tl (L2 AL AR A &

Application of image analysis to micronucleus test on determination of cell type and micronuclei.
A) Microscopic image of main nuclei and a micronucleus (indicated by a white arrow) after staining,

B) Composite image after image analysis.

Binucleated cells (yellow), mono- or multinucleated cells (pink), main nuclei (blue) and a micronucleus

(aqua, indicated by a white arrow).
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BEISEARMZERA L AREMTE—in vitros £XTin vivo V&G ER —

7otk MR R A 1D 28H A RN, M2
FEDO%IN & 2 "Ml (D O MR % Fo fifa.
Fig. 1) #8594 %, ZHUI/IMEHR Z ORI ORI
HIRTHZEICKE DT, BIamEICkDAETC LR
AT E A D Tl (Fig. 19H)) & LTh
s, —J, S L ORI, 2mL
U T2 SR SRR O R & L s, il
AEVEDFRIE & 70 2 el =R & 3R 5 728, &% O
fa¥ed A Ui R 2L D B,

Zh oM ABIRITIC 572 > TiE, SR LH®
Rk A Rk U T ORE G L 72 BT —ilan A
ERRE LU UMIOAREYET Z0ER DD, £,
B0 A 9 MO Z 2D IE LD O it 3%
Sy s B & BEAEEIEDO W R %17 > 72, Mllao&fE
RWEE A FEGROHRYES M5 Efe OB
AT o 72 45ROk & S RFE % fksd THEILC

O3 A & B REARER LA R L 72z, RIS/ ST A —
S — O LIZH ) flA, KO 22 6 NS 8%
MBI TFAES B /S DRI L 728l 7 v 3 ) X 4
AR U7z ZAUS & 0 Mo RS IS 2 AT L
WL, AIEERER AR & 75 B BRI DAL A DT
Rl ORERIE O N 5 HEBESEAMET 22 L8
T&E7z (Table 1), [AFRFICAMIL, GHliIZ BB A(LA
Pk, SREREIE O KR 22 % & F2BL L 72 (Table 2),

70— A fX—&—%RUzin vivo/)\iZiER
DB EnfET

R in vivo/METRER TR, (LR & 1 55 RHE5E
S H - FEEREY 0 O BREEHREEAR ZERL L, s
TEMMIEE U 725 AR MERPIZ A U /MO F %
HE TS5, Wif. S EE KT 2 20
FIENE OIS & D REVERER T & 5 KR

WL SN T vitro micronucleus test — Comparison between manual and automated scoring

Test substance

Mechanism of action

Manual scoring Automated scoring

Mitomycin C Positive Positive
Methyl methanesulfonate Alkylating agent Positive Positive
4-Nitroquinoline-N-oxide Positive Positive
Cytosine arabinoside DNA synthesis inhibitor Positive Positive
Camptothecin Topoisomerase inhibitor Positive Positive
Colchicine Positive Positive
Vinblastine L Positive Positive
. Tubulin inhibitor . .
Paclitaxel Positive Positive
Nocodazole Positive Positive
Benzo[a]pyrene p ¢ . Positive Positive
romutagen requirin
Cyclophosphamide g .q . € Positive Positive
X X K metabolic activation . .
Dimethylnitrosamine Positive Positive
Sodium chloride . Negative Negative
X Not mutagenic . .
D-Mannitol Negative Negative

1G] E28  Advantages of automated scoring vs. conventional manual scoring

In vitro micronucleus test In vivo micronucleus test

Automated Automated

Manual scoring Manual scoring

Scoring Scoring
Period of examination 1 -3 months 1 -3 days* 1 -3 months 1-3 days
Amount of test substance 1lg 0.005¢g 10-30g xx
Number of animals — — 60 animals i

— : Not applicable
* : Alarge number of substances can be evaluated in parallel.
* % : Usage of peripheral blood from treated animals in other toxicity tests can reduce test animals or substances.
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BEISEARMEEA L R M —in vitros L Win vivorMEHER—

1ML % /IMEERER IZ R 2 Z & 45, RRINDIRHY S % rh
NSRS DD H %, LAYV TE —#D
AV TR 5 N A AMIMOR X, (L&D
EEHIRTCZ 2 TAHTH S, LaL, Kigmosa
ARIMERIZ 56 2 RIMERDOEIAIZ1%FEETH D .
HE TOBSIIBIEMNICRTRE TS > 72, £72. KL
INhREEEfila L 3 a0 . RR L 3SR fER O At
120 ) Vo SER HERR VIR 2 & 2R AR PR OM
Ha oM TAES % 728, RBOMIEA X =2 v 2
Fefific & 2 BN & WE#ETH - 72, % Z Tin vivo’h
Mk cid, 7a—94 L4 b ) =2k % HEENH
i H Uy ARRSIIL A B 72 E BB S O RESRIZHLD
WA=,

