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CICAD No. 74 2-Butenal

1. EH

-7 T F =TT AA CICAD' 1Z, 7TV h—7 7 —mW% « EREZLEF (KA
VN —=n—) BEXORAY MAK ZES (BERRICB T 2AEFWEICEAT S R
A EHRRA R B L) MERK L7-, A CICAD 1%, £, AMEAEWBT 5 BUA (RA
/m%xﬁﬁééé)U%@%%%ﬁww4/AMK§ééﬁ%%(Mﬂzmm2mﬂ
DI o TS, Zhh 3 HFOREFITHAAENTURORZIZHERINTZH DD HE
@i@%%bﬁ?k@\%LT*?A%X@L%%ﬁW@%%2%6$8HETC£ML
Too JRERHB X OO OEMFIZ L H7HMEIZRET 554 . Appendix 2 I[ZINEkLT7Z, A&
CICAD DOHEMZIZ L 27HMICBI T 215 % . Appendix 3 IZUXEk L7-, A& CICAD %, 7 «
y?yﬁ®mwyy%rﬁzm7$3ﬂz&49a*%@éﬂk%l4@%%@%§é%@

AZRBWT, EEERREM & L CRRE - AR INTZ, YERKRNZEESOSME %
meM4_Mﬁbkomw(mm)#Wﬁbt\z7%+~wmﬁﬁéaﬁm$%gf
EPES— K (ICSC0241) &, ACEPRICHBHRH L T\ D,

ARILEL, 2-T T T =N EHGLE L TNDLID, BEMEOBANOART VT NMeaW %
B LTI CTE 5 L9107 57201, LEZG U THETLHOHR T, AALAT LT
ER TERNTATER, 7700 REDMODT AT E MEEMIZONTE | gL
BROLERTHZ T D,

-7 T =X, af-AfAFT LT e RTH LD, FEFICKISEDREVMEE TH D, E
ELTYNE VBSOS MREE., 7200 X0 \mEch2np, EELSFR O RE
WZEH S T LA TH S,

227 T = E ERNTERSND, o, Z<ORMT, MR EITEED TR
(HEEefl, BUOH) ZMIC X VAL, mgkg B CEEEOENKREESND, KAH~
OPEHPRIT, RBE, FRCH BB OMRBE, AT OBRBE, BLOBETH S,

2-7 T F— VB 5% O FEEREN I I 1T DU + A & BRI L 7B — 2 1%
PTHOBERKICEH L THEON R oT-, 2-7 T F—E, JEEO@EEH &(Wém
IZEERL S LD, DNA B OVF X7 B IRIZ, WAENICY 2-7 7 F— 1o 5%I1ICk
WThH, 7y FOYUANLERL CHRXTIZIEESTCOMBR (R, ik M, Bk 5
ERME) THRIEEESNTVWS, B N DNA AL, B o aEHETIcREB STV

2-T IV F— VO —RIRETR T, MRENERERRB IO 7 vy — A fFIREER I
ﬁmfémmmMmfkéh\}77+—wi\7w7tbmm$%$fi@%_mmé

DR E T STV AT EE O 2L, Appendix | B ROZ L,
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CICAD No. 74 2-Butenal

N, 2-7 7= VO EBERMBERKIL, TAETA U EOREEREKRTHDL, T b
W2 2-7 T F— IV ERTFEHFLEEZ A, 24 BEEE. RIPIC, 3-BE R dxo-1-AF/1-7'o
EIL AN T — VBER L OV ED 2- LR T -1- A F LT )L A )L T — LR K
iz,

2-T T, AMEEEEAE TS (T v b O LDsy 200~300 mg/kg RE ; WA LCsg
200~290 mg/m’ ; FEH LDsy 128~324 mg/kg KEH), AWM ARTEICLD, Ty hE~wT X
X, FEREHERES K O EMEEIR 2 2 Uo, ST, M, Dk, R, B~ o2 2
MO BT,

2-T T miE, B PREREBMICENT, BAE, RE, IRZFHLKIEZ G S 27,
Z OFRAIRE N ERRIED T2 AL ~DFEEITIFIRSNDHTH S 5,

REBORR T, 2-7 T T — 1V OBBEEPHEINTND, 2-7 7 F—id, BIEHME
2B 24k~ 72 in vitro 3R GRIEE COBBT-2ERE R T ¥ A =— AN A2 ¥ —JigHi
(CHO #ifa) ToYefafkBu  WILEMIATO = A v MEF) 2BV T, Bl R LR,
ZESRIEBIZ BT % in vivo T —Z 2 LW, < 7 RICE T A EE/MERER T, PR R
‘oz,

-7 T F—iE, EFICKISHEOEVEETH Y . MilaE s RIS L, 2 XY BEA
ARLE A b2 -DNA ZBIKE KT DHEN N H D, 2-7 7 F—vi, o o p-Regfib s
W) & RIARIZ, invivo 38 X OVin vitro © DNA IR EZ KT 5 Z L A TE 572, DNA {5
DIFRRE 720155,

7 v MCRBIMBE ARG T2 & FREECHTBIEG OB RN E L5 2 Ll shi,
L L8 b, FFHERRGEid L OVE R RO A EEEME T2 <. LbaBRL
TTH&EIZ2 2720 Th o7,

2-T T TN DOZREI~OEEBIET 2B RIITLSBoNTZHDO LW, 2-7 7+
—IVNEFEA~ET D Z B RRT DV OO AN H S, BAEFMEICET 2R ERT
— XX, FHFHILTWVARL,

ME—1GF DN EFANT — 213, 7T b FEEGBEICBT 5 DARERHECLD S
DTHD, LL, T—FNHEFIZRENTWl2D, 2-7 7 F— /I L TR & 2D
A EE T LT TERNST,

FLC< ap-AREfM7 AT e RTHY  RISHEIEFITEMEEM TH LT 7 m LA DFF
il CFVNT . FEBRENY D IFR 2R ~OIENEGIE DB, FFAREZE T 272D EHE R
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CICAD No. 74 2-Butenal

HLDOEEZLNT, T ADRKIBEIZBWTC, 2-TT7F =L, 77 LA URKRLLT IV
FE R EVIBAODP DR TAEIEN D 7200 70, SUEREEBIHIC BT S in vitro
BRCIX, 2O T7 AT e RERZEORETH o7z, MR L RO A~DRHZ 5] & Z
TRARIR 1, EFTOSmyfkﬁiéhfwkﬁ O TIL, Zh XV &EVED
ERENTVD, 2-7 T F— L OKHEICHT 2 MR LB SV TIRENELh
ipot, LRESHIEHIRARRT — 5 35 TE LT, B - BHRARRT— ¥
HAELELN TN,

L7eoT, BHEHTELDT =B ARLTWDHTeH, B N TO 2-7 7 F— LD EMEZ )
R U720 . FRREZEH LV T2 Z LIEIATRETH S,

KA COARREMERMBICE L ik, 2-7 77— uid, M@, YoKRrEssE, i, IV
= (Daphniamagna) ¥ X OHHICx L CEERH D EHEI N TV D,

-7 T —E, REFICHE ENTHE, TOWBELFEOEE D KRR DS E D 2
EITETAARETH D, 2-777L~/W,n7ktlji7‘: [ =l ff?“é&b\oﬁii ERW
v, 2-7 7 = uid, AERIZ, FRCREERS X OEREB IR W TEM SR TH D,
EMEBEIEICET 2R T — 2 13/F o T, uawfmx& 2-7FF =D log Koy
2 0.63 ThHHIEND, EMERBEITRNEBDILD, 2-7 7 F— /LMK TR L
ETH LN, K pH 72138 pH OKF TIIIAKS S D,

L7 o T, 2-7 7T — N OEREEFEIL. KRICBESNDEEEYEZRIG LT RET
b, RKAPTIE, EFerF I 0U N ERELTRMBIZ, £ 80 HIEEITEVA,
HIBIE 7 I NA Y E RIS LT, R END, EHNIRIC K D0 MITRE L 720,
2-T T iE, KA CIREE S MREVETIX W, BRE~OREIT, SEES RIS
ZVEITI CiIc b REWE TR D,

22T T I VIRRBEETH Y, HHEBRT ECs & LTHK 80 mg/m’ & W HENES TN
Lo wWEEIZ, TNODEFEMMTHH/NEPLPRKREZLD b, K 5 SR EW (ECso 1

400 mg/m’), FOMOFEHFE (G, h~h, FavU, XIT=7) 1FE HICEZIENSE
WERE SN TWAA, FEMIZOWTIEEE RSN TV, 10 HEDOA— R AX OB X
W30 HOT VT 7T 7, TUEAT, TP A ST LY IOEERE 2.9 mgm’
DWED 2.7 T T —NMCREEIETH, ZNOH0MHOE TV L BEEZ T R o7,
IZHE SN TV AIEDOEEIEIMENZ L5, 2.9 mg/m’® &\ 9 E 2 MR (NOEC)
ELTERAT %,

2-TFF— LD RKTEEOHREMEIL, PR LORETITRAT L pgm’ THY . KKIG
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CICAD No. 74 2-Butenal

YT TR T 10 pgm’® Th 5, FEROTF—2E2EBETL L. 29 LIZBEED 2-75F
—VHILC, ) ~DOWENSIERIND LIEB2 Db oz, LrLann, FEE
OBERBRETIL, MeEWIL, wFthofafir v e K BI2iX, ALV AT AT e ROT
TETATER) BIXOR@EIM7T LT K BlI2E77arar) LHRICERE (BI20X
30 i) CTIAELTWAED, 2-7FF— M LD E8IE., BHAMEEDIZAD—HORE
7200,

2. e - BES K UHEM LR HEE

-7 T = G 7a hrT AT E R) I, BROERRR A D | A~ KA OB
REETH D, KMEAEMOFEHRNXIT CHO TH Y, #iERT CH;-CH=CH-CHO Th %,

EAVEREIT, 70.09 g/mol TH D, 96%IE k7 ALK E (D- f 72 X-2-7 7 F—)L)
E LT, 4%IEy AR RELE (D->X2-77F—/) & LTCIFEET S (Figure 1)
(Hoechst AG, 1984), iR (CAS F 5 : 4170-30-3) 1%, 95%LL Lo A Z - XK (CAS
Fr 1 123-73-9) B aLD, AR (CAS F5 @ 15798-64-8) 1%, FMEFMICHHE S D
ZEIFETAV (BUA, 1993), THEMEOMEIX, 99.8% ThH D,

CH, O Ehzﬂ
H™ *‘xj)l“‘H HC™ Y TH
H H
Cls trans

Figure 1: Structure of 2-butenal

2-T T TN OYB LI E A, Table 1 IZF & DT, 2-T T F— LD S 575 b5
FIPEEIC DWW TR, ASCERIC fE# L2 EB b E L2 — K (ICSC 0241) (2R
LT&#%, Amoore & Hautala (1983) (X V. 035 mgm® &9 RKBENRE SN TV D,
KEHF (1013 kPa, 20°C) D 2-7 7 F— L OLEEFE IFU T O LB TH 5 ¢

I ppm =291 mg/m3 ;1 mg/m3 =0.344 ppm,

U ERBS(SH AL TRIENE 2 #0795 WHO O HEHIHEVY, CICAD #EP T, KaTok
LB DIRE AT T SI L THRRT D, FESHERD SI HAL THRR LCRET
ZOEFEFRT D, FESCHERNFEBEM IR LZRER, K[E% 20°0C, KRUEE
101.3kPa 48 E L C, LB HMREE HWTEBRT 5, BHREEOFHETIL2HE T
LT 5,
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CICAD No. 74 2-Butenal

Table 1: Physical and chemical properties of 2-butenal.

Property Value Reference
Solidification point -76.6 °C Dolliver et al. {1938)
Beiling point (at 101.3 kPa) 1024 Hoechst AG (1991b)
Vapour density 2.41 (air=1) Sax et al. (1984)
Vapour pressure at 20 °C 4 kPa Rinehart (1967)
Solubility in water at 20 °C 150 gfl Coulson & Crowell (1952)
181 gfl Fernandez & Solomons (1962)
Solubility in water at 5 °C 192 gil Femandez & Solomons (1962)
Solubility of water in 2-butenal at 20 *C 95 g'kg Fernandez & Solomons (1962)
Henry’s law constant at 25 °C 1.983 Pa-m*/mol Buttery et al. (1971)
Log n-octanol'water partition coefficient (log Kaw) 0.63 (calculated) Hoechst AG (1991b)

FEHER T CANDEET D L 2-7FF— )T 248 EE% DKL LHIREW AR L., =D
BEW O EIL 84°C Th 5 (Schulz et al., 2000), 2-7FF—/Lik, 7T a—LH, RXo¥
VBTV IFNNZ—T R EOEEIEEIC L <5 (Hoechst AG., 1991a),

2-T T, ap-AEFIOT LT E RTHY ., EOOKISENIEFIZEV LG TH
Do FORRAIRFONE, ANVAR=VEER JOYRFER —HEESG ETEZD, IAR=LVERE
REOILBLITEESE | 12K L LAMIMER B S D, RBER EEEEZT LTl
WA= NVIEIZE VD IEMH LS NTIRIEBIZH D AT AT H, RIGHEZ S (BUA., 1993),

3. PHE
3.1 K&

ANR =V EET DHEERIEIE, 24-YV =7 ==Lt F7 > (DNPH) TOFEEK
BIZHL D DO TH Y, AR Lice FT Y 8%, HPLC oS-It 5 eiE 2 Vv Tl -
BT 5, 29 LI HEE, REERFEEROIEA, FELEHOILEE L, BV
Kefl, BROAY R EIC D B, B, FEMENMELS D720, Rafbd
W COMAIIZRA N H 2D (Seaman et al., 2006), L7=23-> T, i DNPH ik, 77 1
VA, 22T T FT =N ED, BRE~DKREDEDLND VA= VEZ /NI L TLE
IRNDB DD, T LIEREERIRT 5725, DNPH EICHBERMA LTS EZAT
b5, B, KBEMED D IVR =)V — MR ERK BRI, 0-2,3,4,5,6-X % 7 /L4~
YUN) BEReFAT Iy, BIO0-(2,3456-X0 X7 AaR_oU) B RarEd LT R
YSEARA (MY AFATYN) MU TZAdaT72 7 ReEfvw, PRA7a~ 7774
— (GC) * A AV T TEHEENWN (A A FT v 7 MS) LHlAGLETHET D EW
9 515 (Destaillats et al., 2002; Seaman et al., 2006) 72 E203&% 5,
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CICAD No. 74 2-Butenal

6.1.1.1 HilZEEH SN TVD 2 SOmEE b pL G e LIcfATid, I v{Eh Y v L
ié@kﬂ:ﬁ# 5 (AFFob) fEEO Titil2¢5<%z, DNPH & L7 U B 7 v
—hU v PRz, REE LTRBRL7Z, #VR=/V¥H% DNPH kL LT, ikiks

