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

Using MOCVD (IIl)

Tsukuba Research Laboratory
Masahiko Hata
Takayuki INOUE
Noboru FUKUHARA
Tsuyoshi NakaNo
Takenori Osapa

Junya Hapa

Yasuyuki Kurita

GaAs-based semiconductor devices have been widely used in the front-end part of wireless telecommuni-

cation appliances such as handy phones, in order to support very high-speed data receiving and transmission.

This paper reviews the requirement for p-HEMT switch ICs for the control of multi-band/multi-mode handy

phone set, the market demand for which is increasing, and the design/manufacturing technology of the epitaxial

substrate for the p-HEMT.
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At Linear Region, Ias can be described;

Iis = z U nCi (Vgs = Vin) - Vas
Lc

Lc : Gate length  Z: Gate width

p» : Electronmobility

Ci : Gate capacitance

Ves : Gate voltage Vi : Threshold voltage

. {—> Saturation Region
Linear

Region

'
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1N Electron and hole mobility and other typical physical parameters of various semiconductors

Si Ge GaAs InGaAs(In=0.5) InAs InP InSh
Electron Mobility@RT 1,500 3,900 8,500 11,000 33,000 6,000 80,000
Electron effective mass 0.98(X) 0.082(L) 0.065 0.045 0.023 0.077 0.0135
Hole Mobility@RT 450 1,900 420 - 460 150 1,700
. 0.16(1h) 0.04(1h) 0.082(1h) 0.053(1h) 0.024(lh)  0.12(lh)  0.016(1h)
Hole effective mass
0.49(hh) 0.28(hh) 0.45(hh) 0.43(hh) 0.41(hh)  0.56(hh)  0.438(hh)
Energy Gap(eV) @RT 1.12(indirect)  0.66(indirect) 1.42 0.89 0.36 1.35 0.18
AErL(eV) of conduction band - - 0.29 0.54 0.78 0.50 1.67

Si, Ge : Ref.13), GaAs, InAs, InP, and InSb : Ref.14)

InGaAs(In=0.50) : electron mobility : experimental data, other parameters : interpolated from GaAs and InAs
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Development of Novel Polypropylene Sumitomo Chemical Co., Ltd.
Foaming/Molding Technologies and Products for
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Sumika Plastech Co., Ltd.
Yoshinori OoMURA
Sumika Plastech Tochigi Co., Ltd.

Akinobu SAKAMOTO

Plastic foaming products (polystyrene, polyethylene and polypropylene) are used in various fields in items
such as food-packaging materials, distribution packaging materials, automobile parts and construction materi-
als. Each product has its own characteristics such as light weight, flexibility (cushioning properties), heat
insulation properties and sound absorption properties, which depend on factors such as the resin properties
and foaming processes in each application field.

In automotive parts applications in particular, polypropylene foaming technologies and products are
becoming the center of attention from the points of view of weight reduction and recyclability.

In this paper, we review the novel polypropylene foaming/molding technologies and products for Sumi-

celler®, and give our consideration to the requirement of weight reduction for automobile parts.

gooo

O00O00o00o0OO0O00O000O0DO0000195%9
00 Dow Chemical 00000 OOOOOOOOOO
oboboodoooooooboboboOoooonDoon
oboboodoooooooboboboOoooonDoon
uoboooooooooboocooood

goooboooboooboboooooooobooo
obooodooooooobobobooooooDoon
cooooooobooooboboooooOooOooo
uboboboooooooobooboooooDbOon
oboobo0ooooobooboooooobbooogoo
oboobo0ooooobooboooooobbooogoo
oooooooozoosboosedonooooonoon
od

16

cbooboooooooooboobooboboooo
goooooobooobooboooobooobobooo
goooooobooobooboooobooobobooo
0doo0o0o000000O0O0O00O0O0Oo ooooo®
0100000001970 0000000000000
goooooo

000000000®0000000000000
oboobooobo oboboboooooooooooDo
gbooooooobooooboobooboood
goooooobooboboobooooboooboobooo
obooooooobooooboobooboood
goooooobooboboobooooboooboobooo
goooooobooboboobooooboooboobooo
goooooobooboboobooooboooboobooo
000®00000000000000000000

oooo 2o008-1



000000000000 D0DD000®0000000000000000000

ubobobooooooooboobOoboboooon
ubobobooooooooboobOoboboooon
gobooooooooooooo
goooooobooobooboboooooooon
obooobooooooboboooboooboooon o
0000®0000000000000000000
oboooOoooooooobOoobOoboOoooon
uboocoOooocooooobOOoobOobobOOoonoon
uboocoOooocooooobOOoobOobobOOoonoon
ooooooo

gooooooobod

100000

JooooDoooooooooooooooon
00Do0o00o0o0oooooDoooDOooOoooon
00Do0o00o0o0oooooDoooDOooOoooon
00DO0o00o00o0ooUooDOoooDOooooooon
00DO0o00o00o0ooUooDOoooDOooooooon
0 0O Table 1M

1 Classification of expansion processing
thechnologies

State of material under foaming process
riquid melted solid

Expansion agent

Chemical . Injection/Extrusion .

foaming
Polymerization
CFC foaming Extrusion Beads
. (Polyurethene) foaming foaming
Physical
Hydrocarbon —
CO2/Ns . Injection/Extrusion .

