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E A2 E R CE (Concise International Chemical Assessment Document)

No.31 NN AFLENVLT I K (N,NDimethylformamide)

=2
http://www.nihs.go.jp/hse/cicad/full/jogen.html % Z R
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1. E K

NNV AF)HENL LT I FKIOMF)OAK CICAD (%, 7+ ZEABREREHSS L O 7
KB B A A ALY R S AN L C, b AR #7E(Canadian Environmental
Protection Act: CEPA)D T C, E4e{b 4 E 7 51 (Priority Substances Program)?—
B L L CRIFICIER SN ERHC S, CEPA IC&S ML RO B, —i%ER
B A~OMENRERICL S PORBER L OBRE~ORBELIMT L2 L1ChHD, 20
R CITR MR B ITIY B -T2, 1999 4F 9 A GREE~D ) F L 1Y 2000 4 2
A(k FORE~DEE)RE CICHR ST =N IDO L E2a— TR I TN5D, i
HEEOET L E 2 —0fill K OAFHIECET 2HRAZRMER 1187, & HIZIARC
(1999) & BUA(1994)D L bt =2 —H B EFT LTz, A CICAD OB 7 L b= —ICBT 51F#%
IR 2 127797, A CICAD (%, 2000456 A 26~29 HIZ7 4 T v RO~V U F T
Bl SN Mt E B S T, EEGHE & L TRR SN, REBRNEESOBINE 2§
fH&Eh 38 1R, IPCS 128D NNUAFNKRNLLT 2 NOEBICEWEL =H—
(ICSC 0457) (IPCS, 1999) & A CICAD (ZH5# ¥ 5.

NN-CAFLHRNL LT I F(CAS F 5 : 68-12-2)1%, AP TCREICHESINTWDEEH
IR T 5, DMF I3RS, A, mnAlE L THEZRTE RSN D, D IneT
SUBRNTAEADIKIETH D, KRIFE AL OFEERIE L 522 ICBf L, RKEIT
AR,

REp~gshs &, a7 DMF OKEDIERE T 3— b A2 MCE-E L,
B Raxv I U0 DL FERISIZE > THfREisd, KE~D DMF O #8972 B (1

ZAE, MOBRBEEAL S OB, K& H DMF O#EICHT 558/ Ev, Kafo
DMF (3 HMIC ol > Tigfb 221 5 LHEESNTWD, Ll s, KxH DMF
DO—EITBEZ L < BEROMICKET AR ~EECE 5, DMF [3KkFIziit Eh
D& EITHIRELTLEN MMOBRT AT 2 Z L1320, BRI ST 5HE



DMF O R/ E HENICE £ 2 (B2 5 < HERIBRKID A, £ ORICAEMFE L oYL=
BIRSIC L > THREN D, KEFLITEE~OEHIC, HBAEGE 722 AW 45 1R CE I
18~36 KN = 2 EHEE S b, DMF 283 FKIC BT 40X, DMF O8I0 g1 X

FEWTHASH, DMF OEHEENG LT, —KEROERZEDOAREIEIZEEL DO T
EQAN

B TOVETIERE SO DMF SRR S b Z & &, RRBREICE TS DMF @
NS, AT EICKRK T O DMF IC&BE SN s LTS, RKEAK, B £
JEAEAEM DD D DMF ~OFFEITIEEAERNEBZLNTND, ZOKL D7 AR
x| FRHHOKAELS KOLEAYICKT D DMF OFENMENZ &b, BIEY 27
HIEDER LD DI REAT O DMF ICHE#ERBE SNWLEEEYMTH D,

o, . EIIRARBEIZEL > T DMF 3RS EN S, DMF 20N 135
—ZoM L, EIFE TR S, IRTPGE & L CHspR IR S D, FHEAEH
PREEANZ NI A F VAL O KB G ENTEY . b MBXUEYW TOEERIRPRHY TH
5AHEFD%V%?»%N%?W$WAT:\MMMBﬁiﬁﬁéoHMMFi&_
AFNHRNVLET I RKINME) A~ T 5, I, NMF OFERER 72 N A FIVIEBRILIZ LY
N(e Fax 2F )AL AT I KHMP)ZEAEASHE, ZHIESHIZHELVAT I R~
i34 %, NMF REORIRE IR L INEOBRIETHY | FowmfL v MIBIT D RPR
WL L TCHERINTWDEN-TEFN-SF(WNVATFIVININEA V) AT A (AMCC) %
BT Do ROSPEF AN Z ORBECTHER SN DD, FOMEITIRIZRE S LTV
EHLA Y TT VAT V), EHEEMT 5 ERAGEIUIMER AL TWRWR, Z O
FAEE THEESNOIRBW THL LEbNDS, AFLEDST —FIE. & FOGAITERS
MOGEXV L, Aré THINIREKEIZE > TDMF MM sn2EERRENZ &%
ARLTWD, DMF &7 a—L O TORBHAERNFEL TEY . HoIli3ie S
NTORWR, Dl b b ZO—IT TV a— i kERZICHT 2HERMICELS L E
bbb,

FERENY) T ORERAE R & —E LT, JEFITRE I L OMRZERIC B S L H T ORI
HINHBAFTELT—XIL, g e MZEBiT 5 DMF BEOERESEE ThH T L aRL
TWb, WEBTa 7 7 A VIERBYCEEINT- 0L —HKL TR, flxiX, HHEkE
T TV UREE, IERHEEO LR T ARTX BT I ) N AT 2T —8
TIT=2VT ) N TVART 2T — B y IV EINENT AT FE—E TAHVIEA
7 7 & —8), MEMHEETREERS L ORI E O Z (RO, 7 v S —Hifao e
R, PohZERZEtt, VY Y —AEEER, ZREI Far U7, B L OBIHIEN A 2FE
ERED BB RO b TV 5,



AFLFDROENTET =228 D L WHERE T DMF Z#ICBR L T, R
OIS S N9 % &0 9 BifG ) O & 2 HEFRRFEUT /2 v, KD A DREGIHR A 1E = A
— b - JEFD RS CHERR S TUe v, DMF Z#RICBIfR LT, o B REALC D JEE;
DEIMT—EB L TRDO LTV,

Tk EREE T DMF (2885 S - ERICB T 2 BEEEIC VW T, DMF Lok &9
BB SNTAEE BB OMRERIZISETIET, BETHENOL HFHUTITEA LR
W, AFFEHRAE 2RI T o T8I Y — VT BRBEEHC —H L TR, LM LS,
MAESIEBERERF L LIFORBR CHEZBEAEO NI L 2B 25 L. ERRIC
B DB mECBE T D AT ARER T — X LT DIE L A ENEBETIES D48, Z OfEikiT
IBIERGE OAMEA B A 5,

DMF ([ZIHEWRMEFERH 0 | IR & FEICx L CIRE W LHFSEORIRMER S 5,
DMF OEIEMEICET 2T — X 3R SN o iz, BMER L ORE RS EERRICE Y
CT. DMF (3R HFHEEE T L, HIRREEIIREAECHRICEZEL =67, &
L L TE, mEERE R DR O, IFEEOHN, AT THRAIIZITHII LD
D MR R B 2 L, IETITER O LR AL T oD, Ty FEY T AT
WMARCKEARBZEIZ LD N OREITK LT, HERCBEFEPFEDOLILTNS, ZibD
B KRIT DI E OFEENRD DAL, BEDIRMIZ~ T A > Ty b > $LdroTnD,

HENAMEDT —F X=X T v h &~ T A THEYNATONTZ 240 4T v AR
5N TW525, DMF (263 2 R A G & 2GR AOHERKITA 5N TR, in
vitro iR C O IRFHFADOMIZE, FRCBIn FRRERDOGAER invivo TO b - LIRBTZT
—HR=2ZHESL b BEFEMEICHT HAHMLO E SIIEFNCR T T 4 7 Th D,

BB & D TIThN - BRICEB W T, DMF 3R ARBLS IR AOZZEOWTNT
b, T 28 ERELZ LG0T LVEWVRED L XOR, AT AEREL
Hiob L, FERIC, BUNCEM ST, DOEICHRIHRE STV D RAEFEERBRICE
W, BREENE L RIS R R A R TR E 7T & TOAEFEICRD b,

AFENTF =4 1%, DMF O % =2 i FO BB & TP AR 2 L CIR
+5Th 5,

A CICAD & U 27 OEHEF PR L EDZOIE, £ & LT KRS TOREER

REBEOXETHD,



SRIGYERAEIZ 31T 5 KK DMF (ICxt3 2 —RERBEORRKOFBERLEEZ DND,
RBEEEICET 2 PSR, B X OEREW OO RGO T — & X
— AZHES L & D DMF O @kt 3 2 EE R E Th 5, IMARE & LT 0.03
ppm(0.1mg/m3) 23 i HFAFEESE O EFHIZ RSV TERE ST,

B AR MEE FAR IS k92 DMF OB PEICB T 2 7 — Z 3R STV 2R, EAR AR,
¥ L OV DML OREY) O FRSNEFRIE I T 2 EIIREE TSV, 2 v, FRAEMY S DMF
W EUTBURIZ LWV D Z & I3RNTH A 5, MOREELEMOLEITIX, HEEEEHRED
15mg/m3 8~ 7 A2 BT B AFEEME D critical toxicity value(CTV. f/Naathfl) % i AR5k
THRLUTREINIZ, ZOMEEEXDRHEEREE L OLRIZL > T, DMF 2347
ENCBWTHEAEMICH L THAERELS SR T2 213N R0 5,

2. MEOKER L OWHER - (LFOMHE

NNV AF ) 57 2 R(CsHINO, CAS %5 68-12-2) 133 i TIXEEGOIRIK T,
TRT I VRN H HBUA, 1994), ZEOBILNH 503, FLT % & >72 DMF 2flb
N5 ZENZN, DTFREIIFERKND 73.09 LHEIND, HRGICIIMED A X ) —L
(methanol), 7K. F@(formic acid). ¥ X F /L7 I > (dimethylamine) 23 & & 1% (BUA,
1994),

DMF [ZKB XK LOFEHIEG & H 5 5 E S THEFIT % (Syracuse Research
Corporation, 1988; Gescher, 1990; BUA, 1994; SRI International, 1994), %MD A4 -
B S - BRSO 58 7) 22 F 1 & 72 % (SRI International, 1994), 100°CAi Tl
ICHEERICHLETHHBUA, 1994), DMF & —{bikFE L VAT AT I v~ E0HT 5
(21, 350°CLL LIz #43 2% (Farhi et al., 1968)1,

HEIEWPN) - LM E A2 F 1 10F & 7=, Riddick H(1986) DG IC &L 5 & RAE
IZ 490Pa T&H 5, DMF IXIEFM 2 DT, ~2 ) —EBILTERMICRD L L Lnwe BEbin

1 N.J. Bunce, University of Guelph, Guelph, Ontario & ¥ A. Chevrier, Environment
Canada %6 CORE, 19984 6 H 1 HfF



£ 1 DMFO¥E - 2HER

H B il 8 % DHLTF  HNIZER L=l
AT 73.09 7309
EEEFa[25CD 490 Fiddick et al (1986) 490
WEEME (gmY B BUA (1954) LM x 10
log Kow =101 Hansch et al (1995) —1.01
Aol | —TEMPa-m®fmel [25°C]) 0.0345 Bobra® 003453 ©

0.0075 BUA (1994)
BE - HE(g/mL [25°CD 0.9445 WHO (1991}
R A(C) —&05 WHO (1991) —&0.5
#E(T) 1525 WHO (1991)
AR #4192 Fosizednin R 170
PR 18 Dojlido (1979) 55
36 Ursin (1985)
TR AP EFREHM 55
EEEMh) - 170
BEEE L) - 55
MERLER L) - 55
IT—0O IR - 5
Bl mgm®) 0.12~80 WHO (1991)

a 51113 THE. JISHEM

b 1999 2 AMBEC Environmental Consultant, A Bobra #% Chemicals Evaluation Division, Commercial Chemicals
Evaluation Branch, Environment Canada [ZIBH L - HEBELUETY AT OBRIZED

c B —EHETHT—5 Halactal, 198285 ¢, DMER £ E1F AEL @ H#l[199)

D, LR TR TE T~ U —EROHEME I AT TH 5 (DMER & AEL, 1996)2,
*7 2 = K EAR I (Row) 1 3R 7 7 A 23k T E L7=(Hansch et al., 1995),

2 AMBEC Environmental Consultant, A. Bobra 7% Chemicals Evaluation Division,
Commercial Chemicals Evaluation Branch, Environment Canada I(Z$#&H L7=®"E &

7V 7 OFER, 1999.



7225t DMF O#5 %% 1ppm = 3mg/m3 T& 5 (WHO, 1991),

3. Wik

FEEREZER L A ARF O DMF JIEEICET 2 FToE#iE, WHO(1991) 3 L Y
Environment Canada(1999a)iz X %,

3.1 HEREZEXYH D DMF

SMEE L CERAISN TE k(T A n VRS S LCiifke Rex vy I v
[hydroxylamine chloride] # ¥/, JREFR AL, FRREY72 5L TiX /e (Farhi et al,,
1968), WFIEmEEK s v~ 7T 7 4 —HPLORH A7 u~ 7T 7HEGHT
(GCMO)MEIR SN D Z L%\, DMF AKEEOHIEIZ, Lauwerys 5 (1980) 1% fii{#H 72
WK ELEEZREN LT D, RETHER-IK 7 v~ ~7 77 4 —(GLOMWE —RIRTH 2
(Kimmerle & Eben, 1975a; NIOSH, 1977; Muravieva & Anvaer, 1979; Brugnone et al.,
1980; Muravieva, 1983; Stransky, 1986), >k [E o [E 7 57 18) %2 45 4 0f 78 it NIOSH:
National Institute for Occupational Safety and Health)i2E O # & <>, DMF f 28 1E
S EHiat R (Krivanek et al.,, 1978; NIOSH, 1978)i2/1x. HPLC it b A s %
(Lipski, 1982), Wilson 5 & OF Ottley(1981) 23 %% L 7=, FEAXH @ DMF % JIE 3 % H &
SIPTEORR TIRIEIE 0.5mg/m3 TH D, AR Y ~—iifd, WoEWEOEMAE, GCMS
\Z XD EMSHTZIGH LT, Figge 51987 X 5285 DMF JIEEOMKH FIRMEIX 5
ng/m3 T 5, NIOSH(1994) DA A7 a~ v 777 4 —(GC)D 1 ik 7= v O T IRME
1% 0.06mg L HERF S D,

3.2 AWtk DMF & REEY

DMF O Rz &3 dewicm <, Rt ®Blc oW T E<iEESn TR Y, R
MEY S IEMEICHITE I ND, T8, BEMERZRZIC L 2RINEDFMICITAEMFRE =
VTN ISHENTWDS, XL HALNDMHMEWIT N AFILARLLET 2 RINMF)

(Mmethylformamide) T, GC i£H#EHH 5 (Ikeda, 1996), EHREZHETHRIT L L&D
et FRRE L 0.1mg/L Th 2,

4. b FBIUREDRRR

10



4.1 BARTORAIR

BUA(1994) X AR T DMF RAPFITMHEE L TRV, ¥ AF LT I 2 (dimethyl-
amine) & b U A F /L7 I “(trimethylamine) 23 /3 fif 25215 5 & . DMF 23453 5 AlHE
P23 5 (Pellizzari, 1977; Pitts et al., 1978; US EPA, 1986), Wi & b HARRIZ LS H D
W C. FEEMH I TV 5 (European Chemicals Bureau, 1996a, 1996b),

4.2 ANABFRER

PEHHICET 27— 213, REREZRH LA T XD DO L#HZE L TV, LUFHEH
PR L VAT 2,

1966 4=, 1 Z O THEME )50 DMF JEti &% 16 F 23+ EREY | RKIZ 93%
(15079kg). %%V 1Z/k%(245kg), HEk(204kg), HENTH1(26kg), R E ALY (669kg) ~
&P &7 (Environment Canada, 1998), # 7 4% @ DMF Wi 3 IER 12/ &< HE
FHIZ X AEMENHEEEIT 1000 k125 L 722 VW (SRI International, 1994; Environment
Canada, 1998), KEKHED 84%(12.7 M NI FIMLFERICHKT D, KR~DRIK
HED 87%(0.212 M INIESMEENRER CH D, W FEERDETIL, AHET
PEF 13.3 b, HABUESE 1.2 b Gkl - BRHGESE 0.7 o Mk = v a—T g
JYEZ 0.6 by, BIEBLGEETORAING 0.1 b, XU% - AL BT AR X ORIEE LS
#0.07 hr, ZOMIBFEFE 0.09 F AP L TV D, 1996 i O R, RIS
X %5 DMF A flbr ofef 0.056 k(224 0.023 F> . /K 0.033 + ) TdH 5 (Environment
Canada, 1998), BE/KMFRIENGHNTHA~OKHEIT 1 b U2z 22 W (Environment
Canada, 1998), D#DHIN ZEr K¥DEET, HBICEGEEZHIIZEALE, HDHV
TE o7 < A EHE &N v b (Environment Canada, 1998),

KETIE, 1990 £E1Z 23000~47000 > A ERE SN TV 5 (US EPA, 1997),

MR TIL 125000 o BAEFEINTWD & OHEEH N H D (Marsella, 1994),

1989 H= D PERKGE [E DR TH E &1 55000 b v &G STV AH(BUA, 1994), IHEPE KA
Y DEPERE X FF 1 19000 k> & 60000 ko ~LX—1% 16000 k>, #FH % 15000

koo AL 0E 5000 b Th o 72 (BUA, 1994),

BUR D/ E 22 U (T 2 7 OIRIES /N LD B Ot 78 E)FE ShTunZan

11



23, PRA L7-#FEN T, A - B - iR DMF S HNEERBEE ORI & L TZE
1ZEDEE T/ & I 55 (Environment Canada, 1999a),

THHNIHO DMF 134 & & A b5, REELAAORFNTAE N ST 5 DMF &1,
LG COMBIA, ErEAl. BUEA & Lo HRE LY D72 (Environment Canada,
1998), T D7zd, HSTHIZHERE L 2B A NI HIZE A EFER TV RN EEZ B
%o HNTHICHEHBERLIAEZND T¥EB KD DMF TEEHMHEZ OREICRE S D
(Environment Canada, 1998),

43 A »&

DMF 3 = LHilE - #2254 - RIRRIA| - =R ¥ ALBAI~OREEA], TEF L -
1,372V« lYED A - JRIRIRALAKFE ORI BE, RY 77 VLRSS U 7
7 — b m— R K OSSO RUEREIZfEH S5 (WHO, 19915 TARC, 1999).
FIEAMEERRY v L& RS S X5 (Fiorito et al., 1997),

5. RETOBE - o - L

51 kK &

DMF ZFZEODOWIE TIE, REBEENESICEETH DL, LENDDORK~D M EIM
DBREARICH AT DM E W E BN 5005 Th 5 (BUA, 1994; Environment Canada,
1998),

DMF (3K & 52 RITIRFIT 5720, BEMRFEO KK DMF XKD S £ EKE 213 3%
LK~ L BB T 5 (DMER & AEL, 1996)3, K% H DMF (ZZASAHHICH 2 DT, FEWRIC &
STRBICEET D2 L1272 5(US EPA, 1986)4, U4 v a7 U FORhER & EEIIARH
20, KEE IR, B, T O X EEREMAER STV, I Z Ok
TIAKDO KRG LR 4 AT, BAKEEZE 225 & 2 DMF Oft/hO KA H 45
MEeEZHND 3,

3 D.R. Hastie, York University, Toronto, Ontario & ¥ P. Doyle, Environment Canada
51 CDOFME, 1998.

4 N.J. Bunce, University of Guelph, Guelph, Ontario & ¥ B. Scott, Environment
Canada 56 COEATAYHE, 1998 £4£ 2 7 10 H AL

12



RKEHFTO DMF OfbF0fE e Refx vkl OKISICE D &A% (Hayon et al.,
1970), AL MR (EHER 3 7) T 2 FTREME 1T & b TRV (Grasselli, 1973; Scott,
1998), 7= & ZITRHMEILSG 72 £ & DML 53 fiE/EH 23 DMF @ R HidEmic K& < 2L
Tb\éo

BT X RS 2 ROSEEER ko)l F AP TH D, LAL DMF & ioMmE DK
KT OROSE 2 S aUT, i 2 HEG 42 2 L3 TE B,

F v R =FBRIZ LAuE, DMF O RJEMEIE T 173 X0 R (Sickles et al., 1980), 7
/%0 D kou 1E 1.2 X 10712cm3/4y +/# T & 5 (Finlayson-Pitts & Pitts, 1986), & R %
LB O ROEY) 7.7X10 5 4 +F/em3(Prinn et al., 1987) & . Arkinson(1988) D EH5&. 1k %
Mns & Fa"rofEENITN 8 A & AiAEN D,

DMF O KGH -l 2RI RS D 5 2 L IXT& A0, A LZRY Tidki
TH 8 HM(92 B L A b D, T H T 4 IZHS GEMET VIV G IV R
HE 170 FFE T, 100~300 Bl & W O R 2 RET L H8MEL LTEZHEIATWD
(DMER & AEL, 1996), L22L., ZO¥EHNIINmOKRFLEEZ ONDN, 7 HVT 11
O KERDEELGHTND, %X L HHEFHIZ D/3T A — 2B URE 1T E < 1X 720
D, HEEWREITRELZIT 52 LT 55,

52 EREAKBIOVEHR

RE KW o A S 72 DMF i, K, AHSCKKUCBB 5 2 Lidizl Al
Rt B b5, Kow ix—1.01(Hansch et al., 1995) T, B{ERREIZH D DMF IZJEE O
AW E OB A I TRIN S NN EBZ biILD, 20 Kow 226 b KAEEMIC
DMF X HE S 4172\ & A HL(BUA, 1994), EERIC 8 B O EMRFGERBR TH, 24~
EIRREIIRRD B 72 Do 7= (Sasaki, 1978), ~ U —E#IE 0.0345Pa * m3/mol T, /K
6 DEBIZ DT L 255 (BUA, 1994)3,

F @K TORIKBE AL F D IREE XX DO TRWE L O D, KPP TIIG b fRIL%E
Z 12 < W (Grasselli, 1973; US EPA, 1986). DMF O /k i1 C D Sala (b 4180313 Z25RAY 1 50
HEHEES N, hO/BFEWENRE Rexs IO RIS EBRATI2EREELIVENS S

5 MBEC Environmental Consultant, A. Bobra 7% Chemicals Evaluation Division,
Commercial Chemicals Evaluation Branch, Environment Canada (22 L7-REL €
7V U7 OfER, 1999.

13



W T 5 (Hayon et al., 1970), #HILDO EEREEE Tl DMF O X 9 727 X KOHIK G fRH
EiXE OO TEL, Z0IZ LIIMmemE oS T T EEETH 5 (Fersht & Requena,
1971; Eberling, 1980), RIADF @ AR (A IE 20°CAT) TIRIEFHED =0, A
SROBREESA T C DMF ONMAKGFEITHIR S50, 1ZEAEHIESNTLE S (Frost &
Pearson, 1962; Langlois & Broche, 1964; Scott, 1998),

KIEK TOET D00 EM SR L b D, EB T8 DMF (XIEML L7215 7E
P OLERWEMLERIRAIZ LD . TOREIZED L FTAXAIH 5 VITHEKIIC bR S
% (Hamm, 1972; Begert, 1974; Dojlido, 1979), 4 fi# & HH R FEW 2 1L X F2 (formic acid).,
U AFNT I v (dimethylamine) 3 0 | S BT HETe & 7 > =7 (ammonia), —
feAl f% 3 (carbon dioxide), 7K~ & 2% % (Dojlido, 1979; Scott, 1998), — S DAFSE Tl E &
ABR DRI K 16 HEIDNEL#ARE %2 5% & L TV 5 (Chudoba et al., 1969; Gubser, 1969),
ArFax—Ta  HHlE 14 BT & T 50 8OMEBR TNl I nol, %
BREAFIZ & o TIHIEEHI ARV 2 & b —Eh b Lz (Kawasaki, 1980; CITI, 1992),
WK Tl 1~42% & 23K < (Ursin, 1985), Bt&SME T 8 3 [ ikE L C & /iR 18
¥ 57 )y > 72 (Shelton & Tiedje, 1981),

DMF D% @ KZ KK ToASEIT. DMF & Z 043 RED DS AR 3 T 1 13 8
Sz nWeEH LD, MEKPOREN 500mg/L x5 &, IEHLIHIRZ -4
Y AT AOBFENE T % (Thonke & Dittmann, 1966; Nakajima, 1970; Hamm, 1972;
Begert, 1974; Carter & Young, 1983), L2> L7 LHEHMNERICHIZ>TH, HERKH
TDMF R Z DX 9 R@iREICRD 2 I3,

BHWNEA T2 x A RBRTIE, GIHIHE 30me/L © DMF 235 A#ME(L T 3 AR JEL
T2 L 6 A TxAITIHA L7z (Dojlido, 1979), DMF DK H1-C O MMV 315, #IHIHR
7% 10ug/L 5 £ T8 100ug/L 72 5 1F 3% K T o7z, LirL, 0.1ug/L & X 24 HiE o
HIL31E 20% Cdo - 72 (Ursin, 1985), §5.4 TRd 7 47 1 1085 HAET LTI,
AR 55 R & L 72(DMER & AEL, 1996) 6.7, DMF 0SB ] i< B3 % fif
WG o 7eh o7z, DMER ¥ X0 AEL(1996)IHEE TIT T L 0 SUSHIEL 72D &
DBUCIED T A 170 R & LT D,

5.3 THEBIUHITAK

DMF D7 527 A IZES JEMET NV EIRMMENS . RIS S/ DMF i1,
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DR L b EO—ITMENIC & W HFRIZHES D LE 2 5115 (DMER & AEL, 1996)8. 7,
Wo 7o A ERIZ A 5 72 DMF 3B - AW FindfR 2 To S o, #Fk~ER
'I:Elj_qéo

AT HEALBICETE 2 O T, DMF XA ~NERVIAEND, F7 &% 7 —L /K
S3BcAR % —1.01 72 CT(Hansch et al., 1995), DMF (X2 1 XML E iz < W, i
HEDFHOFEANREZOND, DMF OFEMENEWNTZOZIEEREETIERWVWEAD
ns8,

TR O DMF (X, A3 OREITROW ARG KT OLFRNER DO & %
77V (Scott, 1998), L7-23 - TREKTIX, 0N LEEF O F7- 5 ki & 5
No, DaEOAME AWML U7 HSMUEMRE R, F5KRIBREN TIE 18 FRFfH
LIWIZ DMF %453 f#9 % Z & 726 (Romadina, 1975), 3 o A= 45 -0 13k oh & 812
ToLAHLND, THUT 4ICESEMET/VTIIHEICEHEG D, i Z 55 K
EEDIZEE L72(DMER & AEL, 1996)6. 7,

DMF DR &R~ Y — R 6, B LEN S oKk neEEZ 6D
(BUA, 1994), L7 L DMF (Z/KNB HHEA~LRET 5O & [ U E THFK~ZRHT 50
T, BEPLRB LTV, 202 &, ABERE KSR (Koo) DFHRAEA 7 C
(Howard, 1993), F7- & BAHEETEIEM B D TR E 125 (Kom) 23K 50 LHEE S b
Z & 75 (Sabljic, 1984; US EPA, 1986), DMF (3 HEF CTRBEI T2 L& 2 55, #iTFK
~EE|ETDHE, DMF T o < D EBEIIIC O fiE S D & 55 (Scott, 1998)10,

54 BREHROSMm

THT AL BET Y Z1E, DMF o F#E A K n, a2 3— kA v M, Bii(GE

6  R. Beauchamp, Health Canada & ¥ A. Chevrier, Environment Canada %5 C D £ 1i7H
., 1998.

7 . Bobra, AMBEC Environmental Consultant & ¥ Chemicals Evaluation Division,
Commercial Chemicals Evaluation Branch, Environment Canada (Zf2H S =R ER
FOET U 7 EE, 1999.

