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O00O0O00000O Concise International Chemical Assessment Documentd
No.5 0O 00O 0O O Limonened

oo http://www.nihs.go.jp/cicad/jogen.ntml OO OOO0O
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oboboogygooooobgpgbobobooboo/pobooboobo cicAbDOUO0booog 19930
0000000000 (KalbergO OO LindelD1993)0 000000 O0ODOOODOOOOODOO
O00b000o0o0ob0obob0b00ob0obobo0b0b0obOO@oesefsson1993) 0 oooooon
UobbooobbbooobbiouuobbbuounbbibO EPAOLI9940 0000 19930 1995
gobboooboboboooobboooobboooobbboooLnbbooobLbobo

19900 197000 boooonobboooobbcaccAbugooboooobobooon
gooboooobboooobbooobobboooobbboooobbooobDbbooobo
U ccicAbDbOUododoobobboodoobobuoooobboooonoo

U CICADDO 19960 110 1820000 boddoboboooobbboooobobuoooonoo
dobboodobbooobbbooobbbo3gobbuooairpesy 199:3uuonooaon
obbogobobobogggoobicscooisbud clcAbbbogoonboyooooboooon
goobooboooooboboooobboooobbbooobobboooono

gooobdoooboobboooobbooobobboooobbboooobbooobDbbooobo
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gooobodoooboboboooobbooobobboooobbboooobbbooobbboooLo
gooboood

gooobodooobogyoooobobooobobboooobbboooobbooobbbooobo
Udbo2pgobbbooobbooobbbodobbooobbbooobboooo
gooobodoooboboboooobbooobobboooobbboooobbbooobbboooLo
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pgoooooobooboboooobbooobobboooobLbboooobbbooobLbbooOoLo
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goboboggoobboboooobbooobbboooobboooobbooobbooooobon
goo

gobbooobbboooobbooobbboooobboooobbooobbboooooboon
OobolmgkgUOO/OO0DOOO0OO0ODOOO0OOODOODOODOODOOOOOOODODODODO
gboboboogobboooobboooboobboooooboo

gobbooobbboooobbooobbboooobboooobbooobbboooooboon
gobbooobbboooobbooobbboooobboooobbooobbboooooboon
goboboogobobooobobooon

gobbooobbboooobbooobbboooobboooobbooobbboooooboon
gobbogobobboooobbooobobboooobbooobbooon

0000000000000 000000000000000000000000000000
0000000000000 00000000000000000000000 (parts per million)
0000000000000 00000000000000 0.102ppb (0.60 11pgm)0 000 O
0000000000000 000000000000000000000000000000
000000000oOoo

gobobooobbboooobbooobbboooobbooooobbooobbbooooobon
gobbooobbboooobbooobbboooobboooobbooobbboooooboon
gobbooobbboooobbooobbboooobboooobbooobbboooooboon
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200000000000 0000
gboboooboboboobooboboobobbobooboboobobb 200000
OO0 000 /000000000Db000b0b00bD0bOoobOobOobboobDg -bobbo

obooobooogoeonestbuon

0100000000000000°

d-0000 1-0000 oooood
CAS no. 5989-27-5 5989-54-8 138-86-3
0oo (R)-1-000-4-(1- (5)-1-000-401- 1-000-4-(1-0
oooDoooo)oo 00o00o0obo0o0 Obobooo)oo
goooo gooooo googg
ggd CioHis CioHis CioHis
ooO 136.23 136.23 136.23
00 (@) -74.35 -74.35 -95.9
Oooa@) 175.500176.0 175.500176.0 175.500176.0
0002000 g/em’d 0.8411 0.8422 0.8402
gom2000000d Pald 190 190 190
gogoooooo 13.8° - -
02000000 mg/LO
goodogo 34.8° - -
(2000000 kPa
m*/mol)
Log A 4.23° -~ 4.8 (0ODODO)

00001 ppm = 5.56 mg/m*; 1 mg/m* = 0.177 ppm.

*Massaldi O O O King 19730 Assessment Tool for the Evaluation of Risk (ASTER) database,
Environmental Research Laboratory, US Environmental Protection Agency, Duluth, MN, 1991.
‘000 (ENVIROFATE database, Office of Toxic Substances, US Environmental Protection
Agency, and Syracuse Research Corporation [SRC], New York, NY, 1995).
‘000 (US EPA, 1990a, 1994).

*000 (US EPA, 1994; Log Octanol-Water Partition Coefficient Program [LOGKOW], Syracuse
Research Corporation [SRC], New York, NY).

O00000DO0DO00O00O000b00O00obO0obOobOobDOoDOooOoOoOn Karlberg O
O 0O Lindell (1993)0 00000 O0DO0OODODODODOOODODOODOODDODO
(7-methyl-3-methylene-1,6-octadiene) 0 a -0 0O O (2,6,6-trimethyl-bicyclo[3.1.1]-

4



hept-2-ene) 0 B -0 O O (6,6-dimethyl-2-methylene-bicyclo[3.1.1]heptane) 0 O O O O
(2-methyl-5-(1-methylethyl)-bicyclo[3.1.0]hexan-2-0l) 0O A 3- 0O O O
((1S-cis)-3,7,7-trimethyl-bicyclo[4.1.0]hept-2-ene) O 0D O OO0 O00O0DOOOODODODOOO
0000000000000 000000bOO0DO0o0oo0oU0ooobOoDOOoDOooDOooGg
00000000000 0DOoooooooo

/" \

3. OOoad

0000000000000 00O00DO00D0o0oDO0o0oOo0ooOoooDoooDoooooon
0000 (Searle,1989)0 0 00O OO Tenax (Janson O OO0 Kristensson,1990) OO OO OO0
(Chan 0,1990) 0O OO0OO0ODOCOO0OOOOOODOOOOODOOODOOOOOOOOOOO
O00000000oooOd0oo0ooooodooooooooooooogooooooooo
0000000000000 00O00DO0o0D0o0DO0o0D0o0DOo0oDOo0ooDOOoooOOoOooO
000 5 pg/m(Searle,1989) 00O 000 1.4 pg/m*(Falk Filipsson0,1993)0 00000000
0000000000000 0D0O00DO0o0DO00DOOo0DOo0DOo0oDOo0ooDOOoOoDOOoOoon
00400000000 000000000O00000000000D00O (Karlberg O,1994)0
00000000000 00000000000000(NilssonO ,1996)0

is000000000000

godoooooooboobooboobobobodddooooooobDb bbb ULooOoa
gooooooobooboobooobobobtodddoooooobobbbbbbobbodoUULoUon
0000000000000 00o0o0oooD 10jg/mM 0000000 oOoOoOan
(Stromvall,1992)0 000000000 0OO0OO0O0O0ODOOOOOODOObOOODOObOobDbOODO
gbobooobobobobooboboooboobobouoobOo 04025 mg/gO)y/0O0
O0O0oOodrey 0, 199)0 0000000000000 O0O0ODLDOODODODOODbODOODO
goooooooboobooboobobobtbddoooooobobbbbbbobbodoUUoUon
(Dimitriades,1981;Altshuller,1983;Lamb [0 ,1987)0 00 00000 0OO0O0OOOOOOOOO
Ob0ob00o0o104070000080 20 70000DO0ODO (Fehsenfeld [0 ,1992)0
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ddoooooooobboobboboddoooooooooboboobbbobooodgoooooo
OO0b00oooboobooboobooboDobo@Euoooo)yooooboooobooooo o
gloooooo)yooooooooo@omeoooooo)yooooooobooboobobooo
gogooooooobobboboobbobtodooooooooobobobobobbobboooooooon
OobOoobodbee-00oboboobooboboboobooboboooonDgimi O0,1976,1991)0

199100 -0 0000D00000/00000000090 J~00D00D00000OD0O0ODOOd
000 45 00000000 (Florida Chemical Co.,1990)0 0000000000 ODOOODOO
100000000 7@B 000000000000 00O00O0O0ODO0O0OJARC,1993))0000000O
000019920 1993000000 4000000000 (Chemical Daily,1994,1995)(1 1984 [0 (J
0000 ~00000000 20000000 'M0e~-00000000D0000O0DODOOOOO
00000000 198300 8700000000000 00O0ODO0OODOODOODOO0O0D 1400000
00000 00000000000 0000000 /~-0000000 20 18430000000
OO0 1030 1850000 0000197400 0000000000000 OOOODOOOOO 700
4500000 0000000000000 000O00ODO0O0O 1983 00000000000 0DO0ODOO
0000000000000 0000D00DO0oDOooDoo0oOU0ooobOoDOOoDOooDOooGg
O00000000D0OO0O000O0DO0O000DOSwedish National Chemicals Inspectorate 0 0 0O
0000000000000 0D00000000D00 199400 4000000000 15000
00000000 ~c00000 0800000000 D0D0000OODO00oOooOD 10600
0000000 2600000000000 740880000000 /000000000000
OO0DoOooooooo

5. booooooooooao

dgoooooooobbooboboboddooooooooobobobbbobboogoooooo
gbobobooobobboooobboooobbooobbobooobboooobon

000000000000 00000000/0000000000000000000000
0000000000000000000000 (500 13.8mg/L)0000000/00000
(4.232)00000000000000000(K)0 103004780000000 000000000

1 00 : Environmental Chemicals Data and Information Network (ECDIN). Ispra, Italy, CEC Joint Research Centre

(1993).