Jua—HA4 bx b)) =3 SRRAHEROF 25
Hr DO Mifla % Shd TRkl 3 2 il ¢ b 5. B oMl
IZTPOHA (v—A—) &KL, PRojiikismL T
il % DM L — ¥ — &2 W4 % & fMlRoIRR
7 — 7 — IR A EELDEREDE A e 6 h b, Th
5 ORI & W 2 B L OB S a oy b,
Juy b EosEkER (F—74 v ) Ik, FU
Bk~ — 7 — %632 HNOMIZ 55U, 3180
BTENTES, HF, 7u—H%4 b X2 —2—DHEE
IREERIZ I UL MEERBRIC B IR S h b K5 1
KoTERD, BT\ T3, PERMERRZDHD

Immature erythrocytes

Micronucleated
immature

erythrocytes

Staining intensity for immature
erythrocytes marker

102 103 104 10%
Staining intensity for
micronucleus marker

Dot plot using flow cytometry to identify
micronucleated immature erythrocytes

(blue box) from the whole blood cells

-
Il Manual scoring
B Automated scoring

Micronuclated
immature erythrocytes [%]

0 2.5 5.0 10 20

Cyclophosphamide [mg/kg]

Comparison of micronucleus frequencies
between manual and automated scoring
in immature erythrocytes treated with
cyclophosphamide (typical mutagen)

TN % T B 720D~ — 1 — AN A U EIR L,
R OMET A ER Ty — 7 4 v 7 b5 2
&TL MG R RO IER A IERE IS T E S5 KD
2% 572 (Fig.2), ZHUc&kb, KiEMmcsHkod
RBIE L [HSFORRIH 5N 5 HEIBISE A ML /-
(Fig. 3).

BhiIZ

AR LI O E BT & W5 U 7z in vitrods &
Win vivo/MERERIZ DWW TR L 72, F BSR4 1
MUL7Z eIk, Behtko BHBIGEE T
T & 0 i I2 2 BOEW B OFHG 23 T RE & 75 -
7z (Table 2), MaXHBESEIE. K0 RELTY
BORMHRBICKZLFET 280 LM h, 5%
& RAVERHIN SRR FIH L T PETH 5,

5| A3k

1) K. Tilmant, H.H.J. Gerets, P.De Ron, C. Cossu-
Leguille, P. Vasseur, S. Dhalluin and FA. Atienzar,
Mutat Res., 751 (1), 1 (2013).

2) S. Kasamoto, D. Mukai, S. Masumori, K. Suzuki, R.
Tanaka, D.K. Torous, J. Yamate and M. Hayashi,
Mutat Res Genet Toxicol Environ Mutagen., 762, 39
(2014).
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2 i D FITH 2 PEGFA I = 55 1F 5
Y757 42 DEHME

K HAR AR BERK AL A IR BF 2% i

T ®HIC

PR LA IZBE L T, 20 9IBIBREIZ 50
TZOHIMEDOARE S, REVOBWE, 6L L DY
FLWwWIru 7y A LEETILEMEZ ) —= v
TBHI e, ZOBROWFREE L0 M LT
HETH D, . AEWROHIRPT v 24 RD 2
=Ty MEOBED & RO YIHERE TR AN
S 3RS EE 4 7= 60 vitro 2 TSRS T X
T&E 7o INHin vitrodHili R E OREMER B % #
W 2 72013 Ic A R TR EE 5 B 0. O
P - MBS B & O MR I D < Bl
AT Z BN CHEZE L, 2T -2V
TTROSNBENAIL =T MEEETBH 7 %in
vivoE TIILOREEPRF ST/,

Y757 49 ¥ 2 IRED4-5emPEE O/NUEG
TH B, 1970 & O HERENIZE 0 B TH O & Il
B, EE AR EFEHATE 25 END
19904 I3 R F B CEF LE S LTINS R
L& o7z, FIEH, ¥TITT 4 9P DM A
4 ru7L— bRTHRL, 227 —=V LN
TOD =T & HER U 725 4 ORIl T H: 2351 78
Ih7=Z &k, RIEEIIZEO B T & Rkl %
1HDY, ZOFHDBILADDDH 529, KHAE KL
WM TIEZOYT T T 4 v ¥ 2 & Oz ORE.
IZHUD M A BREEERL AP ORI 2 APl < 06
LTWaB720, S5HZOBMEAZHFT L0,