8 K. Bolton, University of Toronto, Toronto, Ontario & ¥ A. Chevrier, Environment
Canada %6 CFAE, 1998 4 6 A 8 Hft.

9 S. Lesage, Environment Canada & Y [ B. Elliott %8 T O HATHYR E, 1997 4 11 H 26
EER

10 S, Lesage, Environment Canada X ¥ [f] B. Elliott %6 T O ATHY R E, 1997 4 11 H
26 Hft.
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[system] 7 5 H D EN &) DFAREE L BRET ORAEN R 0H 2T 57200 LD TH D, 7
T 4TIV LoL T OEFIRE, BT T L OMERKICIE, Mackay(1991) &
Mackay 35 £ O Paterson(1991)23Bi % L7= HiEa T 5, HESRME, EH AT A —4
& 30Y Environment Canada(1999a)iZ % &, Ff#liiZ DMER i KO AEL(1996) (2
Beauchamp!ld O Bobral2|Z L » THRFE SN, T ML D TARITEBROREFOR
FEWRHE 2 3, T L ABREEH CAHE D 27058 L IV P o — iy ofiz = LT
Wb,

ET VT OREN ORIV EBERZBEATH L Z L2VRENT, DMF BARKHIC
S L&, ZHTT A BT NNOWED 61%BAKKUT, 32% 0 HIRIZ, T%DHN
KFZHAT 5 Z ENTFHSNTZ, BLEOHKRENS . KEFITH S 47z DMF O X
ZFOEFEREEY, ALFEISIC LV EINS EZEZ NS, Fe—HOKRKF DMF 138
Z O IEMAKEMREKITIRT Y . KB L EMICREET 5 &5 2 Dtz (Scott, 1998)13, L
MU, KK CTOHNMRIC LY K EFREARD DMF G4 &30 720,

THTAET ML D &, DMF OKFRLHEA~OPH B HE< & KERPEH e o
RIAFET D L NS Z e b ahole, Bz, KiZHss &, DMF @ 99% 23K H1IC
BEVLT L, REREMHET OB~ BT &IV RV ERLND, THITK
Mans e, BZOL T HEABKEALNDA, THIZ 94% 03788 F % (Scott, 1998),
L7 o T, fOBREHARN D OBEO X 5 2 KA ~oMEE K. K&+ DMF ©
BEORFFHITNSBREE LRI LTV,

THYT 4 ETNVICESEHET IS, EiiflTo~ ) —EBDO LI, &b T
RMERQNRTA—=FIIRELSEFENDZ L2 ENTITIWT W, LR ->T, EERDOSH
BEEOREDL Y ORBELIENENDI 5 2520,

11 R. Beauchamp, Health Canada X » A. Chevrier, Environment Canada %6 C £ {iRY
., 1998.

12 A. Bobra, AMBEC Environmental Consultant & ¥ Chemicals Evaluation Division,
Commercial Chemicals Evaluation Branch, Environment Canada (22 S 7=REER

FOEFY 78, 1999.

13 S. Lei, Atomic Energy Control Board of Canada L ¥ A. Chevrier, Environment
Canada %8 CEA(S, 1998 4% 6 H 11 Hft.
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6. BEFORELL FOREER

6.1 WEHRORE

611 kK &

B D 2 T TEEZEF o DMF ¥ 1L 7.5mg/m3 K T - 7= (Environment Canada,
1998, 1999b), JHIA D KK TR EDIERIZAH TH 5,

KE~H T 2—t v VM e—z i O 748 FEREY) PR T35 5 H1(0.007Tmg/m?3) <0,
Bibz4 2 T8 (>0.15mg/m3), 115 #1%(0.024mg/m?3) ® K& (2 DMF 23 fH &7z
(Amster et al., 1983), 1983 4FIZ K E LA THRER S 4L72 KKGUEHR X, 0.00002 il
~0.0138mg/m3 T& - 7= (Kelly et al., 1993, 1994), [FI4E, B D RMENREDH EWFEHL
D% <% 0.02 mg/m3 £ T, LFEHILITE TIE Img/m3 EEm<72ebZ b H DD, Mhbs
T HEEHIK TIX 0.02mg/m3 Kiifi T - 72 (Clay & Spittler, 1983),

HATIX 1991 4E1Z 0.00011~0.0011mg/m3 & W\ 9 BUE N STV B 28, B3
AR EDOHEEC O TOFERMD V(AR - BREEA, 1996), KA Y TIERKXEE>0.005
pg/ms3 3R H & TV % (Figge et al., 1987),

6.1.2 KBKBLVEER

1975 4F 8 H~1976 4F 9 A/ T, KETEBEMED 14 O RS =K E
/K 204 f AR DMF 23 H S 7= 01 TR R HBR S 0.002mg/L) D 7 T & - 72 (Ewing et
al., 1977), HARDEREEIE (1996) D#A Tk, 1991 FEDKiE 48 FifAd 18 FfAlZ 0.0001
~0.0066mg/L JEE TR SNz, 52, 1978 FFITHRI S NIZKD 24 BiKIX, BT
IRIET& % 0.01~0.06mg/L % Fal - 7z (BrEE4, 1985), PEZEPEHIIR & 2 HHIEREFT ok
HEIAHITH D,

AFETIE, A2 UAINE 1 v TOPKNEE=F2 1 7 TF =2 %1572, 1996 F
DFJFK~DFEHEIX 0.03 b > Kiii TH - 7-(Environment Canada, 1998), 4i% 14T
ORI IE<1~10mg/L & HE Zn7ond, OB THBERILIEMRH L~ LU R £ TR
W E =GR HBRA 0.6mg/L), #HIRAF 0.01mg/L T, KEO THEEK 63 fhd 1105
it &7z (Perry et al., 1979), KIEBREELRHET(EPA) M E 1975 4210 F/AKMLER TH5HE K )

14 S, Lei, Atomic Energy Control Board of Canada 7>% A. Chevrier, Environment

17



5 0.005mg/L i LT\ 5,

DMF OffRE 7T 4 BT ANLEETO DMF EEII < VEREEZOND
(BUA, 1994; Hansch et al., 1995; DMER & AEL, 1996)15. 16, L7>L . HATIE 48 ik
o 9 B ADJEE KT 0.03~0.11mg/kg &\ 9 b0 H 5 ERELT, 1996), DMF 38477 &
OB, JEE OME K STFIPIRUZ DD TORFRIT R, 52, BT U 7 258
FEOEFERLZ2VDOT, ZINODOT—XOEEBRT 52 L H TE 7V, 1978 412 H A%
MCERIRSNZEE 24 MK AIDIX, Wbt FERE0.1~0.3mg/kg) L FTH
- 7= (BREE)T, 1985),

6.1.3 TEBIUHITA

KETHRE S 23 KD 9 5 3 BIKIZ 0.05~0.2mg/L ® DMF 23 S 4, SEHj
1% 0.117mg/L T& - 7=(Syracuse Research Corporation, 1988)14,

62 b MDREE

6.2.1 #EbK

DMF [3KEDOEEKIAE TIHERME L LTV A N T v 7 ENTWHN, BIZET LT
— 2 OHAE T2 (Howard, 1993),

622 & &

BT DMF BEICET 2T — X I3ER TE o 72,

6.2.3 BEARHTIE

Health Canada OZEFEIZ LY . DMF 72 EOERMEF LAY 5 2R %%

Canada %6 CDOFME, 1998 4= 6 H 11 HfF.

15 DMF (2B 9 % Group STORET # #% . J. Boyd, US EPA T X % (storet@
epamail.eap.gov), 1999 4= 7 A 30 Hf+.

16 R. Beauchamp, Health Canada £ ¥ A. Chevrier, Environment Canada %8 CHfiTAY R
#.1998.
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B, AZUAMKbay Mk 2 Ty A3 TN TAN=ZIND 50 BFOFEETHE
Jiti & #2172 (Conor Pacific Environmental, 1998), 50 #f D =N 2250k 25 DMF 13k H &
Ao 2O FIRIE 3.4pg/m3), KIEKRS B SR o 72h3, B FERAEDS &
272(0.34pg/mL), Z OWFFETIL, BHCHEOEAFED 5 D DMF O H 12 FF B 1 3ER
D HNIRIND T,

6.2.4 —RERORE

H A EREEAR Y O DMF BEICEET 57 — 20 b, — R RiEZ a5t 2 213 T
ot KPREICETZEENT — X OFFEMEITIK T, EERRWOHTE T
DMF (Z#: H & 72 /- 72 (Conor Pacific Environmental, 1998),

T H TSN S o DMF (34 8T, B3I LEIEA Sh, RBE~0%
BEAREE IR DA DDA KA Th 2 RANEIZ L A LB EOBETIZE E > TV D,
L7 o T, RIS T AR RGN D - & bR EOTWRARL 22013, T3
W72 SR ATRICIE RS D R TH D

1 H Ol EH RN S BN E 5 R 1km & 100m NOILECE T /LI ki
1T, KRAEEIIHER T 110pg/m3 (2725, Z OfEIE Mo E TREE O ST THlE Sl
ELRAHETHHN, EFWICHEZDICAM L > 2 HTE2EIC LT D, Bt X KL
LRV BENREEEEDE D & REITHEE T 1/10~1/100 1272 5 (11 72V L 1.1pg/m3),

SEAZETIIAR Th o727, T4 50 FFOFFEDOENZES DMF I 3.4
pg/ms3 A4 T & - 72 (Conor Pacific Environmental, 1998),

6.2.5 MEMRE

DMF OREMZBE N X 5 DlL, DMF 38 L OMhoH#(LAY., #IE, i, =—7 «
VIR Ak, HEEROMERCTH S TARC, 1999), GEETIE, RRd LETO
DMF GHDa—7 1 7H, A %, BERIOMEM, E M2 2k ol
HFFIZ i & 5 (Ducatman et al., 1986; IARC, 1989),

REHf AT AR B SFHERNE T 5 National Exposure Data Base D7 — X (285 &

17 Environmental Monitoring and Reporting Branch, Ontario Ministry of
Environment and Energy (Z X 27 —Z (BT 5 HIFAIR E, J. Sealy, Health Canada

%68 C CE, 1996.
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16 » FTOfE) THEE B O 225 DMF #2113 0.1~10.5ppm(0.3~7.5mg/m3) T - 7=
18 F— a2 Nt & iz 6 » AT CIE, 8 REMIINE X (TWA)R A 4~12.4ppm(12~37.2
mg/m?3) ThHh-o7-, 7T AF v 78ED 6 »FTTIE. 0.1~0.7ppm(0.3~2.1mg/m3) TdH >
oo TTAF w7 ML 5 11 P Clid 4~44ppm(12~132mg/m3) T, TDH H 6 7 fF
D 8 WA I FE (TLV)1Z 5~38ppm(15~114mg/m3) T - 7=,

KIETIX 1981 ~1983 4124 L % 125000 A D 51813 73 DMF (2 2:8% L 7= "[REtE N H v |
D) B 20 B UL EOBFEEZ 1T 7-D1% 13000 A & A 545 (NIOSH, 1983),

7. EREMB IOt FTOERNEIE - RH O

A LT — 2 kX DMF 130 - R - MARBE T MIHEMITLES IR
IREND, BREWMIGEEILXT v NEEZH W=7 /0 C 8 &H 7=V 5Tmg/em2 & HEFF S
5, ELLTUFTRE S, HERE BHIT M Faxs AF)-NXF LRV A
7 2 R[M(hydroxymethyl)- methylformamide] HMMF) & L CJRIZHEH S5,

71 EBREY

HALEICIS T S DMF O 72 2 R (X D13, HMMF O F 7 v 4 P450 (K71
IRAHERERLEE R RIC X 2R{L T, NMF &AL A7 /LT b R(formaldehyde) 23 4% 9 %
(Gescher |Z X 5 #FEM, 1993), S HIZF F 27 1A P450 (2 & W NMF X HMMF Ok
DT & SOSEGEE) P EEM A > > T ik A TV (methyl isocyanate: MIC) D i &K T
HD S (IN-AFNIINREA V)T IVETF A [ (N-methylecarbamoyl) glutathionel (SMG)
NAER L, in vivo TlE N7 B2 FIL-S(N-AF VT NVRE A )V)Y AT A [ Nacetyl-
S (N-methylcarbamoyl)cysteine](AMCC) & L CTHetH &b, 7R B LT v b
(Mréz et al., 1993; Chieli et al., 1995) & =~ 7 A(Chieli et al., 1995)DFI 7 v Y — A% [
WIZHFTEE . PRI RIS L DHFEORE R D, F 27 14 P450 2E1 78 DMF 7025
HMMF, W CTIFRE SN D IGHEIETEH DA Y T VEEA FL~ORHE N T 5 =
LMo T,

BEOEE LB T 2B I OMNRICEDEREEZEZID LT, bo bR ELRD

18 J. Tickner 23/ % 2% B 2 %% )5 National Exposure Data Base (hse.gsi.gov.uk))»
51577 —#, 2000.
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(CH3)2NCHO
NN-ZAFILTIL L P S F(DMF)

e A\

P4502ZE1

CH3(CH20H)NCHO HN(CH3)2
N-(E FRF S AFIL-N-AFILHIL LTS FHMMF) VAFILTE
?l\\
HCHO
HILLPILTE B [, AFINAYYTFH—FeEE]
e E—
CH3NHCHO N-PEFIL-S-(N-AFILDILITEA )2 AT4 L AMCC)
N-AFILitIL L P E FINMF) P4502E1, GSH
]
— e
(CH20H)NHCHO HzNCHO HCOOH + NHsa
N=(E FAF L AFILRILLTE FIHMF) RILLTPEE TEl FUEZT
HCHO
RILLPILTEE

El 1 DMF 4 NS H(WHO LDEE#E, 1991; Gescher, 1993)

FEYEhRe A OMTEIL., Ty hOROKE, BXOT v ke ~wT R - BILOR AR
raboThH9,

IR L I BT 2B I OHBEICEDERZZZD LTI, bobBBFLRD
BYERE LR OMIEIL. 7y FOROKEG, BEOT v b =T R - PLOWAZEIC
EbDTHD 1,

i Sprague-Dawley 7 » b O#EHR 12 £721% 18 HIZ, 14C #23#% DMF % 100mg/kg (K

19 W OMFIE Tix, GLC §&4: F TIFEL#EIC L W NMF (25720, HMMF (2
B o@MEITroTc, LIcho THIHORE Tk, NMF=HMMF+NMF & % 540%,
HMMF (% F % 8 2 W X B3 ERMEVAIR TIX R E T2, #H O GC 4T Tl i % % 17 NMF
(2725, Lo T, #IICIZ NMF & L CRESh TV,
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TOHREBRAKELGT D L, 48 K& ITITIRIZ 60~T70%., FEMEIZ 3~4% 1Pt S D
(Saillenfait et al., 1997), #45- 0.5 FEfitk. FFI&ICIZM A & B 4%, BHEICEH 8B
FON13%., BT 0.7 B L 0.8% 0334T 2, &5 0.5~4 I¢fi] 1% o i U RE 13 H ik
ML E LI fEZ T DU RO 0.4~0.5%), £ O%REHITED T 5, 48 REFZIZIZNTF
§i%(0.5 3 L 1Y 0.6%)E L OWH0.2 38 LY 0.83%)IZ D HA B 7 i RETR 3 G- Hiiz, 4T
Bz 12 BIZ R L72E ClE, 0.6~4 IRICER G EDOK 1.5% &, B, B, FKITH
M50, RIRITHED L 24 KiZI21L 0.1% % FEZS, 4Bk 18 HIZ&E LT v MRIR
DRFEIZIE, TG ED 6% N bz, 5% 1~24 KR & 360 Efi L7z HPLC 4347
M5, RZELO DMF 3 L OMHEDILIR - BIMERA~ E BB L3 < — RIS RHAIM
EERENELL 2D Z R0 oT, 4A~8 R ITITBUL BV DS S REDO K% b T
WIEN, F OB LT,

ZOREITIEL. BUbAEYE L OEED ORIE A2 AT, FAK. B WTHE L, ¥
HNZIFRZE LD DMF 28 8 F 72 13 O O RERRRR R R O K 2 378 H 12 BIZ
(3G 4 FEEZIZ 61~T7T%., 18 HiZif s 8 FEf#£1Z 73~93% % i %, DMF R 1%
HMMF $ X O NMF O/ IEd 5 & 5 I2& T4 %, HMMF (% 8 B4 (12 H)IC 14C
D 40~47%. 16 FEE#% 18 HITIX 41~565% % H® 5, NMF IXZnEi 9~13%., B &
N 16~18%Th 5, IMIEEEITHMET DO AMCC BLOFR/IL LT 2 ROEIL, WO
BT H ETRERS & D 4% AR T - 7= (Saillenfait et al., 1997). = DIEH W A &7~ DMF
DR ~ S OBBZERT 2 2 & bls STV %(Sheveleva et al., 1977; Shumilina,
1991),

VT DWFFED 72 21X, B6C3F1~ 7 23 L O'Crl:CD BR 7 v~ hiZ 10,250, 500ppm(30,
750, 1500mg/m3)%, 1, 3. 6 RFfOH ARG, 6 Fff/A 2 5 A9 > 2WMIcbh7 b &
# L., ML RO DMF, NMF, HMMF % & L7= % O3 % %5 (Hundley et al., 1993a),
250 3 L O 500ppm(750 33 LY 1500mg/m3) D 6 K& % 1 [F11772 5 &, DMF o ifijE
TREE AR T A (AUCHI TR &L L2 W TMT 52 28(F » b 8%, v U R 28 %),
—J5 Tt NMF 513 E5 U722 <, DMF (it ofafiz x4 &5z bz, s,
BBEENDET v b, w7 AL HIZ DMF OFH#HED EF L, 500ppm(1500mg/m?3) % X
BRBTHE, AUCHT Y FT3HD 1, ~UATI84D 11272 %, NMF v —7 1.
BHEIX 59 %, HMMF (& DMF & fERE Of D 90% LA FIZFEYS 35,

[RIEE DOWFFE T, MElE D~ 51— 2 /L (cynomolgus monkey)(Z 30, 100, 500ppm (90, 300,
1500mg/m3) % 1 H 6 W¢fi], 5 AT 13 &% L C, mHE L ®R+F O DMF, NMF,
HMMF % #l|E L 72 (Hundley et al., 1993b), AUC i* 100~500ppm(300~1500mg/m3) T
BEANSFE BT DSERIEPE T 2 0T, T 19~37 1%, T 35~54 5 ThH o712, ZDT
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—Z IR E —B L7z, LoarL, NMF 1356595 &9 Rl iirs§, o LARE
RED LR EHET2 XN L, #RE T, ZEMHEZE LT T, AUC, v—7 miE
TEE . MAEERIIE—E L e, BREIRE - IO 53, HMMF 23372 2 JRAGEH
FEW(56~95%)72 - 7=, DMF TR S iz < <. NMF 3R L0 e n s 2
LB, ZOMRETIIREEOME~ERBIND EEZZ N,

VL b2 RO % b L. B8 O st o2 3 m i EOMHEN —KNTh 5 Al
PEZ R L TV 2, 500ppm(1500mg/m3) D 1 [FIFFEE TiX, ¥ X0 Ty PRI~ T %
DIEH B DMF © AUC & v — 27 MAEI LD 2N EH > 72, 500ppm(1500mg/m3) D K8
EEEATRO &, Ty e~ T ATIEDMF 1289 % AUC 2384 L, NMF O [ R B A3
U CRETTENZED S, ZOERIZ Y LV TIZBAME IR o7,

DMF @ 3 £721% 6 Bl 1 [ A &% IZ, Mo DMF B L0 “NMF” 2 #l7E L
727 v N EHWCIEFEOMIETIL, WEOHIE & EMERIZ R OR R % 57 (Kimmerle &
Eben, 1975a; Lundberg et al., 1983), i EDFELAFIEIC S . FEFIZEBREIZ/2 D & . DMF
73 DMF HA&DEWEHAZLET 2 L RBRT 2000 H 5,728 21E,. 7 v MK % 1690
F 721 6700mg/m3 « 4 B D 1 B AT O 3 KEE#, i NMF (@ REROIE S 2K
2o 7= (Lundberg et al., 1983), [[4£(Z Kimmerle 3 X O Eben(19752)Ic k5 &, 7 v b
OifH NMF #2EE1E 513mg/m3 - 6 FFfEZFE L ¥ 6015mg/m3 + 3 FFHZ&EE DI 9 MK -
72

ZEOYPIIIETIE, DMF, NMF, =%/ —/L 7t F7 A7t FOMmA LIS
LB ) —)VRIER G O EPBE Sz, &, DMF &% ) — VO GRIE, &E
PEEIC L VERICITIELSE R H L b 00, FAREGICEY DMF, NMF, =%/ —/
T TATEe FOMHRETER L, LED LS RfERIL, 1n vitro 3B X O in vivo T
X7 va—s5 e Fa /) —+¥(Eben & Kimmerle, 1976; Hanasono et al., 1977;
Sharkawi, 1979). F7= in vivo TIX7 V5 & R & K4/ —+¥(Elovaara et al., 1983)
DiEMEZ DMF 28HET 2720 L b s,

72 & b
7.2.1 b BRAEEREIC L D%
% < OPIHAFZE T, DMF O #5726 £ 7213 87ppm[78  72i1% 261mg/m3]) & 4 K[

FE 1 B 4 REHET D 5 HED&ZIC, BENEERE O ik X OIROBULEY & —HOk
WPEDRETEREICL D202 EE )2 HE L7z (Kimmerle & Eben, 1975b), LA E®D
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FFERE RS DMF X8 612 HMMF & U CRUEICHEI SN D Z & AR SO0 24
REMILAN), FREAIBERE (2 X 2800878 ik, DMF @ 82ppm(246mg/m3) « 2 Hifi] 5
10 7R 19g D= ) — vz #5325 L | i NMF EENMELS b 2 tnb, =X ) —
VAR 54 % & DMF OIS “b 072 (slight influence)” %2/~ 2 & 2300
oSlz, BEBROMER LITRRY | RGOS ) — L LT hT AT B ROl
FEICHBEDRO DNRVWOIX, DMF EEN KW LB 2 itz (Eben &
Kimmerle, 1976),

IHEOHFTETIE, 10 A BEMHEER#E % 10, 30, 60mg/m3 ® DMF (2 8 KFfl 1 [B], +
7213 1 HdH7=V 30mg/m3 % 5 HEZE L T, REHTH T 2 E EIEREE AR (AMCC)
Z l7E L 72 (Mréz & Nohova, 1992a, 1992b), 5 H[##&Jk L. DMF, HMMF, HMF, AMCC
oM Lic, Blo7m han ik, 3 A0 HBERIPERE IZ AMCC20mg DKV K 2 #% 1 15
M, BBk 8 R OHFEY % WE L7, 30mg/m3 D 1 [ElF#E% O R HRHEY Ot
Rk, #HILEW 0.3%., HMMF22.3%., HMF13.2%., AMCC13.4% C& ~ 7=, &HED
OHEICERINZZ T 2, 4, 7. 28 BERIREE TS 572, 2O X 5 128 FE% O DMF Bt X
BN, AMCC (342 DR 2Gs I PR S 4, RN 1 R Th o7z, DL EORERIE,
DMF OFJSHERBI TR E b DA YT A FILOREA WS 7 fEE &b
FIERIRNEBRLND, KIEZRET D & AMCC IFRICEME Lz, EENT — XX D5,
5 2% 16 B 0B L Z DR P =R 1T HMMF14% , HMF32% ., AMCC54% CT& -~ 7=,

7.2.2 HERE

TR IRV TIE, RERBB IOBRAZRENE X HLD, Lauwerys ©5(1980)12 &
5 e EARREEDNZRVIRTL T, FARRIZR A ZREE Z 0 RRERIN DI D D352 EH K
ThdEHLNT,

FEFE DML « JRO DMF EACHEDIZ OV IS OB ENH 5, ITEOE A BIZE4A
BTN T EAR o AR % R & (Wrbitzky & Angerer, 1998) 20 Z&§& & ORfRIZ O\ T
FEHTELIERT —ZIXFT LA LR, FARFICALN DRI FZRBEIZIOVWTHFHMITENT
W2, EFEOMFSERER D J7FE ORI AMCCHEE H #2381 2 A= plc#)
DHER SN TN D,

Wrbitzky 33 & OY Angerer(1998) I3 EZEBR 22 & H & JRFIC I 1T 5 NMF 2 1255\ BafR
R Tz, Kawai 519921 OBILRICH 5 &5 2 7=, TWA JREE 0.2, 0.4, 0.6, 3.9,
9.1ppm(0.6, 1.2, 1.8, 11.7. 27.3mg/m3)IZHEFE L7= 116 ADOFHHEIZEWT, RHPD
NMF EEIZZNZ1 0.7, 0.9, 2.6, 7.8, 19.7mg/L 7=~ 7-,
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Mréaz ©(1989)13 12 A DMF % 55 8# (3 ORI A ORI HMMF %
H L7z, Casal Lareo 3 X U" Perbellini(1995)3#J 3~8ppm(9~24mg/m3)|Z 5% L 7= 5518
B ORIIFIMEFE LTl 28 LT AMCC A& % & iy L7z, Sakai 5(1995) D iC
X5 &, R AMCC |1 TEREER AL CT—E T, HELTRICHEIMIEE U, SFEKT
25 16~40 FEE#&IC ' — 7 IREICE LT, Kafferlein20D# 5 TII/RH NMF & I3/E3E
7 NMEOKED RS &< R RE T 5.1 K Th o 7o, R AMCC IR EE 1T 2 7% B
M2 HRRICEHRIRIBICE L, T 16 B L B0 T,