20Qg: Registry of Toxic Effects of Chemical Substances (RTECS). US Department of Health and Human Services,

National Institute of Occupational Safety and Health (NIOSH) (1994).

® 00 : Hazardous Substances Data Bank. Bethesda, MD, National Library of Medicine (1995).



gooooobooobooboobooboobooboobobobobooboobooboooon
0000000000000000 °0

ooooooooooboobooboooobooooobooboobOoboboOo/wobooboboboo
00000000000 000W0000000000u01Imi0d0 1n/sO00 3m/s0000
0000000000000000 3.400000°%0N000000000000O0O0O0O/0000
00000000000000000 2460202000 °0000000000000O0O00O0O0O0
gbobooboooobobooobobboooobobog

0000000000000 0o0obO0obO0bO0oDOooDooO0ooD0D0ooooooOoDOoon
0000000000000 0D000 (US EPA,1994H0 OOOD0OD0OODODOOOOODOODOO
0000000000000 0000o00DbD0oDO0oD0~000Db00obOobOoDOoDOonog
1000 0000000000000 ‘0000000000 000000O0OO0O0 Penicilliun
digitatumd O O O Corynespora cassiicolall 0 00 O Diplodia gossypina(Abraham O ,1985)0 O
O O O Pseudomonas sp.(PL 0O )(Dhavalikar 0O O O Bhattacharayya,1966;Shulka 0O 0O O
Bhattacharayya,1968) 0 0 0 0 000 0000DOODOODODOOOODOOOOOOOODOODO
0000000000000 0000o00DbOOoDOoooo0ooOU0oDoobOoDOOooDOooDOooGg
0000000000000 0o0@oo0oDgoooboooon (OECD 301 C “Modified MITI
Test (1)";0ECD,1981) (MITI,1992)0 000000000 DODOOOODOODOOOOODO 140
0040000000000 D00 0000000000000 DbOOoO0D0O0O (OECD 303 A
“Simulation Test — Aerobic Sewage Treatment: Coupled Units Test”;0ECD,1981)0 00O 0O 14
0000000000000 0C93.8w)y00000 (Schwartz,1990)0000000000OO
0000000000000 00000O0DOO0DOooDoo0oU0ooobOobOOooDOooDOoog
0000000000000 00000O0DOO0DOooDoo0oU0ooobOobOOooDOooDOoog
OO00DO000oooooo

4 0 0O : ASTER (Assessment Tool for the Evaluation of Risk) database. Duluth, MN, US Environmental Protection

Agency, Environmental Research Laboratory.



00 ¢+00000000O00000O0O00 (OHOOOO(0)0000000N0)O0
00000000 000OOO0O0OO

oo oo oo oooo oooo
(molecules/cm? (hours) (cm® molecule® sB)
OH 1x10°8 (0.04 ppt) 0.32 9.0x107%0 Winer O ,1976
4x10° (0.16 ppt) 0.5 1.4x10710 Atkinson O ,1984;Winer O ,1984
1x10°8 (0.04 ppt) 1.6 1.7x10710 Atkinson, 1990
1x108 (0.04 ppt) 2 1.4x10710 Atkinson 0 O O Carter,1984
1x10°8 (0.04 ppt) 2 1.4x10710 Atkinson O ,1984;Winer O ,1984
0, 200 ppb 0.18 6.4x1076 Atkinson O ,1984;Winer O ,1984
7x101 0.5° 5.4x1076 Klopffer O ,1988
30 ppb 0.6 6.4x1076 Atkinson O ,19840 Winer O ,984
7x10% 0.62 6.4x107% Atkinson,1990
7x10% 0.67 6.0x107% Atkinson 0 0 O Carter,1984
7x101 1.9 2.09x1071 Atkinson O ,1990
7x101 2.6 1.53x10716 Nolting 0 O O Zetzsch,1988
NO, 100 ppt 0.015 7.7x107%2 Atkinson O ,1984;Winer O ,1984
(0.9 min)
2.4x108 0.08 1.4x10% Atkinson 0 0 O Carter,1984
(5 min)
2.4x108 0.09 1.3x101 Atkinson,1990
(5.3 min)
10 ppt 0.15 7.7x107%2 Atkinson 0 ,1984;Winer O ,1984
(9 min)

dopooooooo

booo(@Oo)

0000000000000 0o0obO0ob0oDbO0oDOooooooDU0DoooooooOoDOoon
OOoDOoOo3ecOd0p0dooooooonoooDoooooooooboooDooDoDoooDoOooDg
000000000000 00000000DbO0oDO0oD0oo0oOU0ooobOoDbDOoDOooDOooGg
000000000000 00000000DbO0oDO0oD0oo0oOU0ooobOoDbDOoDOooDOooGg
0000000000000 0DO0000DO00O00o0D00ooD0ooDOoDooon(Larso OO0
Marley,1988)0



0000000000000 0DO00oo0dDo0oooooooooooDooDooooooDoooog
00000000000 00O0o0oooooDo(@@ oooooooooooooooDoOoood
0000000000000 0DO00o00DO0bO0o0oO0DO s0b0bOoooOoDO 0.300
200000000 Winer O ,1976,1984; Atkinson OO O Carter,1984; Atkinson [0 ,1984;
Atkinson,1990)0 0 000 O000O0DOOOO0ODOOOOODODOO 0.202.6 000000ODOOO
(Atkinson O O O Carter,1984; Atkinson 0 ,1984,1990; Winer O ,1984; Klopffer O ,1988;
Nolting O OO Zetzsch,1988; Atkinson,1990)0 0000000 DOOOOOOOOOOODOOO
0000000000000 00 ~0000D00000D0 0.909000000O 00O (Atkinson
00O Carter,1984; Atkinson 00 ,1984; Winer O ,1984; Atkinson,1990)0 000 -0 00000
0000000000000 0DO0000DO00O00oO0DO00DO0oDOoDooOooDI12048 000
00000 (Altshuller,1983)0

0000000000000 000000o00o00oDOO0DO04000000D011- OOODODO
00004 (Arey O ,1990;Grosjean [0 ,1992;Hakola O ,1994) 000000000 (Arey O ,1990;
Hakola 0 ,1994)0 00000000030 000000000O0O0OOODO0O0ODOC,O0D0000ODO
(Grosjean 0 ,1992)0 0000 0DO0OCO C, OO DUOODDODODOODOODODOODODOODOO
0000000000000 (Grosjean 0,1992) 00000000000 ODOOOODOOOOO
00000000000 00g@Gan,198s)00odooooonoooooooooonooooag
00000 (Beckerd,1990) 000 00D00OD0O0DOODODOOOODOODOOODOODOODOO
0000000000000 00000O0DOO0DO0oD0o0oOU0ooobOoDOOoDOooDOooag
000000 (Gab O ,1985; Becker 0 ,1990)0 -0 00000000 DOODOODOOODOO 4000
0001000000000 00000000000DO0000o00  (Grosjean 0 ,1993)00 0 O
0000000000000 00000O0DOO0DO0oD0o0oOU0ooobOoDOOoDOooDOooag
0000000000000 0DO0000D0Do0o0ooooooodAltshuller,1983)0

0000000000000 00O0ODO00D0DO00DODOU00ODODDODO00OD0DDO0OO0ODODOoOO0OO
(Gab 0 ,1985;Sekiya 1 ,1988)0 0 0 000000000 ODOOOOOOODOOOOODOOODOO
0000000000000 0000D00DO0oDO0oDO0oo0oOU0ooobOoDOOoDOooDOooGg
0000000000000 0000D00DO0oDO0oDO0oo0oOU0ooobOoDOOoDOooDOooGg
O0O00O0Oo0oooOoAltshuller,1983; Fehsenfeld O ,1992)0