~ N N7Z77 40— (LC) THHEEL., XA 4 — 7 LA KL, 50— 7o tEs L OKRA

JEAA A AbFA A A MS 1 EfiAAE CTIRE L7z (Grosjean et al.,, 1999; Grosjean &

Grosjean, 2002) ,

3.2 HHEAE

PER A ARE R D VR = ACE M ORET, BE X, FEAREERIE L LT DNPH 23E 5
fEL TV D EMEECHEMT 5, L L7225, DNPH #E{AB L O'DNPH 0D Ot R
LR THEL., LbARafi v R={bEMTH D KTV X, FRICRIGHED
W, BRIV D GC otz il 35, mlliiks v~ F 777 +— (HPLC) {EXH
B DNPH 1 — RV v V&4 5 B FIANSFEI 4T % (Lange & Eckhoff, 1996)

AR aDEFIEF O B VR = UbE WL, DNPH Ti#HEAEL L T 6 GC/MS 1T X v ilE
7z (Dong & Moldoveanu, 2004) ,

—HDOPELZ WA (Schauer et al., 1999a, 1999b, 2001, 2002a, 2002b ; 4.2.3 fizM) TiL. H
FNEH S TWD 2 50 DNPH-E12 Cis 1 — F U v DICREIZHE L=, FE L E&IX
GC/MS (2 X v {T7i7z (Grosjean & Grosjean, 1995; Schauer et al., 1999a) ,

3.3 Ny ITHoFYyoyg

ZHFET, 2-T TSN EORSIR G BEREICBIT 57 7 v REICx LT, #ilz
(¥, DNPH X° HPLC ZH\\ 5/ Xy v 7% 77 —ORHANFHli SN TETHEY (Otson et

, 1993; Liu et al., 2001), FHE LB INTE TS, fHlxiX, 0-2,3,4,56-X % 7 )V4
oy e Ref T I ikE AW Sy 77T — (Tsai & Hee, 1999) .
VIvk BT VU EARIRE AR 2 WXy 7Y 75— (Zhang et al., 2000) 72 E 3
bb, 2-7TF—/LORBHERFE, DNPH (5 TO 577 pg (126 LT, #%&1T 13 pg (REEH
PH ; 3.6 ug/m’~110 pg/m®) & 72> T % (Zhang et al., 2000) ,
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CICAD No. 74 2-Butenal

3.4 NE

W EEREI R D 2-7 7 F— LHIEIL, GC-UV 43361k (Nilsson et al., 2005) F72id~» KA
— ZRBHEEL-GC/MS 75#T1E  (Wolkoff & Wilkins, 1994) (2 X v FEli S i,

3.5 Keh

AR BN LV ERR LT, 2-7 T — e EOFR T REO/NIWT LT e R
HWAMET D HETIE, 02,345,620 Z70Fa_rP0) £ Rafxi 7 I ick?
FHEEB LR SMREETE GC X2 oA I L TWD, RHRAIX, GC-E 1l
MR HIE T 12 pg/l, A A V8 RAlE =X 72 k5D GCOMS TiE, 112 pgL ThHo
7= (Glaze et al., 1989) .

3.6 EHEH

t NORIET T v 7 ATEBL., GC 77 LA~ E7-%, $+v 7 U —GC/MS
ETHIELZE A, 2277 =it s (12 Bk 1 3BEH, BHBRRITE S
TV 7Zeuy (Pellizzari et al., 1982 4F)

Zlatkis & (1980) (X, b MIIEFHDH b T Ao AR L —FEIC L it E5 T GC %
TV, 2-7 T =& Lz & Lz, AEIEL MS TFEM S vz, sOtFEMRbIE,
R R EE T D ap-REAFIT LT RO~ A T AMIKE ERT D200 )
EELTCHBENTE R, 2L, IVR=VEEZ U Le RTI D UVDRIRIZESL b
DTHY, HEI7ua~ 7774 —% [0, #HRENEICIVEET S, MEH TOM
HIBRFUE, 20 pg/mL & FFE S e,

Scherer ©H (2006) 1X. & "NRTD 2-7 T F—AARH#W 3-t Fax-1-AF /L7 a )L R
I — VR ERRNT 572D LO/MS/MS L2 BI% L=, MHBRRIE, 28 ng/mL TH Y |
EERRIE, 92ng/mL TH-7e,
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CICAD No. 74 2-Butenal
4. EFBELURENDEREER
4.1 BARTORER

NEEGEER I, ERED FHE 5 T 2 2 M AT Ot £F 5B TH Y . Al
BND, 227 T F—/MIWNAERICER SN D, IFEEBRILIX. £ < OfEO B0,
BIOMLOBRFTTHHRIZELS (6.14HIZM),

4.2 ANERRER
421 &£EF

-7 T uid, RIS, PSS NIZBRIENICEB W T, TR R T AT e REfmiEl b
W7V K= 3-BE R 7 X —)L) ~T )L R—LHE S TKSFE s, *
NHSREREIC L VR4 52 L CAESNS (Blauetal., 1987),

422 FHi#

2-T T OELZRRIT, BABERITHL I VE VR (F T X, T X2 4T
V) OoWETHL, ZEALOEEETIE, -7 T EHEEE LTHERALT
B, AMEAEWOHHEAIT/NE U (Blau et al., 1987; ATSDR, 2002), K1 > ok iz
kL, FAYTOHERRIIZL. K 50%3 e BOARE, K 30%25 U AF/Le Ko
X UDERE, K 20%08 3-A XU T X ) —VDERE, T LT 1% OO (1F
EAEE, X UHER ERL, FEOMTH) THDH (BUA, 1993), FIL FA YD
WD L, RV T 1990 FIAEEI N 2-7 7 F—/L1E 10000 ~ K TH Y |
Z OWgH S = D1E 500 bR TH -T2,

VIV RO REFERIT, K 38000 M EHEESILTEY ., 13 A EDAEFEREIZ. KR
My HE, BARIZKD, KETHE—RESEF T, 2000 Fi2Z0fhE TH 2 A L7
(Anonymous, 2002) ,

22T T E . BB AT L LT o8 T ORAR & T IR IR BT O TS AR

FESNTE7E, AMeeWit, 7o a— L EBHRIE LT, MoF UL ERE LT, F7-.
IFAEER O, B O 2D LICBW TR SN TX 7= (IARC, 1995).
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423 MDA BHIRLEE

-7 T =ik, BB O RERREESCE DR, Frc T ) oo DT 4 —ELx
VU DOBREMREE . RMIREE, B X OMRERI AR SN D,

4231 HVYT2T, Fr—EILT S S (ZH BB ED DAL

2277 F—ME (o7 AT e REHELE B, AV D rEREFT B Y
VEMATZHEFOPER T A %@L TSNS Z EBNEEICHRES TS, TV =
VYV HBE (1960 4E~1982 FHE) TOPEHEIT, HERA A 1m’ 4720 0.26 mg~3.87
mg DFPATH Y, £72 1 km 2720 0.125mg Kiti ~40.5 mg OFiPH ThH -7 (BUA, 1993),

Fy—Brxz P HEIE (1972 4F~1982 FilE) ToHEHEIE, PRV X 1m® 4720
0.02 mg~3.2 mg DFFHTH Y, F72 1 km 4729 0.625 mg~6.2 mg Th-o7=, FT7 v 7T
ONTIE, RERBRSME T ORKIE, 17 mg/m® B LTV 7 mg/km 235k S 47 (BUA, 1993),
1987 XD 7 F N7 AT —F L BEHIZ O T, KIEE R LI TR - HEH &I,
YV Yy s O B EY E T 0.03 mg/km~0.125 mg/km, T 4 —EBLZ T A
FHE TIX, 0.5 mgkm~1.56 mgkm Th-o7= (BUA, 1993), Hl= T nbHO 2-7 75
—VHEHICEET 5, L0 WERET — 21220 Tk, BUA (1993) 22Dz &,

KEIGIEE BRI A~DO I Y flAD—E & LT, 1980 A E 1990 HRITRB W T, H
M OFRFHCAT VU RN EE Sz, BUA HEEICHIHIN TV DALY I LWHRE
F—XZ % Table2 I2F L7,

Table 2: Carbonyl emission profiles from gasoline and diesel vehicle tailpipe emissions.

Emission profile, mg/km (% of carbonyls)

Non-catalyst- Catalyst-
equipped equipped Catalyst-
gasoline- gasoline- Diesel-powered equipped
powered motor  powered motor medium-duty Heavy-duty light-duty Spark ignition

Compound vehicle® vehicle® truck emissions®  diesel engim}‘I diesel vehicle® engine'
Formaldehyde 884 (44) B.7(42) 22 3 (186) 44 5 (48) 9.2 (54) (31.5)
Acetaldehyde 301 (15) 3.9(19) 418 (31) 155 (17) 3.5 (20) (9.4)
2 Butenal 114 (5.7} 1.8(1.8) 13.4 (10} 19(2) 0.65(3.8) (1.9)
Acrolein 38(2) 0.06 (0.3) 3.4 (25) 13(1.4) Mot given (8.9)
Total carbonyls 2009 (100) 20.5 (100) 136 (100) 92 (100) 17 (100) (100)
(aldehydes +
ketones)

# Using Califomnia reformulated gasoline; on-road fleet of two automobiles (1969, 1970) (Schauer et al, 2002a).

Using California reformulated gasoline; on-road fleet of three light-duty trucks and six automobiles (1981-1994) (Schauer et al.,
2002a).

Using Califonia reformulated diesel fuel, 1995 model truck (Schauer et al., 1959h).

Using European diesel fuel (Westerholm et al., 2001).

Using European diesel fuel: 1992 model (Siegl et al., 1989).

Using nine synthetic fuels and sight oxygenated fuels (Zervas et al_, 2002).

- oa o
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CICAD No. 74 2-Butenal

RIVLETNATE R, TR RNTATE R, BLOEFERT VT E NiX, V27—V
BER T AFOEFEPEODUT TEWI LR =LA THDH, 7 NT TR R, &
TH )= VRAREICHETHY, TV U TRV LAT AT E RBBEETHD, LX =
TF=HY VTR, 227 T T AOP ST JRIRAT Y U o LU TE Y (20%~
0%\, ZDZ i, AV T 4 MEEMRTHGEBELEW R E (I-~Frr YT uaF
PoonanxHho nAdrEy) B T LIEANVR=NVEDOERERTL > TnD Z
L &R LT % (Magnusson et al., 2002; Schauer et al., 2002a; Zervas et al., 2002) ,

Table 2 121E, HY VU D UVHBIHEBIORE N v 7 O—FEE2HRIZ, T b 0P
HARD, KB LR FAHO G EME ER LICHERE T L Th D, Ml E 2 B
T, MBS R S i L2 & 2 A BIXIE, BAR= VRS 100 55D 1
WZHI S 372 2 &R STz (Table 2 22 Schauer et al., 2002a), ZAVLARIIZITONTZH
HAAETIE, FHOEET 4 —BNL T v 7 OPERT ROV TEENTONTZ, Cl~
C13 INR=MbtEMmaE2TELEL &, Pl ESNTKHARILEMERED 60%% 552
(Schauer et al., 1999b) .

FEROBEETICBNT, 2277 F—AE, RALTAFE FOTE FTAFE KLY H
72 0RO TR AR STV B A, — RIS, 727 B LA k0 il TR &
ns,

-7 T F—=id, PR ADKKHTIAFET 21300 T, RKEDY 74 1=T
MDOINT 72y M VTR Ty 7 ROBEAEH LY SN FE (PM,s
Biv) Hizbmit sz (0 ng/mg~67 ng/mg) (Rao etal., 2001),

4232 XHBBEDDLERE

AR ORFEERBENZ L > TERT A8 (BLOEHEMEFTHLE ORAICHERINDS) 12
b, 227 T VIR ST (BUA, 1993), 6, =28, b3V atf K5 5%k
ii~20%) 7% B AR CRRBE S B 7 BRICRAET 2 2-7 7 F— i, A# 1kg 4720 6 mg
~116 mg & B 7= (Lipari et al., 1984), Schauer © (2001) DFf#A (Table 3 /i) T
X, ZOmEWE R 1 kg 4729 177~276 mg) NEbNiz, 2-7 T F—/Lix, FILLT
NTE RRTE T AT E RRVEWRETHHESND R, 77rb A XD @EWRET
et Ein s,
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Table 3: Rates of emission of organic compounds from the
combustion of wood in fireplaces.?

Emission rate (mg/kg wood burned)

Compound Pine Oak Eucalyptus
Formaldehyde 1165 759 599
Acetaldehyde 1704 823 1021
2-Butenal 276 177 198
Acrolein 63 44 56

® From Schauer et al. (2001).

4233 HEDBETDLERE

KENZEBNT, RERHTAT VL THAYNS—H =R RAEE LIZREOHEEA P ER
HI7E 17 (Schauer et al., 1999a), BEIT7-P0 1 kg 24720 DA /VR = VFEOHEHRIL, Fv
LTVTERTI382 mg, 7 FT/LTE RTI1092 mg, 2-77 7 —/LT495 mg Th o7,
Table 4 (2%, BHEEH = anbDH VR = VEOPEHEE R LT,

Zhang & Smith OFE (1999) TiX, BWNEEOLERMEIL, H/LLAT LT E RT 32 pg/m’,
T hTTE RT20 pgm’ THY ., ZHSLSORIE LIz B VR = /LA B T,
ETHRIEBRARME CTH - 72,

KREMB LOKHEM TOE DO LT, WO 1 ¥4, ZRE1 29.1 mg &
24.1 mg O 2-7 T F—/LRFHE~EEH STz, Ll ZERICE S Ty TA 2T
AR, AEINZY AT 1 4720 52 mg O 2-T T — AR Iz
(Schauer et al., 2002b)

Table 4: Carbonyl emission factors reported in a summary of a survey of 22 types of fuel’stove combinations in China.®

Carbonyl emission factors (mg/kg)

Compound rES?I;SIFE) Wood Coal Kerosene LPG Coal gas Natural gas
Formaldehyde 783 135 185 943 118 283 663
Acetaldehyde 851 141 197 858 166 147 3BT
Acrolein 101 126 - 144 271 - 55
2-Butenal 18.1 323 16.1 314 60.2 34 13.0
Total carbonyls 399 525 433 344 573 46.2 150

LPG, liquefied petroleum gas.
® From Zhang & Smith (1999).
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4234 BUEHDLRE

HZRADEIZ 2-TTF—ABFELTND 2 Lid, HECHRESNTWD, MeAwix,
WUERER B EBIE L TV D EBX LN TVWDEREFD 4 HO TR 7~ BRHYE
D 1>CToHD (Borgerding & Klus, 2005), 2-7 7 F— /L OBEFR AR EIZ, #3321 kg Y
720 17~77 mg O#EFH TH->7= (BUA, 1993),

BNADERERO 2-7FF— VL, 40 mg/m® (Newsome et al., 1965) 3 L% 60
mg/m’  (Mold & McRae, 1957) & #liE&niz, iEMERME L0 —2AT¥T— 7 4 L4
—lZE D, 227 T T LEEI, 40 mg/m® 25 7.5 mg/m® ~E D LA, IR L O
T 4V H TIRREIR 2L Lz~ 72 (Newsome at al., 1965) ,

AR aDEFREFO TR = ALEIZEI LT, X0 LW RS 8% Table 5 12k L7,
ZNHOMEICB VT, BEEFICAENED LN bOIE, A7 AT e RTIETE R TV
FTEe RTHY, Rfafi7 LT RTIE727r LA Th-o7- (Dong & Moldoveanu, 2004;
Lambert et al., 2005) ,

2-TTF— NV OIRIL, 6 O KX —/N ] Z3apTIZBWT, @FHOZ /33 b g
L C 25%LL EJirb L7= (Gendreau & Vitaro, 2005), Lambert & (2005) (%, 7 /L7 & Rk
HEN, @& — L Z A afifitiy &g L <, iKY — L2 afiliti®<ix, 10 50 1 Th
52 &RV L7z (Table 5),

Table 5: Average concentrations of carbonyl compounds in
mainstream cigarette smoke.