foaming

gooobobobboooooboobobboooooo

gbobooboobooboboboboboboboom
gooobboooooobobbooooboobboo
gogboobobooboobboobo

goooobobobooooobbbbooooon
O000ODOOoOoOoADCADDODOOODODOOOOOD
goboboboobooboobooboobobbo
goobobobboooobobbbooooobobbod
goboboboobooboobooboobobbo
goboboboobooboobooboobobbo
goboboboobooboobooboobobbo
goboboboobooboobooboobobbo
goboboboobooboobooboobobbo
gooop3oooooooooooooooooo
goboboobobooboboobo

oooo 2o008-1

oooooooooooomiooooooooo

Di0ooooooooooooooooooooo

oooo3io00o00o000729tminoOoOoOonOn
O00-147000000033%atm0ii0 00000
coboooobodbOo oooooboboooooo
cboooooooobooboooooobooobooon
coooooooobOOooboOooooboOooboOoon
coooooooobOOooboOooooboOooboOoon
coooooooobOOooboOooooboOooboOoon
cboooooooobOooboOoooooboOoobooon
cobOooocoboOooobOooooboOooOoon
cooboooooobOOooboOooOooboOooboOoon
cooboooooobOOooboOooOooboOooboOoon
ooov»20
oboboooooooooooobooboboooboo
coooooooobOOoobooboOooboOoobobooon
o010 o0omoooooooooooooon
ooooopoze4000@OoooOOOOOO0OO
ooooOooOoO0ooOoooooocoooooo2005
coooooooobOOoobooboOooboOoobobooon
coooooooobOOoobooboOooboOoobobooon
coobooooooooobooboooo
oooooooooobooooooooOoboooon
cooooOoOOOOO0OmOoooooooooooo
cooomoooobooooobooobocOoboooon

goboooooooooooooobocomoobooa

oo ooobooOmoooooobooboooon
cooobooooooboooooOooooooooon
coooboooooboooooooooooooon
000®00000000000000000000

200000000000000000
ooboobooobooboooobooboooboobooon
cboooooooooOoooboobOoobooobooon
cboooooooooOoooboobOoobooobooon
cboooooooooOoooboobOoobooobooon
00Miooo0ooooooos50000000/00
000000000000 0000s0000miio
00000O00oooooi104500000/0000
0000000000000®0000000/00
coOoooooooboooboobOooboOoobooon
cooooOooooboooooboooonobooboono
oboooooooooooooobooboboooboo
cbooooooooboooboooooobooobooon
cbooooooooboooboooooobooobooon
cbooooooooboooboooooobooobooon
cbooooooooboooboooooobooobooon
cbooooooooboooboooooobooobooon
oobooooooobboOooooooOobboooon

17



000000000000 D0D000®0000000000000000000

O000000o0o0oDooDooooooooDoon
0000000000 miDoDoooooooooon
oiid0ooDooooooooooDooooooooon
000000000000 oooDnooooooon
00000 00000000000009-90

oooooDooooooooooooooDooo
O000000o0o0DoooDooooooooDon
O000000o0oDoUooDOooooooooDon
ooooo

0000000000000 00000o0o0o0a0®
O Reactor-made HMSPPO O OO OO OO OO OO PP
00000000000000000®000000
O00o000o0oooDUooDOoooOoooooDoon
000000000 ooooooooooooMFR
ooooooooooooHdHMS-PPOOODODOOO
0ooooooo?20

ogooooooooooooooDoOoooooo
O0o0o00oo0o0oooDooDooooooooDon
O0o0o00oo0o0oooDooDooooooooDon
O0o0o00oo0o0oooDooDooooooooDon
O00o0000o0oooDooDooooooooDon
O00o0000o0oooDooDooooooooDon
oooooo

3000000000000000 00000®00
od
00000®00000000000000000

obOobooooooooobOoobOOooOooDOon

obOobooooooooobOoobOOooOooDOon
ooboooooooooobooono
0000DO0®0000000000000000

130 0000000000000000000O0O00

oooooooooooooooooooobooo

obOobooooooooobOoboboooOooDOon
obOobooooooooobOoboboooOooDOon
obOobooooooooobOoboboooOooDOon
obOoboooooooOooobOoboboooOoooDon
obOoboooooooOooobOoboboooOoooDon
ooobOO0o0oooobcobOo0ooooobOboOooOoon
ooboooooooooooono

Fig. 10 00000®000PPOOOODODODODODO
ooooooooooooooooocoooooos
coooo3.mmOO0OoOoOO0O0OO0OOO0O0CO0O
cooboooobooooooobbooboboooooon
ooobOOooooboboOoOoooooboboOoOooon
00000®00D00000ooot1001000000
obooboooooooooboobooooooDon
obooboooooooooboobooooooDon
obooboooooooooboobooooooDon

18

thickness (mm)

000®00000000000000000000
gooobooobooboboobooooboooboobooa
goboooobooooboooooooooooa

: ®
Sumiceller product A product B
(Sumitomo)

BEEE Cross section of PP foam product

Fig. 2000000®000OPPOOOOODOOOD
goooooobooobooboooobooobobooo
oooooooooo3gobogzosmmdOOOO
oooooOoooooooooooOooo3oooon
ooooooooolmmOOOOO0OO0OO0O0OO0COO
000000D00D00000000000®1000
gooooOoobooobooboooooobOobooo
ooboooooooooon