U0 oooooooooooa

oo oo OO0DODODODOO

opoooooo 0.036 pg/m® (6.4x107° ppb) Whitaker 0000000000 ODODOOOOOOOOO1990 60
0.49 ng/L (8.7x1072 ppb) Monte CiminiD OO DODOOOOOOOO
oo Eggegebirged North Rhine-WestfaliaD 0 0 0019880 000000

40 ppbC* (25 pg/m)? ooooooooooooogrennn



oo

oo

0.030 ppb

0.072 ppb

0.00201 0.13 ppb

oo

0.34 ug/m® (6.0x1072 ppb)

1.16 pg/m® (0.20 ppb)

1.307.3 pg/m® (0.2301.3 ppb)
0.102.2 ppb (0.6012.2 pg/m®)

oo

0.90 89 ng/m® (1.6x10™ 0 1.6x1072 ppb)

<0.050 0.25 ng/L (<8.8x107°0 4.4 x107?

ppb)

000 0.5 ppb

oooooOooooao
ooboooooo0o0oooOon012000000019820
oobo0oobooo0o0oooO0o012000000019820
ooo0ooooo0o0oooO0n012000000019820
oobooooo

oobooobovyooooooo
ooooosebi100019910
O000JonkoépingD OO O0O0O0O0O0607000019830
oooooooooOoooooOo7Oo0Oa19e83d

000 (Black Forest)D O O0O0O00O0011010 (1984019850)
000 (Black Forest)D OO0 0000030120 019850

Speulderbos 00 0000000001992 0

Jarlisa 0000000060019890

oooooooo

000 °00.36 ug/m® (0 O 0 0 6.4x1072 ppb)

0.14 ng/L (2.5x1072 ppb)
00 5.7 ppb (00 31.7 pg/m®)

<1011 pg/m® (<0.20 1.9 ppb)

oo

oo

00002.0 ng/m® (O000O0O3.5x10™ ppb)

oo

00oooooooooooooooodenn19900
MontelibrettiD OO OO OODOOOO
oooooooooooo

ooo0o0ooo0o00boooO0000001983019840 OO0 1 pas

000 0.2 ppbO
000000000000000019760
0000000000001020019840
Thbingend 0 00 030400198500 000

0oooooooooen0On®O9770

ooooo

ooo

1.7010 100 pg/m® (0.30 1.8x10° pph)
20 240 mg/m® (3.5x1020 4.1x10* pph)
oo

1.90 14 pg/m® (0.340 2.5 ppb)

3.80139 pg/m* (0.67016.9 ppb)

20040 ng/L

0.55 ng/L (00)
4.4 ng/L (ODO)
000020 ng/L
000082 ng/L

84 ng/L

10

oboOooboooosooOooboooonon
000s0ODOD0DOODD 101 mg/mO 00 1.8x10% ppbO
ooboOoobooooooo
oooooooboooboooOoobooooon

ooo0oobooo0o0oo0o0o0ooooO0o0O0ooO00a1989 0

0ooooodo19770

o0o0O0ooOOoooDooOobOoOo9sed
Vilanova-SitgesU 0 0000000 O 1986 O
000000oDooOoOO1988019890 000000 5.4 ng/LO
goo000o0o0oooOooaesst19gooooono

Resurrection0 0 0000006001985 0



oo oo OO0DODODODOO
0.47 ng/L Resurrection0 0 0000006001986 0
oood 590 ng/L (O O) 000000000O000OO00DOO0DO198501986 0
1600 ng/L (O O) Besos DO O OODOOODOOODO19850 1986 O
oo goooo0ooO0o0ooOoOoDboOooboOoOooOobooOooodaarso
oo LleeODOODOOOOOO
o0 Glatt 0 OO0 0019750
ooooo 2500 633 ng/L Southampton Water 0 O O 00O
opoooo 70 ng/L (0 O) goooooooobooOoooOoooOobooOoooooDo
10130 pg/L gooooooooooooboooooooooobooobpooooo
GainsvilleDOO OO OO
gopoooo 0.03 pg/L good0oo0O0o0owBOoOOWBOOOO1O00OO0O0OOO0O
oo o004 000oOos0000000D00
187 ug/kg (1.87x10° ng/L) goooooOoobooOooboezodooi1ooooooooo
gpoooooo 000020 pg/L 0000000000 0Geteborgh 00O 0O MO DO19890 1991 O
opooooo
100 220 ppb (10x10°0 220x10° ng/L) gooooooooo
ooo go00o000o00oOo0o0oo0ooOoOonOooOeson1991d
oo 0o0o00o0oooooooogood
O 4015 ng/L 00000O0ooooooo1988019890 0000 OODO 8 ng/LO
oo 1050 807 ng/kg Southampton Water 0 O O 00O
oo 0000920 pg/g gooooooooooooboooooooooobooobpooooo
GainsvilleO OO OOOOOOOOOOO
oood 4.0 yg/g (0 0O) 00 pinyon 000000000 0OWestern Great BasinD O OO 000
0 oo Las Vegas WashO OO OO OOooooOO
ooo gooooooobooooooooo

a 00000 (particulate carbon)0 000 O0O000O0O0OODOO

bOooooo

¢ Baku,Kemerovo,Leningrad,Murmansk,Tashkent O O O Tblisi

‘000000oDOooODDO00OoOoooo

11



6. JO00O0O0OOOOOOOOOO

6.1 00OO0OO

0000000000000 0D00o003foo0muoboooooooooooooooag
0000000000000 0000D00DO0oDOooD0oo0ooU0ooobOoDOOooDOooDOooGg
000000000000 0000000000000DOd((Stromvall,1992) 0000000003
ooo0o0OO0O000000U0UdUdU00o0oUoUoOoUoogooooooooooooao
(Altshuller,1983)0 00000000000 0ODO0O0OOODOOOOOOODOOOOODOOODOO
00000000000 000000000197901992 000 01.6x10"02.2 ppb(0.9 ng/m*[]
12.2 pg/m»H0 000000 (Shad ,1983; Hutte O ,1984; Roberts 0 ,1985; Jhttner,1986,1988;
Petersson,1988; Helmig O ,1989; Clement [0 ,1990; Janson O O O Kristensson,1991; Ciccoioli
0 ,1992,1993; Helmig OO O Arey,1992; Peters 0 ,1994)0 00000000000 DOOOOO
00000000000 000000 0.100.2 ppb (0.601.1 pg/mHO0 000000

000000000000 0D0DO000O0DO0000D0D00000O0DO00000OS5.7ppb (31.7
pug/m*) O O OO (Bertsch O ,1974; loffe O ,1977,1979; Hutte O ,1984; De Bortoli [J,1986;
Juttner,1988; Ciccoioli 0 ,1992; Helmig O OO Arey,1992)0 000000000 /00000
0000000000000 0.102 ppb(0.6011.1 yg/m)0 00D OO0O0DO0OODOOOOOO
000000000000 00000D0O00DO00DO0O00DO0ODOO0OO0OOoO0O 0.3041000
ppb 0000000 (1.7 pg/m*0 240 mg/m*) (Young O O O Parker,1983,1984; Koe 0 O O Ng,1987;
Stromvall,1992; Eitzer,1995)0

ooooooooooooooobooooooooboooooooobog 2000000
0Oo00o 5900 1600 ng/LO O OO (Gomez-Belinchon O ,1990)0 00000000 OOOOO
O0002040 ng/LOOC0O0OODOO0OOODOOO(Sauer,198y0 00000000 ODOO0OOO
0000000000000 DO000 200 15ng/L 0000DOO0OOOOOO0O (Desideri
0,190 000000000000000O0O0DO0D00000000D00DbOO0ODbOO0oDOOoDOooOOd
0000000000000 00 92 w/gobo0oODooo0oOo 10130 wg/LO0000O0O0O00O0OO
(McCreary 0 ,1983)0 000 0000O0O0OODODOO0O Las Vegas Wash OO OO O OOOOGOO
00000000000 00000000DO0000D0000O0A0 (Hiatt,1983)0