7.2.3 TOMOBEET —%

Angerer 5(1998)DHEIZ L D &, BFEMEIZ DMF #ZE L7 ADO~E T 7 BT,
AMCC HiBMEA L BZ BNDHA Y T VA TFIVHRKD NI AT A ALY FRIEN &
Fiic, invitro Tidk MiFI 7 v Y —AlZX %, DMF 725 HMMF ~OfGH 6588 i
7=, IREHHIZ T v MIFF b7 8 4 P-450 2E1 ICK 3 2 HURZ RN 5 & DMF {42
58I P S 7= (Mraz et al., 1993),

7.3 TEMLLE

FE SN D mtERERE O LKD) TH D AMCC % BFE CRE L7 DB OB FED 72 )
T, Mraz 51989k~ 7 A, 7 v b, NAAX—|Z0.1, 0.7, Tmmol/kg (KT % JEIEN
H L., 72 B DR > 7L H o DMF (@ (DMF, HMMF, “HMF”, AMCO)IZ2\»
THELTWD, I HIZ, 10 40 B 3APEERE (BIE 5 4. M 5 4)IZ 20ppm(60mg/m3) -
8 W L 7= (Wi i TR & u7= DMF O S &3S - I % G L - SR o &
Wi ST, 8 FEIC 2~8 WF O RIFE T, 4~5 HREIZ R LT, [ TAHED &2 50 L7z,
AMCC & L THHAT 2MREEDOEIGIE. 7y FBRb oL %< (1.7~5.2%), NAA
#—(1.5~1.9%)*~ 7 Z(1L.1~1.6YNEZEN LV D72 ode, HBENEKNDT v N TIL,
DMF #FEM(AMCC 72 )P A ENT-, 2 b 0fET, AMCC & L CHE &7zt
B OEIEC, IR BRFEITRD benofz, B R TIE WAKRICRINED 14.5%
EIRRDEIGE EDT-OITRF O AMCC Th -7z, BERIEITGF ST,

20 H. Kafferlein, Institute and Outpatient Clinic of Occupational, Social and
Environmental Medicine, Friedrich-Alexander University Erlangen-Nuremberg,

Germany, 2000 & = X > | Z f2{lt,
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8. EBRWYLER XV in vitroRBRRZ~DEE

8.1 HiMEIRE

%< OFET, &0 - R - WA - FEROFZLEIZL D DMF O @atkmt gy, —&mic
BRI A - R - IR N5 T gkg (KAHE, WARET gm3 DL~V ThdH, Atk
B ORISR 2SRRI T R, SRR, RERD ., Bk, 55,
FUWLA, B, DRI, BFREE. FBICELFMERETHDH, 7 b 3 USRS E R
ErEtel &, BETE S LU CFRICHEE S 7-(WHO, 1991), 7 v hOA . #10 LDso
1% 3000~7170mg/kg A H ., #&F2 LDso 1% 5000~ >11520mg/kg A5, W A LCso % 9432
~15000mg/m3 7= - 7=(WHO, 1991),

8.2 W LIRME

DMF (2 & % B2 R ER AL T SL STV RV L, JBERRICBE T 2 7 —# I —E Mk
IR ohien, Le->T, DMF O ZhoOEMAZ G &l 29 rHEMEICBI L T, IR
TERYiftam L2 & 72w,

IARC(1999). WHO(1991), Kennedy(1986)i%. Ff§E L QIRIZxd 5 DMF D84
R L, \E~PEEDORELHE LTV RY, <7 2AOREHOKEIZ DMF K
1~bglkg (KE % 1 [A1®BAT 5 & (B OFEMIZRH), 2.5~5g/kg KE THOT I —@ED
BRI A Uiy, U FICFEED ik T K®E 0.5g/kg IKE A2 B4 LT H BT
- 7-(Kennedy, 1986; WHO, 1991), 1~2g/kg (KB DO KEEA(15 £7-1X 28 HE)TIX, 7
v MRV X OREICEE R RIMERIXA Loz, U7X DIRIC DMF Ok £ 72
1T 50% KR AN T35 L., HEEOABRBECHEE~FEERMEEANET, 14 AR
WL THARALNDOEENED LT (Kennedy, 1986; WHO, 1991; IARC, 1999),

P 7 LV DR EE O S LT~ U AGRITIAID D /T Y 3 EiikBRCl, i 3 H
Mt HEOWEEICEH 25uL 2 JRpTdm Lz & 2 A, Ml o < i~ [BH]F 2 ¥ U E
RAIIES OBARITHM U5 Y 2 il 7= OME /i — 324 : 193[FFEHE - I
#£])(Montelius et al., 1996), & D% O T, DMF &~ 7 XA TIIIERBER DI K 3 5
DF IV BOARDREO BTz, UL, fatiofridors s, Hnb AR Tidhns
535 (Montelius et al., 1998), &G HARKDME) 2N FHER T 2 HEBEZHEST 57 1 b
DUIIE, FERBCOERE) v VAL E& T, *HRIZ Kimber & Weisenberger(1989)(2
L% &, DMFEED &~ 7 AD Y o HifilaZ IR & e L2 U o EiBR <, 1
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TEIZERITI A LR o T,

8.3 AHIRE

NI Z DB N ER SN TND, 20T E A EDNHBIR 5% ORRIER %
HRTWD, DMF OmEICB LAz ICA R RIFRE S TOR0A FRic s EE
FRWEEEZ DT ERROOND, MIREZMEINCAD L. Ty MZBWTIE, HKlEiR
FECHIBE R DAL L ITEEOVE, @ik E CHBIR BRI 2 2280, MIRSE, (i yE TR
RO, FRICHER S, PO HEETIX, 20O DMF O8I L T v
FEDEZEMENZ ERNRENTZ L OO, T u b))V THRE SN RBREIL-7E 1 B
MEC. EBRICHEH L=V d 28721 Th - 7=(Hurtt et al., 1991),

e~ B 23 2 BSOS BETR 2 B & 202 L7 ME— O B HIEBR 233\ T I Wistar
Z v MIZKI 0. 14, 70, 140mg/kg (KH/H % 2 MHHUKK G LIz L 24, LU

THERREMNTFEREDOL, BXOV VP V@ vrsua /) VI A7 27—
(uridine disphosphate glucuronosyl transferase) DiE (., A&KFEED EENRRB O Hh
7=(Elovaara et al., 1983), &iFOEHHR TIL, 2O L5 KA ETOLLITME I T
UNRUN,

B EHIERBROT — 2 ORFAET, LD TEMAET v MO L 475mg/kg (KE Lo
BZ—FT?{LTTL)“C‘ W, AR E D L & L. 7L X F 4 (glutathione) fUa (2 Bep o> F & Clx
—ELARNbDOD)EFI 7 v Y — b P-450 O 72 EDRENRRD Hivl-(Imazu et
al., 1992, 1994; Fujishiro et al., 1996),

8.4 WHiRE

2B LS ICEHEE P MREFERRICIK T W EDOFRAERERT,
841 W A

NTP(1992a) iXHEMED F344 7 v M X2 WERMAMME L FEm L, 0. 50, 100, 200,
400, 800ppm(0. 150, 300. 600, 1200, 2400mg/m3)% . 1 H 6 Kff#, 5 AR, 13 ¥
Wb BE Lz, FHDIX, HIROMBRE2ARE O KNS E | Mo M &
(NOAEL)%Z 200ppm(600mg/m3) & 5% & L7z, it /MR~ 4% B o T M i S 51 23 78

S5O 400 F L O 800ppm (1200 3 L Y 2400mg/m3) T, MEDIF 5 2N EIEE N F 2o
2o LML, HECHWTIE, 100ppm(300mg/m3) Ll L THFOHaxt « FHEREN L bICHE
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W EH L2, mEHETIEEAD L, AL HEOCERITERD bivkrolz, 2H&T
MiF = VAT o — L3N L7225, 0030 B2 H EROSBERIZ AR o7, HETIL 24 H
HIZIE? 7=07 37 87027 =7 —BALIC HEKFAMEOHE NN & > 7o (R E T
AR)LOD, 91 A BICHERINN S > 7201% 400ppm(1200mg/m?) 721 Th -7, 91
HEZIEECIyE Y v e h—/v7 & R~ ) —E(sorbitol dehydrogenase)(Z %Fﬁiﬁkf
PEDEIINAFE O 5 4172(200ppm[600me/m3] TH &), M THAIFEEN EHETHE

AL, HEARTHBOICEC, omEa L A7 e —Vid2AETHREICESF L, ¥
M2 M BPOSERIT R~ 72, #ED 91 HHT, MY Le b—A7k Frrr—EEX
WA V7 =T b Ra ) —E(socitrate dehydrogenase)?’ 200ppm(600mg/m3)LL -
TAHEITHE L7,

Craig »(1984)i%. 0. 150. 300. 600, 1200ppm(0 450, 900, 1800, 3600mg/m3)
ZWEED F344 7~ M 1 H 6 R, 3 5 HH. T v B LT, WM TEMESIE
TFEAERLNR T, B HE TIIERE & UZ&E%S%% ML 7, EemHE TR
AL - MIRFRIRREICE T OB A bz, HECEHREREOATHE L AT 0 —
VA BN L 72, 300ppm (900mg/m3) LA EC, M7 A h VKA 7 7 % —E(AP))H
BRAFEICI LTz, Mo 600 3 LT 1200ppm (1800 35 & OF 3600mg/m3) T2 L A7 11—
JVISAEITHIIN U 7=, i & iz i AP 3 BRI HE N L 72 (600ppm LA _ETHE),

BIZOWTIEIHE SN TW W, e & TR BRI L3580 B AL,

300ppm(900mg/m3)f “MAH L CRi#k(barely discernible)” &1, 150ppm(450mg/m3)

TIHBEE SN2 o 7o, Witk T/ N EE(LOAECIE, Pl OB 7 Mk B2 1 281k
1235 < & 300ppm(900mg/m3) TdH % (HEAEM I INOEC]IZ 150ppm[450mg/m3]),

v
e
e
e

BGC3F1'§7'77\ Z 0, 50, 100, 200, 400, 800ppm(0, 150, 300, 600, 1200, 2400mg/m3)
% 1 H 6 W, 5 A, 138270 Ff& L7-(NTP, 1992a), i CHERE & & AHx)
FFEENAZICHEM U2, AERGEBRIIH L Thhotz, 2R ERE Tl iTE
BN RIS U708, AEMISERRITI S Timo o, /NI AR AR R (B~
D) ASMERE & B 100ppm(300mg/m3) PL_E o> 4 B THEER & 7= (e /IME I 2 [LOEC]=
50ppm[150mg/m3]),

Craig ©(1984)1% B6C3F1~ 7 A(Z 0, 150, 300, 600, 1200ppm(o 450, 900, 1800,
3600[FRYE : JH3CIE 300lmg/m3)% 1 H 6 K], # 5 A, 12 Hich-v BFE L7, T
F 1% 600ppm(1800mg/m3) T 10%. 1200ppm(3600mg/m3)’6‘ 40% T -1z, IMiEE I,
FEAFHIRE CTHEERIIRO b oo, HOEXRMaN &G CHE s, BE
L EIEE RSB & OMBMENGED 517 (LOEC=150ppm[450mg/m3]),
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Hurtt 51992134 =7 A YL (MEES 3 PE)IZ 0, 30, 100, 500ppm(0, 90, 300, 1500
mg/m3)% 1 H 6 K, 5 B, 13 WICh7c v 5@ Uiz, M2 VDX a@ s (Rt b iR 8
BOH S5 13 WREEE 2k L7z, 781 F 2/uiciz &K TRA R 8 E LRk O Bk
BERAENE T, BT EERER ZOEMEE b2 E S 7z, 500ppm(1500mg/m3)
F T, DMF 2k 5% & H0N0 WM mmEMpT e <, ERERM, Mk - A5 - R
OERA, HEEE, MR PNREELRO ONT, LT v PO T X LD &
ZHED X D IR &SRR S du7z (Hurtt et al., 1992),

LA DT GRER TS AR D D 0, a2 R E R T H - 72 (Massmann,
1956; Clayton et al., 1963; Cai & Huang, 1979; Arena et al., 1982), & HH#F3E 7 /L — 7T
X5 &, ©TH 7.3ppm(21.9mg/m3) > DMF KU 18 MM #FTE L7 7 » MIix, FF~0
WENBEINT-GIHXOZDFEMA)(Cai & Huang, 1979), 40ppm(120mg/m3)iZ 50
A& L7z XO0MHICE(ER A BT (Arena et al., 1982),

842 ®& O

90 HM#AEERER T, Crl:CD 7 > MZ 1 HH7=Y 0, 10, 50, 250mg/kg KE A 5 -z 7=
(Haskell Laboratory, 1960; Kennedy & Sherman, 1986), FFls(IF#l AL R I & ONf ik (&
i, FHERBEI ~ D DR 8 50mg/kg REAE CHIZ S, &K@ A& 250mg/kg AT
BECHEREBMAA U, B g i, HifmEkm, FREERA 26z, e A& T
MERECMIEa L AT o — LAAREICHEIM L2 b OO, HFHFERZRFEAN 2 ST,
EEH E(NOEL) X 10mg/kg (RE/H Th -7, f/IMEARELOELIIHEDO M FEEOA
BB IS & 50mg/kg RKE/H I/ 5,

b9 1HEORBRIT, 1 HEHTZ D O A IR KE L, Wistar F &V, RAR IR R A
ZEME L O T, 15 BICE X SR TREMENA LN, MEFEEIZRD 5
727> 7= (Becci et al., 1983), KEIZIE 0, 18, 61, 210mg/kg AE/H ., #EIZi% 0, 20, 69,
235mg/kg (AH/H % 5% 7=, D BA7 2 HEFOMMSIFEES GRS LI &0 b,
LOEL (% 69mg/kg {KH/H T& 5 (NOEL=20mg/kg K &E/H),

CD-1~ A% H\W= 17 BICH L SR ORETRER(# 0, 22, 70, 246mg/kg (KHE/H ;
i 0, 28, 96, 326mg/kg R/ H) THIME L BHIEEEITER D b7 MR, kAL,
R H & 2372 ) o 7= (Becci et al., 1983), [ 7 ¢ B ALK O BEISEE AT L Tl
i AL OMERE D R TSR E R BN LN T o, 2R CHMIFREEIC
A BARAEDOBINMN B > 223, MaHA BT H A B Lo & & A B0 T TR 5
Nic, LEDZ &6, MEOFXITEEDAERINMCEES< & LOEL /% 96mg/kg &
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#/H T& 5 (NOEL=28mg/kg K&/ H),

KE EPA @ Office of Toxic Substances ~®D#75 T, BASF(1984)i% 0, 1.4, 7.0,
34.8mg/kg K E/H (NOEL) % 13 IR G- L7z v — 7V R(1 BEMERES 4 DOIC, A FIEH
IR olc LTS, 7a baicid, fbHEE & - (REEINIE, BRERE, mIRSE
s, FRRRA, sEEENE, MR TBIENHE ST,

8.5 REIRELEMNAM

HEELREWRBROBEERERELZE 2B LU 3 ITRT,

851 % A

Malley %(1994)i% Crl:CD BR 7 > b2, 1 H 6 ¢, 5 H#9°->,0,25, 100, 400ppm (0,
75, 300, 1200mg/m3)> DMF K% % 24 # H [E1 58 L7-, (REEIMHI 25 400ppm(1200
mg/m3)#f T4 U, 100ppm(300mg/m3)#E DT b FAE TRV D3 R A% B C DO BLEH1 2 B
&, PRI X e o 7o, IIRPTR., RRE L bIEF Th o7z, MERED 100 B LW
400ppm #£(300 35 L T8 1200mg/m3) THLiE YV L B F—/LF b Fu4ZF—BiHt(IFkEE 0
FE) D3P EEARAEVEI SN U 7=, MERED 400ppm(1200mg/m3)HE CHIXI AT E &I L, TEMK
AT 2Tl 100 5 X O 400ppm(300 35 L Y 1200mg/m3)EE T, I K OY 400ppm EE DD fiT
INEFUDMERFRIIEIE R « UR T ZAF v/ ~TF ) UERE - A REEEE L | WEED
HEDBLRD 9 bt 272 & ORFREE 2380 S iz, & RO JA# 7k Gs & O H &R
DOFRPIFARR) T OBMBIRA ClE, T ENIRBE R Y — 7 O3AELN EH L7 G,
EHE, FHRARE, BHEDIEIC, 1.7%. 5.1%. 3.4%. 14.8%)Li5, ZFEICERNT 55
EIIH oMz ESNenotz, RUMEFIOBREDT —% Lxtl4 5L, AE/RERY —7
DOFEFRITIIRERIES DX RO L7214 KT V—T7 T 2~15%. T 6.6%), Z D
ST TIE DMF X7 > MEREDB AT R S 0 &l S vz, MERED T/ INEH LM
FFRIIRIE R OB BRI MEED ViR 7 AF- 2/ ~T DT Y O ~OZEREOA B 8N,
MED D IF A AL I D & | F/MERIRE(LOEC) X 100ppm(300mg/m3)(NOEC=25
ppm[75mg/m3]) TH - 7=,

Crl:CD 1ICR)BR ~ 7 RIZ, 1 H 6 ¢, # 5 H#]3 >, DMF 0, 25, 100, 400ppm(0,
75, 300, 1200mg/m?)% 18 » A [H#i#& L 7=(Malley et al., 1994), KT "IZIER Th -
7z, HED 100ppm(300mg/m3) LA LD FECHIHITE &1 AZICHI L7z, 2% 58 CH OB
T RACEA LR B HiTe, EE OITEMRESRME T T~ U RITKT 2B AL RO 220
STz, HEOR/NEERLEREIR . MERED I HIIEESE . HEDRF 7 » S —Hllui@ ek - ARk
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A5, LOEC 1% 25ppm(75mg/m3) T 5,

852 #& M~

BD 7 » hiZ DMF % 10mg/kg RE/H + 500 H M E 721 20mg/kg (KH/H - 250 HH %
WOKPE G- LT3N AMERBRII A @Y 72 b 0T, HEAOFEIAFED S o 72 & idn
Z. MERAEOFHBE ST I T 72 (Druckrey et al., 1967), WED A 3 X I |ZEE
1.0~6.6%(%) 5~40mg/kg &/ H) T DMF % f K 200 HHfKAEET 5 & 1.7%0 7~
11mg/kg KHE/H)LL E TR CHZEBE S, RRBRICTEMLE S omAE LT
(Llewellyn et al., 1974),

853 ¥ X

INEDAB =L DT 77 MRy omnAMERETIE, DMF Z#5 L 7= % BEE CIES I
B4 % seabiZe v, MERES 5 PEIX 50%DMF &% 0.1mL(DMF #J 47mg/kg AR /[0 FH )
A 6~8.5 » HRIMEIENER S, B E TRILE & Sh-CEEFEM 19 » H D)
(Herrold, 1969), HI{Ed 5 TILZ v M DMF % 10 #FIEFENICKEES T2 & E5
OHEINTIRD N> T2 OO, BRFHIMET B W R ST 720> 72 (Kommineni,
1973),

8.6 EBBIEEMBIUEET. RFKEAL b

LIFOEBZETITBIn FRARER L L UWIaRARR, T7obbe Fof@EICEL, =~
RAA > k23 DMF #FAfi~0 BIENE S 5RO FE MR O 5 R 4 B ARIICEY 1T 5,

in vitro \ZHF 2 BIGFIRRERABROFERIT, 1ZETTXTHRREETH -T2, MRS
7= Salmonella \Z . % 20 (0B D 5 HaMki 18 @E“C(Green & Savage, 1978; Purchase
et al., 1978; Baker & Bonin, 1981; Brooks & Dean, 1981; Garner et al., 1981;
Gatehouse, 1981; Ichinotsubo et al., 1981; MacDonald, 1981; Martire et al., 1981;
Nagao & Takahashi, 1981; Richold & Jones, 1981; Rowland & Severn, 1981; Simmon &
Shepherd, 1981; Skopek et al., 1981; Venitt & Crofton-Sleigh, 1981; Antoine et al.,
1983; Falck et al., 1985; Mortelmans et al., 1986). 2 {13~ B T & - 7-(Hubbard et al.,
1981; Trueman, 1981), 6 4 ® K5 # (Escherichia col) i AR IZT X TREMETH - 72
(Gatehouse, 1981; Matsushima et al., 1981; Mohn et al., 1981; Thomson, 1981; Venitt
& Crofton- Sleigh, 1981; Falck et al., 1985),
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in vitrof B AR PR RER B X BB ERBRI B R FRRE R R LV Db oo,
FERITBBURENETH D, YR EBE (CARER T, & RV > Ek(Antoine et al., 1983)
BIXOF v A =— X AR K —JFHE(CHO) TF2 M (Natarajan & van Kesteren-van
Leeuwen, 1981), t MR U »RERTIE555 M (Koudela & Spazier, 1979) %/~ L7z, <7
AV N JERER OFE RT3 TRt T(Jotz & Mitchell, 1981; Mitchell et al., 1988; Myhr
& Caspary, 1988). 1 113555 (McGregor et al., 1988) % 7~ L 7=, in vitro flifk Yo k42
#i(SCE)ikBrIT 3 1 CHO(Evans & Mitchell, 1981; Natarajan & van Kesteren-van
Leeuwen, 1981; Perry & Thomson, 1981) &, 1 #4:dt kU >/ Ek(Antoine et al., 1983)
TEETH -7z, REH DNA Gr(UDS)RERITE #kHE IR (Agrelo & Amos, 1981;
Robinson & Mitchell, 1981), ~ 7 Aff#lifid(Klaunig et al., 1984). HeLa #liffd(Martin &
McDermid, 1981) CREME/Z 57223, T v MFME Tl Ito, 1982) & B (Williams,
1977 )5 OFERNEFHNT=, ~ 7 A(McQueen et al., 1983)F L O/ A 2 % —(McQueen
et al., 1983) ATl > DNA EERERIT & bICfaMZ>7-, b MATHIK DNA E1E KR
P72 5 7-(McQueen et al., 1988),

in vivo BInEMERER DT — Z N— 21X in vitro RERIC 55 T,

2 D IE 72 /NG TR ER O fE X et T & - 7= (Kirkhart, 1981; Antoine et al., 1983),
B“EORBRTIIHEOHRENH E VICKE L, HEMEIT 2000mg/kg KREICFEE S 41T
Weo Bt RS 7o\ 2 R OB T b A R 12 T (Salamone et al., 1981; Tsuchimoto &
Matter, 1981), Salamone ©(1981)%% LDso ® 80% & CTIEM 258D 7eino72 2 IR

Ml %, BEEIPEOARLEEEDL O, ARSI TIZZWA, v~ 7 2ABHT
INEDOHEIMNERD HiL7-(Ye, 1987), 72 Fa /L CIIHES 6 BERE L TV, &S
&1 20mg/kg (R ER IR X 722> o 7o (FEBRENIZ K 2 #% 1 LDso 1X 2000~7000mg/kg (A ),

7 v MEHO A REERBR(Sheveleva et al., 1979; McGregor, 1981)EB XU T v ME
MEEE SR (Lewis et al., 1979; McGregor, 1981; Cragin et al., 1990) (X & :72 » 7=,

NP IR N2 Wbk, ZIRSCED, 24D ORI B LHEHIBURGEHIAT 2 0,

~ U ZEMT SCE PEIE IR o ol lRiEIc, EENT —Z I3RS TN
(Paika et al., 1981),

8.7 AFEEM

8.7.1 AFHRE~DE
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Ty PRV AIRAEITRE AL D P E IR EEZFER L Th, A0 E
BEOMHBIFEA~OEEIIRD 5o 7= (Becci et al., 1983; Craig et al.,, 1984;
Kennedy & Sherman, 1986; NTP, 1992a; Malley et al., 1994), LA EDONSA 4T v A D
9 HEAE T, AFEBMEIC O W TEIMRBRA T 2bhe, 7y PRI~ r 22, 13 #IC
P72V s 800ppm(2400mg/m3) TH&EE L T, M - BB, RBIEMWoREE LU
HIR(NTP, 1992a) 2§, LD P /1T & 500ppm(1500mg/m?) THEE L THE O & L
KDL R - FEHE « iz i/~ Hurtt et al., 1992), L)L\ oRBRTH, iF~D
BN DAV PRE - ELUT TR~ O FREITRD 5y, M— 800ppm(2400
mg/m3) + 13 WO REE THET v MZRIERPMOEENZBD b2 Th - =(NTP,
1992a),

7' b 3l o AR B ERBRITIZ E A E o T, PERRE S -3 ER T (Lewis et
al., 1979; Cragin et al., 1990). Sprague-Dawley 7 » hiZ 30 % 721% 300ppm(90 F 7=
900mg/m3) % 1 H 6 ]3> 5 HEIEREE L= & 2 A, 6 Btk OAFHER (HLARR B 210
TR BV oo, ALE LTl FEILE O & 7R 6 R ICARR T 5 &, IRHERE DA
TREMWI 1= 0 OALEIR IRED B LT,

Swiss ¥ 7 A % HAGEAER T 0, 1000, 4000, 7000mg/L &% D DMF Mok 5 Sz
(NTP, 1992b; Fail et al., 1998), FO HARILE HIZRMLS LTz, 16 HH TARELT Z 408k L |
RIPFEMIEZ 21 BEEE LIS, F1 RO AEFRREZ R L=, FO i Class #43H
AR BIT o 7o, FHE OIX, MEREOMKRIFE RO, MR B E &S X ORI EED
Bz EES & | KA EQ000me/L, ¥ 219mg/kg (K E/H) % FO A% O i Kifif E(LOEL
e/ MERIED & L7z, FO~ 7 2ADBRA~DFHEE L LT 4000 ¥ L O 7000mg/L TD 3 AEHE
BLOZBEOK T RA LN, RERBROOMAICEERNBLSZ NS Nno7, Fl
HARDRZE %, F2 RO & AFEREER R & TR Uiz, #If Tl F1 i
HEDRED 4000mg/L LA BTl L, 2f & THixt - fHXIFE&ENS & I L=, FO
A D 4000 F5 L T 7000mg/L & F1 ~ 7 2 D4 &(G1000me/L) T, AEiEMER L% 4
FIENE U RS hT,

~ U ADEY) 72 A G (EHRBRGEMIT A T, BB iIEAa bl
(Antoine et al., 1983), ~ U ZADMOFRER TIXEMEDORERN AN OO, EENT —
H MR STV 720 (Topham, 1980, 1981). R XA CTHER SN D L DEITTH D

(McGregor, 1981),

8.7.2 FAEEM
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RAEFIEIZOWTIET = RX—2ANHRFEEL TR, WA - A - BEOFREZ
M 2RO CHRENFER SN TWD, T2 TETm b a /oW a8 Ly
WFFEIZHL > THEIT T %,