BT [ sumiceller® (Sumitomo)
Construction
materials D manufacturer A
[[] manufacturer B

. manufacturer C

Automotive
parts

0 5
expansion ratio (-)

BEEE Product coverage of Sumiceller® (Target
areas and applications)

cbooboooooooooboobooboboooo
ooooooobooboboobooooboooboobooo
ooooooobooboboobooooboooboobooo
oobooboboboooboooboooooon

gbbobooooboodabbooobboan

oMU bDOoooDoooooooDOg
goooSePMOOOO0OOOOOOOOOOOOO
gobboobooooobbbooooobbobbo

oooo 2008-1



000000000000 D0DD000®0000000000000000000

gobooboooobooboooooooooobooooo
gobooocoooooobooobogono
goooooobooobooboboooooooon
ubobobooooooooboobOoboboooon
obooboooooooobOOoobOOoboOoooon
ooooooooOooOoooOoocoooobooo20300
oboooOoooooooobOOoobOOoboOoooon
gobooboooooboooooooooobooooo
uboooOoooooooobOOoobOOobobOooon
uboooOoooooooobOOoobOOobobOooon
uboooOoooooooobOOoobOOobobOooon
uboooOoooooooobOOoobOOobobOooon
oboocoooooooobOOoobOOobobOOoonoon
oobooooooooobooooboooooooa
gbooooooboocboobocbooooooooo
ooooooocOoooooboocooooooon
coobooobooooobooooobcooobobooooboboo
uboocoOooboooooobOOoobOOoboOoooDoon
ooooocooooooboooooo
BMOOOOOOOOOOOOOOOOOOOOO
uboocoOooboooooobOOoobOOoboOoooDoon
uboocoOooboooooobOOoobOOoboOoooDoon
ooooocooboocoooon
goooooobooboobobooooooooon
oboocoOoooooooobOOoobOOobobOOoonoon
oboocoOoooooooobOOoobOOobobOOoonoon
OooooooooooTPOOOODOOOODOD
OO0ooOooooOoo/pPPFOPPOOOOOODOOO
goobObOoooooooboooooobocoboooo
oboocoOooooooobOOoobOOoobobOoonoon
ooooopPFOOOOOOOCODOOOOOCOODO
oboocoOooooooobOOoobOOobobOoonoon
oboooOooocooooobOOoobOOobobOoonoon
ooooooooooobooooboooooooa
gooooooboocbooobobooooooooon
oboooOoooooooobOOoobOOobobOooDoon
oooooooooooooooooooooBMO
0o0o0o0oo®o
Fig. 30 BMOOOOOOOOOOOOOOODO
0000D00000000000000D0O0D0O®
obooboooooooobooboobooonoon
omooooooobooooooobboboooon
obooooooooooboobobobooonoon
obooooooooooboobobobooonoon
ooobOboOoooooooboomoobboboooon
0000000000000 ®000000000
oboobooooooooboobobobooonooon
oboobooooooooboobobobooonooon
oooo

oooo 2o008-1

heating vacuum forming Back Molding
Mold(core) e.g.ribsetc. | Inj. unit
Heater [ \ ]| [ ]

[ ] 1| [ |
i
Mold (cavity)

1

Heater

BEEEN Back Molding Process (Combination of
vacuum forming and injection molding)

Fig. 40 BMOOOOOOOOOOOOOOOOODO
cooboooooobOOooboOooboOoobOooboOoon
000000®00000000000000000
cooboooooobOOooboooooboOooboon

gboooooooobooboobooboobooooa

cooboooooobOOooboooooboOooboon
coooooobooooboooo

BGEEW Back side of door panel by Back Molding
Process

obooooooooobooooobooboboooo
coOooooooobOoobooOooobooobooon
coOooooooobOoobooOooobooobooon
coOooooooobOoobooOooobooobooon
coOooooooobOoobooOooobooobooon
cooooooobooboooo

obooobooooooboooooboobobooo
00000000000® 000000000000
coOoooooooobooobooboobooobooon
coOoooooooobooobooboobooobooon
00000 Fig. 5

obooboooboooooooobooboboooo
ooooooooooooooooo1wooooon
00®00000060000000017000000
00006000000000000®00010000
00000000000000000®000000
Oooooooo3aMpaO0OOOOOOCOOOOOO

19



000000000000 D0D000®0000000000000000000

lower pressure —

- -
mold . - -
ARSI —

rib (PP resin)
Su‘n}];%t}l‘leri higher pressure _

mold . - - AN O (convex)
ST A

BGEEME Unevenness of surface depends on mold-
ing pressure

0.1

roughness (mm)

0.0 L I I I I
0.0 1.0 2.0 3.0 4.0 5.0

molding pressure (MPa)

B Roughness (convex) vs. molding pressure

000005mmO00000000000000000
0000000000000000000000

0 Fig. 61
0000000000000000000000

DSOS\ O (concave)