6.2 O0OO0OOO
gobobogobbobooobboooobbooooobbooomuooobboooobon
ggoooooobobboboobbobodooooooooobbobobbobboooooooo

gobboooobobbooobboooobbooobobbooobbboooobobog

ddooooooooboboobboboddooooooooobbobbbobbudoooooon
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0000000000000 0oO0DO00o0oOO0oDODoOoo0ooOooDooDoooooooDOooog
O000000D0D00o0o0oO0oboO0ooooDoooo0oooDOooDO ~soboooooDboooag
O000oO00oD0oooOonD ¢~0000000D0O 0.27 mg/kg OO/0000000O (Flavor and
Extract Manufacturers Association,1991)0

00000000000 0000000D00 100480 ug/m* (0 O 140 ug/m*)0 O O (De Bortoli
0,1986) 0000 0O MOOD0OO0D0D000000D 17000000 1.6078ug/m® (00O 18
pg/md 0000000 (Montgomery 00O Kalman,1989)0 0 000 0000000000000
00000000000 00000000 40 pyg/mO0000 (Wallace O,199)0 000000
00000 74000000000000000009030 ug/mO0000000FellinOO0
Otson,1993)0 0 000000 ODOODOOOOOO

OobooboobooboooooboobooboobooooobobD 100 01 wg/kg /000
OO0DO00o0oOoboobooooonDooono (Wallace O ,1990))000000000D0O0ODO24 000
004000000000 Apcs,1994)J 00D 0ooooboooboono0onboOoOn 0.040 0.002
mg/mO0000000000000000 64 kg00O0O0O0O0O 1000000000 22m000
goboboooooo

0000000000000 000000000000000000000000000000
0000000000000 0000000000000000000000000000000
000000000000 0000000000000000000000000000000
0 ¢-00000000000000000000000000000000000000 (Falk
0,1991)01

0000000000000 0o0obO0obO0DbO0oDOooDooOooDO0Do0oooooooOooDOoon
O National Exposure Database in Norway 0 0000198501920 0000 0000OOOO0O
000 00886 mg/m® (0O 28mg/mHU 000000 (Fjelstad d OO WolbFk,1992)0 0 0 O O
00000000000 000000 0.90400mg/m 0000000 (Carlssond,1991)00 O O
0000000000000 0000oO0b0o0oo0ooDoooooooDoooOoon

0000000000000 000000000oooooooong 150 mg/m(0 000000
0000 National Board of Occupational Safety and Health,1993)0 00000 800000
0000000000000 000000DO0oDO0o0o0oO0ooobOoDOOoDOooDOoog
0000000000000 0D0D00o0oDooooooooooooooDoog 17 mg/kg OO/
Oo0oooooo

7. DobO0oOO0oOO0oOO0oOO0OooOOobOOoOO0bOOoono

-0 0000000000000 0Db0Ob0b0O0 oo =42)00000D0OOOODOODOO
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000000 (Falk0,1990) [0 000000 20000000000000 4500 2250 10 mg/m?
Oo0DoOo0oooboobOoO0 ~s0b00oobobobb0oOooon e5%0 00O (Falk Filipsson
0,1993)0 00000000 ~s0000b0bOb0OOobOOobOobobOOobDOobOooboobOoboboo
OOobDOooooooboooogn (lgimi O,1974; Kodama O ,1976)0 0000 o~sO0O000OOOO
gboboboboboboooooboboboboboooouobobooboboobn
(lgimi 0 ,199)00 000000000000 00000OPPH]e/-00000 OD0DO0O0OO0O00OO0
0000000000000 (von Schafer OO0 Schafer,1982) 000000000 98% o~
OobOob02200000000000D00000 e-O00ODbOO0OO0ODObDOOOODObObOO
OOobDOoobooboobooOoEalkO 1990 00oogooboooooboooooon

-0 0000000000 DO0D0000D0O00000ODO00ODOO0ODODODOODOODO0ODOO
00 450mg/m0 ~-00000 20000000000 1.1 W/kg OO/000000 (Falk
Filipsson 0,1993)0 00 000/0000000000DO0O0OO0ODOOODOODOODOOOOODO
000000000000 00000OFalk O,19900 Falk Filipsson 0,1993)0 000000
[“Cle-00000000000000000000000000UDOOOOOO48 000000
O0D00000oooooooogddgimi 0,19749)00~-0000000000000DO0O00O0OO
000000000000 00dO0ODO000 DoobOooooDoOoOoooboooooo
(Lehman-McKeeman [0 ,1989; Webb 0 ,1989)0 -0 00000 O OO0 equivalentsO OO OO0 3
0000000 400000000000000D000D00D00DOa2u-00000000O000O0O0
(Lehman-McKeeman [0 ,1989; Lehman-McKeeman 00 00 O Caudill,1992)0

-0 0000000000000 0DO0U0O0DO00D00DO0ODO0OODODOODOoDOOoOoOOn
00000 1000000000000 000O00DbO00o00oooooUoooDOoooDooOooag
OO0 ~-0000000000000 250300000 ~0000-8, 9-000000000O0OO
o o o o o o o o o o o o o 1% o o o o oood
(4-(1-methylethenyl)-1-cyclohexene-1-carboxylic acid) 00O 00O O (Smith O ,1969; Kodama
0,1976)0 000000000 000-8, 9-000000000 ~000O0O-8, 9-00000
0000000000000 (Kodama 0 ,1976; Watabe 0 ,1981)0 00000000 O0O0OOOO
0000000000000 00O0000D00000o00oD0oooood Crowell O,1992)0 0
0000000000000 00000O0DOO0DO0oD0o0oOU0ooobOoDOOoDOooDOooag
00 (Kodama O ,1976)0

0000000 ~c00000450mg/mO0000200000000000000000000
O3000000000000D000 30 33075000000 (Falk Filipsson [O0,1993)0 00
gboboobowmooboobobuoobobbobuoboobobooboo.co3od
00000000000000000000 1.6g [“Cle-000000D0O0DODOOOOOOO
OOD0O0 s008m0 20 000000000000 (Kodama 00 ,1976)0 0000 OOOOOO
OOoboobooboobooobogbooobooboobooboooOon Pellizzari O,1982)0
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CHg CHy CH3 CHs

OH OH
FILIOZF @—— -— —_— —_—
M-V 2 H
CHa CH.0H cH,”” Chy CH,” “cH, HOHoC CHg
M dUERY MX MXI
CONHCH,COOH COOH o CHy ’
ELEVF i’;’g’ k 5; E
NLRE— ELEVS 0 ) === zzomoo- d
——————— - ® - = . EILEYVE
vk : Er
CHZ “CH, AN A HOH,C CHa
MM <UL : " N
INLARR— M-I vt gioo—p
: M-I
gnso=—g ) COOH
M-IX
COOH H
HO
HOHC CH3
: M-V
CHy?” N Chg
MV

OO0 q~000000000D00ODOO0OO

Kodama O (1976)0 O

M-1, p-Mentha-1,8-dien-10-ol O M-I1, p-menth-1-ene-8,9-diol O M-IV, perillic
acid-8,9-diol O M-V, p-mentha-1,8-dien-10-yl-B-D-glucopyranosiduronic acid O M-VI,
8-hydroxy-p-menth-1-en-9-yl-f3-D-glucopyranosiduronic acid O M-VII,
2-hyroxy-p-menth-8-en-7-oic acid O M-VIII, perillylglycine 0O M-1V,
perilyl-B-D-glucopyranosiduronic acid O M-X, p-mentha-1,8-dien-6-ol O M-XI,
p-menth-1-ene-6,8-triol

8. D0OOOOOO invitro0ODOOODOOODOOODOO
8.1 O00OOO

OO0bDO00o0o0obD ~s0b0obb0obobbodw,,iboobooboboboobooooboboooboog
OoboooobOo 400w, 000000 0b0 /-0 oboobooboboboog
OO0bDOoobo0 /-0D0000b0bboob0sy/kgb0dooooobooooobonooog

6 g/kg 000000 (TsujiO,1974,1975b; Opdyke,1978)0 000 0000000000000
0oO00o0oooood
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0000000000000 00000O0DO0o0ooooDgssS mgskg OOODOOODOOOOOO
00 (Kodama O ,1976)(0409 mg/kg OO0 S-3-00000-3-00000000O-CLADOODODOO
OO00O0(Clegg O0,1980)0600 O OO 1200 mg/kg O OO OO DO O (Ariyoshi 0O ,1975)0 3 ml/kg
0000000000000 00O0000D0D000000DO0000D000 (Tsugi 0,1974)0