Reference High tar Ultralow tar

cigarette cigarette cigarette

Compound (uglcigarette)® (umol)® (umolN)®
Acetaldehyde 620 1352 111
Acrolein a7 503 34
2-Butenal 18.5 101 2
Formaldehyde 23 Not given Not given

? Dong & Moldoveanu (2004).

® Mean level from 10 experiments detected in extracts prepared
from 1 cigarette bubbled through 10-ml phosphate-buffered
saline (Lambert et al., 2005).

13/61



CICAD No. 74 2-Butenal

4.3 hikEHRTOREHHEE
431 XmAb~DEHl

Ry oI L D L, 1990 45 (RGEE 10000 b Km) 121X, 94 kg @ 2-7 7 F
— LN, B e IC i AN, YL EVEE, 3-A RV T H I — . b LT RY
AF b Rax ) o oflEm i, 2-7 7 F— Ui EnTnien b HE S - (BUA,
1993),

HRNAYHEFILMEICBWT, 1989 F£0 2-7FF— L ORZ®EIZ XL AHEHEIZ. BUA
(1993) HWEEIRINTWAREBH = Vv TOREL _%o’eﬂ 300~460 ko EHE
iz,

1983 FEDOPEH L, KETORM 1 kg 24720 0.006~0.116 g &\ 9 PEH EE L ORI
PRENHE Bl LS < &, 140~2700 b EHEET H 2 &3 TE 7= (Liparietal, 1984),

1989 D Z N a DR AEFERIT, K700 T F>Thd (BUA, 1993), #3221 g {72 2-
TT I 17~TTug AT D EARET D &, BEIC XD 2-7 7 F—/VHEH R, 1989
FT120~540 N DOHFIFATH D EE 2 Hivd (BUA, 1993),

4.3.2 KE~DHL

RA Y ORGEFESFUT L D & BRSO AKF O 2-7 7 F—/L&iX, 1990 4T 2.15
o ThoTz (BUA, 1993), AEMnfett 7213 EICET I ab—va v ildRICk D
&L 2-T T iE, TEBEKMBEIGIZEB T 90%LL EBRERBETH D, Limdi»> T,
1990 4FIZ KA VIZBWT, 2-7 7 F— R BiEdIc AR P ~HEH S - =13, 215 kg
Kifichd EHEM I (BUA, 1993),

1990 FFITHB VT, YA B UBELEIZ LV A UFEKT O 2-7 7 F— V&%, AWFRIBEK
ERYG COMBLFTT, 21 h>ThoTo, BREFEN 0% ETHLZ EnbTHE, KA
T 2-7 7 = AP EREP~E Sh e &IE 20 FURiTH T, 3-A MR TH

=R R AF Lk Rafx ) o AZonTiddtic, BT~/ Al e deHix#msE sh
Rino iz,

2-7FF— A DKE~OBEIIE 17 FURBTHHA, LT T AT b R E
T2, Zhud, BEHPICEOENEE TRICK > T, 227 7T —ABRIERD 1| 2L L
THERINDINDETH D,
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5. RIBICEI1T5%88 - 91 - i - T8
5.1 HARMOBEESF

Buttery & (1971) 1%, 25°C \2381 B 22, KAFMRE E . EBRAYIC 8 X 10 & IE LT,
ZOfEIE, ~r U —BESE LTIE 1.98 Parm’/mol (IZFRY 5, fICHE S BRI,
20°C (2B T 1.87~2.92 Pa-m’/mol O#iPH TH >72, 2-7 T F—/bid, KR D PREE
IHRTOIMEEEZbND,

F 7 57— K EAREL (Log Kow) 1. 0.63 LHEHI S 47 (BUA, 1993).,

Z OB E NG 2277 T —id, HERC IS bl shinb oL
FEZAbND,

5.2 put: ]

-7 T, MEICE > THRBFEORE TIE, BHEMDRIETH D Z ERRIN TN D,
R TIE, 2-7 7= i, TSN T A Z2X2-T 7 URIZRY | i TERHE
ETEOIIHMREND, MRS TR, ARNERIC XD RIIOERDIZ. 2-7 7 /7 —/,
HLLIETH )= ThHD (BUA, 1993),

SFESHT 3-8 FrF 72— L EPARRIEICZR D | St TT & b7 T e R EER
fEIZ7e % (BUA, 1993), KIEEH D 2-7 7 F—/L1%, 290 nm X 2 EEOKTIE, 1F&
A ENGIRI NI b L <ITMO THRIBIZL/3fE S 415 (Hirschberg & Farkas, 1937)

2-7 T F— M TR EZE TS 28, K CIE, MK pH 72138 pH Ok dr eIk
ya

RGP T, EEEIRC X D 0MIE5AE L2y (BUA, 1993), LU S, LR
WCAEMLIZE Raxo T P EORISICE Y, @R AT 2, T 11
e B I TV (BUA, 1993), E0#, Mgl P HE o K E B o M EfE & st
PRI B OFEYER 72 BB 5 i 8 B E FEH ST % (Thévenet et al., 2000)
(Table 6 ZMR), [FERIC, FHERT W04 Y UL Tk, £15 & O RUSHE 5D
HIEMNAS . KRR TOFEIT, T 1.6 BE 13 H (BUA, 1993), 8L W45 H
& 55 H (Thévenet et al.,, 2000) &HH S4L7z (Table 6 Z/), 2-7 7 F— VORI LD
P, 44 B EHEH SN 72 (Thévenet et al., 2000) ,
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Table 6: Rate constants and lifetimes of 2-butenal with
potential atmospheric oxidants.”

Calculated

lifetimes

Rate Typical for 2-

constants (k) tropospheric butenal

Potential at 298 K (cmaf concentra- with

atmospheric molecule per tions of X respect to

oxidants (X) second) (lem®) X

Hydroxyl 3.35x 107" 1x10° 8h
radicals

Nitrate 51 x 10" 5x10° 109 h (4.5

radicals days)

Chlorine 26x10 " 1x 10’ 44 days

Ozone 1.74 x 107'°°¢ 1.25x 107 133 h (55

days)

? Data from Thévenet et al. (2000).
® From Atkinson et al. (1987).
¢ From Grosjean & Grosjean (1998).

5.3 E 3

2-7 T F— N DAEYEREMEICET 2R T — X 135 5TV, Log Koy (FHFEE) 28
0.63 THDHZ b, AMEEMET sV EBbns,

6. BREDORELE FMCBITIREE
6.1 BETORE

6.1.1 XJ|m#

6.1.1.1 %%

TERTATE R RV ATATE B, BEOT® bUE | RO RICEERS R
DHNVKR=MEEMOF TROLENEL, 7701 A 00 2-7 7 F— L 0IFE 1 fidn
TEEETHRTICFET D (Grosjean & Grosjean, 2001), /L AT /LT b RiZ, HRFOH
O G ICEIET D HAR=MMEAM DR T, BLEBE, Lo LR, —Ho
ETi BxiE7o700), ChECICEBREIIZEDO X ) —AB™ER SN T3,
TR )= VOBRBEICL Y, TERNT AT FREEAERME LTEREND, FORE,
29 LEEOBHEHONAKT TIE, 7 FTATE RAKLENSZ VI LR =AW T
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HDHZLENEN,

Wp-REAFIT VT 8 RCTHD 2-TTF—ne7r7mlb A, mihFEbRIGMEREL,
WA SR R B oAb P i a2 1155 (5.2 Bil), ZoZ &3, 29 Lic A fafl
VAR =V, RAFIEWRE T LULNGFELRZRVEBO 1| 2725 T0n5, Ziubik
BYOE S LIeROES, WEE LV Rt D& LT 5 (Zhang et al., 2003)

1983 4, KEIZEBWT, &5 6 MO T EEERIZVO 6 HIZIHBWT, Ty a7V
—® 1 Bz 2 KRB OREN, 4 AfFE SN, Zhicks e, TATE Ry
B DRFED 3%~3.7%IEL, 2-7T T F—/VHEKTH -7z, YEmEEEOT I LITBNT
(B2 1 m, @S 1.5 m), 2-7 7 F—/LOFHEEIT 1.1~2.1 pgm’ Th o 7=
(Zweidinger et al., 1988),

2-7 T —iE, 1993 4B KED Y T4 =T M e B L ADEE bR TR
Hahiz 221 MOAILEMD > BHD 1 D Tho7- (HEHE 20 mg/L ; 2% : KL AT L
Tt N128mg/L, 7k F7/5t K29mg/L) (Frazeretal., 1998),

KENZIBWT, K& 2 DO@EmBEERD h 2 bO A B & HATHRIRS 1172 (Table
728, —1 DiF, AV THAN=TMNF LTI R OANT ay b R T,
1999 4 7~8 HIZ/T T (IFEAEITWEA V) v CEIBREABIH), H 9 1 Di%, v
UNR=TINDOY Ia T T R RLT, 1999 45 5 HIZ (BEBLOEET +—F
VT 7) . IS, 5100 FEEO B VR = VAL EIRRE S vz, 2-7 T F— Ui,
KHZEFEN T VA= UELEY 10 FEOND 1 D Thotz, FNVLT LT E R
N, mHELEENTWIEAVR=MLEH TH -T2 BIZIEI VT 2y F h R T
45.4%) (Grosjean & Grosjean, 2001, 2002) ,
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Table 7: Concentrations of carbonyls in air samples at the
inlet and outlet of the Tuscarora Mountain tunnel in
Pennsylvania, USA, in May 1999 (light-duty and heavy-duty
diesel trucks) and the Caldecott tunnel near San Francisco,
California, USA, in July—August 1999 (mostly light-duty
vehicles).

Concentrations (|.|glm3)

Outlet minus
Carbonyl Inlet  Outlet inlet

Tuscarora Mountain tunnel

Formaldehyde 1.72 4.6 2.99
Acetaldehyde 1.12 2.25 1.18
2-Butenal 0.12 0.44 0.32
Acrolein 0.10 0.31 0.22
Caldecott tunnel

Formaldehyde 5.0 205 15.5
Acetaldehyde 1.5 55 3.99
2-Butenal 0.23 0.76 0.54
Acrolein 0.08 0.60 0.52

2001 . A= F U F=—Hr 7T 2ax,7 Y vy CREDY Z740=T M) Ok
FIZRWT, 7y a7 VU—0 3 SDOZERHA., $7obb, Fik 3 B~k 71 (4 1
23 [), Pl 6 BE~/FAT 10 BF (4 H 24 B), BLUFL 3 Bi~Ftk 78 (4 H 24 B) 124
SKRABIERILIZL ZA, TorbA v 2277 =N EQRBPFIEED VR = ALEY)
P S 472 (Table 8) (Destaillats et al., 2002), JREERIEMIE, HE@BITHIZZ 5 Lk
BRI S WD Z &R0, B, TREERSA Y U OFE FTIALOEmILL
FORESN TS AHEMEZ KL TS (52 HiZ ),
Table 8: Measurements of acrolein and 2-butenal detected

in ambient air at the Oakland-San Francisco Bay Bridge toll
booth plaza®

Mean concentration (pglma)

Time period Acrolein  2-Butenal
3:00-7:00 pm, 23 April 2001 0.032 0.061
6:00-10:00 am, 24 April 2001 0.100 0.147
3:00-7:00 pm, 24 April 2001 0.058 0.093

? From Destaillats et al. (2002).

Table 9 (%, W< ONDOHEHEI OB H CTHIE S iz 2-7 7 T — /oMo ViR = AL &%)
DEELZE L DT-LDOTH D,

27T F—ME, RAY () OF 22 MOBEE (54 FF ) LERG (A1
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) TORHFHECENT, #HESRZOT LT MeAWwE 7 oAb ofo 1 5
Thole, TIIE, 1990 FFFE T RA Y Tl bIHY SN HIBTH > 72 (Miiller, 1997),
TTF = EGOEIARNLT AT e RBEOHEINL, ZERRKAFOT VT v RREA~
WELERFLTNDZEEZRTHEDOTHD, 74 7T v EIZEBWNT, 1993~1994 FIZH T
TOEM, 2-7T7F— I LT, & KT 0.55 ppb LW I EAL FLEBEKEEICHT D
T RGEESTEREDL) NHlESNTZ (VLT AT e RTER 30 ppb), 2-7 T F— /L
EOBANEBLIE SR, B, FRHCT7 v v a7 V—ILREN Y =220 T,

Table 9: Recent measurements of 2-butenal and other carbonyls in select cities.

Concentrations (pg/m®)

Range of values at Averages of maxima Three-hour samples

three sites (November during 6 spring days averaged over 1 year
2002) in Santiago de (November 2003) at (October 1999 — October Range of values at three
Chile, Chile downtown Santiago de 2000) in Rio de Janeiro, sites (June-December
{Rappengliick et al., Chile, Chile Brazil 2000) in Athens, Greece
Compound 2005) {Rubio et al., 2006) (Grosjean et al., 2002) {Bakeas et al., 2003)
Formaldehyde 17-15 113 10.84 0.05-39
Acetaldehyde 3521 a7 1043 4.3-49
Acrolein Mot identified Mot identified 0.82 Mot analysed
2-Butenal 0.32-1.89 1.6 0.30 0.9-8.7

Table 10 (1%, 1999 £~2001 FEICNT T, KE=2—V ¥ —V— M= PX2TH D 87
BT OEEXIEO BN W THE SN, WL DD IV R = LB O SFE-ERE DR
INTND, 2-TTFT—MZHOWTTRB DO DT H 551%, £727 7 LA D0 TR
RELD DTN 59.4% Loy, HW T EO B IHIRFUE 281 L T\ iehoTe (N7 7
w?bF-&%VﬁVﬁ?~%ﬁ%LHHC%%%@Wﬁ fi > F3 )V IR = ALE W &b
REIZ, 2-7 7 F— L icid, AR ZREERSLBD TR bk olz, Tbb, 4t
%¢?wﬁéﬂt27%f~w®k%%u\x WZHRZEHELTWDHEDOTH-7 (Liu et
al., 2006) ,
Table 10: Mean concentrations of some carbonyls

measured outside 87 residences in Elizabeth, New Jersey,
USA, throughout 1999-2001.