2U0FEMO0OOO0COCO0O00O0OOC0O0ODOCOO0OC0OO
gooo
cbooboodooboooooboobooboboooo
goooobooobooboboobooooboooboobooa
goooobooobooboboobooooboooboobooa
goooboooboobobooboooboooboobooa
goooboooboobobooboooboooboobooa
goooboooboobobooboooboooboobooa
goboooooooboboooo
cboobobooooooooboobooboboooo
goooboooboooboobooobooobobooo
goooboooboooboobooobooobobooo
goooboooboooboobooobooobobooo
goooooobooobooboooobooobobooo
goooooobooobooboooobooobobooo
goooooobooobooboooobooobobooo
goboooooooo
Fig. 700 000000000O0O0OCODOOOOO
goooooobooobobooboooobooobobooo
gooobOooooooobobooooooboooboooo
goooooobooobobooboooobooobobooo
goooooobooobobooboooobooobobooo
goooooooooz20000000000000
goozoooooooooooooooooo
cbooboooobooooobooboobboooo
gbooooooooboooobooboobooooa
gooooooboooboobooooOooobobooo
ooooooooooOooooooooo0oO0FEM

obOobooOooooooOooobOobobOOooOooDOon
obOobooOooooooOooobOobobOOooOooDOon
obOobooooooooobOoboboOooOooDon

0 Foam Expansive Moldingd OO0 OO OO OOdO

00000000000000®000000000 8 S
00000000000 000000000000 2 pUS—m——

(one side vacuuming)

00000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000 000000000
00000000000000000000000

00000000000000000000000 &ﬁﬂ@
000000000000 00000000000
00/000000000000000000000
00000BMOOOOOODOODO0OO0OO0000
00000000000000000000000
00000000000000000000000
0000000000000 000000000000
00000000000000000000000

Cross section of vacuum formed product
(noodle bowl)

Fig. SO FEMOOOOOOOOODODODOOO
d000000000O0O00D0OoO0OoooOooo®
0000®0000000000000000noOn gobobbobooooobbbooooobobbDbo
goooboooooobbbooooobbboo gobobbobooooobbbooooobobbDbo
goood gogobbooobbooobbooobbooobo

20 oooo 2008-1



000000000000 D0DD000®0000000000000000000

00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000

0 Fig. 9001

heating clamping vacuum forming

Heater [ I ]

et |t | 1

Heater

BGEEXEN Foam Expansive Molding Process (Both
side vacuum forming)

BGEEEEN FEM products (partial FEM)

Fig. 10000000000000®000000
obooboooooooobOoobOoobobOoonoon
Oo0oooorEMO00O000O0O0O0O0OODOODOOO
FEMOOOOOOOOOOOOOOOOODOOOO
0000000000000000000®0000
obooboooooooobooboobobooonoon
obooboooooooobooboobobooonoon
ooo

gboooooobooboobobooooooboooon
oboobooooooooboobobobooonoon
oboobooooooooboobobobooonoon
oboobooooooooboobobobooonoon

oooo 2o008-1

oooooDoooooooooz2z3ammdooon
00000000000D0000®0000FEMO
cooooooooooooooo
ocooz23mmO00O0000O0O0DOOOOOO
2,070g/m’00 0000000000000 ®03.00
00025mm0000000O 750g/m?0 0 0 O Fig.
000000000000 O000O00o0O00o00O
FEMODOODODODOOOO®000000000000
coooooooobOooboOooboOooboOooboOoon
00000000 1NO em?00000000000
3.0000025mmO00000000®000000
045NOem?0000000000000000O%
OFEMOOOOOOOOOOOOOOOOOOOO
cobooo0oooocobOboOoOooooobOoOoooon
FEMOOOOO42mmO0000000000O0O0O5b
coOooobOOooobOooboooboboooooaon
0124NDem?0 0000000000000 O00ODO
smmOO0O000060000000000000O0
175NOem?000000000000000O000DO
OoooboeDOOOO0OO0OSmmOFEMOOODOOOO
ooboz200D0000000000000O0O0O0O
23mmO00000064000000000000O00O0
cooooooboobocoobooooooo

200 [
g . _ (5.0mmt)
: [ improved by FEM
£ solid PP (2.3mm?)
[ . cm?2
g 0o | (4.2mm?) 119N - cm
&
= [
T 50 .f (3.3mm?)
& [ sumiceller®
= - (initial thickness = 2.5mm)

I
01.0 12 14 1.6 1.8 2.0

FEM expansion ratio (-)

IEEELN Improvement of flexural rigidity by FEM
technology

FEMOOOOOOOOOOOOOOOOOOOO
cboooooooooboooboooOoobooobooon
ooooooooOoooooooooominooo
O0o0ooo0oo0ooooooooooiiooo
goboooocooobooooobocoobooooooa
cbOooooooobOoobooooobooobooon
ooooocoooocoooOocOoOoFEMOOO0OOO
cboooooooobooobooooobooobooon
cboooooooobooobooooobooobooon
cboooooooobooobooooobooobooon
00000000®I00000FEMOOOOOO

oooboboooboooooooobooooooo

21



000000000000 D0D000®0000000000000000000

3g00o0b0OorFEMOD0OOOOOOOOOOODOO
cooooooood

000000D0D0D00000000000®000
uboboodoooooooboboboOooooDbOon
obOoboOooooooOoOoobOoobOoOooOooDOon
ooooo

FEMOOOOOOOOOOODODOOOO0OO0OO0O0O
obOoboOooooooOoOoobOoobOoOooOooDOon
cbOoboooooooOooobOobobOOooOooDOon
cbOoboooooooOooobOobobOOooOooDOon
cbOoboooooooOooobOobobOOooOooDOon
O0000000o000O00U0O0OO0OFEMOOOODO
obOoboOooooooOooobOOobobOOooOooDOon
ooooOocooooooooon