8.2 0OOOOOOOO

g-00000000DOO0O0O0O0OoDOOoOod (Cronin,1980; Fischer,1986)0 0 0O O O O (Klecak
0,1977) 000000 (Lacy 0,1987; Okabe 0 ,1990)0 000000000 O0OOODOOODOO
0000000000000 00O0000000D00D0D0DO000000 fnviveDhOOGOOOO
0000000000000 primary irritation index(Bagley 0 ,1996)0 80 OO0 3.50
O000000D0 CECD DO D0U0OD0O0ODOO0U0DO0ODO0ODOUODOO0ODOUODODODOO0ODOODOODOOd
-0 0000000000000 0D000O(Tsuji O,1974)0

-0 000000D00DO0D00D0000D0D00000DO00ODODO0ODODODODODODOODODO0
O0000000ooo0oooo0 ~-000000000Db00D0D0D0DO ~c000ODbOoOoogd
000000000000 bO00oooooooooDooo0ooDoooooDooDoooOooDOoood
0000000000 400000000040pen Epicutaneous Test OO 0O OO Maximization
TestOD OO ODOOO Draize’'sTestOO OO O O0OD0D0OO0OOO0OOOOOOODOODOODOODOO
0000000000000 0D00000D00000000Iecakd ,1977H)000O00O0OOOO
O0D000000-0000000000D00000 (Maisey O OO Miller,1986)0 00000
0000000000000 0DO00oO0oD0ooOo0oooDOOoooDOooDOonD coboDboooag
0000000000000 000000DO0oDO0o0o0oO0ooobOoDOOoDOooDOoog
00000000 ~c00000000000D00000D0000O00OOd (Karlberg O ,1991,1992)0

ob ooooooooo

oooo) oooo oooooooo LDs, (g/kg O 0) oooo
ooo 0o /1 >5 Opdyke, 1978
ooo 0o /1 5.3 Opdyke, 1978
0ooo (/00 OO0 d 4.4/5.1 Tsuji O ,1975b
0ooo (/00 OO0 d 3.6/4.5 Tsuji O ,1975b
0ooo (/00 OO0 d 0.125/0.11 Tsuji O ,1975b
0ooo (/00 OO0 d 5.6/6.6 Tsuji O ,1975b
OO0 (/00 00070 d 5.3/6.8° Tsuji O ,1974
000 (/00 00030 d 3.1/3.0° Tsuji O ,1974
Ooo(@ +0) 00 d 1.3 Tsuji O ,1975b
000 (0/00 000100 d 0.59/0.50° Tsuji O ,1974

16



goo (o +0) OO d >41.5 Tsuji O ,1975b

ooo (o +0) obOoovro d >21.5 Tsuji O ,1974

dmi/kg0D0OOO0OO

8.3 00O0OO

OoboboboobooboboooobooobooboobooDbOoD 40mg/kg DO/003 00000
OO0DO00000 (Austind,1988)0 05w -0 D000 2000000000000O0DO0OOOO
(Maltzman 0 ,199)0 0000000 P-4500 000000000000 0DO0O %00 5% 0O O
OOob0o2000000000D0O0ODO0bOOObOOobOO0oDO0bObOOooOOobDOooboOooDg (Maltzman
0,199)000000b0ooogosoogbooboooooboooboonbno 20b000obobooOg
dooooooooobb vvwPbodooooooooobbobobbobtooooooooo
(Maltzman,199)0 O 000 0OD0OO0OO0O0OOS02000000000 ¢~0000O 750300 mg/kg O O
ODOO0O0O0bOoOobobOoOoboDs0 mg/kg OO OODDOOODDOODOOOOODOOO (Kanerva
0,1987p) 00000000000 0DO0O0000DO0b00O 9%D ,~00D00DbO0b0OOobOoboboOg
OO0DO00O0O000D0OO0O(Schenk O ,1980)0

8.4 00O0OO

8.4.1 ooooo

-0000 400mg/kg0 00 00OD0O0O30U0O0O0O0O0ODOOOO0ODOOOOOODOOO P-4500
OO000 psO0b0oooboooobobobooobooboooobooboonbog 20030000
O0b0oooobooboobooboobobobooooboobog (Ariyoshi O ,1975) 010000
OO0D0000b00 B8OOO~0D0ODO0O0OS0/00000 00002050 100300 75mg/kg O O
/000000000000 000000DO0000D0On0OOWebb O,1989)00000000OO0
OOoDO0O0o0oOoboOobDOoONELDO 5Smgzkg0O0/00000000O0ODO0OOOOOODOOOO
OOobDOoobooboobo(eEn)d 75 mg/zkg D O/00000O0OO0O0ODOODOOOOODOOOO
OO0D0000D0O00D0O000OOONCELDO 10mg/kgD 000D OO OO OODOOD OO NOAELO
O30m/kg D0/00 00000000000 0ODOOOOODOOOODO0ODOOOOD30OO0
O7mg/kg00/0 0000000000 0DOOOO0ODOOOOODOODOOOOOO 20000
gogooooooboboboboobbobboddoooooooobobobobbobboooooooo
gobbooobbboooobooboouogobboooobon

842000000000

OO0 ~c00b00be6eb00OOODOOO401.2003.6 m/kgOO/OODOODOOOODO
OO0DOoo0ooog@@suji0,1975a)0 000 ~cO0000O0 1.2m/kg00/00000 6000
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OOoDO0o0OoD 1000 mgzkg OO/00000O00O0OCODOOOOODOODOOOOODOOOO
Oooo3soooooobooooboooboonooboonogn (Webb D ,1990)0

200000000¢-000D0OS000 RM/NDODODOODODOOODOO SSO/0D00D0OOO
Ood7500 150 mg/kg D O /000 00O 0030000 600 mg/kg O O /0 O 0 O B6C3F, U OO OO0
250 00 500 mg/kg DO /00 0 000OOOOOWTRP,190) 00000000 DOOOOODOODO
ooboobooboobooooobooboobooboobog ~-ooboboobooboobobooboog
OO0DO00o00obOOobooboooD3 oboooooooooooonTr,190)00boonoonoog
oobooboobo/0b0oboobogoo0oboboooobooboobDobbobooboobobooboog
gobobooobboboooobbooon

¢-000000000000000000000000000000000000000 F344
0000000000000 00@-0000000000000 300000/0000 00150
mg/kg 0 O /0 00 O O (Dietrich 0O O Swenberg,1991)0A-000-A000000000000
00O@Go0 ppm)0 00 000000000000 20000000000000-0000000
0000000000000 000000000000000O0a2p-000000000000
00000000000au-000000000000000000000¢-00000000
0000000000000 000000000000000 F440000000000000
0000000000000 0000000F44 0000 ¢-0000000000000 100
000000000000 000000000au-0000000000000000000
0000000000000 0000000MO00-A000000000000000000
¢-0000000000000MI00-A000000000000000000000000
0oO00000O000oO0ooon

8.5 DO0OOOOOOOOOOOO

000000000000 R-000000fdbo0ooo0obD0oo0ooDoooooooDooog
00000000 DOoO0o0oooOooooooooOoooog Salmonella typhimurium 0O O O
O00000mvitro0 0000000 0D00ODO0.303333 pg/0 0 00OO0OODOODOODOODOO
O0000000oooDoooO0o0oo0ooooooooooooad Florin O ,1980; Watabe
0 ,1981; Haworth [0 ,1983; Connor [0 ,1985; NTP,1990)0~-0 0 0 O O OLB178Y 0 0 O O O O TK+/-
0000000000000 0D000O (NTP,19000)000000000OD0DODOO0OOODOOOOO
000000000 @Andersond,1990)00 00000000000 0OOOOOOOOOOOOOO
(Pienta,1980)0/nvitrad D0 D000 00000000 (@UO0000000O0~O00O0O0O (21.9
umol/L) 0 0000000000000 0O0DO0O00OD0D00000O0O0D0ODOO0ODO(Steele
0 ,1990)0

OO0Oo0O0oobOoooonO 215 mg/kg OO/0000 9011 0DOOOO0OO0OOOOOOO in
vivo U DO O)DOOOOoOOooooooooooobooboooouobonn (Fahrig,1984)0
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8.6 DOOODOO

ddoooooooobboobboboddoooooooooboboobbbobooodgoooooo
OOob0o0oboobO0obOooooboobooboOobooboobOobo o100 -0 obobooboo
O@869mg/kg 0 /0)0 00000 DLOO0OOODOOOOOOODbOOODOoDOoOoOoOoDbOoboboO
OO0bDO0o0ob0O0obOOoooooobooobooobooooog@supi0,19750) 00000000
O 701200 000000000869 m/kg U O/0)0000000OOOOODOOOO
OO0D00ob0ooobooooobooboobDOoboOoOn (Kodama O0,19772)0 -0 000000 6
018 0000000000 (2500500001000 mg/kg D O/0)H)000O00OOOOOODOOOO
gogooooooboboboboobbobodoooooooooboboobbobboooooooo
000000000 (Kodama O ,1977b)0)

