
 it7k l= le  :; 7, SJ:C. Fl= k   3 >' 1 7k U  ,
HgN. NH2, SJ:C, F H4N2 11aO

[CAS N0. 302-01-2, 7803-57-8]
O. lppm (0.13 mg/m', 0.21mg/m') (E!Z)

 titA,   ,   3j 2 \ B
! ; (E!Z)   2 iB 

;+ i.  :@>*ia5i{   i
l.  iXe{L,   1 ! , f1:  ;3J;0: : 
*it71< b !'   :? 7 1;k*!  !, il&:U:60i {*t'1 0*"1C7Y ,

.=71t, ts; . s.  ,l {b e,  i  :i, : !~FCDfn < .e ,;s
6,'i'. : 32.05 Lb :: 1.0036

i3i i. . 113.5'C

; S:(1;E : 14.4 mmHg
 :!<, i. : 377.8*c
*;!311 $+ : 4.7% ,!L (!  j . i=, jab si: : )
i fi\f, E :   . 0 7 * JPA,   - . 'i!,,  94bti {L7K;! 
 i  !!=:6< . 7k, .,! +/V7JP. -JV, .:.+. JV7iP

=-)P, 7"n !:'-iP7ib. -/P, 4 7 /+/1,7ily. -
ivl= !*tt  .'d~ ;s.

1:, :j! 8tj  : 3 - 4 ppm
7kl= :!J'7k*D;g12: tR.  * b l, .  *, Y 1 7k*DitiCD' :U:
i*, i !To n < 'et5 .s.

6f . R: 50.06 i:1: : 1.0045

Rfi i: -51.7*: &tj j: 113.5'C
 S:i, 1:E : 5.2 mmHg
!! 3+1;&+t : 30*996 !L
i 9\1F:: 7i<, 7JP= - JPIC&8j 

i t* :! 7i'!*j  , EE1*   .6";= t: * 1=! Ef ' ,;  ;6$,
j ?+'0 t . (5 -65 ::)  '!*, 1= },.  *? y l zl<*U !!!*;idt

*\{: :j*j *S5Fj, j;U: ;lC5> b , E. 1, ;> $? 7  :7klCg\F8 Uf=
*, @ :: !, }*   *? y l zk*n 6i;b*t  i. L fc;f:iiBD:':&::tE C t
L. t ">.  : i;:. f!:7k !. F .  ;? :, 1*:, zklCi  't~ ;5 2:71<*D
4!, : t: . '.

2.  /= ;s!;\;i 
f!:71< E l'   :' 7 1*, B;*:1 11*, 7:'1* . b' v l. tt :  12: Lt

,Bll;1;;k l* yi; 1;i 1=  : *ut\*.  ic '  !'*c\". -7E != F  

:> Y 171<*D  !1*, 1 11#, Z:'CD EZ&!*, * 15,000 1. :,t'  b ,
7'  xa' v ,, i6! jl;t 1, :  . Big9 l! *1, 1  :  : 
 jj30z 7-,< v  "t:  :;b'X !  jiii*:1, *t4   -$ 7k
Ot;tF!!f  i, ;  ;U7K1!!  j,  :fcl CD 8  ,.%,ff g ;i jc

*;s i*  , it. jj *t*sl : \, tj \   , j-tt\*  ,.

3* 19!;!1X =f+;tt
*!t7j<  . F '  :? 7 1* . < 0;;& b.   6011 Eg7:' 1: J;; < ! 

llX; *t, 6. 4   1=.*:s\. Cl*, 1;Zli,   it CD*&! !  (!*; 
-l,/. t:'t!5 b , t  jij1:30 1> ,! !c9<mg"fy"6t:'j \n ;  *L 5 2).
  v F 1= 0.31 mmol/kg @> != H 5. *3 y@it !  ;'!;ZT

icjjB :- Ufc. jj9!*. j\;48B,'t5! !fg i=Ei d. !. i !*.: 0 * 30

%:bS  jl ;  *L/=. jj q, f1;tj9 1+j!* b l"  :> >', 7.1,5"/,
E: H   :? 7, *$ 7 *z + /P t, },   :? >'7:' :0/::. 1  6j65',

f+;!t, 9;!,{: t>'i  'i  31 1C;g3b  ,*Lf=".  : /=, 7 .b  '
JP 1= }'   :$ 7 CDjb:!B. lc J; o t  , !: }*   ;? >'b$++;!ti:\ 1 :

1998( H . lO)'tF.