Mean concentration (pglm")

Carbonyl Spring Summer  Autumn Winter
Formaldehyde 71 52 6.3 7.6
Acetaldehyde 9.3 9.1 11.6 4.8
Acrolein 1.9 1.0 0.4 0.7
2-Butenal 0.2 0.5 0.3 04
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6.1.1.2 ERXNZESR

FREDR DN S LIZRE TS, 2-7F F— A a7 (EREITRE TV
v ; Wolkoff & Wilkins, 1994), A 7 =—F > ™ 389 T BEHIXIZ I T, 310 [HDEN
BYEEREI I, 2-7 T F— A &z (0.01~10 pg/g ; F¥ 0.9 pg/lg) (Nilsson et al.,
2005),

6.1.1.3 FHEEETES

RAY DB D 2-7 T F— N8l - BT T8 (VVEEROAERE) ([2BWT, 1987 4
~1990 FITMEEEN LI E N 15 fMoREHIIX, 2-7 T F— it s d o7z
(M HIRR 1.5 mgm?), 2-7 T F—id, 2-7 T F—ABERRBLOT LT v RAEET
PR W CRAMEIE S v, BERDINE P (8 Bif) 13, 0.6 mg/m’ LR Th -7 (BUA
etal., 1993),

KE DB HYEE - BER T O EERR R T, 1982 FICHIE SNz 2-7 7 F— VR E
1T, FE T 32mg/m’ Th o7tz CREESL @226 A2 AT (NIOSH), 1982)

HENHEHE THOMEEE 22 A (BYEHR 9 A, FERUEHR 13 A, BIUORRE L CAHBH
EPRTGUSNOIEREE 15 N (B 4 N, FERER 11 N) DFF37 ANaxtge s LIfialc
BWT, 1 BY720 OIRGEEE, MERSEIRE O 48 FERESHIEIC LV HfEE L (v T
ANR=)Y 7T —F XN HPLC @ riEza A ) o PR B (R A W R 01
MBI L TCEMENT, BIIE. BAR= kM E LTI, AV AT LT E R
(14.1~80.1 pg/m® ). 7E F7AF b F (841~803 pg/m® ), 727l A (0.14 pg/m’
Kili~3.71 pgm® ). BLO2-7FF—1 (0.13 pg/m’ Kilifi~2.80 pg/m® ) BNEEN TV,
FERIRIC WV C, BEYEERR TIE, EER LR L CTRRICEWIRED RV LT LT
ERSTE T AT E RICBRESNTRY, BEFE, FERICIERES X0 RIS E VIR
FEOT7E FTALTE RIZBEZESNL TV (P <0.10), HEVEER T TOEER L OWRE
Bl SN L?%f%w@@wﬁﬁf%ﬁMéﬁékwbnko%E%%%Lkﬁ%%ﬁ
Britlx, 77 b A 0oR 2-7 7 F— M lEICKRE L S TW W, 29 LR =
IALEMEREX. FEBRIZE SI2EVAH %7533?)5 EHER L T\ % (Zhang et al., 2003)

6.1.2 K&

KETD 2-7 T F— /VIBEICETAEET — X 1355 TR0,
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6.1.3 5

W T 2-7 7T F—NREICET 27— 213G 5 T2,

6.1.4 4£#H
6.1.4.1 JEYH TDRE

2-TTF— O BERFEAIL. SEOEMTEIZB T, X AR, £2F00 2/
BLL7- (Rl SV EEX) IS, EMMICGERD HLTVWS (BUA et al, 1993) (Table 11
HEM),

6.1.4.2 RBEHF TDFEL

%< OFBEICBWT, 2-7TF—/UiE, RINTAANST, BLOEICINTARSTCH#)
b L7zl TEMEMICRE SN TEBY ., —HofE T, EEMICHREIN TS
(BUAetal., 1993) (Table 11 H &),

27T = iE 2L OFEO R/ THRIEAET D (BUA et al., 1993; Table 11),
BIOH 5B EFAETIE, RO XD RBEEREM?S 54T % (Feron etal., 1991) :
s B (VoA I TRy AF I hv M) 0.0l mgkg Kl
CHPR (F XY =rVr ERUDE Y TTT— AFxFy VR E) 1 0.02~0.1
mg/kg ; + BV TR W, BLUH : 0~0.04 mg/kg ;
IATBLRE—L  0~0.04 mg/L ; BLU,
A 0~0.7 mg/L,

6.1.4.3 E FEAIZHITBFEE

2-7 7 F—uiE, GCMS ZATic Ly, EF e MijETICHER I TWD (Zlatkis et al.,
1980) .

-7 T F— UL, KED 4 FHTEF ITHEFE L TW DS LMENSEREL 2 /RFLERE I, &
PERIZRR I S T s (12 30k 1 308 (Pellizzari et al., 1982)

KEA Y AW T L OEFFITAETE§ D IFBMEE 25 & Lol T, (§ER T
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b SN 2ER e W > THWZEOTIZ, B 62 AOHERFE DN 20 NZBWT, 2-7 7
T VB EMERICH T &7z (Krotoszynski & O’Neill, 1982)

6.2 EMIBTIREE

b R, 2-7 7=z, Table 11 IZF & Ok X RRIECIRBE I N D, FAREITIL,
65 kg DA, AMEEWEZNENORKRKIZLY 1 HIZEBIRT A HEEL T L OLNT
I/\éo

Table 11: Human exposure to 2-butenal and estimated daily intake.?

Estimated daily intake, pg/65-kg

Source Concentration body weight (intake assumption) References

Air 1 m from highway 1-2 ug.me‘ 0.5 (24-h inhalation) Zweidinger et al. (1988)

Air, workplace” 300-600 pgim® 22-44 BUA (1993)

(production)

Tobacco smoke T72-228 pglcigaretie 33-105 (30 cigarettes/day) Vickroy (1976), Kuwata et al. (1979)

Fruit and vegetables 1.4-100 pg'kg 0.01-0.77 (500 gfday) Winter & Willhalm {1964); Linko et al.
(1978)

Fish 71.4-100 pgfkg 0.28-3 (200 g/day) Yurkowski & Bordeleau (1965); Yoshida et
al. (1984)

Meat 10270 pafkg 0.03-0.83 (200 gfday) Cantoni et al. (1969); Noleau &
Toulemonde {1986)

Beer 0.8-20 pafl 0.01-0.31 (1 litrefday) Hashimoto & Eshima (1977); Greenhoff &
Wheeler (1981)

Wine 300-700 pgl 2.3-54 (05 litrefday) Sponholz (1582)

3 Adapted from Eder et al. (1999).
" Further data may be found in section 6.1.1.3.

7. EREBYME LUV E FTOHRATRE - KEDLEE
7.1 WU & 537

2-7 T F—E, IEEEBR L TICNAERICREAE L, Z X7 BB KUY DNA A% A%
9% (Chung et al., 1996; Ichihashi et al., 2001; Luczaj & Skrzdlewska, 2003) ,

SRR G- LTz 2-7 7 F— VORI E X OV & BARRIC G L=l — 2 1k, W
NORIIZONTHELNR o T,

UL D, 2-T T F—1NDX 7 ERB IO DNA (KR, K0 Z% < ofkkicEs
WTRIH S, RS TE 72, DNA fHIKIE. 7 v PR IO~ U 2 DOREXI G (&
L. OFFRE. AL RN BN, BB ARG, B X OEMER) FEeTicBnTRHS ., 2-7
T DININS OF G- OF D BT, RNIZIRS M L TWD Z LRIz
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(Nath & Chung, 1994; Eder et al., 1996, 1999; Nath et al., 1996), 2-77 F—/L' —DNA fIhifk
I, B MZBWTIFIE (Nath & Chung, 1994) . EifEk & LR (Nath et al., 1996) 3 LU0
etk (Chungetal, 1999) [ZHH SN TV D

2-TT I, ZUNTEOT X FKEBEICKIG L, BE LY VRV ERE 2-T7 T
F— Bl ZIE N-Q2,5-V AT N-3-RLI 34T Ra ey v ) Uk EE
Y%, 29 LIeARIE, 7Y 7N S Tuwv%  (Kawaguchi-Niida et al., 2006)
U NI ERES -7 T iE, B FOKEENTHMER STV 5S (Hirao & Takahashi,
2005) ,

7.2 A

— B, TAT e REIZ, RO 3 S5O FEFEREKKIC L - THREICHE S D (Brabec,
1993) :

1) DR ;

2) TILa—L~DiETT ; B O

3) INETFALIREDA LT E KUV (SH) k& DItk
TNTF—=NEANTNEZFF L EROR L, A TN K0 T2 FF ARG KD TR
SNDHPUSE, FERRFERED 1 DL R>TND,

2-T T —id, TAT b RBUKFEEESE CIEIRS L S 720y (Cederbaum & Dicker,
1982; Dicker & Cederbaum, 1984; Mitchell & Petersen, 1993)

In vivo TliX, 2-7 77— VO E FEFICIY., FIRNDO 7 V2 F 4 BENEADT 5

(Oguro et al., 1990), In vitro TiZ, 2—7?‘)‘~/V W, BRI A7 e RU VR X
NI NETFA L B, BIXROT 072N oERMEAERIC LY KIET 5 (Boyland &
Chasseaud, 1967; Gray & Barnsley, 1971; Witz et al., 1987, 1988), in vitro iR/ 5, 7 /L4 F
TN 22T T e TAET AL S-SR TR T = 7 —BMBERIC L A EE TR
% Z e Ee (Paletal, 2000), ZDZ &EDESITERSTZDIX, 2-T T F—/ K
TS (0.7 nmol/kg A 5 £ 53 mg/kg (REIZHY) #% 24 I TZ v MRPIZ, 3-B kR
X ATFNT RN AN T — Vi (EHED 6%~15%) (Figure 2), B XUV ED
2-DNVARFV-A-AFNVZF LU AN T Y — )VEEOFENHER S (Gray & Barnsley,
1971). 2 X, FAER 2-TF5F— LD _FEiEEG Bz, BFL LT~ A FUAINK
SR X AL 722 LaVRE 7 (Tillian et al, 1985) 2 & Th 2,
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Ho/\/Ls/\)OLOH
\[(NH

O

Figure 2: Structure of 3-hydroxy-1-methylpropylmercapturic
acid

3-b R Fo-1-AF /L7 )L A )k 77— gt HIEFREE 39 ADORPIZEBWT
%, Scherer HMMPAF L7 FIEIC L D BE I TS (2006) (9.2 Hiz[H),

7.3 ERBF

22T T ME TATE REREL A VT 4 TEHMENFET D720, IEFICKGME
DEWMEETH D, MlaFES T &S L, 2 o387 BAIESE 2 N —DNA 2464 %
B9 % (Kurtz & Lloyd, 2003), ffo> oB-REafifb&4 & FRkIZ, 2-77 F— 1%, DNA
IEZ BT 575, DNABEORRE L2V G5 R5HZH),

2-T T = NI EOT NS VEOMBENE, SE VB AV T A OEE R L
THER 2 FR LA b L ASRMEREE L CHIBSEA B S8 5 2 LT 2AEAEBN X T\ D,
INEFFBIOITNEFA L S-h T A7 2T —E e cRERED & WML, 7
N ) = VRO BIEEER N S RMICR#E SN TV Dby, L LRnb,
TNEFF DI LY ., Bix a0 BRELL ILR= &N, £LT
DNA OEBMHAHEESIC IV . AN FEIHE S5 (Cooper et al., 1987 ; Eisenbrand et al., 1995)
HEEL 72~ PR CIX. 72 aF 7 b a— iy 7L a— Ui K EEEEfREEEF I LV
2-TT T = A~EHI, ZOBRITIE, FLWT A ZFA e, Z NI E VR =
IbE K ORIRISED M 9 (Fontaine et al., 2002),

8. EERABILEME L Uin vitro HEBERADEE
8.1 H[EEE

27T ME, BMEEEAA TS (T b0 LDsy 200~300 mgkg (R 5 BA LCs
200~290 mg/m’ ; 7YX : #REZ LDsy 128~324 mg/kg AHE) (Table 12 ),
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BERABRERIZ, Ty PO~ T AL, PR RER AR E R LA & RSN D I8
9%mbt(Mmmmumn PBLSARICIE, RS, B L OWH, (D, AT, BT
DOFEIMSLH L & Vo 7o T A3ER D BTz (Skog, 1950; Kennedy & Graepel, 1991)

2-TTF—=NET v hROTTANE FRELZEZA, BlE, BLO&, B, BEOHEER
B, S DITITIRERSCRE N A U2 (Skog, 1950), #ARK G2 XV . 3 3 (TIRFHEZRAEIR A3
Bin7- (Skog, 1952),

Dalhamn & Rosengren (1971) 2LV, 2-7 77— /L OIER & Jiflild, K& X OHEETRED
FEIZRBNT, 77 LA VRKRVAT LT E RERBETHD ZENRAVWH SN, 7
T RTUTE ROMINIE, b X VIEFIZT/AIV, 5 mmol/L @ 2-7 7 F— 2k, 5
T=U M) OEEKEMEKICB W GREBEESEENEC (3% 77 A TR 1
5y) (Pettersson et al., 1982), In vitro T, bV YORE EREEESOLEMN, 25~35
mL/m’ (73~102 mg/m’) THEU (BE : 727 1 LA ; Guillerm et al., 1967) (10.1 fid
ZH),

Table 12: Data on LDs and LCs values of 2-butenal in various species.®

Dose (mg/kg body

Species Application weight) Effact Reference

Rat Oral 300 LDy Smyth & Carpenter (1944)

Rat Oral 206 LDy Vaoronin et al. (1882)

Mouse Oral 98 LDy Zhen et al. (1985)

Mouse Oral 104 LDisg Vaoronin et al. (1982)

Rat Intraperitoneal 70 LDisg Brabec (1993)

Rat Subcutaneous 140 LDisg Skog (1950)

Mouse Subcutaneous 160 LDy Skog (1950)

Cat Intravenous 3040 Lethal Skog (1952)

Rabbit Dermal 128-170 LD Brabec (1993)

Rabbit Dermal 324 LD=, Brabec (1993)

Guinea-pig Dermal ~25 LDisg Smyth & Carpenter (1944)

Guinea-pig Dermal 426-852 LDisg Brabec (1993)
Concentration

Species Application {m g.fma} Effect Reference

Rat 4-h inhalation 200 LCs Vaoronin et al. (1882)

Rat 4-h inhalation 247 LCs Rinehart (1967)

Rat 4-h inhalation 290 LCs Kennedy & Graepel (1991)

Rat 0.5-h inhalation 4000 LCs Skog (1950)

Mouse 2-h inhalation 1510 LCs Trofimov (1962)

Mouse 2-h inhalation 580 LCs Vaoronin et al. (1882)

LCg, median lethal concenfration; LDg, median lethal dose.
* From BUA (1993).