8.7 0O0OOOOOOOOOOO

goboooi1gbooboooobbooobbboooobobooooBoboboogThOOOoOoOon
-0 000000000 b0o0b0obD0bbO0ooobOo0obOODBALB/cOODO ¢-O000ODO (0.1
mO 900000 onoooonooooooobgnoEvansd ,1987)0-0000000O0O00ODOO
dgooooooboboboboobboboddoooooooobobobbobboooooooo
dgooooooboboboboobboboddoooooooobobobbobboooooooo
O ss0000000000O00b0oob0obD0oboboobooboob0OobDobDboobooDbUobboo
ooboobooboobooobog ~so0boboobooobooboobobooboooobobooboo
gobooooooon

dgdoooooooobobooboboboddooooooooobboobbbobooudgoooooo
dgooooooboboboboobboboddoooooooobobobbobboooooooo
OobOoobooboobooobs-cobo@emyboooobooobooboobooobooboboboo
OOoDooooog (suyyi 0,1974) 000000000000 1000 mg/kg OO/0013 000
OO0DO000oOoDoOoooOoDon(NTP,1990)0

9. OOOO0OO

0000000000000 0D00oodoDooooo0oDoooooDoooooooDoOmg
0000000000000 00000O0DbOO0DO0oD0ooO0oU0oDoOobOobOOoDOooDOooGg
0000000o0ObOO000oOoo0o0oobOoOo0oOooooDOoOod (Beermand ,1938; Schwartz,1938;
Birmingham 0 ,1950)0 0 0000000000000 0ODO0O0OOODOOOOODOODOOOOODO
000000800000 OoOOO1002250450mg/m*0 -0 0000 200000000000
0000000000000 0000o00DO0oDO0ooo0oU0ooobOoDOOoDOooDOooGg
0000000000000 00 (Falk Filipsson O ,1993)0

19



4000000000 (Finn chamber, Hill Top patch, Van der Bend chamber, Webril patch)
0000000000000 0DO00o00D000d-00Db00DO00D00OD0O0ODOO0O 100150
O00D000000000oO0oO00oo0ooD0o0oDO0ooDO0obOo0oDO0ooOOoon (oecb,1993)0
000000000000 000000D00DO0oDO0oD0oo0oU0oDoobOobDOooDOooDOooag
0000000000000 0D000000000 1024048072 0000 O0O0O0OODOOOO
0000000000000 0D00000D0000000D00¢0 (sensory effects)l 00000
0000000000000 00000O0 240000000000 00000000D0O0OOO
48072000000 (Yorkd ,1995) -0 000 (98W)0 20 0000000000 ODOOOOIDOO
0000000000000 0DO0000D000000 (FalkD ,1991)0

00000000000 0o0oooo0DOooD sb0000DbD0b0DOODOOoDOoOooOon
0000000000000 00000O0DOO0DO0oD0o0oOU0ooobOoDOOoDOooDOooag
OO0D0O0oo0Oggimi 0,1976,199)0 0000000 0000 209g0000000O00O0OO
00000000004 (painful constrictions)lI 000000000 OOOOOODOOOOO
000000000000 000000DOD0DOO0oDO0oD0oo0oOU0ooobOoDbOOoDOooDOooGg
0000000000000 00O0DO000O0D0oDoooDo0ooOoDOoooooooOooDo(gimi
0,1976) 0000000000 0D0O0O0ODODO0OD0ODOODOODOOOADO (Calnan,1979;
Rycroft,1980)0 0 000000000 ODOODOOOODOO0ODOOD 20000 1500000
O0D000000(Cachac0,1986)00 0000000000000 0ODO0OOOOOODOOOOO
000000000 Q~00D0000D000D00DO00O 1.502000000000000000
O00000000DO0O000D0ODO000DO000D000oDO0ooDbOOoooDDOoOoODOO
(A.-T. Karlberg,00 0 ,1996)0 -0 0000000000000 0OODOODOODOODOOOOOO
0000000000000 0D00000D000O000o0D0o0oOduin 0,1984)025 000
0000000000000 O(Human Maximization Test)d o4~-0 00000000 ODO0OOOO
00000000000 (Grief,1967)0

10. OO00OO0OOOO0OOO0OOOOOOOOOOOOO0

10.1 OOOO

00000000 ¢-00000000000000000000000000 5000000
O000000EC,O00 W0 0000000000000 00 0.4 mg/L(US EPA,1990b)0 0 00 O
00 0.7 mg/L 0000 (US EPA,1990a,b) 0000000000000 (NOEC)IDOD 4 mg/L O
00 (USEPA,1990a)0 0 0 0000000000000 00000000EC,OD0 LCO O ¢-00
000000000 50070000 (USEPA,19900)00 0000000 00000000000
0000000O000O0o0od

10.2 OOOO
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0000000000000 0DO0000D000 000000 0ooDobooooDbOonDd
00000000000 0000D000D (Eisenia foetida Savigny) DO OO o~-000000O0OO
000000 (LCsx =6.0 ppm; mg/kg) (Karr 0 ,1990)0 0000000000 0OOOODOOOOO
00000000 (medial giant fibre pathway [MGF] impulses)d O 0O 0O O O O O (rebounding)
000000000000 O0000DOO (spontaneous lateral giant fibre pathway [LGF]
spiking)UO OO OO 4.2 ppm (ngZkg)0 00 00O0OOOOO0DODOOOKarrO,1990)0000
O0000oooooooodCoelinus virginianys) O OO OO00000O00O0O0O0O (LG, > 5620

ppm mg/kg) (US EPA,1994)0

g0 oooooooooooooan

oa oooOooooooao oo (mg/L) oooo
oo

ooo:® 96-h NOECO O O 4.08 US EPA,1990a
ooo

00000 Daphnia magnal ®

00000 Daphnia magnall ©

oo0o4ggdo. magnad?

48-h LCpO OO

48-h LCpOd OO
00 LCy

48-h LCpOd OO

0.577 (0.4900.672)

0.421
39 ppm

31 (27.5034.8)

US EPA,1990b

US EPA,1994

US EPA,1990b

48-h EC,0 OO 28.2
00000 Daphnia pulexd® 48-h EC,,0 OO 0.730 US EPA,1990a
000000. pulexd® 48-h EC,,0 OO 69.6 Passino 00O
Smith, 1987
ooooo® 21-d NOECO 00000000 0.15 US EPA,1990a
oo

0000000000 Fathead minnow

(Pimephales promelas)®

0000000000 Fathead minnow

(P. promelas)®

0000000000 Fathead minnow

(P. promelas)®

DC

Db

J00O0ooood Golden orfe

(Leuciscus idus)®?

96-h LCs,O OO

96-h LCs,O OO

96-h EC,0 OO

96-h LCs,O OO

96-h ECs0 O O
00 LGy
96-h LCs,O OO

48-h LCy

21

0.702 (0.6100.796)

0.720 (0.6100.839)

0.688 (0.6000.782)

38.5 (35.4041.8)