R!!} / : 2 b3

C)

Cl. ,til  ;;  *Lsi fc36 i= F :> $? :,, *aJ; CK  Of\ ti  !1*
7 *z 5" JP{b :1;t7 '  '+' JP{bOii1675'\:'S+!J .s' t> 0  =: '; .  
*t, L , , 3>.
Koizumi  &" !*, 1= F   ;? 7 1 71<*D !, 3 i9: i8;{ :!:

: '!.;*sl*.  N-acetyltransferase (NAT2) 0i j 7'2;!
 :' !: L, +1 jO . j j !:! rpf1 jlb9,&Oj j  . j  
L t ,. -  .  la: * S:!?i' t  '0+f;;ti1;   1*, 44.896*3
Rapid Acetylator z:'t , b 45.196bS lntermediate

Acetylator z:'t , b , 10.196bS Slow Acetylator 'C';5 s.
C *'L  i;t96 !i: '0 .*.  , , -  @+f jij 11 . 4  j '

., i:gcl, , lB;jj ofp; i=j& ;  .{  j&coE1F, f1 j  
Oco jfiig;j;g .;1  t' C fc. Spfe, R .gf gj j*, 0.07-0.12

ppm 'C'i!>. fc. fF;;:: 'OEj f,;Cl*, 1, H   :? y, 7 .1z
a,-,, != i, 5 :? y:b* ;!&!i  , *Lfc. c *L  ,{ ;!: 'co*  i= H . 

>?:,{b.  . lO 1Z ,:  \t  ;1*, Rapid acetylator *S
l. 86=!=0.67, ;jft;j, lntermediate acetylator ;bt2.25: 0.70
B 1R5, Slow acetylator ;b$3.94 1.70BB'it5t:' , b , 3  \

ft5icFj: i:  ;5S . 2:a6  ,*L/c. !,*"L, 8 33i F: 'i . 
L /=24B:jjl5 != F 5 $> y 1 7j<*nj;,@*   1"  1* 3 2\ji;it:'
 !*; 8!>*:*. 6 fc. C *L l  O C 2: b. 1;,, 3 g\CDf+ !jif !;1
Zi'f+;tt; !\:1=;f ; :*: !*  ;.s, t, CD @* ff;!j:g l* NAT2
OE!  ; :. i**: L,  , 0 2:: '; .   .*'Lfc. 1. F 1=,:3!* sf+;!t
ij B1 t, t jj6/1= N-7 -iz +' J, {b;bS f= . ,fg j*bBE    ' .' 
*u;s.

4. 3:fyt!, i= si  -5i *+
D : . ltE , s>
!!t;7!< b F '  :? 7 0++ ~- ,' *&1*! !~1=60t!U < 'C' > -s.

LDs0 60mg/kg (j;X1:i)
LCs0 570ppmx 4 hr

LDs0 60mg/kg (;;X.)
93 mg/kg (i 1t::)

,e. iu  y l~ LDs0 283mg/kg (;; .)

: .. ltEf, t:'to :t ; ! B  :{1:!*_L (i cD :li j , jF,
M', jq co;  z:'ib, /=.
l= }':> :? 7 1 7k*04!, 0; :'  f !*, i !TO U < 'C't!>

.5 6)
  v }

?*x

2)  1; *'1:E j:t7)
6 7bi  ;= *>f;:. ,!1*zk !. F ,  :? :, co ft9  ;6i5 .?
} , ? !> ;<, 4 .5t, -,. }L- -!;i \, tt'ft: *>*L/=. 0.2  : l
ppm C024",;j;;jOi!E6 1 E9;b$ti'i:*>*'Lf=, 0.2 ppm    "
h~c'! j* @>jt;{!>, ?* ;!. t! ff 0>;j&  !jg ,, 4 :  ! 
3:nn, ,*'JP7:'!*jj bjjThS3 b!, i *'Lf=. C t;013fg1OB E& 
{ 1*;i!E6 B E3 '   /=ab, 8 "  jB9E8 0" ESi8 :1*>R
ab ,  c E: *S: <@jl'fr '@5,.s ;5S, * j*i*! . j;f;b* g, !* 0.6 ppm
*B:!  2:  .; .  ;, *t s.
3) .j . ;j j:E