TIST 1 vy 1DEEREME U TOHF4
FEREY & LN S o Bhitd &tk L 72
777 4w 2 ORI, MRS ENER S TR, T
RGBT A A — DV NSy HEfa /N
(2-3mm) T¥A4 7a7L — | TOFIFERT — & [UEA
ARE, X7DBETITAPE S EALHETFONS, Thb
BtEn o, €757 4 v ¥ a BRI 31T 5365 2
)=V ZICEE LB Th B EEZ 6N B,

ey %A mBa

HIR 2SR OELL

HiD¥ T 574 vy 20T EENL, 4
FECIZME AT AR, FAEEE T KO0 0B R R 2 i 7
L. RS LA OV 2 MEEHEIZ VL 5,

1. TN

Y7574 9y 22N Z DEERIN (k%
SHEMI~144B5) 28U LA EBZ <8, 208
R U BN 224t (Table1) %%l (227) {b
L. (bEDBET 2GR T v ¥ v L &5 %
LDTH5, FITYVDIRENLMENFEIEMETH S
VF A VIBEBRUONLT aga ¥ T 57 4 v ¥ 2 i
T T OISR AR L 72 2 A, Al
L & MO R BN S N7 (Fig. 1), fitT
HEATIENE DA B BRI OIEAN B U T M 5%l R % FH
W, N SALAMIDOMRTEER T v ¥ v L &G L 72
LA, Bk + 2 S0MILEIMIC 51 S EAIEE L

@ I ®
|

Bright field images of control (A, C), reti-
noic acid (B) or valproic acid (D) treated
zebrafish larva. Arrow heads indicate
kinked notochord or tail (B), and rhexis of
notochord (D).
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11l Scoring points of teratogenic screening
assay using zebrafish larva

Organs Parameters
Heart Heartbeat, size or chamber anomalies
Facial Shape Eyes, otic vesicle or lower jaw anomalies

Body Shape Notochord or tail anomalies

Blood Circulation Facial or abdominal edema, and blood
circular anomalies

B [1] Teratogenic compound

30 F M Non-teratogenic compound
25
20

15

10 |

Number of compounds

w

1~10 10~20 20~

Morphological Score

Morphological score of teratogenic or
non-teratogenic compounds

WHEHERIZEBW A SN2 T 7 AT A Z &
a8 X 1729 (Fig. 2) .

2. EEFHRM
Y7774y OMEf CERTHE) ZH0. 20
frfm A R & U b A O EA R EE A R i 5 &
DTH %Y, FTVIDIZZOEEFRBENHON TS
RYFLVF TV = (PTZ) % WY 2
DEGEEMHERL 2L Z A, PTZRAET T T 4 v a

Control

Pentylenetetrazole,
2000 pM

1500 r M Low speed

B Medium speed

1000 | B High speed

500

Relative distance (%)

0

0 125 250 500 1000

Concentration (uM)

Effects of pentylenetetrazole on
movement distance at low (<bmm/sec.),
medium (5-20mm/sec.) or high speed
(>20mm/sec.) (Mean+SD)

D el vk & X5 Z LB L 72 (Fig. 8, 4).
DAZ I FLEIYIC 35 0F B HEH FERE 2 RN D (LA W i
EHOTEFEHER DN 7= 3 YV efro72 & 25,
ZOBMEEICHR ORI S 5 & OO, Ykl R
ZTHMHE S N7 3 e OREFA R L2 H T 5
LEmTod ., EEROTHEL69%E REFTH 5729,

3. DEM

X777 4 v E&%3HE) V. La
WD B OV DB AN DR A MG 5 L 41,
HERENNTA X —V V7 Ehilih 5 DEN
WER R &SI U, (LAY OOAIFHREN O B2 % FH
T58LDTH5 (Fig. 579, v b & ELIHFLEMIC
B 50BN OB RIS T LA %
W THE 217 -7z & 2 5. Astemizole® T 5h
BLIHFLE TOQTHEE R TP (Torsades de pointes)
IZB#E L 725 71 v 2 (Fig. 6). & 51ZVerapamilZ
TR b N2 WHFRREIS T (Table 2). WiFLEI T
5N TN D LIEREN OB 2 REAS ) & 50l

Typical trace patterns of larval zebrafish treated with pentylenetetrazole.
Green or red lines exhibit medium (5-20mm/sec.) or high speed (>20mm/sec.) movements, respectively.
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A) Whole image of

cardiac ventricle Short axis

Time

Long axis C——)
| Time

(B) Whole image of
cardiac ventricle

Short axis

Typical cardiac imaging of larval zebrafish using fluorescence probes of control zebrafish (A) and zebraf-

ish which has drug induced arrhythmia (B)