0000000000®000000000000
OFEMOOOOOOOOOOODOOOODDODODOOD
00000®0000000000000FEMO
obOoboOooooooOooobOobobOOooOoOooDOon
obOoboOooooooOooobOobobOOooOoOooDOon
00000®000000000000000000
oooooooo

111 (:372  Preconditions of FEM simulation

process of FEM in vacuum chamber
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heating  vacuum cooling  discharge gooooz200000020mmO00000004.0
P am. 01MPa OMPa O0MPa  0.1MPa 0000040mmO000000000000000
0.1 MP. 0.1 MP. 0.1 MP. 0.1 MP.
Pincel * * ‘ * 000000000IMPa0 0000000000
+AP - AP - AP - AP
T celtwall 165°C 165°C 1.£.(23°C) 00 0.05MPa 0O DO
i=1 n : number of cells in thickness direction
2 Pinit. : initial pressure in cell at expanded moment (= 0.05MPa)
direction of 3 Pi : pressure in cell at i-numbered (Pa)
sheet thickness ° Patm. : pressure of atmosphere (= 0.1MPa)
o G : flexural modulus (Pa)
° 1 : viscosity (Pa - s)
n t: time (s)

Minit. : initial mass of air incell by base area at expanded moment (kg/m?)
Mi : mass of air in cell by base area at i-numbered (kg/m?)

D : diffusion coefficient of air into cell wall (m?/s)

S : solubility of air into cell wall (kg/m3/Pa)

h : half of wall thickness (m)

% : expansion ratio = 4.0

Mw (air) : molecular weight of air = 28.8

R : Gas constant (J/mol/K)

T : temperature (K)

Li : cell wall thickness at i-numbered (m)
Linit. : initial cell wall thickness (m)
L : thickness of sheet (m)

Diffusion equation : dMi/dt = (D - S/2h) (Pi-1-2Pi+Pi+1)
Viscoelastic character of resin (Voigt model) : (Pi—Patm.(1+2h/Li)2)/((1+2h/Li)2-1)= G - In(Li/Linit.)+ (n/Li) (dLi/dt)

PEEEEN  Simulation of FEM process in vacuum chamber
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Ecotoxicological Risk Assessment of Pesticides

in Aquatic Ecosystems

Sumitomo Chemical Co., Ltd.
Environmental Health Science Laboratory
Mitsugu MiyamoTo
Hitoshi TANAKA

Toshiyuki KaTAGI

Ecotoxicological risk assessment of pesticides in aquatic ecosystems has become one of the most important

areas of scientific pesticide evaluation. Sumitomo Chemical has been developing many pesticides in order to

maintain a stable worldwide food supply, and we have been conducting high quality ecological risk assess-
ments by using state-of-the-art techniques for the evaluation of our pesticides. In this article, the outline of
the aquatic ecological risk assessment procedures in Japan, the USA and the EU are briefly summarized and
some examples of sophisticated higher-tier ecotoxicological studies undertaken to demonstrate that our pesti-

cides are benign to aquatic environment are introduced.
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1 Taxonomic classification and variety of re-
productive strategies of animals

Reproductive Strategy
Number
. Sexual
Taxonomic class of
. Asexual Partheno- Bisexual
Species e
genetic Ambisexual Diecious

Invertebrate 999954

Porifera 5000 O X O Minor
Platyhelminthes 15000 O O O X
Nemertinea 750 O X Minor O
Aschelminthes 6985 X @) X @)
Mollusca 112000 X X Minor O
Annelida 7000 O O Minor O
Tardigrada 280 X O X O
Arthropoda 800000 X O O O
Sipunculoidea 275 X X X O
Hemichordata 100 O X X O
Echinodermata 5970 X X X O
Protochordata 1613 O X O O
Other invertebrates 44981
Vertebrate 43150 X Minor  Minor O
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11578 Data requirements and aquatic ecotoxicological
risk assessment in Japanese pesticide registra-
tion

Lower Tier
Effect Acute/Short-term LCs0/ECs0 Additional species test (2-6 species)
Fish : Carp or Medaka, 96h Lowest L(E)Cs0

Invertebrate : Daphnia magna, 48h  Bioavailability in natural water
L(E)Cs0 at TOC1.5mg/L

Higher Tier

Aquatic plant : Green alga, 72h

Chronic/Long-term NOEC Life stage (adult/neonate) sensitivity
Invertebrate*: Daphnia magna, 21d ~ Geometric mean L(E)Cso
Exposure  Tier 1 Simulation PEC Tier 2/3 Simulation PEC
Input parameter : Use pattern Input parameter : Use pattern,
Chemical properties
(e.g. measured concentration),
Scenarios (e.g. water flow)
Risk Comparison of AEC and PEC Comparison of AEC and PEC
Assessment  AEC = fish LCs0/10, AEC = lowest L(E)Cs0/ (24),
Daphnia ECs0/10, L(E)Cs0 at TOC1.5mg/L,
algal ECs0/1 Geometric mean L(E)Cso

* : Conditionally required (trigged by pesticide profile)

-5 Data requirements and aquatic ecotoxicological
risk assessment in US EPA pesticide registra-
tion