:3 -9; :  '*b7j< !: 1'   *' 7 'f\ \./= !TOg& fo**&t ,
B EgOF{j , gjfy 1mO ;j j ti"  , *>j  j '  .   ,@ !:
: '.: ..  ;, *c s 8).
.  " 1.  . 7 iB, 6/i. 1  0 (ttE150!*, i1*1501 ), 0.05

(ttEIOOPb, il1lOOPb), 0.25 (1t lOO!b, i!*lOOU*), 1. O

5 v }

" *!. *'

LDs0 129mg/kg (;; .)
L050 83mg/Kg (;; .)

<-.)
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( EIOOE6, ilj;lOOp*), 5.0ppm (tj@lOOU*, iiflOO!E),
i= l a 6 BE'j , i!a 5 1a, 1fl=1;1ff E3 L, 1! E8*!$Tt 18;b i@

 ;1  L *  L fc.  . 0*     1 ppm i !Lol S*E\t:'_LS t

j@@ jj ;b*ji j!ECD   y F jC; 3b  , t1. , 1 '6!,;1+60*B ; 
 :*S3 3b l:,*L/;:.  : f=!;\jj*Lj *ERj 60,   ;' ;  :bS , j, :

b l PPm i;!_L' C';gb!> ;,*c/c.
AAx   -jtj, - 7 j ,*b",;, 0 (2001!*), 0.05 <200!E),

O. 25 (200Pg), 1.0 (200UE), 5.0ppm (200P6), 1= 1 B 6

B*Rg, i  5 B, 1:iL j":;3S La ;Eg* Tjg:12*)E  $ Ul 

 !tUf=. R! E8 /1\i ! !it:'5s 5 0.25 ppm ' ';;~t:'!=- :!*. co
7 . 4 },- ;, Xti*8 3!i  ,*Lfc. C 60   . jd;,*A x  ' -

ic1> 'co E !.'@;!; o f=.  :/c 5 ppm Ol g6Lj ,E1@L

! lcft  jgj ; g : . 8 a6 .

?,> z (i16)  . 7 ia, tJ: b 0 .(800t!E), 0.05 (400EE),
O. 25 (400U ), 1.00 ppm (4009E) '@ l tl:ll;1  v F t ljij 

c07. r = - Jv. eij;Eg LR*gg* -Tjg:15 * jE tE;; 0 j; 

  U/=.   0*i ;6  F11L;5;' ;i* , !i igf ; g  0\* **c!=

*;s\*t $>RgE*1.1;di!E L /:: {1:!,:; b5  ,*Ltc/i. o fc.

4 .5t  '. 6 zbj@" J: O O (i!*tt  4 P 6'0), 0.25 (itttttt 4

!*.:$. 0), 1.0 ppm (ii*ttE4 pg.=$0) 1= 1 , jl;j'  " } t j
lt;@>7. } . - /uzi'B i  L,  38* -Tt 38;b)t  '1 i  C

fc. lgECDjjt, { >:*$ lppm  '1+j  g . g3!>/c*S, 1! j:

l;a:!E ' *>  .s f . 1, ;t .  ,*Ltt**-, /=.

Steinhoff   Mohr" !*, Wistar   Rat  . 1 \. t;t!*

!Cbfc ;5, j!jjE: ,  itgg . jj* T \.;5. t;! 1d, ,kzk!= 0,
2, 10*:s J;0: 50 ppm coj!6! :zi'1= H   :$ y 1 7k*Ul*1 :. i 
8\ U, 4 j!gj@!:xilt ttt@  . 50!6, ;+400!*icjj9:!*- L tc. :p

 1*gi  ;j 1;t8\ j : !*t: < : j*c05p 4E:  j jj*;
915 B '@*s o fc,  : fc, Ri:7j< 6;., '! : L f=fi ag: :!*, ,
O, 1-0.2, 0.6-0.8, 3 -3,8 mg/kg/day * ! '@  * /=.  .