1G] EY Summary of cardiac toxicity observed in zebrafish

Zebrafish Clinical adverse effects
Drugs Class - —
Contractility Beat Rate Contractility Beat Rate Adverse QT
Flecainide Na channel blocker ! ! ! — QT prolong
Mexiletine Na channel blocker - — - -
Amiodarone K channel blocker — | (H:block) — l QT prolong
Verapamil Ca channel blocker l l l l
Diltiazem Ca channel blocker l ! ! !
Nifedipine Ca channel blocker l ! 1 !
Terfenadine Hi receptor antagonist 1 AV block - QT prolong/TdP
Astemizole Hi1 receptor antagonist - AV block l - QT prolong/TdP
Fexofenadine Hi receptor antagonist — - —
Isoproterenol Beta stimulant T 1 ) 1
Propranolol Beta blocker l ! I !
Blank: There is no available information.
150 ¢ M Atrium
" Ventricle FIBEFLEYME LTOETS T4 w10
)15
7] L N . s N N
g 10 Y757 4 ¥ a~OBIET I AL O 23% 5
g &l ) — — N
= ThsIehb, FrEDNEA - AR RICHOLE
S~
g ol HEABH S E2Z ik, s TEC 28l
) S ) - N
B4 T4 X =VERCTHHIL/EET 2L
TREL Z A 5N 59, X562, Wi, Budizz oFH
0 LAY > Ty 5 CRISPR/Cas9RTALENZ D ¥/ 4
Vehicle 0.1 0.3 1

Effects of Astemizole on cardiac beat rate
in zebrafish larva (Mean+SD)

ﬁiiﬂjﬁﬂ [/f:o
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Mg BREEE 7 Lt v 3 =4 — )L (FMISO) .,
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Cyclotron

CYPRIS HM-12S

(Sumitomo Heavy Industries, Ltd.)
Reprint from the website of PMIC, Graduate School
of medicine, Osaka University

Multipurpose radiopharmaceutical
synthesis device

UG-M1 (Universal Giken Co., Ltd.)
Reprint from the website of PMIC, Graduate School
of medicine, Osaka University

B L. ZhEFERE L CELHNAESREE (Fig.
2) IZTHMNOPETHANLGTIZAK T 5, #HExh
7ZPETHANL, B 5 IWERHI % 70, S h 5,
PETHANZ, AR HMWIZIE C 72 Tty
Sh, *H“@ié"ﬁﬁ PMICTi&, FEI/NEIHPET/CT
WS, ZEESREICENLTED, /o —Hoi
fETCT (Computed Tomography) Dif{% & WEETH
%, B cH o7 — 2, BROH IS L7227k
T TbI S,

PMICIZ. KRF DI TH D 5h 5, s idfE Rk
IO BRI s XN TEHD. SCASIEZThETIEL
TWw3,

EikzE D]
1. MAPABIDBEDR

WmEMEORAMIE TR, 3L X —EBUTHE L, B
F (ANFVEFF—E) R FUAE—L— (FLa—
Z b TV AKR—2—) OWEMETOER, FEHT o s
TdHHBFFDGOHER A X5, NABHERIC X
D, BAMIEOEHEEIMET T2 &, R (NFVH
;=) RINFVAR—F— (UNLT—=Z TV AKR—

A=) OWEESET L, ZDOBF FDGHRIAZAL L,
W{EDZLE LT B T ENRETH B,

ZOFEGITIE, HAAETILY Y ZAITHEEHE (M
Al #PE5 L. BFFDGO#ERDZELEA X —V v
27 Cali L7=. Fig. 31218F FDGOPETHI{%: % /~§, X
D (a) PIAREESEEEGRT. (b) PR RSER 5% OISR T
HO . WEEOPGIZ X D EEIZ 1) 2 8F FDGOH

(b)

I8F FDG is glucose tracer which accumulates in tissue of enhanced glucose metabolite.
The tumor-bearing sites are indicated by the arrows. This figure shows the differential
8F FDG accumulation into the identical tumor before (a) and after (b) administration of
therapeutic agents.