WA FE TR AIZ LD DMF 3R Tl Il A THWMEFIED R SN0, BHE
DIRTE & WM 7 B I RS S R AREEN R I, U X ARE(50ppm[1350
mg/m3)IB L7 v MEOFE(503mg/kg ARE/H)D & HERED A THh o 7= (Hellwig et al.,
1991), —MIZ, DMF 132 < I3RHAEMEZ R TRE 7213 E(F » ~ 100mg/kg K/
HOHE®RS)T, BHICKRIEEMN 2739 503 (Saillenfait et al., 1997), KEHINE L O
PARE 72 BRI RS < ERMRBRMERNE LW b B D, 72 & 2 1F Lewis 5199212 k% &,
Crl:CD 7 v b ORHAKRE L 300ppm(900mg/m3)(FH{A LOEC) THINd % & D d, 30ppm
(90mg/m?3) TIFEIEF, JRILEEND TN TIEH 2 NAEEITHED Lz, R K&,
A ERO YRR X ZNZE N 5.5£0.2, 5.5+0.4, 5.3+0.2g T > 72(P<0.05, X -
mHEREE D),

B DOFE R b RE DR Z — v Zm U, IREHIN & A2 PR 72 I 5 < &
FHAFMEH E(T » b 944mglkg K&/ H ;7 ¥ 400mg/kg {KHE/H;~ 7 A 944mg/kg R H/
H)DBTT v MIHENIHER S - (Hellwig et al., 1991), Z DOfDOWFIED 5 5 BRI &
D H DD 1 (Hansen & Meyer, 1990) T W EMECE LRI 23R SNz DX, BHAKRE
AN B 7o 1 &R S 7 W ERE(945mg/kg IR/ B )72 2 o 72,

Klug 5(1998)i% DMF, N-(t Fa %> X F)L)-N-AF)Lik/L A7 2 KHMMF), N A F
LRV ALT 2 RINMF), S(NAF VB NANREAL )T IVEFH L (SMG ; FVEFFH B
ROA VT VBAFLDOERED), SUNFATFN-TINVNEAN) AT A (SN
methyl-carbamoyllcysteine)(SMC), N7 & hF v A F )L -N- XA F LKL LT I RV
acetoximethyl- V-methylformamide)(AMMF), N7 & F /-8 (N- A FIL )L 8F A L)Y
2T A4 (AMCO)\ L- v AT A o I NE FF v v, v U 2R % 5 L 72, DMF,
NMF, HMMF, AMMF, L-3 A7 A ¥, ZNEFF N2 K 3L w02 R T/ )
>7=, LL, AMCC, SMC, SMG(Z /v % F 74 »fEG - H SR DA PED) 25T LTI,
R L ORAEICHEREER L BTz, DMF BAREOREEITI I VY F4 GOk
FE L BIED B D & flam S ATz,

8.8 MRHR~DE

K Wistar 7 > MZ 0, 7. 35, 656mg/kg AH/H O DMF % 2 £721% 7 HEMEAKE S L
T, ERBEERNOUEE L7 7 AMla iz onT, BiE7 v 7 4 F —E(acid
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proteinase) 5 L O 2.3V A 27V v 7 X7 LAF K 3-5FmAKRE KT —E(2,3-cyclic
nucleotide 3'-phosphohydrolase) D&% % i< 7= (Savolainen, 1981), 47 KX -Ek i RNA,
TNEFE L anyfET e Ra s —+E(succinate dehydrogenase)}s L OV > L &4 7
4% — ¥ (azoreductase) DIEMEZFH-~7-, 2 WK, 2,83V A 27V v 7 X7 LAF K I-HA
e R 7 —BoiEEs 2 & THERFEICAHEIC(P<0.001) EH L=, 0, 8, 39, 75mg/
kg (RHE/H - 7T HEBOZFETlX, EHEICBWTHKENFEEIZHD Lz, 7Y VE 7 24—
TR IWans@gre Fa s —EBoiEMER(H&RISITH & TIE O BICET
L7,

9. b Fr~DE

FHEBROMRE S —BT D K DIC, PERFRIEGR L OB EIC L 57 — & T,
DMF Dt MIXd 2wt OENEGE ISR CTH - 72, FEEREY & [REkic, BEUER, M
TEATIESE DN, Bk~ DN BIZE ST,

9.1 g~

BMEDRREMERBIEN Tl ERIRE I, B~ 2 & Z It S HibR Ok
FERME SN TWD, @R, BRARIR, BiEEEE, IS HOE, BUE, WM, N,
BB LOEER G &5 7= (Tolot et al., 1968; Potter, 1973; Chary, 1974; Chivers,
1978; Guirguis, 1981; Paoletti et al., 1982a, 1982b; Riachi et al., 1993; Drouet
D’Aubigny et al., 1998; Huang et al., 1998), & DIEEE(Weiss, 1971; Potter, 1973;
Guirguis, 1981; Paoletti et al., 1982b; Riachi et al., 1993; Drouet D’Aubigny et al.,
1998)F L OVZRE(Tolot et al., 1968; Riachi et al., 1993) D 2L &3 HiT-, BHEOFRE
DIREINT=ZHEIO S 65, HEEXTH 0.6g/kg REM O H G TeRAD &2 B L 7= &k
WZBWTC, FFEEME ALT, 7 AT X U7 2 /) b7 v A7 =7 —F[aspartate amino-
transferase(AST)]. AP, v U /LB OBEE RN, BUENF K & FIH A WA BT
(Nicolas et al., 1990), [FI£EIZ., DMF %z & & 9 28 H 2B EE 2 5% 5 < 50mL #
L7 B2 HOW TR, R 2T 7= (Buylaert et al., 1996), IfiLiF AST 35 L OV ALT
WEFAL, RILFEE Y L E NI BR L, 7'a b o B R AVERE L2, AP fH
IFIEFRHEIC I E 57,

DMF #5745 T, BmAl, HFEV, K, W& EREE T 27 ra—n

AT NS ST B (Lyle, 1979; Lyle et al., 1979; Lauwerys et al., 1980; Yonemoto
& Suzuki, 1980; Paoletti & Iannaccone, 1982; Paoletti et al., 1982a; Tomasini et al.,

37



nE,_\uEn =wdd] gq

ToOBSX Y TIMECIRHEE ©

(666 1) AZHgm Lo 4 EYE

(BER1) Ja08uy 7 AHZUGM 9z g b wddgg ~

L NLHEYE

(Z661) ‘12 3@ [BD SHEIT) TN EIE— LOZ 1% wddf ~ |0

A (el % 5 LA ]t £V R

(L661) |2 32 o3uol4 S oy R EE tuddy

Lriho e

(8661) 12 32 Jole  FELEIFTINNNTONG L 92 (EWERELVICTIREEIR wddg~z'0

AWML INC TGN

(F861) & 32 100RUAEY 8z g b (wddg ey o juuddg ~p

LN EANTLIEYE

(ORE 1) HNZNG 7§ OJOLWSLO L 9 b ] wddg ~ |

Lo fErEigdl

(0861) Te 3@ sAsamne] FA A £ (wddp | > 2| S Bwddgg | ~£'0

Ll g YE

(FEEL) |2 32 BlID ool mETEs (wuddy “yM LWdd0g ~£

(£861) '|e 3@ lwsewo | SEECIE £l (MEEELOCT IR EENS wdd(z ~&

_._“N.mm w..“_ N_EED_DNEEmm .m _“-“_D_DMﬁ_ __..N \_n.@_.. Enn____..N.}..—

F A = 4

(¥661) T2 32 Suey SHBE— £l 0l 81 wddzy~01

Lo EEREES A

(1661 '6961) 1= 1@ Buepy EEGITIHE IR — £8l 0 B wddpg~-0] >
Wxge £EHE wm“m BAOERH o

. MALEWIWWHNGEEING vE

38



1983; Cirla et al., 1984; Redlich et al., 1988, 1990; Wang et al., 1989, 1991; Cai et al.,
1992; Fiorita et al., 1997; Wrbitzky, 1999), Z O & 5 72 EBBIAEIR DO HIFEA KGN 5 Fefi
REZHEET 2 Z L30T Ly, FEEEZ 0 L RE 10ppm(30mg/m3) & BJE-517 5
(Lauwerys et al., 1980; Yonemoto & Suzuki, 1980; Cai et al., 1992; Fiorito et al.,
1997), FTEOHFZE TIEF RAE 1.2ppm(3.6mg/m3)FL L DK\ BFE T HIER OB ER H 5
(Wrbitzky, 1999),

DMF JSZEM: 282 N 28T 2 G EERE N B ORI CHIE SN TVnWD, Zhuh
DR O ON T RBRISICOWTHELZ R 4 ICE L DT,

KRN A X, RO L Fifehsf, OB ~DORFEORRE, WFHTlE oy
IZHOWT, FEFICRERITILSOXEIHDLDOD, WTFHOWKE Th i m O RE 42T
T2 B E O MIGEER RO MY — 2R L, —EIC OO TIEBNCHIE R T bi
TW5, U TERBRICORMETHELL TE Y, 1~6ppm(3~18mg/m3) D i [H C if 15 T
FOEFITRD SN o7, TR EOREGTppm[>21mg/m3]) TiX, 2l ik fifEE

AN EH LT,

TWA BBONER I, BBSOHFHOEBEIZ/20 5 B2 & LIZAFEN 3 R EINT
WA (FE 4 OMENTEY), 22 TEDOFFEAMZHOWTIRRS, UL, YU EDOHFZE TOHIME
X, MESNAKRERBZZB L CWRWI EE-AEBETALERD S,

ERREETEO 75 NOFBEIZ OV THMRFEREREZ £ L, SEOMEELSIC
BT 5 8 BRI OIEEKIE Y 7 ) v ZIcE-S< & ZEXH DMF B 0 A F¥IEITH 20
mg/m3(~7ppm)(2~40mg/m3) CT& - 7= (Fiorito et al., 1997), MAXGUIHR U 7 L ¥ - fit
Mg, Bk, KEO DMFE 14 b/ B) & WD AR E T O 5 8#F C, Kk DMF &
DR ERE S E 2 bz, EHEFHERIE 3.8 T, IRE LT, Fiin, MR, Ay
P, JEEHAEEIT D 75 A OFERBRAZHE Lo, MGORPULHEIZLY | Tra—
M., HRBOBERZ OGN FI3m/RICE T, BEOSXT b EmLE, &
BAREIC, Mg AST., ALT, y-Z A% IV b5 v AXRTFHX—E(y-GT), AP, RHI|HE
(BA), BV EY, MiGavATra—L, MmiFrY 7Y€ K, A, B, C £HFLK~—
H—IZ LD AE L G i, MELRZEFEm L, B, HER, BRAERED
BIHERDRBEAN DD 50%, F7-7 /02— VB OEmAE, BE, 3., DE0, R
72 EOFERA 40% THE SN (EIEMRE LT Vv a— L2 Sk, #ELLE 76 4
H 12 4 O IE ALT(28.8 %f 21.9 TU/L), AST(26.5 xf 21.1 TU/L), v -GT(29.5 %I 14.2
IU/L), AP(75.7 %} 60.8 TU/L) A E 22 - 72(P<0.001), 75 4 17 £ (23%)Z IFHEAE
BENHB L OO, R TIE 4% E R o7z, ZEEMITORES., ALT. AST.
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v -GT (% DMF 0 BHURM f & A A BIPE 2R Lz, (KRS HEEC(BMD, 77 /L =2 — LA,
ML AT = fF e —h— 7 & ORT-& I8 L TN AR, B R
W3 % = LIETE Rnol,

Catenacci ©(1984)1%, #hisi 5 FLL LD T 7 U VikME TIHEEE C, IFRE(NTE 7 L &
RUE-v a2 U N T AT 2 —E(serum glutamate—oxalate transaminase)[SGOTI.
MiG 7w I vVB-YLE VB T v A7 27 —E(serum glutamate—pyruvate trans-
aminase[SGPT]). v-GT. AP)Zii7-, ZDOMOBEHNZFEIZHOWTILFLIR N 720, 8 K
MANE AT 12~25mg/m3(CFEY) 18mg/m3)(4~8ppm [ ¥ 6ppm)) DG %% 1F 5, #h
MO 28 £ %% 1 #EL L. A 1.8~5mg/m3(CFY) 3mg/m?)(0.6~1.8ppm[*¥-#) 1ppm])
ORY ~—FMD 26 425 2B L Lic, xIRE LT, Filn, BE - 7L a— 81 T
FROM T2~y F 7 U, WANZ L DMEMRBEL T2 L0 b4 L EaREL
72 TWA BFBHEF O L 72 57 — X Ttk ST, i @ SGOT (6ppm. 1ppm,
xHRFEDNE; 20.74,21.06, 20.17mU/mL), SGPT(F 19.76, 21.26. 26.09mU/mL). v -GT(A
36.37. 28.34, 40.76mU/mL), AP([] 154.42, 150.35. 153.07mU/mL)D#& FHfEIL 3
FETEWNTRS, EFHEIICH 72, ARFOFFEMICOVWTITRLEZSZRINTZ,

Cirla ©(1984) 1%, TWA F¥REEABY > 7V v 72 L 5 H7E)22mg/m3(8~ 58
mg/m3)(CF-%) TWA 7ppm; 3~19ppm)IC & L7z, AR Y U L& v RE T 57 8# 100
2 DEFRFAN 2 i L7z, 1~15FORBHMOFEL 5 FThHbH, by XA F LT
Flr v MEK), =F L7 T—h, AV Fa LT a— Y TFALT L a—)L
B EGEMAIDFERZRE L T D, BREIIRZICREI RIS I A HR2 VX 5 12k
WL, FHICL D BRBEORBRELBRANT LI LTz, W DEAIRH RO RER
Brb 2 <, MR fRlRE . BOBEE, BEEE, o— v —BI hRREROHAL, SR
TEBEE~ vy F 7 LT 100 4 DT EFE %, [F—& 2 VIO T80 BRI L Tk HRE
& LTz, BRRFHEIC PR, MmERE, MmyET o AP, AST, ALT. v -GT 2o\ TA LM
Ha N L7z, Bl y -GT @EE /R L7-Dix, 100 4 g it 25 4ok L, xR
HETIX104 (P <0.0)Th-oTo, HBEHEPIMIE ASTO : 3)& ALT(12 : ) THEfEA R~ L7z
NEITHFICAE R LTV 2720, AP X2 ENEFHE TH o2, BBERIZT L a—
BB BIZEALR RS ToRRICB N T, BT LN ThH o7, DMF Z#R (B L
T, B, HIEARR., HEEEZR L, FiB~OEEBL2 R IER b A b,

RS M R A C IR DA BE PR L b iE STV AN, BFTEEIZ OV TEER
T—Z DNEERNC L ST 7220, Tomasini 5(1983) DS Tik, Bol 5 4 FERICH T
D 5~20ppm(15~60mg/m3)?®> DMF(& = D OEADIZZTE Lz, 13 4 4 4 ORFlEIC
VIR A U, il FTEEIZ 72 5 72, Redlich ©(1990)i% DMF(S X OV OO VEA], ZiE &
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IR D E KRBT 5 2T 1297 E SOV T ERZ £ U7z, B2 3 » HRMOBEE,
JFARIREESE, 27 v/ —HIfAE R, MUhZERaZEtt:, U Y Y — A EEER 2 Fa B
THWEUT, BRENSEYICOE 25513014 ~120 » H), B3 AENT A ZEIE 2 £ 5 B5 16
BYENRFED bz,

9.2 Mg~ DFE

KEOT 7 U m= kU VHERE TS T, R aR— MFJE S DMF 88 % %17 725718
FHORMIELIEBIZE D ERNEL > TWVD I EMRyHr-72(Chen et al., 1988b),
1950~1982 FIZRKAIZ L VD 624 L L TV T (SAEHEAL O HIFFE L 40.3, P< 0.01),
ZOWSITINARG T A a Z A4 SO TF L g L CHE TRV, ALY T DMF
77 Vv = MU AEGICEBZERT SRR S - 7250 1329 A b AEROBLR N A B
72(BE1C 65 44, WIFFE 48.3, P<0.05), LU, KEEAED 5 TIMBIOWIRHE & bl L
THZOREEBIIAEICEH N EITVWZT, BEL WbWwD “fEEEIH# %) % (healthy
worker effect)” DRENH LD TITRWWhEtHr B 5D, DMF &##F W) Lo, Ta—
NRHNRADWEEO KD RAEEEROIZ) DFKE LTREWEEZX LN, R
#LiZ 72 (Chen et al., 1988b), KEDOHTHL YT X 1T A FIMOE MBI K 5 5E
CRIIEVNEWI LD D,

DMF % i 14 2 Ffll e & R T8 T J7lhE O DEMBRAE 21772 - T IREN 2 WF5E
TH, DERR~OFEMERICE LSO H 25HUIA Lo T, REFIEIE D 8 4
A LIZE Z A, 1 LI EGE R 2 RefE% OMNIH LEIZMHE T W21l
(pathological alteration)” % £ 72\ D)NFR® 5 iL7-(Taccola et al., 1981), FHH T,
<3ppm(<9mg/m?3) Tt — 7 fii 1500ppm(4500mg/m3)?> DMF |Z 57 J§ B2 % {5 ZLiE#E T,
DEX OB HE SN TVDEHN, FEMII A TH % (Kang-De & Hui-Lan, 1981),

DMF 2 55 {2 OREWFZE T SR, B 7 & o O RERE SR 28 LIX LIEA B 5 (Lyle,
1979; Lyle et al., 1979; Kang-De & Hui-Lan, 1981; Cirla et al., 1984; Fiorito et al.,
1997), 7V a— LV EBRFZIZIZEERALND Z L b H H(Lyle, 1979 Lyle et al., 1979;
Fiorito et al., 1997).

9.3 » A
DMF ZFE M D DADRERB IO TRICET L7 — 213, FREGORESIHRE &

TRENE R BREO MY 572 2 48— b B L OVERIX FRAFZEIZ IR 5 41T 5 (Chen et al.,
1988a; Walrath et al., 1989), 7 7 U 1 = k U /Ui#EflE T35 ¢, DMF HH2» DMF 5 X
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077 Vva=hU Vil FICREOFREND D BNEER 3859 L& xR ET 5Hak— N
ZeCIX, AME - WEEE, M. BISZER. B, MERR. BEMOSDNAORAERITREME . —5
DIEFIZE N TIIERFEMHE & QBN S L AR INL T, ZOTHOREZ 2E &
el U7z, BFEEEITKGI<10ppm[<30mg/m3]), (& £12>10ppm[30mg/m3]), FED 3
BRI B A3, EEMT — X 3Rt S Cu7e (Chen et al., 1988a), & 9 1 {FDIEH]
*HHREBR CTlX, DMF ORIETY,, 1 v 73R E UCTER LT, 727 U VMER R iR
ELTHEM L7z 2 THOR 4 THOK 8700 4 % %512, M - N (2 =39), iTlE(n2=6).
AINEHR(n =43), FH(n =11 DO KB AR L ORKE OEEBRAER =312 >\ TR L7Z
(Walrath et al., 1989),

Ducatman 5(1986) D AEIZ L5 &, 1981~1983 FIZTTF4 7 7 F AV = v M
DI R L OVEL PR OMIE &2 LTz 153 4 0 A N B, B BRI A 3 4
AL, INEZIT T, BIHUKO F4 7 7 > b & L SRR ZEH S T3545 1 % Ffic
DWTHREM TR DT, 1970~1983 FFDfH, MiZ F4 77 M AFEEZD 680 4 4 4
TR A IFHE D3 E S, tho TE» S oGy, ko 7 41348
BMEREROR WA H Y, 3 T b BFMICIERORBENH L0, F4A 77 b A
Yz v MEETIHICO RN 201X, DMF &/ % 80%DIEH 2 HH L T\ ATH D
FE Y ORZIEIAH), 3 41LZ DIRBEF~DOBRBHHEFE T, 3LITRVICEEES, T4
W5 BiliTRE BRI, 2 BRI ER A THh 5T,

Levin ©(1987) & Frumin ©(1989)1%, KEDH 5 F 728 LE TR RN A Z 3 f
WAL TW5D, DMF DIAMC b R FEEZ R T 2-= hF & / —/1(2-ethoxyethanol) 33
JW2-= h¥xv =¥ ) — LT & X — (2-ethoxyethanol acetate)7s &, ZAk7aYeklls L
EAIDMER S LTz, BMRINE 8~14 FETh o7z, WEN A 3BINHE ST L
EOWER 8B AL EMRITAT Y == 7 AT, S LI ADPMHRBSILIZA, T O
DR NTFE R, S 7o 7= (Calvert et al., 1990),

77 U= b UV TS O AR R AT 2this L OREPEE & 0 i a AT,
DMF (2 D75k L7z 2530 4 OBGER RIS, HRMARERD EFERD bhiehoTz,
ZOakR— hOF =% L DMFBLUGT 7V u= kY ATHICREE L 1829 407 —4
EELOTH, BRERMAOREET 1 40HMFFE 1.7 TH > 2 (EEXHICTHIAD)
(Chen et al., 1988a),

EELOERIRHRAFZE T, DMF Z 8l « i L Tz 4 T30 8700 4 T, KA A

(A v X=0.91; 95%CI=0.1~8.6; FERAEBIEL=11) DEIINIT A 572 0> - 72 (Walrath et
al., 1989, 1990), &Iz, . MR, 527 7 A, L2~y T 7 L2 24 D%
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MARTE Lz, B - (EEXRBOMATEE=X) V7T =425 < &, DMF %%
RUFRFE IR oEEEZ LT,

Chen % (1988a)iX DMF B E 72137 7 VU m= KU )L &L OIRAE R &=\ 7= 3859 412,
RISEARAS A DA B 72 BN(10 & 2% L AL AL O BIFHE 5.1 36 L OVEERHIFE 5.2 ; itk
e P<0.10)%58H7, L L, DMF BRZEFERE(2530 4) & A7 & & | FERE LA
(SIR)(4 4 : WIFFE 2.3 4 5 Tld/av, 4 T35 8700 44 @ DMF 5 & O 5E Bl 5 PRI 28 C
XA IR A DA v Xk EFIIHE TldZe - 72(1.48; 95%CI = 0.59~3.74; 43 JEH)
(Walrath et al., 1989, 1990), 4 THIZOWTEBNZ T D &, FEAERN EF Lz0iF 1
T2 T, DMF #8% L ~Lds JOYEREUIM T K 0 D 2einotz, Bie LRI T
FHEL T oAy XIS E T TR o T2, BB & OBEIXRD Sz,

Chen 5(1988a)iE, DMF (28 L 7= 2530 & D5 #)#& CTHA B T=, OE - HEEN A DFH
EREN9 4 - WIFHE 1.6; P<0.10)IC 5V T HIE L T A (BEKEIEAH), 727V =
=RV EDRABERBE 2T 1329 40T — X 24tW 5 L, StEHEMAIHE 3.2, P<
0.0 ) DI TIXA BRI £4) TH 7228, REEHIFHE 6.6) & TIXABEMEITRD b
ol BB - W & OBRITRD o, RFINLE - RHIFOBRES TH
Slz, RFRO 4 T COREFIHBIIZE TIL, O - IR A DY A7 13 EF L Tnzdo
7= (4 » X =0.89; 90% CI=0.35~2.29; 39 f5)(Walrath et al., 1989, 1990),

9.4 BisHMH

t k@ DMF Ef=igtE 2 Miat U7 9813 7 HEiesR T & 7=, 4 122 T TARC(1999) 234
L, UFTOLIICHELTWS,

Berger 5(1985)D#iFI1C L5 &, DMF, NMF, YA F /LT I BEBERED Y 7 BRkYL A
REF (CANE 20 4T, FITHOIEREBEHAS L)LV ERTH - 7-(1.4%% 0.4%; Hathy
AEMEIZOWTIEIAR), kY 7V o7 10 E L, DMF 12.3mg/m3, NMF
5.3mg/m3, YA F /LT I 0.63mg/m3 Tholz, Ll REREEOYEMREIEIIIRTEIC
KIETod >72, IARC ¥ 7V — 7 IIEO PR SN TRV SRR L TV 5,

CA OFARIT, K 40 4 D DMF & 55#& D U o/ ERDIE 5 35RO 5 i L 0
B0 12(2.74~3.82%%F 1.10~1.61%; P<0.05), DMF S 1T 150~180mg/m3 T
ST, FEEITMEOA T V=T AT Fo | BER7 T, hrx=y v r7ankd )]
FULUACHEHERBEL T D, HMT ek BIZ X Y DMFEE MK T 5 & (35~50mg/m?),
FLEAE O HBLSRIX 1.49~1.59% £ T F 23 - 72 (Koudela & Spazier, 1981),
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Sram ©(1985) 1308k T, DMF %% L 7= 57813& TR U > /RERD CA BN &R T & 7
Mol-LWMELTWAER, FEMIIARATH S,

Seiji H(1992)DWMEIC L B &, RETHT 3 FOHEE D DMF(0.3~5.8ppm[0.9~17.4
mg/m3)IZ & L= 22 4 O &P it SCE REHMEIL, [ TEOMER, i, 5
vy F o7 UTERBEANR 22 £ X0 @EhroT-, WG BRIE - SGEEIEIX /20> 7,
SCE O¥ARIIF - BB CHERKRFICARIC LR L,

TARC(1999)/3 A kO Ak L, “REEMEIC B8 L 7o b b O 098 (5 2 30
BF— AT, BN DD LIEE XN LRSI TS,

BHHERAE & LT, SRR STV AR Ek(Haber et al., 199006 58 3 1443 IARC
(1999 L » CTHER SN TW5, LLFIZ, WUl ENn2 3 Tnd 2>V CEET,

Major ©(1998)IZIEEARH O DMF °7 7 U o=k U /LT 3~10 FR], REMEICRFEL
=958 E I OWTHE LTV D, KRR U 8RO CA IZIERBE SR E v #mL Tz (F
ZM), 7 » HEOEFZEH%DMF 0.2~8ppm[0.6~24mg/m3]FHB L U077 Vue=hKU /L 0~
17.6mg/m3), BFBEEEDORAERIT 5.1%IC EF- L7z, 20 » AF T2 LD EF 372>
7=, SCE OFAFHIT 20 » A L SRBROBMARIZIIRBRE LV m<, 7T 2 H%E 20 »
A#ICbEmWE E72 o7, REH DNA A R (UDS)ELRRERBHARIRE, xR & AR CTd o 7223,
7T H HCEBBEHCTLEA LT, 727V a= M) LRIBRZER T T, RBREoBE
FEIZAZ AR T & 720 (CA & SCE |XIFMAEE B At L 0 MU RBREDIZ O DA RICE o T,
ZRTH T H ATO CAIL, FERYEE CIIXIBEL 0 BEBEEEOIT O 2, F - BEE Tkt
B L D BRBHOIZ ) DARICE,PS T,

Cheng 5 (1999)IIHHEE AL LG I7@E DR Y kD SCE HAMEZNE LT, 9
2 ORI ERE & (P9l 5.2ppm[15.6mg/m3]; 0.9~5.3ppm[2.7~15.9mg/m3]), 20 £ D&
TR EERE(T 5 24.8 ppm(74.4mg/m3); 11.4~83.3ppm[34.2~249.9mg/m3)iZ 45 1} 7=, Wik
WCERIT < RTRBEDRRE STV,

IARC DORFELLE., BamtDT — 2 RX— A CEERFEHERIIMZ b TR 59,

IARC(1999)IT#i5 /1 D & 2 FEMLIZAG HALTVIRWN & B 2 72, fENTHREIIICBE A G E D &
LI EDRIFERERIZ—BEMEZ R E, BREOEWVICE > THHAE2 20,
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10. EREBLIUVBERROEM~DEE

—HEOEWFEE V., DMF IZ oW TCEtERBR A B Em ST b, 4 - KAEAEY
Tho & bREZMEOEm N RARA  FELLTIORL, £5ICF L D7,

10.1 KARE
AN L OEEEE. SRR, OKAUNEY). EIRENY). BEIE(I I X)), HEE, Bd
W, ﬁa*ﬁf;f‘:@ HOEWNZHOWNT, ZEOMFZEN RSN TS,

4 FEOFIAD 50%1EMIRE(ECs0) 3 & T 50%BsE i B (LCs0) 1, 3536 &% 7100~12000
mg/L T& - 7= (Batchelder, 1976; Johnson & Finley, 1980; Call et al., 1983; Poirier et al.,
1986; Groth et al, 1994), & - & L IEZ O &H WA X 7 Vv — F )L (Lepomis
macrochirus) & # 5iu, LCso l% 7100~7500mg/L TH - 7=,

A IV a(Daphnia magna)RX° & £ S ERB BRI S KA BRI DORERA FE
Stz AA IV A TEEHEYT G - & bEZMERE W E BB, NOEL (3 1140
mg/L ThoT-, AAIvraott= KR A 2 FMECso 3 LU LCso)id 12400~15700
mg/L TH o=, BB T o= FARA > MM 1140~3721mg/L To - 7-(Call
et al., 1983; Leblanc & Surprenant, 1983; Adams & Heidolph, 1985; Poirier et al., 1986;
Ziegenfuss et al., 1986; Sebaugh et al., 1991), &% X F 72 R d 48 K LCso 133
T2 < . 33500~36200mg/L T& - 7-(Call et al., 1983; Poirier et al., 1986; Ziegenfuss
et al., 1986).