CD$ !;E, jjtj jj;gj : 50/ppm g6j, ;j* Ojql lbS3 a!>  , *L,
14':i 1"Fl  "  '-s1 : E::FljEt  *Lf=. 1 ;g;  g!* i  

j6:!j !E. 8\ , 1t$4/50, ii*7/50  ' :1=j ,. E :co@TlL

;E;bS8 . 35  ,*L/=. L*" L '*L !TOj  : j* ' :t:* jjD

!;t;aa!>  , t, L** ;5" ? /;:,
Steinhoff  :*;" 'jd NMRl jj;? * x 6:. j;jj\., 2 , 02i:

zklcJ: .sj . j!E , -it*f '. j'jo t, ..s. jj;*,E-! j 1,, 5i:O

;? ? h oDt ljqt, 0, 2, 10, s$: Ot 50 ppm cD 4 E\t:'t5 0 ,

ii6 ,  -2\50P 60 f400P , 
. i L. tL. -6 . ft!:zl<: : :., '!C:

L/=1 E*: :!d, 0, 0.4-0.6, 2.1-2.4, 5 - 6 mg/kg z?iE, ,
/=. tE :1=*!;-3\661*t: < , lO ppm 3\t:'j* OIQl ib$;g
ab i5*'ufc. B E3i=Bai  L. /=ft@;g;  :ld:;  a6  * b. ,  .
4. {i, iif 1!Ei 1 '1)
  " } *;. 1 \. fc{!. jil 1!E 14:0t ;tt?t3;, 0, 2.5, 5,

IO mg/kg ojfi o i= }*   ;? y *:. j;E!5; 6 -15 B l=;; .   l
i !Ellcjj t*- L j+*5 J: 0:{

>! *,\cDR %R . ,<t \, 6.

5 -10 mg/kg  '1   fT:,\cD \;b$;;g3b E, *L*1:{ jjl 1d
2.5 mg/kg '@t*, o fc. fT'036i :;i @i  !*Sabti  , t'Lfc*34 

 i'il 1!F!d:j !b  , *Ltt*. , f=,

5. ia:1 +:: , 

l. F   *> y! :,<  .  U 7, ;b l, , li* L, ify1!ii  ; Oi: aS

*Bl@! :.! \. fci;  ;i 1 +' " 1 tB  EE@iB{ +' '1 fo{; 
qg;  t'Lt\.-  " . 1+1161::*;3!* -sf ; !=J: b  : ;1 1 1*t 

hrr' ~ .6 2:*!!j .; ; j, Lt\*.5 12}. jg!j + j co ! ;jc;j  L, ,

+E;fyt; *E'6*6 U .s' 7 U - 5> *$zb /v;5$ DNA j: jg :
.  /c

. 6 t> 0 2: ;  ; ..  , *. Lt v \ .s 13'16).  : /:. j= j,   *> >.!* :?" 7
.= yO ?! + iP{b, $:.*;jjjD  : {b' 6 6 0 != *R !;'   *1, t4;; b ,
epigenetic t:t!;j{b*:-!*..: . 6 c  : ***R j

. ;* *'Lt \\   " ~" >.

6. != } t:, co: , ltt. li *R

!iE. , g@, , f@"t:$< \, *sftj:j n j!c b i, -  *? :, :.;  (
L, fc!jj: l*S*Rj;:.;  *'Lt'\..s "i. ;;! , j:  !*-. (mouth-
ful *.  , cupful) ;;E! :.  . oj1tj :t;, iC:   ! 9J L  ;$,
nBl!L .;i Oi! '9'   Ei ' . ti't \. i  !t 12B j  j= 

7i 'i1 5 5*  '@ $1 *. ifi   'S*!**k 'L ./C. 1  tj 
j j :, or j  !fi jc j* . '!*;aabt*6. , tc;bSt***; B j j 
'C  aE:zk5pft  , j  fy: 0 g*bjs; ab .*c/::.  :/=Eg
!j 606E 'ED: , *U: $*1 ;bf . :bb  *Lfc, 1 i*Z:1d;5* 

l*; a!>,;,*L***" a /:. * i t!j;1 oi6@*t:'91b; 1* ::  L /=.
  2 co;jj: j")i*59j; g j!tt:'ig l l j!= i,   *? y  -i6: J 6
/ijt !c: :oj !  L4@1 0>j jfj j !c* 1  ,  . cot ,6  .
*;.; a5'C\*/=. 6ECE)j   lc*51 61 1  3E !, ,Bl ,

 ii .  f= L, Al$Et   3 ial  1=*E. .  nyli  '  ,
*Hj ; j*E, j  @, fij*1  ';5f . :ab  ,*tf=, gE tl i lc; 