PET imaging of tumor-bearing mouse with 18F FDG
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(b) Control

PET imaging of rats with 18F NaF (MIP imaging)
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2. BAEIRDIREOERIE
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5E) TRZDONT v ZIZRENREL, AN—kF
ORHBIFRDIHE 2R I5E6 2% 0. 18F NaFi3 £ O
BRSO E IS SR 2 HEE &,

ZOHEFITIE, AL EH ORI TTHE % K 7=
IR T TIL &V, 18F NaFO R 4 51 L 7=,
Fig. 41215F NaFOPETHI{§ 453, EH#% T v b R
WoNLHOHERBG (@) ITMA. Bz TIE, HEED
HEREEIZIR U T, 5 OB - fiAE LV o 22 Ol
RN CHES 5 7230, 18F NaFDERE AN % Z & Aififk
WTES (b~d),

3. EEADOERRIKEDFRL
DAOHIERNIE, BEREF 'imﬁlﬁ@“%ﬁ%%ﬂ]ﬁ’?'

REIMEOELHIZEDT, LU %@%&%
WM CKBRRRELZG 2 Zd, TRM:ﬁﬁﬁtﬁk T
2 B AMINEE. RN Z RS Z E s T
Wb, = huag 3L ILREAEYTH 5 18F FMISO
MR REAT $2, (RIRRAEIL TR TRL 4 210, M
JaNICETE$ % EnbhTnng,

fFRALZ 2015

(c) Moderate arthritis

* MIP means maximum intensity projection

(d) Severe arthritis model

18F NaF is bone tracer which accumulates in region of enhanced bone turnover.

The '8F NaF PET imaging (a) of a normal rat reveals the accumulation into bone. The Excretion of 18F NaF
into the bladder is indicated by the arrow. The imagings (b, ¢ and d) show its accumulation into lower
extremity of arthritic model rats. The amount of 13F NaF reflects severity of arthritis.

I8F FMISO is tracer which accumulates in hypoxic region.

(a): Maximum intensity projection of 18F FMISO PET image.
The accumulation into tumor-bearing sites is indicated by
the arrow.

(b): Orthogonal view of 18F FMISO PET image. Center of tumor is
indicated by the cross-hair. 18F FMISO accumulates inhomo-
geneously into the tumor.

PET imaging of tumor-bearing mouse
with 18F FMISO
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ZOEF TR, HEAETI Y 2O INISF
FMISO®D 534 % 5Pl L 7. Fig. 5(218F FMISOOPET
A RT. HBRAET LT ZDHANDIE FMISO
OER CREITRIIBAL) (. TEENORRRIREE K
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BRIZFHI© % 2458 L CHIff XT3, PETA
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PET b L —H &l L 722 AR E’i’%&?"%
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ZOHEFITIE, P8I VD2RERDO ML —HTH D
HC RacloprideDfEHE LD, X)) F—=)LOXHE
DZHER A ZEAFHE L7, Fig. 61211C Raclopride®

(@) Haloperidol Dose
0 mg/kg 5x10-3 mg/kg

1x10-2 mg/kg

PETHI {473, F/S3 VD2AMRITHMEHICEEL
TRBLTED, naX) F—LORGENENYT S
IZHE, BRI 3~ DIC Raclopride D #EFE MK T
LT 5 (a), BREIRERSYH6 X OVIMik % B ORIk & L
katmﬁaﬁﬁgﬁEH*%%Qiéﬂﬁb A

gAY F =L OG- RIZE T 2 ZERLIARITIM
TZ3% (b).
sBRODISFAMELREE

RS OBGEIRGEARRHGHICHW 6 57— 21213,
ML — ZTREAELERTH D, D Z DFLEH 6 5l A
HHETE D ZENEREINS, 20D, Pl L
SISTEMESHE T C 2 OER A i 72§ 7 — SRR AT
KE&ixb, SCASIE, B & LTPMICNIZ, 25
BfE & UCIERRIRPET 4 74 X — ¥ v 7 2t 1%t
L. fSHEPEER R A M58 L 72 (Fig. 7).
SCASIZHE 4 BRI IS U 7R B 2R LT & /2
JER DB B, REEFEBEEAFNIZET S &, GMPHM
I F61r 2 FDARSGE A RHTEUS . R IEGLPwE A ifE 2
S (20004F-LUKE) . RSEEGLP (TKHIE) i
BAFHIEAS (19994-LIRE) & E DTN D S, PMIC

5x10~2 mg/kg 1x10-! mg/kg

100

80

Occupancy (%)
°

T 1
0.08 0.10 0.12

Haloperidol Dose (mg/kg)

HUC Raclopride has antagonistic actions on D2 dopamine receptors.

(@): The specific 11C Raclopride accumulation into the striatum (white arrow) in contrast with lower accumulation into the
cerebellum (red allow). Accumulation of 1C Raclopride in striatum decreases with increasing doses of haloperidol.
(b): Receptor occupancy of Haloperidol derived from the calculation of binding potential with PET images.

PET imaging of rats with 11C Raclopride
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