BTG o LBV OITEEE Y L A T A(Selenastrum capricornutum;
B%#4, Pseudokirehneriella subcapitata) b 7 5iv, EREIZHT 5 14 HE NOEC
480mg/L C& - 7= (Hughes & Vilkas, 1983), & DO 2 FE Dk TlE 8900~10000mg/L
Td - 7-(Stratton & Smith, 1988; El Jay, 1996), Peterson (19972 k% &, EEMEIET
b DY NI A Y U R(Nitzschia sp.) D/E R 1C25 1% 6200mg/L Toh o7z, [FFERT
(T, BEEOEZMENR S - & BIR< | ARHFICKRT 2 IC25 1% 3 FE T 7000~15100mg/L %
7~ L (Peterson et al., 1997), @ EDT — & &L O VVEWV %7~ L 7= (Stratton, 1987),
Peterson ©(1997) D&k D 'E (quality assurance/quality controDiZFEF IZm <. L EDT
—HIIREEEIZOWT b2 L BEHOBIT 55T —F L LTERADL I ENTE D,

Rajini ©5(1989)i%., DMF S #:5% (10 7 fld L O 4 BERDIC k- 2 E A > 7 V)
I (Paramecium caudatum) D EECRG 7 8155 LT, 4 FEfH LCso 1% 20465mg/L Th - 7=,
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AT DAFFETIE, BB R L 7 F I X b (Spirostomum ambiguum) D& FEIZ
%42 ECs01% 8190~9870mg/L T.LCs01% 19700~31700mg/L T & - 7-(Nalecz-Jawecki
& Sawicki, 1999),

FIHEE Vibrio fischeri, X< H6iv5d 9 —nr v/ v ¥ v 2(Crangon crangon), 71 L
A B 7 4% —7F 7% —(Pleuronectes americanus)’s ¥ OUWFEAY) TRBRDN F i X
NTWb, V fischeri DFIAKR Tk L TiL, 5 %7 ECs013 20000mg/L T(Curtis et al.,
1982)., Harwood?MZ £ % 15 4r[H# 58 TOfi(13260~14830mg/L) & FRIFRECTH 5, [FT
— & C Harwood?21 73457- ICz5 1% 5830~6730mg/L. T > 7z,

Portmann B X Wilson(1971) 0 #HEIc L b E, I—m v X2y ad LCs IX
>100mg/L TH > 7=,

10.2 [REARE

BeA: DO}ERE R (S X Rl & YIS 2 DMF #PEic>nW T, fHilidize Ay
720N, Szabo(1972DI12k 5 &, DMF X2 AF &~ A DA H % 1%(HI 10000mg/L) Tl
PR, 5% 50000me/L) TIEMHE L- &350, F— 2 OEDOFBEICHOWTIE E
A EERPERIES TV, KEH T TH D 20 X7 Y (Lemna minon® 1Cas 1
4900mg/L TH 2D Z &b, AWK FRYIT DMF ([ZEZENEm<neEEZExohd
(Peterson et al., 1997), BATH - & HREZMENEWAEDIL, AEEEFEICHT 5 ECso 23
4840mg/L TH D HHEHEE ¥ 7 & @ Sclerotinia homeocarpa & 7 %1% (Stratton,
1985),

B AWK % DMF ORI 2 HHITHER SN TV 2R b 00, REREIZH
T 2R OFeRLER L(WHO, 1991) DT Tl A AWK 5 DMF o2t m i3 gn,
B TIE 2 M OB ARER D 1472 8 h(Malley et al., 1994), ARE I L OERK
BRAEMOEAIZFESL< . DMF W A% O LOEC i 25ppm(75mg/m3) T - 7=,

11. BN

21 M. Harwood, Environment Canada 7>% A. Chevrier, Environment Canada %5 C ®

FME, 1997 4 12 H 2 B X OV 5 H fF.
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F5 DMFOEHEN

Sl ST Y B TR ek i | $HIH
W oM Vibrio fischeri S4MEC, X EE 20000mg/L Curtis et al. (1982)
M oW Vibric fischeri 1553 MG R A W 13260~ 14830mg/L |, a
155 M R AR R 5830~ 67 30me/L
ke k| Paramecium caudatum 4FEILC, B 20465mg/ L Rajini at al. (1989)
Ry Uk Spirostomum ambiguum  24FFEIEC, 3 9370mg L Malecz-Jawacki & Sawicki
24FFHILC,, B 31 700mg/ L (1999}
SEEMEC, Tk 8190mg-L
49EERILC B 19700mg L
EERimm Nostoc sp. 10~14BMEC,, £ EME  <480mg/L Stratton (1987)
wHE
EXiED Anabaena sp. 10~ 14EMEC, £ |E  <480mg/L Stratton (1987)
wHE
55 3L Anabasna cylindrica 10~14BMEC:, £ &  <480mg/L Stratton (198T)
wHE
EER Nt Anabaena variabilis 10~14BMEC,, £ MME <480mg/L Stratton (1987)
wHE
BRI Anabasna inaequalis 10~14BMEC, = ®&E 5700mgL Stratton (1987)
Wit
BRI Anabasna Aosaguas A3EMEIC & R W 15100mg L Peterson at al. (1997)
BRI Microcystis aeruginosa 43 FEFMIC, 5 W T000mgAL Peaterson et al (1997)
ENiE Oscillatoria sp. A3EEMIC, . MW 10400m/ L Paterson et al. (1997)
b3 1k Nitzschia sp. 49FEMRIC, & R W 6200mg/L Paterson et al. (1997)
BEiES Salanastrum capricornutum A3EMEIC & R W T700mg L Peterson at al (1997)
BEiES Salanastrum capricornutum T2EMEIC & EEE ¥ 3420~6280mg/L Harwood
BEiES Salanastrum capricornutum IR 3 5000meg L TEEW El Jay (1996}
B Selenastrum capricornutum 4 A WNOEC 480me/L Hughes & Vilkas (1983)
BRiEH, Selenastrum capricormnubum Iz 3 1000/ L T3 3 El Jay (1996}
A Chiorella vulgaris JHERE 10000mg/LCIA®W  El Jay (1998)
A Chiorella vulgaris JHERE 10000mg/ LTI El Jay (1998)
ot 3T Chlerella pyrencidosa 10~14BMEC,, % &{E 8900mgL Stratton & Srnith (1983)
'F
b L B =t b Lamna minor TEMIC £ EEW 4900mg-L Paterson et al. (1997)
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S8l T B TRk W L Loped ]

#A4zina Dapnia magna BHEEEHFMNEC,F  14500ma L Poirier et al. (1586}
&

b g | Dapnia magna BtERERSMNEC,E  15700me/L Adams & Heidolph (1985
FELUERE

E e g | Dapnia magna SEHIERSMHLCE  14400mg/L Ziegenfuss ot al. (1986)
.

F g = e | Dapnia magna BHEEEESHLC,E  14530me/L Call et al. {1983}
®

FAzia Dapnia magna BEHIEREFMEC,F  13100mgL Sebaugh et al. (1991)
L

F, I =3 Dapnia magna W21 EMEC,E  3721mgL Adams & Heidolph (1985)
FELUHRE

s e | Dapnia magna S EEfE21 HMNOELS  1500~3000mg/L  Adams & Heidelph (1985)
LOECEFEXUERE

F, e = Dapnia magna T2 AMNOELE  1140me/L Leblanc & Surprenant
FELURRE (1983)

kg = | Dapnia magna SEBEIESMEC, S 12400me L Leblane & Surprenant
FELURKE (1883)

Baidhd Paratanylarsus 43FEMIEC,, I6200mg/ L Poirier et al. {1986)

parthenogenaticus

j=LR ) Tanytarsus dissimilis HAREMLC, 36000me/L Call et al. (1983}

Emfisd Chironomus tentans BEREESMELC, B 33500me/L Zieganfus et al. (19686)
%

3—BwiTEY Y3 Crangon crangon LGay #100meL Portmann & Wilson (1971}

ZURA Oncorhynchus mykiss BEHIEEEMLC, B 9800~12000mg/L  Johnzon & Finley (1980);
® Call st al. (1983} Poirier

et al. (1986)

4 8—25"7 Pleuronectes americanus  BREBRIZEITLEESIE 50000meL Janicki & Kinter (1971}

= %

i b i, Brachydanio rerio SHEEEEMLC. B 9840me/L Groth et al (1994)
®

FFubsulE Pimaphales promealas BEHIEEFMLC, . 9080~11400mg/L  Batchelder (1976); Call et

A= % al (1983); Poirier et al.

(1986}

F—XN Lepomis macrochirus SHEEHMLC,® 7100~ T7500me/L GCall et al. {1983} Poirier
W et al. (1986)

a0 Sclerotinia homeocarps  ECet /A EEWHE 4840mg/L Stratton (1985)
50~ TOmensE & & H85)

TEwE Pythium ulbimum ECyF /& RIE W HE 10250me/ L Stratton [1985)
50~ T0mm&E & L8

HmEs Pestalotia sp. ECe /2% MIAW(HE 5970me/L Stratton (1985)
50~ TOmensE & & H-8F)

ALFEELIUE RHEW 50000mg./L Szabe (1972)

(HF)

Fubk MR AMBNOEL  T5me/m’ Malley at al. (1994)
(668 . 58 M/ &)
EEELUEERRAS
A—=ZOEE

8 AT FRMEM Harwood £ W E# A Chevrier I TER. 1997F12H2B E LTS8
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11.1 R~

11.1.1 fGEREZEMHORE & ARKR)EOFEMR

11.1.1.1 e F~DEE

KEREN) TOMTERIR &b — 83 5 X 51T, WEETERERIC X DIEFIEE I K OB gE
DT =25, & b~0 DMF BEOERNGE IR TH D 2 EnninoTe, HBRORHK
IEBREM OB L b —E L, BBEE. 73— URIE, 5 TEESE OHIN(AST,
ALT. v-GT. AP). #Hip B PR B (T HIIREESE, 7 v R =M R, N 2E R 22t
VY Y —LEBEE BRI b= FU T BIEMEOIRNIAZEE 2 tF 5 JBIAM) 23380 5
Mic, MERISIZET DM H 2 BT TR O ORIBITIE TIE, Rl Tl i i
FROWMPBIE ST,

[BonzT—2I2Xk 5 e, BGERE O DMF 28ICBFR LT, R 2T 1A
DY AINEFTDENVIFAGTIOH HHEFILAMUL R, FEERI A DREFIRE L2 A —
b e SEGIRRRAFZE THER STV 2Ly, DMF Z3ICER LT, Mo FIREAL TOEE D
BT —E L TRD LI TR,

Y S50, (DMF 3 X OMLOME ~D) &7 BHE BT 25 RITELE L T,
DMF MR N D OBEFEICHOWTE, —B L TSN Z2 R 5 UIIE & A SRR,
MRAEEZ LB LTH BEANFY— U ERBIIS LD LD R—BMEALRR N, L L,
HAMRETHERIGEBRPRD LN TS Z b, ZONEITE I & T 5 i
NbnEBbndN, EBRAROBEEMEICET 27— CIIEHICEEOKERDOIF O N
E4A%"

11.1.1.2 FEREY~DFE

DMF [3FEEHER 2R TN 7o W\ T — ZIZEDSTFIE, AEEMEITIR, RB L OE
WCRENOPEEORMZRT, AFTE L7 —21% DMF OBEFERMELRFET 511X
RO TH D, BPERAER GEERAEBRTIZ, DMF (3-8 L TiFEttarm L, slERE -
METHIFRICE BN O NS, ITEEROZ L, ITEEOHM, Mt~ L BEDSETIED
FHAR B RO ME . MIEITERER O ETH D, T D DREA~DREZMEIZITHE AR &
D, ¥TUA>T v h>PILDIEIZKE W,

BWANMEDT —Z X—=2TT7 v b BL BT ROEERANAFT v A 27215 TH D

49



23, DMF O REHAW ARG #% I b BRI L 2o 72, EismtElLIA#7e in vitro
ABRICE S &, BEFERLELZIZICDE L, ZOFHLOERIIT E A EREMET, D
O invivoiRBROT — A RXR—ATHEETH 5,

DMF MZBIEICk LA EREBEBLZFZR LT-OE, HFE~OFEZEBLZ R LT LV E
FERIZ DTN E IR o7z, EUREHEEWENREINTZ, £& L TRIEDRAERE
PERFZE CliE. BRIRFEMER X OME S ML O RICRHATFE 2 R TR E S L O & TO 8122
i,

BUEDH D7 — 213, MR, SRR R & 2 W BRI 2 3§ 2 12 13
s &x<,

LIT ofa#HE, BRY RN RBERNEEESH LY | RESUAOE 2 W 2 S & e
50

11.1.2 HARE £ 72136 $HE DR E L4

Y THe FTH DMF 2% ORISR E IR T, 372 2 R ChOUSME P R R
FTRIER E b FER R, T —ZIZ8 D &, fHE I D HBIERE TG &7z DMF O
A, EREBE E FOMICHYDIELSERH D | BRILDE DX 523 DMF 1
MIZBUECTH D EBEZ DN, £io, HBEOENE L BB T 2 — 21254 5 BTG
D, Vi LY REDRTMERTEBENT — 203 H 50T, MABETCOIEE FOWA
BT 7 —ZIZES< DD, ZNHDOEIZTHRINOBERINEBEL TV RWnI &
IR ETO2MER D D, DT, BFERIC K 2 IF~DREIZ >V THERUS T
MRINTWD, —RREREICBIT 2 EBIIBLICKRABLITEZ L LEXLNDHD
T, 207 v a r TIIRABEICET IR T — 2 X— 22 HLICEY Bz,

IR SOSIZ B LA T O iR S 7o ICEME 288 A 0 OB R C. BARRE TR E
VTN~ D S B T MG B R OHIINTH 5, BSOS T D/ RIT LD TH —E
LTk, MiGHFEEHEOHEMIT 1~6ppm(3~18mg/m3) TITB/E S LTV 7RV, HRIFIRE
NEL 725 L7 ppm[>21mg/m3]), MiEAFEEEIZ—E& L THMT %, Cirla 5(1984) D
H T, Tppm(21mg/m3)IZ ## L7275 @)% 100 4 O MiF v -GT 1TABITHIIN L7z, [FAkk
(2. Fiorito 51992 X % & | Tppm(21mg/m3) |2 &% L 7= 5583 o iy & o ALT, AST,
y-GT. AP IZHEIZHEINT %,

Catenacci H(198D)IZ L5 & 5 FLL EEERERN S 5 F7## o SGOT, SGPT, vy -GT

50



O M IF I FE L 72 o 72, 45 TWA 6ppm(18mg/m3)IZ 5% L 70 %i(n =28) D x5 TH&
EWIRFERNEONTZOEF RBROBE N R 22> 72729 T, Cirla 5(1984)<° Fiorito
5A99NDFERE LT LY —E L TWWnbid TldZew,

B/ hEEEMLOAEL) TH 5 7Tppm(21mg/m3)IZiE-3< &, TC22IZLA FoXTEMND,

TC=-1%§HHBIE4HEIT

= 0.03ppm(0.1mg/m3)

- 7ppm(21mg/m3)(X = & LT DMF (255 L 7= 5784 O i £ %9 5 LOAEL
T, Cirla 5(1984) & Fiorito 51997 BHE LT Th 5, HHEO MIGEITHRE OV &
OEIMET L BT PRAFEEHE LPBZ LN TRV LIZIIRETRE T, Bl
HIF~OEFEIIFZRBELTILT D LR EHBND,

- 8/24 & BITIXZENEN 8 Wi H & 5 A O RBE~DERLRETH 5.

© 50 X ARHEFMRE(X10 1IEZEOH DT I —T &, R—FENEE-]Z0 21z
WL XBIEBHICAEERBE LV EHNO L O EHET 5729, TCIZ LOAELIZHE-S< 28,
BRINTEAEHRITITSBBEEZOND),

ZITHELRE TC OEMET —# TV, BWEROKE R HERKIS T T56 Z &
T, WL OPOBEBERBENGONTZORMTER 4 28), WAZICT v PBXOv T AT
JFERDB RSN AHEPATEH o & HIRDWRFv—7 ZRLTIEZDOEK, 7Y PBIOYTAD
IR 330) 2 MR BRI ZEAL © 7B & TR OWFSE CHBEREICER A2 7% L7l & 0 13
WEZZ2S, B CEPHICINE > T0D, LavL, it LB omE » b (075 FRES O 1
IIXHEAF R, b NOXRUF~— 7 [TEBICITFRE ClEn e n ) Z LICHE T
EThob,

HOOEOHLNRZ Eid, FHI~EWRBR CIIRBOMEITRALNDL E V) Z L T,
RENEMICBLSEHEEE LSS R25(FYWB I OEYMRBO S FIFRIFELICHT S
Ry F2— 7 ORAMEITERL T 5 DY),

22 “MHATEE (tolerable concentration)” &%, IPCS(1994)23FE# L7 “MHAIEEE
(tolerable intake)” L [AIFE T, “AIEZAE U TERL CHEEIIIHEOH W EE 2 BN
HHEERE” THD,

2 BELLIERT—FIE. ZOREERNFICHTIET 74V MEET —EZ0EDEE &
W Z HITIIA T4 TH HAPCS, 1994),
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11.1.3 U 27 OREHIEH]

DMF O Hi&, 2 —2 BREMNEMOZD, MEREICIS2e NOREY X7 0
K 2 RARD 5 7= 012, TSGR O RRBRBEMICESRH THNL TS,

AT ZIREY o TIOVEOEM 20 b UK, E—RAICEFT DT 1 R OA
fif T, —EDRIHAHESERNAT b D & RIGRIET S TILRRE O DMF & 558 7
HIAEND (I F X EEHOHEEMM 0.11mg/m3), 7+ & TIEZ KA T DMF EE ORI T
— XNl HEERZEEEVIIN T X ORRIEHIROIK T — % 2 52, HEefH
ExBERQTHREIN,

1 5 T Tl SNk ROFRBHEIT 1 BRX—ATERDLINH(12.7 kv /#=0.0348
R/ HEFIE3.48X10'mg/ H), EEICRES 5 &, DMF @ 1 H O 358705 Y5
OISR Tkm OMBERNICINE 2 & RUAEN S, 1km AOIEELE WO D%, £< D
HEAOEEICAMBb o ofREVZ LD, £T. HROPEHIITE - BEORMMIELT
3£ 1L T 5 (Environment Canada, 1999b), M4iZ#iSiE 7T A7 7 /U b CEi%E S, HEH
TR CTIEEF A DR O R T b s Z L IXE TRy, £72, DMF [ZHERA
PERCZE BN VG YU 5 CIEREER STV, JERET U 7 ORERN S DT,
SHEH SN R OIG I E Tld, LR RTEYED H8F v N CRBIZIREME T T 518
237 541 % (Davis, 1997; Thé, 1998 72 &),

—RIZHE LA WIIKIC 100m 282 T EHT 52 21372 <, BHiX 1000m Z#E 2
Ll HDHEEZLND2, NERIZAMED 72 100m & WO 5T IE, 1 HEil L T
BEAHITHIIVORMEE L THERENS,

PLEDZ &0 B IEHUAREIL, & & 100m 22 1km OMAEICHEY 35 3.14X108m3 & &t
HEND, HPFHERT 3.48X10™m3 ¢, K&+ DMF #E O H & 0.11mg/m3 &
HegtEn o, MAENOKRKFREZZ O A HEINE 0.11mg/m3 XV D 72pn b B b b O T,
LEMIZHF -7 EEV £ LTHWSHN S, BEIX DMF &b Re XU ERKIGT 572008
FIXMETT2ThASH, DMF SR 1 B8 EicB IS5 En8H 50T, ficE

24 N.J. Bunce, University of Guelph, Guelph, Ontario & ¥ A. Chevrier, Environment
Canada 50 TOREE, 1998 42 6 H 1 HAfT.
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AN 72 < Bk 721 7y b AuX, FHEANO DMF 33842 2 L1272 5,
LLTZHTT 4T AT, RRBEZRET 2038 HEE, T20bBNERTH
Do AR 1km/IF & W I MRS T T FAESNTO DMF Bl I3V O T
EF WX 0.01mg/m3 L FIZ 7 5, BEER 22 FHJEGE 10km/ie Tl AN O DMF i EE
Dy HAREEH 100 2 L 5, —f%AIIC EEV 0.11mg/m3 &\ 9 30713, tEToOREm %z -
B2 A% TH 5,

B TOVE O e KRR IEDT O RKR L, &2 8E L7256 0.11mg/m3 & ARG ©
L. REOFETHRHED 10~100 fFOE T, 2T EE O Mg O EE -5 <
TC(0.1mg/m3) % KIgIZH T Z & 1%\,

11.1.4 b FORED X ZHEICBIT 3 R EEER X OEEE

B2 TOVET O RIG GRS O DMF KPR EOHEEMIZ, & FOREEY X 7 HED
L0, EFICAMEIET(§11.2.3 ORFEFEIEICET HEBLE2SR), EERBFICR
DTV, METORRBENEME T —%T 2, 295 LG REGLE & B
FHREOBBROLAATH L, HEOET=X ) I T —HIkS3&, DMF 12X 25 —#%
FEROZRELHIET 2 OITHE T TIXR,

t M B IO OERIC L DH5E 6 b fTIE2S DMF BIEOIERIGE TH 5 & D i
AENF LN TND, BHICEMEZHRET D FEH O ~O BT 2 BT 21T,
E & DOFIFFREL, & S ITIEABOBIRET =2 BN EOT =2 RRIZE» T
Brxidsd, LrL, RAOOAEEMZRTEICOVWTIIZ S OMETEIZEDO—ENR
H oD, BEMERBEANDOMETEREEINIE S8 HaIn TC 23, ZaflicHH -
B E A DD DE, AR REEZ BB L TWRWNDLTH D,

DMF &N\ N THEN AJEF OBEDRH 505, T b OFT RITEFERIICHEE S 11 TER
57, DMF 3t FOFERAME TH S LITEZIZS VY,

11.2 BRE~OZEAMH
11.2.1 BRAEEYOFM= RAA b
H o7 NVET DMF ORETIRKICHBEENTWD ERBNED T, DMF O X% JiE

mb, AWHEIEE LS L TRAH T DMF IC£#8 S, RiEK, T8, JEEEW)ND DO
BiIblanemrbnsd, UboZ &z, IK#eKAE « HAEYICH 2 DMF #E
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Bz Enbh, hHHoREK, HHE KB\ T, #EEDO DMF ([ZAEY )N i
T 5 HEMEIZIRVY, L7e-> TREDO U A7 HEX., KAH O DMF ([ZEEREFET D4t
EMCESEZHTHZ LITT 5,

B A IR R CEEREiIC LW DMF ([C2E 9 528, I E Dm0 OIEEh
RBRIZR D B2 b D, RAEKEE Y X+ 5 DMF fa:f BT 27— 213 HT
By, FEf-, HEEREE, KAERBEFEDIT, & - RARR EBIAR—i, EototEy
DRZHOREEL LTHOLNS, ZNOLOEWTFE - & S ESZENE WV E L LIV DX
TIEESE S B 7 % V)& Sclerotinia homeocarpa C . R E Ik % ECso 1% 4840mg/L
Td % (Stratton, 1985), fEHIREN BB AW &5, BEAEMEYIL DMF 12X 5 jk
SMED & ITEWD BTN R0,

DMF O R¥I KRGS S, AWERITAAERR2 O T, BAEWICBIETE
BITB I RGO CORANIZ LD EHERENOAEL D, BIEOHERTIE, I 4K
HIZ N D /N ~ ch R R FE D WL O TEIEEN . — %12 1km2 X 0 13 5 22/ & (Banfield,
1974; Burt & Grossenheider, 1976; Forsyth, 1985; US EPA, 1999), *IMRAYIZ. 384T X
KHBHNDT TA 7~ OITHEICITE km2~8T km?2 & RERTHLOE 1 H 5 Burt &
Grossenheider, 1976; US EPA, 1999), L7273 > T, /NU LB 13755355 O J5 P L km
B TR O DMF ICEBIM S b &N5D 2 L1250, BEWED @ R B 0 15 2 5%
BEEXZAIVEVWELLND,

WA K T 5 DMF ORBICT 28I R b7 5720, DMF RAREEZ 5
/NI~ R RUTR I DI FLEN ) D R ?H X, BMERTRIITE L9,

11.2.2 BREY X7 OREHEH

EEV O #H R §11.1.3 12",

TR D IIHT & I D BUR 2 BRIKOMER N, BREFME= Y R A > FORIRO
%E% LB (A RBEBEEICB T ABR BB LM ~DEEER ), 2 RRA v

2. EEZRHEEZREEEEV)Z 3R L, critical toxicity value(CTV, #ic/NEthiE) % Ji%L
f*ﬁiﬁtfﬁ% L CHEE HE/E ] & (estimated no-effect value)(ENEV) %15 %, ARSI Y 27 D
HEEZRDDEFTME Y RBEA 2 MZOWT, &EEITBEICH R RN F-T-7E