8.2 REtE S & UBRIEH

2-7 T F— L DSKERE I 2 R T AR BRI, YR T 50 mg/m’. X 2T 9 mg/m’ &4
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E N7z (Trofimov, 1962),

o,B-REFIT VT B ROFT, 2-7 T F—/UiF, ~ 7 ADOKGEITHR LT 22558 o #ilg Al
THY, 77 LA VRRFRVAT AT E REDIEADODLTDIZTHNET TH D, MR
50%F T SEHEEEIX, ~7 A T100 mgm® (BE : 778l A %23 mgm’, &L
AT VFE Ri 3.6 mg/m®) (Steinhagen & Barrow, 1984) THY . 7 v T 66.6 mg/m’

(Babiuk et al., 1985) &I TWD, Aaf7y L7 e ik, fafn7 /7 e KL IER
(ZHIBLMEAS TR Y (Schaper, 1993; Alarie et al., 1998),

In vivo T, E/LE v N IRMEROIUEIL, 116~146 mgm’ THEL S L E R ST
% (Guillerm et al., 1967) .

27T F—E VI XORICHEOREZG|I &I L7 (Smyth & Carpenter, 1944)23, ##
ML S TVZRL,

8.3 5EH - PHRE
8.3.1 HOKREZ

MEME 10 JC9°> D F344 7 » MT, 2-7 T F—/v%&, 2.5, 5. 10, 20, 40 mg/kg (K&E/H D A
BT, a—2 A NVEERE LT I3 BEBICh 0 EHRE N B S Lz (Wolfe et al., 1987),
VLAY B L7313, MRS, 5 mg/kg RE/A UL EOABICB W THEIZE ST,
ARERKE T, 40 mg/kg (KE/BREOREIZBW T, FHEREDOE LW 25RO bz, 20
mg/kg RE/H 3B KO 40 mg/kg KE/H OREREICINT, SIMRICE Y . 4i%bEWICBE L
ZAIREIFZE (RIEBORES L&) sElsshz, $RICEY 10 mgke AEH/A
BHOHTHE (RiE EROWBIAM) MBS L. 40 mg/ke AR/ H B TIIaHE O ALTTHE,
E. TEEOHEE, BIORMERIENBIZ ST, 20 mgke AHE/H & 40 mg/kg RHE/H
DR, X5 mg/kg RE/HOHETIX, SFEOBMERIENTE O b,

MERE 10 PE9°20D B6C3F1 ~ 7 AT, 2-7 7 F—/L%&, 2.5, 5, 10, 20, 40 mg/kg {KH/H D
HET, a—rAAVEFREE LT I3 EMICh ) imflRO#& S Lz (Wolfe et al., 1987),
R CRBRICEBIT A7 v M EFRRMIIZ, 2 TOUARKTIREETAEFL, IRk -T
VAL AW L - AR Z ISR b o T, BRICE 0, WA (B LEEO#
FER) 23, 40 mg/kg (RE/HEEOAICBIE ST,
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8.3.2 RALKEE

Ty RRY T RE 2T T F—~3 h AITbl-o CHEGERARESE-L 25, 1.2 mgm’
PLEDORETIX, BEEIDB I OMP~E 7 o B REDZE(A U7z (Voronin et al,
1982)

8.3.3  MIDIRFAEE

NMRI ¥ 7 AT, 2-7 7 F—/L% 75 mg/kg (KHE/H O & T 5 AMEREAEKRE L, £L T8
HHIZ 100 mgkg (KED 2-7 77—V &2BELZE A, MRS KOV 1 50 PR
ST, KE, WRER, MREEORD A5 SR S, RIBEIEEEMEZ R LT,
BYER, T RILEBKREERIEEAZE L& 2 A, BMMBEO S, 10 FEE%E
ICE—ZICE#E LT, REEFICRY, RAICZERPRTII R Ro T olcled, Hik
TNAT b RICHT 2 EEMIEN RSN, 77l A BLUELVAT LT E RIZOWT
b AR AE B NESNTWD (Warholm et al., 1984) ,

8.4 REREE & RMCAK

113 Iz > TIT b fok & 5B T, B F344 7 > b 23~27 DB B D A REC
LT, 1Yy Y7200, 42, HLIE420 mg D 2-7 77—/ (ZRZENH 0, 2.1,
BLO 1575 mg/kg RE/BIZFY) %85 L7- (Chung et al., 1986a), {KHERETIL, 27
VErf 9 VR IFRI IE IR A 2336 B L. 27 VCrp 2 PLIZiFfifaE s B2 sz, 2t 27
P, 23 PLid, ZRIFMEZ 2 L7, @sHERFTIE 23 L 10 Lo, AEHNE
DI F X O & ILFFH O RO IBE S EWAE Sz (BRI ME, BIREESE, HEHELE .,
AR, B X OEEMER) 25, Zh o0 Tl b AEEER AR X OEE
PERENEL BEINR o T2, ABFEOEY O 13 JETIE, ZEFMRESHER SN, =
DOND 1 Pz, EEETFRAENBIE S, JEE (F > b 23 ) T, EEERER
L OMMIRE O WT N HRBO IR o 7ons, 23 Pud 1 Uik, ZRIFMRELZ 2 L, it
Dlifs OISR AR, ALERE & SRR & CHREHZER T e o T2,

B6C3F1 #EAF a2 W2~ T AT v B A ICBNWT, 27T F— L ORNAMEERF L2, &
70, 1500, & L <1%3000 nmol ({kHE% 5 77 ALEL T, NN 0, 21, BIW
42 mg/kg KHE) Z, FHER 24 [Lo~T (2, 8 Hilnd 15 AERHICIERENTS L7z, 12
B A% OGS ARIL, WIS RBE CORER L B> T2 572 (von Tungeln et al.,
2002), LALZARAS, MMEZIT, A7 viA BT, BEBRIEEZIZMBIER L 2%
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T HWNAER DNA MIMEERDTUEZ BT 2 BN AMEWE 2 3 2120, RER |
SITHRWZ L ERIBL TS,

BALB/3T3 ~ v Affiffnz x4 & L7=. 0.00001~0.01 nL/mL DD 2-7“?‘7“%/1/\7{57%
TR & WO T AT B iR BR Tl TEERAMERE 2 L <S5 EET 51
57 o 7= (Hoechst AG, 1981a) .

8.5 HInEE & BEFEEE

2-7 T F— )L OB, JREICIFES N T WS, Table 13 & 14 ICEmET— 2% £
i,

8.5.1 In vitro

FAIF 7 AE (Salmonella typhimurium) TA98, TA100, TA1535, TA1537, TA1538, &
K OVBA9 Bk, X HIZKGE  (Escherichia coli) WP2 #% H\\ =7 L— MEIZBWT, 2-7
Tr—iE, RETEME (7> MIF S9 mix) OFECH DD LTIHERFEHETHS, LA
V¥ aN— g EEIKIC U BB TEUER  (modified liquid suspension test) TiX, 2-7
T iE, FAXIF T AE TA100, TA104, 3L BA9 HRIZEW T, FMRPEENEMED
HEEZp b b3, ARFEMETH 72 (BUA, 1993; IARC, 1995)

2-7 7 —ik, REHEMEZ LT, KIBE PQ37 & PQ243 T?® SOS 7 =ET A MIEBWT,
BRIFMEZ /R E 723> 72 (Ederetal, 1992), LWL 6, =% /) —/L% DMSO O )
WL L CTER L2 2 A, 2277 — ik, B ToH -7 (Eder & Deininger,
2002), X AIF 7 A TA1535/pSK1002 TiE, &M LTV SOS KN bz

(Benamira & Marnett, 1992), 5 mg/plate £ TOREITIBVT, 2-7 7 F— ik, HZFERE

(Saccharomyces cerevisiae) D3 128\ T, AR HEMIZ 2 <5 & I R oTz

(Simmon et al., 1977), CHO filgicB D2 e RFH o F Lo I T = HRAKRKI RV NT
A7 =7 —1 (HGPRT) BI5FFE~DZERZFAEMIL, 1 mmol/L LUF O TIIM Sh
727/-o 7= (Foiles et al., 1990)

VX MRT H—TF AR pZ189 & 2-T T F— )V THEE LT L 2 A, RZERER (EIC
G:C BH), K&, A, BIOWN A7 ED DNA BENFI SR Sz, Y% s ¥ —
%, B b U o SERERBRRE NG GMO0621 ~PEEA SN b D TH D (Czerny et al., 1998),
b MRHEEFINICB N T T A3 R pMYI189 & AW ZRI0ORBR TIE, 2-7 T F—/Li,
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GC ZBEOEZDRLTWENIZBWT, LT GCTA F T A=V g aaARLE
(Kawanishi et al., 1998)

> MR AT (Kuchenmeister et al.,, 1998) B L ONE RGO T ~ MU B
‘I‘Hiﬂ/j (Golzeretal, 1996) IZBITFDHa Ay T wvEA T, 2-7 7 —NidBEETcH -7,

CHO Mz T, 2-7 7 F— it YRR X O A A2 iz 51 & 2 95
H13% % (Galloway et al., 1987), REH DNA Gk, 7~ MFMIEZ 2-7 75— & —
HICEELTYL, 5laEZ SN h -7 (Williams et al., 1989)

RBAEREZE L HD L invitro [ZBWT, 2-7 7 —uid, BEEEZRFEWETHY, L

— MEZ, ZOFHAZHBSE L2013 L Tunvien s kﬁvrémfw CHO MifizF %

Yt KB (Galloway et al., 1987), /IMZiRER, B E O b r A 7HRREAEEHZ K 5 /M&
787 (Dittberner et al., 1995) T, 2-7 7 T — v OBEEEEHA DB R I N,

8.5.2 In vivo

-7 TS =X, CD-1 ¥~V A~AYE Z 3 X F 7 A TAL00 OFRAREST & RIS O
5T 500E ERERBRICBNT, BIERBEEZ R L7= (Hoechst AG, 1981b),

¥ A i avya vz (Drosophila melanogaster) (2 & 2 FEESPEESERER Tl 2-7 T
TV DOEFIZ LY HYEBIEZEIRIS I L FE A ERE N5 S 47223, 4000 pg/L % 3 HIFHG
fHEE G LT A11E, BEEEERIIA b2 572 (Woodruff et al., 1985),

MERENMRI ~ 7 A~ 2-7 7 F— L% 0.8, 8, 380 mgkg KEDHE TR AKE L2
B/ MR BRTIL, BfEICRMETH > 7= (Hoechst AG, 1980b), Z 6D HAETIL, HlE
MITBIE SN o Tz, #REWM OIREZLIL, 2-7 T F— IV TCITBE 2 T o Tz,

<~ ATI, 2-7 T F— L DEE Pﬁ&“@%ﬁﬁﬂ%kf@fxmﬂﬁﬁ AN S D Ak NE
BT DY ERIEE, S OITiE, MM, M, S8R & Vo 7R
E’Jiﬁ/ﬁ@i’\}”ﬁ% BLOK BN %%ﬁéﬂ@fé LR ENTZ (Moutschen-Dahmen et
al., 1975, 1976) (8.6 i L UF Table 14 H S /),

8.5.3 DNA fim&

TAXTT vy (dG) ~OERMIMKIL, 27T F— A EiEZTru LAy (like
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b o B-REIFNT LT B R) & DNA & ORISZICHI S 72 (Chung & Hecht, 1983; Chunget
al., 1984), dG DG 2ALE DT I U EAOHIINED 7T VT v REPBERRILT 5 Z L1,
T hrE—0HIZ# > TV 5 (Marnett, 1988; Sako et al., 2002) ,

2-7 7 F—/Ui&, invitro TDNA R LG L, VT AT L A~w—1E8-BE Fafxi-6-2AF
JU-IN-PAG FHINAZTERR T % (Figure 3), AKERHL & A FLIOREAIL, T A 72X
(94%) THVY, TV EHLHIPT AT LA~—DRIL,. > XThbb, £7-. 2-77F
—/UE, N7 £721% C8 L DFRUSIZ LY dG FE~DMIMAZ BT 5, Z 5 L7zBRAHm
i, ATFHE KBREN XM EEDHEL A7 XMEEDHIELHY . DNA NTIX
RLET, AR Y A8 4 T 5 (Eder & Hoffman, 1992; Marnett, 1994) .

fthd> DNA AL, B OFERKIZE VIR EIND, ZORKETIX, KoT0 2-77
F = ~DFIMZ E V ERET D 3-8 a7 X5 —/L3 DNA EGL., vy ZHRIET
bHnH N-3-t Frxs 7 X104 VF) dG 2R LT, Thhirb IN-Tass ) —2 —F
AX2 7T 7 vr (PAG) 12720, EBIT, HEO N-RF F—AdG T AT LA~ =7
JERL &1 5  (Hecht et al., 2001, 2002; Sako et al., 2002) ,

Btk 1,N*-PAG AL, B4 T o invitro T, {74l (Chung et al., 1984; Golzer et
al., 1996; Budiawan & Eder, 2000; Hecht et al., 2001, 2002; Wang et al., 2001) . CHO #lAEk
AS52 (Foiles etal., 1990) . LUt ~ OFMUGRMES M (Wilson et al., 1991) (23 THH
ST,

BRI PAG MIINMAR HICH- L L7 PP-R A B F~ULEIC k0 29 LA in vivo T,
BE#E 2-7 7 F— )V CRFMICABL SN~ T ADORLZNIZEB W TR S 47z (Chung et
al., 1989), 1,N-PdG fHifks ., T v b OfFlE, Bhigs L OWicBs W TRl Sz (Eder et
al., 1999; Budiawan & Eder, 2000)

b honke (HRW) MfkTiE, 29 Lz 227 F F— A HkofE (IN-PdG ;2 2D
T AT VA=) 1L, FEMUER L U TR T 5.5 fER LT 8.8 fEDFE LN
R5Hi7- (Nath et al., 1998 ; Chung et al., 1999), [FERZR SRS, 727 1 LA HKD 1N
PdG TH A b7,
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Figure 3: Structure of 8-hydroxy-6-methy|-1,Nz-propano-2’-
deoxyguanosine

B 2-7 T F—AAIME (6-R-38 LT} 6-5-4 F LAk 8- R %221 N*-PdG) 122\ T, %
nNoxayx bR Z— |2 AL, COS-7 WFLEMAn CHM & THEMT L7, Stin H
(2006) 1%, b MAFEVERLEGE A MO Z W TRBEDOBIZE &2 F20i LT, J2IRZE SLARMTHS 5
. FLEEEOLEEN GT T ARXR—=29 0 THA EWD AT, Kawanishi H
(1998) DFER L —FH L T/,

t A MR 29 LIEAHIMEADR R Z 325 & A5 (Sako et al., 2003), 2-7 77—
Ui, DNA-Z R BARERI & U THERET D208, RV AT LT B RRT 7 m LA Fy
DxhJ11E 72 vy (Kuykendall & Bogdanffy, 1992; Kurtz & Lloyd, 2003) ,