28.2
80 ppm
0.711

32

US EPA,1990b

US EPA,1990b

US EPA,1990a,b

US EPA,1994

US EPA,1990a

Roth,1990



oa

Water hyacinth weevil Oo0 (73%0 00 400 100%)0 50 O OO0 Haag, 1986
(Neochetina eichhorniaell 60%01 OooOweevilOOODOODO
N. bruchil 40%)° ooo
Mosquito fly (Culex quinquefasciatus)® 2000 (23033°C)0 72-h LC;,0 6.60026.1 ppm Mohsen [0 ,1989
oo
4000 (23033°C)0 72-hLCy,0  7.80030.6 ppm Mohsen [0 ,1989
oo
“g/1-0000
bg-0000

co00ooo0o0ooooOoOoobooonon

11. 0000

11.1 000000000

1.1 oo0ooooooooooooon

OobooboooboobobooboobooboobobobbsboboobooboobobbonDoDO
oobooboobobbos0obobobobobooboobOobbn -sobooboobobboo
oobooboooboobooooobooboobobo F~oobobobobDOobooboobobooboo
gooo

gbobobogobbboooboboooobbooobobbooobboboooobboboooon
dgooooooboboboboobboboddoooooooobobobbobboooooooo
oooboboobooooooobooboobobOobOooobooboUoobobOobUueobogonoo
gbobooobobbooboobobobbooboobobboobbe2pobboobobon
gogooooooobobobooboobbobbodoooooooooboobobobbobboooooooo
gboboboogobbooobobboooobbooobobobooooboon

ooooooooobobD s~-0bbobooobbooooboooobboooobbooooo
(NTP,1990)0 00 0D00D0O0O0ODO0DOOD0ODODOOD outer stripe0000OOOODOO
OOobD0ooboobOOobooboobooboobooboobooDOon (Swenberg O,1992) 000000
OO0D0000b00b0be2u-0D000000000O (Alden D ,1984; Halde O ,1985) OO OO
gboooboobboobbooobodboe2p-0b0obbooboboobobboobon
gboobobooboboobboooboobbuoobbooboobobbte2u-0000O0
gboboooboboobobopPpO0bOobObOO0obooboboboboboobobboobLOon
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00000000 (Lehman-McKeeman 0 ,1990)0 0 0 00000000000 OOOODOOOOO
000000000000 0D0000000c2u-000000000D000O000O00ODO0O0OOO
000000 (Borghoff0,199)0o2p-0 000 000000000000 OOOOODOOOOO
OO (Dietrich OO0 Swenberg,1990)0 000000000000 O0DO0O0OOODOOODOOa2u-
00000000000 DO00DO0000O00000000DO0bO00DO0DO00D000do2u-0
0000000000000 0000D00DO0oDO0oD0oo0oU0ooobOobDOoDOooDOooGg
0000000 (Alden,1986; Kanervad O O Alden,1987a; Swenberg [0 ,1989; Webb O ,1989,1990;
NTP,1990; Ridder [0 ,1990; Dietrich OO 0O Swenberg,1990)0 0000000 O0OOO0O0ODOO0O
0000000000000 0000o00bO0oDO0oDoo0oU0ooobOoDOOoDOooDOooGg
0000000000000 0000o00bO0oDO0oDoo0oU0ooobOoDOOoDOooDOooGg
00000000000 DO0D0000000000a2u-0000000000000DO00O0OO0
0000000000000 0000o00bO0oDO0oDoo0oU0ooobOoDOOoDOooDOooGg
0000000000000 0D0000D0OO(US EPA,1991; Swenberg,1993)0

-00000b0obDonooooooboobo@nvitroyD 000000000 0ODOODODODO
gogooooooobobboboobbobtbodoooooooooboboboobbobboooooooo

goood

g0 oooooooooooooan

oo goooooooooao oo oooo
oo
oooo 00 L0 OO 160 (1570 163) pg/cm? Hink O OO Fee,
(Ctenocephal ides 00 L0 OO 259 (2340 281) ug/cm? 1986
felis)™™® O Lby,D OO 376 (2590 468) pg/cm?
00 Lo oo 226 (2210 231) pg/cm?

goooooogo
(Peridroma saucia)®
gooobooog
(Blattella germanica

L.)®

obooooooon

goooooooooooog

00 24-h LDpO OO
00 24-h LCpO OO
0oo0O00O0oo0Oo
0oo0O00O0oo0Oo

gooooooov2-h00000
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700 (6100 810) pg/0
23.3 (17.5031.0) ppm
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Harwood 0 ,1990

Karr 0 O O Coats,

1988



oooooooo

(8. germanica L.)"

ooooooo

(Sitophilus oryzael .)®
gooo

(Musca domestica L.)°

Western corn rootworm

ooooooooo

EC,0 0000000000
oooooooooo
oooo

oooo

00 24-h LC,O OO

25-h LDgd O O

0O 72-h LC,,0 0000000

oo0i1o25%0 000
0.68 mg/0 O
Ooo0250000
0.84 mg/O0ODODO

00000 5 mg/L

19.0 (13.2027.3) ppm

90 (700 130) pg/00 00

1.8 (0.802.9)% 0OOOO

Karr 0 O O Coats,

1992

Karr 0 O O Coats,

1988

Karr 0 O O Coats,

1988

Karr 0 O O Coats,

(Diabrotica virgifera 00 72-h LC,, 00000000 12.2 (4.5032.6) ppm 1988
virgifera LeConte)®

ODO0DODODOo

goooooo 24-h LCx,0 OO 24.5 ppm Cook,1992
(Oligonychus ununguis 0O 0O0OO0OOO0OO0 5 ppm

(Jacobi))OcOonoo

OOooOoOoo

oog 48-h LCs 6.0 (5.107.1) ppm Karr O ,1990
(Eisenia foetida ooooooo 4.2 ppm

Savigny)®

oo

gooooo o000 LC,O0DOO >5 620 ppm US EPA,1994

(Colinus virginianus)®

a

b

c

d
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O00D000000DO0OO0(tolerable intake) D0 0000000 O0OO0ODOOODODOODODO
O00000DO0OO0OWebb 0,1989)00000000000O0OOO0ODOO ¢-ODOD0OODOOO
O00050/008300000000000003000 75my/kg00/000000000O0O
O00000DO0O0OONELDD 10 mg/kg00/00000000DOODO0OODOODODOODO 1000
0000000 100000000 0uncertainty factorD00000000O0DOO ¢~-O00O0O0O0O
O000100000.1mg/kg0 00 0OD0OODOONELOODODOODODOODODOODOO
000000000000 0ob0oo0Db0e-0b00b0b00O0DDbD0O0O0DDbO0ODbOOoOODOOn
00

11.1.3 OooOoooooo

0doododouoooooooobooooooboooooboooooooobooooooon
0000000000000 00~000D000D00D0O0DO0ODO0O0D0ODOO0ODbOOODOODOOO
0000000000000 0000000000000DOOA0O (tolerable intake)d OO 0.1
mg/kg OO0/0000~0 0000000 100000000 0.27mg/kg 0O0/00000000
(Flavor and Extract Manufacturers Association,1991)0

11.2 0000000

gobobogobobbooobboooobbooooobobooobobbouomoboooooboon
dgoooooobobboboobbobodoooooooooboboobbobdoooooooo
dgoooooobobboboobbobodoooooooooboboobbobdoooooooo
dgoooooobobboboobbobodoooooooooboboobbobdoooooooo
dgoooooobobboboobbobodoooooooooboboobbobdoooooooo
dgoooooobobboboobbobodoooooooooboboobbobdoooooooo
dgoooooobobboboobbobodoooooooooboboobbobdoooooooo
OO0D0000D0O0D0o00ODOooboOonDogPeters,1994)000000000O0oDOoOOO
dgoooooobobboboobbobodoooooooooboboobbobdoooooooo
dgoooooobobboboobbobodoooooooooboboobbobdoooooooo
gboboboogobbboooobboooboobboooonboon

dgoooooooobbooboboddooooooooobbobbbobbododoooooo
OobooboobOooboobooooboboboooDobooboobooboooogemboboog
0000000000000000000000 0.102 ppb (0.6011p g/mH00OO0O0OOOO
dgooooooobobboboobbobodooooooooobobobbobboooooooo
OobO0oobooboOoboooobooboobDoboobooDOonDD 920mg/kg DOODODOOO
OO0D00000000000DO00b00O0O LG, =6.0 ppmdmg/kgl 0O OO0OODOODOOO
HEN
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ddoooooooobboobboboddoooooooooboboobbbobooodgoooooo
Ooboobooboobooboobooboobooboobog o4mg/L0OODODOOD 48 00
G ,Ubobooooobobuoooobooboooobuoobobooboobooboboobo
Obobooobgobobogo 2000 2000000000000 00000OD0O0ODOLDOODOO
gobobobogobobobooooboboooobbbooobobbooobobboooobbooon
ggoooooooboboboboobbobodoooooooooboboboobbobboooooooon
goo

12. O000O0OO0OOOOOOO0OO0

00000000 International Agency for Research on Cancer (1ARC,1993)0 00 ~0 00
000000 3d000dddgooooooooooooooo0Doooooooooooooag
000000000000 000000DO0bO0oDO0ooDO0oo0oOU0ooobOobOOoDOooDOooGg
OO00DO00ooooooooog

0410 FAO/WHO OO DOUODOODODOODOOQECFA 1993000 -0 00 0000ODOO0OOOn
OO0 001.5 mg/kg O O /0 (JECFA,1993a) 1 D 0 OO DO O OO O*not specified.” 0000000
ggooooooobobobooboobbobtbodoooooooooboboboobbobboooooooo
gobobogobobboogobboooobboooobbbooobobboooobbooogo
dgooooooobobboboobbobodooooooooobobobbobboooooooo
gobobogobobooobobboooobboooboboboooobobog