,tf ;   :. :g  L, i= f,   *? :, co{  gai  gj  . ij:  L
f,  : C .;E, 0.071 mg/m' (0.055 ppm) Zi'5 * fc.

 g 3 @Djjj:f, ij22)!*mE;: @cog$ 7 y ,z 4 001!  j. t. },  
 $ >, 1fi :!  .fEFR L 5 ibjt  J: b >1:* i  t! , 1;9 ; ,

;  '! ,  ii , 0 : E, iKi 1 conni 'ft *$3f! Lbt  

l*  , ! 1 1E:!: t* o fc:63jE:j* JL J; < t, , fc. L, b. Ul 

Ot lj *3 j-@T3* g, '1 fE '5, :> * i t !  :EQ  
*$;6;{b L ic. ;4>!ii;1 11!d SA Z;!T't$, 0 /..
  4 @>;!jE\123)j*38 7k j;!gf gjfi, 9 . b$*E .;  t, LtL*

;5. ;j j: 1$  :, 4 >,, i:. . y v *;.:1: !Ee: LT?jb1 .  !jj;${ 
 D 6!=EE 1;j  60 f= 3b E F '  *? 7  7klC"rr; .. s {F :*:' U
t, ;5 b !j ! $'C'ld:*t'!=7 >, -= 7j ,  jiiSfc , k o t\. fc.

c. co{p;t: '!*;!1 ! oo ;. },   :? y !cJ: .sjl g*  , d5 b , ! ,

j=j2:jE:j , oj:1 j ;, ijgco;  .*sj  , f=. bKi R coj   ,
 ;;;;;ufr !*. iE  ' 5 a /=;iitf!t!i:n @Dl ~F2:, t'fgyi05!j

 'bS ,-2:8b  , *L, nni 1 ;  1m/l\ i60** >*$  . 36  *L/C.

;; i t** lCJ: b itrr/j\ :Q> j >!di   U fc;6f, jdy; t  fyB 

i '1d :\. fc. Rggg  :jd*<q 6 .6;bS, gE (b$ ;U l 
*c/:: c 2: J; 0 3 - 4 mg/m' !*i*; o fc 6 c0 2:tjtjiiJ ;  *L/=.

*:;!i6 1'61*!!E7k b H '  *3 :,  5 J: C}' !. }' '  :? 7 1 Zk*Dj!i

!= J: . ,*L (i n Eg!:*  Z! us! *>i  , tc !:   ..  , *t 6,
{p;1:; '!c1;t01~. 5;! !!  1ajE*;j$*R -;  *Lt \.;5" '. 1945 F

b,  , 1971 F :  '01=11;!700 } >'@D*!!7k !: H :> *3 y  !gEb  L

t\ .f=. C ODLi  '!* 1= 1?   ;> >'!tl}aj, ( t:'/:: < *>; . 1;,

*'LT:*3 0 , fF  *5' $, !:  ." 1.  '. T:1!@ 6 t:   E l,   :> y

;b$j ;1 '@ ,.5 !: 0>g ; !t; b. o fc. Ba  : j: !d:
j
 *:*>*L

c\.*: . of=;b$  . tr !.  Ut '1*E . fjt:o

fc != C .;5  ' y :? i!E{;EZi'!* lOO ppm, fE2*Ti;;j"C'1* 1 -10
ppm CD;; ! j!gj  E:,? '; .   , t'L/c. 427A@D{ ;! : '*:. B 3 
t! 1 : 1il$:1 i@ll Bli=E}t  1971f@/i. 1  1982,    :  '8351A
,Lj j ;;la:  L /C  : C , ,, R! j;g!=j  d~.  E:! *>*L, 53E; 
;*300J. : ;. t!5 .s \.!d;!ajj;!#1cogEC!c4sut  , pl E*$* j2:
@D$> \. i;:;= id;,:!. 2: at>i;,*i, f b" 0 /=. c oi3fgg i* 1 -10

; 
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ppm 4E! :OB EpZi'!*g2B*R ;!!*$; bt,   *'Lt:\* p :.;{ 1 
U t \ ..5'. ;  g, i= C 60i! 1!al;;lai  1* 10fF  ;c  , tf*> *L

11664Atj:Oi B;i;   , 5t:60*it;j !t2 g ;  *Lt\.. , 25).