(EEVEMEV)% K %,

<~ ATEOLNT-ENAS » A)W AR/ NEEEELOAEC)T 75mg/m3 T, /IR FLE)
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WZxt4 5880 CTV & LTHWD, ZOfEIE, 230 FEBRE)HE CEIT I - HFH -
FHEBROB KT — 2 0 BB E iz, ~1200mg/m3 O B & Tl AIFE~DEER 72
BT T < IR EALORIE A~ OB L BIE SN2V A, Thmg/m3 TILATH
JAbERE G, FFEMAREESE, IT27 » S—flgOEF R AR BSHMN L 7-Malley et al.,
1994), Z DX O BN LB CEHAAMRICERICRIT 52 L3z, Lizdo
TENEV (X5 £ T RIF7EMEET CTV AR L TH D, Z OREITIRVEH &2 /EH
BICHMET D SWVOMRML 720 | FEEREORE 2 B REICE M L7720 | IO B
FOHEANDEL WO e AMT AT &< RHEFEEE BERICAND Z N TE D, Ul X
2702 LD, 16mg/m3 &9 ENEV RA&E0ivd, L7eni-> T, EEV 23 0.11mg/m3 72D
¢, EEV/ENEV % 0.007 |272 5, ZOEEISES M LZHFIE 1 ISR 02D, o
TNVEOREAEAYIZ DMF OFEEINB LS Z LiIThne b s,

11.2.3 FHEEMEICET I ELR

ZOBREEY AV At A AR L DICT AEEBEN LA LD,

RSN~V Y —ERIIAHE T, BMELHETERY, RESTE25F2D &,
THT WIS SEMREHEEEIL. ~ U —ERE SNTEICER SN D25,

7 F Z PRI O KK T OBAEIEARHTH 5, L > T EEV I3 HEFO R % K
WZHRAEL bz, LaL, 2o EEV IflECcORERERKHEE BBhh—%T 5, =
OFHICEREINHWO ML Y, o7 VEO DMF BENELS 05 2 L1TRneE
2 HNDH, KEETIETBR S =@ oMM RIL, o EDEFT LV IXH I KET,
BEOVFTIVANEZ DD, KETHE, KPE~OBHPRHRIND Z & i3b7e . KK
225 K~D DMF O ELR D 7 WTZOREITRWEE 2 b b, Hil - W EA D72 T
HTESOCH KO DMF IRER EA T2 00 AN 50, BUEOERTITZD L
DRI FnEFEZXOBND,

PeA =T xt4 5 DMF ORBICOW TR, MEE DI 28T —Z 13720 b o
D, TR L OUKAERBRED T 57— 2 b, AL L <12 DMF ICBU& Tl
WEEZ NG, BAERY~DOEBEIZHOWTIE, DMF 2BSERFAEY. W7 & O
FREDIIEETIE RN ERFEHLN SRS 5T 5,

25 A, Bobra, AMBEC Environmental Consultant & ¥ Chemicals Evaluation Division,
Commercial Chemicals Evaluation Branch, Environment Canada (Z#2H S 7=RER
LTV IS, 1999.
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BAEOFEBHALEI T 2 8MET — ¥ &2, WAEEYW~OEBIINFT HI2HT--> Tt
RMERIRE N D D, ZNHDARHEFEMNEZE E+ 25720, ENEV 255720 08RE) A7
A IR S A VN T,

12. EBEH#EEIC L5 - E TOFE
TARC(1999)i%. DMF # b MIXLENAMEEZ RS NWETH I V—T 3 ITHE LT,

DMF @t Mk 2N AMEZHOWTIEL, R R Loy, EEREY Tl DMF
RN ATV E T HFHLN B 5,

56



e ZB AN

Adams WJ, Heidolph BB (1985) Short-cut chronic toxicity estimates using Daphnia
magna. In: Cardwell RD, Purdy R, Bahner RC, eds. Aquatic toxicity and hazard
assessment: seventh symposium. Philadelphia, PA, American Society for Testing and
Materials, pp. 87-103 (ASTM Special Technical Publication 854).

Agrelo C, Amos H (1981) DNA repair in human fibroblasts. In: DeSerres FJ, Ashby J,

eds. FEvaluation of short-term tests for carcinogens. Report of the International
Collaborative Program. New York, NY, Elsevier, pp. 528532 (Progress in Mutation
Research, Vol. 1).

Amster MB, Hijazi N, Chan R (1983) Real time monitoring of low level air
contaminants from hazardous waste sites. In: National Conference on Management of
Uncontrolled Hazardous Waste Sites, 31 October — 2 November 1983, Washington, DC.

Silver Spring, MD, Hazardous Materials Control Research Institute/ Consultants, pp.

98-99.

Angerer J, Géen T, Kramer A, Kifferlein HU (1998) N-Methyl carbamoyl adducts at

the MN-terminal valine of globin in workers exposed to N, N-dimethylformamide.

Archives of toxicology, 72:309-313.

Antoine JL, Arany J, Léonard A, Henrotte J, Jenar-Dubuisson G, Decat G (1983) Lack

of mutagenic activity of dimethylformamide. 7oxicology, 26:207-212.

Arena N, Santacruz G, Alia EF, Baldus M, Corgiolu T, Alia EE (1982) [Structural and

ultrastructural changes to the myocardium in rabbits exposed to dimethylformamide

vapour.] Bollettino della Societa Italiana di Biologia Sperimentale, 58:1496—1501 (in

Italian).

Atkinson R (1988) Estimation of gas-phase hydroxyl radical rate constants for organic

chemicals. Environmental toxicology and chemistry, 7:435—442.

Baker RSU, Bonin AM (1981) Study of 42 coded compounds with the

Salmonella/mammalian microsome assay. In: DeSerres FdJ, Ashby J, eds. Evaluation of
short-term tests for carcinogens. Report of the International Collaborative Program.

New York, NY, Elsevier, pp. 249-260 (Progress in Mutation Research, Vol. 1).

Banfield AWF (1974) The mammals of Canada. Toronto, Ontario, University of Toronto

Press.

BASF (1984) 13-week oral toxicity (feeding) study with dimethyl formamide (DMF) in

beagle dogs with cover sheet dated 061289. BASF Aktiengesellschaft. Washington, DC,

US Environmental Protection Agency (TSCA Submission EPA Document No. 86-

890000633).

57



Batchelder TL (1976) Evaluation of dimethylformamide in the aquatic environment
(final report) (sanitized). Washington, DC, US Environmental Protection Agency (EPA
No. 86-890001140S).

Becci PJ, Voss KA, Johnson WD, Gallo MA, Babish JG (1983) Subchronic feeding study
of N,N-dimethylformamide in rats and mice. Journal of the American College of
Toxicology, 2:371-378.

Begert A (1974) Biological purification of dimethylformamide- containing industrial
sewage. Vom Wasser, 43:403—432.

Berger H, Haber I, Wiinscher G, Bittersohl G (1985) [Epidemiologic studies of exposure
to dimethylformamide.] Zeitschrift fiir die Gesamte Hygiene und ihre Grenzgebiete,
31:366-368 (in German) [cited in IARC, 1999].

Brooks TM, Dean BJ (1981) Mutagenic activity of 42 coded compounds in the
Salmonella/microsome assay with preincubation. In: DeSerres FJ, Ashby J, eds.
FEvaluation of short-term tests for carcinogens. Report of the International
Collaborative Program. New York, NY, Elsevier, pp. 261-270 (Progress in Mutation
Research, Vol. 1).

Brugnone F, Perbellini L, Gaffuri E (1980) N, N-Dimethylformamide concentration in
environmental and alveolar air in an artificial leather factory. British journal of
industrial medicine, 37:185—188.

BUA (1994) N, N-Dimethylformamide. GDCh-Advisory Committee on Existing
Chemicals of Environmental Relevance. Stuttgart, German Chemical Society,
Wissenschaftliche Verlagsgesellschaft, December 1991 (BUA Report No. 84).

Burt WH, Grossenheider RP (1976) A field guide to the mammals of North America
north of Mexico, 3rd ed. Boston, MA, Houghton Mifflin Company.

Buylaert W, Calle P, DePaepe P, Verstraete A, Samyn N, Vogelaers D, Vandenbulcke M,
Belpaire F (1996) Hepatotoxicity of NV, N-dimethylformamide (DMF) in acute poisoning
with the veterinary euthanasia drug T-61. Human experimental toxicology,
15:607-611.

Cai SX, Huang MY (1979) [Investigation on occupational hazard in a butadiene
monomer workshop of a cissbutadiene rubber plant.] Journal of hygiene research,
8(1):22—49 (in Chinese) [cited in WHO, 1991].

Cai S-X, Huang M-Y, Xi L-Q, Li YL, Qu J-B, Kawai T, Yasugi T, Mizunuma K,
Watanabe T, Ikeda M (1992) Occupational dimethylformamide exposure. 3. Health
effects of dimethyl formamide after occupational exposure at low concentrations.
International archives of occupational and environmental health, 63:461—468.

Call DJ, Brooke LT, Ahmad N, Richter JE (1983) Toxicity and metabolism studies with

58



EPA priority pollutants and related chemicals in freshwater organisms. Duluth, MN,
US Environmental Protection Agency (EPA-600/3-83-095).

Calvert GM, Fajen JM, Hills BW, Halperin WE (1990) Testicular cancer,
dimethylformamide, and leather tanneries. Lancet, 336:1253—1254.

Carter JL, Young DA (1983) Biodegradation of chemical plant wastewater containing
dimethylformamide. In: Proceedings of the 38th Industrial Waste Conference, 10—12
May 1983. Boston, MA, Butterworth Publishers, pp. 481-486.

Casal Lareo A, Perbellini L (1995) Biological monitoring of workers exposed to
N, N-dimethylformamide. II. Dimethylformamide and its metabolites in urine of
exposed workers. International archives of occupational and environmental health,
67:47-52.

Catenacci G, Grampella D, Terzi R, Sala A, Pollini G (1984) Hepatic function in
subjects exposed to environmental concentrations of DMF lower than the actually
proposed TLV. Giornale Italiano di Medicina del Lavoro, 6:157—158.

Chary S (1974) Dimethylformamide: a cause of acute pancreatitis? Lancet, ii:356.
Chen JL, Fayerweather WE, Pell S (1988a) Cancer incidence of workers exposed to
dimethylformamide and/or acrylonitrile. Journal of occupational medicine,
30:813-818.

Chen JL, Fayerweather WE, Pell S (1988b) Mortality study of workers exposed to
dimethylformamide and/or acrylonitrile. Journal of occupational medicine,
30:819-821.

Cheng T, Hwang S, Kuo H, Luo J, Chang M (1999) Exposure to epichlorohydrin and
dimethylformamide, glutathione S-transferases and sister chromatid exchange
frequencies in peripheral lymphocytes. Archives of toxicology, 73(4/5):282—287.

Chieli E, Saviozzi M, Menicagli S, Branca T, Gervasi PG (1995) Hepatotoxicity and
P-4502E1-dependent metabolic oxidation of N, N-dimethylformamide in rats and mice.
Archives of toxicology, 69:165—170.

Chivers CP (1978) Disulfiram effect from inhalation of dimethyl formamide. Lancet,
1:331.

Chudoba J, Pitter P, Madera V (1969) Biological oxidation of lower aliphatic amines
and dimethylformamide. Chemicky Prumysi, 19:76-80.

Cirla AM, Pisati G, Invernizzi E, Torricelli P (1984) Epidemiological study on workers
exposed to low dimethylformamide concentra tions. Giornale Italiano di Medicina del
Lavoro, 6:149-156.

CITI (1992) Biodegradation and bioaccumulation data on existing chemicals based on

the CSCL Japan. Tokyo, Chemicals Inspection and Testing Institute.

59



Clay PF, Spittler TM (1983) Determination of airborne volatile nitrogen compounds
using four independent techniques. In: National Conference on Management of
Uncontrolled Hazardous Waste Sites, 31 October — 2 November 1983, Washington, DC.
Silver Spring, MD, Hazardous Materials Control Research Institute/Consultants, pp.
100-104.

Clayton JW, Barnes JR, Hood DB, Schepers GWH (1963) The inhalation toxicity of
dimethylformamide. American Industrial Hygiene Association journal, 24:144-154.
Conor Pacific Environmental (1998) A report on multimedia exposures to selected
PSL2 substances. Prepared by Conor Pacific Environmental (formerly Bovar
Environmental) and Maxxam Analytics Inc. for Health Canada, Ottawa, Ontario
(Project No. 741- 6705; Contract No. DSS File No. 025SS.H4078-6-C574).

Cragin DW, Lewis SC, McKee RH (1990) A dominant lethal test of dimethyl formamide.
Environmental and molecular mutagenesis, 15(Suppl.17):14 (Abstract 44).

Craig DK, Weir RJ, Wagner W, Groth D (1984) Subchronic inhalation toxicity of
dimethylformamide in rats and mice. Drug and chemical toxicology, 7:551-571.

Crump K (1995) Calculation of benchmark doses from continuous data. Risk analysis,
15(1):79-89.

Crump KS, Van Landingham C (1996) BENCH _C: A Fortran program to calculate
benchmark doses from continuous data. Ruston, LA, ICF Consulting.

Curtis C, Lima A, Lozano SJ, Veith GD (1982) Evaluation of a bacterial
bioluminescence bioassay as a method for predicting acute toxicity of organic chemicals
to fish. In: Pearson JG, Foster RB, Bishop WE, eds. Aquatic toxicity and hazard
assessment: Fifth conference. Philadelphia, PA, American Society for Testing and
Materials, pp. 170-178 (ASTM Special Technical Publication 766).

Davis CS (1997) Air dispersion modelling of phenol, final report. Prepared by Bovar
Environmental for the Chemicals Evaluation Division, Environment Canada,
September (BE Project 74171-13).

DMER, AEL (1996) Pathways analysis using fugacity modelling of
N,N-dimethylformamide for the second Priority Substances List. Prepared for
Chemicals Evaluation Division, Commercial Chemicals Evaluation Branch,
Environment Canada, by Don Mackay Environmental Research, Peterborough,
Ontario, and Angus Environmental Limited, Don Mills, Ontario.

Dojlido JR (1979) Investigations of biodegradability and toxicity of organic compounds.
Washington, DC, US Environmental Protection Agency (EPA-600/2-79-163) [cited in
Howard, 1993].

Drouet D’Aubigny F, Roquelaure Y, Bertrand L, Caillon M, Calés P (1998) [Hepatitis

60



attributable to dimethylformamide with re- exposure.] Gastroenterologie clinique et
biologique, 22:745—-746 (in French).

Druckrey H, Preussmann R, Ivankovic S, Schmahl D (1967) [Organotropic
carcinogenic effects of 65 different N-nitroso- compounds on BD rats.] Zeitschrift fiir
Krebsforschung, 69:103—201 (in German).

Ducatman AM, Conwill DE, Crawl J (1986) Germ cell tumors of the testicle among
aircraft repairmen. Journal of urology, 136:834—836.

Eben A, Kimmerle G (1976) Metabolism studies of N, N-dimethyl formamide. III.
Studies about the influence of ethanol in persons and laboratory animals.
International archives of occupational and environmental health, 36:243—-265.
Eberling CL (1980) Dimethylformamide. In: Kirk RE, Othmer DF, Grayson M, Eckroth
DV, eds. Kirk-Othmer encyclopedia of chemical technology, 3rd ed. Vol 11. New York,
NY, John Wiley & Sons, pp. 263—268.

El Jay A (1996) Toxic effects of organic solvents on the growth of Chlorella vulgaris and
Selenastrum capricornutum. Bulletin of environmental contamination and toxicology,
57:191-198.

Elovaara E, Marselos M, Vainio H (1983) N, N-Dimethylformamide- induced effects on
hepatic and renal xenobiotic enzymes with emphasis on aldehyde metabolism in the
rat. Acta Pharmacologica et Toxicologica, 53:159-165.

Environment Agency Japan (1985) Chemicals in the environment — Report on
environmental survey and wildlife monitoring of chemicals in FY. 1982 and 1985.
Tokyo, Environment Agency Japan, Department of Environmental Health, Office of
Health Studies, March, p. 50.

Environment Agency Japan (1996) Chemicals in the environment — Report on
environmental survey and wildlife monitoring of chemicals in FY 1994. Tokyo,
Environment Agency Japan, Environmental Health and Safety Division, May, p. 119.
Environment Canada (1998) PSLZ2 technical report for N,N- dimethylformamide
(1995-1996 data). Prepared by H. Atkinson, Use Patterns Section, Chemicals Control
Division, Commercial Chemicals Evaluation Branch, Environment Canada
(unpublished and protected).

Environment Canada (1999a) Supporting document for the environmental assessment
of dimethylformamide, CEPA Priority Substances List. Hull, Quebec, Environment
Canada, Commercial Chemicals Evaluation Branch (unpublished).

Environment Canada (1999b) PSLZ2 additional information on use pattern of DMF
obtained from industry in 1999. Prepared by C. Whitall, Chemicals Evaluation

Division, Commercial Chemicals Evaluation Branch, Environment Canada

61



(unpublished and protected).

European Chemicals Bureau (1996a) Trimethylamine. TUCLID (International Uniform
Chemical Information Database).

European Chemicals Bureau (1996b) Dimethylamine. ITUCLID (International Uniform
Chemical Information Database).

Evans EL, Mitchell AD (1981) Effects of 20 coded chemicals on sister chromatid
exchange frequencies in cultured Chinese hamster cells. In: DeSerres FdJ, Ashby J, eds.
FEvaluation of short-term tests for carcinogens. Report of the International
Collaborative Program. New York, NY, Elsevier, pp. 538-550 (Progress in Mutation
Research, Vol. 1).

Ewing BB, Chian ESK, Cook JC, DeWalle FB, Evans CA, Hopke PK, Kim JH, Means
JC, Milberg R, Perkins EG, Sherwood JD, Wadlin WH (1977) Monitoring to detect
previously unrecognized pollutants in surface waters. Washington, DC, US
Environmental Protection Agency (EPA 560/6-77-015A).

Fail PA, George JD, Grizzle RB, Heindel JJ (1998) Formamide and
dimethylformamide: reproductive assessment by continuous breeding in mice.
Reproductive toxicology, 12:317-332.

Falck K, Partanen P, Sorsa M, Suovaniemi O, Vainio H (1985) Mutascreen, an
automated bacterial mutagenicity assay. Mutation research, 150:119—125.

Farhi M, Morel M, Cavigneaux A (1968) Dimethylformamide HCON(CHs)s2. Cahier de
notes documentaires, 50:91-93.

Fersht AR, Requena Y (1971) Free energies of hydrolysis of amides and peptides in
aqueous solution at 25 degrees Celsius. Journal of the American Chemical Society,
93:3499-3504.

Figge K, Dommrose AM, Rabel W, Zerhau W (1987) Sammel-und analysensystem zur
bestimmung organischer spurenstoffe inder atmosphare. Fresenius’ Zeitschrift fiir
Analytische Chemie, 327:279-292 [cited in BUA, 1994].

Finlayson-Pitts BJ, Pitts JN Jr (1986) Atmospheric chemistry: fundamentals and
experimental techniques. New York, NY, John Wiley & Sons.

Fiorito A, Larese F, Molinari S, Zanin T (1997) Liver function alterations in synthetic
leather workers exposed to dimethyl formamide. American journal of industrial
medicine, 32:255—-260.

Forsyth A (1985) Mammals of the Canadian wild. Camden East, Ontario, Camden
House Publishing Ltd.

Frost AA, Pearson RG (1962) Kinetics and mechanism. New York, NY, John Wiley and

Sons Inc.

62



Frumin E, Brathwaite M, Towne W, Levin SM, Baker DB, Monaghan SV, Landrigan Pd,
Marshal EG, Melius JM (1989) Testicular cancer in leather workers — Fulton County,
New York. Morbidity and mortality weekly report, 38:105—114.

Fujishiro K, Imazu K, Makita Y, Inoue N (1996) Alterations of hepatic drug
metabolising system due to dimethylformamide (DMF). Fukuoka Igaku Zasshi,
87(7):162-168.

Garner RC, Welch A, Pickering C (1981) Mutagenic activity of 42 coded compounds in
the Salmonella/microsome assay. In: DeSerres FdJ, Ashby J, eds. Evaluation of
short-term tests for carcinogens. Report of the International Collaborative Program.
New York, NY, Elsevier, pp. 280—284 (Progress in Mutation Research, Vol. 1).
Gatehouse D (1981) Mutagenic activity of 42 coded compounds in the "microtiter"
fluctuation test. In: DeSerres FJ, Ashby J, eds. Evaluation of short-term tests for
carcinogens. Report of the International Collaborative Program. New York, NY,
Elsevier, pp. 376—-386 (Progress in Mutation Research, Vol. 1).

Gescher A (1990) N,N-Dimethylformamide. In: Buhler DR, Reed DJ, eds. Ethel
Browning’s toxicity and metabolism of industrial solvents. Vol. 2. New York, NY,
Elsevier, pp. 149-159.

Gescher A (1993) Metabolism of N, N-dimethylformamide: key to the understanding of
its toxicity. Chemical research in toxicology, 6:245—-251.

Government of Canada (in press) Canadian Environmental Protection Act. Priority
Substances List Assessment Report. N,N- Dimethylformamide. Ottawa, Ontario,
Environment Canada and Health Canada.

Grasselli JG, ed. (1973) Atlas of spectral data and physical constants for organic
compounds. Cleveland, OH, Chemical Rubber Publishing Co., 539 pp.

Green NR, Savage JR (1978) Screening of safrole, eugenol, their ninhydrin positive
metabolites and selected secondary amines for potential mutagenicity. Mutation
research, 57(2):115-121.

Groth G, Kronauer K, Freundt KJ (1994) Effects of N, N-dimethyl formamide and its
degradation products in zebrafish embryos. Toxicology in vitro, 8:401—-406.

Gubser H (1969) Probleme bei der Reinigung von Chemie abwassern.
Gas-Wasser-Abwasser, 49:175—181.

Guirguis S (1981) Dimethylformamide intoxication in acrylic fiber production.
Giornale Italiano di Medicina del Lavoro, 3:137—140.

Haber I, Heberer H, Schneider G, Leuschke W (1990) [Zytogenetic examinations of
exposed workers in an acrylic fibres synthesizing plant.] Wissenschaft und Umwelt,
4:183-190 (in German).

63



Hala E, Wichterle I, Polak J, Boublik T (1968) Vapour liquid equilibrium data at
normal pressures. Oxford, Pergamon Press, 541 pp. [cited in DMER & AEL, 1996].
Hamm A (1972) Schlammbekastung und schlammabbauleistung beim abbau
industrielle abwasserstoffe in labor-belebtschlamman lagen. Miincher Beitrdage zur
Abwasser-, Fischerei- und Fluss biologie, 22:79-91.

Hanasono GK, Fuller RW, Broddle WD, Gibson WR (1977) Studies on the effects of
N, N-dimethylformamide on ethanol disposition and on monoamine oxidase activity in
rats. Toxicology and applied pharmacology, 39:461—472 [cited in WHO, 1991].

Hansch C, Leo A, Hoekman D (1995) Exploring QSAR. Hydro phobic, electronic, and
steric constants. Washington, DC, American Chemical Society, p. 6 (ACS Professional
Reference Book).

Hansen E, Meyer O (1990) Embryotoxicity and teratogenicity study in rats dosed
epicutaneously with dimethylformamide (DMF). Journal of applied toxicology,
10:333—-338.

Haskell Laboratory (1960) Ninety-day feeding study with dimethyl formamide and
dimethylacetamide. Washington, DC, US Environ mental Protection Agency (TSCA
submission; Document Identi fication No. 869600002325; Microfiche No.
NTIS/OTS0572893).

Hayon E, Ibata T, Lichtin NN, Simic M (1970) Sites of attack of hydroxyl radicals on
amides in aqueous solution. Journal of the American Chemical Society, 92:3898—-3903.
Health Canada (1994) Human health risk assessment for Priority Substances. Ottawa,
Ontario, Minister of Supply and Services, 36 pp. ISBN 0-662-22126-5).

Hellwig J, Merkle J, Klimisch HJ, Jickh R (1991) Studies on the prenatal toxicity of
N, N-dimethylformamide in mice, rats and rabbits. Food and chemical toxicology,
29:193-201.

Herrold KM (1969) Aflatoxin induced lesions in Syrian hamsters. British journal of
cancer, 23:655—-660.

Howard PH, ed. (1993) Handbook of environmental fate and exposure data for organic
chemicals. Vol. 4. Solvents 2. Boca Raton, FL, Lewis Publishers.

Howe RB (1995) THRESH: A computer program to compute a reference dose from
quantal animal toxicity data using the benchmark dose method. Ruston, LA, ICF
Kaiser Engineers, Inc.

Huang J, Kuo H, Ho C, Chen T, Chang W (1998) Dimethyl formamide-induced
occupational liver injury — a case report. Kaohsiung journal of medical science,
14:655—658.

Hubbard SA, Green MHL, Bridges BA, Wain AJ, Bridges JW (1981) Fluctuation test

64



with S9 and hepatocyte activation. In: DeSerres FJ, Ashby J, eds. Evaluation of
short-term tests for carcinogens. Report of the International Collaborative Program.
New York, NY, Elsevier, pp. 361-370 (Progress in Mutation Research, Vol. 1).

Hughes JS, Vilkas AG (1983) Toxicity of N, N-dimethylformamide used as a solvent in
toxicity tests with the green alga Selenastrum capricornutum. Bulletin of
environmental contamination and toxicology, 31:98—104.

Hundley SG, Lieder PH, Valentine R, Malley LA, Kennedy GL Jr (1993a)
Dimethylformamide pharmacokinetics following inhalation exposures to rats and mice.
Drug and chemical toxicology, 16:21-52.

Hundley SG, McCooey KT, Lieder PH, Hurtt ME, Kennedy GL Jr (1993b)
Dimethylformamide pharmacokinetics following inhalation exposures in monkeys.
Drug and chemical toxicology, 16:53-T79.

Hurtt ME, McCooey KT, Placke ME, Kennedy GL (1991) Ten-day repeated-exposure
inhalation study of dimethylformamide (DMF) in cynomolgus monkeys. 7bxicology
letters, 59:229-237.

Hurtt ME, Placke ME, Killinger JM, Singer AW, Kennedy GL Jr (1992) 13-week
inhalation toxicity study of dimethylformamide (DMF) in cynomolgus monkeys.
Fundamental and applied toxicology, 18:596—601.