0000000000000 0o0obO0ob0oDO0oDOOooooooD0Do0oooooooOoDOoon
OO00O000 International Chemical Safety Card0 00O 0O OOO0O

13. 000000000000

000000000000 00o0o0obO0obO0bO0oDoDOooooOooDU0DO0ooooooOooDOoon
0000000000 International Chemical Safety Cardd ICSC 091800 0 00O O OO0OO

13.1 0000000000000

dgoooooooobbooboboboddooooooooboboobbboboudgoooooo
gbobboooobboooobboooboobooon

13.2 000000

oboobobooboobobooboboobobbo4 bbbobobobOobOooD
OOobOooboobooboooooboobobooboooogoboon (breisbach 0O O Robertson,
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1987)0

13.3 00O

goboboogobobboooobbo 4subbbooobbooobobbooobbooon
gobobogobbbooobbouooobobog

13.4 00O

ddooooooooboboobboboddoooooooooboboobbbobooudgoooooo
goboboogooood

14. DO00OO0OOO0OOOOOOOO0OO00a

O0000O0O0OD0ODOODDODODDODDODDODDODDODDODDODDODDODDODDODODODDODDODDODDOODODODODODODGDO
International Register of Potentially Toxic ChemicalsO IRPTCO OO0 OO DOOOODOODOO
oooo

ddooooooooboboobboboddooooooooobobobbbobboodgoooooo
gogooooooobobboboobbobtbodooooooooobobobobobbobboooooooo
gogooooooobobboboobbobtbodooooooooobobobobobbobboooooooo
goooogn
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OO0O00D0C0O0O0 LimeneneJ 0000000 DOOCOOOODOOOOOODOO
000000000 http://www._nihs.go.jp/ICSC/icsc.php3 0000000 O0O0OODOOOOOODOOO.

000 SOURCE DOCUMENT

Karlberg A-T, Lindell B (1993) Limonene. In: Beije B, Lundberg P, eds.
Criteria documents from the Nordic Expert Group 1993. Solna,

National Institute of Occupational Health, Nordic Council of

Ministers, pp. 207-246  (Arbete och Halsa 35).

Copiesof the Arbete och Halsa document on limonene (I SSN:
0346-7821; 1SBN: 91-7045-240-7), prepared by the Nordic Expert Group,
may be obtained from:

National Institute for Working Life
Publications Department

S171 84 Solna

Sweden

In the peer review procedure of documents prepared in the series
Criteria documents from the Nordic Expert Group (focused on human
health effects only), one member of the Nordic Expert Group serves as
primary reviewer for thefirst draft. A second draft is forwarded to
all members of the Nordic Expert Group, who in turn consult
appropriate specialists to review the document. The specialistsare
chosen either because they have an extended knowl edge of the substance
itself or because they are specialistsin the critical effect area of
the substance evaluated. The second review is performed by a review
board, including the Nordic Expert Group participantswiththe ad
hoc specialists.  After revision, the document is checked again by
the members of the Nordic Expert Group and the ad hoc experts for
further comments. The review board meeting is repeated if necessary.

000 CICAD PEERREVIEW
The draft CICAD on limonene was sent for review to institutions
and organizations identified by IPCS after contact with IPCS national
Contact Points and Participating Institutions, as well asto
identified experts. Comments were received from:

Department of Health, London, United Kingdom

Department of Public Health, Albert Szent-Gyorgyi University
Medical School, Szeged, Hungary

Direccion General de Salud Ambiental, Subsecretario de Regulacion
y Fomento, Sanitario, San Luis Potosi, Mexico

Environmental Health Directorate, Health Canada, Ottawa, Canada
International Agency for Research on Cancer, Lyon, France

Ministry of Health, National Centre of Hygiene, Medical Ecology
and Nutrition, Sofia, Bulgaria
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Ministry of Health and Welfare, International Affairs Division,
Government of Japan, Tokyo, Japan

National Institute for Working Life, Solna, Sveden
National Institute of Public Health, Oslo, Norway

United States Department of Health and Human Services (National
Institute of Environmental Health Sciences)

United States Environmental Protection Agency (Office of
Pollution Prevention and Toxics; Office of Drinking Water)

000 CICAD FINAL REVIEWBOARD
Brussels, Belgium, 18-20 November 1996
Members
Dr A. Aitio, Institute of Occupational Health, Helsinki, Finland

Dr K. Bentley, Director, Environment Policy Section, Commonwealth
Department of Human Services and Health, Canberra, Australia

Mr R. Cary, Toxicology and Existing Substances Regulation Unit, Health
and Safety Executive, Merseyside, United Kingdom

Dr J. de Fouw, National Institute of Public Health and Environmental
Protection, Bilthoven, The Netherlands

Dr C. DeRosa, Director, Division of Toxicology, Agency for Toxic
Substances and Disease Registry, Atlanta, GA, USA

Dr S Daobson, Institute of Terrestrial Ecology, Monks Wood, Abbots
Ripton, Huntingdon, Cambridgeshire, United Kingdom

Dr W. Farland, Director, National Center for Environmental Assessment,
Office of Research and Development, US Environmental Protection
Agency, Washington, DC, USA  (Chairperson)

Dr T.1. Fortoul, Depto. Biologia Celular y Tisular, National
University of Mexico and Environmental Health Directorate of the
Health Ministry, Mexico D.F., Mexico

Dr H. Gibb, National Center for Environmental Assessment, US
Environmental Protection Agency, Washington, DC, USA

Dr RF. Hertel, Federal Institute for Health Protection of Consumers &
Veterinary Medicine, Berlin, Germany

Mr J.R. Hickman, Environmental Health Directorate, Health Canada,
Ottawa, Ontario, Canada

Dr T. Lakhanisky, Head, Division of Toxicology, Institute of Hygiene
and Epidemiology, Brussels, Belgium  (Vice-Chairperson)
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Dr I. Mangelsdorf, Documentation and Assessment of Chemicals,
Fraunhofer Institute for Toxicology and Aerosol Sciences, Hanover,
Germany

Ms E. Meek, Head, Priority Substances Section, Environmental Health
Directorate, Health Canada, Ottawa, Ontario, Canada

Dr K. Paksy, National Institute of Occupational Health, Budapest,
Hungary

Mr D. Renshaw, Department of Health, London, United Kingdom

Dr J. Sekizawa, Division of Chemo-Bio Informatics, National Institute
of Hygienic Sciences, Tokyo, Japan

Dr H. Serzl-Eckert, GS=-Forschungszentrum fir Umwelt und Gesundheit
GmbH, Ingtitut fiir Toxikologie, Oberschleissheim, Germany

Professor S, Tarkowski, Department of Environmental Health Hazards,
The Nofer Institute of Occupational Medicine, Lodz, Poland

Dr M. Wallen, National Chemicals Inspectorate (KEMI), Solna, Swveden
Observers

Professor F.M.C. Carpanini,* Director, Centre for Ecotoxicology and
Toxicology of Chemicals (ECETOC), Brussels, Belgium

Mr R. Haigh," Head of Unit, Health and Safety Directorate, European
Commission, Luxembourg

Mr B.U. Hildebrandt, Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety, Bonn, Germany

Mr P. Hurst," Chemical and Consumer Policy Officer, Conservation
Palicy Division, World Wide Fund for Nature, Gland, Switzerland

Dr A. Lombard (Representative of CEFIC), ELF-ATOCHEM, Paris, France

Dr P. McCutcheon, Environment, Consumer Protection and Nuclear
Safety, European Commission, Brussels, Belgium

Dr R. Montaigne, Counsellor, Technical Affairs Department, European
Chemical Industry Council (CEFIC), Brussels, Belgium

Dr M. Pemberton, ICI Acrylics, Lancashire, United Kingdom

Dr A. Smith, Organisation for Economic Co-operation and Devel opment,
Environment Division, Paris, France

Y Invited but unable to attend.
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Secretariat

Dr M. Baril, International Programme on Chemical Safety, World Health
Organization, Geneva, Switzerland

Dr L. Harrison, International Programme on Chemical Safety, World
Health Organization, Geneva, Switzerland

Dr M. Mercier, Director, International Programme on Chemical Safety,
World Health Organization, Geneva, Switzerland

Dr P. Toft, Associate Director, International Programme on Chemical
Safety, World Health Organization, Geneva, Switzerland
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