;jj:g;1 2, 3 1* != !, .  :? y lc J: -5!itfj5 :. ijb* . 6. !1  l

4  !** !;*!!  t, jS , a fcfca54, jb * , coi ! !*$  jj 

 tb 1 'C'!* ;tqg ;  *'L*: \*. 
j
 , T C *L E, 60; 9;11*;  :

*% , ica:. s i -iO ppm *!$,::@>B E* 'i*f!gi   ;fy* ab
l  *Lt: \ . {: CD*j ;j  != :4"i '!' -5 t, @07:'1 *: \ " !: ; '; . i  j'L,

!;E! 26;jjj  d'i5" g, L:   lC*5!J 6 ! { j f   : C t l ppm **
' ', - ';, *L .s .
Nomiyama ' ;" ." '!*, B;*:A60 l= F   ;> y 1 7k*U!1%l

!1!jgjTi*glc;*sif, 5;    ;  j - *R - Lt \*. . !. },   *?

7 1 71<*01!!43J: C!'1= H  > ;' 7 1 Zk*Uig10  p$1* !4Ei 

t .s B:;j;:1 ji<, cD 5 Li;pZi'172: 0 1= },   :> y 1 71<*U ll 

jj&fp:jj%j. (SIZ*:  p"E39 , B ggj 0.5 p-34, E) E: L: F  :

*$ 1. y 1 71<*D!!, lc:a E@1 @>t, \. fF  '125@{ (5p* tE*1

41 ) E:. cD3* !!=B;g1 ji6jj j;la t, $:. j!: L /c, 1+:  !> 4

i, ;<bjl  - bjj*1 , 1  ', ! 5@; j ; g, co  , 0 . 1   L 
U . 333\1404E (, *139.6, .12.8; , Spl*jB$ggjq!j 113.4,  ),

%t!!!! g109 j (tj5!j$40.9   11*1i! )  :. g icg\tl% L fc.

z$: fg;:zi'!*, fF : . ic, ;s, .ei*, j Aa  ggu Ju, Egi 

+g;!!i 1!, . 1:   -5 !:  {: *, 1c,  , u{p : :  @o N-
acetyltransferase CDi3j +Z;$, i*i?bCDl i j@8  jEjCD

! ;5"1+j fr *;sJ: 0: j fr , j 1 t 1 1cJ:.5;  t*R   

\* fc%%
j
{:ff3 .  2;  , 1  :;  :*:  0, i *R . 1\. B gg%\

,!: Fl!*Eg8\z:'j  tf ;g . Fm Ut\. .  !j&{  : . oo! 

S:j!;t't5co,  j j"n': Spt j @gitj i T1 **  , 0.2 ppm  

Z:' %, iiL T:*3 0 fpFg '0 Zi$;11d 0.0109 ppm Z:'t6 0 /=.

Ej{Lj. !=;ld;, !. F   ;? y 1 7k*Uj!,*3 J; U: ' 0 7 {z + iPl*

!: LT51Z* jt' 30.2 /, g/g. Cr CD:d:;5*1ibllt;  t'L/=. ,E1 1* 

B Eg , ), (a Eb L, .,*:iu/ gpU; j  x ljbEgR!jj8j) ld:, 2.8

ppm 2: t: 0 /=. b H   :? y 171<*D1!i60B0  ESICl$gb -5 &2

Eg1 ! !*, j : *j 4p, 3f iciE5 '; ; 3@; *,  .  ,  

;  *'L. g*, NAT2 0 .!;!, 1tE!C J: .5 !! t!F t>;a2til  *ct: h, o

f;=. 906, j:*: ;;i;!!<0 5 t;., gj jtD ";  ,' j t****S \*
 :60j4j:;t;j  :;bS, {"= :  j=