8.6 45 - RESH

T ERE~DEE LT DRI NT, 0, 8, 16, L 32 ulkg K&E (0, 6.8, 13.7,
BLO272 ugkgRE ) D2-T77F =%, EOAALZX - T/ - v TR (BikBRH&E
BROWIEH- D~ R 5 8) ~HEREENEL Lz, v A&, QE% 1, 3, 5 HHE#%
Ry LTz, ALER% 1 EB X3 WTiLﬂZO@m%i(MkiUﬁZM&gW
) BHIBWT, BIOER 5 B CikmARBRICB O TOR, BTETOREE S
V2B U CREEH AR B 222 @lgg s v7e (Jha & Kumar, 2006), 24U X0, 2-77F
— IV NEFEARR AR L2 2 E DR ST, Lo Ly b, MifuEE 2 3N 2 72 DI
B KE TR O T — 2R H5 25N TWEholzb W) T, HIBICRENRS -T2
(MAK, 2007)

Q R~ Ak D 2-7 T F—/ (30 mgkg KE) OIEFENTES., %iUZ%Omﬂ
WMmMQWE)@L7TT%”A@%EW%K&5%%T§ K IR D 4= BERE LT
DGR ERE DAMC b. B R LR IRREA R E S vz (Moutschen-Dahmen
etal., 1975,1976), B %k;oﬁxﬁﬁﬁi’%b@x LN THELT, KR T —ZIXRERTH -
Teh, RNTY 2-7 T T B EFERIRA~BET S 2 R Sz (MAK, 2007),
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8.7 RESMN

ZANADEICEHEEND 13 FEOTFWEIZONT, v TR Y /S EROAEALF - PEIEREIZ ST
T 552 % in vitro THEM L7z (Poirier et al., 2002), ZDOW, ap-Rfadfi7 /L7t FTHD
TrualLA e 27T =i, THIE B MO ALE L2720 T, AEIFRE
L. S0%PREREE (ICs) fEIX. TN2H 270 x 10° mol/L & 4.26 x 10° mol/L TH
ST, TERTATE RRTFAT AT R L, Mo imlfE R 2 7 & e
STy ZHRIEK L, RILVLTIATFTe RETa 4o 70T i, #lREFERAERR T
ISR EEEH 2 5 & 2 S o 7223, T AAESC B MIAE O H5il & FLE L 7=,

Lambert © (2005) 2LV, 7Z7ualb A& 2277 F— L, A NaA VEAICRT S
RWEME T, A 77— A% 2 (IL-2) ZFEL, ICs &, £NEI 3 umol/L & 6
umol/L TH VY, fafi7 LT b REFBHThHs BI2E7 ' b7 0T ik IL-2 FEAL
ZHEFE Lo T0) Z PRI N,

8.8 mRESEY

Z RN TEREG 2-T7 T T A IR D R R EUARZ VT IRBEERNO & N7 B
B 2-7 T TV SRERIGHIRRES . T oA~ —RIERAE  (RER]) B TIE, RHRE X
DEZNWZ LBRENT, TN, v —BERANERE TIX, ¥ o "V ERES 2-7 77—
FPEIENEIL, BABELOROGMET A hat A MBI 77 U TIZRIE L., FRHHE
M HAATE LTS, ARl AR s 2 O R IFURRAE IR AR 12 35V T, 18 Y FTRE 72 2355
T%oto5/ﬂﬁ Biba 2277 = RIS, Z U RTERET 7 n LA T
DHPEIEMEIL, BICHRMAICREL TRV, 7 U THIRWNIZIZIZE A ERD b o
7= (Kawaguchi-Niida et al., 2006) ,

Q. E rADEE
9.1 RE4EA

P 0.5 mg/m® D 2-7 T F—/b (1 /5RgE) 13, K (& ~OIR & RRER) ~Ofl
WD EHESN TS (Trofimov, 1962), 12 mg/m’® @ 2-7F F—/L~D 15 5y DIRFE T
. B & EKE~OREMEN R, 30 B CEBEICHIEZ & Z L7z (Sim & Pattle,
1957), L7» L7236, Rinehart (1967) O Tik, [ CHEEHIH O 44 mg/m® D 2-7' 7 F
— I, BLLIEH D0, BIBTEAVIZETIZAVRR L LTRM S, fsrtx
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BN ST & ENTWS, 131 mgm® OFEFETIE, 30 5LIRIC, BERRPRIEED S,
ATt LTl 2 5 2. 72, Amoore & Hautala (1983) (%, Katz & Talbert (1930) D
ZIALT, RAMIMEE 035 mgm’ & L, SER~OHEBEEZhE 41 mgm’ & 55
mg/m’® & L7z,

2-T T — )V ~DREERFIC LD AEEED 8 JEFINME STV AN, REMRENIAZ
ENTWiehotz, 48 IR T4k L7 (McLaughlin, 1946),

HEOIZE (KEBIEFICRTE) THKEPE L TV D8k% Z2F OB 600 N & x5,
2-77F = (15%) &7V VNGRS U UL 4%) REKEREHWVTZ Sy F7 A R
EE LT, AEICEY, TAI =0 L8y FREEC— KA A Uz, RSO,
WA O & IXEEIR TH o 7= (Coenraads et al., 1975)

Bainova & Madzhunov (1984) 2LV, fEE A~ORJEIEZ 5| k27, Ml o 2-
TT VIR, 24 REE O B EHELTIL 0.12% THh D Z E R A S vz,

9.2 BUEDFE

WAL E . NIRERRE R L2 NS Y5 Z ENM B TWDS (Morrow et al., 1995), WNIAME
EELEIBC ARSI, -7 T F— AT a4 UREFE B EEN TS (Nath et al.,
1996)

FEABEE 39 NExG e LIESRARREICRN T, BEREL e —AT 87— 7
ANE—fFEE AN TF Yy a— VT g NE—FEEZNRNaOEELR LT, Trya—LT
AN —EZ N TB WS TWZMEE T, 2-7 77— AR#WTH D 3-8 FrFi-1-
AFNT O LA T T —LERICEI LT, 1| BY70 23733 1| A47-0 oRFHE
MENFEHTEHELLWO L, 2O X, 2-T T F— A ~ORENMREIZ/R -T2 &K
ML Cu 5 (Schereretal., 2006; 4234 HiB L V72 Hib &2 H),

9.3 NABEBYY XYY HHE

HRA Y RELMEICBWC, -7 7 F— A2 atefix REEOT VT b R EEmReT v
a— LA ORI 20 FLLEREE L CE 038 150 AxFie, TAT e RAEET
LR 220 N&EXGUT, 1967~1972 42T TR AFRIERNHAE S 7 (Bittersohl,
1975), BEEE L7277 VT v MEEMPIEFEEOH -2 &, EBERANMEE Th -7
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ZEMDL, 2-T T =V EEOFENAMEICEI L T, RREN IR S O N T,
BT, BT —41T. BUT, TAT e RIRFRICEARRDPAMZIMTII2TH E
DIZEMEZR B D TH o7 (IARC, 1995),

10. ERESLIVBARAROEY~DZE
10.1  JKAERE

Table 15 (21X, —HOWEY % G Te/KAELEM~D 2-7 T F— L OREZE LT, A%
T—HEFE LD,

-7 T =X, 7T HE (Pseudomonas putida) PNIZH W CTHIEESE (N1 A~ AFEH)
FREZFI &R Z L, 16 BffE ECofilfix. 16 mg/L (4 HEEME) X104 mgL (ERIEE)
Tdho7- (Trénel & Kiihn, 1982),

#%E M (Paramecium caudatum) TiX, 2-7 7 F—/L® 48 Il LCsofEIX. 20 mg/L TH Y |
727 F ) 7=V (Actinosphaerium) J& Ti%, 30 HFRE] LCsofiiX. 15 mg/L UL ETH -7

(Gottschaldt, 1970) . HMIALEEFEBHE ICBI 3 5 48 WffH] ECyo 1%, #EE # (Chilomonas
paramaecium Ehrenberg) Tld 2.3 mg/L Td 7= (Bringmann et al., 1982),

-7 X )= KDk (A ZE : Scenedesmus quadricauda) o #EHESE L E B9 5
FPERIME (3% - ECy) X, 1.4 mg/L (% BIEE) BXLO 08 mgL (GEHIEE) <
&7 (Trénel & Kiihn, 1982), #OKMERIH (FRIIARFFE) TIX, 96 HffH] ECso %, 0.88
mg/L KifiiChotze (A —AF~vr - aXy sk, 1990), WEe (KFUV=Z - ©4 77—
% : Dunaliella bioculata) #xt5:& L7z 7 HEIZH7- 57 BR TiX, 10 mg/L TIEAAEHFHEIX
263, —H 1 mg/L CIIEIIAE I o7 (Izard & Testa, 1968)

IV a (A I Y 2 Daphnia magna) Tl EEMHNENCEEIT S 2-7 7 F— L 24 B
il ECso M IX, 3.4 mg/L (Trénel & Kiihn, 1982) T®H V. 48 FEfli] ECso fEiL, 2.0 mg/L &
WESNEZ (A—A b~y aXy stk 1990), 2=t (Gammarus fasciatus) €4
FHEE M 2T R (96 FFRIEUER) TIE. LCs X 2.6 mg/L TH Y, NOEC (%, 1.1
mg/L & FFE STz,
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Table 15: Toxicity of 2-butenal to aquatic biota.

Organism

End-point

Concentration (mg/l) Conditions/iremarks

Reference

Algae
Pseudomonas putida

Green alga
(Scenedesmus
quadricauda)

Freshwater alga (no
further details)

Marine alga (Dunaliela
bioculata)

Marine alga (D. bioculata)

Saprophytic flagellate
protozoa (Chilomonas
paramasciunm)

Invertebrates

Water flea (Daphnia
magna)

Water flea (D. magna)

Water flea (D. magna)

Amphipod (Gammarus
fasciatus)

Vertebrates

Fathead minnow
(Pimephales promelas)

Fathead minnow (P.
promelas)

Rainbow trout
(Oncorhynchus mykiss)

Bluegill sunfish (Lepomis
macrochiris)

Tidewater silversides
(Menidia berylina)

Guppy (Poecilia
reticulata)

16-h ECyq (population
growth)

B-day EC; (cell
reproduction)

96-h ECsq (population
growth)

ECq (immohilization)

Effective threshold
concentration
(population growth)

48-h ECyq (population
growth)

24-h ECsq

{immobiliz ation)

48-h ECsq

NOEC (immobilization)
28-day ECsq (lethality,
immobilization,
repraduction)

96-h LCyy

NOEC

96-h LCs

Early life stage
experiment (length of
young fish), 33 days

LOEC
NOEC
MATC

96-h LCs

NOEC (for both lethal
and sublethal effects)

96-h LCs

95-h LCs

14-day LCs

16 (nominal)
10.4 {measured)
1.4 (nominal)
0.8 (measured)

<0.88

75 (nominal)

10 {nominal)

2.3

3.8 (nominal)
3.4 (measured)
20

081

=15 (nominal)

286
1.1

0.84 (nominal)

0.22
0.1

=01 and <0.22
(measured)

0.71
0.25 (nominal)

3.5 (nominal)

1.3 (nominal)

0.58 (nominal)

26-28 °C; 90 min

25-28°C, 7 days

Increases in toxicity
shown in combination
with other aldehydes

Flow-through TSCA
Test Standard No, 787-
1330

Flow-through

Flow-through

Flow-through, TSCA
Test Standard No, 797-
1800

Flow-through

Static test, no aeration
in the first 24 h; after
that, low aeration; 23 °C
Static test with
cortinuous aeration at
2°C

Semi-static

Trénel & Kihn (1982)

Trénel & Kahn (1982)

Eastman Kodak Company
(1990)
lzard & Testa (1968)

lzard & Testa (1968)

Bringmann et al. (1982)

Trénel & Kihn (1882)

Eastman Kodak Company
(1980)

Eastman Kodak Company
(1983)

Eastman Kodak Company
(1990)

Eastman Kodak Company
(1980)

Eastman Kodak Company
(1983)

Eastman Kodak Company
(1890)

Dawson et al. (1977)

Dawson et al. (1877)

Deneer et al. (1988)

EC, effective concentration; LC, lethal concentration; LOEC, lowest-observed-effect concentration, MATC, maximum acceptable

taxicant concentration; NOEC, no-observed-efiect concertration, TSCA, Toxic Substances Control Act.

77 v b~y K3 /— (Pimephales promelas) & X % #1415 B Pt ikl (FEAD LR
ZRHE) Tk, AREICET S NOEC (. 0.11 mg/lL Thotz (f—Ab~r -« aX v i,
1993), HFEDOHIATIL, 96 FFEIRMEEMEA H LCso 13, 0.65~3.5 mg/L & 4L, 96 Kiftl
NOEC fl & LT 025 mg/L & 0.27 mg/L 3#E ST % (Table 15 ), -1k R H
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fERMRBRTIX, 7 v v — (Poecilia reticulata) @ 14 H#4 B LCso 7Y 0.56 mg/L &K
¥ Bz (Deneer et al., 1988),

N 7 OMEER SRR & L THW T, BT VT e MeawmERBRLI-EZ2A, &b
SRR EEEBIHERA 2R LDk, RAVLAT AT e R, 77l A2 LT 2277 —
)V CH->7= (Wynder et al., 1965)

10.2 EAIRIE
Table 16 1213, 2-7 T F— L DOEAEAEY~DEFNEE F & DT,

INELREZLGHD 2-TTF—N~RE LT L A, EWRRFER T D Z&E RN
WD B, ECso 1% 80 mg/m’ LI ETHh -7, THhHDOEFERIT, SmEHME 0K 5 [
S & o7 (Lyretal., 1983),

-7 T =X, mERY (Bl AITNESLKRE) IR L TEE S D, KHIZL DIRET
IX. 24 B ECso 1%, 385 mg/m’ Tholz (LB, tholimfE (v A, b~k ¥=
7Y, RI=T) L, EVEZEREWERE SN THD D, FEMRImEITA STV
VN (Lyretal, 1983), 10 HEsDOA— h AXOHEB LIR30 HEOT VT 7 v 7 7, = H A
T TFUH AL R LY UORNEWE 2.9 mgm® DIEED 2-7 T F—VITRESETH,
O LRI L bHkE (R, IRHEFHICO 285, BT, Ak, B, /ML
DFAIR E) H% T 72h - 7= (Haagen-Smit et al., 1952), L ¥ ADOFE -3 IFEREICE 5 3
H ECso 1%, FEREFHIICIH VTR 24 mg/L TH - 7= (Reynolds, 1977),

a A A VRE R oS f[Limonius (Pheletes) californicus Mann] %% FHC 5 BFEBREE S
7= & 2 A, LCoff1E 450 mg/m®, LCgofifiiZ. 1100 mg/m’ & 3K H417~ (Lehman, 1933), 3
a7V a ROl ShhE 2 BRI OMEAMEFICH Lz & 2 A, LCs fEIX, 10000 mg/m’
U ETHo7- (Woodruff et al., 1985),