Lower Tier

Effect Acute/Short-term LCs0/ECso
Fish : Rainbow trout and Bluegill, 96h  (possibly including microcosm test)

Higher Tier

Simulated or actual field test

Invertebrate : Daphnia magna, 48h ;
Midge*, 10d ; Amphipod*, 10d

Aquatic plant : Green alga, 96h ;
Other plants* (Blue-green alga,
Diatom, 96h ; Duckweed, 7d)

Chronic/Long-term NOEC

Fish : ELS test, FLC test*

Invertebrate : Daphnia magna, 21d;
Midge*, 64d ; Amphipod*, 42d

Exposure  GENEEC2 Simulation EEC EXPRESS Simulation EEC
Input parameter : Use pattern, Input parameter : Use pattern,
Chemical properties (e.g. Koc) Chemical properties (e.g. Koc),
Scenarios (e.g. meteorological)
Risk Risk quotient evaluation Case by case

Assessment  acute RQ = EEC/L(E)Cs0 < 0.1
chronic RQ = EEC/NOEC (plant ECs0) < 1

* : Conditionally required (trigged by use pattern, physico-chemical
properties, other effect data, etc.)

Od000O00d00oU0oUooUooUoooUoooo
gdboooboobooouobobooouoboood
gdboooboobooouobobooouoboood
00000000000 ELSO OO Early Life Stage
toxicitytestU D 00 000000000000 DOOO
000YOOoOOoOO0O00OLCsonECson 00 NOECO O
0000000 EECO Estimated Environmental Con-
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118 Data requirements and aquatic ecotoxicological
risk assessment in EU pesticide registration

Lower Tier

Higher Tier

Effect

Acute/Short-term LCs0/ECso
Fish : Rainbow trout & 1 fish, 96h
Invertebrate: Daphnia magna, 48h ;
Midge*, 48h ; Other species*
Aquatic plant: Green alga, 72h ;
Other plants* (Blue-green alga or
Diatom, 72h ; Duckweed, 7d)
Chronic/Long-term NOEC
Fish : Prolong or ELS or FLC test

Invertebrate : Daphnia magna, 21d ;

Midge*, 28d ; Other species*

Microcosm/Mesocosm
Modified exposure test
Indoor multi-species test
Outdoor multi-species test

Species Sensitivity analysis
Additional species tests
Probabilistic approach

Exposure

FOCUS STEP 1/2 Simulation PEC
Input parameter : Use pattern,
Chemical properties (e.g. Koc)

FOCUS STEP 3/4 Simulation PEC
Input parameter : Use pattern,

Chemical properties (e.g. Koc),

Scenarios (e.g. meteorological)

Risk

TER evaluation

Case by case

Assessment  TERst = L(E) Cs0/PEC>100

TERIt = NOEC (plant ECs0) /PEC>10

* : Conditionally required (trigged by use pattern, physico-chemical

properties, other effect data, etc.)
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11553 Comparison of the standard lab test, meso-
cosm and microcosm studies

Lab test : Microcosm @ Mesocosm
test | test

Small | Medium | Largg‘__

Size of the test system g T =
Uncertainty of risk High » Low
assessment ' '

Eco-loglcal and . Low « High
environmental reality : ‘

Interaction of species Few « Many
RepeaTtablhty and High — : Low
handling : 3

Yolume f)f effect Low « High
information : '

.Complex1t%r of Low « High
interpretation 3 :

Cost and work volume | Low N High

00000000000000000029 290
Table 50 000000000 Lower Tier study( O
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1:1 56 Brief summary of environmental fate and ecotoxicological profiles of esfenvalerate

Structure :
Core Aquatic Fate Profile :
Water-Sediment Dissipation from water phase
Core Effect Profile:
Acute/Short-term
Fish Rainbow trout
Bluegill sunfish
Fathead minnow
Invertebrate Daphnia magna
Aquatic plant Green alga
Chronic/long-term
Fish Rainbow trout

Fathead minnow*
Invertebrate Daphnia magna

Chironomus riparius

33% immediately after application

96h-LCs0 = 0.1 - 0.302 ug/L
96h-LCs0 = 0.205 ug/L
96h-LCs0 = 0.18 ug/L
48h-ECs0 = 0.228 - 0.9 ug/L
96h-ECs0 = 6.5-9.1 ug/L

21d-NOEC = 0.001 pg/L
260d-NOEC = 0.09 ug/L
21d-NOEC = 0.0018 pg/L
28d-NOEC = 0.16 pg/L

* : Data of fenvalerate
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BEE Photograph of the test system (inverte-
brate mesocosm)

Stainless Steel Enclosure (1m3size)

% Emerging Insect Trap

Elodea canadensis and gravel
.2m

Habitat cage filled
water with Elodea canadensis
1m Stainless Plate
l -Habitat cage filled with
|
2
¥

1.1m

BGEEME  Schematic view of the enclosure (inverte-
brate mesocosm)
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2. Major metabolite (PB acid)
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Day

BEEE Concentrations of esfenvalerate and its

metabolite in water
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100000 ¢

Alonella spp. (Cladocera)

10000 £

100 b '<—___Significant decrease observed
' at 200 ng/L
i —— Control ~ —=— 1ng/L
10 £ —— 3ng/L —<— 6ng/L
E —— 12ng/L  —— 30ng/L
—=— 200 ng/L

Abundance/2 substrate cages

0 20 40 60 80

Day

Graph of the changes in abundance of Alo-
nella spp.