,  :!c ; < S ab l *Ltc.  !L

,o c e= *.;;,, B :*:1 *!gscD i. F .  $$ y i zk*u!9ia a* u*<

iP, 2.8 ppm . fj:t:'ld:1;*1-t   j!d;a6!> ';,*Lt: \*  : * ;  ;{
*Lf=-

7. ;!'  1E:gcoj  
!! zk t= i, .  ;? y g: i, F   :> y i zk*n!!!!*, jji {b! :

 jc  :-j-. i$; j-;6s  < ,  j!t. jj *ai=*:sL*t t,  :'!;, ';, jc

} ;- ',*<  t>cDt)*6gg% L;$t\ . :   '. lC, 1= F '  :? 7 1 7k

*n!?! :. 4E jg,.5 \.!*j!! b!  5 Ti*g!=*s\. t  ,, fF j ;6s

l Eb;  *'L.  ' @D !* 1= F ;  >' 7 1 Zk*Dl@i!= !. H   *' 7 60i 

 .!%j ';  .6. ;   ,;=, REgg !! CD ljj !*jE71< 1. H   $? 7
 :. lj;g jg! !: <;-, s /=a!>,  g': cotj{j  : *: .  co !*! zk l. H
  :; yz:'t{,-5. i;!. Lfi*  ,, iip ' .   != bbt ' iRp: . t 

?iS'*'   ,0;b* -:!j2:, '. - 5 .
;!':j ie!! Ot  lC /. b , 'ii
h3 2B (A possibly carcinogenic to humans) lC. 6@;$;

Lt, ..6'), (2) !tdyj!j  t:' lppm 'c'5> y F !:L!E$* !j;1

i=fi!$;5; ! 1; C, 0.25 Ppm t:'1*1 1  ;j  !*;E q ;  *c *,

l!

  ",< ;gj j!* (1) 1ARC

(.

-189-

 !.: j j1gl* C 60jj3!;!T1= 9:7i:;  *L-6 ,<    ' i-6 (3) SA

Z;!cD: :pE, 60 3 j jt:'i*;, 5. 0.25 ppm   !*;{1{ft:E!3;f 1d; 

qg ;  *L'#*, ;j, : :jg!g:!*; C. CDj  !T!. :j   *L. 6 '<    E6

.  .
{j= :g!i; Zi'CD L: h  60; f*, *Rlc .k *Ll , 0.1 ppm

Zi'!*1! Ep;=1;gi3! U fc&$13 f!  !* acetyltransferase @ 

;: j lc:J:  , ', ;  g ;  *'Lt:*. , f=.
!;!Li5"  , 0.1 ppm  :.;!, tg, :g !: Lt;i i  U /=i  .,

t  !. 1j; L, '1 : !',*<   (1)-(3) co j, F . j$j/;: p~ t, 0 2:

;:;  .: .   .
 :/= !. }  0:  ! * ! 1 us!*Sl gg* B*2: Ut ga6  

*'L .5 /= 3b, (!jg)  :'{,'!t  :.{t1  -6 C !: t !;*t';  . ;    lCj ::
j Ao!g;{ jtF;bSt*i. 6 c {:b"  ,, ! ; (j;Z)   2  jA6} j

z!" 6 C g: 3:-t!g3jg'2~ -  .

(-)
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4) Koizumi A, Nomiyama T, Tsukada M, et al. Evidence
on N-acetyltrasnferase alle-associated metabolism of
hydroazine in Jjapanese workers. J Occup Environ
Med 1998 ; 40 : 217-222.

5) Von Burg R, Stout T. Toxicology Update. J Appl
Toxic01 1991 ; 11 . 447-450.

6) http://www. chem. utah. edu/MSDS 4/9/1998
7) Huan CC, Kinkead ER. Chronic inhalation toxicity of
hydrazine. ln : Proceedings of the 4th Annual confer-
ence on Environmental Toxicology, pp351-363.
Aerospace Medical Research Laboratory, Wright-
Patterson Air Force Base, OH, 1973.

8) Vernot EH, MacEen JD, Bruner RH, et al. Long-term
inhalation toxicity of hydrazine. Fund Appl Toxicol
1985 ; 5 : 1050-i064.

9) Steinhoff D, Mohr U. The question of carcinogenic ef-
fects of hydrazine. Exp Path01 1988 (rat) ; 33 : 133.143.