VSOOI A O F F WA, FEFE L7 (BUA, 1993 OfE & b3 nIc 72 %), Lyr
& Banasiak (1983), Lyr etal. (1983), ¥5 X U Banasiak et al. (1984) @ 3 DD JF SCHK Tl
HALRAFHIEL TV D,
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11, &
111 BE~OREETE
1111 AEBOEEELFERLEF

-7 TS —Nid, HERLEMFWE TH D, MO ANBHRAERLEL LTI, tho7 7 e
MEaW & FER, BEIEOPER AT AR NaDRERld s, Leh>T, 2-7 77—
T, KRN D & ZAITHFET DREF WA TH 5,

-7 7= i, IRERBRILOBE T, NAERIZERSIND, 2-7T T —1AD¥ 78
F LT DNA AT, #8T v FB L O~ 20k (. IThE. Ih, B, R
i) 1FIERTICBWT, WANICH, £/, 227 7T — L ~OARMER 5% LR S
NTCW5, DNA MIEIE, & b ORI bR Sz,

2-TTF—NOEMEEEO ) RV EITA D700, B hOT—XTIFEALERY, 2-
TTF—, EE, RiE. REFELREZSIESEZF, v FTIE, IBRREOREIC
Mﬁ@%m?wﬁk&i\QSmynt%méﬂfwé(Hﬁmml%ﬂo%ﬁ¢%K%T
LEMEITRVD 2B E L L KMEAEMORERENIRR L Bbh D, £ 0@l EK
CHBLMEIZ L0 . 2- T T F— L ~DIRENFHIEES N TWAD L Ebi b,

2-T T = VBT D+t BT — X 130,

FEBREWICEAT 27— I LA LERN, 2-T7 T —id, AR A L. KE. K.
IR 2 LR IE 2 5 & 2 27

-7 T F—A~OEH, P, RYIOWABREICEL T, WIIUCOWT LA A 223
AR T — 2 13720,

13 JEE OREIRE 0GR TiX, 7 v FOMEREE 12 5 mg/kg RE/HOHREIZBWNT, b
BB L7 R BB ST, 40 mg/kg RE/H OFEORETIX, ARBR& TR LSRR
L <A LTz, 20 mgkg RE/H OBEORE, 3 LT 40 mg/kg IR/ H OFEDOHEIC

LA Lz, HIRIC X 2 WIS ZE (RFIBEOIEE S L < I3#EH) 28l S, 10
mg/kg KE/HOZ v FOEH TIE, HBRICEVIHZE (FIH LEROWFR) MHBE I, 40
mg/kg RE/H T, BiEAITE, BF. PEEOEE, BIOBHERIENHER I,
20 mg/kg AREE/H ORER LTS mg/kg RE/H UL EOMETIX, SIEOR2MERIENSHER I,
L L223 e, [WUHE - I CRER Lo~ v AT, #ilE S Hbawic %th%t%
FIRRIC X 2 IR AR D b o Tz, SR TIE, WA (ATH LEOBER) 23,
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=it (40mgkg KE/H) TOHBILZE I (Wolfeetal., 1987),

Table 16: Toxicity of 2-butenal to terrestrial organisms.

Organism Expesure conditions End-point Concentration® Reference
Fungi
Tree-inhabiting, wood- 72 hin closed glass Reduction of radial growth Lyr etal, (1983)
destraying fungus containers at 25 °C R
(Trametes versicolor) ECx 6.4 mg/m .
ECas 174 mg/m
Soil fungus (Fythium 24 h i_n closed glass ECs 14.0 mgfma‘ Lyr etal. (1983)
sp.) containers at 25 °C ECas 73 mg!ma‘
Soil fungus 24 hin closed glass ECs 3.8 mg/m™ Lyr etal, (1983)
(Rhizoctonia solar) containers at 26 °C ECus 16.3 mgim™
Wheat rust (Puccinia  Wheat seedlings infected  Inhibitory effects Lyr & Banasiak (1983); Lyr
friticina) with spores and then EN et al, (1983); Banasiak et al,
exposed 24 h at 25 °C; ECw 80 mg/m (1984)
spores counted after 10—
12 days
Barley rust (Erysiphe ECs 80 mgs’ma‘ Lyr & Banasiak (1983); Lyr
graminis) et al, (1983), Banasiak et al
(1984)
Fusarnium On 2% malt agar, 6 days  Growth inhibition, LOEC =400 mgl McGowan etal, (1948)
graminaarum
Penicilivm digitaturn - On 2% malt agar; 6 days  Growth inhibition, LOEC 2400 mg/l McGowan et al, (1948)
Botrytis alli In synthetic nutrient Inhibition of spore 2500 mg/l McGowan et al, (1548)

Monilinia fructicola

Plants

Oat seedlings; alfalfa,
endive, sugar baet,
spinach plants

Wheat seedlings

Barley seedlings

Lactuca sativa
(dicotyledon)

Invertebrates

Fruit fly (Dacus
daorsalis)

Eggs (23-25 h old)
Third-instar larvae
Fruit fiy (male)

(Drosophila
melanogaster)

Wireworm larvae
[Limanius (Pheletes)
calfornicus Mann)]

Agar culture medium, 4-
5 days at 25 °C

5 hin fumigation
chamber

Seedlings were sprayed
with 1 ml solution

Seedlings were sprayed
with 1 ml salution

3-day exposure; 30 °C;
0.5% agar

48 h after 2-h exposure
to eggs and larvae

24 h after injection
72 h after feeding

After 10-day observation
period

germination, LOEC

Hyphen growth and
reproduction

Leaf damage, NOEC

Number of dead or
severely damaged leaves
ar plants

LGCso

Number of dead or
severely damaged leaves
or plants

LCsa
Inhibition of germination
ECs

2-h LCsp

Impairment of fertility
Sterility rate 4%
Sterility rate 0%
Lethality

5-h LGy

5-h LCsq

5-h LCio

No effect at 100 and
400 mal

No effect at 2.9
mg/m

405 mg/m™

385 mg/m™

241 mgA

8500 mg/m®
5500 mg/m’

3500 mgyl
4000 mg/!

450 mgim®
740 mgim?
1100 mgim®

Haorsfall & Rich (1955)

Haagen-Smit et al. (1952)

Lyr & Banasiak (1983); Lyr
et al. (1983); Banasiak et al,
(1984)

Lyr & Banasiak (1983); Lyr
et al, (1983), Banasiak et al,
(1984)

Reynolds (1877)

Hinman (1954)

Woodruff et al. (1985)

Lehman (1933)
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Table 16 (Contd)

Organism Exposure conditions End-point Concentration® Reference
Vertebrates
Developing chicken One injection of 2- Teratogenic effects; n = =1.75 pglembryo Abramaovici & Rachmuth-
embryo (crass hutenal in olive oil on 3rd 383 (lowest dose fested) Roizman (1983)
between White day of embryonal
Leghom and Red development;
Rhode Island) reincubation until 12th
day

EC, effective conceniration; LC, lethal concentration; LOEC, lowest-observed-effect concentration; NOEC, no-observed-effect
conceniration.

# Concentrations marked with an asterisk (*) have been taken or recalculated from the original (differ slightly from figures given in BUA,
1953). In the onginals, the units used are coniradictory between the three publications.

T v hD 22TTF—N~OEMROFEEICEBN T, FEECHEROFHRENHRE ST
%o 42 mg/L OIRED 2-7 7 F— L ORMEPOKEE (113 ) 2k v, 27 Pir 9 PLiZZ 5
FFAEAREL, 38 L O 2 PLICFMIE S FE ST, 20 10 5O & Tik, 23 P 10 LIz,
HEED D BEOFEENR OGN, Z4D OMEETIX, AEEER 2 OIS e 241X
OB T, ABEOKEY O 13 TLIZRFMREEZRRE L, 20250 1 PLE
HESE i 25 & 388 L 7= (Chung et al., 1986a)

2-7 T = iE, FERICISEOEWMEEmTH Y . MilaE ST E RIS L, X 8T B
AL A > —DNA MZGEEZ KT 2N 26T 5, 2-7 7T —/ME, o o p-AREafn
L&Y L FEARIZ, in vivo 3 X OVin vitro T DNA MK Z BT 2 e 2B+ 5725, DNA
BEDIRK & 720155,

11.1.2 2-FFF—IDHFEEERTEE

RIVLT LT RReTZ7ualb A o REMOT LT MMEEMmE R 2-7FF— il
THT—=HN=RE, T TR,

FEEREN) T OME— DIEN AMERBRIII RSN H o772 (11.1.4 EER), 2-7 77—,
invitro 3 X Winvivo I2B W T, #Elnmlt, RS KOAERREFHBEND 5,

TrwaLA T, 22T T EFERR aB-AREFT LT E RTH Y FEFITRIGHEA E
bEMThHo, 77 m A OFEITIZ, EREWORKIE TOIEGIEFERIL, FFARE
DB KAREH B2 Bz (IPCS, 2002), ~ 7 ADKGEICH LT, 2-7 T F—/L
X, 778 LA 0BV AT VT e RED DT TR TS D> 7253 (Steinhagen &
Barrow, 1984) . K&k EEBIHLEICET 5 invito B T, Z2h 67Tk RERETH
-7z (Dalhamn & Rosengren, 1971), FEE~DORIPLIEE R THRIKEE X, B MMIOWTO05
mg/m’ & HE S ZAY (Trofimov, 1962), LORERTIZ, Zh &V EWERELA TS,
b, ATHWT =2 ThO, A—8ux, ot LOMENRK TH 5 /R H 5,
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LU S, 2277 F— LICB L Tk, [RUBIZOW T OMBFREZNRBR T — 21356
Nighotz, TOMOARREHRAKBRT — 213G TR 51, Tl - RHIWAGKER
T—2 H &L ELILTVRL,

L7eoT, BHEHTELDT =B ARLTWDTeH, B N TO 2-7 7 F— LD EMEZ )
WZRHi U720, SFRREZEH LV T2 LEATRETH S,

11.1.3 Y2 FEmH

Z ORI R ERPNE, T TICTRIEFHEE LTS Z &0, EXLE K
TT e R~OREEE, ARG F TR T IRENTH 5.

2-T T uiE, WAERIZER S, BMTICHEFEET D, o 2-7 7= E LT,
Bl QPR AT ALK NaDER ERH Y, Lo TRILAEWIZ, KKH, & ICHE A @IT
LTCWAHITfE, BIOMERE CRINEND, 2-7 7 — VRBEOHREMEIZ., bR T
DOFHETIIRART 1 pgm’, KREIGGEETE TR KT 10 pg/m® Tho7z, Z /32 0MEIC
LDBEREIT, BLH< 1000 5@\, Brx RRDUSIBIT D 2-7 7 T — /v O I B Bk
LT, F=2BWLONFELTEY , ®ESHL TV AKX, 32 mgm’ Tho
7= (6.1.1.3 M),

MEINDRETIE, 2277 T —E, BT REOIER Z ooty 7 e B (F] 2
XHBENVLT AT RRTEMNTATER) BEOARMT7TATE R (BIIX7 782 1LbA
V) EHICHFHELTWDIED, 227 T F— AL 5B LZRGTT 2 Z LI TER,
DFEY | 2-TT TN KDL, HEDRDOIZAD—IHIIBERNENI Z L THD

YU ADZETIE, 2-TTFF— I, T alb A R0 AT AT E RED b0l
WEN§E D o 723 KRB REEBIEICRT 2 in vitro RER CTIX. 2N BT AT B KL RS
Tholz, 2-7FF—/LiZ. in vitro B L Win vivo IZBW T, B, ZRIFMR X Oy
AR FHREN D 5, EREY TOME—DRNAMERBRICIIRHREN D HT-D, 20
HEIZOWTZFHIT 5 Z L IFAFRETH D,

AT =2 B ARR L TWD D, YV AZFHIBl 2RI Z & IETERY, LMLRBL,

AARRTIAAET D 2-7 7 T— AV OREIE, @, RLVLAT AT e RRT 7L A DX
DT NVT B MEBWNTIA FERITEW,
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11.1.4 @BEADY I OFHHICH 1S THEFEM

-7 7 F—NVOFEMERDOY 27 FMCERLE hOT—ZIXF LA EHE LTV,
EEE A 2-7 7 T VICRE SR ARBROBREZBET 2L FELVMERD H720,
AW ~ORIEE LTET D h~ORBICBET 2MNAEH L < 2o TWdb, ZIH L7
FAEIZHN OGN OHEICBIT 22808, 25 LIEHERELS—~HRTHhD EEbh s,

EREY TOT — X HIFL A E/ LN TR, 2-T T F— I~ - FHf - BHIRA
BREE (ZB L CAMZRGEMIRA T RS 72 b, KRZ, 77 u b A » EDHBMERH D720,
SR bR SO D RN 5 R AL 35 1T 2 IR T AL & Sl A~ T MR B R 0 6 L 2-7 7
TV T DHERBEONDTHA D, HET v NEBHKT 2-7 7 F— L ~IGREE S
BRICAALE DRI D A2 R LTZFFHL AW oG o n=n, BB LIZHENRZ-72 2 o
THY ., LbEM L EREMED RNV ETH - 772 TSRS 02 ST A
B, HEREEEIIMR TE R o7,

2-7 7 F—/iE, DNA MK Z BT 2810 0 572, DNA BEDFRK L7220 155,
L2xL727235, DNA OHEGIZ, KIBED 2-7 7 F— L TREERESbDOEEZEZ BN,
EHIT, invivo TiE, RBED 2-7 7 F—/WI I N E F A Lo TEREND,

2-T T T A EFEMI~EET D 2 & 2RRT 2V ODOFELAE LT D,

11.2 B~ EEM
1121 FBEE

-7 T = E, RRPICHE SN GE, 20WEbFREEN O, XL Bt
BV, 2-T T T AWNKPEIIIEERIAFET D0 T —ZIXE LA ERW, 2-7 7
F— i, RERIC, GFRUIREES L OHRSKCIRIBIC B W TAEM D TH 5, AEWERMEC
B2 657 =213 Ty, L LRRL, 2-77F—/1® log Ky 73 0.63 T
bHZLmb, EMEREITRVWEEZ LD,

REHFTIE, B Fadr I UV ERG L TREIEAM S, £k bEEITE
VIR, HBRIE T AN A Y L ROG L TCH RSN D, EHED R X DRI
520, 227 T —E, KEF CRIGER Z SPTITHFE LT D 2 ERNEELWEE TH
Do, BRESOEBIIZGEEDPFHAICZ VTR TR b KEWE TIN5,

AKBTIL, 2-7 7 F—uid, e, KPESEE, WssE, P> = (Daphnia magna) 35 &
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OFFE ORI L THEERH D EMEINTWD, AEMEFMCET 2 BEERMAET —

A%, Table 17 IZF & BT,

Table 17: Key studies for hazard assessment in the aquatic
environment.