IARC (1989) Dimethylformamide. In: Some organic solvents, resin monomers and
related compounds, pigments and occupational exposures in paint manufacture and
painting. Lyon, International Agency for Research on Cancer, pp. 171-197; 446447
(IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol. 47).
TIARC (1999) Dimethylformamide. In: Re-evaluation of some organic chemicals,
hydrazine and hydrogen peroxide. Lyon, International Agency for Research on Cancer,
pp. 545-574 (IARC Monographs on the Evaluation of Carcinogenic Risks to Humans,
Vol. 71, Part Two).

Ichinotsubo D, Mower H, Mandel M (1981) Mutagen testing of a series of paired
compounds with the Ames Salmonella testing system. In: DeSerres FdJ, Ashby J, eds.
FEvaluation of short-term tests for carcinogens. Report of the International
Collaborative Program. New York, NY, Elsevier, pp. 298-301 (Progress in Mutation
Research, Vol. 1).

Ikeda M (1996) N,N-Dimethylformamide. In: Biological monitoring of chemical
exposure in the workplace. Vol. 1. Geneva, World Health Organization, pp.168—-174.
Imazu K, Fujishiro K, Inoue N (1992) Effects of dimethylformamide on hepatic
microsomal monooxygenase system and glutathione metabolism in rats. Zoxicology,

72:41-50.

65



Imazu K, Fujishiro K, Inoue N (1994) Liver injury and alterations of hepatic
microsomal monooxygenase system due to dimethyl formamide (DMF) in rats.
Fukuoka Acta Medica, 85(5):147—153.

IPCS (1994) Assessing human health risks of chemicals: Derivation of guidance values
for health-based exposure Iimits. Geneva, World Health Organization, International
Programme on Chemical Safety (Environmental Health Criteria 170).

IPCS (1999) International Chemical Safety Card — N,N- Dimethylformamide. Geneva,
World Health Organization, International Programme on Chemical Safety (ICSC
0457).

Ito N (1982) Unscheduled DNA synthesis induced by chemical carcinogens in primary
cultures of adult rat hepatocytes. Mie medical journal, 32(1):53—60.

Janicki RH, Kinter WB (1971) DDT inhibits Nat*, K+, Mg 2t-ATPase in the intestinal
mucosa and gills of marine teleosts. Nature' New Biology, 233.

Johnson WW, Finley MT (1980) Handbook of acute toxicity of chemicals to fish and
aquatic Invertebrates. Washington, DC, US Department of the Interior, Fish and
Wildlife Service, 83 pp. (Resource Publication 137).

Jotz MM, Mitchell AD (1981) Effects of 20 coded chemicals on the forward mutation
frequency at the thymidine kinase locus in L5178Y mouse lymphoma cells. In:
DeSerres FdJ, Ashby J, eds. Evaluation of short-term tests for carcinogens. Report of
the International Collaborative Program. New York, NY, Elsevier, pp. 580-593
(Progress in Mutation Research, Vol. 1).

Kang-De C, Hui-Lan Z (1981) Observation on the effects of dimethylformamide on
human health. In: Abstracts of the 9th International Congress on Occupational Health
in the Chemical Industry, 15—17 September 1981, Aswan, Egypt, pp. 22-23 [cited in
WHO, 1991].

Kawai T, Yasugi T, Mizunuma K, Watanabe T, Cai S, Huang M, Xi L, Qu J, Yao B,
Ikeda M (1992) Occupational dimethylformamide exposure. 2. Monomethylformamide
excretion in urine after occupational dimethylformamide exposure. International
archives of occupational and environmental health, 63(7):455—-460.

Kawasaki M (1980) Experiences with the test scheme under the chemical control law
of Japan: an approach to structure—activity correlations. FEcotoxicology and
environmental safety, 4:444—454.,

Kelly TJ, Ramamurthi M, Pollack AJ, Spicer CW, Culpitt LT (1993) Ambient
concentration summaries for Clean Air Act Title III Hazardous Air Pollutants.
Washington, DC, US Environmental Protection Agency (EPA Contract No. 68-D80082).
Kelly TJ, Mukund R, Spicer CW, Pollack AJ (1994) Concentrations and

66



transformations of hazardous air pollutants. What we know and don’t know about the
CAAA’s 189 hazardous air pollutants. FEnvironmental science and technology,
28(8):378A—387A.

Kennedy GL Jr (1986) Biological effects of acetamide, formamide, and their
monomethyl and dimethyl derivatives. CRC critical reviews in toxicology, 17:129—182.
Kennedy GL Jr, Sherman H (1986) Acute and subchronic toxicity of
dimethylformamide and dimethylacetamide following various routes of administration.
Drug and chemical toxicology, 9:147-170.

Kimber I, Weisenberger C (1989) A murine local lymph node assay for the
identification of contact allergens. Assay development and results of an initial
validation study. Archives of toxicology, 63:274—282.

Kimmerle G, Eben A (1975a) Metabolism studies of N, N-dimethyl formamide. I.
Studies in rats and dogs. Internationales Archiv fiir Arbeitsmedizin, 34:109-126.
Kimmerle G, Eben A (1975b) Metabolism studies of N, N-dimethyl formamide. II.
Studies in persons. Internationales Archiv fiir Arbeitsmedizin, 34:127—136.

Kirkhart B (1981) Micronucleus test on 21 compounds. In: DeSerres FJ, Ashby J, eds.
FEvaluation of short-term tests for carcinogens. Keport of the International
Collaborative Program. New York, NY, Elsevier, pp. 698-704 (Progress in Mutation
Research, Vol. 1).

Klaunig JE, Goldblatt PJ, Hinton DE, Lipsky MM, Trump BF (1984) Carcinogen
induced unscheduled DNA synthesis in mouse hepatocytes. Tboxicologic pathology,
12(2):119-125.

Klug S, Merker HJ, Jooackh R (1998) Potency of monomethyl-, dimethylformamide
and some of their metabolites to induce abnormal development in a limb bud organ
culture. 7Toxicology in vitro, 12(2):123—132.

Kommineni C (1973)  Pathological studies of aflatoxin fractions and
dimethylformamide in MRC rats. Omaha, NB, University of Nebraska, December 1972
(Dissertation) [cited in WHO, 1991].

Koudela K, Spazier K (1979) [Effect of dimethylformamide on human peripheral
lymphocytes.] Ceskoslovenska Hygiena, 24:432—436 (in Czechoslovakian with English
abstract).

Koudela K, Spazier K (1981) [Results of cytogenetic examination of persons working in
the environment of increased concentration of dimethylformamide vapours in the
atmosphere.] Pracovni Lékarstvi, 33:121-123 (in Czechoslovakian) [cited in IARC,
1999].

Krivanek ND, McLaughlin M, Fayerweather WE (1978) Mono methylformamide levels

67



in human urine after repetitive exposure to dimethylformamide vapour. Journal of
occupational medicine, 20:179-182.

Langlois S, Broche A (1964) FEtude cinétigue de Ihydrolyse des amides
N,N-disubstitués 1. Dimethylformamide. Report presented to the Chemical Society, pp.

812-816 (No. 148).

Lauwerys RR, Kivits A, Lhoir M, Rigolet P, Houbeau D, Buchet JP, Roels HA (1980)

Biological surveillance of workers exposed to dimethylformamide and the influence of
skin protection on its percutaneous absorption. International archives of occupational
and environmental health, 45:189-203.

Leblanc GA, Surprenant DC (1983) The acute and chronic toxicity of acetone, dimethyl

formamide and triethylene glycol to Daphnia magna (Straus). Archives of
environmental contamination and toxicology, 12:305-310.

Levin SM, Baker DB, Landrigan PJ, Monaghan SV, Frumin E, Braithwaite M, Towne

W (1987) Testicular cancer in leather tanners exposed to dimethylformamide. Lancet,

11:1153.

Lewis SC, Rinehart WE, Schroeder RE, Thackara JW (1979) Dominant lethal

mutagenic bioassay of dimethyl formamide (DMF). Environmental mutagenesis, 1:166

(Abstract Ea-7).

Lewis SC, Schroeder RE, Kennedy GL Jr (1992) Developmental toxicity of
dimethylformamide in the rat following inhalation exposure. Drug and chemical
toxicology, 15:1-14.

Lipski K (1982) Liquid chromatographic determination of dimethylformamide,

methylene bisphenyl isocyanate, and methylene bisphenyl amine in air samples.

Annals of occupational hygiene, 25:1—4.

Llewellyn GC, Hastings WS, Kimbrough TD (1974) The effects of dimethylformamide

on female Mongolian gerbils, Meriones unguiculatus. Bulletin of environmental
contamination and toxicology, 11:467—473.

Lundberg I, Pehrsson A, Lundberg S, Kronevi T, Lidums V (1983) Delayed

dimethylformamide biotransformation after high exposures in rats. Tbxicology letters,

17:29-34.

Lyle WH (1979) Alcohol interaction with a workplace chemical. Occupational health,

5:265-267.

Lyle WH, Spence TWM, McKinneley WM, Duckers K (1979) Dimethylformamide and

alcohol intolerance. British journal of industrial medicine, 36:63—66.

MacDonald DJ (1981) Salmonellalmicrosome tests on 42 coded chemicals. In: DeSerres

FJ, Ashby J, eds. Evaluation of short-term tests for carcinogens. Report of the

68



International Collaborative Program. New York, NY, Elsevier, pp. 285-297 (Progress in
Mutation Research, Vol. 1).

Mackay D (1991) Multimedia environmental models: The fugacity approach. Chelsea,
MI, Lewis Publishers, 257 pp.

Mackay D, Paterson S (1991) Evaluating the multimedia fate of organic chemicals: A
Level III fugacity model. Environmental science and technology, 25:4217.

Major J, Hudak A, Kiss G, Jakab MG, Szaniszl6 J, Naray N, Nagy I, Tompa A (1998)
Follow-up Dbiological and genotoxicological monitoring of acrylonitrile- and
dimethylformamide-exposed viscose rayon plant workers. FKnvironmental and
molecular mutagenesis, 31:301-310.

Malley LA, Slone TW Jr, Van Pelt C, Elliott GS, Ross PE, Stadler JC, Kennedy GL Jr
(1994) Chronic toxicity/oncogenicity of dimethyl formamide in rats and mice following
inhalation exposure. Fundamental and applied toxicology, 23:268-279.

Marsella JA (1994) Formic acid and derivatives. In: Kirk RE, Othmer DF, Kroschwitz
JI, Howe-Grant M, eds. Kirk-Othmer encyclopedia of chemical technology, 4th ed. Vol
11. New York, NY, Wiley, pp. 967-976.

Martin CN, McDermid AC (1981) Testing of 42 coded compounds for their ability to
induce unscheduled DNA repair synthesis in HeLa cells. In: DeSerres FdJ, Ashby J, eds.
FEvaluation of short-term tests for carcinogens. Keport of the International
Collaborative Program. New York, NY, Elsevier, pp. 533-537 (Progress in Mutation
Research, Vol. 1).

Martire G, Vricella G, Perfumo AM, DeLorenzo F (1981) Evaluation of the mutagenic
activity of coded compounds in the Sal/monella test. In: DeSerres FdJ, Ashby J, eds.
FEvaluation of short-term tests for carcinogens. Report of the International
Collaborative Program. New York, NY, Elsevier, pp. 271-279 (Progress in Mutation
Research, Vol. 1).

Massmann W (1956) Toxicological investigations on dimethyl formamide. British
journal of industrial medicine, 13:51-54.

Matsushima T, Takamoto Y, Shirai A, Sawamura M, Sugimura T (1981) Reverse
mutation test on 42 coded compounds with the Z. colf WP2 system. In: DeSerres FdJ,
Ashby J, eds. FEvaluation of short-term tests for carcinogens. Report of the
International Collaborative Program. New York, NY, Elsevier, pp. 387-395 (Progress in
Mutation Research, Vol. 1).

McGregor DF (1981) Tier II mutagenic screening of 13 NIOSH priority compounds:
N,N-Dimethylformamide (Report No. 33; PB83- 13390-0) [cited in Kennedy, 1986].
McGregor DB, Brown A, Cattanach P, Edwards I, McBride D, Caspary WdJ (1988)

69



Responses of the L5178Y tk+/tk- mouse lymphoma cell forward mutation assay II: 18
coded chemicals. Environmental and molecular mutagenesis, 11:91-118.

McQueen CA, Kreiser DM, Williams GM (1983) The hepatocyte primary culture/DNA
repair assay using mouse or hamster hepatocytes. FEnvironmental mutagenesis,
5(1):1-8.

McQueen CA, Way BM, Williams GM (1988) Genotoxicity of carcinogens in human
hepatocytes: application in hazard assessment. 7oxicology and applied pharmacology,
96:360—366.

Mitchell AD, Rudd CJ, Caspary WJ (1988) Evaluation of the L5178Y mouse lymphoma
cell mutagenesis assay: intralaboratory results for sixty-three coded chemicals tested
at SRI International. Environmental and molecular mutagenesis, 12(Suppl.
13):37-101.

Mohn GR, Vogels-Bouter S, van der Horst-van der Zon J (1981) Studies on the
mutagenic activity of 20 coded compounds in liquid tests using the multipurpose strain
FEscherichia coli K-12//343/113 and derivatives. In: DeSerres FdJ, Ashby J, eds.
FEvaluation of short- term tests for carcinogens. KReport of the International
Collaborative Program. New York, NY, Elsevier, pp. 396-413 (Progress in Mutation
Research, Vol. 1).

Montelius J, Boman A, Wahlkvist H, Wahlberg JE (1996) The murine local lymph node
assay: search for an alternative, more adequate, vehicle than acetone/olive oil (4:1).
Contact dermatitis, 34:428—-430.

Montelius J, Wahlkvist H, Boman A, Wahlberg JE (1998) Murine local lymph node
assay for predictive testing of allergenicity: two irritants caused significant
proliferation. Acta Dermato- Venereologica, 718:433—437.

Mortelmans K, Haworth S, Lawlor T, Speck W, Tainer B, Zeiger E (1986) Salmonella
mutagenicity tests: II. Results from the testing of 270 chemicals. Environmental
mutagenesis, 7:1-119.

Mraz J, Nohovd H (1992a) Percutaneous absorption of N,N dimethylformamide in
humans. International archives of occupational health, 64:79-83.

Mraz J, Nohovda H (1992b) Absorption, metabolism and elimination of
N,N-dimethylformamide in humans. International archives of occupational health,
64:85-92.

Mraz J, Cross H, Gescher A, Threadgill MD, Flek J (1989) Differences between rodents
and humans in the metabolic toxification of N, N-dimethylformamide. 7oxicology and
applied pharmacology, 98:507-516.

Mraz J, Jheeta P, Gescher A, Hyland R, Thummel K, Threadgill MD (1993)

70



Investigation of the mechanistic basis of N, N-dimethyl formamide toxicity. Metabolism
of N, N-dimethylformamide and its deuterated isotopomers by cytochrome P450 2E1.
Chemical research in toxicology, 6:197-207.

Muravieva SI (1983) [Improvement of the methods for monitoring the content of
harmful substances in the air of worksite.] Gigiena 7Truda i1 Professionalnye
Zabolevaniya, 6:39—-41 (in Russian).

Muravieva SI, Anvaer LP (1979) [Determination of dimethyl formamide and its
metabolites in biological liquids by gas chromatographic method.] Gigiena Truda i
Professional’nye Zabolevaniya, 6:58—-59 (in Russian).

Myhr BC, Caspary WJ (1988) Evaluation of the L5178Y mouse lymphoma assay:
intralaboratory results for sixty-three coded chemicals tested at Litton Bionetics, Inc.
Environmental and molecular mutagenesis, 12(Suppl. 13):103-194.

Nagao M, Takahashi Y (1981) Mutagenic activity of 42 coded compounds in the
Salmonella/microsome assay. In: DeSerres FdJ, Ashby J, eds. Evaluation of short-term
tests for carcinogens. Report of the International Collaborative Program. New York,
NY, Elsevier, pp. 302—-331 (Progress in Mutation Research, Vol. 1).

Nakajima S (1970) Industrial products and pollution problems. Nippon Kagaku Kogyo,
18:2-3.

Nalecz-Jawecki G, Sawicki J (1999) Spirotox — a new tool for testing the toxicity of
volatile compounds. Chemosphere, 38(14):3211-3218.

Natarajan AT, van Kesteren-van Leeuwen AC (1981) Mutagenic activity of 20 coded
compounds in chromosome aberrations/sister chromatid exchanges assay using
Chinese hamster ovary (CHO) cells. In: DeSerres FJ, Ashby J, eds. Evaluation of
short-term tests for carcinogens. Report of the International Collaborative Program.
New York, NY, Elsevier, pp. 551-559 (Progress in Mutation Research, Vol. 1).

Nicolas F, Rodineau P, Rouzioux J-M, Tack I, Chabac S, Meram D (1990) Fulminant
hepatic failure in poisoning due to ingestion of T61, a veterinary euthanasia drug.
Critical care medicine, 18:573-575.

NIOSH (1977) Manual of analytical methods. Vol. 3. Cincinnati, OH, National
Institute for Occupational Safety and Health (No. S-255).

NIOSH (1978) Occupational health guideline for dimethylformamide. Cincinnati, OH,
National Institute for Occupational Safety and Health, 5 pp.

NIOSH (1983) National occupational exposure survey (NOES), 1981-1983: estimated
total male and female employees, actual observations and trade-named exposures to
dimethyl formamide. Cincinnati, OH, US Department of Health and Human Services,

Centers for Disease Control, National Institute for Occupational Safety and Health,

71



Division of Surveillance, Health Evaluations, and Field Studies, Surveillance Branch
(unpublished database).

NIOSH (1994) NIOSH manual of analytical methods, 4th ed. Cincinnati, OH, National
Institute for Occupational Safety and Health.

NTP (1992a) NTP technical report on toxicity studies of N,N- dimethylformamide (CAS
No. 68-12-2) administered by inhalation to F344/N rats and B6C3F; mice. Research
Triangle Park, NC, National Institutes of Health, National Toxicology Program, 44 pp.
(Toxicity Report Series No. 22; NIH Publication No. 93-3345; NTIS Publication No.
PB93-131936).

NTP (1992b) Final report on the reproductive toxicity of N,N- dimethylformamide
(DMF) (CAS #68-12-2) in CD-1 Swiss mice. Research Triangle Park, NC, National
Institutes of Health, National Toxicology Program (NTIS Publication No.
PB93-123842).

Paika IJ, Beauchesne MT, Randall M, Schreck RR, Latt SA (1981) In vivo SCE analysis
of 20 coded compounds. In: DeSerres FJ, Ashby J, eds. Evaluation of short-term tests
for carcinogens. Report of the International Collaborative Program. New York, NY,
Elsevier, pp. 673—-681 (Progress in Mutation Research, Vol. 1).

Paoletti A, Iannaccone A (1982) [Toxicity hazard in a plant producing a synthetic
leather.] Annali dell'Istituto Superiore di Sanita, 18:567-570 (in Italian).

Paoletti A, Fabri G, Masci O (1982a) [Alcohol-intolerance due to solvents: comparison
between dimethylformamide and trichloro ethylene.l Annali dellIstituto Superiore di
Sanita, 18 (Suppl.):1099-1100 (in Italian).

Paoletti A, Fabri G, Bettolo PM (1982b) [An unusual case of abdominal pain due to
dimethylformamide intoxication.] Minerva Medica, 73:3407—-3410 (in Italian).
Pellizzari EO (1977) The measurement of carcinogenic vapors in ambient atmosphere.
Research Triangle Park, NC, US Environmental Protection Agency, Office of Research
and Development, Environmental Sciences Research Laboratory (Contract No.
68-02-1228).

Perry DL, Chuang CC, Jungclaus GA, Warner JS (1979) Identification of organic
compounds in industrial effluent discharges. Washington, DC, US Environmental
Protection Agency (EPA 600/4- 79-016).

Perry PE, Thomson EJ (1981) Evaluation of the sister chromatid exchange method in
mammalian cells as a screening system for carcinogens. In: DeSerres FJ, Ashby J, eds.
FEvaluation of short- term tests for carcinogens. Report of the International
Collaborative Program. New York, NY, Elsevier, pp. 560-569 (Progress in Mutation
Research, Vol. 1).

72



Peterson HG, Ruecker N, Dennison K, Moody M (1997) 7Tbxicity testing of the
compound N,N-dimethylformamide to phytoplankton (green algae, diatoms, and
cyanobacteria) and a vascular plant (duckweed) — Draft. Saskatoon, Saskatchewan,
Saskatchewan Research Council (R-1640-18-E-97).

Pitts JN Jr, Grosjean D, Van Cauwenberghe K, Schmid JP, Fitz DR (1978)
Photooxidation of aliphatic amines under simulated atmospheric conditions: formation
of nitrosamines, nitramines, amides and photochemical oxidant. Environmental
science and technology, 12:946-953.

Poirier SH, Knuth ML, Anderson-Bouchou CD, Brooke LT, Lima AR, Shubat PJ (1986)
Comparative toxicity of methanol and N, N- dimethylformamide to freshwater fish and
invertebrates. Bulletin of environmental contamination and toxicology, 37:615—621.
Portmann JE, Wilson KW (1971) The toxicity of 140 substances to the brown shrimp
and other marine animals, 2nd ed. North Wales, Ministry of Agriculture, Fisheries and
Food, 12 pp. (Shellfish Information Leaflet 22).

Potter HP (1973) Dimethylformamide-induced abdominal pain and liver injury.
Archives of environmental health, 27:340-341.

Prinn R, Cunnold D, Rasmussen R, Simmonds P, Alyea F, Crawford A, Fraser P, Rosen
R (1987) Atmospheric trends in methylchloroform and the global average for the
hydroxyl radical. Science, 238:945-950.

Purchase IFH, Longstaff E, Ashby J, Styles JA, Anderson D, Lefevre PA, Westwood RR
(1978) An evaluation of 6 short-term tests for detecting organic chemical carcinogens.
British journal of cancer, 37:873-903.

Rajini PS, Krishnakumari MK, Majumder SK (1989) Cytotoxicity of certain organic
solvents and organophosphorus insecticides to the ciliated protozoan Paramecium
caudatum. Microbios, 59:157-163.

Redlich CA, Beckett SWS, Sparer J, Barwick KW, Riely CA, Miller H, Sigal SL, Shalat
SL, Cullen MR (1988) Liver disease associated with occupational exposure to the
solvent dimethylformamide. Annals of internal medicine, 108:680—686.

Redlich CA, West AB, Fleming L, True LD, Cullen MR, Riely CA (1990) Clinical and
pathological characteristics of hepatotoxicity associated with occupational exposure to
dimethylformamide. Gastroenterology, 99:748-757.

Riachi G, Michel P, Francois A, Ducrotte P, Laffineur G, Lerebours E, Colin R (1993)
[Acute hepatic effects of exposure to dimethyl formamide. Clinical and histological
aspects.] Gastroenterology and clinical biology, 17:611-612 (in French).

Richold M, Jones E (1981) Mutagenic activity of 42 coded compounds in the

Salmonella/microsome assay. In: DeSerres FdJ, Ashby J, eds. Evaluation of short-term

73



tests for carcinogens. Report of the International Collaborative Program. New York,
NY, Elsevier, pp. 314-322 (Progress in Mutation Research, Vol. 1).

Riddick JA, Bunger WB, Sakano TK (1986) Techniques of chemistry, 4th ed. Vol II.
Organic solvents. Properties and methods of purification. New York, NY, John Wiley &
Sons, pp. 656; 1089-1091.

Robinson DE, Mitchell AD (1981) Unscheduled DNA synthesis response of human
fibroblasts, WI-38 cells, to 20 coded chemicals. In: DeSerres FJ, Ashby J, eds.
FEvaluation of short-term tests for carcinogens. Report of the International
Collaborative Program. New York, NY, Elsevier, pp. 517-527 (Progress in Mutation
Research, Vol. 1).

Romadina ES (1975) Direct action of microorganisms — one way of increasing the
effectiveness of the biological purification of waste waters. In: Telitchenko MM, ed.
Biologicheskoe Samoochishchenie 1 Formirovanie Kachestva Vody Materialy
Vsesoyuznogo Simpoziuma po Sanitarnor. Moscow, "Nauka," pp. 110-112.

Rowland I, Severn B (1981) Mutagenicity of carcinogens and noncarcinogens in the
Salmonella/microsome test. In: DeSerres FdJ, Ashby J, eds. Evaluation of short-term
tests for carcinogens. Report of the International Collaborative Program. New York,
NY, Elsevier, pp. 323—-332 (Progress in Mutation Research, Vol. 1).

Sabljic A (1984) Predictions of the nature and strength of soil sorption of organic
pollutants by molecular topology. Journal of agricultural and food chemistry,
32:243-246.

Saillenfait AM, Payan JP, Beydon D, Fabry JP, Langonne I, Sabate JP, Gallissot F
(1997) Assessment of the developmental toxicity, metabolism, and placental transfer of
N, N-dimethylformamide administered to pregnant rats. Fundamental and applied
toxicology, 39:33—43.

Sakai T, Kageyama H, Araki T, Yosida T, Kuribayashi T, Masuyama Y (1995) Biological
monitoring of workers exposed to N, N dimethylformamide by determination of the
urinary metabolites N methylformamide and MN-acetyl-S-(N-methylcarbamoyl)
cysteine. International archives of occupational and environmental health,
67:125-129.

Salamone MF, Heddle JA, Katz M (1981) Mutagenic activity of 41 compounds in the in
vivo micronucleus assay. In: DeSerres FJ, Ashby J, eds. Evaluation of short-term tests
for carcinogens. Report of the International Collaborative Program. New York, NY,
Elsevier, pp. 686—697 (Progress in Mutation Research, Vol. 1).

Sanotsky IV, Muravieva SI, Zaeva GN, Anvaer L, Semiletkina NN (1978) [Metabolism

of dimethylformamide depending on the intensity of its action.] Gigiena Truda i

74



Professional’nye Zabolevaniya, 11:24-27 (in Russian).

Sasaki S (1978) The scientific aspects of the chemical substance control law in Japan.
Aquatic pollutants: transformation and biological effects. Oxford, Pergamon Press, 298
pp.

Savolainen H (1981) Dose-dependent effects of peroral dimethyl formamide
administration on rat brain. Acta Neuropathologica, 53:249-252.

Scott B (1998) Fate of N,N-dimethylformamide in the environment. Review. Burlington,
Ontario, Environment Canada, National Water Research Institute, March.

Sebaugh JL, Wilson JD, Tucker MW, Adams WJ (1991) A study of the shape of
dose—response curves for acute lethality at low response: A "megadaphnia study." Risk
analysis, 11:633—640.

Seiji K, Inoue O, Cai S-X, Kawai T, Watanabe T, Tkeda M (1992) Increase in sister
chromatid exchange rates 1in association with occupational exposure to
N, N-dimethylformamide. International archives of occupational and environmental
health, 64:65—-67 [cited in IARC, 1999].

Sharkawi M (1979) Inhibition of alcohol dehydrogenase by dimethylformamide and
dimethylsulfoxide. 7Toxicology letters, 4:493—497 [cited in WHO, 1991].