IO) Steinhoff D, Mohr U, Schmidt WM. On the question of
the carcinogenic action of hydrazine-evaluation on the
basis of new experimental results. Exp Path01 1990 ;
39 : 1-9.

ll) Keller WC, Olson CT, Back KC. Evaluation of the
embryotoxicity of hydroazine in rats. AFAMRL-TR-
82-29 (AD/A 119706). Airforce Aerospance medicine
Research Laboratory, Wright-Paterson Air Force base,
OH, i980.

12) Noda A, lshizawa M, Ohno K, et al. Relationship be-
tween oxidative metabolites of hydrazine and hydra-
zine-induced mutagenicity. Toxicol Lett 1986; 31

131-137.
13) Thornalley PJ. The haemolytic reactions of l-acetyl-
2-phenylhydrazine and hydrazine : A spin trapping

.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

O

O

 

*

  

 

 

 

 

 

Z

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

T

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L

 

L

 

 

L

 

 

 
 

 

 

 

 

 

 

 

 

 

k

 

 

 

 

 

k

 

k

k

 

 

 

k

 

 

 

 

 

 

 

 

  

 

 

 

 

 

*

  

 

 

 

 

 

 

 

b

b

b

b

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

 

 

 

 

0

 

 

 

 

h

0

 

 

 

 

 

 

 

0

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*

6

 

 

6

0

 

 

 

 

 

*

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

0

 

 

  

0

 

 

 

 

 

 

 

 

 

t

 

 

t

 

 

t

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

0

 

0

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



study. Chem-Biol lnter 1984 ; 50 : 339-349.

14) Noda A, Noda H, Ohno K, et al. Spin trapping of a free

radical intermediate formed during microsomal me-

tabolism ofhydrazine. Biochem Biophys Res Commun

1985 ; 133 : 1086-1091.

15) Noda A, Noda H, Misaka A, et al. Hydrazine radical

formation catalyzed by rat microsomal NADPH-

cytochrome P-450 reductase. Biochem Biophys Res

Commun 1988 ; 153 : 256-260.

L6) Yamamoto K. KawanishiS. Site-specific DNA damage

induced by hydrazine in the presence of manganase

and copper ions, j Biol Chem 1991; 266 : 1509-1515.

17) Quintero-Ruiz A, Paz-Neri LL, Villa Trevino S. lndirect

alkylation of CBA mouse liver DNA and RNA by hy-

drazine in vivo. A possible mechanism of action as a

carcinogen. j. Natl. Cancer lnst 1981; 67 : 613-618.

18) Bosan WS, LambertCE, Shank RC. The role of formal-

dehyde in hydrazine induced methylation of liver

DNA guanine. Carcinogenesis 1986 ; 7 : 413~418.

19) Lambert CE, Bosan WS, Shank RC. Tetraformyl-

triazine and hydrazine-induced methylation of !iver

DNA guanine. Carcinogenesis 1986 ; 7 : 419-422.

20) Reid FJ, Hydrazine poisoning. Br Med J 1965 ; 2 : 1246.

21) Sotaneimi E, Hirvonen J. lsomaki H, et al. Hydrazine

toxicity in the human report of fatal case. Ann Clin

Res 1971; 3 : 80-33.

22) Durant Pj, Harris RA. Hydrazine and lupus. New Eng

J Med 1980 ; 303 : 584-585.

23) Richter ED, Gal A, Bitchatchi E, et al. Residual

neurobehavioralimpairmentin a water technician ex-

posed to hydrazine-containing mixture. lsrael J Med

Sci 1992 ; 28 : 598-602.

24) Wald N, Boreham j, Doll R. BonsallJ. Occupationalex-

posure to hydrazine and subsequencet risk of cancer.

Brit j lnd Med 1984 ; 41 . 31-34.

25) Morris J, Densem JW, Wald NJ, Doll R. Occupational

exposure to hydrazine and subsequent risk of cancer.

Occup Environ Med 1995 ; 52 : 43-45.

26) Nomiyama T, Omae K, Tanaka S, et al. A cross-sec-

tional observation of the effects of hydrazine hydrate

on worker's health. J Occup Health 1998 ; 40 : 177-185.

27) Nomiyama T, Omae K, Tanaka S, et al. A cross-sec-

tional observation of the effects of hydrazine hydrate

and differences of its metabolism by NAT2

poymorphism. lnt Arch Occup Environ Health. ln

press.

(i i, iE; 40 174: :)

C)

-190-

C

)

 

 

 

 

 

 