Value
Species End-point (mg) Reference
Vertebrates
Oncorhynchus  896-h LCg 0.65 Eastman
mykiss (mortality) Kodak
Company
(1990)
Eimephales 33-day NOEC 011 Eastman
promefas (embryo-larval Kodak
test: growth) Company
(1993)
Invertebrates
Daphnia 48-h ECq 2 Eastman
magna {immabilization) Kodak
Company
(1990)
28-day NOEC =15 Eastman
{chronic toxicity: Kodak
lethality, Company
immaobilization, (1993)
reproduction)
Algae
Scenedesmus  T-day EC; 08 Trénel & Kiihn
quadricauda {inhibition of cell (mea- (1982)
population sured)
growth)
Freshwater 896-h ECq =0.88 Eastman
algae (species  (inhibition of cell (nominal) Kodak
not given) population Company
growth) (1990)
Micro-
organisms
Pseudomonas  16-h ECyo 10.4 Trénel & Kiihn
putida {inhibition of cell (1982)
population
growth)

EC, effective concentration; LC, lethal concentration; NOEC, no-

obsenved-effect concentration.

KAEBRBICOWTIE, IR—$AERBRT — 2 57K NOEC % 0.11 mg/L & L, 3 B
DOFEIZEH L TENZENOEM NOEC 6D Z ENDRRREE LT 10 Z#HT 5 &,
T BB Y PNEC e = 11 pg/L & 725,

+HEIZ oW TIE, L& 2 (Lactuca sativa) @ 3 HfE] ECso @ 24.1 mg/L &\ 9 f (Reynold,
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1977) %, PNEC OEMIZFIHTHZ LN TE D, AHAHET XX 1| DLW\,
TR E 1000 & 3% & PNEC; =24 pg/L ThH D,

22T FF— TR EE A L, HORBRICE VT, £ 80 mg/m® L) ECsy RNEZ BT
W5, FEEIL, K8 TR ONERKE (ECso 13H9 400 mg/m®) LV H#9 5 HESZMEN
BMWZ SR D, TOMOMME (v A, b~ b, F2v U, XIT=7) TR0 ESMER
EWVEREINTWDN, FEMERIZG 26TV, 10 BHEFOA— M AFOEB LW
30 HESOT VT 7T 7, T BT T A, "LV UOEKHEZ 2.9 mg/m® O
WRED 2-7T 7 — /VIRHFEIETH, 29 Lo oiEixe 5 72> 7= (Haagen-
Smit et al., 1952), M (Lyr et al,, 1983) N AREETHH Z L5, 2.9 mg/m’ &9 E
%Z NOEC & L CTHAT %,

11.2.2 YX2FEmH

2-T T TV OEWTFRIRHEIL, ENR RO EYRIBERN THDL LV EEND . EX
ENLCBEBEINIEEEME SR LT HIE LT D, 2-T T T —LOKRKFREOHRSE
fllx, PR ACBITHRAETIE, HRT 1 pgm® THY ., KRKIGRET TlIHE AT 10
pg/m’ Th5 (6 HBM), NOEC # 2.9 mgm’ L §5 &, 2-7FF—/LVHMDZ 5 Li-E
ELDIE, W ~OEDPF SR SNDZ EEFETRENEGRNTHAH, LLRBL,
HESNDIBRE TR, AMeAWIT, LFMhomBEE (Flx1X 30 ) ofafai7 5 e R
BIZIE, FNVATATE RRTERNTATER) BIXORGEMT AT R (B2 XT7 2
nlAy) EHIFEET LD, 2-TTF— MK DEE L, BADIEDITAD—EHITE
72\, Bl % 1E, Haagen-Smit © D[R Uif# (1952) 2k D&, 777V 7 7 Ok
X, 233 ugm’ DT Za LA AT K B (BESREEEE) A LT,

KA DV 27 S Z i3 272D 72, KETD 2-7 7 F— VBT 57 —%
G LNRDoT,

11.2.3 BEADEEFTFMICH ]S THEMR

RAFIZBIT D 2-7 7T F— N Omta i ORM & 72 57— #1XZ L), Haagen-Smit &
(1952) 1%, 1 A& (29 mg/m’) TLMRBRL TWARWED, 2-7F F—/Ld) NOEC I3,
S DIZEWATEEMEDY S D, Lyr & Banasiak (1983), Lyr & (1983). 3 XU Banasiak ©
(1984) 1Tk 2/, RERIOMMOWWIZET 57 — 2%, £ b 3 DO THALA
BELLTWDZ L, BIOGEHEERREL TWD Z b, FEMENRRY, vavva
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/3 (Drosophila) BEL 2 A Y X AL DHHOBMEILRT —XDOHNHFHTH 1=,

12. tR2ROELEEO-ODOMAHLR OS5 5L (JIOMC) #EEHIZLdCh
x TOFE

2-TTF—=IVDENAMEICE LT, B b TOFUIAR TS TH D, 2-7T T FH—LDIFN A
PEIZE L €. EBREBY CTOIHUIAR T+ TH D, BRICA T, 2-7 7=, B b~
DRENAMEICE L TENEARETH D (F/v—73) (IARC, 1995),
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APPENDIX 1 — ACRONYMS AND
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2 4-dinitrophenylhydrazine

effective concentration for a 10% response
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Management of Chemicals
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n-octanoliwater partition coefficient
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median lethal dose

lowest-observed-effect concentration
metabaolic activation

(Commission for the) Investigation of Health Hazards
of Chemical Compounds in the Work Area

maximum acceptable toxicant concentration
mass spectrometry
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no-ohserved-effect concentration

not tested

propanc-2’-deoxyguanasine

particulate matter 2.5 pmin size or less
predicted no-effect concentration

parts per billion

9000 = g rat liver supernatant
International System of Units

Toxic Substances Control Act
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ultraviolet
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APPENDIX 2 — SOURCE DOCUMENTS

BUA (1993) Crotonaldehyde. GDCh-Advisory
Committee on Existing Chemicals of
Environmental Relevance (BUA), ed. Weinheim,
VCH, pp. 1-1132 (BUA Report 98) [English
translation published in 1994].

MAK (1981) 2-Butenal. In: Deutsche
Forschungsgemeinschaft (DFG), ed.
Gesundheitsschadliche Arbeitsstoffe.
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vom MAK-Werten. Weinheim, Wiley-VCH Verlag,
4 pp.

MAK (2007) 2-Butenal (crotonaldehyd). In:
Deutsche Forschungsgemeinschaft (DFG), ed.
Gesundheitsschadliche Arbeitsstoffe.
Toxikologisch-arbeitsmedizinische Begriindung
vom MAK-Werten. Weinheim, Wiley-VCH Verlag,
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For the BUA review process, the company that is in charge
of writing the report {usually the largest producer in Germany)
prepares a draft report using literature from an extensive
literature search as well as internal company studies, This draft
is subject to a peer review in several readings of a warking
group consisting of representatives from government agencies,
the scientific community, and industry.

The scientific documents of the German Commission for
the: Investigation of Health Hazards of Chemical Compounds in
the Work Area (MAK Commission) are based on critical
evaluations of the available toxicological and occupational
medical data from extensive literature searches and of well
documented industrial data. The evaluation documents involve a
critical examination of the quality of the database, indicating
inadeguacy or doubtful validity of data and identifying data gaps.
This critical evaluation and the classification of substances are
the result of an extensive discussion process by the members of
the Commission, proceeding from a draft documentation
prepared by members of the Commission, by ad hoc experts, or
by the Scientific Secretariat of the Commission. Scientific
expertise is guaranteed by the members of the Commission,
which consists of experts from the scientific community,
industry, and employer associations,
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APPENDIX 3 — CICAD PEER REVIEW

The draft CICAD on 2-butenal was sent for review to
institutions and organizations identified by IPCS after contact
with IPCS national Cortact Points and Participating Institutions,
as well as to identified experts. An open invitation to participate
in the peer review process was also published on the IPCS web
site. Comments were received from:

Dr R. Benson, Environmental Protection Agency, Denver,
CO, USA

Dr S, Bull, Chemical Hazards and Poisons Division, Health
Protection Agency, Chilton, United Kingdom

DrY. Chan, National Industrial Chemicals Notification and
Assessment Scheme, Sydney, Australia

Dr R. Chhabra, National Institute of Environmental Health
Sciences, Research Triangle Park, NC, USA

Dr E. Elovaara, Finnish Institute of Occupational Health,
Helsinki, Finland

Dr H. Gibh, Sciences International Inc., Alexandria, VA,
UsA

Dr R, Hertel, Federal Institute for Risk Assessment (BfR),
Berlin, Germarny

Mr P. Howe, Centre for Ecology and Hydrology, Manks
Wood, United Kingdom

DrJ. Stauber, CSIRO Centre for Environmental
Contaminants Research, Sydney, Australia

DrF. Sullivan, United Kingdom
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Helsinki, Finland
26-29 March 2007

Members

Dr A, Aitio, Finnish Institute of Occupational Health, Helsinki,
Firland

Professar H, Bouwman, School of Environmental Sciences and
Development, North-West University, Potchefstroom, South
Africa

Dr C. De Rosa, Agency for Toxic Substances and Disease
Registry, Atlanta, GA, USA

Dr 5. Devotta, National Environmental Engineering Research
Institute, Nagpur, India

Dr S. Dobson, Centre for Ecology and Hydrology, Monks Wood,
United Kingdam

Dr L. Fructengarten, Centro de Controle de Intaxicacoes de Sao
Paulo, Sao Paulo, Brazil

Dr H. Gibb, Sciences International inc., Alexandria, VA, USA

Dr R. Hertel, Federal Institute for Risk Assessment (BfR), Berlin,
Germany

Mr P, Howe, Centre for Ecology and Hydrology, Manks Wood,
United Kingdom

Dr 5. Keith, Agency for Toxic Substances and Disease Registry,
Atlanta, GA, USA

Dr J. Kielhorn, Fraunhofer Institute for Toxicology and
Experimental Medicine, Hanover, Germany

Ms M. E. Meek, Health Canada, Ottawa, Ontario, Canada

Dr T. Santanen, Finnish Institute of Occupational Health,
Helsinki, Finland

Dr B, Sonawane, Mational Center for Environmenrtal
Assessment, Office of Research and Development,
Environmental Protection Agency, Washington, DC, USA

Dr J, Stauber, CSIRO Centre for Environmental Contaminants
Research, Sydney, Australia

Dr M. Sweeney, Division of Surveillance, Hazard Evaluations &
Field Studies, National Institute for Occupational Safety and
Health, Cincinnati, OH, USA

Dr P. Watts, BIBRA Information Services Ltd, Sutton, United
Kingdom

Ms D. Willcocks, Australian Department of Health and Ageing,
Sydney, Australia

Dr K. Zieger-Skylakakis, Secretariat of the Commission for the
Investigation of Heatth Hazards of Chemical Compounds in the
Work Area (MAK Commission), Munich, Germany
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Secretariat

Dr J. Bartram, Assessing and Managing Environmental Risks to
Health, World Health Organization, Geneva, Switzerland

Mrs S, Marples, International Programme on Chemical Safety,
‘World Health Organization, Geneva, Switzerland

Ms L. Onyon, International Programme on Chemical Safety,
World Health Organization, Geneva, Switzerland

Mr M. Shibatsuji, International Programme on Chemical Safety,
Waorld Health Organization, Geneva, Switzerland
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CROTONALDEHYDE ICSC: 0241
June 2003

CAS # 4170-30-3 Propylene aldehyde

RTECS # GPS499000 2-Butenal

UN # 1143 beta-Methylacrolein

EC ANNEX 1 605-009-00-9 Methyl propenal

INDEX, # 224-030-0 C,HO / CH,CH=CHCHO

EC/EINECS # Molecular mass: 70.1

TYPES OF HAZARD / ACUTE HAZARDS / PREVENTION FIRST AID / FIRE FIGHTING

EXPOSURE SYMPTOMS

FIRE Highly flammable. Many MNO open flames, NO sparks, and Powder, alcohol-resistant foam,
reactions may cause fire or NO smoking. NO contact with water spray, carbon dicxide.
explosion. oxidants and incompatible

substances (see Chemical
Dangers).

EXPLOSION Vapour/air mixtures are explosive. Closed system, ventilation, In case of fire: keep drums, efc.,
explosion-proof electrical equipment | cool by spraying with water. Combat
and lighting. Do NOT use fire from a sheltered position.
compressed air for filing,
discharging, or handling.

EXPOSURE PREVENT GENERATION OF IN ALL CASES CONSULT A
MISTS! STRICT HYGIEME! DOCTOR!

Inhalation Burning sensation. Cough. Wentilation, local exhaust, or Fresh air, rest. Refer for medical
Laboured breathing. Shortness of breathing protection. attention. Half-upright position.
breath. Sore throat. Symptoms Actificial respiration may be needed.
may be delayed (see Notes).

Skin Redness. Buming sensation. Pain. Protective gloves. Protective Remove contaminated dothes.

clothing. Rinse skin with plenty of water or
shower. Refer for medical attertion.

Eyes Corrosive. Redness. Pain. Severe Face shield, or eye pratection in First rinse with plenty of water for
deep burns. combination with breathing saveral minutes (remove contact

protection. lenses if easily possible), then take
o a doctor.
Ingestion Burning sensation. Cough. Do not eat, drink, or smoke during Rinse mouth. Give one or two

Laboured breathing. Shortness of
breath. Sore throat, Symptoms
may be delayed (see Notes).

work. Wash hands before eating.

glasses of water to drink. Refer
for medical attention.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Evacuate danger areal Consultan expert! Chemical protection suit
including self-contained breathing apparatus. Ventilation. Remave all
ignition sources. Collect leaking and spilled liguid in sealable containers as
far as possible. Absorb remaining liquid in sand or inert absorbent and
remove to safe place. Do NOT absorb in saw-dust or other combustible
absorbents. Do NOT et this chemical enter the environment.

EU Classification
Symbol: F, T+, N

R: 11-24/25-26-37/38-41-48/22-50-68

S: 1/2-26-28-36/37/39-45-61
UN Classification

UN Hazard Class: 6.1

UN Subsidiary Risks: 3

UN Pack Group: |

EMERGENCY RESPONSE

STORAGE

Transport Emergency Card: TEC (R)-61GTF1-I

NFPA Code: H4; F3; R2;

Fireproof. Separated from food and feedstuffs.
See Chemical Dangers. Cool. Keep in the dark. Well closed. Store only if

stabilized.

IPCS
International
Programime on
Chemical Safety

Prepared in the cortext of cooperation between the International Programme
on Chemical Safety and the Commission of the European Communities

SEE IMPORTANT INFORMATION ON BACK
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