Shelton DR, Tiedje JM (1981) Development of tests for determining anaerobic
brodegradation potential. East Lansing, MI, Michigan State University, Department of
Crop Soil Science (EPA 560/5-81- 013; NTIS Publication No. PB84-166495).

Sheveleva GA, Sivochalova OV, Osina SA, Salnikova LS (1977) Permeability of the
placenta to dimethylformamide. Akusherstvo i ginekologiia (Moscow), 5:44—45 [cited in
Saillenfait et al., 1997].

Sheveleva GA, Strekalova EE, Chirkova EM (1979) A study of the embryotropic,
mutagenous and gonadotropic effect of dimethyl formamide with exposure by
inhalation. In: The toxicology of new industrial chemicals. Vol. 15. Moscow, Medizina,
pp. 1-4.

Shumilina AV  (1991) Experimental study of transplacental passage of
dimethylformamide and toluene. Akusherstvo i ginekologiia (Moscow), 11:49-51 [cited
in Saillenfait et al., 1997].

Sickles JE, Wright RS, Sutcliffe CR, Blackard AL, Dayton DP (1980) Smog chamber
studies of the reactivity of volatile organic compounds. Presented at the 73rd Annual
Meeting of the Air Pollution Control Association, Montreal, Quebec. Research Triangle
Park, NC, Research Triangle Institute (80-50.1).

Simmon VF, Shepherd GF (1981) Mutagenic activity of 42 coded compounds in the

Salmonella/microsome assay. In: DeSerres FdJ, Ashby J, eds. Evaluation of short-term

75



tests for carcinogens. Report of the International Collaborative Program. New York,
NY, Elsevier, pp. 333—-342 (Progress in Mutation Research, Vol. 1).

Skopek TR, Andon BM, Kaden DA, Thilly WG (1981) Mutagenic activity of 42 coded
compounds using 8-azaguanine resistance as a genetic marker in Salmonella
typhimurium. In: DeSerres FJ, Ashby J, eds. Evaluation of short-term tests for
carcinogens. Report of the International Collaborative Program. New York, NY,
Elsevier, pp. 371-375 (Progress in Mutation Research, Vol. 1).

Sram RJ, Landa K, Hola N, Roznickova I (1985) The use of the cytogenetic analysis of
peripheral lymphocytes as a method for checking the level of MAC in Czechoslovakia.
Mutation research, 147:322 (Abstract 87) [cited in IARC, 1999].

SRI International (1994) CEH data summary: Dimethylformamide — North America.
In: Chemical economics handbook (CEH). Menlo Park, CA, SRI International, pp.
641.3000 A-G.

Stransky V (1986) The determination of N,N-dimethylformamide in working
atmosphere by the method of gas chromatography after sampling on activated charcoal.
Pracovni Lekarstvi, 38:15-19.

Stratton GW (1985) The influence of solvent type on solvent— pesticide interactions in
bioassays. Archives of environmental contamination and toxicology, 14:651—658.
Stratton GW (1987) Toxic effects of organic solvents on the growth of blue-green algae.
Bulletin of environmental contamination and toxicology, 38:1012—-1019.

Stratton GW, Smith TM (1988) Interaction of organic solvents with the green alga
Chlorella pyrenoidosa. Bulletin of environmental contamination and toxicology,
40:736-742.

Syracuse Research Corporation (1988) Support for chemical nomination and selection
process of the National Toxicology Program, FExecutive summary of data,
Dimethylformamide (68-12-2) — Draft. Syracuse, NY, Syracuse Research Corporation,
Chemical Hazard Assessment Division.

Szabo LG (1972) Effect of formamide and dimethyl-formamide on germination. Acta
Agronomica Academiae Scientiarum Hungaricae, 21:428-430.

Taccola A, Catenacci G, Baruffini A (1981) Cardiotoxicity of dimethylformamide (DMF).
Electrocardiographic findings and continuous electrocardiographic monitoring (Holter).
Giornale Italiano di Medicina del Lavoro, 3:149-151.

Thé JL (1998) Carbon disulfide study. Waterloo, Ontario, Lakes Environmental
Consultants Inc.

Thomson JA (1981) Mutagenic activity of 42 coded compounds in the lambda induction

assay. In: DeSerres FdJ, Ashby J, eds. Evaluation of short-term tests for carcinogens.

76



Report of the International Collaborative Program. New York, NY, Elsevier, pp.
224-235 (Progress in Mutation Research, Vol. 1).

Thonke M, Dittmann W (1966) Dimethylformamide in biological treatment of sewage.
Fortschritte der Wasserchemie und Ihrer Grenzgebiete, 4:2717.

Tolot F, Arcadio FI, Lenglet J-P, Roche L (1968) [Intoxication by dimethylformamide.]
Archives des Maladies Professionelles de Médicine du Travail et de Sécurité Sociale,
29:714-717 (in French).

Tomasini M, Todaro A, Piazzoni M, Peruzzo GF (1983) [Exposure to
dimethylformamide: study of 14 cases.] Medicina del Lavoro, 74:217-220 (in Italian).
Topham JC (1980) Do induced sperm-head abnormalities in mice specifically identify
mammalian mutagens rather than carcinogens? Mutation research, 74:379-387.
Topham JC (1981) Evaluation of some chemicals by the sperm morphology assay. In:
DeSerres FJ, Ashby J, eds. Evaluation of short-term tests for carcinogens. Report of
the International Collaborative Program. New York, NY, Elsevier, pp. 718-720
(Progress in Mutation Research, Vol. 1).

Trueman RW (1981) Activity of 42 coded compounds in the .Salmonella reverse
mutation test. In: DeSerres FdJ, Ashby J, eds. Evaluation of short-term tests for
carcinogens. Report of the International Collaborative Program. New York, NY,
Elsevier, pp. 343-350 (Progress in Mutation Research, Vol. 1).

Tsuchimoto T, Matter BE (1981) Activity of coded compounds in the micronucleus test.
In: DeSerres FJ, Ashby J, eds. Evaluation of short-term tests for carcinogens. Report of
the International Collaborative Program. New York, NY, Elsevier, pp. 705-711
(Progress in Mutation Research, Vol. 1).

Ursin C (1985) Degradation of organic chemicals at trace levels in seawater and
marine sediment: the effect of concentration on the initial fractional turnover rate.
Chemosphere, 14:1539-1550 [cited in Howard, 1993].

US EPA (1986) Health and environmental effects profile for N,N- dimethylformamide.
Cincinnati, OH, US Environmental Protection Agency, 115 pp. (EPA/600/X-86/141).

US EPA (1997) OPPT high production volume chemicals (1997). Washington, DC, US
Environmental Production Agency, Office of Pollution, Prevention and Toxics.

US EPA (1999) Wildlife exposure factors handbook. Vol I. Washington, DC, US
Environmental Protection Agency, Office of Research and Development
(http://www.epa.gov/ncea/wefh.htm).

Venitt S, Crofton-Sleigh C (1981) Mutagenicity of 42 coded compounds in a bacterial
assay using FEscherichia coli and Salmonella typhimurium. In: DeSerres FdJ, Ashby J,

eds. FEvaluation of short-term tests for carcinogens. Report of the International

77



Collaborative Program. New York, NY, Elsevier, pp. 351-360 (Progress in Mutation
Research, Vol. 1).

Walrath J, Fayerweather WE, Gilby PG, Pell S (1989) A case— control study of cancer
among Du Pont employees with potential for exposure to dimethylformamide. Journal
of occupational medicine, 31:432—438.

Walrath J, Fayerweather WE, Gilby P (1990) [Case—control study of the incidence of
cancers in employees of the Du Pont de Nemours company who have potentially been
exposed to dimethylforma mide.] Cahiers de notes documentaires, 140:708-712 (in
French).

Wang JD, Lai MY, Chen JS, Lin JM, Chiang JR, Shiau SJ, Chang WS (1989)
Dimethylformamide induced liver and muscle damage among synthetic leather
workers: are hepatitis B carriers more susceptible? In: Fifth International Congress of
Toxicology, Brighton, 16-21 July 1989, p. 143 (Abstract 428).

Wang J-D, Lai M-Y, Chen J-S, Lin J-M, Chiang J-R, Shiau S-J, Chang W-S (1991)
Dimethylformamide-induced liver damage among synthetic leather workers. Archives
of environmental health, 46:161-166.

Weiss G (1971) [Industrial dimethylformamide intoxication and the question of its
recognition as an occupational disease.] Zentralblatt fiir Arbeitsmedizin, 11:345—-346
(in German).

WHO (1991) Dimethylformamide. Geneva, World Health Organiza tion, International
Programme on Chemical Safety, 124 pp. (Environmental Health Criteria 114).
Williams GM (1977) Detection of chemical carcinogens by unscheduled DNA synthesis
in rat liver primary cell cultures. Cancer research, 37:1845-1851.

Wilson HK, Ottley TW (1981) The use of a transportable mass spectrometer for the
direct measurement of industrial solvents in breath. Biomedical mass spectrometry,
8:606-610.

Wrbitzky R (1999) Liver function in workers exposed to N,N- dimethylformamide
during the production of synthetic textiles. International archives of occupational and
environmental health, 72(1):19-25.

Wrbitzky R, Angerer J (1998) N,N-dimethylformamide — influence of working
conditions and skin penetration on the internal exposure of workers in synthetic
textile production. International archives of occupational and environmental health,
71(5):309-316.

Yang C, Ger J, Lin S, Yang G, Deng J (1994) Abdominal colic occurred in workers in a
dye manufacturing plant. Veterinary and human toxicology, 36:345 (Abstract 28).

Ye G (1987) [The effect of dimethylformamide on the frequency of micronuclei in bone

78



marrow polychromatic erythrocytes of mice.] Zoological research, 8:27-32 (in Chinese)
[online abstract from Biosis previews].

Yonemoto J, Suzuki S (1980) Relation of exposure to dimethyl formamide vapor and
the metabolite, methylformamide, in urine of workers. International archives of
occupational and environmental health, 46:159—-165.

Ziegenfuss PS, Renaudette WJ, Adams WJ (1986) Methodology for assessing the acute
toxicity of chemicals sorbed to sediments: testing the equilibrium partitioning theory.
In: Poston TM, Purdy R, eds. Aquatic toxicology and environmental fate. Philadelphia,
PA, American Society for Testing and Materials, pp. 479—493 (ASTM Special Technical
Publication 921).

79



MIER 1 REH

NNV AFIVENLT 2 RIZBET 5

the Canadian Environmental Protection Act (71 % BR Bi{f#1%)

Priority Substances List Assessment Report (71 % BUtF, FHiRlH)

B L OFEISCEERROIRIL & 70 o 7o R RBESCGED T LIL, TilOBENOAFTE D,

Commercial Chemicals Evaluation Branch
Environment Canada

14th floor, Place Vincent Massey

351 St. Joseph Blvd.

Hull, Quebec

Canada K1A OH3

F70x

Environmental Health Centre
Health Canada

Address Locator: 0801A
Tunney’s Pasture

Ottawa, Ontario

Canada K1A 0L2

DMF D& CEZEB LG L A — N ORIIOERIT, H T F R EE B L O
FEREA ORBEIZ XLV IER ST, BREICETDEHPIU FTONFAL v 7D L Ea—%

=27z,

D. Andrews, Golder Associates Ltd.
K. Bolton, University of Toronto

N. Bunce, University of Guelph

R. Gensemer, Boston University

D. Hastie, York University

S. Mabury, University of Toronto
M. Mumtaz, Chinook Group Ltd.

C. Nalewajko, University of Toronto

M. Sheppard, EcoMatters Inc.

80



JFERBE CEOE N OEICEME L7-4 51X, G. Kennedy(DuPont Haskell
Laboratory for Toxicology and Industrial Medicine)|Z K 54N L © = — %521, M
FH OO 42 LR LTz,

fElRA EVEOMERB LOHERICHOITICEA L, GO EM S MEtEiHE 02 41, i
D M (defensibility) (2 DWW TiL, 2000 4 2 A 14 HICH T4 - A2 U TR ST
Toxicology Excellence in Risk Assessment (ZS4E LA TFO A U NN—0 B HEEST
R S L7z,

M.S. Abdel-Rahman, University of Medicine & Dentistry of New Jersey
C. Abernathy, US Environmental Protection Agency

J.P. Christopher, California Environmental Protection Agency

dJ.C. Collins, Solutia, Inc.

J.T. Colman, Syracuse Research Corporation

M. Mumtaz, Agency for Toxic Substances and Disease Registry

K.A. Poirier, Toxicology Excellence in Risk Assessment

J.E. Whalen, US Environmental Protection Agency

81



WfHER 2 CICAD BT L Ea—

NNDVAF RN LT I RO CICAD ERITIHF D720, & E O IPCS 7 HHEREL2N
PEBE & oEifE 22 - 72 1T TPCS 23380 L72BEBd. Mifk., B L OEMFICELZ, UTO
RSN D 3 X P FE LI,

A. Aitio, International Programme on Chemical Safety, World Health Organization,
Switzerland

M. Baril, Institut de Recherche en Santé et en Sécurité du Travail du Québec (IRSST),
Canada

R. Benson, Drinking Water Program, US Environmental Protection Agency, USA

R.S. Chhabra, National Institute for Environmental and Health Sciences/National
Institutes of Health NIEHS/NIH), USA

R. Hertel, Federal Institute for Health Protection of Consumers and Veterinary
Medicine (BgVV), Germany

C. Hiremath, US Environmental Protection Agency, USA

H. Kafferlein, Institute and Outpatient Clinic of Occupational, Social and
Environmental Medicine, Friedrich-Alexander University Erlangen-Nuremberg,
Germany

F. Larese, Institute of Occupational Medicine, University of Trieste, Italy

H. Lendle, Product Safety, BASF AG, Germany

I. Mangelsdorf, Fraunhofer Institute for Toxicolgy and Aerosol Research, Germany

J. Mraz, Centre of Industrial Hygiene and Occupational Diseases, National Institute of
Public Health, Czech Republic

P. Ridgeway, Health and Safety Executive, United Kingdom

P. Schulte, National Institute for Occupational Safety and Health, USA

E. Soderlund, Department of Environmental Medicine, National Institute of Public
Health, Norway

D. Willcocks, National Industrial Chemicals Notification and Assessment Scheme
(NICNAS), Australia

P. Yao, Chinese Academy of Preventive Medicine, People’s Republic of China

K. Ziegler-Skylakakis, Beratergremium fiir Umweltrelevante Altstoffe (BUA),

Germany

82



MIEE 3 CICAD BN ZERS

TAVTVR e~k 200056 H 26 H~29 H

AR —

Mr H. Ahlers, Education and Information Division, National Institute for Occupational
Safety and Health, Cincinnati, OH, USA

Dr T. Berzins, National Chemicals Inspectorate (KEMI), Solna, Sweden

Dr R.M. Bruce, Office of Research and Development, National Center for
Environmental Assessment, US Environmental Protection Agency, Cincinnati, OH,
USA

Mr R. Cary, Health and Safety Executive, Liverpool, United Kingdom (i &#)

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

Dr H. Choudhury, National Center for Environmental Assessment, US Environmental
Protection Agency, Cincinnati, OH, USA

Dr S. Dobson, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton, United
Kingdom (% )

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

Dr R.F. Hertel, Federal Institute for Health Protection of Consumers and Veterinary
Medicine, Berlin, Germany

Ms K. Hughes, Priority Substances Section, Environmental Health Directorate, Health
Canada, Ottawa, Ontario, Canada

Dr G. Koennecker, Chemical Risk Assessment, Fraunhofer Institute for Toxicology and
Aerosol Research, Hanover, Germany

Ms M. Meek, Existing Substances Division, Environmental Health Directorate, Health
Canada, Ottawa, Ontario, Canada

Dr A. Nishikawa, Division of Pathology, Biological Safety Research Centre, National
Institute of Health Sciences, Tokyo, Japan

Dr V. Rithiméiki, Finnish Institute of Occupational Health, Helsinki, Finland

Dr J. Risher, Agency for Toxic Substances and Disease Registry, Division of Toxicology,
US Department of Health and Human Services, Atlanta, GA, USA

Professor K. Savolainen, Finnish Institute of Occupational Health, Helsinki, Finland

(RIE )

83



Dr J. Sekizawa, Division of Chem-Bio Informatics, National Institute of Health
Sciences, Tokyo, Japan

Dr S. Soliman, Department of Pesticide Chemistry, Faculty of Agriculture, Alexandria
University, Alexandria, Egypt

Ms D. Willcocks, National Industrial Chemicals Notification and Assessment Scheme,

Sydney, NSW, Australia

F TP =S —

Dr R.J. Lewis (representative of European Centre for Ecotoxicology and Toxicology of
Chemicals), Epidemiology and Health Surveillance, ExxonMobil Biomedical Sciences,

Inc., Annandale, NJ, USA

=EH

Dr A. Aitio, International Programme on Chemical Safety, World Health Organization,
Geneva, Switzerland (F#% 5 &)

Dr P.G. Jenkins, International Programme on Chemical Safety, World Health
Organization, Geneva, Switzerland

Dr M. Younes, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland

84



WEE 4 RoFv—2r HEBOHE

F344 7 v MZ X 2R MW ARER T, Blfk7e HE&EBERAES /e E £, 50ppm
(150mg/m3)(LOEC) Cilff o> At T H B OB & MERED = L 27 1 — L IN(NTP, 1992a),
400 3 £ U 800ppm (1200 35 & U} 2400mg/m3) T I XMERE D gk THEFT 1 KRR IR B i) 281k
(Craig et al., 1984), % 7= 400ppm(1200mg/m3) CTlIMERED Tl i sE(NTP, 1992a) 23585
57, B6C3F1 ~ 7 A Tl 50ppm(150mg/m3)(LOEC) TR K238 v | P &
B BAER 23 72 W ERE O AH i I B B 0 A 723801 & (NTP, 1992a), 150ppm(450 mg/m3) LA 1=
THOEMAE(Craig et al., 1984) 3% 5 4172, K 500ppm(1500mg/m3) i F&iE L 7= /i
ML 72 > o 72 (Hurtt et al., 1992),

Crl:CDBR 7 v MZ XD REHWANA FT A Tk, 100ppm(300mg/m3) THF/NEEH
OYER AR R ERE), VAR 7 2> v /BT Y o OJF~OZEREMERE) | T o> B a1 58 (e
DIHR)NAHEIZHIM L7z, Crl:CD 1ICR)BR ~ v A TiL, 25ppm(75mg/m3) T, Jf/NgE
OVERER AR CRE) . i o> UMM RSB (EREE) . JIF oD 27 /X — MR T Bl € 3R T A8 (RE) 2338
5i7=(Malley et al., 1994),

BOER%EOHERICERICET 27— 213, FHHREHBRTLIAG L TR,
Crl:CD 7 v @ 250mg/kg (AE/ A THFHIRIE R, 50mg/kg (KHE/H CTHEDEXITEED A
BB % - 72 (Kennedy & Sherman, 1986), Wistar 7 v b CTiX 69mg/kg K&/ H CTHH
ST E B S A EICHIN L7223, 235me/kg (RH/ H £ CHRMIH B FRRE IR S o
7-(Becci et al., 1983), CD-1 ~ v A Cl. 246mg/kg K/ H TH OB O AR ER2A0Z
L LB BN D> 7278, 96mglkg KT/ H O IR FEENAZICHM LZ, K
34.8mg/kg KEH/H % 5 27— 7 VKD 13 BRENRETRER C, AFERIIRD Lo
77

WAGRERTH BT T v MFO R MERT#E (50ppm[150mg/m3)(NTP, 19922) 7%, #% 1
EHUE: 46.5mg/kg (RE/H26 LB TH 722 LIFEE T & T, #HEEZE% O Crl:CD 7
v h(Kennedy & Sherman, 1986) & Wistar 7 »» h(Becci et al., 1983)D{EH & & & —E T
%o NTP(1992a)iC & %~ 7 2 3B O i {5 £ (50ppm [150me/m3]) i3, % 1 IE 200
mg/kg (KE/H27L % & T, Becei H(1983)IC L B~ U A REEHBOEM &L —HT 5,

26 1mg/m3 =0.31mg/kg KHE/H 7 v b (Health Canada, 1994).

27 1mg/m3 = 1.33mg/kg K&E/H ~ 7 A(Health Canada, 1994).

85



bol BEHETEXATH  BEHMoOROBIOBARRICHIT S, @ RARA &
L CORE~DOEEOIE R, I 5% DO F~—7 BEBMC), Pk kO
AELY, £2BL0FE 3ITRT,

BE 7 RARA R 2, BOIWEN Ny 7 7T 00 REIGERTREBEEZ 5%
ERESELHERESY BMCos & EHRT D, HERIST —ZIZUTFOET VA2 Y TILD,
#3425 (Howe, 1995),

Plof)=gg+ (1-gy0- [1- E'¢1d-___-qudff]

diTAE, kTR ERE, P(@IIHE d THMICHENRELT 2MFE, 9i>1,.., kiX
HEENT A —H

ZDETF /L% THRESHHowe, 1995)% W THREME T — 2 I12Y Tidd., RAZ-
TIEEC L LTBMCos ZatE LT,

PiCy- ()
EECCR
HETVOBE K LT A RO ERE&AT72 572, T OBED H I k i

MOHETEN Y TIERW Qi 2B UETH S, LLFD PfE 0.05 RiiiD & & XA E LA
HWAETHDHZ Ea2RT,

WHER 7R RARA T &1, BMCos (X “f F(adverse)” S04 U Hiffaxt U A 7
5% AR IEIHELERT D, ZOFEE Crump(1995) D “#4 (hybrid)” %% i H
THHDOT, O ESMEE 5% LT 5, T7obb, HAREENIZLY | tHEED 5%
WCAFELARINDIER DD, LTehn>T, AFTHLIMERIIISEELITRRY, £
Tbsh s,

Weibull <€ 7 /L BENCH_C(Crump & Van Landingham, 1996)% H\»C, &=y KR
A2 MIEESED,
P(ci)= g+ (1-pg) + [1- G860

dizE, P(d)IIHE d THERCHFERT DR, k. 4. poldHfitsn oI x—%
Td%, BMCos (ZIRATREC & LTRDLND,

Py -Pi0y =0.05

FREZITV, 7 AROBEEE LT 5, PED 0.05 Riilid & S IIAHEE TH D,

86



B FhEZREEL—F

D AF LRIV LT IR ICSCEH2-0457

NN-TAF LA LTI
N,N-DIMETHYLFORMAMIDE
Dimethylformamide
DhiF
DFA
M-formyldimethylamine
CgHMD / HCOMIC HS)Q

SFETI0

CASBEFERAe-12-2
RTECSERLG2100000
ICSCEE 0457
[EEE R 2265
ECERH16-001-00-X

HES —REE S s Iyl

RERO(T SHHEIR FRAER
" BIATE, WL KT 2T, LA AR AL R ke =
KK %ﬁim:m\lﬁ{mw;ﬁ%furmsﬁzm&@ B LAl DIZMEL, BELRE.
e g&;;%;%t?l; ER/ RS ORFERSSHHECE. (TN ETE . BRRELUES, R BT T B e T B
= 2 D FREFBHC |
S~ DRE RO RRERTS |
BA Be%. TA. IHES, 0L, I, RS, BRHR. R AR, RIS, T8, B R T 5,
B BUREH HETEEERY | REETLE. MBS, E;i‘%‘c*h?‘&?ﬂﬁ’&ﬁﬂb‘téoﬁELwLL'CfJ‘b?KtEﬁ‘C
BT 5, R D8R TD
" B B w2~ £ TR AR SR AREEDH ;& Fﬁ%ECD?KTm\mub(fé”h\i]/&?m A%
A ZHLT). ERI BN T
E0RR PRI BTE. WAL, [Nk LR
b BT BT E-F

HB5. ) EAAEEEAL O USRI TH BT
AT QREE, ELE
SRS CIFh IR O EEs D R AR R D, R &1 20/21 -36
- FEERIRRLT, Pl R IR UNE SRR B T SRR s S :53-45

Mot
i Eﬂﬁw F3E(UN Haz Class):3
- ELESEEFHIUN Pack Group): 1T

ER
(EA RIFeER : BiarTRas T =2 FER.

BRETARN TR

ICSCE 20457 Frepated in the contest of cocperation betmesn the Intematicnal Programme on Chermics| Safety & the Dommissicn of the Eurcpesn Communities @ IP0S OEO 1393

EEREFMEREEHLI—F

~OAF LRI LT SR 10sCE 0407
HhITEYHRAE, PHER: 2EOSH:
HROEEROSS, B~ REOiEE TP DI ATERE R $EH.
HiPeEbE it A D FEpE it . . N
= 0CTARET s, ERNERENT OO EEEREDETD.
k=i MR FOLE i X
S ?Juﬁflb)?*mw J:U 18R, EER(LHPEECEE D —LREU D, BHEAL B BRERRIT R, BT CREES A, BEEEL B ENGE, NI,
= EiE. O ERIRES BILRIE T . HHED TS Fo 0T A%ET .
e EF L REREQEE:
ST AElE C s = WRERERE 2 b0 D, BNINEEETIE A D EE TSR
| TLY:10 ppr(TWAY: (FZRE); AALAICBIHBFMA S A ETET L), BEL EERIT TolREES B S RaN TvE.
(im{ﬁﬁ%?}ﬁﬁ)uaﬁmu (AGGH 2004) GRIF:554HIF ACGHL (D TLVs and
BEls g
MAK 5 ppm, 15 me/m?, - —2RFBRENT I —:1(4); ERERUAH), MHEPOL
A2 —7 18 (DFG 2005) (BR5T: 545013 DFG O List of MAK and BAT values
#5208
- RGAE HEMe0 Pal2570)
- Bl HEEEE=1):125
-IEEk=10:0 S, /’“mﬁ%ﬁ%ﬂ)ﬁmﬁrs TSR =1):1.00
HIBCEE -7J</\0),aﬁ¥ Ii ,;E%DT;‘%J CG)
- SELCRE 45T
-HBFRER 2 2~45 2 unl|#6(E2 HI(100°C)
*log Pow (29—l K A ECRED: —087
BHIcETS
TR
3
HEHI B R R RN THRON 2 A 55
-ﬂlz]ﬂbﬁ?(ﬁﬂ)fifﬁl LUEEERCEA D
S OIEOEEAGEAEL RN TOa, FIHESTL L,
Transport Emerzency Card EikEFE 2 AIEH—F): TEGIR) —2052265 ¥ /-3 30GF1-TT
WFPAGKEIESN tass)0 —F tHURBSTERRIE) 1 FOREHERR )2 s RIS G R 140,
fHhntER
ICSCHEH 50457 NN-SFAF LRI LT IR

¥3$fH:200010
B IFCS, CEC, 1893

ARE - Bk ICSC H AGERRIFIA CICAD HAGERMRIERRFO & D T¥, ICSC IFHH 41
HZEMNBY F9, http//www.nihs.go.jp/ICSC/ %S L T 7ZEW,

87