-1 4

No significant deviation
from X-axis (control)

8 —%

9 14 19 24 29 34 39 44 49 54 59 64 69 74 79 84
Days
—=— Control —=— 1ng/L —— 3ng/L

—<— 6ng/L —%— 12ng/L  —— 30ng/L

A typical PRC diagram for community struc-
ture evaluation (substrate associated organ-
isms)
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1174 Summary of the effect classification

Effect Classification*
1ng/L 3ng/L 6ng/L 12 ng/L 30 ng/L 200 ng/L
Population (number of evaluated taxa)
Phytoplankton (14) 1 1 1 1 1 NOEC 1-2
Periphyton (2) 1 1 1 1 1 1 NOEC
Macrophytes (1) 1 1 1 1 1 1 NOEC
Zooplankton (29) 1 1 1 NOEC 1-2 1-3 1-5
Macroinvertebrates (34) 1 1 1 1 NOEC 1-3 1-5
Community
Phytoplankton 1 1 1 1 1 NOEC NA
Open water invertebrate 1 1 1 1 1 NOEC NA
Substrate associated 1 1 1 1 1NOEC NA
Sediment dweller 1 1 1 1 1NOEC NA
Emergent insect 1 1 1 1 1 NOEC NA
Taxonomic Richness 1 1 1 1 1 NOEC 1-3
Ecological evaluation including recovery
NOEAEC X

* : Effect classification was based on the EU guidance and summarized as follows :

Class 1 : no effect ; Class 2 : slight effect ; Class 3 : short term effect ; Class 4 : long term effect with recovery ; Class 5 : irreversible long-term effect
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ulationd 0 6 ng/LO 00000000 DOOONOEC
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IEEEEN  Photograph of the test system (fish meso-
cosm)

Stainless Steel Enclosure (3m?® size)

Chronic Test
e Bottomless cage
e Feeding of exposed food organisms

Acute Re-entry Test
e-en es
Test * bich Cage
v v

Day 0-28 Day 04 Day 1-5 Day 2-6 Day 4-8 Day 6-10

1m

& £ £ & &

0.2m

2m

GBI  Schematic view of the enclosure (fish me-
SOCOSM)
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BEEEEN  Results of the acute and re-entry tests

96h-LCso
(ng/L)
Day 0-4 550

Day 6-10 3510
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0000000000 0000000LCse 0550
ng/LO Lower TierDO OO OO0 OOOS000000
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cboooooooobOooboooooobooobooon
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obobobooooooooooobooboooo
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k-0 58 Results of the chronic rainbow trout test

Survival (%) Growth rates (r)

Wet weight Total length
Control 100 1.5+ 0.026 0.25+0.010
18 ng/L 95 1.4+0.054 0.25+0.019
60 ng/L 100 1.5+ 0.004 0.23 £0.024
180 ng/L 100 1.4 +0.052 0.23+0.011
NOEC 180 ng/L 180 ng/L 180 ng/L
Overall NOEC 180 ng/L

r =100 x (log A28 —log Ao) x (tz8 — to)~!
A2s: weight or length of Day 28
Ao: weight or length of Day 0 in fish culture
tes, to: time (days) of test initiation and termination, i.e.
Day 0 and Day 28
(OECD guideline 215)

1E:1s1 58 Brief summary of environmental fate and ecotoxicological profiles of pyriproxyfen

Structure : : 0. :

Core Aquatic Fate Profile :

o/\(oﬁ@

Water-Sediment DTso in water phase 1.4 - 1.5 days
Core Effect Profile :
Acute/Short-term
Fish Rainbow trout 96h-LCs0 = 218 — > 325 ug/L
Bluegill sunfish 96h-LCs0 > 270 ug/L
Invertebrate Daphnia magna 48h-ECs0 = 187 — 400 ug/L
Aquatic plant Green alga 72h-ECs0 = 64 — 66 ug/L
Chronic/long-term
Fish Rainbow trout 95d-NOEC =4.3 ug/L
Invertebrate Daphnia magna 21d-NOEC = 0.015 pg/L
Chironomus riparius 28d-NOEC =10 pg/L
Asellus hilgendorfii 19d-NOEC =10 ug/L
Tigriopus japonicus 8d-NOEC =10 ug/L
Mysidopsis bahia 28d-NOEC = 0.81 ug/L
Daphnia pulex Recovered after 1.88 ug/L exposure
Recovery in clean water
gooo 2008-1 35
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5000 48
a F A rapid dissipation of
= 4000 pyriproxyfen from the
% L water column
S [ DTs0 = ca. 1 da;
23000 - y
5 [
g [
’;__‘) . .
g 2000
© [

1000 -

o

Day

1. Dissipation of pyriproxyfen from water column of
microcosm test system (5000 ng/L treatment)

100000 A transient deviation (increase)

from the control at the highest
treatment level.

10000

1000

100

Individuals/L

10 —— Control ~ —=— 20 ng/L
80ng/L  —< 320ng/L
—— 1200 ng/L —— 5000 ng/L
‘ e 20009 ng/L

1

-14 0 14 28 42 56

t

Day

3. Population changes of Rotatoria in the microcosm

oboobooooooboobooobooboDo

10000 £

—— Control  —=— 20ng/L
—— 80ng/L  —— 320ng/L
—— 1200 ng/L —=— 5000 ng/L
—— 20000 ng/L

1000 E

100

Individuals/L

10

3 A transient deviation (decrease)
from the control at the highest
treatment level.

1 L L L L
-14 0 14 28 42 56

Day

2. Population changes of Cladoceran in the
microcosm

A transient deviation from
the control at the highest
. treatment level.

Cdt

-10 0 10 20 30 40 50 60

—— Control —=— 20ng/L
—— 80ng/L  —— 320ng/L
—— 1200 ng/L —=— 5000 ng/L
—— 20000 ng/L

4. Principle response curve (PRC) analysis of
zooplankton community in the microcosm

IEEEEN  Summary results of the indoor multi-species microcosm study of pyriproxyfen

1 ERDN  Brief summary of environmental fate and ecotoxicological profiles of etoxazole

Structure :

(CH3)3C
0 F
Core Aquatic Fate Profile :
Water-Sediment DTso in water phase 0.4 - 3.0 days
Core Effect Profile :
Acute/Short-term
Fish Rainbow trout 96h-LCs0 = 2800 pg/L
Bluegill sunfish 96h-LCs0 = 1400 pug/L
Invertebrate Daphnia magna 48h-EC50=2.0-7.1 ug/L
Chironomus riparius 10d-LCs0 > 56000 p/kg
Aquatic plant Green alga 72h-ECs0 > 10000 ug/L
Chronic/long-term
Fish Rainbow trout 89d-NOEC = 15 pg/L
Invertebrate Daphnia magna 21d-NOEC = 0.2 ug/L
Chironomus riparius 10d-NOEC = 25000 ug/kg
0000 2008
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L ENEN Summary results of the indoor multi-spe-

cies microcosm study of etoxazole

Effect Classification*

0.2ug/L  0.66 ug/L 1.54 ug/L

Population
Phytoplankton (Chlorophyll-a) 1 1 1NOEC
Total Rotatoria 1 1NOEC 2(increase)
Copepoda Copepoda 1 1 1NOEC
Cyclopoida 1 1 1NOEC
Nauplia 1 1 1NOEC
Cladocera Simocephalus vetulus 1 1NOEC 2(decrease)
Chydoridae spp. 1 1 1NOEC
Chydorus spp. 1 1 1NOEC
Alona spp. 1 1 1NOEC
Alonella spp. 1 1 1NOEC
Graptoleberis testudinaria 1 1 1NOEC
Pleuroxus spp. 1 1 1NOEC
Total Ostracoda 1 1 1NOEC
Total Crustacea 1 1 1NOEC
Total zooplankton 1 1 1NOEC
NOEC population X
Community
Taxonomic Richness 1 1 1NOEC
Community Structure 1 1 1NOEC
NOEC community X
NOEAEC X

* : Effect classification was based on the EU guidance and
summarized as follows :
Class 1 : no effect ; Class 2 : slight effect ;
Class 3 : short term effect ;
Class 4 : long term effect with recovery ;
Class 5 : irreversible long-term effect
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In recent years the spread of ICP-MS has been remarkable because of high equipment sensitivity and pro-

gresses in collision / reaction cell technology. However, direct analysis of gaseous samples is not yet possible

because of the difficulty of maintaining plasma during direct analysis. We have developed a gas converter

which can move particulate matter included in gas samples
gas samples possible.

to argon in order to now make direct analysis of

Using this new technology, real-time multi-element monitoring of airborne particulate matter samples was

continuously examined by directly introducing an outdoor air sample via a PFA tube, and the signal intensities

of 20 elements (40 isotopes) were measured at every 8 minutes for 80 hours. As a result, the signal intensities
of Be, Ag, Cd, Sn, Sb, TI, Pb, Bi, Th, and U were obtained at various instances.
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Immunoassay Screening Method for

Polychlorinated Biphenyls (PCBs) in Insulating

Oil (PCB sensor)

Sumika Chemical Analysis Service, Ltd.
Ehime Laboratory

Katsuya IMANISHI

Low level quantities of PCBs were mixed into insulating oil used in electrical machinery, mainly trans-

formers, as recognized by the Japanese government in 2003, however production and use of PCBs has been

prohibited since 1973. The necessity of testing approximately several million transformers for PCB contami-

nation has stimulated urgent interest in development of measurement techniques. We report the performance
of our developed rapid and simple immunoassay system for the detection of polychlorinated biphenyls (PCBs)

in transformer oil.
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mer of PCBs

Number of chlorine Name of homologue =~ Number of isomer

1 Mono chlorinated 3
2 Di chlorinated 12
3 Tri chlorinated 24
4 Tetra chlorinated 36
5 Penta chlorinated 42
6 Hexa chlorinated 36
7 Hepta chlorinated 24
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10 Deca chlorinated 1
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DMSO-0il (hexane)-partition (four times)

<---- water
<---- p-hexane
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Alkaline treatment (one times)
¢ Neutralization + dehydration

H2S04 treatment (several times)
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Multilayer Silica Chromatography
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Measurement by GC-HRMS

PEEEEN  PCBs analytical procedure (Official meth-
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PCBs cocentration by immunoassay (mg/kg)
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